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1. 1 ~**~){]jH~~I¥-J1f~~Q~l!: 

~# :nk1lm±11!1:~ * ~ EB ± 1* , IPJ Bt ~:ff 1:~, f:N1HIl1±~~:1JOO EB 
~#~~,ft~~~*1:~~~~~,$M#~~~~,~*~~~# 
gEB~~.~,~.A~1:m~.~:1JOO~:ff~~EB~mo@:nk~Y¥ 

*EBM~*~~H±~~m:1J~EB~~m~*oo~~#.~m~EBIPJ 
Bt, -ill.** Y ~#EBilHt~1iBni$1-tril]N! (Maginnis S ~ Jackson W, 2002; 
meN ~ WWF, 2005 ; FAO, 2005) 0 ~1*1*3;ffift: 

(1) ~#,g,OOfJt~,*~~Y, ,&.~{$-tv1~EBJ!~ft~g.lo l@Cit~;m1t 
H~~£lltq (FAO) {2005 ¥~J~~#~1t if{rn :tlt-s-t/'r i±l, 2000 - 2005 
¥~J~~#OOfJt4$¥r~~ 730 JJ hm2, if§~T¥:figtv1~ O. 18% EB~#OO 
f/q, t~ 1990 -2000 ¥4$¥r~~ 890 JJ hm2~:ff~~o 

(2)JJI\:ff~#F£*1-t, 1:~jrr~o meN t/'ri±l, tttJlj!.~*:ff­

*~LBf£*1-t, Jlj{~il*~4$¥600 JJ hm2EBJ!~r~~~~1:j;'Jl:~, l@C 
it~;m1tH~~£ll~(FAO) {2000 ¥~J~~*~ltif1tHIt-s-lIVR, .ill? 
YfH:ff 1. 4{Z hm2~LEBJlj{Jg~*EB#±11!, JJI\ftB~*Jg7l*#, ~IET 
±11!*;jtfB(fI~EB~Ymj/F§~~~.~~#(FAO, 2005), '51~*ifJ, ~f 

.,nlt~1:.~~~nh~~,*~~~,1:.~~ttm~EB~N!o 

(3)~#[/:tJ~1i$1-t, 1~iE1-t~~~~o ~~m±11!tt*~~IHIg1-tf£ 

.,~.3;ffi:ff~*~~.~,*~~#.*~~~~EB,~~EB~~ 
(Kaiser J, 2000) 0 1)(1.MW~g8}t:ff 8. 3{Z hm2EB~#~~1i$1-t~~f¥ 
ft, Jt:r:p~:ff 5{Z hm2EB*1-tJlj{~il#~~*rJ(1:#,R§~.iA~1~iEEEB 
~#.xJl\, 1~iE~#.xJl\pg~:ff 4{Z hm2, :ffa)L~W#£ll~EB~~m~ 
(ITIO ~ meN, 2005) 0 

(4) rJ(1:#, B*1-t±±11!OOfJUI:fJ11 0 Jlj{~il#*1-tE, 8}tPJ§~i±lJJI\~ 

#rJ(1:*, ~~i±lJJI\~~*rJ(1:*~jf, mi±l~#§:ft'~~§~hEBB* 
~±~,~®g~A~.~Ym:ffEB~*.tt(~~,~n,1:~h, 

gll~) (ITIO, 2002), JR.* 1-1 0 
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~~ S1Um/17 lE ~~H/23 lE ~~~H/37 lE ,(,Ht 

ill1.tJjjUil *f!l7X:!t* 1. 45 1.8 1. 75 5 

ill1.t*!I!!. 1. 25 1. 55 O. 7 3.5 

,(;1,it 2. 7 3.55 2.45 8.5 

CD*mt: FAO ( 1982, 1993, 1995, 2001) 0 

(5) 4.1~12{to tftJ1!.WJ#{S(;(:E;t::t:j::4m:l!:9='fj!~1¥tf 2830 1l t ~, rm 
WJ#j::4m:l!:, ;f1*, WJ#mofi4m~±~9='~EI'~L~,~:I!:;f§~T::k4.9='~1f 

:l!:1¥J 50% D.A...t, ;(:E 1990 ~ 2005 1frSJ, ~~m'l, .ill?Y1H ~i¥.i~~HIWJ#j::4m:l!: 
9='1¥J~~:I!:-~;(:E.~(.~.,WM)o.~.rm%,WJ#j::4m:l!:9=' 

1¥J~~:I!:4ij1f.~ 111l t, f;!p4ij1f~~1f 111l t ~~A::k4.o ::k4.9='1¥J 
C02:f:~:fJO.Ii'F3&m.~5fjcJ.llII¥J:fJojJ 0 

( 6 ) j:: it 12§ xfL ER 1f ...t J£ riiJ ~ ~ ~ urItJ ¥u D.A WJ# j; j:: I¥J Ji§-~ I¥J j:: m , 
~;t::t:~~WJ#9='~~~4m,~~,~~~~~;t::t:~~~£I¥J~I2§Ji§-~o 

11Mnl¥J*:f:-!M~1it1f~J[, ±~f:&#WJ#fFj;*±~f*~, Jm~WJ#j§-, *±~ 

~ ~£ #HiiJ ~llJHz i±l :E.m 0 

(7) WJ# 'ifi ~ ~ X 1t 1iHi ~~ 0 IlJHtf WJ# I~ij:fR I¥J. ~ ~ WJ# I¥J ill 
{t,~~WJ#ER~1f'ifi~~x{t~~m~~1¥;(:Eo 

#~~~~~~;t::t:~j::I¥J~~,W~OO*;(:E~ft~f*~WJ#mml¥J 

%.~m.i±lT~::k~h,~~~~~~~.fF~~,j::#~~.~ 
1£, j::~*t;t~~, ~1:t§j~:8f~~£ft(Carney D, 2005; Campbell B 

M, 2003) ~m;f§J.llI~j::o 1.§.~1~t;tI¥JWJ#JIY<~~~1J31fW~l¥Jffij~J[Jtio 

§ 7t, 1~t;tJIY<~~~;(:Emx>fWJ#ill1t~:f:-t!! lK~ 12§ I¥J 3Pt:mJiiJ ~B>f, 1±1±~ 
~@;t::t:9='-~*.~~-~,@~~~~.*~n.~.~~~,~ 

:ilo, j;eJ(12~-:f:-t!!lKWJ#ill1tl¥J:E.m)/jC, JIY<~:m:i~oJjc;(:Em~ WJ#j::~~:t~ 

...t,~~nj;f:&.WJ#.~j::#I¥JJi§-~.*OOB~~(~~;(:Em~~~ 

~~),M*~n.Ii'F3&~OOJi§-~.~.~~~I¥JWJ#,~~~~*~~ 

~I¥JWJ#fflfF*.illt.ffl:f:-t!!, W-{X:linltWJ#l¥Jill1t, %nlt~Jti1m* (IUCN ~ 
WWF, 2005); ;t::t:{X, ffij~J[TW-:li#1¥J1~t;t~~::k~~~T.1l.:f:-t!!7j(3f1¥J 

=ffYf, ~rm~*.m T Jtxw,7l<3f...t1¥J §tj( IUCN, 2004) 0 1~t;tJIY<~ill1tWJ 

#1¥J~~&wm;(:E-~~I¥J,ffij$I¥J~~7l<3f~,~~m~I¥J:m:~~A 

I:li#, rm H~~AI#:li#ER~~~1f ~J[, ;t::t: § I¥J& &~j; T ~1,[i}­
TW~~£, rm~~~j;)¥£I¥JWJ#~£D.A~~~m~*±lKj::m7l<3fI¥JHIi9} 

(Dobson A~, 1997) 0 -~I¥J:li#~:t;1J[x1H~1~~~WJ#~~*1E% 
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.~~~~*~~~(~~,a.#~~~~g~ffl~~m~*.m~ 

m~)~~~.*o~®~~~.~~m~.BW,m ••• ~ttfi~ 
1it~, 8}t~ ill fJll W~M ill A {f]J:ii!*'l- ~i,}f riiJ ~, ~ ~ %~l('~~ ffl7#J ~1W~ 
,@!.1f.C Ashworth S M, 1997) 0 

~~,~~~W~.~~~~~~~~r~~m,~~,~m.* 

~1f~, 5'!jBJJ.#~ .wt:i!:~~:i!:, .~~J~~.#~~7'G~tE ~ IPJ atiE, 
~ ~f-t!!m ~*7IH7J~5fU~ 0 .#~xYlJ~~ (FLR, forest landscape restora­
tion)8}t~~~~1f~~~®~1it~®*~(Maginnis S, 2002; Aldrich M 
~ Sandeep S, 2005) 0 1996 ~, WWF ~ m eN 1it® T " ~1fP Z# (forest 
for life) " :r.m §, m ill J~ ~. # ~ a)3 fJfij § ~j, ~ ~. # ~ xJll J~ ~ {~ i)t. 
(FLR initiative) ~®,~o 1998~, meN xt~m, ~M, :9IVm-*, ~OO 
~.#J~~ffl7#J:itt1iT,~,~, .z--"=5~IlY1-00*igf(J&~xtil5, fE~T~ 

*J~~ffl7#JifJj:I1:~JWJ!~xJll~( Gilmour D A, 2000) 0 1999 ~, WWF 

~ meN m1L T .#~~itjW; 2001 ~, meN, WWF lk;l=t{-t!!-®~~igf( 

J&gil.g~mill T .#~xjlli~~~tllt~ 0 

1.2. 1 ~**m5tJi!'~~ 

".#~xmJ~~ (FLR) " -ijij~-rxJE5(~~ 2001 ~, EE ~~~w 
f}I7f~mgtSI[(Segovia) ~.#J~~1?*mill, JE5(~: .#~xmJ~~ 

~-1-§'~J~~ {:ltm.#~x.m~llHt.#~xJll~~~7'G~JI1:~m~ A~ 

;fM5fU ~ tt fi (Maginnis S, 2005; Maginnis S ~ J ackson W, 2005; Man­
sourian S, 2005) 0 

JE5( 1*fJll T .# ~ x.m'~ ~ ~ 4 1-3::: ~ t~ VE: CD FLR ~ -1-tt if.¥ : 
"ttfi"-~~31-3:::~~m:.--"=5~;m1L~m~tt~.~~k,M 

rmlkatxt*±~, g~m, ~m~~{-t~illnli!l~; .~-1-m:~J!1Jt~W11r 

~~)j:m~o CVFLR iJ\I!IJ~~~~7'G~JI1:: ~~1-~x.mk:m:m.#~~~ 

~-1-~~1-~W~~.~(Rn.~.*~~~*~~.*),iE,~ 

~PJt~~~(1~Xlnli!l~*±~, ~m, ~m~~{-t) 0 @FLR iJ\l!Im~A 

~;fM5fU: m~~~7'G~JI1:~m~;fM5fU~~~~~X.m*f ktJT~o @FLR ~ 

~X.m*f k~nm: 3f~~a)3.#~xm'~~R~~~*Rock~nm, rm~~ 

~xm:m~~{qtill1Lf-t!!7j(f~tk:JE(Soutsas K, 2004) 0 

.#~X.mJ~~~f~{j({~**fE~T ~JE5(~Jj_: .#~xmJ~~ §' 
~J~~JlH-t±f-t!!~~~7'G~JI1:, m~;l=t~tcj]~g~m11rit, rm~~:m:m 
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:tl"*i¥J" )]~jfi(pristine)" ~*; FAO )(f~#~xW:~~i¥J5E5(-§m"~*£ 

Jt (forest rehabilitation) "; Maginnis (2003 ) iAj; Jlt5EJ( i¥J£,~:;likI~~~ xJl1. 
R!l'Li¥J~*~~~, rm~{)[:;lik1&#~:1Jo~1-±-!!!:7Ji¥J~*jijfJt; ES 1!!illtq~ 
~ vt5fU~1iJfi;f ~5!HJJ~*~xJl1.'~~:;lik-1-IJ'l., :;likW:tlJt.ll.E. *~ i¥J ±±1!! 
5fUm_itt1*, rm~{)[:;lik~mt?ti¥JWf1f!.;f§:1JO, ~rm~JJI1.]!:1Jo~¥-f1-ti¥J~xm 

§t-Fo 
1.2.2 ~~mt$ 

1. 2. 2. 1 :li-# -f-" 5tJiL 

~XJl1.(landscape) -WJ i¥J )~J~~:;lik*7R § ~ j)(\,:J't~ ±1!! jij%~fIl j)(\,~!lID 
jij, fFj;;f4~~ WJMzs I A±1!!J-'~fIl~~~, JIlUJ'l.:1f:l:!!!*PJ .m~~i¥J~it 
~~1-~~5E,t~lR~i¥J~£* 5(( ~ $;?, 1999) 0 ~xmi¥J5EJ(:1f~f!ft* 

~,m*~:;lik&~~~:I:!!!%~:I:!!!~~~@i¥J(m~.~~~*~ili~~ 

7'i~JHs~), WG:;lik&~~-:I:!!!J-'lR:h.!~i¥J~it±1!!%t~1iE (%~JtOO, 2000) 0 § 

lWA1fJ]!~:I:!!!~S'l:~xm±1!!~~~f!t't~, E!p~xJl1.:;lik-1-EI3~IPJ±±-t!1.1f!.5G_ 

ittmmt,H:1fOO~m~~1iEi¥J:I:!!!~~1*;B:;lik~T~~*~ZL,*:I:!!! 

~lR~z r i¥J q:r ra] R!l', ~J'l.f~m11r-m ~ ~~11r-mfll~~11r-m 0 ~rr1llf¥ 

(2001 )iAj;~xJl1.i¥J:001-tf!t't~-m.mlm1-t~1iE: ~xJl1.:;lik-1-~~*~, J'l. 
:1f*~~1*I~; ~xJl1.:;likJ'l.:1f -5E § ~fIl)C1-tt~1iEi¥J±1!!:h.!~:2:ra]~1*; ~xJl1. 

:;lik#~~~*~i¥J_itt1*;~xm:;likA~m~fIl~#i¥J~*:2:~o 

~*~xJl1. (forest landscape) :;lik Ll) ~#~ ~ * ~ j; ± 1* i¥J ~ xJl1., -ill,-m. 
m~*:tE~xJl1.~1*;f-*fiUfIl~~~q:r 2t~£~fFmi¥J;l=1;B~:ru!i¥J~XJl1.o Mag­
innis(2002)iAj;~*~xJl1.:;lik( WG~f~:;lik) Ll)~*WG*±1!!j; ±, ~~F~* 
F£fIlnlt9}i¥J~xm( Maginnis S fIl Jackson W, 2002) 0 

1. 2. 2. 2 :li-#i!Ut 
~*lE!1-t(forest degradation) :;lik1- t~tlttJUBJi i¥Jf!t't~, -ill,:;lik-1- ±xJl1. 

,~q~5j i¥J*iit 0 FAO 5EJ(~*lE!1-tj;" J£ rP1~n/fiJ#?tWG.ll.±1!! i¥J~;j:1;]WG~ 
~~~rm~1f£~*m1~F £ fIl nlt9}~~jJ i¥J~*~ i¥J121-t:tlifi" (FAO, 

2000) 0 WWF *mT FAO i¥J5EJ(o ITIO 5EJ(~*lE!1-tj;"~*m:tE~j( 

~i¥J~jij ~ *:M~1f£, -m.m*ifJ ~ ~tIW~¥-f'~fIl1£1ilJ;l=1;BF£WGnlt9}" 

(ITIO, 2002) 0 ~itOO~tIW~¥-f'~15iH?0f"J( UNCBD) JIlU5EJ(lE!1-t~# 

:;lik" El3A~m~sl®i¥J~ ~~~:1f7C~*iE#i¥J~;j:1;]~ ~~~~ tlWf!ftg!l.mt 
WG~FjJi¥JiX~*" (UNEP/CBD/SBSSTA, 2001) 0 

1. 2. 2. 3 -f-"5tJiLIf,tjl 

"~XJl1.I~~ (landscape restoration) " - iil] ill JJI1.tlt Ilt, ~~. BEt )t~ 
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lI.~1:~I~1[( ecological restoration) 0 Cairns ~#J.1:~I~1[l¥Jfl![~lE)( 
~:.1[ ••• 1:~~~~~~~t~~~$I¥J~M~~I¥J~lI.~.~ 
:ctfj, ~Pm:~-j,*~~~~$I¥J~;f1J~~~~lZ~-*I¥J!/mll.~ 1-t~~1:!/m~ 
t~VE(iq:*Ja, 1998) 0 ~OO1:~~~ (Society for Ecological Restoration) 
])lUiA~: 1:~I~1[8jt£A1n~ § 1¥J±!ME--1-!I!!jJ?Jc~Ji\tlE)(~1iJij ~ IID~ 

l¥J~m~I¥J1:~~~I¥J:ctfj,~-:ctfjl¥J§I¥J£~h~.~~~lE1:~ 

~~I¥J~;f1J~ ~~~~ 1:!/m~*¥,'t1:lZJt:16fl¥J:ctfj(ifXf, 1999)0 ~.® 

lE)(~*~W1:~~~~m~~~I¥J-*~,~~1:~~~R~L*B1: 
~.1[~m:~,**~~.~.)(L.1[~m:~I¥J§l¥Jo~~,1:~. 

1[~ iJFVkf~~500:@i~ 0 

Hobbs R J( 1996) ml±l~){.m'~1[£~~){.mR~L~J;tt'~1[, t£1~ 

'~1[1:~~~rEl].A~m7fJJf~:I;}~~1i$1¥J ~Mlf*~o ~*~, ~500'~1[ 

~£~~~~~-1-1:~~~,W~m:7~500~~lZJt:~~.~I¥J~nlf* 

~,~~*R~L~~1:~.1[I¥J§~o 

1. 2. 2. 4 1.. t. ;tAH1. 
Woodley( 1993) ml±l1:~lG~It1:( ecological integrity) 1¥J15-)(£: 1:~ 

~~I¥J ~M~1-t1i;*7t!tJj!.JitMI¥J1i1i*lA, i@*71:~~~~*¥,'t1:~ 

1[~It1:, *~A~tJH!~7~PJ1ii.I¥J;fU~, ~-1-~:D't1¥J ~M"lG~It1:" 

ii!i1~~1n*1~Jfto -tf!.~~~iA~1:~1G~1t1:8jt£~tM:1:~~~I¥J~*¥,'t1: 

~1W:., m~1:~~~~blZ121-t1¥J~~h, ~mJEr-1i;~*(Lamb D, 

2003) 0 

1. 2. 2. 5 A.~~:;fIJ 

A~;fI;fU (human well-being) £--1-r- )(1¥J*i!, t~1X -El.1lSifY1ctz: 
£~1:~.*l¥Jm~~ii!imtz:1:I¥J.~,-tf!.-El.1lS~~**l¥Jm~.~o 
F~mm~A~.~I¥J~.~: ~!/m1W:tz:£mAtz:1:I¥J~m.~,!/m1W: 

tz:£-El.1lS.tz:~.*~PJ~m~~h~m~~PJ~~~~;1:m~.~ 

{}i*~ ~lL )(1-t~1¥J1W:.; 0f, ~P;fI;fU~-1-A~ m1*rEl]I¥J?t~£~ 

0f( "0f"~~~"f~") (Fisher~, 1996) 0 

1. 2. 2. 6 )(5l "i: i:t ~ ~ 
~ifY1c~){.mI~1[lE)(5jlffiJ~~){.mR~L'~1[ *WlI¥J1:~lG~It1:~m~ 

A~;fI;fU, ~ - )ffi ])lU. $ ~ ~ ifY1c ~ 500 '~ 1[ I¥J " 50t m::ct tm ~ ( double-fil­
ter) " (ITIO, 2005) 0 "50tm::cttm~"*iA:l[J!!!7.1<f Lf2m~ f±~~15iHft 

~ii!iZ.rEl]I¥J~$:, 1EL£1f1ilJicf:iI!7.Kf LI¥J~$:&,@1mJE~){.mR~Lf2m 
3Ij(~~ *±~3Ij(~~~~3Ij(~l¥JfjT( Marghescu T, 2001) 0 
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1. 2. 3 .!:31~~/~~JJj!agl2SJ11j 

1~~i~£1J~:tm;fJj:fptuJjt __ 1:ttPJM'~~f~ __ 1:~*~1J~ __ ~if 
§ f'&!8fmtt~;g~Bt~J!.ll.®_~i~£~.®mxtiL±m8"Jt~~( Carney D, 

2002; ITTO, 2005), IEIJlt*~fliJcz~J1f[j'J*~xYt1i~£8"J~iJt W1ftfliJc 
Z 8"J ~xt~-t-~xm8"JJlEfijIf~lGxt~ xm pg m ~tj5fIJ 8"J~ m 0 ~* 19tt.;G, j'J 
*~xm~£~-#.JlE~~~xm8"JA __ §f'&!8fmt®±±m~ffl~OO8"J~ 

~ __ ~~8"Jffilifpffl8"J1J~,WMffili~.~ffiliiffp,~.~~ffi~ 
~~OO~~8"J±±m~ffl, ~~~£1:~~~tt,~*~±m~~®~-t-oo 

*8"J~~£~o~~~~~~1J~8"J~~.m~(.l~):*ffl~xm* 
f8"Jxmi~' ~*~~,*ff1f1ilJj'J*~xYt1i~£ 1~i)om&Hm~*~]m8"J __ ~ 
~*8"Jffl~, mJ~iL±-!!!*f8"Ji~£tk:JE~~~mxt~xYt17j(f8"J~njfiJ, nw 
~~xm*f8"J§~;~"~.M.B"~*T~fl, ~~£M*~~~ 
xm*fJ:i~£1:~~~itt, :m~A~tj5flj; ~--t-iffpM~, ilVlJdir.* 
m~8"J~~m~,~~~JEtt*J:.ifm8"J __ ~~~~PJ.~8"J~~~ 
:f':t; § 8"J*~~:ifJlRj'J*~xm8"J" JlR~~" t't~, mJ~-# ~~:h05jj'J*~ 
xmi~~~~jJ8"JlWl!tt£1J~, ~:Jt:ho**8"J~:f':t~±-!!!, ~m~xYt17j(f J:* 
F£®~IH}8"J.ift1-t; ~{>tmfflT-JlR~~*, tI1mfflT-7X1:* __ *±m~~ 
:&~ffl±-!!!(ITTO ® mCN, 2005) 0 

*14 .~~ ••• ~m~~~~~. 

±~mfff, tlH'F1IJ!JJi: 1:itm~~ 
1:~*~:1:f7! 

~1r§~'GfWJ( 
~;I;tdJ!J!JI:~2[ 

~~ ~:2f? 

iBlWJ( £~ £~ ~tp 1iJfJl ~tp 

§;j:ff, =2; -EJ A £ ~Y~ffi 1:!f1IJ~W'I1:~ m~~£~~ r'{Hx~J!!JI.9='I¥J1: 
~ tp ~ m ~ ~ 1,.i~1:1"jJ !f1IJ~W'I1:~tp 

£~ 

~:ffJllt?t =2;-EJ A ~ 1:it ooiPJ:i:1WI¥J :i:1W~{ft, f-J. ;j;f;.ill[~:i:1W~ilL 

X<t*~1¥J ~tp ~ -EJ ~ ~ I¥J ~:lIM5b!(:-EJ~~ 
~f*~m ** I¥J** 

'ftJi;7J(3jZ- :lI!!:1:f :lI!!:1:f .ll.:lI!! i*J ~r rti:tjj17tl:lit* m:,~~.ll.:lI!!-~ 

I¥J*~ J!!JI.I¥J;f!j1i1'Fffl 

±~1le'ffl:1!r ~~ 7}N 7! i-il- :9ti-il-OO* 1Yf §~:23'l1!. 1iJfJlAln, 1Yf ;j;f;.ill[I1'F:1!r 
00 * ( :i:1 §~:23'l1!., ;&~ 

"*) 

~M!iJJll~ B:i:1"* 7fMl:ff3\t~M!i itt~~'t>lI :lidl!7f~€t iiili7fMl 
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S I mHf,f#:J:xm'~£ !Kiltl T:Jt:£ ~ 1~£:7g -'iF rPJl¥Jtt*1rrt: I¥J ±~)ffi IZ9 
~: ~#:J:xml~£51iU)aJ:ftnfjlJm:MI¥J'~£~#J)]~~ (F§b~ B/l%--~ :i:i5f;¥) 
1¥J'~£tk:1E, rm~~15!!~#~Jfr$m:*-, ~lD-miJl, ~#:J:xm'~£~.R 
~#;fX;J; ttJJW~M!!~1M1E:J:xm7j( f pg I¥J£Tj'[iI!!.l¥Jtk:~, ~Y1~IHiE~ @ 
tk:~~~11£:J:xm7j(fpg~#J)]~~I¥J~:I::@G.&i::I:, J:,!P~@tk:~m~tlTmrl'b 

.~:J:xml¥JJ)].~;§.~iI!!..~~f.~£.*~OO*~~,~~iI!!. 

~tl~;f:§~~~Ejit:l4tl ~ f~ tit tk:~tw.:7g~#:J:X.m'~£ 1¥JD:~$?t; i@:ittiL 
il!!.7j(f'~£I¥J/mat, 5.1i!.~,~Bt)(tsl~:J:X.m7j(f .r.A~tj~IJ~1:.~1G.,~tJT 

~l¥Jm7;JJ, 1Z9:7g~#tJT~~~PT:f,f~I¥J; jJiA~~~{1tifijTYJ~~£~I¥J±iI!!. 

~m~m7;JJI¥JFm,ft:Jt:~1:.~~~~±iI!!.~m*~.~~~~~, IZ9 
.rJt~#:J:xml~£~j'[:(£~m'~f~titl¥J£1illiJ:, .~~®TI¥J1Kr~~~~)j; 

ItT'~£m7;JJI¥J£~I~, ~#:J:X.m'~£.~-~IJ'!., 1jt-I¥J1rrt:~~~ 

:7g~M!!~:j)!H~)E$I¥J~m'~; JA *j2g*~, ~#:J:xm'~£~{)(;W~1Gtfl¥J 
tt*TTYJ*m7;JJ,£.~iI!!.1r~OO*~~I¥J~:f,f,~M!!~.~~~:Jt:£ 
±f{Mljm~~)(t~#'~£I¥J~o/fij (Lamb D, 2003; Maginnis S, 2005) 0 

~#:J:x.w,I~£I¥J:rn!it£1illi±~rtV~: :J:X.w,1:.~~~ '~£1:.~~~ ~Ij 

~if§~~:rn!~ ~ %:A~Ej~~m'~f~ tit 0 

1. 3. 1 ~5!J\!~~~ 

:J:xm1:.~~~1iJf~-~;f:§~*-I¥J!K~pg, ltitp$~/m1:.~~~lJTgll. 

~1¥J.~(~:J:xm)I¥J~~~~~if§~~m~W.J)]n~7;JJ~~~I¥J­

n1:.~~~?t~(~~T, 1999; 1W:1s~~, 2001)0 :J:xm1:.~~§fIT 

iE:(£4H-T1§-~I¥J*x.m1iJf~~~r:p ~fITlJT*:1fI¥JJ!Jjtq~jlj~~~-lf ~, ~ 

:7gittJf..r.:8fWL VF~~ 1:.~1rOO1iJf~I¥J-~~,~, £B:D:A~m7;JJ)(t:J: 
X.m* ~ Ej :i:i~.¥ I¥J ~ o/fij, ll! it~1i!t:l;f T I¥J 1:. ~ ~ ~~:J: X.m I¥J {~iHf' Ej D:~ i:IL 
~:J:X.m1:.~~ 1¥J1iJf~D:,~Z - 0 :J:xm1:.~~:rn!it PT ~ tli -'iFll! it1:. ~ ~ ~ 
I~£~~, :ftn:7gD:~lJT~I~£I¥J1§-#~ ~, 15!!:Jt:J'!.:1f it~ I¥J ~ r8J~~, 
JArm~~ll!~1:.~~~~£I¥J§I¥J;W:i:i:J:xm~~*~~.~~*m-'iF 
ll!it1:.~~~I~£, 15!!q~I~£I~~q~~J)]o :J:X.m1:.~~r:pI¥J~IL\fl!%~ 

~:Jt:-M)ffi:rn!*tJc~t'C~ 1:.~~~IEi]if§~~m~ .*~Jtl~m/mll!it~ 

#1¥J'~£:1f.*tJJ I¥J~~ 0 

1. 3. 1. 1 -{- 5lJi!,.jf-$1[1-
#.&i:tt~:J:xml¥J**.tt,-~:J:xm1:.~~~I¥J~~~~n~tt.&i: 
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5fI1:1:1!!.1iL±~*fjcT£l¥)at2:*@:'/1:( ~~T~, 1997) 0 at2:*@:tl:l¥) 
x~~ffl~~~~~~~*~I¥)~~~~5fI1~~~~I¥)**~~0~~ 

~1¥)*@:tt~~~,~m.~~.*~I¥)~.~I¥)2:~*@:tt,£~. 
fjc~T.~I¥)~~,~~~~n.~,oo~~.~l¥)at2:*@:ttl¥)x~ 

~ffl~~T.~*~1¥)~1-t~~5fI1~~~~'/1:( 8lW.~, 2004)0 ~X.m 
*@:ttm.m~fflT~.~~~~I¥)£*,.~~~*@:tt~~M.~ 

~X.ml¥)~~, ~~~~:i:1:~1¥)0 ~~*@:'/1:1~.m~?t~IZY*~: ~;W'/1: 

m.,.w~m.,~.m.,~m._~m.o 

1.3. 1.2 ~~~~A& 

~~~~~1~*/J\!~I(;%~~IPJI¥)~:!;jc~.~2:rEiLt.l¥Jf-I~jtl (!t~J!OO, 

2000) 0 £~~X.m*@:'/1:I¥)Jl.1*~.UJl, lPJatX~{gmTiJt~1*J I¥J~#~ 
~:i:1:f.¥~~IPJR~J:tjHr~ffll¥)~* (M3r:~~, 2001) 0 ~~~X.m~ 
~I¥) § 1¥)~~1r,p¥-~3Gff:I¥)~X.m~:!;jc.W~, ~JJl;tt.m~I¥)~Jl$'/1:, • 
~~~5fI1~M2:~~~I¥)~~5fI1mM, ~.~IPJ~~I¥)2:~~~~;tt.~ 

~0~~I¥)2:~~~.~~TiJtl¥)ra5fl1n.l¥Jfi.,Jl.~.*«.1¥) 

~:!;jc,~;tt.£~:!;jcl¥)fi~~.*.~o~±:I:I!!.m~.~I¥)«.r*,m 

OO.~~~~.£I¥)~~~~, •• mn%~m.~~~;&~,~m 
OOm1-t~x.mI¥)'~!'U€iJlf!:S\:5c*.1lf( *j'f{*~, 2000) 0 
1. 3. 1. 3 -T.tJL 

~~m~~~~TiJtl¥)~~o~~~~~~I¥)~~.~T~~~~ 

~I¥JTiJt~ffl,~@TiJt~ffl~~~~~I¥),{gm§~~m,~#~~ 

~~A~tl~~~~~l¥)ffi~~ffl,;tt.~*~~~*~I*J~~~~I¥). 

~tt5fl1~~I¥)2:~~~~~~~0~~TiJt-Hm~~~~~~.~1¥) 

.X.m.W1*~~:il!, ooF£T1JtJl!Um~~~Ffj~iq:~.W1*5fI1~:il!, lA 00% 
~-~£~~@:I¥)t9f-t!!~~, ~1!f~~?:j1¥)f1i:1Btflt~Ffj~oo;f!atf:l;tt.rl¥) 

*@:'/1:~Jf&0 ~~*~m1-t~IW...t.~-~*~~MI~TiJtr~~~~ 

1¥)~~:i:1:~,~~*~m~I¥)**~~~,~A~~.~~.TiJt(. 
*,1ff1,5fI1~m, 1999) 0 
1. 3. 1. 4 JZ.Jf. 

~~~~5fI1~~*@:ttfi*~m~.~l¥)at~5fI12:~R~~~oo 

*,.*R~*.~~~I¥)*@:tt,~~,TiJt~3G.~I¥)(~~~, 

1~6)0~T~~*~l¥)m~~;tt..~~£J!I¥)~~,~ntttt~~T 

~~*~,~.~.R~,~~.I¥)~a,;tt.±~~.~~~~~~* 
~(~~~~),~~,~~g~o~~*~~~~, ~~:I:I!!.m~R~ 
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L~~~,~~~~~~~~~*~~~~,~~~~m~~-~~~ 

OO£~~~*~~~~~~~~*~o~~~~*~~-R~L*B~ 
~I~~ ~:mJl~f'l~:it¥Ij~iE:tt)(L'~~~:mJl~ § ~, &,@l~ Jitml OO~ 
~~.~,**ffi~m~*~~mlOO~~~~~~W~~,~~,~~ 
::(£/j\ W~J{ rJ;j ~1fL-!fm#{:liHft ~ ~~I~~m~FrJE~~JJ&o 
1. 3.1. 5 ~)(Ji!3t;#Ht~lt1. 

~#~~~~m~X~*~,~m~~~::(£-~~%~T~~.* 
1*( Lamb D 5fIl Gilmour D, 2003) 0 fF]g.*1*~~j{~~Jt§T*~~f~JSL 

~-mm~f:hl]1i1~:S:~, ~ 1K*]gmJSL5fIl£IBJSL~j{~o .*'ti~11Jf~Xt 

•• ~~*ft~~e,::(£~~~%~~B~~~,~~.~~OO~1*ili 
:EJII.~WT5fIl~raj~1t(~Wf, 2001) 0 ~j{~~-~m~~~~*~gH~ 

~.*1*, .*~f1J~~j{~~:li'±~~1iEZ-, Forman(1995)iA.]g~~ 

~~~~~~~~11Jf~~~.*1*~~f1J,~~ili~m~-m~-~~ 

m~ep~xt!lt~-#:oo.i~*:l±( fo1l1Z'T, 1999) 0 

~j{~~~~~"m~-m~-~~"(PCM)m~8Jt~~m~, m~, 

~~]g~'L'~-*3itl~;tt" :E1IH~5fIljjrt:o ~~~~~~~::(£~~~~~raj 

%~,~.5fIl*~.~*~e,~~IK*ilim~,m~,~~~#~OO 
~~o ~f~~)1~~L~mlOO±-ti!IK(~~)~?JT~~~-~~~~lti±-ti!*1K 

~,mXA~-JE~rJ;j$~~tt,m~~m~!fmm.,.m,.~,~ 

I±!., jz;jrmjt:joj\, ~~, %~, ~~~lZrJ;j$~~fj~~~B:E~ili1Jl 
*~~~om~~m~~~~ffi~M~~~~~~~tt~.~~f1J,# 
.m~m~~m~l±!raj~~JX\,#., r"ilJ¥1rL ~~, ~~., m~~~~~ 
~tt,%.jt:~f1J5fIl~njjrt:~~~~,jt::m~~f1J~e~m:x~, 

m~rJ;j$,rJ;j$~~,%~,~.tt~lZ~mlOOm~~fFm~*o.~ 

##ffi1f.xX%~lxxH*, ~m~~m~5fIl~~~;f§1f.fFm~~1to ~~ 

!J!tl~1~~~~*~:li}, ~.Iti:li*;#-J3.::(£~~~f'l~L~lf{;Jt~fFm~ 

~~~f1Jo#.m~~~#~~,.~~~,~I±!~~,~mm~~~ • 
• , ::(£W~~j{~~, jt:,~,1*~~##~~~?JT3ZW[; (~{t~, 1996) 0 

~f~~*/j\, %~5fIl~~, m~aa1i, X~5fIl~~~, ~~~~Jm'ti, 

:fL~~, .~~., f1J~T.*t~e$M~~~~j{~;f*fiOo 

1. 3. 2 J~~~~~ 

.~~~~~11Jf~~~*~*~~~jz;j,*~~~.~~:mJl~tt 

*~jjrt:, ~~~:l:f~j ~m:oo.~~4~, ~-n ~~1it!l:ElIH~5fIl tt* ]g~j(IiJ!! 
{43Z:If~$~~4xX, ~~W~J®t~~~~m~~4, ~~#~1Jt'~~:m 
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~8"J£~JlI!i~£li!Ilo Jl!1f:*, 1~~1:~~1iJfJE±~1tVlZ~--t:IJOO: -~ 

xif 1:~*~:iI& ft~I~~ 8"J 1:~~jffj!, 19m~~:iI& ft1:~ * ~ 8"J nX; IEI *' 
i}Ji{?g}jjJ, :iI&ftjffj!, *'}~~; =~jijf1:~Ifj!1bl~xif~#:iI&1t1:~* 
~¥J<~~£~mA8"JiJt~7Fm:1iJfJEo ±~1iJfJE §~j~I~~1J!(11Jl~8"J1:~ 

*~~.Jl!~~~~~fi8"Jm~~~, ~£~.*~~~fi8"J~~~~ 
~~:ff*8"J!Io/.JJlI!, 1t~*,1:!Io/.J~t~1iE(HobbsRJ, 1996; meN, 2004)0 

1±~*:axW:~~JlI!i~*,:lJr! 9=' ~fIUU 8"J'~~1:~~;fllH~1gm : 
1. 3. 2. 1 .1.4h#~i}(*~ i-B-

fFm:8"J m~Uir~m*,J~JET'~~1:~~8"JJlI!i~£li!Ilo Uir~PJD...(1±f-t!! 

~L~~~:ff~~8"J1:~*~9='~1:,:ff~#£*~~:~1:Uir~*,~ 
1:Uir~, ~1:Uir~J¥31tlPJjijfA1g-=f.8l[:JJo D...(~111tl, :JJo'I9cUir~J!1t, :iI&1t 
1:~*~8"J¥J<~.~1:~*~9='8"J~1:Uir~jffj!o~m~~#~~1:8"J 

~1:Uir~~\PJ, 1:~I~~51iH)j!fJA~8"J ±?g}jfFm 0 1± m ~~14~, :$lo*fF 
m:-H.~~~*,.$,~m~ •• ¥J<~8"J,~.¥J<~8"J~~:ff*:ff 
~o -~*ijj:, xif~---t1:~.$F£8"J1:~*~, 1:!Io/.J#~lZ;!t1:* 

ft mi8"J~~~~?:lt~~njfiJ1:~I~~8"J ±~$~, xif~~ -*ttfPJN!, ji 
#*m~~~~8"J~!Io/.J#~~~ftmi,~1J!(.$8"J1:~~~?:lt~£~~ 

;!t11!?£~~!Io/.J8"J1:*, ~¥-fPJD...(**:JJoJ!1:~*~8"J£~(~MOO*,xU 
D:ffg, 1998) 0 IEIlft, ~~~E:8"J~!Io/.J#~~:iI&1t1:~*~I~~~£~ 
8"J*tttt#:z - 0 

1. 3. 2. 2 .1.~{i~~ 

1:~1iL~1~1±1:~*~~fFm:9=', ---t#~;!t~#;f§*l{ft8"Jt~JE~ 

~~.,~~~.*,~._~~,&~T!Io/.J#~!Io/.J#,!Io/.J#~~~z~ 

8"J** 0 ~ - ~JlI!-'ffW!lMfJ, 4i#1:!Io/.J1±1:~*~ 9=' I~' d:i:ff -JE8"J~ fa] 
*, •• o1±¥J<~*,£~:iI&ft~*1:~*~~,.$~.~!Io/.J#1±~~, 
~fa]*,f-t!!~~*8"J1:~1iL?Ht, ~:S:~Slm8"J!Io/.J#1±1:~1iLL.m7f, IEI 
1'1 Jt.:ff;f§ \PJ 1:~1iL 8"J# fa], &\~ t=1: ~Jt!~ 8"J~$flFfF fF m ffij~)fU ~1:!Io/.J 
fFm:8"J~M*,~*1:~*~8"J.JEo1±~~AIfFm:~,PJ~.~!Io/.J# 

1:~~8"J~#,.M~~!Io/.J~#~~!Io/.J,tiM~!Io/.J~.ffi~!Io/.J,#.~ 

!Io/.J~m:~~!Io/.J,~*,.**,.*~!Io/.J~*B~JlI!8"J.~, D...(~~%~ 
m*~~*,.,*,~,m~ •• ,~*.:S:8"J~ft,.~fFm:1:t= 
jJ (MiE~, 2003) 0 

1. 3. 2. 3 .1. ~ .J:..;if.I 

~~:iI&ft1:~*~8"J¥J<~~£~jffj!:ffm*fj!1t8"JA1g~*IEI., 
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*H~~MWA~~.~~®~~~*~m~~~fi~, ~W~-2. 
3(~, Jm1[~~!j:m:Jtt!1.PJIWiJV(;A1[~~~~IW(-*.'M®.:E.tkt~, 

1999) 0 W1J~~IW:ElfHt5gBfti1 § ~~~Jm1[, 5gBfti1Jil'~~~® § ~lfliJ 
~ 0 I:/=J OO~~IWJJlU5j jfti1AI~~Jtii, :IM.>JH£#f5i:t~® ~~5i:t~ ~~ 

-®A~±~~m!jJt~o~~IW~Mffl~~*~I:/=J~#~~!j~~ 

1~Jil'W~)]UllL tr1f;j:rJ!j~~~im>jfti1Jffi:JJlU, tr1f~*~:ft{jtf-t1J~~it~*m 

~fQVfUffl~~~~FIl:*~, ;tt:1j1f~xij~~1JlA § ~WtA1g;j:rJm~~ 
*~,£~~All~~~#f-§~1[~~~*~o~~IWA~~~~ 
*~Jm1[ !j:m:Jt~.gJ!T~~*~M:~Jit}jiU~jJ ~~~ IW®tt:f:o ;It 

tt:f:~~.:m:TJm1[~~*~~I*J$tr1f;j:rJ®~\~~~~, *{5I!ZJ(.~*~ 

§ ~£lM:~~jJ ( fk1JijJt~, 2002) 0 
1.3.3 ~tl~*§~~JI~ 

1. 3. 3. 1 :iF1] ~;fgj *::t-.{£ -i~at.; ;ll'Jb-;f-

5fU~~**:ElfHt ( stakeholder theory) A 20 tlt2 60 1¥f-ttcti, ~~ 
OO,~OO~*M*fi*$~.~0m~ •• ~~OO*I:/=J.~JitM&* 
~o 19631¥, ~OO~~Y -lli~ rl4" IN*'' (Shareholder) ~XlG, wrm.m 
*~1j1f~~m~~~Jit,~ffl~*-~!jZ~M~~"~~~**" 

(Stakeholder) **7f>!j1E::.illt.~Wtn**~J9f~ Ao 11!!.1fJ~lli ~5fU~;f:§* 

*~23(A:~1E::.illt.*~~~~~-®~~m~,~*m~Mm~~ 
M:, 1E::.illt.Wt7C~~~o ~~23(xij5fU~~**Jj!.2~*1iA;!jt-m~xij 

T1E::.illt.~~~A~J(.~:m:~~rlM, ~~~#Jj!.21J~A~~F1ft~3(~jij 

It*lf1~5fU~;f§**~( f1~x®}!:xh, 2006) 0 
~A 20 tltg2 80 1¥1-t~E, ll.iFI.g£#f:~·J*f-t~JitM~1k1E::.illt.I'a]~ir­

~Sm.~,Am~M~m~~#f~*~M~"A~~~1E::.illt.~~"~ 
jij)jtJj!.25fIJ~;f§**~1J~~1J!*~Jm~J!JI1:0 ~OO~JIHIL~(Freeman) 

xij5fU~~**:ElIHt~Y!gt1gWgl!l~1j1f~, 11!!.~1g"5fU~~**A~~~~ 

~-~m~§~~~~,Wt*~~.m~~~§~MW~~~ffM~A 

®m~" (Freeman RE, 1984) 0 ~ ~23(~1Jl~~PM1E::.illt. § :f~~~ A® 
m~m1g5fU~;f§**, lPJat:lI~~1E::.illt. § :f~~~MWI:/=J J9f*l&~1T~~ 
PM~~ A®m~t!1.lffl::5fU~;f§**, iE~~~±!M±IR, ~JM$r'l, Jil'~ 

1*:tP ±3(*~~~AAJA5fU~;f§**~.~1j1f~~_, **1t M Y 5f1j~~ 
**~I*J~($¥JP®.:E.~, 2004)0 19841¥, Freeman ~{~.~~} 
(Strategic Management) ~Jit* Y -~~ 19{5fU~~**j~H1} (A Stake­
holder Approach) ~ X]jr, ~ fU ~;f§ * * ~ tlit ~!j:El[ it1W ¥IJ ~ .1yt ~ , 
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Z)§, ~iJ~;ffl~1!fB"J11tt~)tz~ltA.¥Ij!s--1'WfJE®i:ll!-to Freeman B"J~,~5t 
~w~~m~*B"J.~,*~~W~~W~~)§M,~~~~M*~ 
~IHUg*1!fJjl.JEB"J--1't${'tm:AC:'M~*;f!l,**~, 2002) 0 1EI.:~ Free­
ma~ Jjl.JEB"J~) )(LB"J~1j:6Ug*1!f, 19J2;:-1Itt~xt~iJ~;fg*1!fJlI!i~B"J~ 

iiEWf~;f!l~ ~~fF**flk*B"J flU ~IUE, jt;ft~ Nf:ff B"J ~Ij ~;fg *1!f;w ~­
-1'~f*:lt!1TWfJE, ~7G7!q~ tf:l4-.A. 1~ Bit B"J~i~ (~1ft:IL' ;f!l**1&, 
2004) 0 

¥lJ 20 tlH2 90 ~1-ti=fM, ~oog:2.m~*;fff~~(Blair)re~Ij~;f§*1!f 
JE)(~: "Nf:ffjJ~ ® rPJ {t.illcvtWiK 7 -W Ji.H1:!Bf rz:, I~t& fF ~ ~J1\G~~ B ~ 
9l ~ ]X\. ~j)t:8i ~ l5(. B"J .A.!9t ~ IZJj 0" ( Blair, 1995);fff ~ ~ iA ~ ~Ij ~;fg * 1!f 
~Nf:ff jJ~®;(£ -0 RJ 1J;. lE:ff ;\Itf!ttID A B"Jj)t:8i3t H9l ~ ]X\. ~z i=f B"J .A. 0 

PI Jh!., ~1j~;f§*1!fJlIH~B"J~~~--1' ~~Ij~;fg*1!f~ulitJ (stakeholder 
influence ) ¥lJ~iJ ~;fg*1!f~~ ( stakeholder participation) B"J:t'1W, q~ ¥U 7/)i. 
~~;f4, ~1l~Jl[~, {t~ffiJlI!~, 7!~;f!l*±~~~~1!fB"J*¥'±, Ja~7 

!S-~Jl[$ n £ttUIj ~;fg*1!f B"J ~1j~iJf*, im-l)j!fJ111;1fJ ZrEij B"J ~Ij ~ {'lj:t ~, * 
m®~~~m§~B"J£)tzB"Jtl~)(~;f!l~ffo 

1. 3. 3. 2 :f!J.~Am *::t-ZlJt.Jllit. 

~OO~1!f*m~.tf:l7-f!tt"W*7!"~Jjl.JE~~;f§*1!fo~iA~ 

PI~~~-1'.ttxtPInB"J~~;f§*1!f:lt!fiW*,J2;:~-1'.tt~:~7! 

tt, ~;\It-Wf*~~ •• :ff!9t1!f~JEB"Jxt~{t~B"J.*~;~htt, ~ 
;\It-Wf* ~~1m:ff ~ ulitJ {t~ tk: Jfi B"J:It 1ft , ~~h;f!l ;f§ blI B"J -¥.I3t ; ~ iEJi , 
~p;\lt-Wf*B"J~*~~~:lr.~P51®{t~~Jl[~B"J*¥'±o ;fLHmL~~-1't~'ti 

:It!1TW*, ~iJ~;fg*1!fPI.~ffi*~~~( ttJi ~, 2005): 
(1 ) ~ JE B"J ~iJ ~;fg*1!f 0 111; 1fJ ~ at1m:ff xif {t~ rPJ ~ B"J ~7!,ti, ;fJth 

tt;f!l~~tto~7{t~B"J~~;f!l~~,{t~~Jl[~~~+**¥.±~mB"J 

l-!~;f!l~*, *i&t7!:1JO~mJEo 

(2) J:VtMB"J~iJ~;fg*1!f 0 111;1fJ~{t~1~H~$3t*mB"JJ0C*, 1m:ff L~ 
- JffJ.'tii=f B"Jp;J;jJ.M (J@!.~, 2006) 0 J2;:f!tt~iJ~;fg*1!f X*~ ~ 'F ~f!tt 
Ml5(.:OO~~1m:ff~7!tt;f!l~httB"JWf*,~m#~5t~~Jl[~B"J* 

¥.±, i:M±1±~~~~¥lJ § B"J, ;(£:ff®'IWl5(.r~~lEA:It~~¥lJ{t~tk:Jfi:t'1 

Wi=f 0 (2)xif{t~1m:ff ~7!'ti;f!l~iE:tiB"JWf*, 19tpfi[:ff;fgblIB"J;fJth*~ 

.~mB"J~*,J2;:f!ttWf*~~~~§B"J,.~.m~*B"J£~:ffhB"J~ 

~;f§*1!fB"J1m~,!9t1!f.#~~~Jl[~B"J*fio~mD#**B"J~7!~ 
~.'alL ~~lIit~m$L ~M~Jl[~B"J ~9al~o ®xt{t~1m:ff~~,ti;f!l~ 
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hft,m~~~*ft~m~o~#A~~~W~~~~#~~~,~~# 

#iiJi~h*~JE{m{fJ~~*o 
(3 ) m;(£ ~ 5fU :~H§:k1!f 0 ~1~ J=HJft ~ ~*,t1:" fXh ,t1:" ~ ;~vt1:-= J.m 

t#'t1:'i='-:r.m~m~( ~*~fOJ!~$, 2004) 0 J=HJti~~*'t1:{gf!i1CzfX 
h't1:fO ~~:t1:~m~, Il.if[ff~~~~f'F'It6L WtkJE~~ Jit~;fJ;5fU:fulf§:k 

1!f~f'FmoQ~tthft~~~*ftfO~~ft~m~,*~-#.~~~ 
(dormant status), ~{m~~~i15l!mfXh, WG1!f~'oozHj}~~15I!m~#fxh 

at11tt71tm $;--1-1~H~:ktt ~5fU :fulf§:k1!f 0 Q 1Jti~ ~~vt1:, {gf!i1Cz~*,t1: 

fOfxh'tt~m~, ffJ1[~3t-:;f'f$~" t!M~j;'~~Jt;j::&'t1:~:ktt{m{fJ 0 
1.3.4 0~~~ 

0ik~Ej (public participation) ~ }i!t-1£l ii 1ft % $; ~ 20 tlH2 70 1f{-t, 
~OO" *00" :fJn*:fc S ;zldfJit:it00*xt0ik~Ej~1Vf~$3t1ft, Jit~~ 
~B%$;T$3t~~4~~*00ik~Ej~R~~W~~#r~,:k~;fJ;. 

~fO~W, ~*J1LikiJl~~, ~~jl!fi*%$;~-~iAtR(]J~~, 2003; 
)(1PJ~fOM~~, 2003), {g*;j:Jf~.~~~;(£*)(1'{:}1±\: 0ikii#~ 

mA~~IPJ~:ful~~,,~IPJ~~.WG1!f:ktt~®~IPJ~B~li~*ikWG 

mik; ~Ej, 1~~~Jli)(1!ff00ik~lPJ~ A.3W:r.m § *;j:Jf" S W~:i':fOtk: 
~~JiW,3t-;(£~~~~BL:it$;-~,:r.m§nf00ik~~m~¥~ 

~,£~T-#~~~m~,~~~~~~~~Ej,m~~K~)(L~ 

~Ej; 0ik~Ej8jt~1~A~~IPJ5fU:ful" ~.~*±~m~xt~J&~~R0 

~5fU:ful*%-~tk:~~kA., WG1!ftJ!I±\Jli)(~mi9J(*ffg~, 2004)0 0 
ik~Ej&~~~-#~~mik11tMtt~JiW, §~~~:it$;li~Jit~~ 

0K" 0¥fO §;j:im~L&:ful, J1L5E §tjm~, 3t-~;fJ;MTtth:tmJit~fX 
fOtk:~fX~, l\W~~jcl9cJ!f-t!!xt §;j:im~:lt:t1Ti9Jfft, 15I!1.{:}~EjA~~JH:& 

~i9J~~tRfOfE*1Ji1Ji9J0ik~mh, m~mh~Ej¥U:r.m § ~~JiW, :;f 
{)[ Wi1* T 0ik ~~h, ml\ 'i=' :JM'{:} 5fU:ful Olb )(5fU, 2004) 0 

~Ej~*~~0ik~Ej;(£*~'i='~A~~~,~~Ej~Jit~~~fO 

n*~m~~*~~ff~'i='*,~.m~:~*ff~~~~~#tllig 
mik,~~*~ff~~f'F~#tlligJit~~--1-m$;$*,ligmik~ 

®i~JH:&~Ej~*~:2.iimi9J3t-~:ful; lllZ~iAtR¥U*±gfOmik;(£~*ff~!it 

*fO~~LA4$.~~m,lllZ~Jit~~®~m~mh,~~~~;(£~ 

*ff~ 'i=' ~A~~ttf:f'; lllZ~:lt:t1T*~**fX~" f5tJL 5fU:ful*WC~*± 
~ffjlJ~nOO~j;!J(1fi~WtJJ~*~:2.iifO*±gmik~5fU:ful:k*, 15I!{m1fJ~¥U 

*~~JG~{m1fJ~If'F, X~{m~*~~5fIJ:fulEJTl£(:xU~ft~, 1999)0 B 
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~1~~1tA*~f21f:1f1f*19J:a'-J JKJjtl (,*~nX;, 2002) (Jl6* 1-3) 0 ~1~~;ff\ 

~}~tmfllf21f~ RJf§ t~, ~~:t;;ff\~ a'-J ,'Gl,mfllt!O~ :f&kA.-1'-1rotl]if ~~~ 
;ff\~~~~Ma'-J~~o~~:t;;ff\~a'-J*m:f&~~~A~~,$~%~~ 

;ff\~~JKfIl~A~F~~ffla'-J~*,£~ttJKfIl~A~~;ff\~~~a'-J~ 

m,~~~~~A~)~~*M~~~a'-J~~X~o~~a'-J~A~~:f& 

±79J a'-J~A~~:i1f.¥, ~A~~ :f&-1'-~ R't1f1lfIVFtt~ a'-J:i1f.¥, tk:~ 

*m § -.-trmr a'-J1Jr! 0 Bre~tk:5Ea'-J1X5ftl3<:~~*±JK~A, .. .:r1iH1fJ:J'g 
M~~@tk:5E~m~*fIl.ffo~~:t;;ff\~a'-J*m~M:f&".~~.a'-J 

ffl79J?", JJlL~:f&j~*X~fllfJt~~jtl~f%a'-J;ff\~ffl79Jrm~:f&;fJf%~~j~ 

*m;MJa'-JJJ! § 0 

w\~H:!:-mJKVF~~IL\a'-J1iJfJ'EiA:J'g, 0A~~~Q,{%:J'g.=:;f!ft*:t;: 

(1) f%±*:t;a'-J~~ (democratic forms of participation), 1~~m f%± 
~ram~:tmz~~ i5l.~~ ~~~m1fjtl:ltt1-Ta'-J~~1J:t;, ~~i8)t:f&~~~~ 

~ a'-J1J:t; 0 

(2)~~iE:t;*:t;a'-J~~(informal ways of participation), 1~0A5!1nL 
tk:5E~ § ~*lIka'-J~~1J:t;o 

(3)iE:t;*:t;a'-J~~(formal ways of participation) , 1~r!~~Ji!.5E0A 
~~ ElT JJlL*lIk a'-J1J:t;, ep0A~~ a'-Jr!~f.¥ff fIl1jjfJ)3to 

~.=:;f!ft*:t;IPJ;W~JJlLmjlJ FLR 0A~~a'-J*:t;-.-t, 1E1. FLR Jl!1rotl£ 
T~-;f!ft~5ftlm~~m1jjfJ*{(E:ltt0Aa'-J~~fIl~=;f!ft~0A § ~~~a'-J 

rAA1'19="L' 

A~~;W*:Ii!;1:k1"'** 

*~~~~~~~~~~~~~~* 

rA;W*1'19="L' 
A~~;W*:Ii!;)«j.lL** 

*~~~:Ii!;]l\.lL:tm*1T~ 

~~,~~m~~~~,~~tt~,m~)«j0A~ ~~I~ 

~·Uil 

*;tt~*F~ 

*~~F~§~rA~*~~~~%~ffl1'1~ 

*;ttl:l~!&1(i-

*~~F § ~ rA*tJifiJffl1'1 ~ 

~f'f~*F~il1Hafi'iJi}.'jJ#~p.lC':ft~*~I~~JlHt:JGtl $5tit:lWYJ-~~t!J~~*~I~~Jll! 

it:lW 
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ifEut0£k~--'=5~ FLR ~~B"JiI*l~" f'F1g--t-12tA1g*B"J:1Jr!( Salaf­
sky N;fIJ Wollenberg E, 2000), FLR @:lr.iE0£k~--'=5B"J~1itIIL, lPJat, 
~~)( B"J0£k~--'=5 -t!L~l/4f~ xmX.m,~ ~~Atk:Jft1l1tl JE 9=t B"J *~)ffilJ!tl 0 FLR 9=t 
B"J0£k~--'=5, ~1~/F{5(~~,Ltt?JT~~IJ~;f§*1!rB"J~*, -t!L~~11MnfJ~;j:lk 

~--'=5tk:Jft~JEMW,/F~B"J~~,~f'F,~., •• @:lr.--t-~-B"J 
FLR :1J~ (meN ;fIJ WWF, 2005) 0 

1.3. 5 ~1i!ZJIi~;g 

"~J.lll'/1:~:2. g (adaptive management)" -iifJ.1f!. tI:l:EJ\ T 1978 1:p, ~ 

m*~W~~~*;fIJ*~%~~*iEm~~~;fIJ~~~B"J%~OOB"J~g 
~JPJ)ffilJ!tlatf£tI:lB"J( Hartanto H ~, 2003) 0 ~J.lll'/1:~:2.gB"J~Jit[~TM-t­

-ru-f£: -~A~x;fT~~*~B"J:El[fm~/F%~B"J; =~'If:El[1-r1g B"J~ ~ 

~:El[p[lt] J.lll ~ ~ 1~ ~ B"J /F ifij JE '/1: ( M 'i: ~, 2001; fm 5R ~;fIJ 1:w: 18 ~, 
2004), IEIJlt't~~ PJ1~~~:2.g:1JA~:2.g E~~*~B"J:m~:1Jr! 0 

~J.llltt~g~~~m~~m*~f'F1g~B,M9=t~~~BB"J~aM 

Wo ~-t-MW*5.t~1i1trmfaJ~B"J, 1EIJt9=t~*tr: WTB"J1~,@,/F~1BlB 
ilL iif1it at, !l6' @f ;f§ J.lll iftfJ ~ li":JG ~ tk: Jft ;fIJ li":JG ~ § fi (Lee K N, 1993) 0 

Thomas(2006H~tI:l, ~J.lll'/1:~:2.g~A~~J.lllWTYf-~B"J:1Jr!z-, ~:2.m 

/F~±1I!~J.j --'=51*B, iJ:: r -{xB"J~:2.gitXtlfj~~1·{~!<~ 1i£S* (Thomas J W, 
2006) 0 ~~ * ~ 1!r B"J /F IPJ JE)( (Grumbine RE, 1994; Gene Lessard, 
1998; ~~~;fIJ.:E.~, 2006), ~J.lll'/1:~:2.gPJ~:El[fm1g/IJ~*~~g 

B"J/FifijJE'/1:Ji*B"J-*Jtliitit, ;J;JI.'.xtl, .lKri9ltl, 'If:EllE8'f~~1-r~, ~l/4f1ifF 

~--'=5h~£S~iE-®B"J,~~J.j1g~JPJB"J:1Jr!, §B"JiET~~*~.* 

~.~'If:El[B"JPJ~.ttoiE*~ •• ~r,~J.llltt~gJ.lllm.~,~ 
g,.lKrR;fIJW~~-t-.%m~, ~1!rffi~.*,ffi~f'Fm, ~*~B"JR 

iJ\1~iit, Jt¥U~J.lll;fIJ~J.jB"J§B"J(SalafskyN~, 2001), lPJat, itxtl--'=5 
~Jit[~.lKrR~--t-.Yf-~.B"J-.%,rm/F~~T%.,~~B"Jat. 

Salafsky N ;fIJ W ollenberg E, 2000) 0 

~J.lll'/1:~:2.g~ §-ru-~5fJc~:El[/FifijJE'/1:fiiJ~B"J'If:E-'flA, --'=51~~ m ~ 
.~~g'lf:El[:1Jr!B"J.*g~iET:~J.llltt~g~M~.~~tI:l~,~ 

g'lf:El[1!r MIYf-~5Ht t~j1U ~/Fifij JE B"J ~ p[lt], /F ~iftfJ ~ li":JG ~*~J.lll 'If:El[ ~ 
~;rm~~~g'lf:El[:1Jr!-.*mh_m+,~/FifijJE~~B"J~,Ltt~ 

j;', 'If:El[mt E:EJ\~~ tI:l 0 ~J.lll'/1:~:2.g®19J Rm Tr.m~;fIJ*~, :EJ\iE B it 
Ji¥UrlrH1I!, 7.kk, OO*0lllil1~Hft g, '~~IWB"J~:2.g'lf:El[L (Nichols J 
D ~, 1995; Bunch M, 2000; Mertsky V J ~ 2000; Light S ;fIJ Blann K, 
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2000), Ijl®* § ~4o/J, f:2ttf, ~~, ~1f, JL.'J1.~ik$@!~~~I¥J;k 
y±;fU-IDf~~@ 0 

~il>k~t~.mi~j[I¥J~®~Jit~t1)t~¥UY mCN, WWF, ITTO, FAO 
~1E~gJ3.~I¥J)¥z;ky±(mCN;fUWWF, 2005; mCN, 2005)0 19961:p, 
WWF;fU mCN Ja79J" ~iPZ*(forest for life) "JJi §, ~llii~j[~*I¥Ja)j 
1iffI §;f~-~t:j(~*iiffRt~:fJn, $~it§:;fUmJ::I:~~, ,g~1£1*t?~4o/J$ 

~tt;fU.~~t:j(~iPl¥J~~,.,gA~~#1¥J4o/JmJ:;fUM~.~,~~ 

FLR l¥J®i~ (Barrow E ~, 2002; WWF, 2004) 0 1998 1:p, mCN xif~ 
J¥j, ~M, :910m~, 3fo1E1¥J~*i~j[m79JJtt1TYi~'~' IlJHz~~IIY-1'1E 
*i!iflJMl¥Jxif-m, 10 ~ Y:ff ;ki~j[ m 79J 1t J1. it§: I¥J }iltJ£t;fU ~.m~ (Gilmour D 
A, 2000); 19991:p, WWF;fU mCN }tiL Y~*]!WTitJl;tl; 20011:p, 
mCN, WWF lSUt:1-m-®~~i!iflJMm~~ill Y FLR 1¥J*1!t~( ITTO ;fU mCN, 
2005) 0 1lJHJ500~~*~~.mi~j[.&~tt*:1J1!I¥J-IDf~Bf:2nlt::h~*i~j[ 
-IDf~ l¥J~i~ @!~Z-0 

ITTO ~~-@!~1¥J1E~1~JiF~z-0 1f!.1£ 1990 1:p8,ft~ill Y"~* 
7(~*PJ~~f:2;g1~J¥j" (ITTO, 1990), ::h1£1E~7j(f x.ffjfJJE]!~1*1¥J 

Jtt1T*tt ~F 1¥J~*7(~*PJt~~f:2;g1~J¥j~1~ Y lE ~~~tj{1L 1993 
1:p, trxif*iiff.QAI*I¥J}t.lL'&~F~l¥JfFmrPj~, ITTO mill Y"~* 
AI*}t.lL~PJ~~f:2;g1~J¥j" (ITTO, 1993), rrrr19981:pOTTO ~* 
7(~*PJ~~f:2;g;f~{-t~t~tj~ I¥J ill Jf1i, ;f~iit;lf ITTO 1£ 1994 1:p{ lE ~ 
~**tt~~~~~~~Jtt~*7(~*1*~,~;g;fUPJ~~Jit~I¥JI~ 
;fUm79J9:(11R1~I¥JJtt-t/7Jtt~ (ITTO, 1998) 0 2002 1:p, ::h~Jtt;fUttJJ1h~ 

*iJHt;fU{J(~*l¥Jf:2;g, i~j[, :m:}t;fUPJt~~5fUm, ITTO If*1t mCN, 
FAO, WWF, 1E~*~-IDf~9='JL.'( CIFOR) mill Y {~*iJlHt;fU(J(~*i~ 
j[, f:2;g;fU:m:}t1~J¥j~(ITTO, 2002), 5fJ\*~YM-1'B:ffi!ifl~)(140TTO 

~*7(~*PJt~~f:2;g1~J¥j~;fU{ ITTO ~* AI*}t.lL;fUPJ~~f:2 ;g1~ 
J¥j~ Z 1'8] I¥J ~ ,g 0 2005 1:p, ITTO ~ mCN ~ ~ ill Jf1i Y { i~ j[ ~ *::l 
~-fJ-§g~*~~.mi~j[I¥Jt;*~5f4~~, *~, ~iif:l:-mfJ-§gY~*~ 
~.mi~j[ I¥J ±~ )ffiJJ!U ;fUtt*, nlt::h~~i!ifl~it§:1~ JiF 1Jtr;fU ~ ~ I¥J m~ , § 
I¥J~MI!;/J~*i~j[JJi §I~AJn y.~*~~i~j[.&~17t~(ITTO;fU 

mCN, 2005) 0 
1. 4. 1 ~**~){~f~jl:jt*:fiJf~ 

~*::l~i~j[I¥J*I!t~ t~tgtWT, 19~9=' I¥Jtt*!lJ1f!. B;ff:1£, *::h*~ 
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I fF:1!f E1T~~ 0 EJlJLl£1:.~*~*1£5fI:I1:.~*~~jti¥J~:m£J: (Schla­
epfer R, 2005), ~~if T5fIj~;fg.'k:1!f::1:fr!, ~)j1Z't1~:£jt, ~!ijA::1:fr!5fI:I 

Jt1mWTtt*, jgW.¥f*PJ1~~~:£jt5fl:l1:.~*~I~~:j:)H!I;T -1'-*~JEm~o 
1£~*jl{x_W:~~iEA1~~IjJE5(l~.(lW, Radeloff V C ~(1998) g-Jt7t;fRT,OOG 
WT**j+IW~t$~JJfu:~*jl{X.m'~~i¥JmjJ 0 {Forest Restoration in Land­
scapes: Beyond Planting Trees}-45»dl~, §flF, OOIIfui¥Jt:J~~:l4, l!ifl~T 

fW5fI:I~!qA::1:fr! i¥J DlIJtJ ~::1:fOO i$£iB r@J£ T ~*jl{ ~I~~ (Mansourian S 
~, 2005) 0 Aldrich M ~(2005) 1£ mCN !q WWF iliroii¥J~*1*tpraHIt 
{Arborvitae}r:p, raJ1lji1rmT~*jl{x.m'~~o Lamb D ~(2005)1£{Sci­
ence} J:2it*{I~~llil1t~Mir~*jl{~}, t~ ili 1illll:~*llil1t5fl:lm~m ~ 
:flUIji¥J~*jl{X.m'~~~t!J(~~W~*jl{X.mi¥J:;ff~j(*12o Rietbergen-Mc­
Cracken J ~(2007)1£ ITIO 5fI:I mCN If*ifiliroii¥J{'~~~*jl{X.m: ~* 
jl{X.m'~~i¥J!:*!q;flj.~1rm} i¥J~~tIlJ:~EJ i¥J {~*jl{~I~~ -¥:iIIt} mu jg 
~ ±-t!!~JJfu:~*jl{ x.m'~~m1~ T PJ~fFt~l¥i 0 

~LV.J:x>f~*jl{X.m'~~:ltt1T~::1:f1iLi¥JiSfJ£!q1i1f~( Dudley M, 2005) 
)t~, W2t~~t!L7tJJljl£~DlI't~H:£if, 0~~!q, ~*jl{x.mZ#J~, 1jt5t'~ 

~JL±-t!! i¥J~~, llil1tJl?J€t*'~~tt* ~::1:fOO :ltt1T T ;fg.'k1i1f~ ( *1lfE~ ~ , 
2007) 0 

1. 4. 1. 1 ;fHLi'm *::t-;}c>R~#* 
1£~*jl{5(W:~~ 1~i5Cmmg-Jt~1ifijJEj:~ i¥J5fIj~;fg.'k~, ~j§'1£'~~ 

:iim r:p ~r.srf~ l!Jl:, ~fJJ1ifijJE i¥J .'ktJ£5f1j ~ m 1*:;ffPJ~~l£'~~ mZ#J j§' mmtjg 
:ffI.'ktt/j\ i¥JJf1*o Marghescu T (2001 ) iAjg ~JJfu:~*jl{ x.m'~~ tt 5t~~ 
mEIT:;ff5fIj~;fg.'k~i¥J'$>Jt, jt;t=t:~~:tI!!m ~i¥J'$>Jt, lPJatt!L'$~f1MnfJ~ 

fbt~!qtit~1jjfjJE:iim, ~$JT±-t!!xmt, iffF, im-m(Ravnborg H M 5fI:I Wes­
termann 0, 2002), 1ifijJEtt*J:~if~i¥J, f±~~2mPJ~5l:i¥J'~~~ 

~, f-jf±±-t!!5fIjJtJtJT~(land-use trade-offs), ~~1jjfjJE-1'-~-i¥J FLR 
~]:l41j (mCN 5fI:I WWF, 2005) 0 Dubois 0(1998) mili T~H!;lj5fIj~;fg.'k~im­
m:Jtlf*ififftlJEtit~i¥J" 4R" m~, E!P31U ili5fIj~:ffI.'k~i¥J;fJt5fIj, ~1f, ~j( 

~5fI:I.'k*, Colfer C ~(1999)1rmTfpJjt~W]IZ:f~JtJlltm~i¥J~f9tl, :Jt 
iAjg"4R"m~~iffFA~*~:£ifryr § r:p~IPJ5fIj~:ffI.'krn1*1TZ#J~)]:ii 
m16'4&i¥JIJt.o Braakman L 5fI:I Edwards K(2002) l£ifE:ltt5fIj~:ffI.'k~im-m 
tit~ at DlIJtJ T ~ H&))(\,2i i¥J IJt. 0 Koontz 5fI:I Bodine (2008 ) 1'£2t1f1i1f~~ 00 
* ~_H:£ if i¥J~:m£ J:, iAjg 5f1j ~;fg.'k:1!f i¥JiJ1.JJIj, i.mJ 1!f 5fI:I iffF ~~:;ff 5f)c ifE:lttl!ifl 
m$nx>f*~, ±:tI!!~ §f'~~iti¥J!fJ1I!o 
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1. 4.1. 2 -.f-)(J~!AI~#-~-.f-)(YL#J~7t-~Jf 

~JJf[~**~X~I~!! ~ frj, ~ 1E?tJ1U, ~**~ x~.-Ij~H$:lk;JtiJ}] ~5f: 
1-t, Jt:ltt-tI7?tfJT5f:1-t1¥-JiJ}] IEI (Lamb D, 2003; ITIO ~ mCN, 2005) 0 

iq:~~1!f?tJJU ~~fUgt.m? (Pacheco P ~ Mertens B, 2004), jf4t~iJ1l PC 
(Barima Y SS, 2009), ~ 00 (Riitters ~, 2009), E:. W ( Teixeira, 
2009), m:*fU.m? (Stork N E ~ Turton S, 2008) I¥-J ~**:7g f9tl, ?t fJT T;;f 
1PJ1jJf~IKI¥-J~**~~.*1*~~~iJ}]~5f:1-to Jl:tjr, Bennett A( 1999) 
li,~i;ti~ T ~X~.*1*J:j=t)$:i!! l¥-J:9Jfj~, Zhou ~ (2008) ?tfJT T JlJtHLUh'f 
~JJf[~ ** ~ X~ I~!! frj JfiI¥-J t1i: 11t iJ}] ~ 0 Wightman C S ~ Germaine S S 
(2006) ?tfJT T ~ 00 WwH$ ~**'~!! frj JfiI¥-J ** ?tt~1iEo ~ X~ iJ}] ~m tt{ ~ 
~~1-*ftU?tfJTl¥-Jli~*~, Xi W M ~(2009)~~T~**~~I~!!PJfj~ 
ffljlJI¥-J~**~X~1lID!I¥-J~ID!, tr/!, .bt~~btrffl(Xi W M, 2008), 
Teixeira ( 2009 ) xf E:. W:* W Y-F ~ ~m ** 1962 - 2000 e¥ I¥-J 5f: 1-t:ltt ii T m 
tt{, JttmtftltlT 2019 e¥1¥-J~~*ftU, xft~T1jJf~at~I¥-J~**~~**'~!! 
)!JJto Peng S L~(201O)ii:i:1Jl.lL Markov mID!, tmtftltlTJ:j=too.m?~~~ 

**1¥-J~~:iiW, ffl ~ tli ~~**'~!! miJ}] 0 !J11iJ}] j] ?tfJT-m~;fj[fO!f ~ x~iJ}] ~ 
5f:1-t1¥-J1jJf~~,~, Bradstock R A(2008)~ Long J N(2009)?tfJTT~~111tl~ 

**~~*~*!!I¥-J~~~iJ}]IEI~,~*~~o 
1. 4. 1. 3 it~7j<.-t'fij(.iAt;j( 

~**~~I~!!.lLjfg7j( f I¥-J tt* tg, 115: :if! 1-t1*~a ** I¥-J~:UI ~ fj~ iJ}] f2 
.;~~**~*.l¥-JniJ}]~.;:if!~**jfg~~~**~nl¥-Jli_;:if!~** 
fil!~JiI~~~ffljfgJ:7C~£~I¥-Ji@:ltt; ~~I~!!; :UI**~AI**; tm~ 

**~~;Jt{i!?~**gs;MJ( configurations of on-farm trees) 0 {f{PJ~**~X~I~!! 

m«PJ~tg,1I5~J:-~~~~o~.lLjfg*fJ:,~#*!!mJJf[PJ~~m 

~fil!,~~JJf[, ~Fli:if!1-tI¥-J.lLjfg( f9tl:tm*1itIK) jU.R3tjlJ~~-T;f}t, .R 
'${~iH?£U~ ~ ~1~!!I¥-J.lLjfg( Hobbs ~ Morton, 1999) 0 {jtJ'G'~!!I¥-J.lLfil! 

m;pf:JjR tic -T I~!! I¥-J ~ ~ § tj, -m:ff W ~ m;pf: 1* JilU ~ tt * 0 Orsi F ~ 

(2010) ~~W~ Chiapas :7gf9tlii:ii~ra]~RJJt?tfJT, §J'G~I~!!fil!lKl¥-J 

,~,OOjf/q~~ir'~!!I¥-J~/J\RJJt:7g~!J&, ~mt~~I~!!m;pf:, fl}sIA~~ 

~*±~~#HIi1~Wvr4lJ~I~!!m;pf:I¥-Jf*1ft~!iWJ~*F't'£~m~*±IK;fjfUI¥-J 

fj~j], ~JfifUffl~~II1:?tfJTtftltliJ.\Wvrgs*, :lttii T1ifijJE{JtJ'G'~!!.lLjfgl¥-J 
1jJf~o #xf;;fIPJ:if!1-t~~I¥-J~**~**jfg, :if!1-t1*~a**'~!!I¥-J~*1*JilU~ 
fUffl ~~iJ}]~:iiWf2.:if!~1*~a**?t, 1~!!~~JjRtic-T**?t~{4, I~!! 
~§1¥-J§5, •• I¥-JPJffltt,:ff~-mbtr*JjR~~I¥-JAI.®£~mJJf[ 
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(Saunders ;fIJ N orton, 2001; Shono K, 2007) 0 ?X{tif*B"lM ~ ±JH2. if~ 

.~:~.~~B"l#.~w~~~a~{t~h;fIJ~{t~;fIJ~~§B"lW~ 

ifWJif* (Smith J, 2001; Ugarte J, 2004; Saynes V ~, 2005; Dent;fIJ 

Wright, 2009) 0 Clewell F A(1999)~-J;;JY~OO{JB~ lEJis*1Ji:f:-\I!JitJW1!rB"l 

'~~tt*, Stanturf J A ~(2007) mt:l:l Y5tMJXl.~urilJB"lWJif*'~£~., 

Egan D(2007)1i1fJEY~OOg!fl$:;?5~if*B"l'~~mJ1f[, Chazdo R L(2008)~ 

WJif*HIH}~fI~jgJJtmt:l:ll!1-tif*~'~£~., Kobayashi S(2007) 5fUJtLAI 

:iiIif*ll!Jtl!1-tif*:f:1!!,~ '~£~1!rWJ*fk)(.m, Santiago-Garcia R J (2008) 1i1f 

JEY ~lf7[q±~1!rWJif*'~£ 9=t B"l1'FJtJ, Omeja P A(2009) xt tt Y*~t.t;fIJ 
3C~]!jf1:E'~~9=tB"l1'FJtJ, 1~t:I:l'~~*.~~B"la:f:1!!,B"lWJif*~fI~, AI 

~ ij;Ij3C~]!jf B"l'~~~j(*]!:£$ 0 ~ J: 1i1fJEfJT-m.:ffi B"l~f*'~~mJ1f[ ±~f* 

:f.m~: ~ll!Jt.lr.:f:1!!,~1tf:B"l'~~mJ1f[;fIJ ~m~{t!fW~ifiF'l1:~ § B"l B"l-=fEifm 

J1f[0 ~f*Jj)zJtJat, PJ~~~~#'~~mJ1f[, ~m~m~fk)(.mB"l{t~1Gm 

'11: 0 Maginnis S ~ ( 2003 )%:fJT Y A I if* ;(£ WJ if* fk %if.'~ £ 9=t B"l 1'F JtJ , 

Dostalek J ~ (2007) if11l" Y ~ IPJ :iiI*tt*;(£'~~a~JtJ :f:1!!,WJ*~ fI~ 9=t B"l 

5fJc*o 
1. 4. 1. 4 :i!.Ed1.~ ~ 

mJj)z't~~2.. ~~J1f[WJif*fk )(.m'~~~\®fj~HmB"l Jffi:!J!U z -, 1:; ~lfit1i1fJE 

~fi~~~;(£-®B"l~~~~~~~B"l~~,~.~*,1:;~*~~~ 

.;fIJJIil:~~B"l~~, ~*~B"lrJjjH-J\f~~~ Jis¥UmJj)z;fIJ~~ B"l § B"l( Salafsky 

N, 2001; JacobsonC, 2003)0 mJj)z'I1:~2..®WQJtJT~~;fIJ*~, l)\l. 

;(£BrM~~~~**~OO*0~~~g~~~I.B"l~.weJ: 
(Nichols J D, 1995; Bunch M, 2000; Mertsky V J, 2000; MacDonald G 

B ;fIJ Rice J A, 2004; Schmiegelow F K A ~, 2006; Smith G KM, 

2008) 0 I'ITO '~~1~i¥j(2002H~t:I:l, l!1-t~?X{tWJ*B"l'~~~ ~2.if;fIJll! 

Jt~.~®f*JtJ*MB"l%if.~,~PJnB"lEif.**~M~~, IPJ~X~®f 
~~m B"l, ~~Jj)zPf~ B"l ~1-t (ITTO, 2002) 0 WJif*fk )(.m'~~ 9=t B"l~Jj)z 

'11:~2.. ~ {)(. ~ ,Lt; {t ~ 129 ~ (Berkes F, 2000; Bakker V J ;fIJ Doak D F, 

2009), :ili~ ~ ,Lt; *± ~ ~ ~2.:i1f ~ 1/ftl JJt 129 ~ (Berkes F, 2009; Duckert D 

R, 2009; Stankey G H, 2003) 0 Femandez-Gimenez M E(2008) ~~OOgg 

$ 51-*±g*~~'§'%Q~-Wtl, iiMIB~J£YWJif*'~~~~Jj)z'I1:~2..9=t*±~~ 
~ ;fIJ*± g~1'F B"lll!~1'F JtJ 0 Leskinen P ( 2009 ) ~%JJU1i1fJE Y ~Jj)z '11:~ if 

~~;(£WJif*;fl1t{ ~ WJ*~2. .~~ 9=t B"ltic~%:fJT ~ fk%if.RJJt{t!fW ~ifiF't'£~ 

~;fIJ IYf jft !!f- fk %if. ~2. if ~ ~ m B"l Jj)z JtJ ( Y ousefpour R ;fIJ Hanewinkel M, 
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2009; Leskinen P, 2009; Cassano C R, 2009; Gass R, 2009) 0 Prato T 
(2009) !J!Ur@~TflmJlIH~1£~J.j)l'tif2g9=t I¥JfFm 0 

1. 4.1. 5 /~jt~lfr 

1JE:ltt0~~J::i:~W¥I*~ 'xJIl.J~1f[ 11OC~ I¥J ~ JL.', fF:1g --1' Q,U,-:1g * I¥JjJ 
r!(Salafsky N;fIl Wollenberg E, 2000), ~*~'xJIl.J~1f[Jl:ll.1£0~~.!:ij 

l¥J~lilI:Lt, ~at, :ff~)(I¥J0~~.!:ij-tgd~:~~'xJIl.'xJIl.,~/ih~A~Jl1\ifJ}EI¥J:k 

@J]'(!J!U 0 ~*~XWi~1f[ 9=t 1¥J0~~.!:ij, jik1~~13l.~~J,ttfJT:fffIj~;f§:k1lf 

I¥JWfi>jt, mWfi~1iE.1fH/q*1k~.!:ij~Jlittl}E:tifj(Bouthillier P L;fIl Roberge 
A, 2007) 0 ITIO iA:1g~*~~J~1f[9=tJ1Lm*)t~;fg:k1lf~Jl*tJTr!J1LB: 
~D.)r JL,~: 1*iiEfJT:fffU~;f§:k1lf~.!:ij¥Ij1TZ9J~J3 9=t, ~j]n~*~'xJIl.J~ 

1f[fflZ9J I¥JflJ ~ 00 f*1-t*~'®fjik 1?1H*mtffl z~ I¥J, 00 f*1-t*~'®f.!:ij mtffl #} 
ftij Jff /.tB~1tOC tI:\~}E; xJ~fIj ~;f§:k 1If Jl:ll.f2 MFl; ~ ~ fIj ~;f§:k1lf I¥J fJT:ff 
Wfi~; Jl:ll. f~I¥J3t7im~( ITIO ;fIl mCN, 2005) 0 l£~*~'xJIl.J~1f[iE 

A}E)(lW" , Rauscher( 1999)X>t0~~.!:ij~~Jf;}Cn*.ill'.~JlI¥J:ltt~:ltt1TT 
~~, :1gJff*I¥J0~~.!:ij~*~'xJIl.J~1f[il-~J'l.f*J~1f[1fnmI¥Jittl}E~1jtT 

1f!f!l1fo Linkov I(2006)1£*tJTJXL~if1ti, $*~{t~Jl*tJT;fIl~J1L'fY£f2g 
1¥J£~;fIlJ1Lm~,mtl:\0~~.!:ijfi~jikW~~®jJ~I¥J.~m~oM~ 

.!:ijAjJ~l£~*~'xJIl.J~1f[9=tI¥JJ1Lm*~, 0~~.!:ij.,~f*;fJll.l£~~ittlOO 

(Kalibo ;fIl Medley, 2007), ~'xJIl.Z9J~1Ht*tJT ( Castella J C ~, 2005), 
~.!:ijAiftiJ1!f(Raybum A P;fIl Schulte LA, 2009), id!!!7.kfJ~1f[1fnmI¥J 

1\ifJ}E (Shindler B, 1996; Chazdon R L, 2008), %i: iYltl.!:ij if ~ (J ohnson N 
L, 2003; Reynolds KM, 2005) ~jJOO, :tm Thomas D S ~ (2006) 1'£~ ~ 
Wm$jt*,~(Pinus ponderosa) 1¥J1:~*mJ~1f[JY! § 9=t, *m~.!:ijAjJr! 

#}iJJ~~fIJ~;f§:k1lfzJa] l¥JiIF~, !i~:itmt-~I¥JJ~1f[ § ;j7jo Espiritu N 
o ~(2007) J1Lm-~PJ.fFI¥J, PJiYltlS:I¥J~*PJ~~f2g*~{t.!:ij1~*~W 
~T~*~'xJIl.J~1f[1~i)(9=t~T;f±g~.!:ijI¥J~*f2gJY! § 1¥J:ltt~o 
1.4. 2 ~~~~.w.'~~EiZJIHJf~ 

~*~~J~1f[l£~~R~I¥JJ1Lm~ilT 1985 !tf::l:JH~~.illZ.$~gcj]nf!!! 
g ngitili(X>t~:l:1!!.m~l¥J1:it®.~fFml¥J*f!!!) I¥JJ~1f[, f2:ti15!tf:I¥J 
gjJ, 2000 !tf:i*f!!!gJ~1f[T 35]J hm2I¥J~*, ~*~;fJIl.T~*~'xJIl.I¥J 

J~1f[, m~tMfIjl£A:I0L&A, *F£F{ii~jJOO1~¥IjMi!tmillh (Barrow 
E~,Wm)o~wm.~.illZ.I¥J~*~1f[!i~jikl£±.1*~jJOO*M~ 

nm, 3t~~~~J~1f[jJOO, 19ZJffM1'l?mI¥J*.ill'.fflZ9J~:1g]!)I¥JJ~1f[*F 
£;fIlHIH}jJOO, ~8Jt.!:ij~*~'xJIl.J~1f[I¥J §*~;fg-~(Monela G C~, 



21 

2005) 0 5JJlt/PJat, ~~.ill?, ~T:it, ~m, ::f5M, :~Vm., *OO-tl!.3f 
~~ T J131t~*~){YUt911!JlI fF ( Gilmour D A ~, 2000) 0 

1:£mCN, WWF, ITTO, FAO~OO~im~B"Jft7§]r, iq:~OO~VfIHt!! 

IKIE1:£**fJH1HifJ1f!i:3f£~*.){.W:~£IfF, *ili:EJI\Tilf~~*.){JI\'~ 
£nlt~~1Ytl (mCN ;f!l WWF, 2005; Thomas PT, 2005) 0 WWF 3t:t~ r 
B"J 5 ~~~IK~*~){Jh~:~£~1Ytl: ili?:1JO)fU.ill?B"J'~£;m:1f ~~~)~Ut!!*~ 

*,~OOB"J.£*n.~A~.~,~*m$B"J@~fi~7§]~fr~. 

lll, 13 WB"Jili?:1?*W¥$Jt$JT~**'~£1t~ B"JJiii'/1:, WTl1tlE~ ~.ill?B"J 
ili?:1?jI;MWT!j!~*JIIDt)fU3f£(Ecott T, 2002); ~YE!~ii:ttAI1JE:iZt*~ 
£WT~mJ1f!i:'~£T~fflL6:r~H-t!!IKB"J~*~~(Lamb D, 2003); fPJJt~ 

W.ill?@~ T1~~*.illd**, j; ~±-t!!~p 1JiHiH~Vf!&A*~, -tl!.1JE:iZt T * 
flt~±-t!!B"J~~~;fflt1'~£; ~W\;f!l~tw\±-t!!IKB"J1t~W~, f~~WT~~, 

!1J-;j;j}~~IK-tI!.3f£T~*.){Yl:~£~1Ytl~J1f!i:(Veltheim T, 2005; mCN, 
2006) 0 

§ 20051¥ 4 Ji 1:£13 W1lit1~~¥1t)fUWT~1}~*~){JI\'~£~J1f!i:1iJfi;t~ 
~,~*~~.£B"J~a~~Tm.~£o~~~~B"J(1lit~~¥1t~WT 

~~)~~T~m~*.~.£.~1:£J13~~~fltB"J*~~,~.~B"J 

~~*mF£;f!lBI[9J-:W§~:iZt1T'~£, ~rmeJ(~A~~itB"Jnlt~f~Hi, 1!2 
mm.~.ill?,~OO,BW,~OO,~JJt,~lE~OO*B"J~*.£MRo 

mCN 5J WWF ili~B"J~*ili?:1?faj*(Arborvitae), 1tl~Tt!tJ1!.EJf3f£B"J 

-*1tl~1Ytl, 1!2mm.~.ill? ngitili( xt~±-t!!,*~B"J~it®.~fFmB"J* 
±-t!!) B"J'~£, fPJJttr~*rlIBt!!B"J'~£, 10Cir±OOi!ifCm~®B"J'~£1t1-t* 
:l:-t!!B"J:Jg7§]; /PJat~1tl~T1:£ WWF 3t*r@~B"J'~£m7§], :tm 20041F 
m7§]B"J.£U~~~ffliliJ13~~~B"J~§, •• ~@~~*~~M£~ 
§~(mCN;f!l WWF, 2005) 0 5JJlt/PJat, 1:£ 20021¥ ITTO ili~B"JUMIf 
J131t5J{j(~~*'~£, .@;f!lf~'i1~m) (ITTO, 2002) B"J£:Jiilix., ITTO 
;f!l mCN 1:£ 2005 1¥10Cirili ~ T (~*~){Yl:~£ -=f:f:lJt), i$~1B r@J£T ~* 
~ )(JI\'~£B"J ±~ Jffi:JJlU;f!l tt*, nltj; Ji ~ jgfc~ '/1:1~ ~ 1J #;f!l ~ a B"J;jJf ~ , 
§B"J~'MWJ~*'~£J.m §IfFAJJ!t T.~*~){JI\'~£-=f:f:lJt.&1tfjt~, * 
1t*~a(ITTO, 2005) 0 

?tfff ~ /PJ ±-t!! IK B"J ~*~){JI\'~£~1Ytl, PI ~ 1~ ili ~*~ ){~I~£nlt~ B"J 
~Hi:~2~~,~WB"J§~;ili?:~~~'*~#5JM£~§B"J~:tt.; 

EJf:1f ~Jl1.JJlU B"J *tl2~j; T ~ ,lE *± IK $>1<:, rm~ ~i!ifCm$>1<:; i!ifCm B"J ft 7§] 5J 
3t1~; ~*iA'~£*~§~~1-tfUi~~*J131t, -tI!.~§~~~I~£~*EJf:1f 
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~~n~m;~m~ •• ®A~ •• ~~~m~.~~~;~~~*. 
~f2ifm~ 9='~ ,ttt~~7j(.~ § t~, /F1£~~~~ ~~~~*~~, tIL ~~ 
~*~~*.~~ifm~o~.~~, ~~~#£#tt,~ffl.~®~ 

rt~¥-F'I1:, ~fflI~}iZ'l1:~t~,~, nJ(;~~~*~~'~.*7GgOO, ~ 

~/2Sl~1Iitl1ro ~mrmLt~tt~, *m~m~~.®±~l:~A1fJ®51:¥U 

~x.w.1t~~u[lij~~Uia;f§::k1!f 0 IPJBt, ~*~~'~.~nm®*~~1ftmxt, 
m1ftOO~3~.W:~ia;f§::k1!fH~~ia~~.,«~~~~.2®m 

~~i!tJiJhm1litJ®*H~m1litlo 1i±~~nJ(;~/2Sl~~~*0~~!ij()kl:i!!.~ 

~~A~~!ij~*~::k~~~mM®~~*~),~~~~~m~~~ 

!ij 0 ~J&~*~tIL~~*~x.w.'~.nJ(;~~::km/2Sl~, blI~'19VI~~*~~ 

'~.gp;jA~~*~~~9=' 0 

1.4. 3 ~**~~J\!'~~:i:J~H;d=F~~ 

lfL~ 19961f WWF ® meN .bt®~" ~ilJ~*"J.m § 9=', 8Jt:mm T~ 
~~ ~~]jR®~J&m;MJ ~~:f*tk1-t::k* 0 ~*~x.w.'~.~A25CIW, ~ 

:f*tk1-t::k*~I~:m:,~~~*~:I:i!!.f2.~x~it®~~x>fmo ~*~x.w.'~ 
.*!!t~:mmj§-, ~lI4f~*~~'~.~,W,mft~~1T~, !I6\®f**~ jJ ~ 

~~~A,%nJ(;jJ**~nJ(;*~~~o~~,blI~~~J&~~~IPJ~~ 

®g~=~~~~~~~~--~.~lI4f~~IPJ~~~~--*~±~ 

~~1!f~lPJx~~~tt.~*.~~#mntto~blIM~~m~,~ 

eN, WWF ®*/F~tl1@!~*~~~~ 20031f 3 Jl ~~~.bt®T~*~ 
x.w.'~.~pj(tk1-t::k*, :m1:!tT -~~~i!t:wm:OOpg?t:*f2.®;fEl1L~)j 
~I~o~*./F~~*~§~~~*®~~~~~~~lig®m~, 

*~®~.~~~~*~~~~*~~# •• ~*~~m:~~N~ 
(Dudley M, 2005) 0 

~::ktk#§~~~,~~~,~~,~~, S*,~$~~,.* 

~U, 3W±®f¥j~~~~~J&, :bogp;j~*1MJE~, ~~~*~1MJE9='JL\(*~ 

9='JL\) , meN, WWF, ITIO, :fif-~:J;~:lGtl~i!t:WJH?1Kr~tl9='JL\, J0C%~ 

~*it±~fJ{AHt, i!t:W~*9='JL\, ~~~¥-F'11:0f1.JfM~M:, *ft®~1? 

J0CM®~~~~.®~mlio 9='~tIL~WOO1f~Atk#::k*o*~~ 
1i!!~J&, ~J3.~R®0R]~~**tp-~:boA~#tk1-t::k* (meN ® WWF, 

2005) 0 

20051f4 Jl4 -8 S, *mi!t:W~:I:i!!.~ 100 ~1H~~~:boT~[3W 

11t1~~ Vt~UWTm~~ ~"~*~x.w.'~.~nm1MN~ (Forest Landscape 

Restoration Implementation Workshop)" 0 1-t ~1fJ rl'f rtf ~ ~*± ~ blI]!} iZ 
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Jt!!.5fUJIUl~*~x.m'~~j£:12*J!%-!!M5Hftj'j*.&Jt:1: !/W~~I[j:, ~ramm 

~,~*.~OO+~~M§~~~.o~~~~~(.~~~~~~ 

§~~IlfJ!~~)$(;ff!1JOA"j'j*~x.m'~~~;pj(~1'Ftk1~itJW"; ;jf~IlfOO 

IliU~tJttlBI(;*1T~JJ'~~j'j*~~, ~1liIT A?RfQ §J~J\L, 11l~j'j*~ 
~fQ:l!1-t~~~o 

.~~;pj(tk#~.B~BW,~OO,.&~I,B£~m,.OO, 

1JO#JfQ~m~OOt2,{'&~~I/~T~~$m-rlJ, ±1!?~~, ~W\fQ~~W\, 

W~I:, *~~, ~$~~~:HlfQ~~~~, *mI, ~~t1'i'1fQm~rfl'I~-TlK~~lK 
~~tJ\ y Mit~ (Veltheim T~, 2005; mCN, 2005; Barrow E ~, 

2002; Ecott T, 2002) 0 

1.4. 4 ~~:J:5!J.II.'~~[{±~~a<J~~ 

~OOIliU~ E ~:m::fmj'j*~X.m'W<~~[PJat, ~OO-tl!.7H€t y j'j*~~ 
'W<~~M~I1'Fo 2004~, "~OOj'j*~x.m'W<~Mit~" ~IZY)I[ ~~ 

1T-~Jik~OOttiX:¥Jtj'j*~~JW<~( FLR) 1P]J@I~tJ\~1?J]J!Mit; 2005 

~4 Ji ll~.1-t*OO**.illcmJ~1JOYBWj'j*~x.m'W<~OO~~Mit~, ;jf 
~*( ~ OO:l!~±±1!?Ej:l!1-tj'j*1:~~~IW<~~ ~~i#( llt~., 2005); 

2008 ~ 3 Ji, ~ 001JoA Y j'j*~X.m'W<~~:f*tk1~~. (The Global Part­

nership on FLR) 0 §ftr, El:! WWF ~ij;fJ, ~1ZY)I[~iliL\';rlJ~Jil!!~ §'~IW<~ 

*N~~;W§}~,Jt!!.~X.m~J]Jt § B)$(;Jj]£EJ@I, El:! ITTO itZSfJ~"ITTO j'j*~X.w. 

'W<~-¥M~~ 003t,MW±1!?lK~7Rm::h&i)I[, mfflEjitj" J]J! § fQ1'F1g mCN 

"1:itEj~~"J]Jt §z.-~" j'j*~~IW<~Eji&~*~UlK1:it" J]J! § lE 
~)IIJjf5fU7fMo 

j'j*~~IW<~-tI!.[PJ~1~~UY~OO~1!f~~r±, :ftnM5.jd!!,~(j'j*~ 

X.m'W<~~~~~1l'-my WWF iliJt&~(~X.m7j(f ...t~j'j*'W<~: {)(1Xf!tt:1%t 
Jik/F~~~ ~~.±~pg$(M*}l!t" 2006), ~tJTij)}(2003) ~(j'j*~~ 

~1W<~~~J~£EY~Jil!!j'j*~X.m'w<~~:m:~J[j:~( *11fE[[~, 2007) 0 Jt. 
~~OOxtTj'j*~~IW<~:flIH~EjjJt!~M~~Tlfmw, 1l'-m~rm-~, 1Jl 
Jik~::J~1:~~, 'W<~1:~~, ~Ej:rt*~, .Yir~~Eji-¥1fl"~jJ1if*1TY 

*:l:M~(~~fJOO, 1998; ~~., 1999; ~~*, 1999; ~Wf~, 

2000; 1f~~, 2001; -§!tt~, 2001; ~WffQ*~W, 2002; ~11fEfi1t 

~, 2002; MlE~, 2003; *~$~, 2004;), 19~OOj'j*~~IW<~M 

~~~Y~~~~~Ejtt*jJt!M~£~o 

~~Wm2~~~~OO:¥Jt7fMY:l!~~~~*M~~~.~BfQ 

~~.MI1'Fo~~~**mJt!!.lK:l!~.Jt!!....t7fM~mrlJ.~, •• 
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J~£, 70 1F1-t~j~f-t!!JK 8"J I?lJtp*Iifj~i&t ( SlID!. f, 2004), 80 1F1-t* 
tt~~.~JK(~m~tt~.)8"Jl?lJtp*Iifj~i&t,*±~~Iifj~~ 

~-*~8"J~~.£Iifj,~ftOO8"J~~~m~~~.(~ •• ~.~ 
m, 1999; ~£1Et~~, 2001) 0 ]A 1980 1F3f~€r(£iIHt~JJfU~~~~m:itt 
1-T~*J~£~£~8"JI f'F, ~l±l T i,tf~{J]~PJ1-T8"J~~J~£ .q£~tt* 
.qmrt;( fPJiE!l£~, 2003), 5'GJ§"1it~T::k:l:8"J1f-*~~*~Jl!1t~A 
IJ~££~8"Jit)C 11i~~iti!f 0 :tln~f'F-ffi (1990, 1997) ~)(t~w.ill[ 
~wJl!1t~~*~I/t~tBt~£.q£~:i:1:ifj~f=Ffi£S¥J, ~f=FI/t!lm~~~~ 

t~Jti, ~m1k:1t, §~:l:P&r&.q~1t, ~?HJm~, ±:lftBf!ljJ, Z9J!Im.q~~ 
!lmf=Ffi1k:~~~OO3fMT~AM~,~l±lJl!~~~*~.£PJ*~~ 

~, ~£~5'G.f=Ffi,EI~~~~~~±~~8"JM~*~£~£~* 

*it~~*~( ~f'F-ffi, 1990; ~f'F-ffi~~&JlL 1997; *J\451¥~~£1E 
fJ; 2005); 1ltu~~(1991), XU~(2002), £00~(2002)~*JjU)(tJl!1t 

_~~,~tt~ • .ill[~ili •• ~~*,.±~~li •• JK,K~~~, 
Jl!~JH-t!!( f~tjxtt~, 2002) lZJl!1tJiEili (£OO~~, 2002) :itt1-T T Jl!1t~ 
~*~~*l/tfltJ~£.q£~tlrt;~~OO8"JM~( *5'G:f~~.~~, 1997; 
~~~~, 2002; :XIJ~~~, 2002; ff~~~&JJL 2002; 5-IH1J*~, 

2005); 1ffii:®7't, ~&J!f(1999), ~£1Et~(2000)~#)(t.ill[~w1lt~lmJnt 
*3fMT~~J~£M~(~!1Et~~.~JOO:, 1999; ;$Xf~, 2000); tt 
r~~~~$ji~~( 1999) ~l±l TftOO~jPJ~JK8"Jt1i:fltJ~£mrt;o ~~M 
~7gftOO8"J~*:l-mnJ~£M~~fJt:TQ£~8"J~itl=3tt*~r!M~~1itIJo 

EI:!-'FftOO8"J~*:l-x.w.J~£If'F~~$3ti1£E, OO)(t~*Jl!1t, 1Uttw1t~ 

f~iE ~~~8"J~*:l-mn~~Jj]fmr~~JiS- ~;fI~Ur~8"Jt;J~~J4, ft 00~:1lf 
fffi~;(£~ ~ M~)(t 00 ~~ ~*:l-x.w.J~£ 8"J )$(;Jj] ~f9tl, P&lIR:Jtftr ~ 5'G:itt 8"J:l­
x.w.J~£tt*8"J~1itIJ~, jM:i:1:~~:EJl1f8"J:l-xJl~~, ~*~£, UJK*it 
~M~)$(;*, 7M~~ftOO~*:l-x.w.J~£If'F~~rtJftr1itMo 



2. 1. 1 ttf!:EJ ili1i 

mm11f~7j(~~ § ~il-£l,1iITmm.% 8"J*m$, ±!MlU~~ 18°22' -

18°47', *f~ 109°45' -110°08' ° *m~l/{bmm, *~~$~]jTnF3(J1l, 

~~$~~~~~.~§~-£I,~~,W$~~.~~.~§~-£I, •• ,W 
m~=TIf.mlBH;~~(:tmoo 2-1 EJTiK) ° ~-£I,m~~* 40km, *Wi: 32km, m 
i¥~* 57. 5km o ~-£I,Ilit'j:i!?,g,OOfJHik 1128km2

, 7j(~ 79km2 ° mfllU0~5fI:I 

*~~.0~.~~m,-£I,~~11fm~_mQml%~,~=TIf. 
m 80km o 

II/f§IJ 

_1iiJVft. 
D3t~ 
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2. 1. 2 9: 1~~qiE 
~7j(~.D* El ~ -£/; f-ll!5lt1f,t;~ JJL Ji ~** JXl.% Il!!§,t1~ 1!~L j{;~ :8fiCft 

,g, 1It!tpfYg~Y.ffii;(£ 24. re tr.ti, 1 Jj {JtfYg~1f,t;~Y.ffii:7g 19. 8"C, 7 Jj 

fYg~~~m 30"C, JE!tp~~~Y.ffii:7g 37"C, JE!tp~1f,t;~Y.ffii:7g 5. 6"C, 1It 
!tp~RmfYg-m::7g 9050. 1"C 0 !tpfYg~7./<ii:7g 1500 ~ 2500mm, ~!tp~ mu 
*-=P?tl!lj, 4lt!tp 11 Jj {Jt~{X!tpErt 4 Jj {Jt:7g~*, 5 ~ 10 Jj :7gmu*, mu 
*~7./<ii~~!tp~7./<ii~%~~o*JXlI!IjB,I*!tp.fiWm*JXl, 

~*!tp.1T*~~*JXl, fYg4lt!tp~3 ~5 (Xi:3'JXlErt~*, ~*JXljJ:lt 12 
~, JXlJ!40m/so 
2. 1. 3 :l:tf!J.!lUI!!Ml 

ifIHJiHm,@.btlL ~JUJUl~, *;f§1St1Jw~il.if~#J~~Z9J~~1iE, ~m 
'%~~?t:7g~Q,limili,~~~~~,@?tgo~7./<~.D*EI~-£/;~~~ 

~f-ll!,@?tgrJ;j, ~,@f-ll!.&t~#JmJ~, nlt±-fl3:*, -fl3:.&t1ti5Q*~ 86.2%, 
~]Ji* ~ 0.5%, fnJmt{lf:l*~ ~ 2.3%, r~~m~R~ ~ 6. 7%, ~~$ili~ 
Ertnlt±-fl3:*:7g~-fl3:*~~~~**;W$~~-fl3:*:7g~~~*~1ti5Q* 
~**; ~$:7gmif*;*m$m~f~:7g~~m~~~mif*;~]Ji 
*±~?t;fff;(£m$Ert)(JtIllt, m~*.%~~~$Ert1f7j(~-* 0 

*2-1 

:lI!!~~ru 

{~JlJ 7ilJilt 800 -1499m 

7ilJilt 500 - 800m 

li~ 7ilJilt 250 - 500m 

7ilJilt 100 -250m 

~:lI!! ~OO 

~* 
.1jl-.@: 7ilJfJt.1jl-,@: 

"*ImJEt9li 
*ImJEt9li 

foJ~Ilf)-:lI!! 

m WJ 
±:lI!!,(,1,OOfJt 

I!i*~~ ~ j~gii!!~~~~it* 

OOfR( km2
) 

199.2 155.2 

44.0 

243.4 153.8 

89.6 

371. 3 226. 7 

144.6 

181. 5 139.6 

17.5 

24.4 

95.8 95.8 

36.9 36.9 

1128 1128 

17.66 

21. 58 

32.91 

16.09 

8.49 

3.27 

100 

~~j£rPJW~*1f,t;, ~~~ID!1St1IiHJUJ~*2-1o ~~$:7gilif-ll!, ~~ 

JI$::7gffi~ iliiliHijc~fFJ ili, ~1Jt 1499. 8mo ~1Jt 800m ~~Ert:ff ffi~ ili, 
*ffi~ili~~fFJili,1f~IlIt,ffi~IlIto~~~g?t;fff~W$,§~~~ 

~, f.El.3HilL m1f~ Ert~$, '¥m~, *%$JL ~j'I'I$l, )(~$l, ~) 
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~i¥J-W?t 0 :llpg*::I~WWl¥j:AE1nJ i¥J ~~ IlJ}}jc~W::I~W*l¥j:AE1nJ i¥J--I:::1~ 
IlJt IlJ }}jc£ " ;\." ~~tIBt T !l-~W::I~ W, *1f * W y~ #iJVU,q f J1j( §fI §fI1Q.1II , 
~~#iJl¥j~*~i¥J".*~~",~~pgW.£?t~.OO*iliB~.B 

mW~~i¥JWli®~~ompg~.~m~m#iJ~g~~fJ1j(~.o 

2. 1. 4 ±±.a!f.!j:qiE 
.*~~§~!l-i¥J~m~~~~~i¥J~~~~~~*,~~~~ 

~, m#iJmlIY*;j1~~m0{~tjjJ7J1E{fj:r*:f:-!I!.m;j:1J~o ~!l-±:Il~*L:lGtl?t~ 

4 -1'±~, 14 -1'SIE.~, 28 -1'±~(JJUl~ 2-2) 0 :itM~IlJ~.:Il±~?t~ 

iE::I~W#iJ1bt 750m 0{Li¥J IlJ:f:-!I!., :it M ~1ittr:ll'l1:tr:ll, ±~?t~iE#iJ1bt 
450 ~750m i¥JIlJ:f:-!I!., :itM~tr:ll±~?t~iE#iJ1bt450m 0{~i¥Jli., ~ 
:f:-!I!., ~#iJtb ±~ T~#iJf J1j( 0 

±~ WfJt(hm2
) 5JE~ ±~ 

IlJf1l!~ll 15517.45 ~ll, ~VB±, ft ~ :E-:Y< it ~ll, 
m~'/1i~ll ~'/1i:E-m ~'/1i~ll 

$Ull 4397. 73 Ilj(f-@,$Ull ft~:E-Ilj(f-@,$Ull 

~Ull 47399.21 7MtUll ft~:E-llj(fml-@'~Ull 

Ilfiml-@,$Ull m~'/1iUll, U$±:l!!l" ~$±:i& 

7.kfill± 20431. 71 M1f'/1i7'/(fill± i'tlttiES,wlttiVBES 

~1f'/1i7'/(fill± El ~VB ES, tt€YJlj:tNR ES 

ffl11f'/1i7.kfill± ~$7.kES,m~VB±,VB~ES,m~VBES 

r1:ii'lf:'/1i7'/(fill± VB*7./( ES, lml'7./( ES, ~lii.tt ES 

i'itlm'/1i7.kfill± roItES,roIt~ES 

2. 1. 5 7./< :)u1< ~ 
.*~~§~!l-:llpg~.~.~.,*~~~~l~~~, •• 

*,.~.,±~~ •• *~,~ffl~®m~~.~tt*g~Al¥j#iJ, 
gpg!l1~IIY~/N~lJ!l7J1EA#iJo ;I=t~.7j(tjjJ~~*tjjJ., 1:pf~ •• 9. 3 
12, m3

, ~l®jiff/q 1210. 7km2
, ±~-TtRE£mtT*~~~EEf~§t€f!l-i¥J~ 

~IlJt, 3t.£mtT~~ IlJ, ~* 75. 7kmo ±~7j()$~ IJ\ii*7j()$, :AE~ 

7j()$, ~WC*)$®/J\l¥jf7j()$o :f:-!I!.*~1:pf~~. 1216mm, 1:p1~.,tt, 

.13.1612, m3
, ~!l-f~~A~7j(. 5576m3

, *!8fmt tt$Jt$jt 0 :f:-!I!.~ 

*±~~~m~~*,~*L~~*ff~~*o 
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2.1.6 ~:f.&:!j;ij:UE 

m~~~~~~**, ~~~~§~~§~m~~~*H*~~ 
$o#~®*~m±~~§~m~*~~~*~~, ~~oom 
896075. 8 1if, ~ ±~,~, OO~Jt~ 53. 4% 0 

§~m~~~~~LlJ~*" ftrmJ1~x*" lIt~filltt~X*" rx1:.* 

®AI*o ~LlJ~**~~~1£ 1000m 12Lt~ffL~LlJJZ., m~±m@l 
., LlJ~K*,W*1:.*~~~M,**-&~5~m,ft*m~~~ 
LlJ~7~,,*~*,,*~®~LlJ*n~,*rllt~1O~cm~~~m 
~o ftrmJt~x**~~~1£ 600 -lOOOm ~LlJHJLlJJll[, ~j*~*, 1-t* 
m~~~~~"~~,,~1:.,,Mn~,*r~#~.~®.*m~ollt 

~filltt~X**~~*~~ffltW~~~4IlitLlJ~, m~ili~LlJ1J£, ~*iI~ 

A~.~Fm,~1£~Om~r**~B~.**®~~.*"rx1:.* 
.ft,ft*m~~W~"h~,,~~,,~*~.~orx1:.**~~ 
400 -600m ~W$LlJ~, -§m*il&Ilit~~rxIlit-w, lllU€l~*1iXtJtJit 

~,~.*£®m~~.ftoAI**~~**m~~~®~~~.~ 
~~~.~,~1:.m~~~.M,ti¥m~~A.o~~*~~,~~ 

W#~*.l.ffjt ( Casuarina equisetifolia)" fi:~;f't( (Eucalyptus emserta)" * 
;tt(Melia azedarach)" i:I~;f§}~HAcacia c01ifusa)'&~WW#~1:.(Homa­

lium hainanense) " t_*( Cinnamomum Parthenoxylon)" 1t~" tEIJ*( Tec­

tona grandis) ~ 0 

2. 1. 7 ~ M~1Jj 

(1 ) ~*!8f~: *.illt.!8f~~~ 1It -$ M, *:l:-!I!.J§ 4i-!8f~~1~* ~ 3f ~## 
j] 0 m 2005 1f1lB*Fj)iiJ~, ~~*.illt.m:l:-!I!. OO~R 6.80 Ji hm2

, ~*:l:-!I!. OO~R 

6.22 Ji hm2
, ~*~~Jt:1: 602 Ji m3

, ~*iI~$ 57. 2% 0 W#~~, 

~ 3500 ~#, ~JJtW#~: W ~ (Vatica mangachapoi) ( OO*m,B 1*:3'1'* 
*)" h~ ( Lithocarpus jenzelianus )" ~ 1ftiJ" :rIB n (Alseodaphne hainanen­

sis)" ~n(Phoebe hungmaoensis) " ~1:." ~~" 1t~" ~:flW(Manglietia 

hainanensis) " rJJ((Madhuca hainanensis)" mllt~Nif't-(Podocarpus mac­

rophylla) " nti3 (Podocarpus nagi)" ~ *:rIB ~ (Keteleeria hainanensis) " 

W;ff1¥(Vaticamangachapoi)" ;fItren" ~~" h;jfpj" ~WIl" 157ft:(Gmelina 

arborea)~o 

(2) 7J<j]!8f~: 7J<!8f~;f§xiftlt-$, A~rJbJ<1m~:I: 5199m3 
0 ~~$~ 

1mf:l:tlt*, *$~r7J<-$M, fit:l:Jt 2. 9{Z m3 
0 ~~~!8f~,~,:I:~ 16 

{Zm3
, ~~~~5%o ~pg~Im*¥"ilJmE-~~¥"ilJ,~,*76km, 1f~mE 
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:S: 13. 161l rn3 0 ~-£!"7C1NllJt1E~:ff 150 ~~, 7JO¥U~J1fi!;tgtt!f, ~1~~ 

7(. i=f, IJ,:ru!7JOfUIfj 83 *0 Jt:i=f7j(i$I;fj 67 *, i717j(I;fj 16 *0 
J15'H1i:ffm7.kIfj 39 *0 7j(i$,g,i$~:S: 1. 91l rn3 0 

(3)~¥F:8fm: ~7.k~fg;u~§~-£!..~~,g,OOfJt7g 1223krn2
, *11j*~~ 

~W]¥,j-wi¥J]¥,j~;f!lpg~ml~, *~~®,~%:W-y;HL *]¥,j±;fll!ir1§o ~w~ 
~* 57. 5krn, *~~$5j]fTm~~3t:W-, ~%:W-VH:7g:W-, *]¥,j$5j-=: 
][~~3t:W-o rff~i¥J*$;f!l]¥,j$*:ff -6l1:~~fJU1ff AIlm:l:-t!?, %fJIJ%nJ(;T~ 

~m,~~mo~*~:ff~7.k~,±m~,ili4m,7.kam,$~~;f!l 

fJ!f7j(~~m~ 0 ~7.k~~ § ~-£!"*]¥,j~*~~OOIIfu$-iI"i¥J]¥,j~, 1ltrc:8fm 
$.,XMi¥J~w.~:ff~,~,.,m,~~~,~~±,~~* 
~o ~fijf~:S: 200 ]f t, ~~~fijf~:S: 11l t, ~~±fijf~:S: 600 ]f t, 
~7j(~:tm4i1f~rc)Jj(~ 2000to ~¥F1a ~:8fm +%$., &=bf!Ptt~, 11 
:8f~-I-ic~:ff 700 ~f!P, Jt:i=fJt.:fftt~§:~~1fdli¥J1a~:ff 40 ~f!Po m~ 
7.kS,~~m~,~7.k~ •• ~,n~~~$.,~~m •• ,~m 
1a,~~,m~,.~i¥J~m*.~m:tmo 

(4)1AfFJ1l~:8fm: ~7j(~:ff"*.Y!1~", "1AfFf!P;f:t3i::I:-t!?" Z~ 
$,~~~.~i¥J]¥,j~~f!P£~,~~]¥,j~*J1l~~rc,~7.k~m •• 
±~£:I:-t!?Z-o ~.m&£rc;fllllT, tJHll~, ~tt, ftHlt, *m~~, .kft*, £ 
~*,~~,tt*,M.,tr~~.,WJ1l,~J1l~~~J1l*o 

2. 1. 8 U~~m:~/JL 

~7.k~~§r~-£!":OO:ff 1 ~~ 7 ~j;;, 114 ~1TJ1if(~, 611 ~ § ?~~, 
88375 Po mpg~:ff11fl~~if]¥,j~:&:tm, ~n:&j:~;f!lM~ili*~ftU-=:~ 
~:ffmt1Jo 20091f~-£!..,g,Aa 36. 4 ]fA, :&~Aa r5 73.8%, ~-£!":ff 

~, &, -m, )j±~~ 16 ~~~, Jt:i=f&~A a r5 44.8%, Jt:1mj;'~~ 

~Aa r5 55.2%, ~~, &, -m~~~/J,~Ji5, :fc~Ji5i¥J-£!"15to 1rtI 
±~:ff&m(~]¥,jil5), ~i-!;f!l-mi-!, ~]¥,jil5~mpg i¥J±~mtI 0 2009 
1f, ~~~rc,g,{l:7g 38. 11l~, Jt:i=f~-, -=, -=:rc~rc{l%fJU:7g 

19. 11l~, 7. 51l~, 11. 51l~, rc~£tt1JI:t:7g 50. 2: 19.6: 30. 20 

2. 2 *:ij5(~**~~.!il'~~7.f'ml&~jtlR 

:fcitt FLR 7RmJK1ftT~]¥,j11fl~7j(~~ § r~-£!..W~~$i¥JW~j;;:fcitt 
~, :I:-t!?6l1:~~ti3 18034'35", *§:~ 109051'05", ~1Jt 30 -340 rn, OOfJ~§:f.] 

400h~0~.~~~:7g±,±.~.~ •• :7g±0.*:8f.$.,:ff 
~~.ff(Dalbergia odorifera), :7C.:JB[~ (Hopea exalata), 1r it. (Vatica 
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mangachapoi) f!l !f :1: ~ ifst (Litchi chinensis) ~ $1.t 3; ±;f%t # f!l7l< 15 1$ 
(Sarcosperma laurinum)" ~ l¥J ~ R ( Ormosia pinnata)" JJ T ;fitJ ( Litho­

carpus elmerrillii)" afi ~ * (Dolichandrone cauda-felina)" fA;tt J¥ % tt 
(Cryptocarya densiflora)" '-;Fe (Engelhardtia roxburghiana)" ~l¥J~~W 

( Goniothalamus howii) ~~l¥J1it ~;f%t# 0 

*.~.A~~ ••• mg,*~~~,,~~f!l*~~~~~~ 
!lio 20091f:~~~:1f 134 p" 586 A( ~~ •• ), ~ 348 A" -J;:: 259 

A, Jt9='JJZShiJ 414 Ao i±l1!f~IDt" ~;fJl~~'±~L&)U~~, 20091f:A 
:hl]!iHL&A 750 5G1L:fi 0 

2. 3 ~JfJE1Jj* 

2. 3.1 :ii~~1m~jf~J:~HlH' 

L&~1VfJEg~WJ~~~1~, JA 1: 10000 j:-t!!~I~'--t.z*lffl.ljU!Mm,~fF 
~t£1/iIJ,~xif J9f:1f ~1~:itt1-T1ltiE, xif1ltiEJ§ ~~1~:itt1-T~il-~JlEo *m El 
ZSh*~f!l § ;f9l~wffigsil-~1f7!:itt1-T1~Lrffi,:f£*, 1t Jleim:i:t El ZSh*~, ~ 
wi±l7l<~,,~~,,~~~~~,N*m1VfJEg~TFrn~~~~~* 

~*~, ~~1VfJEglPJaifWJ-~iJ.J11ff!l=~iJ.J11f~m, gsil-~OOiJ.J11f, 
~1l.~wtj~, ~JVt§;f9l~w, :lGtl*i±I:m:J§~I!I~o im:i:t~)jtiSf1frf!l/J\ 

I!I~I.~*;fJT~*~J§~JlE, 1~i±I~IPJMWJ~~XJh~J.*1!I 0 f~Liffi,:f£*7J1E 
W:tm I!I 2-2 ( 1$ ~~ IZY~) 0 

~ TM~{~ 
m SPOT2~{~ 
~ 

-~i)jjjit, 

=~i)l!jit 

:fftiM&1J.!i 
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2.3. 2 ~3!.!il:j:~~1J5* 

:!tX~1~~~1~fJ~~~ JJt~~:!tX~** fiITf~L~" 1i~~£a:t1Jgiimtfll:2: IEiJ 

~.¥®~~~ •• ~.m~o:!t~**fiIT~~m~~3~m~k*~: 
.~:etf:!1c (individual patch), E8 *f .~:etf:!1cgiimt ~ :etf:!1c~ ID! ( patch 
type Wt class), ~lktgA'IS'*f:etf:!1c~ID!~~~:!tx~~tlitt1*(landscape mo­
gk)o~~,:!t~**fiITm~~m~~~*~.:!1c*~m~,.:!1c~ID! 

*~1~~~lk:!tx~7j(~1~~o §frJfflT~tlIlID:!tX~**fiIT~1~~1J[$, 19~ 

*$~m~oo¥~.~~~*tt, ~Wmmh~~(**.~,WM; 
.:E®Tajj~, 2006; ;jYf(~ft~, 2008), ~1lJF~fflr:p~fflJ';!..:ff{-t;;:;tH~~1~ 

~~pm:rc~m)E**fiIT*~~$~, 1i~1VfJiIK:!tx~**fiIT~~,~ (.:E:!t1t 
fIl.:E #fJt~, 2006) 0 

#xt1VfJiIK~t~,~fIl1VfJi § ~, *45~ ArcView GIS 3. 3 ~:jfJtHl 
:!1c Patch analysis ~IJ';!.., ~*J';!..:fftltrlWJJEk.:ll.'t~L ~:tlf~$:)cJJt, fJ~JE*1i 

~~~~~3(~1-t7lH~:!tX~1~~( f*x~~, 2002; ;fjJ1=1t~, 2005; 

1PT e ~, 2009), -§ g ~ :etf 1if :tJ~ ( CA ), 1if :tJ~ tt ( PLAND ), • :!1c ~ 
(NP), :etf:!1cWJJt (PD), ~:!!g:etf:!1c 1if:tJ{( MPS), JiI~W JJt (ED), ~:!!g 

.:!1c%~1~~( MS!), :!tX~$¥-f't~1~~ SDI, :!!g?:]JJt1~~ SEI fIl1t~JJt 
m~Do~m~~~.0~fIl~~~~3(~~(M.OO,WOO;.W~ 

fIlml~~, 2007): 

(1 ) ~:etf1if:t/q ( CA), .1ft: hm2
, m: 11: CA > 0 
Ni • 

Ai = I.Aij (2. 1) 
j=! 

~r:p: Ni ~~ i ~:!tx~~~~:etf:!1c,~,~(~IPJ), Ay ~~ i ~:!tX~~ 

~~ j ~:etf:!1c~1if:t,Ho 

~~~3(: CA JJt.~~:!tx~~gii*, t!L~~.~B1~*~~lHl±Io 
B:ffm.~~~~~3(,~m~*~~~.~~~ID!.:!1c~~.m~ 
(habitation) ~!Io/]#~$JJt, ~., ~!Io/]~lk~~~#~~nt~, ~Iliq:$ 

~!Io/]xt~.m:l:i!!:I:/J\1if:t/q~$*~~~1¥~~14z-; ~1PJ~ID!1if:t/q~ 

*~n~1i~ili~OO!lo/]#,n.fIl~*~mA.~£#,-.*m,­

~.:!1cr:pn.fIlr!lo/]~*~~.~~1if~mt~~o 

( 2 ) .:!1cEff r:!:i :!t X~ lii :t/q ~ tt ffftl( % PLAND), .1ft: S * tt, m: 11 : 
o < %PLAND~lOO 

A. 
% PLAND = A' X 100 (2.2) 

~r:p: A ~:!tX~,~,1if:t/qo 
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1:.~~)(:%PLAND ~T~-m:!1c~~I¥-J,~,OO~Jttr~~~xmOO~,HI¥-J 

B%t~o jt-m:~TO at, iJt~~x~9=t.rJtm:!1c~~~~~+%~Y; jt-m:~ 
Tl00at,~~~~~xmQ~-~m:!1cm~o~.~~xm9=t.~(m~ 

trix) :@G{jt~~x~:5G~I¥-J1&mz -; t!1,~tk:~~X~9=t 1¥-J1:.!JW§:;;W't1:, {jt~ 
#~ •• ~1:.~~~m~I¥-J.¥~~o 

(3)~f:!1c.(NP), 1¥t1il.: :7G, 1Mffi: NP;:::::l 
NP = N (2.3) 

0~m~:&~~~.~~~T~xm9=t~-m:!1c~~l¥-Jm:!1c~~ 

.; ~~xm.:J]tl~~T~x~9=tEJf~I¥-J~f:!1c,~,.o 
1:.~~)(:&&~~xml¥-J~OO~~,jt-m:I¥-J*~~.xml¥-J.~~ 

t!1,~1IUfI¥-JIE;f§3H~, -%HJI'.$~ NP *, .~~~; NP IJ\, .~ 

~1~o 
(4)~f:!1c*~(PD), 1¥t1il.: ~/100hm2, moo: NP>O 

1 n 

PD = -INi 
A j=! 

N PD, =----.!. 
, Ai 

(2.4) 

(2.5) 

~9=t: PD ];]~X~,~,i*~f:!1c*~, PDi];]m i ~~x~¥~I¥-J~f:!1c* 

~, A ];]1i1fJE~IR~x~,~,OO~Jto 

1:.~~)(: 4lJ~jJT* ( 100hm2) l¥-J~f:!1c., &~~x~I¥-J.~1-tW 
~~~xm~oo#~ttw~om:!1c*~.*,.~~W~.*,~OO#~ 

ttw~t!1,a*,&Z~Mo~m:!1c*~m.*~xm¥~~~%~~# 

at,.~~.%~m~~~~~~xm¥~~~xm~ooM~9=tI¥-J~m~~ 

~,m~1i1fJE~~~~~xml¥-J.~~w~~~~~xm(1i1fJEIR)I¥-J~xm 

.~~W\i5l, ,M.ffifm~i,R:J]tl~~~xm~~~-=ftJtl¥-J~£~o 

(5)~:f:{g~f:!1cOO~Jt(MPS), 1¥t1il.: hm2, moo: MPS >0 

MPS =lL106 (2.6) 
N 

0~m~: MPS ~m:!1c.§Jtl~~T~-m:!1c~~I¥-J,~,OO~RI*~i*~ 
~l¥-Jm:!1c.§;~~xm.~~~T~xm~OO~I*~~~~~l¥-Jm:!1c 

'~'.o 1:.~~)(: MPS 1i;*-#~:f:{gW\i5l, ~~xmM~%~9=t &~MjJOO 
1¥-J~)(:~xm9=tMffi-m:I¥-J%~IROO~OO.:@G~OOl¥-Jmoo~~~~xm9=t 

.~m:!1c~QI¥-J~.~M~~m;~-jJOOMffim~m~~xml¥-J.~ 

W~,1i1fJE~~Mffi-m:I¥-J~~~&.~$.I¥-J~xm1:.~mA,~~& 
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il9C:it x~* 11lJ:'ti ug:kll 0 

(6):I2I~*lt(ED), l(i1ft: mlhm2, m~: ED~O 

ED = .!i 106 

A 
(2.7) 

~~:E~:it~~¥-~~:l2IW~*lt,~:it~~~~m~:l2IW~ 

*It(m) 0 

~~.~:¥~:it~~.m~~~ffi~*11lJ:m~~~ug:I2I~*lto 
iJV~ ~I~;m~ug/F~JI'.Jj!UWlt 0 ED ~x, iJtfYj :l2IW~/F~JI'.Jj!U 0 

(7)~~~I~;m~1~~(MSI), m~: MSI~l, :7GIJJL 

i ± (0. 25Pij) 

MSI = ,=1 J=1 la: 
N 

(2.8) 

~~: Pij ~m~~~ i ~ j ;f§~~ug11OC$, aij ~~j ~:it~~.~ i-t­

~I~ugOO1J~o 

~~.~: 1~¥~:itx~~.~4lt-~I~ug)W]*(m) ~~OO1R(m2) 

ug~:1J:1i, :fl}*~iE:1J;mi&iE1lt~, j§'xt~~ug~I~j]O;fU, :fl}~~~I~ 

,~'~o lIR{1im~: MSI ~ 1, :7GJ:~~o ~:itx~~ ~~~I~~iE:1J;mat, 
MSI = 1, ~~I~ug;m~1fmI~iE:1J;mat, MSI :ltXo 

(8) Shannon $;j;'f't~1~~ ( SDI) 
n 

SDI = - L (P)nPJ (2.9) 
i=l . 

~~:~~~i~:it~~.OO~~:it~~OO~ug~M,H 
N· 
~ A .. 

p. = £... J 
, j=1 A 

~~.~: 1iil9C:it~~.ug$d;';fU*:it~~.~~ t~~tlug~1.to ~ 

:itx~~EI3l(i-~.;f1Jnltat, :itx~~~11lJ:ug, ~$;j;'f'ti1~~~ 0; El3M-t­
~J:ug~.;f1Jnltug:itx~, ~*:itx~~~~~ t~~tl;f§~at, ~:itx~ug$;j;'f 

,t~:i:~; *:it~~~~~ t~~tl~*:E~X, Jj!U:itx~ug$;j;'f'tir~o 
(9) Shannon ~?:J lt1~~ ( SEI) 

SEI = -.!L (2.10) 
Hmax 

~~: H ~ Shannon $;j;'f'ti1~~, Hmax ~~:i:x{1io JIQ.~, ~ E ~ 

~l~,:it~m~*~ug~?:Jlt~~~:i:xo 

~~.~:1iil9C:it~~*m~ftOO~J:*~ug/F~?:JWlt,~1lt~ 

$;j;'f'ti1~~;fU~:i:x{1i*7R 0 
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ni 

D = SDImax + L P)nPi 
j=1 

(2. 11) 

:et9=': SDImax = Inm, B7lR7.K~WfJEI2SA~·~:ru!:J:~Fffd:tt~~tlifg~Bt, 

:J:~w~~.*~~~ttm.o~~.i~:J:~~.W~d:t:J:~~W~ 
~ t~~tl, m ~:J:x.m9='~f:!;Jc~:ru!,~,.o 

~~J.!5(: ~:J:X.m~~'tt1~.~.*-m:-'=3~lJiit.-m:Z£ 0 Bll:l£ 
:J:~EEj>.JL1'-±~:J:~~:ru!~ijjlJ~~)jto 1i~)jt1~.~*, JJ!tl-m~)Hii 

nlt:J: ~~:J:x.m~:ru!fJf d:t t~~tl£jF *, ~1!fiJt~-#~JL#:J: x.m~:ru! d:t 1i 
~, JJ!tl~#:J:~~.xt:J:x.m~1*WfJ~~ £Sf1J~ijjlJ1'F)tHX5j; 1i~)jt/J\JJ!tl 

ffi&o ~1i~)jt::fiJ 0 Bt, 7lR7.Kgiinlt:J:x.m~~#:J:X.m~:ru!t~~tlifg~o 

2.3. 3 ~~~f;I]~fWiY!tl~~~ 

00 pg)r~~*:J:~$J~~m~:ru!~WfJEqR~, §:ffl Markov ~:ru! (~~ 
5f!ljfX~, 1993; lji$)(t[5f!l1it~, 2004; #:J:ft, 2002)~mWTi;i@]»3~ 
:ru!( 1m~*~, 2001) lZm*~J1.it~m:J:~;f*flU1£~~T~~1tj:r~ 
1Ht~~( {PJ*:ltt~, 2004) 0 Markov f.i!J!.~£Sf1JilJ1.~ ~m'tt5jlZfj)f 
iU!tl;fi!f)jt~~tf1iE, 1£:J:~$J~fj)fiU!tl9='~~~5t~J£;fm ( ~ 5(w, 1988; ~ 

¥-\¥i, 1992; flJ\f}JIJl, 2005; 1*WJj~, 2004)0 

2. 3. 3. 1 Markov :fi ~ 
M~~~:ru!~£fM~~tt~J1.~*nlt~fj)f •• #~~.*~­

#:1Ji!, 1itmfJ!.~3GJ§~j('tttf1iEj:-mJ1..1tj:~fj)frli!tl, :E.mBnlt::fiJ:J:x.m$J~ 

Jl~~-~£~~q20 -~iA::fiJ ~ Markov ;fl:ru!::fiJ£:uili~M®*~:J:~ 
;fl:ru!~*~ 3 }~£*1I1H~: .-, :J:~~1HtBt-#ll.l(H~Ptt~rm~~1ifij 
~tttt~, ~:J:~~.~~~Bt-#.*.#,~m~#.*~~o. 

=, :J:x.m2: fa] ~ flU EE -1'-Im-.m: rPJ .§1-1'-Im-.m: ~~#~~1-t.3H:&jfij1 f § fiT 
~~Rrm-'=3~fiT~R3G*o.~,:J:~~.Z~~~#.*~~o~~ 

~.rJt~~:ru!Jl~tgt:1J1l, ~.tgt~1ifij~, t!1.~~:ru!ff1£-~flU~R'tt~* 

m(~W¥-5f!l.mJii!;;~, 2007)0 

:J:~$J~~:ft{Bt, :J:~~:ru!xtBlZ Markov tt;fj9='~"~fJ~~~", rm 
~~~z~ffi~~.~W~ •• ~~M~::fiJ~~~#.*,~~~m:et 
(2. 12) 5f!l:et (2. 13) xt:J:~121-t:lttHfj)fiU!tl : 

S'+1 = Pij . S, (2. 12) 

:et9=': S, ~S'+1 *Jjtl::fiJt~ t + 1 Bt~tl~*~~~, Pijf*::fiJ~~~#11!t 

* 9i§: Il$, ~ EE :et (2. 13) 7lR7.K : 
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_ [~l1 ... Plnl 
p .. - . 

'J • 

Pn1 ···Pnn 

(2. 13) 

~9=': n ~:J:){.m~:ru!, Pij *ffi E8 i ~:J:~~:ru!~12~ j ~:J:~~:ru!i¥.J 

t!lt$, IPJBt Pij &\@'imJED.rfWi~~14: 

(1)0:::::; Pij :::::;1; 
n 

( 2) " p .. = 1 (i JO = 1 2 ... n) £. IJ ,.", 
j=l 

2. 3. 3. 2 #-~J ~J!t 1f ~ f4- {t-p/ij 5t. 

Markov 1l:ru! :ff5i")eti i¥.J *i)t,lik~~~$ i¥.J f!fij JE;lik~ ~ Jl[ ( ~ W.1JZ- 5fO JWJ 

~M,wm)o*~~Gffi~~~,mM~~AA:J:~~.Em~~i¥.J. 

j]o~1'F, f!fij JE~ IPJ ~AA ~~I:J;Jc1*~ ~ 12 i¥.J OOfJt5fO~ 1t~ jt:1t!;~:ru! i¥.J ~I:J;Jc 
OOfJt, it.~:J:){.m~.~:ru!~ra] i¥.J~~ OOfJt r:'li~~:ru!1*:ffOOf.Hi¥.J t~$1'F 
~~~t!lt$i¥.Jftitiii, ~iTiff!fijJE~~t!lt$9£f!$o 

2.3. 4 9~~~i!f 

~P,~OO~VI*.ill'.JiU 2003 ~71ft!;ffii¥.JU~#WfM-j;JU~tli1ititjftiJ~±~tt*j;JU 
JE~ 5fO~ l¥i 11rI #.ill'. JiU 2008 ~ 71ft!;ffi i¥.J < ~ l¥i 11rI ~# Wf M-= ~ jftiJ 1!t ~ 1'F gm 
JnU~, £Sif~-I:3~jftiJ~jJ~, 2008 ~ 11 -12 JJ 5fO 2009 ~ 3 -5 JJ xt~7j( 
~~ § ~fr'£!' *~ FLR ffi m 1K:ltt1T Ij\f}I lK~tl-l:3/j\f}IYWJ~ 0 

215 ffi~~~~.#M~~m~~ 

2.3.5. 1 $'f-tt~~*~iYl'l#~~* 

*m;W±1I!~:ltt1T~!Hi~t~w:YWJ~( '±'1s$j\~, 1996) 0 2009 ~ 3 JJ 
*~YWJ~YffimlK~4~m~~M#m.~:ru!5f04~~~#m.~:ru!, 

4if~m.~:ru!i1it:ii-~ OOfJt~ 720 m2 i¥.J1irt'C;WiI!!, 4if~;WiI!! E8 20 ~ 6 
m x6 mi¥.J/j\;WjJ£liJJJ(;o )(ifTm1t~~€t#, 1Jil~JE4if~¥f.jJ~~12 DBH~5 
cm i¥.JEJT:ff#*; xtT~~#, JnU1Jil~JE4if~;WjJ~;J%t~ H~ 1. 3m i¥.JEJT:ff 
#*o4if~;WiI!!~z~2~~:ru!;W~,YWJ~**m5fO~*mm~o*m 
J . T. Curtis 5fO R. P. Mclntosh t&:±I i¥.JlK~iiit!lt~:ltt1TlK~iiiit.; £S~ 
m.~¥.rW:jftiJ~, :ltt1T1Jil~;J%t~t~W:jftiJ~ (~%*, 1996) 0 

2. 3. 5. 2 !fh# ~ -t-'Hi.iJjVt 
*m~#$a~,~#~;Wttm~,~#~~~~~~~.~m~ 

~~1Jil~~~#~;W'ti, ~#$a~(R)*m~#i¥.J~§, ~pm.#i¥.J$ 

a~(S); Shannon-Wiener1~~(SW)*ffi~#~¥f.'ti; ~#~~~(E) 

*m Shannon-Wiener~~~; ~~~.~(E[)) m Simpson ~~~.~ 
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5 5 

SW = L Pi ·log2Pi = 3. 3219(lgN - L ni ·lgn/N) (2.14) 
i=l i=l 

E = SW/log2S (2. 15) 
5 

ED = L ni(ni - 1)/[N(N - 1) ] (2.16) 
i=l 

A9=': sw 19 Shannon-Wiener ~~'fj:t~?J&, S 19#?J& , ni 19~ i -1-# 
i¥.J-1-1*?J&, N 19f¥1t(~±!f!)~$-1-1*,~,?J&, Pi 19~ i -1-#i¥.J-1-1*,~,?J&i¥.J 

S%?J&, E 19~T Shannon-Wiener ~~t~?J&i¥.J:Itg~JJt, ED 19 Simpson 1: 
~fjt~JJto 

2. 3. 6 ~.!:3it!&t-ti:iJ!1iS ( PRA) 1nl;; 
~.5j A$(.:ftif 1ii (participatory rural appraisal, ~ EJ 19 PRA) 1:E 00 ~i 

L 80 1f 1i;} ¥Z ~ m i¥.J $(.:ft tic J! if 1ii (Rapid Rural Appraisal, ~ EJ 19 
RRA) Yl!fI1'fi!: i¥.J ~EflL~ il-;!=t: BYl!fI1'f&fJli!: ~Q $(.~1: ~ * ~% tJT, ~m 
A~~, $(.~*~&fJl~g:~:i:t~1fi¥.J~~~12( Chambers R, 1994), T 
90 1f1i;~~®*3={:iliJ!*} ~m i¥.J$(.:ftUi\;:Yl!fI1'f&fJl1ri!:, 11t$1g" * 
§$(.?,.5j$(.?-~~*3$(.?~~T.$(.:ftl:m~~#i¥.J-#1ri!:~ 

:0i12" 0 £?!.\ PRA ~--1-~~, T.i¥.J:i:tW, B-fu;Jt~¥IJ%tJT, ~]:lGtl~ 

**;.j{j1ilIl7ZSfJi¥.J:i:t~j(*~~, 2000) 0 

PRA i¥.J1ri!: ~ :0i1~ ~~ 11HR: , f§ !It ~ :±! - -1-;ft!f 1iJij ~ lIH1 i¥.J lE)( , 
*~i\;:~~mo~~~~~.PRA:B~-#~.5jAi¥.J1ri!:~:0i~,1:E 

**~i¥.J~mT,.~~±!f!A~m~±~~,%tJT.5j~ml:~,l:m~ 
.=ki¥.J J;f ~ ~ ~ 14, tu lE 4- J§f i¥.J -tt:lGtl 3={: * * t§ 1ilI i¥.J 17 ZSfJ (Robert L, 

1993), :I'~~~:I:i!!.A~9='st~o PRA BfF1g--1-~.5jAIfF1ri!:i¥.J1i; 
~~,;!=t:*)(~:~.5jA~m~%.Yl!fIst~~fF1g~§mZSfJ~1*i¥.J.~ 

'fj:, 3={:.~st~~§~jJi¥.Jm~; $(.:ft~t~~*~~1:E$(.:ft~JJf[, :f]1:E~ 

I$FLBg:~;Jt~¥IJT~m; if1ii~mm-J3! § fPJl1IiJUJU~UJ.m § ~JJf[.5jJKrift!Hf 
1fri¥.J~-1-:i:tW(:xU~~, 1999) 0 PRA ret~-#jftiJ1'f1ri!:, X~-#i!E 
:It!:~:I:i!!.m~~.5j~ §)j!fJm~~i¥.JJ'l.1*~~, ii:i:t~m PRA i¥.J~#IJ'l., 
~li~±!f!m~~.~.5jYl!fl1'f, T.~mm~i¥.JUgMR~W~i¥.J~I1I, 

~m ~1:EJ.m § ~JJf[9='£~ZSfJ, ~J.m § i¥.JJKrift!U~if1fr £~il-~±!f!m ~ i¥.Jti 
~,:I'~~~§~121g~±!f!m~§Bi¥.J~§(.OO~,wm;~w, 

2004) 0 

*~m~i¥.JPRAIJ'l.~mH~m~,:ft~*i\;:,~#Yl!fI1'f,*~ 

i2, *~;f1;jiJj*, t',f~f¥1*iti~i\;:(~A, ~3}z:~), ~.5jA1IitJOO, fPJ 



Hllmli*1=il:ff, ifJ~rm*W1i!i~(:$/J\~, 2001; xfj~jt~, 2007) 0 

2.3.6. 1 +it~iti.t 
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*~#JiJJ~( semi-structured interview) fik;f§xtT~~#JiJJ~rmg 0 J§ 

~~A~ft*fik~~M~, ~m~~Hllmfik~~.,~*M,~~~. 
~~.m.~.~, ~~fik-~Mm~~M~~~offi&,*~#J~~ 

Jnfj~1~~m;fj:[3fJJ_H~~o iJJ~Bu'"t-~7tr~~::idlXJtt~i5l.Hll, ;fJ;~.R~ 

.3::Hll;fj:[iXJlk.3::Hllfik.~{1E* M~, ~ ~1£iJJ~ ~)[4J1&m .3::Hll~ m ~3f xt 
mo iJJ~~xt~titJL2-(fik1-f;<$:~ fff;<$:, xtT1-f;<$:-~fikttxt~JfWA, :tmifJ 
-=f$, ~*~, rmxtTfff;<$:Jnfj~*m~Hll/J\£]jti~o 1£*~#JiJJ~~, 
1It1lt~fMf1lbTmi~~"61-1lb-¥" :ltHT~Aiti~, ~"61-1lb-¥" fikmTm 
1P]~"i1E, 1t~, ~1t~, 1t~M1-'*, JIjj~lE, ~~~", mff!r\~"5W + 

1H" 0 rm~1!fi±l~fik, iJJ~~~7C~lkat)[4JiJJ~ic~:ltt1T~Jl[, g3~, 

J~t~o 

2.3.6.2 otiJ.f- m 
:Bflml(resource mapping)fik PRA I!l.t!~-~, Ei:JTm*1~)~;1: 

-je, ~~ttttnlt~ PRA ~±1!!iftfJ1iJf~3f~€l, 1£1tVbZ§~:BfVl~;tlIL ±i!f!, 
5ffjmiftfJ~, mt~~;tll!~1iJfJEi*Hllat]!fik+?t~ m ~IJL :BfVll!lfik~±1!! 
~MA(.~m1£ifJ,~~mt~M~).m*~~1lb~~m~1£~k~ 

Mi±l~~-g~~-je.~:BfVl?t~M~,~.i!f!"ilii!f!"m.,fflmt, 

7j(~, ~1lt~o 1£~ifftH~H£~, iM-:tm:BfVl~~, 1Jt~, ?t~~~bZJ5t~ 

M~~.~~n&~i±l*,rmHfik-~~~;fj:[~oo~?t~ml!lo#~~ 

±±1!!5ffjm?t~-tf11£~~mfjk~:$~3f 0 ~1Iitl:BfVll!lrm~{1E*-je~, ~'@. 

ic%~~o 

2. 3. 6. 3 ~-S/J 

r,*l!J( transect) fik~ ~i!f!,~JfW A:;!:f;.lPJxt~- gk~z~-~5f~~lHf: 
:lttB~i!f!,~~o1£mt~g,ttttz~mfflmt:lttB5f~~l!Jo5f~~,W 

M~MA~m.~~,~.;fj:[?t~i!f!,*i!f!,.,±.,M.,~MM~ 

~, iJUjfj/FIPJ~±±1!!5fljm;t.m~~~, iti~±±1!!:BfVl5ffjm1¥1£~riiJHllo 1£ 
~mM~M,fik:;!:f;.IPJ~.M~~m~-¥moxtm.~.,it~~~*~ 

i!f!,~~o1£*~~M~Jl[~~,mL2-(~Mnlt~~~OOI!l,.mrm~a~ 

~~i±l5f~~~A~i!f!,m~±.,M.,±i!f!,~m~~bZffi~~~,1¥ 

1£ riiJ Hll ~ 0 

2.3.6. 4 4=~ JJj 

*-=pffi(seasonal calendar)-tf1fik PRA ~-~I!l.IJl, m)(~, ~ 
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%,.~,.£~**~®~~*P~.*~~~~,*~~~A~ffi 
~~~**o~m.~ili.T.*p~ •• ~.m~(±~,~h,~ 
~~~~), T.*P~~~.~,~fr~I~*~~~,~~~A, 

tr'iliA~:fH':E~fiiJl]io l:j*~}Jj;f§1~~~" - s m~~rEi]OO", .R~~ 
~fEi]ijt1iI=l*~T S 0 PJD.JiM~:liHt®:Ii~*~9:t~- s, :fr~ S If'F&: 
~~~~o ¥±~:fr~*±~tEJjtlZ.rEi]~~*, :Ii:t!f~~fr:fr3f*1~o 
2.3.6. 5 ~H+~4fJf 

9;§:~jlFff: (matrix and ranking) ~m:m~'Ii~~ ( n:fr), !l&:l:ff:!l& 
(jlFff:) ;jfD.J9;§:~*~~~J:\;.¥:EJ\L &ij!#:~~A~~~, xm}~, 1tMfJ t~ 
~.*m~m~~~,*m®~~~.*z~.ili~~~&:~~,M~ 
xt •• :fr~, ±~~tlm1JJ:\;, ~'MWC~iif1fr~(~~~~, 2001; m$:, 
WM)o~mIA~~WPJD.J~.~~A~m.,~N¥±~**~, W 
~1iMfJzfEi]M3fiiiB®:fr~, 1it~~'7IJit~?m~~iBo 9;§:~jlFff:1it mTfm *, riiJl]i®JitM.~2~:fr~ 0 

2.3.6. 6 I',;]~~ 

fiiJl]i;!%t(problem tree) ~~tlm:i!., 'fu'~*mJ~i~a)H§* •• zrEi] 
~***~-#OO.1J~,:fr~*P,~,~~~±~~I]i,~~®~ 
~~(fftITff)~n[fljo fiiJl]i;!%t~~iiiB~~~, ~*( ~*fJ!) D.J~1~;!%t~ 

~J:\;*:EJUili* :;!%tT~±~fiiJl]i&:~IL'fiiJl]i, ~;(ff~;!%t*~~~, W;!%t 
~tt nt j)ltl~~ * 0 ~m fiiJ I]i;!%tPJ D.J]!1Jo ~ ITff ~~J$T;lit JK~&:;lit.1tj: 9:t:ff 
~~±~I'ii]I]iAfiiJl]izfEi]~ffi~:;C*, EI:IJJt1ifijk:~***o 



~*:J:~,~~~-~~;(£,~~1tE~*:J:x.m:ij.ltiJ3{t~*:J:x.m~1:{'§; 

1G~'Ii;fl:lmiWi A~tl~U ~:i:fWo ~*:J:x.m'~~m1~ T -# ~*PT~~f£ 
if~*~Jtm~, ~;(£~*!iX;~*jlHt.IiF3&1:{,§;*mBIH}1W:."F~~:J:~ 

pg;g;M!!~1:{,§;*mjJ~o ~*:J:x.m'~~*ffl:J:~7j(f~~,~, &P:1IJ!!Vj( 
f~*~~ •• ~.~:J:~*f~§~,.~~.~:J:~*f~.~o 
~~~~~:J:~PT~~.~§*m~~~~~~~~~~.~f~±~ 

~ffl~~~g~,~~g~mM.~~~;g;~PT*PT~oM~~~~ 

i):!:, ~Pj(~ OO*~ }]EOO*Ufl'l!iX;t9) ~ m (:f:1!!g) ~ !L ~~~ ;ft~~~ 
1TJgf(g~~~EE*¥IJ/J\~~~mt~( § ~g~) ~PT ~~ nlt-~:J:~o 
1E1.M;g;~~~1iIt, ~*:J:x.m'~~±~~~p;!ff~Fz!OO~:J:~, -~~~fF 

Fz!OO~, Jj?r~-~~ft1/ilJFz!OO~o 

~fFFz!OO~:J:~~~~*:J:~*~mM!!~PT~fFtt;fl:l"§"FW~" 

~~.:i:fW~~, §~;ft!iX;fiJgf(;ft~.~m~R~, Wffl"tlg*f" 
x~.~m~~~o 1il~tlg ill PT ~*¥IJ1~~Pj(*±g, 1E1.1i 1it~.~*± 
g~"mm~~~~g~moopg~tl~nltm~m~~~~±~,fi~tl 

~:w~~~ .gtl:i!I*±~~]m!/m, -'=i § ~;ft!iX;fiJgf(;ftIPJ-~~~fiJgf(g~" 0 

ft~Fz!OO~:J:~~~~*:J:~*~~*~~ftfFffl;fl:l"§~W"F"~~ 

.:i:fW~~, g~~mtl~PT~~£M~m~A~"g~"~.~m~ 

R~,ffl"g~*f"~.~m~~~o EE~~~fiOOfiJgf(.~~1G~ 

£Fz!~lli,~~~m~fioooo~~m~£~,~~~g~~mtl~PT~ 

~£M~.£~~~~R~o~~,;(£~*:J:~*~~,*~"tlg* 
f";fI:I" g~7j(f" ~~*:J:x.m'~~, Jt:~ "fig" 1~ § ~;ft!iX;1TJgf(;ft, 
"g~"1~~~!iX;~:h.tjt~~~~o *-=I=5~17tl1iJf~~~"f±g"1~*iit§~ 

;ft, "g~"1~I~bj(~~§~~o 
*:!if~r~uj(~~§~ir~~*:J:~'~~~]J4tl:i:fW;fI:I*iit§~;ft~*:J: 

~'~~~]JW-'=i;g;M!!:i:fW~~17tl, M~*:J:~'~~pg$-'=ijJ~m~~ ~u~ 

ifg*~*tJT ~ ~.1l. FLR 3Z~~ :J:x.m.*~*tJT ~ :J:x.m~{'§;-'=i~g~jJ* 

tJT ~ fij~1jt5t'~~.1l.f1!!~ .1l.f1!!7j( f'~~.~~ FLR ~]JGtl-'=i;g;M!!;fI:IM:i»!tl-'=i 

isy:11t-~jJOO, 1iJf~m~~ 00 OO'IW -'=i*'IW~ g~* f;fl:ltlg7j( f~*:J:x.m 
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'~1[ pg $.!:3j]1t:1* * jj{J;j:1;]~tt* 0 

3.1 I*J~ ~1Jj*m~ 

~U~;fllk:1!f:5HJT, ~:lr.i!ifI:J&5fIl0Axf~**j(:X~'~1[jj{J ~M'=, :5ttJTj(;@ 
.*1*lk;!t~~, !lg~jJ:5ttJT, :uJDJE:lr.fI!!,7j(f'~1[~~lk{jtjIG'~1[~fI!!" 

:lr.fI!!7j(f'~1[JfiIBt}, FLR ~lJGtl.!:3~hTh:5fIlJKrtmtl.!:3W11r~~hTh:~**j(:X~'~1[jj{J 

±.~ pg$5fIlUt17~, jt:9='~ lk~U~;f§*:1!f tk:Jfi:5ttJT1t:, fltr ±:l:iMUJf.HJf 
1[, ~tk:JfiijjlJJE, ,*~~;WmijjlJ~j]1t:, "~)lJii1~:H", 0A~.!:35f1l~ 

1lll'[j:ft£';f ~~W&\@f:ll1mjj{J mU1U 0 ~ .®t17~, j]1t: 5fIlJ]'i:JJ!U;!t: 1PJ;j:1;] nlt Y 
~j(XW:~1[jj{J pg$.!:3:!J'lM**, ~pg$.!:3j]1t:zr§] jj{J;f§1[n:tm 00 3-10 

------------------------------------------------------------------------------

r-

~ 
$ 
tH< 
f& 
!f 
'--

lI! f-tjijjJ~#'13< ~ 
{j(1:#~~'i 

lI! 1t**m£Jt 
;&±t!!.~#r}]~Ur-J 

'11k~ 

0 
lA 
~ 
Ej 

-----------------------------------~------------------------------------

I ~:£J\\~#Jl)(J\\i¥J,I1k~ I 



41 

~Jit[~*:J:~J~j(l¥J~~zv8)t~iiffllE5fiJ~;flt*~ .but5fiJ~o 5fiJ~;f§ 

:*~, iE~.mlE)(:7'1~~H~~rs]~~urilJ~*:J:~.mJ~j(1~i)(, ~~H~~ 

rS]~±-m~~*:J:~.mJ~j(1~i)(~urilJl¥J-1-A, ~lf*~gil.g~o ~*:J:~J~j(1~ 
«~#~m~~~~ffi=*~:~~I¥J~~ffi=*~:~*:J:~~j[~Jit[ 
~, ~m*]lc~*mMJ, *~I1'FA~, ~~l§f(mgil.g~, .i'<~, ;f±1K, * 
~1i::~~; l§f(m, ~mOO~VM1~:I:!!!l§f(m; iX~l¥J5fiJ~;f§=*~: ~*:J:~.m 

~j(ffi~:I:!!!1K0~,~:I:!!!*Uffi:*1i::~,~.~~;~~~~~ffi:* 

~: ~~0~, *~~~, *~J~dliiJt~~o 

iiffIlE~*:J:~.mJ~j(q:r5fIJ~;f§:*~I¥J#ffl1r~~m: CDE85fiJ~;f§:*~ 

El BiiffllE: ~*:J:~.mJ~j(1~i)(I¥JI1'FA~~:i:i~±-m~f*~~±-m~~~;{ff 
iliiJj:L ~i1f5fiJ~ffi:*~~j]of,::i)(; @E8;!t1tMiJ~;f§:*~iiffllE: Jf!.miiffllE 
l¥J5fiJ~;f§:*~~;!t1tMiJ~;f§:*~1¥J1jt~,*m; @E8%liR$IlI¥J-1-A~/J, 
miiffllE:%l*$IlI¥J-1-A~mf*mn~m~~I¥J*~,*~mMJI1'FA 

~~~ilil¥J;f±IK;@E8~*:J:~~j(m«I¥J~:I:!!!I1'FA~iiffllE:~:I:!!!I 

1'FA~iE~~IK~mH±:i:i~~BtrS], m~~Jt.:ffiR~iJ7¥iJ~;f§:*~I¥J%li~; 

®£TAD~Eit~l¥JiiffllE: £TAD&Eitt~iiE, :tm1f:~, I[R~fI:lJ/1:JjiJ~ 

iiffIlE*±f,::IJ,gil.o XfTI~bj(~p* El i~-£l.*iJt, ~Jit[~*:J:~J~j( 1~i)(l¥J5fiJ 
~ffi:*mf*~m:-£l.*~~,-£l.~~fI:l~.~,-£l..i'<~~,-£l.OO±~~ 

.m~, -£l.*9}~, -£l.jX'ttVJ" -£l.~~--'=Ut.~~, -£l.~*~, -£l.*~~ 

~±:I:!!!~fflffi:*l¥Jl§f(m~n, ~~~.OO.*~.i'<~,~n.i'<~fI:lm~ 

rlJ*~~~ -1-00:ffmMJ 0 

::k~ FLR 7.KmlKl¥J5fiJ~ffi:*~~m~±-m~~, ~ ~/J,gil., ~**± 

IK, ±-m1r*~~, J]J!§nlt~, ta-~l§f(m, ~rs];f±f,::gil.~, ~lf.q1ifFJlm 

MJfI:l.£J}J~cm* 3-1) 0 ;!tq:r7.KmlK~±-m~ ~, ~ ~/J,gil.fI:l~*;f±lRxf 

~*I¥J1&~J/1:5.i, .q~*:J:~.mJ~j( 1~i)(:**!iWtJJ, *)[4f lA~*:J:~.mJ~ 
j(1~i)(q:r~~o ~*:J:~.mJ~j()[4f~ £J}J1lli1fJ~Jit[~*J~j(.qllJlfflzg}J, ~ 

~~*~1~*~~fI:lta-#~~HOC9}I¥J~~~, lArm~1f£'ttm, j:!j(.~ito 

:l:!!!1r*~~~~~*~~.qiX~~*I¥J~~.q~~I1'F,)[4fH~~.q~ 

*:J:~.mJ~j( 1~i)(I¥J~±-miftfJ1lfI 1'F, * lA q:r~1~~j;'~*fI:l~*~1-t1¥J~ 
~~~~o 1§-~l§f(m~~*UlE~*:J:~J~j(~.m:l(;tlfl:l~j;'~*.q~*~1-t1¥J 

;f§:*1it~" ~*:J:~J~j(1~i)()[4f~~ta-~l§f(mJ~j(.qllJl~1-t.qiX~~ 

*l¥JmMJnh,.~it~*I¥J~**~fI:lta-#%~I¥J~*~~, ~Bt~ 
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jWj~*~iftxif9: fJ*121-t5¥llA~~UiPJ Ef{J~BlI~~jJ, ~~~igf(mmf~~ift::'l 

X.m'~J[ Ef{Jffi~f~L!jL Jf: H El=! T~ift::'l X.m ~J[PJ V.H-I~ jWj m 1% ;fj~U. lA rm~ 
j>xif~f1Mk~miM*il0~~iiEf{J,®*o I%I'a]u~mf.Q~.!:3~B~MM$J 

Ef{J~JJm, ~ift::'lX.m'~J[ f~i)O[4fmjWj~:(:£*±IR~MfIl{t~*~~Il:95-~jJlii 

Ef{J tk:~~.!:3 ~~jJ fIl M$J 3t~~~jJ 0 5¥A~m n it:zul!4fil'! 1-t.!:3 TX{t ~ift~ 1-t 
~Jt{t$~ AIift, ~ift::'lx.m'~J[l!4f~~mf~~~il'!1-t.!:3TX{t~iftjfigf( 
~Ef{Jf~L~" mifti~~iftPJ~~f£ifEf{J~JJm~~jJ 0 *W1~fIl~fm~*OO* 
l!4fq~jUBJc.~~* W1~~fIl~:I:-!I!,~JJm~ift::'lx.m'~J[Ef{J~ ffl"-m:Ef{J~£MFL ~ ~ 

1)11 fIl*X~i.Q 0 

±~~IJ~#I~:lf 

~:il!!.;ftl% ~*))If;ff1!f, lA. '1Jt5'L ~z~£Bi= la-lJJm:~1Jtllium 1I:ill'~~ FLR ~ 
;ftI%/Nll ~*9='1JtIfj(i&.A, IitJiJh, ~z~1-\;; !!iL ,ll;ff1HfE!m Mi!, FLR ±~st 

1'J(1'& i&.A*lmt -J,Jt, 1~1fjlif(m :MA 

~*U/K ~*))If;ff1!f, {:& *±/Ki.1t~i¥J~lilII la-lJJ1JtIfj(MJ!fJ, 1I:ill'~~FLR~ 
fftiill1t~iJz1:~ stilJ~]!1}, ~z ,ll;fff~~!miJ'(, Mi!, :ryr§±~st 
*, 1'Jt1'& ~£Bi=IitJiJh 1~1fjlif(m :MA 

:il!!.:IJ*~f,U fftJlt~*I1T}.f~ ~9>~*;fJ:I~* ,ll;ff~*jJl1lt;fJ:I 11: ill' ~ ~ FLR 

iX~~IJ~#I~:lf 

~Hr ill1t i¥J fl~ j] /F JE, ;ft I%I f'F i¥J g£~ ~Mi! 
~z ~ Mi! FLR i¥J 
~£~ 

fftJlH±/Ki.1tnHJ!I. ~z FLR ;ffl~1~ ~3:!l!;fJ:IJ,;PIfiJ*±/K, 11: ill' ~ ~ FLR 
:lI;tli¥Jl!iJJJE~~Mi! ,~" ~ z ~ $'[ ill ,ll;ff l!iJJ JE ~ Mi! ~Mi! 

it ~ jjz 1: ~ * i¥J FLR l!iJJ oc i¥J ;tt;fiJ 
l!iJJoc 

I%IEiJUfi:£llliR 1'H1'&~~;&;fti.1t ~z~*±/K*w. ,ll;ff;&;ftIf'Fi¥J MJ!fJFLR{~-J,5L~ 
~ ffl ~, jf m f:Jli i.1t~ m f:Jli:m i:JL i¥J g£~ Mi!;ffl~ffl~ 
:m-J,5L fl~j] 

5fA;ff'llll1'1 .A I m ;j:J *))If ~z~ FLR i¥J;ffl ,ll;ff*f:li;§£~;fJ:I MJ!fJ FLR {~-J,5L~ 
;ff1!f ~{~ ,~, m: ~ -'t :N$ffl~j] Mi!;ffl~ffl~ 

;>jU'iIi i¥Jil!:'i%:1JLfi: 
~:=,~~Ij~#I~:lf 

~ 1f ;fJ:I1iJf 1E *m~1f;fJ:I1iJf1E ~z'i%: J!fJ~%f'F ,ll;ffjJl1lt~1iJf1E I1Tfl~~ FLR:ryr § 
1JLtIJ 1Hr 1if::f£ fl~j] % f'F ~ Mi! ;ffl ~ 

ffl~ 

'i%:J!fJ:il!!.:lJi.1t~ ~z'i%:J!fJ~%f'F ,ll;ff'i%:J!fJ:il!!.:lJi.1t I1Tfl~~~FLR~ 
1if::f~ ~i¥Jg~~ Mi!l!iJJoci¥Jl!iJJJE 
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3.3 jl.it.. FLR SlM= 
)jj;Jj] I¥J ~!H*~ )(Yli~1[ ~~:ff !!!!.::1r~ ~ *Jgf(~ D.JlkSE&:ff j] I¥J ~ ±!!!. ~£k 

1¥J3t:Mfo ~j'[ FLR 3t:Mf, 8Jt~~j'[5fU~;f§-*1!fxfWJ*~)(Yl/~1[{l"IiS!.1¥J 

3t1~o -)ffit7IHJt JEi:ii~*4L&~" 5fU~;f§-*1!f?HJT" xf5fIJ~;f§-*1!f!j.\(;5fU 

~;f§-*m1*ft~*qfWJ*~XWi~1[~i;UtflJ!I" ~~P:;iJJi3R~)jj;j'[WJ*~ 
)(Yli~1[I fF/J\gJHIE~:f.m5fU ~;f§-*1!f xfWJ*~)(.mi~1[1¥J 3t:Mf 0 

~j'[IK~*.1JZ- FLR 1¥J3t1~, PI D.JJEi:ii*1Jdl'flJ!l33Jf , m~/GIPJ5fU~ 
;f§-*m1*Xf~*~WJ*iIHtl¥J:flEfWt, D.JlkxfWJ*~)(.mi~1[m j] l¥JiA iJ{o 
JtflJ!I pg ~ttfr lkWJ*:lJ8.1t€)jj; I¥J~£ #f~*±S::1PB'~" WJ*~ )(.mi~1[ I¥J 1!t~" 
t~1iE" jJ~~5ijc~~-)ffititi~iJ{, D.Jlk~:f3j(mmr pgWJ*~)(.mi~1[)jj;Jj]~ 

19t1l¥J ~£ &i~ ~i:J!1 0 :7g T ~:f.m/G IPJ 5fIJ ~;f§ -*1!f z rSJ w. rPJ ~;fi rPJ I¥J 1IfF, :ff 
&,~)jj;iLlK~7j(3fWJ*~XWi~1[iEP:;!j.\(;~~iEP:;1JL11Jo ~j'[t±IK*3f FLR 

1¥J3t1~, PID.JJEi:iit-t~*s::" t-t~iJJi3R~~~P:;:iiW, JtJJEi1~~ilil¥Ji! 

~rPJ~~;f§-*1!f~~WJ*~m~1[I¥J;f§-*~*o~*,~*~JtJr." 
~1!AL 'j§1~Il!!J~%P:;, /G$T~5fU~;f§-*1!f#}j'ffL xtit, D.J;ltijm~0£k~ 
iJ{, ilJgf(JM" ~f-tM±IK" m~~1jfijWJ*~)(.mi~1[Xf~1ij;:ttm" 1JE*~£#f 

ffdl-K" 1*$VGm1<~" 1*1f'1:!/o/J~¥-fitiJ9f®l¥JfFm (Elliott S, 2000; 

Marghescu T, 2001; Kerr J, 2002) 0 

3. 4 ~*Jf ';'){Jlil*1* 
~w~m~~~~x~*~,:ff1JL±!!!.~1Ift-®~%)jj;T~m.* 

1*offM~m.*1*l¥Jm)jj;~.*1*pg.~~~I¥J*~m~m~~­
I¥J, ~ )(.m~ ~ /G IPJ, xfWJ*~ )(.mi~1[ § t'F I¥J fF m m/G IPJ ( Castillo-Campos 

~, 2008) 0 ~)(.w..*1**;fJTttfrlkZJ&~~l&" WJ*~m~~*~~~)(.w. 
m~*;fJT~pg~~jJ~( i$.m~I2!I~) 0 

3.4. 1 ~31!il~~~H;J~ 

~~ml¥J±fill*~" ;f't1Jt*~, ~U~)(.m1:~*~J9f~j'[I¥J~W~)(.m 

*~*~, ~~~ft/GIPJI¥J1iffJ'[ § I¥J" )(.m~RJJt~/GIPJI¥J*~l*j)lU~jJ~ 
~:utlLL% )jj;~11J~I¥J, 1Z9~:ff &,~tJ-xf J!.1*1iffJ'[ 1K~!j.\(;~ )(.m~ ~i~A* 
;fJT~1iffJ'[o ~-T FLR 1¥J~)(.m~~*~~~*~OTTO jl;MW:lJ8.1t~tX1: 

WJ*i~1[" ~£if~:m:~1~l¥i~ ~~ITTO WJ*~)(.w.i~1[ -¥JlJn xf:lJ8.1tl*~a 
*"tX1:*~:lJ8.1t*±!!!'~/GIPJWJ*~~I¥JW~,~1IJ9fL&~I¥J~~~*4 
l¥J*m.$.~ ~ ~ ±fill5fU JtJ *~;f'i it, ~WJ*i~1[ ~:m:~ I¥J j§ JJt, ~j'[:@ 
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m -'F1iJfJE RU!;~*~ w.t-tr fijj5HffI¥J ~ xJ;1,~ # ?t~* ~, ;I=t q. !l6\®f)tu?t ili)ffi 
~€t*, jjHt)ffi~€t*, iX~*, ilH-t*:f:-t!L ;;&m:f:i!!.~~xJ;1,~#~~o ~;j( 
~~§~~Jl~xJ;1,~#?t~1**i!2m: )ffi~€t*, jjH-t)ffi~€t*, iX~*, :ill 
~*~,~~*,tl~~,*~.AI*,;I=t~AI*,;I=t~*~,m 
1tm:f:i!!., ®J:f:i!!., ;;&m~fO;l=t1t!;m:f:i!!., :;tt.13 ~o 

JlI!.~w..*1*:i:1ItmI¥J1jt@,~~f01jt@31E~JlU& 3-20 ~Q*ff= 
~.~.mm~.~m,m1lt1ltmff~~~*I¥J=~.~.m(~~~ 

fO~.~~M),~~~mM •• m~.~~;j(.~*m~~.~~~ 
;j(.~*~xJ;1,'~![~*I¥J/F~~;J:¥o ~;j(~~§~JlQ1:£ 19941f3fJIt 
tl-iX=~.~,WH~oo.mB*~, ~~*1iJfJE±~WtlM.~~ 
~.~xJ;1,**fijj?ttJTl¥J~1itIl.mo *±~;j( •• m~.~W:1:£M.~1~H~L@, 
~.1¥J~1itIlL, Wtl~-'=5J:\;~)tu-'=5.~?t.ili/FlPJtJ[~, /F1PJ~w.~# 

~~fO/FIPJ~21f JE 5I:!.I¥J/J\3j}IJiIJ1L, 4lt1-IJ\3j}II¥JJt.1*1-s,@,i!2m: :f:i!!.~$L ~ 

&,~~,~m.~,mM~~,~.~~,*?t*.,~~,~1fJE 

5I:!.,WJll!~A,~.~3f~~~,m1:£~~~#,**m~l¥J~m~J:\; 

~o 1:£ GIS IJt.x~r, %nJt~m:~/FIPJBtm~xJ;1,.*~o ?ttJT~w.t-tr 
fijj~,~~.~~I¥J/FIPJ, ~~w.~#~~~~~?t.~JiIJ1LI¥J*mo 

~~~~;j(.~![ •• ~,~~«~fO~W.~#~~~.~~?t1¥J 
*mo 
3.4. 3 ~~.!RAtfiij~HJf 

~w.;j(.I¥J1iJfJE.~-~~~*~ •• ~~~**fijj, ~~/FIPJ~ 
w.,?tmJt.ff~~~~I¥J~~~~~~, ~~~~~~**fijjfO~~tlW 

1¥J~:li.**~(:~IH*~, 2009) 0 ~xJ;1,**fijj •• 1iJfJE~~, ±~i!2mm 
-'F~xJ;1,gH?tt~1iE?ttJTl¥J~xJ;1,~ rSJ** fijjt~., m -'F~xJ;1,~1*?ttJTl¥J~ xJ;1,t-tr 
fijj?ttJT~~~~m-'F*JHt{~~**fijj~~521-tI¥J~xJ;1,~ft{tl~0 ~~7j(. 

fOtl~;j(.I¥J~*~w.**fijj?ttJT.m~*m~~m.~.~~w..* 
1*, ~;J:¥t~.~:exIOO~JHCA), OO~JU~(PLAND), :exI~.(NP), :exI~W 
~(PD), .:hl].~OO~JH MPS), JiI~W ~ (ED) fO.:hl]:exI~%~t~. 
(M~).~~~~#mnJt~.~~1iE,~;J:¥OO~,.~~.,.~W~ 

(PD), .:hl]:exI~ rnHJt< MPS), JiI~W ~ (ED), .:hl].~%~t~. 

(MS!), ~xJ;1,~*F,t~U~.(SDI), :ttJ?:j~m.( SE!) f01:it.~t~.( D). 
~~ ~** fijj ,~, 1*t~1jf 0 



±:ltfJ.iflJJtI ±:ltfJ.iflJffl:1i:a: (~*:ItfJ., ;&:ItfJ., ilitJXE FLR ~JlI.:M 
1II~~) 

±:ltfJ.iflJfflM!~ (~n~*jljjfHi¥J ilitJJiU;1,{lfi:'~:!L 
~~, ~*JjHti¥J:1i[O]), /F :m:~~1IIt} 
filliflJ~;ffi7{:1lf~/Ffill i¥J%i\,~ 

45 

~jg!(mtrJjL ;&~, f...j. 
~If'F1lfiti~, :ItfJ.:1il: 
i¥J'Iff#.i: 1lJ ~~ ~ tr:1i%i\,~ 
~&':ff, &,~atm=.jl}iX 

liffJiA 

f9iJ~n, iJU11j*1T'~~ tr:1igc~, ~~~1lfit 
ffl~i¥Jat~ ~,ft~.~:ItfJ.~A 

~:ItfJ.(.3f ±) i¥J.m~, ~~9illi:H liffJiA tr:1i1~,@" 1tiJjs ~~:ItfJ.*±lKfIl{EJltIf'F 
'~~fIl:m:~i¥J~1IIt} i¥J1iJfJtAlA iti~ 

$IF7Jq~~ fI:%i\!/WJJlI!.%,,1iE(~n~~~, fnJ ilitJXE'~~, :m:~~1IIt} :ltfJ.1!I, ii~~1t 
¥Ht~) 

171j~n, IjijliffJ±'~iflJ~ i)-#.i::ltfJ.W-, ~±:ltfJ.3f~ 
;ffi7{:1lf 1lffll~~1lfW~ 

3f~tt/F fill lll1;~~iJli¥J.m ~ IjijliffJ*~fIl:m:~~1IIt} 
JJ!t1" i¥J1lJ~~'11: 

~!/WJ~nloJ ~1II, ~.'R, ~fit!/WJ#, ~!/WJ IjijliffJ*~~1IIt} 
~¥F'11: ~ i¥J :ll!!.IK?t W{E I§HI! ~ 
riiJJm 

~1:: ~litIJi&!:n& (-E1.;J'iIilUa-, f'lcB!}, ,(;1,{lfi:~JlI.:JI;1j 

~f$I;fIl;fJEl:) 

tr:1ig2~, ~jg!(mtr 
lA, NGO fIl ~:ItfJ.!* ~ 
iti~ 

:ltfJ.1!I, ii~~1~, ilillN. 
!/WJ,:ItfJ.:1i9illi:H,1f*9ill 
i:H(jg!(mfll NGO f.!I-~* 
~) 

:ltfJ.1!I, 1f ~JdJi'i]lHt.3f ± 
9illi:H 

I1t)1~, 1£?HJT~ x.m*,* fiU i¥J IPJ at, ~Jj\I t$< if'ift /F IPJ ~ x.m~ ~ x1~.;fYf\ ~ 
x.m'IY<£f~is(i¥J:D'tJ¥jj(o ~x.m/FIPJ, J9f:1Gu?ti±l i¥J~x.m~~~ID!i:!L/FIPJ, ;!t~ 
1*~~.;fYf\, iX1:.;fYf\, jjiHt.;fYf\:l:-!p" AI.;fYf\, *.illt.Jt.l:l:-!pJ'~ID!ffk~.;fYf\~x.m'IY<£ 

f~ is(~Mi!:ll.:l:-&7j( .ljZ'IY<£i!Mi! i¥J ±'~~ID!, fm fn1£~.;fYf\~~'IY<£ f~ is( ~ fF 
Jt.l£*3~offl~,AI.;fYf\m~£~~§~g~~i¥J.~.,i:!Lm~fF 

~~ •• ~.£,.@i¥Jg~~~~.;fYf\i¥J.m,MW£WAI.;fYf\i¥J1: 
* "LAr-hAb J~' '\ f...L -zs: ~j ~b 0 
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'ff;f;t;Ji!! 7'C~l'f{]x~;f;t; )](~€t;f;t;Jt.'ffil1li1l1~H?ffriR;fIl~JlHfl'iR, ;Iik FLR {/ilIi)(l'f{]'* 
(*OO~) .$%,W~~~~~~~~~~£ml'f{]g~~~ 

7'C~l'f{]x~;f;t; Jt.'ff£~l'f{]*~ffriR;fIl~~ffriR,Wn~~~~~l'f{]~ 
(/Nlif~) ;f;t;m:tlc~~, ~il1Ii;ltffriR 

AI;f;t; Jt.'ff-~l'f{]*~;fIl~~ffriR,Wn~~~~~il1Ii;ltffr 
iR,~m~~~ill~~;f;t;;fIl*~gl'f{]~~* 

ill~~;f;t;~i-rVK ;Iik'~~;fIl£ml'f{].:E~§;j:;f, 

;f;t;(*OO~) 

ill~~;f;t;~~* Jt.'ff-~l'f{]*~;fIl~~ffriR,Wn~~;fIl£m, ~~~ 
;f;t;( IJ\ OO~) ~~;lt11!!$%~~~m~~il1Ii;ltffriR 

~;j*~;fIl~~l'f{] §tf,'ff-~~ffl, jt;lt;lik~7'C~l'f{]~;f;t; 

m:tlc~JfJC~l'f{]a;j1~ 

;Iik£~l'f{]m,~,Ji!!;fIl~~~~Ji!!, ~*~ ~Ji!!;fIlTWfl'f{]7j( 

±,fIij~~~~£m 

~~~~;fIl£m,ffl~x~;f;t;m:tlcl'f{]~~,'ffD~~Ji!! 
t±g~~;fIl~:!lt*~ 

~;fif\~xm'~£~)(t~;fif\~xmlH1~~;f:1;]5j:!:fJ~~I¥),~£, W~{f]EJT~2'if 

fIl'~£ i¥.J ~;fif\~x.mX~$J~ IZSl ~ i¥.J tc!/o/J, ~ xmi¥.J$J~tt:W:~HJU;(£Jt::2: fa] 
~;f:1;];(£7GlPJat:2:R)}tLi¥.J1Hto ;(£~;fif\~xm'~£~M!f~tr, 7Gi5C~tEll_~ 

;fif\~xm$J~,~~~*mlli~;fif\~xm~~i¥.J$JlZSlo 
3. 5. 1 ~51.!ilfdJ~jHJT !n'm1Y!U 

Ji:l:ixt~ xmj'lj!J&fIl1iffJE 1R~~~{~*1-r~1:t*m, 1$ ~ 11 7.K 1iffJE IR 
i¥.J1H1~ ~ XJU~;f:1;] lkJt: $J ~ 0 IR ~7.K f-~ xm $J ~ * mJ2\; 1¥ j'1j!J&~ ~ TIiHR 
(CA) ~ OO~J{tt(PLAND) fIl~:!;1c!J&( NP) *i~a)j~~xm~~g!l.mt~;f:1;]i¥.J~ 
~,J2\;1¥~:!;1ce~(ffi)fIl~.e~(rn)~a)j~xm~~~~i¥.J#Mtt~ 

~,J2\;1¥OO~~~:!;1c~!J&~~:!;1ce~(ffi)~~.e~(rn)~~xm$# 

'/1:m!J&( SDI) ~ ±$j?:]~j'Ij!J&( SE!) fIl{jt~~m!J&( D) i~a)j~xmm f,~j,bH* 
%"W:i¥.J~~o t±1R7.K f-~xm$J~*mru v. .. t~~xm~g!l.*i¥.J~~( t!P;fif\:l:ilL 
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am~~m~~.~#.~~.~m~)®.+.~~.~~~~~ 

(~*~~am~~~~)~m~w*mog~*~®ttg*~~.~ 

ZSfJ~JYJ1m~mPI~*m Markov *l:ru!o ii:i:fm+*~~Jt~#1~*~~: 
-~1£ GIS 3t~r, ii:i:f~at~.x.m~.OO~ZIS] B"l!i:iJo~1'F, 1ifij~/f' 

IPJ M~~M:tk:1*~/f'1t ~ W~J~®~1t:7g ;tt11jr~I~:ru! B"lM:tk: W~J~, H.~. 
x.m~.~:ru!ZIS] B"l~~W~J~ d:ii*~:ru!l*:ffW~J~B"l t/j*1'F:7g~#1~*B"l1ti 

itUl, ~W1ifij~~#1~*~~; =~*m*~M¥-Fi,JJ1'f7!, 1£f{I!J~OO.l 

Jtt1T.Ji!§:M¥F, 5fljm~f-mj,JJ1'f~~~=~l,JJ1'f~&ji~q~/f'IPJ~¥F,~~~ 

,t1: ( • x.m~ .~:ru!), ii:i:fxt /f' IPJ at ~ if§ IPJ ¥-F,~.l. ~~. ~:ru! Z IS] ~ 
1t1t!J&tmJtt1T ~Hll[®~H*m, 1ifij ~ ~M~ /f' IPJ. x.m~ .~:ru!z rEi] B"l¥F 
A~#.!J&, ~~#.!J&H.~#.*,1'F:7g.~~.~#.*B"lffl 

HUlo 
3.5. 2 ~l&ilb1J~HJT 

*m~#1~*~~®~~Aj,JJ1'fif§£S~B"l~7!, *mg~7j( ~®*± 

g7j( ~~*.x.mZSfJ~1t1tB"l!JJ8:ZSfJj] 0 ii:i:f*m~#.*~~, PI ~q~:±I 
4i-.~~.~:ru!B"lfliJ9lG*~, :ft1lil!1tl*:ftit*W~J~B"liJ9lGj>~~ :7g~-~ 

:ru!/f' WT ~ 7](1:.*~ 1t, W ~ il! 1tl*:ftit*~# W* B"l 7](1:.* W~Jt@ 1f£ T 7]( 
1:.*~~~*,am~,il!~*~.;tt~~:ru!~~#,~~~7](1:.*W 

~~.iJ9lGj>B"ll*~,m~~ZSfJ~#~#B"l~.~/f'~~~#.*~~B"l 

*m~:±Io~~,1£~#.*~~*mB"l~~.l,ii:i:f~~A~7!,~ 
¥-£S~ijj*, ~~tlFff, rp]~~**m, ~H~)x{'~., ~5fIJ~if§*~~ 

5f1j~if§*I2JH*1-t*/f'WTxt1L iiit, £S~/f'IPJ~gB"lm~ijj*, ~f-m~ 
.®1'f~if§*~ ••• ,~*~m~:ffB"l.~~m!J&tm®tt~~m!J& 
tm, jt;tt~xt~*5fljm®1:.~~m1*1ft:ffm:~~p[fiJB"l~~Igf(~, 7!~Jl1!J& 

tm, **m*±~, Igf(~®A~~Txt~*.x.m1t1tB"l~p[fiJ, q~:±Ig~7j( 
~ ~*±g7j( ~.x.m** fiIT1t1t~!JJ8:ZSfJ ~. 0 

3. 6 ~~11t:7t'~~.iLttf? 

~*.x.m'~1lB"lm:~~~1iEz -~1£.x.mm~r 1~:±I :llJ-m7j( ~ ~1~1l 
~~,1£~~.~JttB~JYJ~~~M,~~~.~®~~m+*~.l~ 

W~mo 1£.~7j(~.l, l§7'G~1ifij~~~B"l, *~1iJt:l;fB"l~*, ~JJIj~ 

~~.@~1*1?1frUl~*, ~j§"~~:7g®,~, ~tp}f)jfJ!.1*~~~7j(~~~ 

JYJ(Hobbs ® Norton, 1996) 0 ~T~#1:.~~., *±~f2m~.B"l~LHM 

®5fIj~if§*~~,~B"l~~, /f'PIf'm'~1l.~pgEJf:ff~*, {E!~ii:i:f*~ 
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:f:tI!~ir~#'~~1iM!!:, ~x~i¥J ±~~~~f!~~q~~Uj;!Jcff, ~ !/WJ~*F't1:q~ 

¥1J'~~, ~ffjjtJjh'i>J~x~pgmf~'Aj~iJo 

1~1 .~~~* ••••• ~~ • 
• ~~~*~*~~~i¥J~~~.:~~~**.~*:~~~. 

**f:ltFPi¥J7Cr!.t~~'Ift5L; @±:tIUELfJ: ~~~~{tWJ5t~:tkt#~~~ 
)tr*'5I#ut1'J*r;flI~:l!I*; @!/WJ#$'M)jt: ~~~~.*~!/WJ~*F'I':Ei¥J 
Ai*1iM!!:; @:iJ&1t5fll1Yit~1t~)jt: :iJ&1-t5fll1Yit~1-t~)jt~~, ?JT~I~~nlt 

*~~o 
.~~~*~~~i¥Jtt~~m~.:~ •• ~*:ffi* •• i¥J~* 

~iJ -'F'~~1iM!!: i¥J ~M!!:, :tnl{ Yiifi¥.i!§ 1ff~ ~1f' * ~i& --'=3 {~Jft ~]~ ~ xt'~ ~ 
m~~1ft*i¥J~*; @xt{~~*t'£ i¥J1&tMi)jt: A~t~7;IHft{ii¥J7C~ 

*t'£C:tUl~;fJ) i¥J{#J.j)rF~, £lxff{-I;';*mtBt, 1~~mlSJJ$$j~M!!:; 

@~~~*t'£/~It9} *:%: ~~*t'£/~It9} *:%, 1~~mlSJJffixt~$j 
~M!!:, jt;;!t:~7C~*t'£i¥J{#1lll.~¥1J~LHMBt;@f~m!&fti¥JBtrEi]: I~~ 

mlSJJi¥J~~@.Bt~~.~~$j~M!!:;@KR:nlt*~i¥J*~1iM!!:(~ 

7X~*f*1f') KR-tIMf£, #;flIJ!~:tkt#£A~i1&'5I.:fJ; @lJ!t_~JJW1iM!!:: 

1~~*}JJtJ3i¥JM.*rlJ!r!i&'::fPJ y, ~~*H~~~1It A~i1&'5I.:fJ; (1)~iJftffi* 

1!fi¥J9iIJ-J,.R7j(~: ~~~iJftffi*1!fxt'~~mlSJJi¥J~--'=3~*~)jto 

3. 6. 2 17tj'[;'~.~~~~ 

1ifij~~w.{Jt5t'~~~~~-J,q:~:I&ffl1*j)liJ: ~25° D.)L7f ~~~:f:tI!i¥J 

~~~,1lll.~~~:iJ&~,~:tkt5fll#~:*m{~~A~~5fllOO*±f** 

7!H~+Im~5fll{~~A~~5fllOO.*7!~M!!:~-Wtl~~=+=~i¥J~]~; 

@F**f*1ft~~*f~T;jjti¥J~f~f: ti!:tlJi¥J7C~*( ±~~1*~a*): :(£ 
~~7C~*~~ut1'JAI:l!I*~~ttut-~:iJ&1ti¥Jti!:tlJ*~;@~tt:iJ& 

1-t1*~a*5fll7X~*~~ AI*, f~~*~~~ffl:f:tI!: *l& f*1f', 7C~£ 
~~*r~~~ j; ±:tkt# i¥J:!JAT D.)I~~; @:(£Jl::(¥7C~*rEi]~~.*)$ 
:Ul: ~.*:l!m~)$:Ul£J!i;f1J~~, !/WJ#$'M, j)liJ~~~!/WJ~*F't1:i¥J~Jc* 

:ft:tlJ, AI!tI!:*mPJD.)fF~~~7C~*ZJEi]i¥JJ$:Ul; @:(£:Ul~m1lJ!iJ, yPJ 
Y1rtmi¥~~.*)$:Ul, ~nlt!~iIF/K; @1~~*f*1f'1ff~~1ft**: *m 
{~m!§m~~1f'*~i&--'=3f*1ft~]~~~-=::~i¥J~]~; (1)Xt7j(mt1ill§~*, 

7j(±f*1~*, ~KlIDtb*~~1ft*Q{lutqT17G1f5fll£~It1:1W:i¥J*f:lt: * 
m{ ~~A~~5fllOO7j(±f**7!~~+ /\~i¥J~]~; ®t~~!/WJ#;fW,~,±tI!, 

•• M~~R/K5fll~~Y1rt$j~/K~A~.~~~~ni¥J~~,1lll.TD.)f* 
1f'~I~~o 
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~TI2LtJJ¥:j)W, :(£--'=3%U~H§:k~tJJ.fll" 3tmtE, :uJtilEIZJ~~7j(f5fll*± 
1K7j( fB"Jfjt)'GJ~~:lr.:l:1!!. (-W JRJft~ 1 5fIlffl~ 2) 0 ;1=J;9=' I%bj(~~ § ra.£!-fjt 
)'G~~:lr.~~~~m:m~JJ¥:M#5fIl~~#"m~#~".~*T~o 

B"J~~"~.~~#H~(m~)B"J.#.m,,m~M.~~#5fIlromt 

~W~~*(~~.m),,*~~~*~~~#,,~m~~#~o*~ 
FLR 7Fm:lKfjt)'GJ~~:lr.:l:1!!.~~~m: m1-tJJ¥:~it#" ~~#" m1-t#:l:1!!." 
.~*T 25°B"J~:l:1!!." ~.L11'~m1-tJJ¥:~it#~~~#B"JAI#( JlJ1f~ 

~.m)" m~Mfmtl1?~#5fIlrjjJmtMwg.l~*(~~.m) 0 .#~X.mJ~ 

~~Jl1.~U B"J 1!ltllE 3:.~~Xif fjt)'GJ~~:lr.~ B"J J~~*J1f!rJtt1Taif:2: $: f-IF, 1:&3%U 
~;f§:k~7tflUJl1.~UB"J~JJf[o 

.#~x.mJ~~B"J § B"J/G~~JJ¥:.#~X.m~U:lifJJ B"J" JJ¥:~it (pristine)" 

~~, mfblltJ<fF:1;;-#BtrIlt'l':l:B"JJfr!, j]n5j~Wi~~fj~jJ, %UT~*B"J 
J~~~~o .#~X.mJ~~B"Jiti1!kbllffl~~-~~T:lr.:l:1!!.B"J~mibl~: lA 
iti~B"J~~M.~~~~~~m~#B"J#M,;1=J;~~fF:ffl~**R*B"J 
~~~~o:lr.~*fB"Jtt*~m:m~JJ¥:M#B"J~m5fll3:.~~ft,,~~ 
#~*:l:B"J3:.~~~ft" m1-t#:l:1!!.3:.~.#~fj~B"JmJ~L m1-t#~5fIl~~ 
~~ffl:l:1!!.l:7C~!l*JfB"Ji@:itL ~~J~~" m#5fIlAI#" #~rEi]fF:5fIl;1=J; 
1i!!~#£S;j:1J (configurations of on-farm trees) 0 1ffijJ.#~x.mJ~~ 1~i5CjjJ ~ 

~m~l:-~~~~o.~l:,.#~~~~B"J~*~~~*#.~~ 
~B"Jtt*Jfr!B"J~~~~ffl, mf/G~1:&3;!it-t~lE~~B"J-Trm 0 

1~1 ffi~~~~.~~~.~~~ 

lA.#~~ftffj~~~Hifm1-t--'=3~~.#B"J#?tt~tIE, :ff£!fJT~~1!ltl1r 

~:uJtilE:lr.~*fB"J~~*JJf[o~Mm.3:.~fjt~#B"J.R"m.£S;j:1J" 
~*~~#~~tt(~#*.~,,~#~~ttm~,,~#~~~~~~ 

fjt~~~m~)".*~--'=3.*~9='B"J~*~~--'=3~.m~--'=3W~,# 
?t~*(#?tf~)}EjJ12" f~~~" f~W~5fIliti11LOOfJt'i'fJt:l:~)" 
#?t£S;j:1J(~#"H~,,~~5fIlM~~£S;j:1J)~Jfoom7Fm~--'=3~~. 

#B"Jm.~--'=3¥Pltl~~t~tIE (-W ~~-I::;~) 0 

3.7. 2 .:E~I~~*III! 

(1) ilH-tJJ¥:~it#B"J1JiH?--'=37C~J~~: m1-tJJ¥:~it#{JJr~1*!¥i Y If!.)'GJJ¥: 
~it#B"J3:.~~tIE, :t!n~#g£l~" ±:Il£S;j:1J" #?t£S;j:1J~, J!.*7C~!lYr 
B"JnjJ,{JJ~J!.:ffm~B"J~~1*~~n, ~~~~B"J~*JJ¥:~~"~ 
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ffi", ~~~~.~~.~~~*fiN.§~,.~*-~~~~,~ 
.*,*~~~~*~*~~~M~~~~n.*#~,.m~*.m. 
~~M~.~~Mm~Mfi~.~~~~~~$~tt,M~,~n~~ 

~h~~.,~*~~~M*~~~~M*,~~~~M*~~~o~ 

.~~.~".~~.".~o~*~~~M*~~§~~~-m~~ 

#;f:.t~'@.m~'M 0 ;(:E~1-t~~~*5t--'=~i.AI*, ~1-t*:l:i!r~1(;:.&:I:-I!!~JiIJl!. L 
#;fl[~r!lffi,'il¥,(Acacia mangium) , if:l(W~J*~w#fF~~'@.m~'M, m 
~~~j(Jl!.1E~~~~~*, .~*-~~A~~~o 

(2)iX~*~§1f'£ij*~;fl[: EI3~1-t~~~*~1Jt)§" ~ Mm~%nX;~iX 

~*,~*~ffi~~~#±W#,~*~~~*~~$M~~*~W~ 
18, I25JJlt**£ij~1-t~~~*ffilPJ~'~.m~-§~'~"~ffi", Jt~ 
~'@.m~'M,g.m~A~~~,~ffl.~~w,~18,~.~M~ 

.o*~fflfF~~ffl~,)§"m*lO~~L%nX;~iX~*,~*~ffi~ 

£~~]tij" ~;fJW#, 19~{jjIcz~~ # ±W#, I25JJlt~~iX~*~'~.* 
*§~£ij*~;fl[;fgM15-~m~, JtUffl;f.m~~W, ~18*1T§1f"~'~., :j'I} 

1JoLAI1l'A#;f:.t-®~~#±w#, ~o~w.m, ±mw~, gm~~ 

JtUffl# ±W#1E~i~.~~~2#f11dli**~ §;f:~~~*m., ~~~~ 
~~~i~~t±IR-'*~tjJtUo i~.*~)§"*m%nX;~iX~*EROOI[{lj~:Ii* 

~~~§MiX~*~~*~~AI~#f*,*H~1E~;(:ET~~,~. 
~iJt~~iX~*Il.iRBt$OOI[{lj:j'l}iX*~~~~, J'l.1*i~.m~~~~~nW 

#~~!.i6\®f£ij*~ER~1!f*1T&.tf}]tij", ~~~~~~t.t3t~~~# ±W 
#, ~~;(:E~#f~~£ij~~g*oo~~~.~, ~.~~* •• ~.~ 
" ~£M~:H" ~lJ!U 0 

(3)~1-t*:I:-I!!~£Jt: ~1-t*:I:-I!!J.llZ~£Jt~±, fIPAI:li!*, ;(:EA 
I:li!*Mfi~gmn§MftM~~M~Wo#~±.~#£,~~~ 

$,~#~3tA~~~,.~~~F£~~*~,~~#;fl[~*~,~ 

!j!, it~, ~m.!H.~~~f!W#fF~§.*, !.i6\~at*ffl5'~*W#, tIJ( 
~±.,M)§";(:Er~#;fl[~~#±W#,r~**~*®*)§"~1Jt§. 

*, :f:iIb1Jo18*ER.Jft~~o iiM~#1J~, f!;U~1JoJ*~1-t*:I:-I!!~~~~~ 
£Jt,xn~~~~~~~~AoEl3T~~*~~*~)§"*m%nX;,~ 

~ffl;fX»3~at~*~p ±ER~, I25JJlt;(:EW#~~~J'l.1*i~.m~~~~ 

L, J.llZJE5t~m~~~1ftili*~, *.~~~nX;'~.m~o 
(4)*:I:-I!!~*~~~~i~.(~m**.ill'.): X;fT5t:;fp";fgx;f~~~*:I:-I!!, 

m ~ ~~* ffi 1m1f'* IXXJ, JE5t ~~* ffi W*;(:EtIJ(** ffi /J\'~, 1,*, Im JXlIID 
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~,~.e~~w,m~~~*~~mtt.~m~m.~m, ~~~& 

~#~£ff~~~~~~g.*-~~~~~Ao~~*~.a, ~. 

~.~~&.~a~,~&~~.,m.M~,*$~~®.~*~ 

~o~~.~a~,~~~.# •• ~~~~~~~~~,mtt£.m 
a#~~zv~;tt~Jft#±-I!!o rl%a#~~*a#~f~£., ~#~z~ 

~~,~~~M~~~±~#,*ft#~wm£.a~~®#r~~~ 

~~.#, ~*~#~£~&~~~~~o~T~~a~~®m~~. 

I, #*iW~&\@ft£1M, ~~ftWC._t, ~~ma#~~ft-~4:f*~ 
f4r/G~*l5"~*BE**, ~JJ:/G%U~$, Wlift#*/G~~*~~, 
~~ •• a~~#~, ~~~m~~~~~.*o 

3. 8 ~1Y!U ~lSJ!11t 

.# •• ~~m~~~#m~m~§*~~~,~~,~~®tt* 
m~,~.~w~~~~~®~~m~mAo~.~m-.~~~m 

t$, ~~Ht~:¥U-=f17t~."X.w.pg ~*±~~£~®PFm~f4~1-to ~~~~llt~ 

pJ(ft*JIllA'{:}&JG~ §f.,j~-=f17t~~m, ~~~£s*~r-r.za~, ~%U~~* 

~~.~~oW~~~~ft*fi~~~Jft~m~,*~~,~.~W 
ft, ~mTm~~i&tit, ~.®~u[lij, ~TYti~§t$~~B~£~nX;, £,~ 
~~_Jft~®*~~~~,~**~I~~;tt~~~~-=f17tm~~~o 

~~./G~,W~/G~~.ttfi,W~ft-=f17t~~®.m*fio~.~ 
W~~Jl~fti$gIIlJlI[_.#."X.w.J~~-=f17tpg$~~.atlLt, ~Jl:t, J~~m 

~wm~it:lGU~~g,ft~{t*~~~~W~itJW, * li~~~~i-f~tt*~:m­
~.#."X.w.J~~~~~~o 

~~~~i-f~~~.#."X.w.J~~~~Jti~£i!'~~.atIl®*., ;tt~JL.'~ 

Jl~ -.1~t$1**x>f.# •• J~~~PFm®~.*1filJlI[W~, mlR ~ 
mJ'~~m~f.fft~ri'i]Jm®TYtiJE~*J~~z~~~rPJo 1~t$1**~t1JJl~ 

:ilf)g-=1'~!J1tl: CDf4~Jti~!J1tl, ~~TYtif*~~~~W~£S*{tTYtiil~~~ 

.atIl, .#."X.w.J~~~~Jt:lGU®~.~~f4~1R*fi~L*f.I!;ttJ!.1*I~~ 
~~~W~om~1**~W~tt~mm~1**~oo~~.~w~§~, 
~m&I!'k:.#."X.w.J~~~pg$, /Gf'ilg:l!m£~~m~:ff§f1Jffij~, ~&I!'k: 

w~pg$~~~,*~.~,~m~z~~~.~-,~~£St1JiI~o 

(2) § ~Jti~!J1tl, 1~t$1**~~x>f~~~~i-f~x>f~~*1W:~~, £St1J~;tt 
t1JJft~.~~.*~,~~/G~-=f~m.~§~m*,n.~.~~tt 

~~o®~mtt~~,Jl~m~1**~~m~.~~~ntt,m~1** 
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~~~~* •• ,m~~m~~m~~m~~m •• ~nh®~~n 
h, m~~1~U~E~Hlfl, ~*.~I~J[~~J~U£11H!, :f~;f~1**~~m'l1 
~:jjfij1*.!lil:iJl!~5jiSf1ft~Jll[5fJc*~m:~~:mflo ~~~.L)]f:Jntl, *&fJE»di~ 

®~*1WjJ1if;j:f;J@T~*.~I~J[.!lil:iJl!~5jiSf1ft:flH~1** (.m* 3-4), ~ 

n~m~o.~~~~~,m~1**~~~~~~,~*.~*.~ 
1~J[~Jll[:f:{!!'~ ~A1*'t~{5G rm~, ;# il PT ~ Il.iHBti)iiJ~®*~ Jto 

it 1 jffJ~;ffi~1!f~.Ej 1. 1 fU~;ffi~1!f;fll*9?K §tff,fPf*I¥JJi!.~ 
1. 2 jffJ~;ffi~1!fI¥J~~j];fIl:l'l!!1ft W 

ffi 
t'F 

1. 3 jffJ~;ffi~1!fft FLR itW9='I¥JI[IUit 
1. 4 ~~~fPf*, :lm~~, B:~'I1:J.jU~~ 
1. 5 ljiiJ~ FLR /J~oro:llMU~;ffi~1!fI¥J~.EjWJJt 

1. 6 FLR ~~.Ej.lKi:I!i!~I¥J~.EjJJt 

1. 7 *±IKLitMI¥J®i$f)Jgll.~ 

2. 111"LIll,#$I¥J1lli::i:;fIlmJW 
2. 2 jffJ~;ffi~1!fri3]l¥Jtk1~~~ 

2. 3 jffJ~;ffi~1!fI¥Jj;j}i)liJ 
2. 4 itit*MtR:riiJJ!NI¥Jj;j}~mljiiJl¥JljiiJJJt1t 

3. 1 jffJ~;ffi~1!fl¥JnIII~JJt 
3. 2 jffJ~;ffi~1!fgjtq~I¥JHIHj-

3. 3 jffJ~;ffi~1!fgjtq~l2ftI!J;fIl:R~I¥JWJJt 
3. 4 IfPit:Jl;tl;flla;frEil~I¥J:il'if 
3.5 FLR §tff,I¥J~~WJJt 

4 *±IK~>J(i'f1ii liHf1i!i 4. l1ilLIll-.Ejx:lmIJt, 
~*f~jli 4. 2 ~ij~fPf*I¥J1ffi* 

4. 3 *iIKl¥JnIII~JJt 
4.4 *iIKx;f FLR 'fl:llim7#JI¥J~.EjwJJt 

4. 5 i'f1i!i~*l¥Jf~jli:@i~.EjmlIl 

5 jffJ~;ffi~1!f~~j]~i&!: 5. 1 *lIitl¥Jffim1i7#J 
5. 21ffi §m7#JI¥J~~ 

5. 3llP~*:m.EjMtR:mljiiJ 
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M!t~~~~f*~,~i)Iij!g(:I!\J- V-1M:,~IB~,1:*fF!/W~~M!t 

Jm:!m ~~, l/UUJ§ f1;I *7J<:I:/F il'IJ'¥'~ 
f*JiX;l%f*~ 

*~~i)Iij~iR.~,JiX;M~;*$.¥.oo 
~, ~B~~7J<:f:J]:l; tjjJmt~IliI~~; 

jt 1fk ii\IltSjf!l:lJL~ES*oo~i)Iij'¥':I!\J~~l%~ 
ffl:!m ~,M~JiX;iR.~;t9:!m.¥.B~JiX;iR.B 

~, ~iJ.l~-, ~y.~~ 

4.3 ~ ** ~ 5l]jl *& fiij I]jl ~ 
4. 3.1 ~5!.!il~~H§.pJ(;})UXI~!t~HiE 

.m~.m~M~~~~.m~~~#~, •• ~ffi~ •• *., 
m~ffl.m~.~~~.~ •• ,WmA~~.m~~*~Mre*& 
.~, .x.m~.3;tI~~UE!J!tl±~Ji:i:f3;tI~*/j\~~Jll.*l, 3;tI~*~~11i.* 

&~o *iltl~-tt~7j(~~§y~!!-13 ~.X.m~.~~~~3;tIWfJHCA), 

WfJt t~ ( PLAND ), 3;tI ~. ( NP ), • ~ W )jt ( PD ), 1JL ~ 3;tI ~ W fJt 
(MPS), JiI~W)jt(ED)~1JL~.~*~11i.(MSI), M*JlU&4-3 o 

~7j( ~ ~ § y~!!- J~' W fJt 108611 hm2, ~ ~ ~ JiB!!!. W fJt :Ii * , -:Jg 
26651hm2, :ff 829 ~3;tI~, r5.mJ~,Wlr:t~ 24. 54%, ~*~7j(m~lj! 
~-:Jg±,±~*~~~~~~~~1JL~~~,~*~.~~~ffl~wm 
Ij\, 3;tI~.~~:EJll.~( ~Jli!.m~ 5) 0 ~iX~iX1:*(24764hm2), r5 J~' 
WfRi¥.1 22.80%, 3;tI~.-:Jg 344, ±~{ft=f~~i$~JlJ~~~~~ ~~~ 
~o Jm~Wf,H-:Jg 8693hm2, r5J~,Wf/r:t~ 8. 00%, *~mEro), lA~~i$¥3G 
JlJ~~,~~~~~~,~i$1JL~~~~m~~~~:ff*~o~~*~ 

if1~~~WfR~~1*.x.m~-t!Lr5:fftgt*t~f9tl, *iltl-:Jg 7. 66%, 6.78%, 
m~A,~~w,~~*±~*~~Wi$~~~~*ML~1JL~~~, 
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~J;\'Eoof/q oofJlt~ 

CA(hm2 ) PLAND% 

JJKlt€t;f;t 5153 4.74 11 

j!Ht~:l!il;f;t 6837 6. 29 110 

iX1:;f;t 24764 22. 80 344 

~1t;f;t~ 2358 2. 17 766 

~JllC;f;t 8324 7.66 58 

:fj',,;W 7365 6. 78 505 

*J#JtAI;f;t 452 0.42 44 

;t:t{mAI;f;t 7235 6. 66 1530 

;t:t{m;f;t~ 176 0.16 13 

m{±m~ 4126 3.80 1202 

1lQ~ 8693 8.00 301 

~m~ 26651 24.54 829 

;t:t{mm~ 6478 5.96 590 

0.21 468.43 38.39 2.31 

1.61 62.15 57.52 2.00 

1. 39 71. 99 68:23 35. 14 

32.48 3.08 341. 38 1. 82 

0.70 143.51 104.87 19.42 

6. 86 14.58 265.76 839.83 

9.73 10.27 213.37 2.02 

21. 15 4.73 250.81 2.26 

7.40 13.51 161.56 1.91 

29.13 3.43 293.26 2.33 

3.46 28.88 144.09 10.95 

3. 11 32. 15 110. 58 3. 60 

9. 11 10. 98 158. 43 83. 24 

ift9j;W!J!U1iIfJiHl)tBmfflilio AI#OO~J~dl,~,mHJHI~ 7. 08%, @1lS* 
J$K~AI#fU~;W~;!=J;1lliAI#, :1f 1574 -1-~:!1c, ;!=J;q:r*atJitAI# 
OO~~~2h~,~~&fm.~~,m~m.~~#0*~~M#OO 
~Jt;Jg 6837hm2

, dl~:~~L~, OO~JHr9 6. 29%, ~~?t:1ff1:Ef{E~ m §.';}~tit:@ ... 
A~~;jJt;f§xttit~l¥J::It$JlJ ~ ( 1ft ~ JlJ#~) 0 riiJ7J1t ... WHS ... t9~~;!=J; 

1lli)1H-t!!OO~J{~ 6478 hm2
, dl ,~, OO~J{I¥J 5. 96% 0 ~~a#OO~J~ dl ,~, OO~J{I¥J 

4.74%, ~ 5153hm2
, ~~1iIf::lt$lft~ JlJ#~~.1&:~~, ~~I:!1c~ 

(11) *~, ~~a#:li):f?t:1ff ... *§xt~ q:r 0 m11mf-t!!~~?t:1ff1:E*$~ 

~fUm$m.~~, dl~%Q.,~, OO~J~I¥J 3.80% 0 * 1-t#~ I¥J OO~J{~ 
2358hm2

, dl~x~,~,OO~J~1¥J 2.17%, :1f 766 -1-~I:!1c, ~~~:xr&#3f~ 
J§'1¥J*m~, mcft1:E7X~#)llfJlEo J1t~r, *JtlA~L#f-t!!~~1¥J;!=J;1lli# 

~OO~J~~ 176 hm2
, dl~x~,~,OO~J{1¥J 0.16% 0 

~~%Q.~~~I:!1c~~*~, ~#~~~l¥Jf:M:;~:!1c~~1~~( MSI) 

fI~rF~7X~# > ~J£t# > ~~a# > ;!=J;1lliAI# > *atJitAI# > *~~ 
M#>;!=J;~#~>*~#~o ~f7X~#I¥J;W#m~~~~~.;W#, 

J'l.:1ftit51ill¥JjJmc'~, ;!=J;~~1~~~~, ~ 35. 140 ;!=J;7X~~J£t# 
(19.42), ~;!=J;~?t:1ff1:EJi/%I~~, f-t!!~~~1t;!=J;~~rgf1iBj~o ~~a 

#(2.31) fUAI#(2. 26) I¥J~I:!1c~~tttit~ili, rgf;f§xt:J;]~, ~~ 
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)JjU§~)]3:~a#3;%:fI11:E~~1i ~ A~x1HJ:ittAi¥J±iI:!.lZ., mf AI#3;1iI T 
~Tt&~i¥J±iI:!.lZ., A]gT11ttgt*, ID~tgt]g~~JnUo ~1-t#ili!i¥JID~tl'f~ 
]g 1. 82, El3T3¥:{X1:#~ Jm±iI:!.i¥J%~U~~, 15:!;tt:ID~M&T~~:tL ~F# 

±iI:!.~:W9=', ;ff~~i¥JID~:li]g~~, ;ttID~tl'f~:li~, ]g 839. 83, ;tt 
{X~m~~.m.;tt~mili!oJmili!%:fI1~OOr,3¥:ili!ID.~,;ttID~~ 

tgt]g~~o*mili!~m~mili!H~3¥:ili!ID~~~A]gffl~:li •• , El3T 
3;%:fI1T Ji.~~9='$f)]3:±iI:!.lZ., jt:lAE:ticID~~~WJjt:li1I£o 

lAE:ticJiI~ * Jjt i¥J */N~J.i\I~ xYl 9=' * 1VJ: ~f:ticz rEi] ~ 1VJ: ~ ~~:S: ~ ~# bt 
;tt1m1s,@,5t~i¥JmjJ btifEi1f..u[ii]i¥JjjJjt, {g~EI3T~X.m~~i¥JJiI~* Jjt 
~;t3¥:~xw.~~~f:tic*/j\i¥J.u[ii], ~3¥:~xw.~~~f:ticJiIWID~i¥J.u[ii], EfT 

J2,{:;f ~~1i~BtJ.i\I~xw.~ ~lAE:tic%1-t i¥J Jt.1*~IB::P 0 xif HA~·~ xYl~ ~~:w i¥J 
JiI~*Jjt~ili,~~#ili!~m~mili!~;ff~~.3¥:A]gT11ttgt*~lAE:tic 

~tgt3;i¥J~xw.~:Wi¥JJiI~*Jjt~~*T)]3:~#~~~)]3:~#~{x1:#~ 

.~#.%:fI1ffi~.9='i¥J~xw.~~~:Wo;tt9='~~#ili!i¥JJiI~*Jjt:li 

~, ]g341.38m1hm2, mf)]3:~a#i¥JJiI~*Jjt:li{I£, ]g38.39m1hm2, ~ 
~Bt~T~~#ili!~m~mili!~;ff~~.A]g~xw.Jt.~£~i¥J~~~, 

)]3:~a#~ ~1-t)]3:~a#~ iX1:#. § ~~x.mi¥J~f:ticJiIW £j]O~~JnU, mf.~ 
#.* §?~~X.mEl3T~Tf2if~:flI[, A]gffl~15:!jt:ID~M&T~~JnUo 

1:E~xw.~~~~1-tWJjtjJlIil, Jm:l1 t~tgt%;f)flAE:tic* Jjt (PD) ~f:l:{g 

lAE:tic lIilfJH MPS) PT J2,{ -m aJl:;f IPJ ~ xw.~ ~ 1:E~ x.m:2: rEi]~;f1J 9=' i¥J 1'F m ~ t~ 
~,PTJ2,{Bt~¥~xw.~~1:E~xw.9='i¥JlAE:tic%~wJjto EI3*4~PT~,~ 

~xw.~~lAE:tic*Jjt~f:l:{glAE:ticlIilm:l:{g~tgt*£*,lAE:tic%~wJjttgt~o 

~1-t#±iI:!.~ )~H±m±iI:!.~AI#i¥JlAE:tic*Jjtffixiftgt*~ ~f:tic~~fltgt/j\, iJl. 
aJl~®~xw.~:W3¥:A]gffl~.~tgt]g •• ,;tt~~~wJjttgt~;;tt9='~ 
1-t#±iI:!.i¥J~f:tic*Jjt:li*, Jt¥U 32.48 --t/100hm2, ~~EI3T~~#±iI:!.~ 
.T)]3:~#~{x1:#Z~,3¥:~Bt~i¥JA]gT11t~*ili!~.~#i¥J% 

~U, ;ttlAE:ticJ!~Jjt1I£o )]3:~a#~ .~#~ {X1:#~~1-t)]3:~a#i¥J~f:tic* 

Jjt%JJU]g 0.21 --t/100hm2 ~ O. 70 --t/100hm2 ~ 1. 39 --t/100hm2 ~ 1. 61 
--t/100hm2, aJlH{I£T;tt1m~x.m~~~:w; jtjt:~)]3:~a#, jt:f:l:{glAE:tic 
lIilfJ~Jt¥U 468. 43 hm2 

0 ~~EI3T~T151JJf'~~i¥J)]3:~a#3¥:A]gT11t:li 

/j\, lPJat )]3:~a#i¥J~JE~;f1J15:!;tt3¥:¥Ij~rWVFm~1-ti¥J.u[ii]tgt/j\, lE! mf;tt 
~~1-tWJjt:li1f£o .~#.g~3¥:¥Ui¥JA]gT11ttgt*, 19~EI3T7j(~ H~. 

±iI:!.jJlE!~i¥J~~ittl, %:fI1~ffi~.9='o ifEit~)]3:~a#, A~xif{X1:#~~1-t 

)]3:~#i¥J*1VJ:~~F*1VJ:#F~i¥J~mtgt3;,m~EI3TiX1:#i¥J~M~. 
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t~'/t{:9!;fl;m:~ OOfJt~ ~:jf*, J1H-tJffi:~€t*$)t If'Il;(£jE~,@ ~}~ tgt~ I¥J Ji!? 
jj, IZ9l1tiX~*;fI:I*1-tJffi:~€t*I¥J1VtU$1-tW~tgt1~o 
4.3. 2 ~~.w.;jtJ6j,~,·f2Mij:qiE~HJT 

~7j(~~ El ~!l-~*:!U9IU~t OOfJt 108611hm2
, ~;;ff 6303 1'-~I~, 

3jL±5:;~I~OOfJt7g 17.23 hm2
, ~It1cW~:7g 5. 80 1'-/100hm2

, m:~*)/:fC1~ 

?}&:7g 86. 82; :J:xm$:¥f'/t1~?}& SDI~ ±5:;?:]~1~?}& SEI ;f1:111t~~m?}& D)t 
J]U:7g 1. 86 ~ O. 70 ;fI:I O. 80 (.m* 4-4) 0 

*44 1!i*~~~j~!U~~~3tJil.~~,'i!?,f*!f.H.iE(2008:if) 

mm ~#c~ 
~#c*1t .lJZ:t:\J~#c J11~*1t .lJZ:t:\J~#c 

mtf, PD mm MPS ED %)jjtm~ SDI SEI D 
(hm2 ) NP(n) 

( 1'-/100hm2
) (hm2 ) (m/hm2 

) MSI 

~tiE{j[ 108611 6303 5.80 17.23 131. 67 86.82 1. 86 O. 7 0.80 

~*:J:){JQ.** ffijlllf[7l<~:9k14~1iitl¥J ~Jl:., '¥:EJQ.;;ff~JI'.1$I¥J:f:-tMW'/t)t1f'll 0 

~*xmL;g, ~7j(~~El~!l-Ji!?~:lt~m1~~ W~*1~, ~W:lt¥lj*m 

1t{iXPJ )t:7g1ZY*Ji!?~~f1;1'1W, ~P:lt$r1J 1R:f:-t!?* ~ W$Ji~Ji!?* ~ J:j=t$3jL 
Jffi::f:-t!?*;fI:I*mm~ElJi!?Ji!?* 0 ~#Ji!?~t~ffij D..,(.&EI3l1tSI®1¥J7j(~W)tWC 

*mtT~7j(~~ El ~!l-5!kt~I¥J~*:J:){JQ.t~ffij: :lt$r1J 1RJi!?*D..,(Jffi:~€t*~ 
iX~*;fI:I*~*Ji!?:7g±,W$Ji~Ji!?*D..,(~~*~iX~*:7g±, J:j=t$3jL 
~Ji!?*$:7g~fflJi!?;fI:I~Ji!?,*mm~ElJi!?Ji!?*D..,(~fflJi!?;fI:I'@~fflJi!?:7g 

±o ~7j(~~ El ~!l-~*:J:xm$:¥f'/t1~?}&~ 11t~~1~?}&tgt~, *:J:xm~ 
~~~I¥Jm:~OO~;fl:lm:~?}&)tIf'll~~±5:;~;~fflJi!?;fl:liX~*I¥JOO~Z;fl:l 

:7g 51415 hm2
, r5:J:){JQ.,~,OOfJtl¥J 47.34% (.m* 4-3), PJD..,(;gf'FMJEIRI¥J 

±~:J:){JQ.~~; ~~€t*~ *1-t~~€t*;fI:I~~*;(£:J:){JQ.J:j=t r5;;fftgt/j\I¥JOOfJt 
I:t17tl, 19~~I~W~/j\~ ~I~~JI'.~*, )t1f'll~J:j=t, 1VtU$1-tW~tgt{~, ffif 
*~*:f:-t!?lfXm:T~~€t*~ iX~*ZIS], 5t¥ljlX1itA:7gT;J7t;fl:l~Ji!?~ ~~ 

*1¥J)tilflj, ;fl;~I~J!~~1~ ~ 1VtU$1-tW~~; ~7j(~~ El ~!l-~1*:J:xm 
D..,(*Ji!?:7g~19J:, *.!:j~ffl:f:-t!?~ ;fl;1mffl:f:-t!?~m:~tgt/j\I¥J:J:){JQ.~~~~:;fln[ 

3C~)tIWi, ,@~,~~ ~Ji!?~:J:){JQ.~~lfXIf'IlT;fl;J:j=tI¥JJl:.19J:~*:J:xmo 

4.4 1991-2008 ~~**~~.w.~JSj~~ 

:J:xml¥J~~~~~mlR~:J:xm*~1*I¥J~~;fI:I~.Illf[~~ffif~~1¥J 

~~o:J:xm~~MJEI¥J§I¥J~T.;fI:I •• :J:xm~.Illf[:J:xm~~~~ffif~ 
~1¥J~W;fl:l~1$,**W~;;ff~I¥J:J:xm~~~~wm~~~W~1t{mo 
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4.4. 1 ~)~~~mJjj(;.:&m~*-fqiE3£{.t 

~xw,~~gil.nX;~f1J~11:i~xw,*~~)(l~~~~Et9;f§xif~tt**0 * 
~Q,(~~xw,~~~~Et9~~foo~Jt( CA) ~ oo~Jttt(PLAND) ;fj:(~f:l#c~(NP) 
71H~ajj Wt7j(~1i* § rft-f!. 1991 ~2008 1frs]~~)(l~~gil.nX;~f1J Et91Hto 

WtJj(~1i*§rft-f!.~)(l,~,oo~J{~ 108611hm2
, 1991 ~20081frS]~)jj~ 

#j~, ~~ xw,~ ~ ~ ~ 00 ~/q:l:!g:ff 7G IPJ;j¥Jjt Et9?:lt 1t , ± ~ Q,( IZID f-l!!. ~ ;fif ~ 
w ~ m11fflf-l!!.;fj:(;lt1ikAI#Et9oo~/qEt9ft/t1J0;fj:(iX~#~ iJ!1tnr:~~#~ ~ffl 

i!!!.;fj:(*JffJtAI#00~/qEt9~y]g±(JJ~3l~ 4-5 ;fj:(OO 4-1) 0 ,~,1*Llf, 7C 
~#( {g1%nr:~~#~ iJ!1tnr:~~#;fj:(iX~#) oo~/rUt-Wtl:(£7G®T~Y( EE 1991 
1fB"J 45. 15% ~y~U 1999 1fEt9 37. 81 % jlJ 2008 1fEt9 33. 83% ), AI# 
({g1%IZIDi!!!.~.ft~;fif~W~*JffJt;fj:(;It~AI#)oom~M:(£7G®T* 

110 (EE 1991 1f Et9 17.84% * 110 ~u 1999 1f Et9 21. 25% ~u 2008 1f 
B"J 29. 52% ) 0 

*4-5 Jli*~1l*~J€Hl1991-2008 ~~~~3!.!,iI,~~~ruii'ii;fR~1t 

~M 
~~iliHJl CA(hm2

) iliIfJUt PLAND% iliIfW:ft1t% 
1991 1999 2008 1991 1999 2008 1991 -1999 1999 -2008 1991 -2008 

mi:Jlil* 5153 5153 5153 4.74 4.74 4.74 0.00 0.00 0.00 

ill1tJJJt~il* 9882 8124 6837 9.10 7.48 6.29 -17.79 -15.84 -30.82 

7J.:.!t* 34004 27790 24764 31. 31 25.59 22.80 -18.28 -10.89 -27.17 

ill1t*:I!!! 954 1859 2358 0.88 1.71 2.17 94.95 26.87 147.34 

~JBm 8200 9473 8324 7.55 8.72 7.66 15.52 -12.13 1.51 

;fJ'9¥~ 2283 7125 7365 2.10 6.56 6.78 212.14 3.37 222.65 

*,M;Jt,A,I* 1846 463 452 1.70 0.43 0.42 -74.91 -2.39 -75.51 

;l;i1f!.,A,I* 5505 4211 7235 5.07 3. 88 6.66 -23.50 71. 80 31. 43 

;l;i1f!.*:I!!! 735 1196 176 0.68 1.10 0.16 62.65 -85.31 -76.11 

Ji!Ht.ffl:l!!! 2442 3057 4126 2.25 2.81 3.80 25.20 34.98 69.00 

Im:l!!! 1553 1798 8693 1. 43 1. 66 8.00 15.74 383. 60 459.74 

:&.ffl:l!!! 29614 31365 26651 27.27 28.88 24.54 5.91 -15.03 -10.01 

;l;i1f!..ffl:l!!! 6441 6999 6478 5.93 6.44 5.96 8.66 -7.45 0.57 

,~, 108611 108611 108611 100 100 100 

]A 1991 ~20081frS].-~xw,~~~~Et9oo~/q?:lt1t*lf, nr:~~#oo 
~RfliH4H~):£0 iX~# 00 f"q]A 1991 1f Et9 34004 hm2 ~ y jlJ 2008 1f Et9 
24764hm2

, ~y 9240 hm2
, ~ ~ xw, ,~, 00 ~/q Et9 tt -Wtl;f§ Ell ~1~ T 8. 51 % , 

~oom?:lt~.*Et9~xw,~~~~o;ltiX~ill~nr:M#, oo~/q~y 

3045hm2
, oof"qtti:!M§Ell~Y 2.81 % 0 ~ffli!!!.~ *JffJtAI#;fj:(;lt1ik# 

f-l!!.Et9oo~JHHJU~Y 2963 hm2 ~ 1394 hm2 ;fj:( 559 hm2 0 00~/q*110.~Et9~ 
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35.00 

30.00 

25.00 

1il1991 

~ 20.00 Ll!l1999 
oD 02008 
0/ 
~ 
f§ 15.00 

10.00 

5.00 

xm~~~ID!~I2IDJ!!!, lA 1553 hm2~j]I1~U 8693 hm2, OOf/qtt~j]116. 57% ; 
Jt:fX~;ft9}~, ~j]I1B"JOOfR7g 5083 hm2 

0 Jt:1i!tA.I*~ JiH3:)iHi!!~ilHt 
*J!!!B"JOOfRfft1f::r-lPJfj)jt B"J~j]I1, OOf/q tt*JJtl:m~ T 1. 59% ~ 1. 55% 
~ 1. 29% 0 ;ftJBt*OOf/q~1f~j]I1, OOf/q tt:m ~ T O. 11 %, mfJt:1tltffl J!!! 
B"JOOf/q~j]I1:fty(37 hm2) 0 

lA::r-IPJBtlW*~)(.m~~B"JOOf,.,q1£1t*~, 1991 - 2008 1:prEiJOOf/q1£ 
1t~j)jt:ft*B"J~I2IDJ!!!, 171:prEiJOOf/q~~!rUI1, ~j]I1B"JOOf,.,q~ 19911:pB"J 
4.60 1if, 19~~#1£1t.±~ ~~1'£ 1999 - 2008 1:prEiJ; Jt:fX~;ft9}~, 

171:prEiJ~j]I1B"JOOf,.,qjg 19911:pB"J 2. 231if, ~#~j]11'±~~~1£ 1991 -
19991:prEiJ; ~1t*J!!!OOf/q~j]I1~j)jti:I1Jgt*, jg 147.34%, Jt:9=t 1991 -
19991:p18]~ 1999 - 2008 1:p18]OOf/q!~j]I1~j)jt*JJtljg 94. 95% ~ 26. 87% ; 
1991 -19991:p~ 1999 - 2008 1:plW-1'Bt;!wOOf/q~~~j]I1B"J~)(.m~~~ID! 
:if§1J5Ji51tfflJ!!!, Q~J§-Bt;!wOOf/q~j]I1~j)jt~*TlW-Bt;!Wo 1991-
20081:prEiJ, OOf/q~~~YB"J~)(.m~~~ID!1ffX~*~ ~1t)ffiJ€l*~* 
WRjit.A.I*, *liOOf/qB"J~Y'±~~~l£ 1991 -19991:prEiJo Jt:9=tfX~ 

*~*WRjit.A.I*l£lW -1'Bt;!w B"J OOf/q1£1t~:fFtltjg.illi~, 1991 - 1999 
1:prEiJ~YB"JOOf,.,qajJ.illi*T 1999 - 2008 1:prEiJ 0 fX~*~~1tJ1jt~€l*OOf/q 

B"J~Yi:l1.w.ajJ7C~*OOf/ql£ 1991 - 2008 1:prEiJ~~Y~~o ;ftJBt*~Jt: 
~fflJ!!!B"JOOm1£1t~~~~~~J§~Y,m~lW-Bt;!w~~B"Joom*T 
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E-BtWl~Y8"JrnH .. q, mpj(;~W[#~~ 1991 ~2008 ~ra]1tilq~1ff~:fJoo 
~~#~,~m~1ti~~*~E~y,*Hl~9~W~~~~Y8"J1ti 

~R*T 1991 ~ 1999 ~1S]f~:fJo8"J1tilqo ~1mAI#8"J1ti~,H~1t5j~1m~ 
x~~ ~~ ~:;f IPJ, 1999 ~ 2008 ~ IS] f~:fJO 8"J TIff ~/q (3024 hm

2
) ajj ~:* T 

1991 ~ 1999 ~1S]~Y8"J1ti~/q( 1294 hm
2

) , 1JE{t~1mAI# 2008 ~8"J1ti 
~/q:*T 1991 ~o 

Wt7.k~~§raJl.it-~x~~~~~ 1991 ~ 2008 ~ra]~I:I3c~~{tJR.~ 
4-6 ;fIlOO 4-20 ~I:I3c,~,~~ 1991 ~8"J 1961 *:fJo~U 2008 ~8"J 6303, ~* 
~~#m:l3c~§*:;f~,* •• AI#;fIl~~#~8"Jm:l3c~1fm~Y, 
w~~~m~~~~8"Jm:l3c~~1f:;flPJfi~8"J*~ol~I~it-~m~ 

~~I:I3c~~tfFajj~, ~mfm~I:I3c~ii$, 7g 563, r!i~x~~I:I3c,~,~8"J 

28.71 %, ~~~-,*1tm~, ~I:I3c t~19tl7g 26.57%; 1999 ~~x~~I:I3c~ 
~~*:fJo, ;ft~W8"J~I:I3c~ii$, ~~~~1mAI#, m:l3c t~19tl?tJjU 7g 
23.89% ;fIl20. 56%; if§ t~ 1999 ~, 2008 ~~m~I:I3c,~,~~1f~Y, ~I 
:I3c~ii$8"J~m~~~~7g~~AI#o~:;fIPJ~Wl8"Jm:l3c~~{t* 

;g, 1991 ~2008 ~~mm:l3c~i¥,]*:fJo~"P1:E 1991 ~ 1999 ~1S]0 ~"P~ 
~€l#~I:I3c~§*~JE, ill1t~~€l#, ~!t#, ill1t#f{/?" ~1mAI#;fIl 
-,*1tmfmi¥,]~I:I3c~1:EW[-'tBtWl~1f*:fJo, ~Jtt#, ~1m#f-t!!, ~mf-t!!;fIl 

~~m~i¥,]m:l3c~~*~E~Y, ~~i¥,]m:l3c~~~YE*~,* •• 
AI#i¥,]~I:I3c~*~~Y 0 

;&4-6 1li*~11* ~jft!t 1991- 2008 ~~*f;~){JiI.~jl~~~~~~~{.t 

~~iliimCA(hm2) iliimt~PLAND% iliim5Ht% 
~'I,\\! 

1991 -1999 1999 -2008 1991 -2008 1991 1999 2008 1991 1999 2008 

.IJl(~~;f;f; 11 11 11 0,56 0,15 0,17 0 0 0 

iIHt.lJl(~;f;f; 30 82 110 1.53 1.12 1.75 52 28 80 

iX1:.;f;f; 101 208 344 5,15 2.85 5.46 107 136 243 

ifHt;f;f;:It!l 80 629 766 4,08 8.62 12.15 549 137 686 

1*JBt;f;f; 16 105 58 0.82 1.44 0,92 89 -47 42 

#~W 146 1744 505 7.45 23.89 8. 01 1598 -1239 359 

*~.}.I;f;f; 64 61 44 3.26 0.84 0.70 -3 -17 -20 

jj;{l!!}.I;f;f; 118 1501 1530 6,02 20,56 24,27 1383 29 1412 

jj;{l!!;f;f;:It!l 21 34 13 1. 07 0.47 0.21 13 -21 -8 

)l!f{±J!l:lt!l 521 914 1202 26,57 12.52 19.07 393 288 681 

Im:lt!l 134 132 301 6,83 1. 81 4.78 -2 169 167 

;&J!l:lt!l 563 1212 829 28. 71 16,60 13. 15 649 -383 266 

jj;{l!!J!l:lt!l 156 668 590 7,96 9,15 9,36 512 -78 434 

,~ 1961 7301 6303 100 5340 -898 4342 
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2000~-------------------------------------' 

1800 

1600 

1400 

~ 1200 

:il\< 1000 

lti 800 
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400 
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O~~~~~~~~~~~~~~ 

1111991 

!i 1999 
D 2008 

~f ~f Y5y* *~ ~* ~~ "y* "y* *~ ~~ f$'~ ~~ ~~ ;Ja~ 
~ ~~~- -\)- ~~ ~ Xf;,'\~~'J +~'J +~ 4p{(y if;;- +~ 

*" 
4.4.2 ~)(~~~~ru!,jfmHi~f.t 

?Hltl t~$5tI~bj(~~ gH§-!l- 1991 ~ 1999 5f1:12008 !tp~~xJll.~~~:ru!1¥J 

~ftJc~Ji'(PD)5fI:I:IiI~~Ji'(ED) (~~4-7), ?t;fJT~~~~~:ru!I¥J~J9J: 

'1i1Hto 
*4-7 I!t*~~ ~ 1ag 1991 - 2008 ~~*~j~~~~~ru:lJc~ Jjnllli1.~~ Jt~{.t 

~#H~'lJ!: PD( 1'/I00hm2
) 

J!(Xl\I,~~#R:w. 
:ltI~WlJ!: ED(m/hm2

) 

1991 1999 2008 1991 1999 2008 

)]1:~€l;l;t 0.21 0.21 0.21 38.39 38.39 38.39 

llHt)]1:~€l;l;t 0.30 1. 01 1. 61 36.64 49.58 57.52 

iX1:;l;t 0.30 O. 75 1. 39 38.91 52.67 68.23 

i!!it;l;t:tl!1, 8.39 33.84 32.48 141. 70 285.40 341. 38 

~Jl3t;l;t 0.20 1.11 O. 70 54.46 109.55 104. 87 

;fj~W 6.40 24.48 6.86 180.80 327.09 265.76 

*JJ*JtAI;l;t 3.47 13.17 9. 73 127.66 227.69 213.37 

~1il!AI;l;t 2. 14 35.64 21. 15 119.61 293. 79 250.81 

~{il!;l;t:tl!1, 2.86 2.84 7.40 150.68 165.34 161. 56 

J§1±ffl:tl!1, 21. 34 29.90 29.13 200.27 270.10 293.26 

1lQ:tI!1, 8.63 7.34 3.46 168.04 191. 55 144.09 

~ffl:tl!1, 1. 90 3.86 3.11 82.31 133.72 110.58 

~{il!ffl:tl!1, 2.42 9.54 9.11 152.43 209.36 158.43 
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19911f, m1±m:l:i!?I¥J~f;!;1c~ltt![~!ije(21. 341'-/100 hm2) , JiI~ 
~lttf1!ije(200. 27m1 hm2) , $ Q.( /j\~;!;1cif§::xt:5j-1ft I¥J :5j-:;fjl;j:-J} jjjfHJinlt, 
iBl1i$1tifilttgt~o ~Mvl*I¥J~;!;1c~ ltt![~!i/j\ (0.201'-/100 hm2) , iJt 
Ml~I1f~~I¥J#~m~tgt~,R~.~~oo~~.~a.~g~o 

®J:l:i!?, :iJ&1t;{>t:l:i!?, t-t91W l¥J~f;!;1c~ ltt![~tgt~, :5j-ilU jg 8.63 1'-/100 

hm2, 8.391'-/100 hm2, 6.401'-/100 hm2, EET~~:J:)(.m~~5tAjg-T 
tttgtje,~~r.nhmw,£.*~:5j-:;fjlT~~:J:.~~~~Z~, 

1EI.Llt~iBl1i$1tifilttgt~ 0 LITl:~&;{>t, :iJ&1tLITl:~&;{>t, iX1:.;{>tI¥J~;!;1c~ ltt![~ 

tgt~,JiI~~ltm~tf1tgt~,~;!;1c%~tgtjgmm, ~T:5j-:;fjlffi~.~, 

~~5t~~l¥Jifilt~~o~I¥J*.,mftm~~Ajg:J:.I¥J~;!;1c~1t~ 

JiI~~lt!ije, ~~,:iJ&~;{>t~~~~r.nhtgtWI¥J¥~~:J:.iX 

Z,:iJ&~LITl:M;{>t,iX1:.;{>t,LITl:M;{>t~~~:J:.I¥J~;!;1c~lt~JiI~~lt!i 

/j\, rm~~;{>t, am~~¥~~:J:)(.mEET~~~141¥J~IHIi'J, ~f;!;1ctgtjg~Jt 

!J!U, :5j-:;fjl.~, ~~f;!;1c~ltt![~~JiI~~ltt![~-tf1if§~tgt/j\o 

19991f1}:J:.~~~~I¥J~;!;1c~ltt![~je/j\1I~*~ 19911f~1t{, 

*J3.~LITl:~&;{>t, ~:l:i!?)tr, ~1i!?~~I¥J~f;!;1c~ltYg~:iji*, jt~~~1i!?A 

I;{>t, lA 1991 1f1¥J 2.14 1'-/100 hm2:1:~:fJn~U 1999 1f1¥J 35.641'-/100 

hm2, ~iX~:iJ&1t;{>t:l:i!?, lA 19911f1¥J 8. 391'-/100 hm2:iji:fJn~tlI9991f1¥J 

33.841'-/100 hm2, iJtMAjgmZ9J::xt~1i!?AI;{>t~:iJ&1t;{>t:l:i!?I¥J~u~~~ 
:I:~5£, mnlt~1i!?AI;{>t~:iJ&1t;{>t:l:i!?:llt-tf7iBl1i$o t-t91W~ 1999 1fJiI~ 
~lt!ijel¥J:J:)(.m~~~~, ~~f;!;1c~lt5t1t-tf1tttgtM~, {g~t-t~WI¥J 

iBl1i$~~~:5j-:;fjl~~~~,~~$OOl¥Joom5t~:5j-~,~Q.(.iliM~g 

m~~#~t-t~Wl¥Jm.tt.~o:iJ&~LITl:M;{>t,iX1:.;{>t~oomd~l¥J~ 

~,~;!;1c~lt:ijije,JiI~~lt.~:iji~,~M~~~:J:.~~5tAjg-T 

ttI¥J5£1t:ijije, ~f;!;1c%~~T1l~, iBl1i$1t~jlt:fJnjeo 

1991 -20081fraJ, ~f;!;1c~lt~&~:ijijel¥J~~~:iJ&1tLITl:~&;{>t, iX1:. 
;{>t, EET~oom£d~~~,:llt-tf7~M~~#~~l¥JiBl1i$~~*~F 
m:; ~1i!?~~~~~&;{>t~~~5E)tr, ~f;!;1c~ ltm~Yg £:E.m:$'G:ijijeJ§' d/j\ 
1¥J5t~,R~5t~glt~~#,&~TAjgmZ9J~M~g.;{>t:J:.I¥J~ 

u~ifilt-tf1~:$'G~jeJ§'d/J\o lA1}:J:)(.m~~~~JiI~~ltl¥J5t~*., LITl: 
~&;{>tJiI~~lt~~::f5t, :iJ&1tLITl:~&;{>t, iX1:.;{>t, :iJ&1t;{>t~, ~~;{>t~m 

1±m:l:i!?I¥JJiI~~1t:iji:fJn, ~;!;1c%~I¥J::f~Jt!J!Uifilt:fJnje, rmt-t~w, *~ 
.AI;{>t,~~AI;{>t,~~;{>t~,~~,am~~~~m~I¥JJiI~~ 

lt~ 1991 -19991fraJ:I:~:fJn, ~ 1999 - 2008 1f1Ei]d/J\, iJtM1}~~~f;!;1c 
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%t'C E8 :;f ~Jll.JJ!U 1nl ~Jll.JJ!U 1Ht 0 
4. 4. 3 ~~j!,~, 1*lf.HiEY£f.t 

~7j(~P* § til.£l- 1991 - 2008 ft':~ififc:w:mL~,f*~~1iE1t:1tJUl~ 4-8 0 
1991-1999 ft':, :w:x.w.~:!ikJ&:Jt1JoT 5340~, ~I~~Ji'1t:1t~lL E8 
1. 81 ~/100hm2t£~j1J 6. 72 ~/100hm2, JiI~~ Ji' E8 74. 13m1hm2 ~1~ 
-Jg 131. 94 mlhm2, :w:w.~¥-M~m~;fU:hl] 5j Ji'1~~:hl]:ff Flft£~, 1ft~ Ji' 
r~o 1999 -2008 ft':, :w:x.w.~I~~~YT 898~, ~~~Ji'*if:§ElZ~ 
~,WJiI~~Ji'~*.~,:w:w.~~ttm~;fU:hl]~Ji'm~ru:ffFlft£~, 

1ft~Ji'1~~1#~ ~1~0 JA:;f IPJ at rSJ ififc]tm ilt?1¥.J iiffJt1t:1t*;g, 1991 ~ 
1999 ;fU 2008 ft':l¥.Jififc]tm j:i!! iiffJt r!t:w: w.J~' iiffJt I¥.J t~ 19t1 :5HJU -Jg 61. 02% ~ 
53. 65%;fU 50. 91 %, ¥ r~~~, iJtlffl1991 -2008 ft':rSJ, ~7j(~P* § 
til.£l-l¥.Jififc]tmilt?iiffJt~ft':Jl~, ififc]tmilt?~wr~lmj:i!!~ m1imilt?~~~ififc 
]tmilt?Flf~1-to %tJT D.JL1~~1¥.J1t:1triJ D.J1'{:}:±I: 1991 -2008 ft':rSJ, ~ 
*~P*§til.£l-*:w:w.~.~~:;f~~%~,~~%t'CB~~.,~~~ 
~~~:Jt~,~.:W:W.B~.~o5j~IPJ~,:w:w.~~ttt£~,1ft~Ji' 

r~, E8~:W:W.~.~~I¥.J~.;fU*~.~~~l¥.Jiif~:5t~~~~~T 

:w:w.~~ttm~I¥.J*~,~~:w:w.~~ttm~;fU:hl]~Ji'm~t£~*~1ffl 
FlfJGtl%1¥.J 13 ~:w:x.w.~.~~zrSJ l¥.Jiiff/q%~&:#~wr~/J\, ~5j:;f1PJ 

~:M rx1:.ififc;fU~m ilt?iE:W:W. 9=t 1ft~j:i!!1iI I¥.Jr ~~-_I¥.J ( 1$ ~ ffi"~ 5) 0 

*4-8 1!R*~~~1€Hl-1991 -2008 ~~**~51Jil~~,~,f*!f.!H.iEs£{.t 

lI:!;lHt')f JiI~* :M]():j)f *.illcYllItf!. 
at/a] i!iiW- 1I~~ 

PD )fED 
~:j;f'11 

m~ 
iJt~)f 

( 1f) (hm2
) NP(n) m~SDI m~D 

i!iiW- t~{91J 

(1'/100hm2
) (m/hm2

) SEI (hm2 ) (0/0) 

1991 108611 1961 1. 81 74.13 1.16 0.45 1. 42 66279 61. 02 

1999 108611 7301 6.72 131. 99 1.55 0.59 1. 08 58268 53.65 

2008 108611 6303 5.80 131. 67 1. 86 0.70 0.80 55298 50.91 

4.5 ~**~~~fdJ~fPiltl 

~ififc:w: W.'I$'(~I¥.J ~JJf[~-~-jf:it-rft':lf .3UL -rft': I¥.J -jf:M:ct~, ~ T 
ElZ~g*l¥.Jtl~~~m~~~;fUtt*m~, T.~ •• ~ififc:W:W.§~1¥.J 
1t:1t *~~ififc:W:W.'I$'(~PX;:;/J I¥.J'±~ ~. 0 *:!ltiE%tJTIDfJE lK~ififc:w: x.w.** 
~~t'C;fU~~1t:~I¥.J~~L,~:ct~~~ififc:W:W.~~~~,~~~ffiIDf 

JEIK:W:W.~~1t:~I¥.J.f*~1iE,mm1t:~:ct~;fU.f*~~~~,-Jg*­

t17%tJT~~1t:1t I¥.J PX; ~ m 1M, tU ~~ififc:w: x.w.'I~dUJll.JGtl t£1jl;*m 0 
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*m Markov if~~, f:&~ 1999 ~20081f~~X.m~:ttra]~lt;fl*9;§J* 

(JiU~4-9), fflWWWbj(~p*§~-£l.~*~~~W,~,1*1e1t~~o J:UirYI~~ 

*JJU~4-1O ~1!I4-3o 

~ 4-9 \li*~"* ~ 1ft!! 1999 - 2008 ~~j{~~*~$~$m~d) 

2008 
1999 -------------------------

PF 100.00 -

DPF 

SF 

DFL 

RP 

TaY 

CeP 

OP 

OFL 

RQL 
GP 

AL 

OL 

84.16 11. 39 1. 24 0.05 2.79 0.02 

85.78 3.62 1.23 0.71 3.52 0.17 2.57 1. 95 

9.58 13.54 1. 82 0.29 56.43 0.11 0.81 10.19 4.82 

4.8563.02 2.41 7.44 0.42 0.8512.73 7.01 

0.37 0.55 39.60 0.25 6.94 0.15 11. 03 10.90 26.66 

0.35 

0.44 

2.40 

1. 26 

3.57 

1. 33 11. 38 0.77 4.25 0.37 53.44 28.46 

3.18 8.30 12.43 1.49 23.72 0.90 3.54 15.92 23.01 7.50 

6.42 4.44 7.62 1.74 2.39 25.76 51. 04 0.58 

0.93 2.47 19.32 0.25 3.09 0.01 62.17 3.22 7.16 1.39 

0.02 8.16 9.26 0.01 6.01 1.57 30.10 43.69 1.18 

1.11 2.80 8.05 0.28 6.62 0.16 3.00 11.15 61. 73 5.10 

1. 08 2.71 3.14 3.10 9.11 0.18 1. 87 6.65 18.01 54.17 

Q):PF -1lJl:Ml*,DPF -ili1t1lJl:Ml*,SF -?X1:.*,DFL - ili1t*:Iifl,RP - ~Jllt*, TaY - #~i*L CeP - )j'lfj::l' 

AI*,OP - Jt1t1!AI*,OFL -Jt1t1!*:Iifl,RQL - m1±ffl:lifl,GP -im:lifl,AL -;Rffl:lifl,OL -Jt1t1!ffl:liflo 

~ 4-10 \li*~"* ~ 1ft!!~IE.I~j{~~*~~*~M ~fl$ ( %) :t~:IX~f9ii!i!U 

2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 

Jij(~~* 4. 74 4. 74 4. 74 4. 74 4. 74 4. 74 4. 74 4. 74 4. 74 4. 74 

ltHI:;Jij(~~* 6.29 5.30 4.46 3.75 3. 16 2.66 2.24 1. 88 1. 58 1. 33 

?X1:* 22.80 20.28 18.00 15.95 14. 11 12.46 10.99 9.68 8.52 7.49 

iJHt*:Itf! 2. 17 2. 09 2. 01 1. 95 1. 89 1. 84 1. 79 1. 75 1. 71 1. 68 

~JIl('* 7.66 7.60 7.73 7.88 8.02 8.15 8.28 8.38 8.48 8.57 

#~W 6.78 7.55 8.20 8.72 9. 13 9.49 9.79 10.05 10.28 10.48 

*Jff:tV..r.* O. 42 0.43 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 

;!'t1t1!AI* 6.66 7.43 7.63 7.73 7.81 7.88 7.94 8.00 8.05 8.09 

;!'t1t1!*:Itf! 0.16 0.16 0.17 0.17 0.18 0.18 0.18 0.19 0.19 0.19 

I*f±ffl:ltf! 3.80 4.46 5.01 5.46 5.85 6.17 6.44 6.68 6.88 7.06 

129:1tf! 8.00 9.46 10.03 10.37 10.63 10.86 11. 06 11. 23 11. 39 11. 52 

24.54 24.72 25.82 26.97 28.02 28.94 29.75 30.47 31. 10 31. 65 

5. 96 5. 76 5. 76 5. 86 6. 00 6. 15 6. 30 6. 44 6. 56 6. 68 
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'" 

35. 00 

30. 00 
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:I! 20. 00 
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5. 00 
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8. 00 
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0.00 

2008 2017 2026 2035 2044 2053 2062 2071 2080 2089atrEi] 

---* 1-1'. 1* ~€l ** --D- i'J( 10 ** 
--0-- Im J:-f!J. ---*- i< ffl ±i!!. 

)( )( )( )( : : : : ~ 

~ ~ : 
• • • • • • • • • • 

2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 at rEi] 

~~ ~*~.~~.~~~.~~.~*~M~ •• ~U~~~~~~ 
~.M*.OO,*M~g •• ~~1~9-W~~~~.m.,~ 

~~+~~~~~~~~~:~*~§~~~~~~~,~m~~*§ 
~~'x~5fIlJi511m~~ A~~'x~~~:f:ftlJo, ~,x~~ ~~ff~~Yf:f:jV~~ ~ 

7JrPJ~.o ~it¥U 2089 ~M~gil!~l*ftft*5fIliX~*?tJjU~~~ 
1. 33% ~ 7.49%, rm~m~5fIlJi511m:f:1!1.P!U?tJjU:f:~:ho~ 32. 65% ~ 7.06% , 

J!1m~~~1ttt$3tOOJ[~~~~~~~o ;fJ;1i!!.~~:ftlJift91i\%t ~ *MifJt5fll 
;fJ;1i!!.AI*~ 12ID:f:1!1.5fIl;fJ;1i!!.*:f:1!1.P!HfHJU~tt~:ho~m., ~JJ3t*5fIl;fJ;1i!!.m 

~~J'G~~~~:ho, 1E!.~~~~lifJ3t1LVJ\, £*~5Eo Jtt,~*7f, J!#~ 

.m.OOJ[~M~g~;f±~~£.~~.~t4, jt;fJ;~iI!1tl*ftft*~ iX~* 

~7C~*;E,®J~~5fIl~m~~ g11m~~7G~ltjt*, 1ZSI.tIt!.l6\@fxij" § lW~ 

~~;f!~:ttH-T~~T~, i@{5I!±~;fumrPJ ti:!.JI1:7JrPJ~~o 

4.6 Ij\ ~ 

*jjr~~7./<~~§r€f.f!.~{7tl, lA~,X~~~?t~~ ~m~lIit~6l.H1IL 
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~~~~~~~*m~nOO,M~Tg~*~~~~~*mtt*o 
(1)]A FLR Et91fl JJt, Jl.lr. T ~m TM~g~*~~** ~*mEt9~* 

~x~~~*~*~: njij~*, il:'11tl*~~*, rx~*, il:'11t*Jt!!, ~IDt 
*,M~W,*~.AI*,~~AI*,~~*Jt!!,m~mJt!!,~ 
Jt!!, ;&m:l:i!!.;fIl~1i!!.m:l:i!!.0 

(2) ~7j(~~ § r€r-£!..~X~$~'t1:1~~, 1jtJ;}JJt1~~~~, ~~~~ 

~~~Et900~Jt;fll~:ljc*;fp"t'&~f0jf 0 7C~*( -§':J'lSl*~~*, il:'11tl*~~* 
;fIlrx~*) OO~Rtfj~tlj; 33. 83%, ~~rx~*OO~Rj; 24764hm2

, r5~~ 

i~,OO~REt9 22. 80%, '±~1ilT:lfj$Y3hLJJt!!g;fll~-1' Ji~Jt!!g; l*~~*;fIl 

il:'11tl*~~*1£~~~ r5~~;J\ OO~JUfj~tl, *JJtlj; 4. 74%, 6.29%, 19 
~~:ljcWJJt~,~:ljc •• *,.~*;fp"T~.m~~~~,Aj;~~ffi 
xf~j>Et9:1fj$ M ~ J1J *g, ~1i$1t~JJt~1J£0 il:'11t*:l:i!!. OO~Jafj~tlj; 
2.17%, i5cftTl*~~*, rx~*)j!fjE@, ~Jtl&~Aj;~~;fIl;&Jt!!, ~IDt 

*Et9*M,~~:ljc~.JJt~,~1i$~~JJt~o 
(3) 1991 -2008 &fr§]~l*~~*)tr, ~~~~~~~OO~Jt:f1]~~IPJ~ 

JJtEt9~~,'±~~~Jt!!,M~W,m~mJt!!;fIl~~AI*Et900mEt9~~ 

;fIlrx~*,il:'1~l*M*,;&mJt!!;fIl*~.AI*OOmEt9.j>j;'±o~~ 

~~,7(~*(-§':J'lSl*M*,il:'1~l*M*;fIl~~*)OOm~Ml£~~. 
j> (ill 1991 &f Et9 45. 15% • j> JU 1999 &f Et9 37.81 % J1J 2008 &f Et9 
33.83%), AI*( -§':J'lS~:l:i!!., ~IDt, M~W, *~.;fIl~'EAI*) 
OO~JUfj~tll£~~~1JO( ill 1991 &fEt917. 84%~1JOJlJ 1999 &fEt9 21. 25% JU 
2008 &fEt9 29. 52% ) 0 ~~~~~~~~~1Jt*~U, ~I:ljc%)jjC S ~j;]~, 
~:ljc~~B~~~,~.~~S~~1i$o~~IPJ~,~~$~tt.~, 

«.JJtT~,~~*Et913-1'~~~~~~~~Et900m*~~#.M 
.;J\o 

(4) ~x~~~J:YHll!tl£S**~: ~*~ § ~~~.M.j>, ;&mJt!!~ 
*§~~~;fIlm~mJt!!~Aj;~~_M~~,~~~~a.~~~m~ 

~Et9n~~~0~#~2~9&fM~gil:'1~l*M*;fIlrx~**~.j>~ 

1. 33%, 7.49%, mJ;&m:l:i!!.;fIlm1±m:l:i!!.JJlU*JJtl~1Jo~ 31. 65%, 7.06% 0 
~1i!!.~~:tmM~W, *~.;fIl~1i!!.AI*, ~Jt!!;fIl~1i!!.*:l:i!!.JJlU£:E~~'tf 
~~Et9~.,~IDt*;fIl~~mJt!!~~.j>m~~,m~~~gJJtm~, 

£*~~o~~~~~.~B~M~gEt9tl~~~~~~~,~~~il:'1 

~l*M*,rx~*~7(~*~ •• j>;fIlm~mJt!!Et9~~r*, ~~~~ 
~§$Et9~~**~*fi~~~~,~~±Jt!!~m~~ttn~~~o 



*~~*$: FLR lRmlR1g¥tl, »dt~~~5t~, ~1JU'jU&--!:3~:fl[, 
~~~~--!:3~~5t~~nOO,~~tllR*~~~~~5t~tt*o 

5. 1 *){Jl~*~~ 

*jHm~IZY~4. 1 ~T FLR i¥J~~~~5t~~*, ~1:t*$:t1i¥J± 
~~m~~,~.*~~--!:3 •• i¥J~~,~*$:FrnlRmlR.*~~ 
5t1g8~:m~~M*,~~*,m~*~,AI*,~~,*m,m 

~ ),~O¥U 7J<i$ 0 

5. 2 ~1m~l& ~ ~im 

5.2. 1 !.!Hi~~H(.J1&~ 

1&~iI~*$: FLR lRmlRi¥J~m~~~1~: 1999 1¥~*i¥JAA~~ 
1~fIl2008 1¥ 12 Ji 9 8 ~*i¥J World-view ~1~o 1&~ff~~" +-11." 'it. 
JlH]::lI;u--!:3it::ll;u, *$:t1~*JtNt5l1IHR~)(*~)j<:-to 
5.2. 2 ~~~IR~IJ~i}aJ1!f 

~lRmlR 1: 10000 f-t!?J~OO1g~~~, ){ij~m~~~1~:itt1-T15tiE, ~ 
1:t~~5t~, ~mt1jt~\iti1:tfll § mfft¥w, ~~T FLR i¥J~X.w.~~5t~ 
19~~, :itt1-T~pg.*~x.w.5t~f~L~\i¥JfJJzv~*o --!:31R~7J<~~~*!~ 

5t~~Il'U, tlIR7J<~;JiHt~J!.f*J~~mJiii¥JR~, ~X.w.~~5t~EIT$1~ 

J~J!!1g~~IR, ~*J!.f*~U~Il'U~X.w.~~~m!, ~1l'Uif'Jt~, ~.®1~J~\7Gr! 

~m~~~m~~, ~~$~~~~mA~*i¥J~~k,){ijlRmlR:ittB 

lR::lI;u, ifiil~o 

lR~ifiil~*m~--!:3~, ~ifiil~~m~~~~~g-~~~m~,* 

~ifiil~~W~--!:3t1~:ittB~.,~*.~.~i¥J±~~m~~,~~, 

±~~mm~fIl**mni¥J~mn~~mAolR~ifiil~~~~~~~~ 
2008 1¥ 11 -12 Ji, 2009 1¥ 3 -4 Ji 0 Ji~~--!:3~iftiJ~, 1ifij1E~Il'U;fJt~, 

~1l'U~x.w.~~~~fIl~Il'U~2.1f m ~i¥J:etI~JiIJ!jl, .~.~i¥JJ!.f*1~J~\ ~ 
g:~.,~~,~~,~m~~,ff.~~,M.~~,*5t*~, 

~~,~1fm~,W:fl[~A,~~~*'it.~~,M~~~~~,**m 
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§~I¥J;fIJmjJ~~o 1:£ GIS IJt~~r, 1JJt17~nX;lRm:I2Gf[PJBtWj~)(~_ 
*00, Jiif;ft~*~~ *~;j:jJiJJi3R~~Ej~:,&;ftif1ii(PRA) I¥JIJ'!., l\4f 
lftiJ~ ~ IKJGtl~*5fI:i~)(~_*00&wr~;ft~, Ej;ft~~l$Tx¥frL .~~nX; 

1990 1f~ 19991f5fl:i 20091flRm:IK~#~)(~_*00 (i$JJl!.lm3JZ 6) 0 5t;fYT 
~~~~~,~.~.I¥J~[PJ, ~~~~.~~*~~5t.~~~I¥J* 

m;M~~~*~~~ •• ~,m~~.5fI:i~~~.~~~.~~5t1¥J 
*mo 
5.3 *i& FLR /J'm:I2S]~**~51j!~JEJlj!~ 

5. 3.1 ~)('!\!~~H§.f.iX;.&ltI~!f.HiE 

JJ\JJU~H*~ FLR lRm:1K 81'~~~.~~I¥J~~IoofR( CA) ~ 00 
fRtt( PLAND) ~ ~I~~( NP) ~ .:!1c~1t (PD) ~ ~:f:5].:!1c oofJ~( MPS) ~ 
~~~1t(ED)5fI:i~:f:5]~I:!1c~~tlj~(AWMSI) (JJl!.~ 5-1), ~!ltiJl~lR 

m:1K 20091f~x~~.gJ3.nltEd;tI:!1c*ftiEa 
mm:1K1il-=f~7./<~~gn~Jl.W~tUI¥J'f9t3;t, ,bt,oofR 399. 48 hm2

, 

~~~~M#~~~#~~~#~~AI#~~~~*m~m~~5fI:i* 
j$;j:jJnX;0 

JAoofR5fI:i~I:!1c~*:w, AI#oofJ~.*, ~ 240. 30hm2
, r!l~)(~,bt, 

oofRI¥J 60.15%, :ff 141'~I:!1c; Jt~1ik~~#, oofJ~~ 47. 55 hm2
, ~I 

:!1c~~ 43, ~1-t~~€J'#oofJ~31U~ 3, ~ 42. 06 hm2
, ~ 6 1'~I:!1c;j:jJnlt, 

~~#5fI:i~1-t~~€J'#5tJjU r!l ,bt, oofRI¥J 11. 90% 5fI:i 10.53%; 7./< m OOfJ~ 
26.82 hm2

, oofJ~tt~ 6. 71 %; ~1-t#~1:£mm:1K -tf1:ff*X*5t1l1, oofR 
18.11 hm2

, r!l~)(~,bt,oof/~I¥J 4. 53%; ~±1f!~ m~,~~ *j$r!l~)(JJiLbt,oo 

f/~I¥J ttfYtlffix;f*X/J\, oof/~5tJjU~ 15.32 hm2 ~ 8.32 hm2 5f1:i 1. 00 hm2
, ~ 

±1f! I¥J~I:!1c~ ~.ill}.~ -=f m ~}~ 5fI:i*j$ 0 
JAJJ'-1I1*:w( i$JJl!.lm3JZ 6), AI#]V¥±JtjE-=fmm:IKI¥J~1'~rBJ, 

t~JjU1ikq.~tU±1f! IK 0 ~~#~mm: 1K#J1I/J\t'tE:!l!:x I¥JWl¥iU:ff~ q. 5t 111 
)11-, ;lt1m*~1Vc1l1-=f AI# q. rBJ, ~ nltAI#-~~# I¥J ~~ _* f! 
~oW~~~M#m~~5t1l1-=f~fi~**~ifl¥JilimlK~,~mm:1K 

l¥iU5fI:i*l¥iU, ~-=f~.®~LHIiH1:I2Sl-=f, ~Q1ilji1Jijijm;~ xJi~~, jE7./<~ 

*Xm;~*±~~*X~,E:!1c*X~~±~~m~w*~*~o~~#~12Sl 
~~*~-=f§~~~*~El¥Jm*,*~5t1l1-=fmm:IKI¥Jl¥iU~IK,_ 

*-=f~1-t~~€J'#~I:!1cq. 0 
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iIHt.®:Mt;ft; 

lX~;ft; 

ilHt;ft;:I!l1 

.A.I;ft; 

1j!:I!l1 

7j(EB 

mK~ 

7j($ 

*5-1 

~l;\,Filif1'J1 

CA(hm2) 

42.06 

47.55 

18. 11 

240.30 

15.32 

26.82 

8.32 

1.00 

AAtil>t:il: xYl'l~dViJfJl 

*iI& FLR ~MB~ 2009 ~~~~){JiI.~~%~iE 

J;tf:!;lt~ 
~:!;Itl'1i' 1JLi\I~:!;It JiIfR<l'1i'Jl 1JLi\I~:!;It 

jlinm~ 
JlPD iliHRMPS ED %:If(m~ 

PLAND% NP(n) 
( 1"/100bm2) (hm2) (mihm2) MSI 

10.53 6 14.27 7.01 320.19 2.21 

11. 90 43 90.43 1.11 519.63 I. 68 

4.53 37 204.31 0.49 684.69 I. 44 

60.15 14 5.83 17.16 222.24 I. 94 

3.83 30 195.82 0.51 671. 17 I. 45 

6.71 21 78.30 I. 28 511. 79 I. 82 

2.08 36.06 2.77 317.70 I. 63 

0.25 5 500.00 0.20 843.99 I. 27 

~~~~~oc*~,ill~#~~~~~A~m~~~~~,~~~ 
~oc~r3i, *:E.m~ff{g~Itk:OOfJttlt/J\, ~Itk:~OC~:itIJj!.~octlt::k, ;tt.9=' 
ill1-t#~ Et9 ~Itk: ~ oc 1IH&~ 204. 31 ~/100hm2, f f{g ~Itk: 00 fJt ~ 
O. 49hm

2
, ~~ill1-t#j:-m~~~1:E;tt.{t!;~x.m~~#R~rS]Et9.*JJ\.;fp":ff*; 

iX1:#1:Eill1-t#j:-m~~j:-mEt95t*U-f, ff{g~Itk:OOfJt 1. llhm2
, ~~1-tF 

m:, :itIJj!.tlt~~JIl.lJ!U; ill1-tJ]Uir#~Itk:~ OC1~~~ 14. 27 ~/100hm2, f 
f{gmtk:OOf~ 7. 01hm2, ~A~TtJi;;.flnftlty, 5t;fp"~9='; AI#Et9~Itk: 

~oc~:itIJj!.~oc~/J\, ff{g~Itk:OOfJ~~ 17. 16hm2, *~AI#Et9~~ 

1-t~oc{~, {g~~3f~iJt~AI#~A~TtJi;~/J\, rm~IEI~~f1l~, ~ 

~~AI#1:E~~~~~::koom~~~mo 
5.3.2 ~3t~~ ~ ,tr:, f*!W,i:~iE~HfT 

*5-2 *iI& FLR ff-m~~){JiI.~}i§j.~,.pjI:%~iE(2009~) 

001'J1 ~:!;It~ 
~:!;Itl'1i'Jl 1JLi\I~:!;It JiIfR<l'1i'Jl 1JLi\I~:!;It 

mtf- PD iliHRMPS ED %:If(t~~ SDI SEI D 
(hm2) NP(n) 

( 1"/100hm2) (bm2) (mihm2) MSI 

~a{R 399.48 159 39.80 2.51 329.12 I. 63 1.35 0.65 0.73 

~* 5-2 PJ~~tI:l, ::kii& FLR ~~~~x.mJ~,OOfJ{ 399. 48hm2, ~:ff 

159 ~mtk:, ~xYl~;W'ti1~~ SDI, f{g?:]OC1~~ SEI ~{Jt~OC1~~ D JJ\. 
JjU~ 1. 35, o. 65 ~ O. 73, ff{g~Itk:1IiH~~ 2. 51hm2 

0 ~Itk:~oc, :itI~ 

~oc5tJjU~ 39. 80/100hm2~ 329.12 mlhm2 
0 ~if~~xYl~~#R~Et9~I 

tk:t~1iE5t;fJTPJ~, ~~~J~,1*...t~AI#~XVl~'±'1*, ;tt.{t!;~xYl~~#R 

~.*5t;fp"Et9~~o;tt.9='AI#5t;fp"~~~~9='~~~,PJ~~~~XVlEt9 
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~m,~~#,~~~M#~~~-~~M,&~*$ •••• ,A~ 
n5z;J]tgtj>1¥J LliJJJt, ~1-t#±iMIl!fl.±!!!'j)lUtl-ltt~ AI#, ~1-t~~il#5fI:i~~ 
#zJSJ, lRm:IK*/J\7.kW(7.k:Et)~ 5~, 7.km1iHjjJ~00i¥, 7.kWJlJJi1 
*~,m~~~&~JlJili~OOI¥J~±!!!.~,7.km,m~~I¥J*~ffi~. 

~0~~.~.~~F.,~~~~~~M#,~~#5fI:i~~#±!!!.m 

:tk:o Ii! lRm IK.X.mtl-lttI!! (1$ %ffl~ 6) PI Q;~ ill, AI#.x.ml£lRm IK 
~~*~~~~~±!!!.&,*H~_7M~00i¥,7.kWJlJJi1A~.~~~ 
~5(I¥J.lzjl!!., mJ~1-t~~il#~A~.~~!fo/]~~'~I¥J.X.m~~~~Ql£ 

*$,*$ilirn,A~n5z;J].Q;~~I¥JIK~~~*~,.~#mttffi~ 

tgt1~0 ~JIt, lRmIK.x.m*~1¥l£-~rOJ»!, ~~1)l-tl7*tJT, *:fJIlQ; 
lJi!fJ~, Q;JE*~~~.X.m~~~~I¥J~~~~~5fl:if±~~~~~~~0 

5.4. 1 ~)(.m~~mpjtliUj:I:f;1c*H.iE3ef.t 

~.X.m~~~~I¥J~*m,~,*~(~ 5-3 5fl:i1!!5-1), 1990 ~ 
20091FrSJlRmIKI¥J.x.m*~~1-t~~~J.m1£!fl.±!!!., ~1-t~~il#l¥J~ 

j>5fl:iAI#I¥J~~k,~~~~~M#.~,AI#~*~~~~ 

1£ 1990 ~19991FrSJ, mJ!fl.±iI!~j>, AI#~:fJo~~illJ.ml£ 1999 ~ 

20091FAA rSJ 0 19 1F rSJ, AI#~~ 1-tii* I¥J. X.m~~~~, ~ 
1990 1F¥IJ 20091FlRmIK~:l:~:fJOAI#TIiH/q 208. 88hm2, t~-Wtl:l:~:fJo 

52.28%, * H~-~1-t~~~~1£ 1999 ~20091FrSJ, 10 1FrSJ~:fJo 
I¥Jliif/qt~-Wtl~ 38.23%, AI#I¥J;gmU:l:~:fJoiJtgJjAJgn5z;J]xt.~1¥J 

.::p:jjt~1$T:l:~*0 ~1-t~~il#1i! 1990 1F1¥J 97. 64 hm2~1~~ 20091F 
1¥J42.06hm2, TIiHRt~-Wtl~j>13.91%0 !ijAI#I¥J~1-t:;f~, ooBt 
iji~1-t~~il#~j>l¥JliifR;fg;l)i, 7J\.JJU~ 29. 23 hm25f1:i 26.36 hm20 !fl. 
±iI! liifR Ii! 1990 1F I¥J 194. 17 hm2

, ~j> ~ 2009 1F I¥J 15. 32 hm2, ~ 
#~j>~~~~1£ 1999 ~2009 1FrSJ, ~j>liifR 157.52 hm2, t~-Wtl 

~j> 39. 44% 0 :;f~BtAA~1-t~~il#, !fl.±iI!l¥J~j>5fl:iAI#I¥J~:fJO, 

~~~gJj~=~~OO~~7ffili~~,~~~*-tl7I¥J*tJT,m~ 

PIQ;~illlRmIKm~l£OO~±±!!!.~ffl~~~,~Q;~~~~~~~ 

1&_0 ~~#5fI:i~1-t#:l:iI!:'~'H.m;fg~I¥J~1-t~~, 1990 ~20091FrSJ~ 
~#5fI:i~1-t*fdil!,~~.¥:l:~:fJo~~, *JJtlli! 1990 1F1¥J 34.42 hm2

5f1:i 

5.68 hm2
, ~:fJo~ 47. 5S hm2

5f1:i 18.11 hm2, 19~1iifRI¥J:l:~:fJo~~1£. 
1999 ~2009 1FrSJ 0 mJ~1lli.x.m~~~~, 7.k m, m ~}~5fl:i7.kWliifR 
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*~~~~,~mM~g~~~~~~§~~T~~o~~~L~ 

f-t±~~~.§f-t!!A.~~F~ffljJA8"J~urliJ, 1£ 19991f:~1W, ~Ji 
.~~A.I#*~~~m~~m~A8"J~*., ~~#~*.~~ 
~~~~tt~tt*~~m#ill~~$~m~8"J±~~m*.,n~ 

*#~.#*m~~M~gm~~~#~~~.** •• ~, ~~ 
#~ mf-t#f-t!!i:!M~¥U*~, ffijA.I#~f* OOfJ~*~jfl:1Jo; 19991f:Z 
m, m~*.~~~~~~~~~.~~ •• ~#F£~~8"J*. 
L.,~Ji •• ~.~~A.I#~~.§~m~8"J±~~FjJA,­
jJoo~~m~*-~*~m~~~#,~-jJoo~~m~a~~h 

£~F.~8"J~~,~~m~~~#~~.~~~~oom~~.~ 

8"J~~~., ~~.*m~~~m~~~~#~m~#~,~~ 
1999 -2009 1f:1S]~~#~ m f-t # f-t!! OOfRfI:1Jo 0 51 ®~)(~~f-t8"JJ't.1* 
~~, ~$~*-~8"J!JR~h*;fJT 0 

llinmtPLAND% 

1990 1999 2009 1990 1999 2009 1990 -1999 1999 - 2009 1990 - 2009 

ilHtW-:!llli* 97.64 68.42 42.06 24.44 17. 13 10.53 - 7.31 -6.6 -13.91 

1X~i* 34.42 29. 83 47.55 8.62 7.47 11. 90 -I. 15 4.43 3. 28 

iJHti*iIfl 5.68 4.67 18. 11 I. 42 I. 17 4.53 -0.25 3.36 3.11 

AIi* 31. 42 87.57 240.3 7.87 21. 92 60. 15 14.05 38.23 52.28 

!j!iIfl 194.17 172.84 15.32 48.61 43.27 3. 83 -5.34 -39.44 -44.78 

~ 

70 

60 

50 

.:::: 40 

"" "'" ~ 30 

f§ 20 

10 

o 

26. 82 26. 82 26. 82 6. 71 6. 71 6. 71 

ill ill ill 200 200 200 

o. 25 o. 25 o. 25 

399.48 399.48 399.48 lOO lOO lOO 

o 
o 
o 

o 
o 
o 

o 
o 
o 
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::kfft FLR ~m:lR~~xm~~~~ 1990 - 20091f:rB]~ft1c~i3"J~1t.± 

~~.~*~#~,~~#.t1ci3"J*~®AI#.t1ci3"J.~~,~~ 

1991 -1999ifl'B].:!ik:l~,~i¥J!~:bO~;EJ\L~!j!!iI!®AI#~I:!ik:i¥J*:bO, W 
*1t#fil!, ~~#.:!ik:i¥J!~:bO®AI#, !j!!iI!~It1ci¥J.~2it~~1999-
20091f:rB](~*54 ®1!I5-2) 0 

*5-4 :kl& FLR ~m;1R 1990 - 2009 ~~5t~£~~~~:I}t~3£f.t 

:m~iI&(n) :m~iI&tt~J% :m~iI&':it:it. (N) 
~l!l! 

1990 1999 2009 1990 1999 2009 1990 - 1999 1999 - 2009 1990 - 2009 

J!it.JffiMli* 9 8 6 7.26 4.94 3.77 -1 -2 -3 

iX1:i* 29 28 43 23.39 17.28 27.04 -1 15 14 

J!1ti*:!!ll 10 37 6.45 6.17 23.27 2 27 29 

AIi* 24 36 14 19.35 22.22 8.81 12 -22 -10 

1j!:!!ll 25 51 30 20.16 31. 48 18.87 26 -21 5 

7.km 21 21 21 16.94 12.96 13.21 0 0 0 

JiSK~ 3 3 2.42 1. 85 1. 89 0 0 0 

7.k~ 5 5 5 4.03 3.09 3.14 0 0 0 

,~ 124 162 159 100 38 -3 35 

60 

50 

40 
l1li1990 

t\ 30 1§11999 
:\I( 

02009 l!l'i 
20 

10 

0 
J!HtJij\~t,j( IX 1::1* "Ht;fUi!l A~[1* If\!t!l lkBl m~R.: 7krf ~ll'1 

1990 if~~)(.w,~~~It1c~£j'f.7Grm~, )t~~~~#, !j!~, 
AI#®J./(EEI, ~I:!ik:~;fIHI, ?tJ.ftl1;; 29, 25, 24 ® 21, *1t@:~€l 
#®*1t#fil!i¥J~It1c~;f§JlIo 1999 1f:~)(.w,~It1c,~,~~~*:bo, ~1t 
.rm~i¥J~~~!j!fil!, lA 1990 ifi¥J 25 *:bO¥tlI9991f:i¥J 51, JfX.1;; 
1999 if~I:!ik:.~i¥J~~, ~I:!ik:~ t~1YU~ 31. 48%; AI#®*1t# 
~.:!ik:~~7G~W~i¥J*~;*~@:M#®~~#?t~.~T1~ 

~It1co ;f§ t~ 1999 if, 2009 1f:~m: lR~)(.w,~It1c~~.~, ~~#~I 
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:!i1c:it$, 1943, :i1Ht*j:i!!.IW~:!i1c~:fJo~jt\t:it*, 10 :'¥rSJ~:fJo 27--t 
~:!i1c, WAI*~!j!±i!!;(£ 1999 - 2009 :'¥~f:!i1c~?tJ]U~'y 22, 210 
kA:;flPJatAAIW~:!i1c~1tit*lf, 1991 -2009 :'¥:~Um~f:!i1c~IW~:fJo~ 
9=';(£ 1990 -1999 :'¥rSJo :lJ!it*±i!!~f:!i1c~;(£w;j--tatAA~:fl~:fJo, A 
I*~!j!±i!!~:!i1c~~~~~'y,~~*IW~:!i1c~~'y~~~,* 

m, m~,~~*$~:!i1ciljH~:;f1to 
5.4. 2 ~5!JII.~~~~~J9i:'1i3£1.t 

BM~~ffi~g~.m~.~~IW~:!i1cmt\t(m)~~.mt\t(W) 

(~* 5-5 ~oo 5-3), iJlf!lj.x.w.~.~~IW*Ml:'t:£1t1-to 1990 -2009:'¥ 
~,~.m~.~~IW~:!i1cmt\t~~.mt\t~.ffilPJlW1tit~~,~9=' 

:lJ!it~M*,!j!±i!!IW~:!i1cmt\t~~.mt\t;(£~~atAA~:fl~~, ~ 

2009 :'¥:it~, jt~:;Iik!j!±i!!IW~.mt\t;(£ 1999 -2009 :'¥rSJ~:fJoJ[ilf, ~ 
*f!Ij:lJ!1-t~~a*~!j!±i!!5t$lJIWA1gTtJt~*mMJ!~, ~f:!i1c~~*~:;f~JIl. 

!JlU, ~w1-t~t\t~*~*, -'=5:lJ!1-t~~a*IW~9='?t;;{ff:;fIPJ, !j!j:i!!.ffixt?t 
#t, ~~:W5tffi~~~f:!i1clW~ulnJ, :tmAI*~~~*xt!j!±i!!~:!i1cIW5t*Uo 
AI*IW~:!i1cmt\t~~.mt\t~~r~~~,f~~:!i1cID~~*~*, 
~f:!i1c~:W~rtJ T~JIl.!JlUit, ~w1-t~t\t~11£, 1f!~*:;f*f!Ij AI*5tA1g 
TtJtlW~ulnJ~/J\, W:;IikEl:!TA1gm~lW1r A~~£J:~Jl[IW~LHWJ, AI* 
?t;;{ff~*~T~9=',~~o~~*~:lJ!it*±i!!~:!i1cmt\t,~.mt\t~. 
~~:fJo~~/J\IW~~, 1f!:;Iik2009 :'¥1W~f:!i1cmt\t, ~.mt\t~~T 1990 
:,¥, -mf!lj~±i!!m~xt~~*~:lJ!1-t*±i!!IW~ljm;(£ 1999 :'¥tI:l.Y!j{jff, 
lW-atAA~j:i!!.m~:;f®f3fJt.~~*, :lJ!1-t*±i!!!j{1'F*.~!j!±i!!~~JJ3t~ 

AI*, ~-atAA!Jlljp.t*!j!±i!!, il:~§~~1-tnX;~~*~:lJ!1-t*±i!!, El:! 
T~f!tt3f Jt.-~ljm-*mIWTtJt1rA, .liF3&~~*~:lJ!1-t*±i!!;(£:;f IPJ at 
AAtI:l.:;fIPJ~t\tIW~w1-t1tito :lJ!1-t~~a*, ~~*IW*-:tl7~w~nX; 
1W~.~~:;Iikffi~g~~.$~ttlW~~,~.;(£MA±i!!IW_~~~ 

w1-to 



ll!Ht.@::!lil;j;j( 
i7\.1:;j;j( 
:l!1t;j;j(:!!fJ. 
AI;j;j( 

!l!:li!! 
7j(EB 

JiS'B:';B 
7j(j$ 

1990 

9.22 

84.25 

140.85 

76.38 

12.88 

78.30 

36.06 

500.00 

250 

]' 200 
o 
o 
~ 

-t 150 
§3 
~ 
f*! 100 
~ 
l$! 

50 

1999 

11. 69 

93. 87 

214.13 

41. 11 

29.51 

78.30 

36.06 

500.00 

o '-""'''''''''''---'-.I..-' 

2009 

14.27 

90.43 

204.31 

5.83 

195. 82 

78.30 

36.06 

500.00 

1990 

207.68 

494.63 

646.44 

485.65 

258.97 

511. 79 

254.85 

668.93 

111990 

rn 1999 

02009 

1999 

278. 76 

519.56 

764.70 

440.44 

355.65 

511. 79 

254.85 

668.93 

:l!~~M;j;j( ~1:# m~#~ AI# !l!~~. 

900 

800 

700 I 600 

fa 500 

~ 400 
f*! 
~ 300 
;F,:i! 

200 

100 

o 

1111990 

IiJ 1999 

02009 

m1t~~€l;j;j( ix1:# m1t#:li!! AI# 

79 

2009 

320. 19 

517.63 

684.69 

222.24 

671. 17 

511. 79 

317.70 

843.99 
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5.4. 3 ~5{.!jU~, {2II:*¥fiEsef.t 
lRm:g1:E 1991 -19991frEi]fI:II999 -20081frEi]TJ!IJ~T-lPJatltJh'3!J.mili 

T-IPJ Ef{]:':!t{b~~(.m* 5-6) 0 1990 1flRm:g~500~!j!f-t!!fI:I~1t)ffift~pjYf\:7g 
±, !j!:I:!!!.fI:I~1t)ffift€t#PJ~;gfF£1!it'fj:~x.m~~~~0 1990 -19991f 
rEi], ~x.m3;tf:j1c~a)3H:l:~1Jn, ~ 124 ~1Jn¥Ij 162, 3;tf:j1c~J3t, :liI~~J3t, 

f:l0~:j1c~~1~~~~~ a)3 H~1Jn, f:l03;tf:j1c TIif;fJ~~/J\, ~ 1990 1f Ef{] 
3. 22hm2:l:~1Jn¥Ij 1999 1fEf{] 2. 47hm2, *a)3 ~ -MAA~x.m?i!ti$1tifjJ3t1Jn 
5$, ~x.m~3;tf:j1cEf{]:liIJj!J~*~T-~JlI.JJ!Ij, E8 3;tf:j1c~:I!:fI:I~~tk:JEEf{]~x.m:ff. 
1!it'fj:.-t3to -ru-)(?HJT~~ili, ~-atAA~1t)ffift€t#fl:lrJ\.~#*~j~Y', rm 
AI#TIif;fJ{Jf1Ji~1Jn, lEI.rJtlRm:g 19991f~m~:':!t:7g~!j!:I:!!!., ~1t)ffi 

ft€t#fI:IAI#:7g±Ef{]~x.mt!lWJ, ~x.m1!~J3tr~o ~-~iti:!L~~¥-f'fj: 

m~,:I0~J3tm~fI:I1!~J3tm~Ef{]:':!t~.-t~~&~,~¥-fttm~,:I0~ 

J3t1~~?HJIj E8 1990 1fEf{] 1. 45, O. 70 ~1Jn¥Ij 19991fEf{] 1. 54 fI:I O. 74, rm 
:I0~J3t1~~i:!L;HI~~ o. 63 r~:7g O. 540 1999 -20091frEi], lRm:g~:j1c 

~1@~~I~,.:j1c~J3t,:liI~~J3ti:!L.~~~,f:l0.:j1cTIif~~ 

19991fEf{] 2. 47 ~~¥Ij 2009 1fEf{] 2. 51, .~~*, *a)3~x.m?i!ti$1tW 
J3t~ FJf~fI:I, ~500:ff.1!it'fj:~ FJfr~, lPJatf:l03;tf:j1c~~1~~Ef{]~/J\i:!L& 

I!!ftY~x.m~3;tf:j1c~~~rPJT~JlI.JJ!Ijo ~-MAAEf{]~¥-f'fj:1~~, :10~J3t1~~ 

i:!L£ r ~ ~ ~, 2009 1f Ef{] ~ ¥-f 'fj: 1~ ~, :10 ~ J3t 1~ ~ :5t jjIj:7g 1. 35 fI:I 
Q~,~5001!~J3tm~(QTI)&l!!ftili~500~1:E1!~~~0~.1~9-

20091f~AI#Ef{]~.~~,~W®1flRm:gEf{]!j!:I:!!!.&:5t~1:EAI# 

~~, BT-.~;gfFlRm:gEf{]±~~500~~~~, IPJM~~)ffiM#i:!L& 

1:E~:I:!!!.m~.~~~~~:I:!!!.~#.~Ef{]ilimg~,.rJtMlRm:g~500~A 

I#:7g±o 
*5-6 *iI& FLR ~m:1R 1991-2009 ~~){Ji!~~,~,f;4I:!fH.iE3£1t 

atlS] llif~ J;\l~~ 
J;\'E*~Jt -'jL:J:[gJ;\'E* JiIrR<~ Jt -'jL :J:[gJ;l'f* 

~ff'l1 :J:[g?:jJt fjt~Jt 
PD lliffR MPS ED %:tk111~ 

(~) (hm2 ) NP(n) 1ll~ SDI 1ll~SE! 1ll~D 
( 1'/1OOhm2

) (hm2
) (m/hm2 ) MS! 

1990 399.48 124 31. 04 3.22 309.73 1.74 1. 45 0.70 0.63 

1999 399.48 162 40.55 2.47 388.47 1. 85 1. 54 0.74 0.54 

2009 399.48 159 39.80 2.51 329.12 1. 63 1.35 0.65 0.73 

,~Ef{]*;g, lRm:g~500E8 1990 1f!j!:l:-t!!fI:I~1t)ffift€t#:7g£1W:, Jt1m 
~~.1ttTJtq:tEf{]**fiUZ:t~:7g 1999 1f~!j!:I:!!!., ~1t)ffift€t#, AI#:7g 
±{2II:,.:j1c.1tt.~,:ff.1W:.:j1cx~~~Ef{]~J3t:ff.1W:~500,~E~:':!t:7g 

I i 
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2009 1f AI# dl gfgx>t1:it~, ;;tt:1i!;~ >OO~ ~~~J!HM*;;tt: q:'1j-g ~ xJJM4r fiG ( 1$ 
JR.1)ft~ 6 ) 0 

71U§ 1999 -2009 ~i¥J$tf$fijt.$~~~~(JR.*5-7), x>t7.Km:IR~x.m 

~4rfiGZ#J~:it!:1TJjlJrJl~ (JR.* 5-8 5fl:lOO 5-4) 0 ga**~, ~7.Km:IR~,*~15iH~ 

1999 -20091fi¥J2tnH~~, 7.KIlL '*~,~5fI:I7.KJ$15iH~~lE, :i1iHt)wJil 
#iiifJtk~ilJJt~j;-, lA 2009 ~i¥J 42. 06hm2~j;-~ 2089 1fi¥J 3. 64 hm2, 
dl:1f.$( iiifJ{tt¥tl) rJll¥ 9.62%; iX~#5fI:I:ilHt#:I:!!!.~:1fm:bO, AI# 
~Jtlf~:bn, 1fJ.f-!l!lJ!U~:1f~j;-, ~~:ff1W:Jt1:Jll¥1f£, jJ 20891flW)§Jt~Uif§ 
x>t~lE~~ 0 *~x.m~ ~~~Jt~U~lE~~i¥J dl:1f.$%JJU -]g: * 1-t@Jil 
# 0.91 % ~ iX~# 16. 75% ~ *1-t#:I:!!!. 5. 15% ~ AI;{yf( 65. 98% ~ 1fJ.:I:-!l! 
2.84% 0 Jt~U~lE~~Bt, ~x.m~4rfiG)j4fEErAI;{yf(-]g£1W:~ ;tt1i!;~~~~ 

~~.*%;fp"i¥Jga;f1Jg].nlt, ~x.mi~H*ga;f1J.!=j §lW;f§ tt/G~2t~**Jt~j;'j( 
~,ffi~~~1W:.5fI:I~~mhfi)j4f~RrJll¥o;tt~, EEr~~m~~i¥J~ 

* 5-7 *i!& FLR ff-ffiIR 1999 -2009 ~~5!.m~~~~mv¥!.~Il$(j) 

1999 -2009 DPF SF DFL PL NPC PF HS RP 1990 ipilfff,R 

DPF ilfff,R ( hm2) 42. 06 11.26 2. 84 12. 19 O. 07 

(%) 61.47 16.46 4.15 17.82 0.1 

SF ilfff,Q(hm2) 

(%) 

DFL ilfff,R ( hm2) 

(%) 

PL ilfff,R(hm2) 

(%) 

NPC ilfff,R(hm2) 

(%) 

PF ilfftH(hm2) 

(%) 

HS ilfff,R(hm2) 

(%) 

RP ilfff,R( hm2) 

19.01 1. 82 8. 13 O. 87 

63.73 6. 1 27.25 2.92 

0.76 1. 33 1. 86 0.72 

16.27 28.48 39. 83 15.42 

6. 53 3.33 75.9 1. 81 

7. 46 3. 8 86. 67 2. 07 

9.99 8.79 142.22 11.85 

5. 78 5. 09 82. 28 6. 86 

26.82 

100 

8.32 

100 

68.42 

100 

29.83 

100 

4.67 

100 

87.57 

100 

172.84 

100 

26.82 

100 

8.32 

100 

(%) 100 100 

1999 ipilfff,R 42.06 47.55 18. 11 240.3 15. 32 26. 82 8.32 399.48 

<D: DPF--i!1tJ]t~;j;fi, SF-lX!t;j;fi, DFL-il!!1t;j;fiJtll, PL-AI;j;fi, NPC-fm~~Jtll, PF-Jj(m, 

Hs-r.H~,li(o 
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HtI'll] *5tJ!Jl ~1f*( % ) 

(1p) ill1tJ]i:Mli* 7X1:.i* ill1ti*Jil! .A.Ii* If!.Jil! Jj(EB )jH~}~ 

2009 

2019 

2029 

2039 

2049 

2059 

2069 

2079 

2089 

70. 00 

60. 00 

50. 00 

~ 40. 00 
0' 

~ 30.00 

20. 00 

10.00 

10.53 11. 90 4.53 60.15 3.84 6.71 2.08 

6.47 14.77 4.94 62.22 2.57 6.71 2.08 

3.98 16.07 5.07 63.18 2.66 6.71 2.08 

2.45 16.59 5.13 64.05 2.75 6.71 2.08 

1.50 16.70 5.15 64.77 2.79 6.71 2.08 

1. 30 16.74 5.15 65.32 2.82 6.71 2.08 

1.10 16.75 5.15 65.71 2.83 6.71 2.08 

1. 92 16.75 5.15 65.91 2.84 6.71 2.08 

0.91 16.75 5.15 65.98 2.84 6.71 2.08 

x __ x __ x __ x __ x __ x 
X_x--X-

--if11t~~&# 

--0- {J\. 1:. ** 
--t:r-if1f-t#:!iH 
-x-AI** 
~lf!.:lifJ. 

O. 00 ~~~b:=!~~~*~~~~~E~L 

7./C$ 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

2009 2019 2029 2039 2049 2059 2069 2079 2089 a~- rBJ 

7#J;,fa]J ~ -*** ~1{,~~fFjJi-\; 51 ~ Er9 A7'1-T:fIt, ill1-tDJ:~a #l/4f 7G ®T *Et:7f 
JJ: -.. ~ mtAI#, rm jf>m: IR Er9ill1-tDJ:~a#±~* ;;(jH'£#it:r&:!§t~ Er9 ilJ JJi IR 
~, J'!.:ff;f&;!tm:~Er91:~1(~~~~, ~jf>m:IR1:~3if~~iiEr9±f*, ~ 

~~if*Er9Yf!j~l/4f1i~51~jf>m:IR1:!/m~~'/1:~~-.. 7j(±mE~~3if~rl'i] 

~, :lttrm51~#F~.&1:.T~-.. ~~mfliJc~-.. ,,*~r&A~1~~t±f,::~QyJHI'i] 

~ 0 ~** JJ:~~~ --'=5 jf> m: 1R7C~if* 1*:tP ;,fat±f,::~Q m JJ:J!HJIf.:lGtl7G:ro:, /2SI .LIt 
16,@fx;J §lWEr9:J:x~** fiU:ltt1-rm~-TfYi, 1*:tPill1-tDJ:~a#, ifJl[JJ:~AI 

if*, 1JE1!±±!!!5fU JtJ rPJ !~-,/1:jJ rPJ ~f$ 0 

5.6 /J\ ~ 

*:ilt ~::kii& FLR jf> m: IR 7'1 ~ 17tl, IA:J: ~~ ~ *~ -.. ~ fJUjU& --'=5 6tt 
~-..:J:~**fiU--'=57#J~*~~jJOO,M~TlilR*f:J:~**fiU*~tt*o 

(1) lilR* f:J:x~** fiU*~£1iili~m Er9$U& *~~~1jt@jlV&;,fa~ 
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~ .J3:;/j\fJIJK:JW ~ Ij\ fJIlftfJ ~;f§ ~ -it B"J:lJ1!, *~ FLR m m: JK :;~um ,ti-"OO fR 
399. 48hm2

, .¥JJllQ.(AI#~:XJll~-=E1*, ;ltfm~:XJll~~~~lI*:fr;flJB"J 

;fi}JiUo ;lt9=tAI#dl~xm,g,OOfJ~B"J 60.15% 0 7X~#, illf-tJffiJ€l#:frJJU 
dl ,g,OO${B"J 11. 90% 5fO 10.53%, fiz. fl¥H$#ij:1&:!flt~, A~fflZ9J!fltj> B"J 
ill]])!, illf-t#±-t!!5f01j!±-t!!]JlUlI*f AI#, illf-tJn:~€l#5f07X~#ZrS], m 
m:JK*/j\7kJ$(7k~)~ 5~, 7kffilfHpJmooj.¥, 7j(J$)l!fJJtI:fr;flJ, m~ 
~m~f)l!fJill~OOB"J~~9=t,7kffi,m~~B"J:fr;flJ;f§~.9=to~xm._ 

f-tF£, jt;lt~illf-tJn:~€l#, 7X~#5fOillf-t#±-t!!~I;!;k:, ~xm#1l!1:,t1:*§~ 

!fltff£o 
(3) 1990 ~20091frS]mm:JK~:xJllS3 1990 1f1j!~5fOillf-tJn:~€l#~£ 

1l!1:, ;ltfm~~lI* f;lt 9=t B"J*~ JiU :&.JWk~ 1999 1f Q.(1j!±-t!!, ill1tJn:~€l#, 

AI#~-=E1*,~;!;k:lI*!flt~,#1l!1:~;!;k:x~~~B"J~~#1l!1:~xm,~ 

~~~~20091fAI#dl~~~.,;It~~xm~~~~lI*;lt9=tB"J~ 

:XJM~JiU, -=E~1*JJlll£1j!±-t!!, illf-tJn:~€l#B"J~j>5fOAI#B"J~j]nL, ;lt9=t 
illf-tJn:~€l#tff!~, AI#tt~-=E~:&.~l£ 1990 ~1999 1frS], mJ1j!±-t!!~ 

j>, AI#±ftlj]n-=E~tI:lJJlll£ 1999 ~20091fMrS] 0 

(4) ~xmZ9J~JYWl~~**f!Ij: illf-tJn:~€l#OOf,J~*~j~~j>, 7X~# 
5fOillf-t#±-t!!~~±ftlj]n, AI#~'l:i±ftlj]n, 1j!±-t!!]JlU~~~j>, ~:XJll#1l!1:'/f£ 

~ff£, ¥u 20891f1W~Jt¥U*§)(t~~)jjt~o ~~:XJll~~~~Jt¥IJ~~)jjt 
~B"Jdl~*:n'-JJU~: illf-tJn:~€l#0.91%, 7X~# 16.75%, illf-t#±-t!! 
5. 15%, AI# 65.98%, 1j!±-t!! 2. 84% 0 Jt¥U~~)jjt~Bt, ~:XJll*~ JiUJj4j 
S3AI#~£1l!1:, ;ltfm~:x.m~~~~lI*:fr;flJB"J~;f1;J~liJVt, ~:XJll,g,1*~ 

;f1;J~§1W;f§~~~:&.~**tt~~,m~~xm1l!1:.5fO~~mh.Jj4jf!lj~ 

T~,~#:&.JWk~.~mm:JK~~#~~5fO~~~~:&.JWk~*~~, ~ 

~~~~§1WB"J~xm;fi}JiU*Bm~~~,~~ill1tJn:M#,-itm:&.JWkA 

I#, {JE15I!±±-t!!~UfflrPJ &tl::lJrPJ:&.JWko 



~*~x.w.'~~ft)(>f~*~mm:1*gs;f1J ~~~~Et~J'~~, ffijft{f]EJT~ 1f 
~.~~.*~mXft~~~.~~~, ~~~~~~*~m.~$, 

~~~~.~*~m~~,~~~%~ili~*~m~~~~~,~~# 
)(>f'~mili 1~~~~m{:Ji;f4~*m 0 

~*~m~~~ftA~m~~mT§~~m~~~~~#.~~~ 

~*~%~,~~~~~~~~W~~g~§~~~~~~~~~.~ 

~,±~~m~~~~~~±~~~~~~*~.w~~,~~~Will 

~~UA~m~ ~TtJt, ±~*~~ A~~UJnJ ~PJ :it'~~~*~~M*ft!! 

~m~~~~~,~mAD%~~~m~~~~~.*~~~m~~gs 

;f1J~C$:R:il:~, 2000; ml.Ek,[", 2002; ~*H ~~, 2004a; *JJ ~~, 
2006; ~x.~, 2006) 0 

~~~*ili~*M~*~m~~~~~h*B7*.~~~%~ 
(F~~, 2001; 5-lbi< ~~, 2004; * ~ IXltl~, 2004; :xU fc:@~, 
2009) 0 )(>f~m~1-t~*mWfJ~~it)(>ftt~ ~~9;I!Iitf%~~~m1/j~~ 

1-t*1-T%~('~5R$~, 2001; :X1Hc:@~, 2002; *~;fflt, 2003; !*x 
1Jj(, 2004; :XU~, 2005) 0 )(>f~x.w.~1-t#g~h~*mJE'~%~( !*x1Jj(, 
2004; ~*H~~, 2004b), ~~±nlt%%~~ ~5G~it~JE.%~~r! 

(If'¥', 2004; :xUM$, 2005) ~ Logistic @]~3;jl~2:rs]%~~r!(:xU~ 

~, 2007; t.§t1t*, 2008), ~@1iJfJE~r!~~tst%-ft!!Btffk:~x.w.~~.~ 

~~ 2:rs]~1-t~2:rS]#g~ho *:!It%J]U~~;j(~~§r~-J!~*itt FLR 

7Fmg~'Wtl, *m~~f!!t*9;I!Iitf~~~~iffil~if§gsif~~r!, 1iJfJEg~ 

7j(f~*±g7j(f FLR 9='~m~~~1-t~#g~h%~tt*o 

6.1.1 ~f$IV~!rim~.R~EJ*~Hfi 

*~~m~~~~~.~,#m~1iJfJE~r!ft~~~~.*9;I!Iitf, 

.~r!~mmft~T~~~1iJfJE9='~M~~;jl~,*1iJfJE~~mMu~ 

~;jl~B.~m~~~~~~~,ill~OO~m~~.*9;I!Iitf*JE.% 

~~~~X.w.~.~~zJs]~~~~~1-t, ~p4lt~~m~.~~~:ijj':fJO. 

I' 
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~~Y'.~~iW~-#~~1NtmH~i¥J, ~£ X1f:1-tjgiW~-#~xm~~~ 

~, ~~1f:~i¥J.~~Y'o~~,mm~xi¥J~xm~~*~*~,~~ 
*~i¥J)/jt~jg 13 ~~xYl.~~~~, iE GIS xM'r, im:i:1~atjW (1991 ~ 
1999 ~ 20081f) ~xYl.~~ I!I~ZIEi] i¥J~:fJo~fF, ~~~ II'U atm~£tt:/;k: 

~M'~1f:i¥JOOm~~~jg~~~~i¥J£tt:/;k:OOm,H.~~xm~~~~z 

~i¥J~~OOm~~~~~~OOmi¥J~*fFjg~ •• *, ~m~%~. 
~,~~~~m~~~~xm~~z~i¥J~ •• *m~o~~.6~~. 
6-3 ~.4-9o 
6.1. 1. 1 1991 -1999lf-~-J-j!JiL~--tfal#;f~~U,t4'-

* 6-1 ~*~~ ~ 1€:t~ 1991 -1999 4'-~jlJi!~~UH$m~mlI$<D 

1999 
1991 ---------------------

PF DPF SF DFL RP Ta V CeP OP OFL RQL GP AL OL 

PF lOO 

DPF - 82.20 15.00 2.01 - 0.01 - 0.05 - 0.05 - 0.26 0.41 

SF - 77.36 3.07 8.94 I. 22 - 0.95 0.15 0.38 0.90 5.58 1. 43 

DFL - - 19.82 2.87 1.52 - 53.39l 0.00 1.35 0.08 18.06 2.90 

RP - 2.28 69.62 1. 22 - 6.56 1. 99 0.64 0.92 14.37 2.40 

TaV - 0.06 0.45 49.44 - 4.57 0.15 10.00 1. 86 31. 87 1. 60 

CeP - 0.32 - 14.17 13.44 14.32 0.23 2.22 0.65 36.31 18.34 

OP - 0.64 1. 91 22.34 0.07 18.20 5.49 2.42 12.81 31. 80 4.32 

OFL - - 0.38 0.61 36.33 - 11. 30 1. 36 6.77 1.17 41.10 0.97 

RQL - - 0.31 2.52 17.66 0.12 2.36 0.23 67.67 0.62 7.38 1.12 

GP - 1. 05 26.43 - 8.07 2.95 2.64 11.92 41.29 5.66 

AL - 0.36 1.57 9.01 0.12 3.13 1. 74 2.17 1. 46 76.47 3.97 

OL - 1. 29 0.50 3.04 2.66 4.25 1. 48 1. 07 0.19 18.20 67.32 

CD: PF-)jJijft*, DPF-iIHt)JJ(:!m*, SF-l'X~*, DFL-i1Ht*Jif!., RP-:j;g{JllC*, TaV-fJ"9;i;f;IJ, 

CeP - *JW:~tAI*, OP - ;l't1iBAI*, OFL - ;l't1iB*Jif!., RQL - )j!i{1Jtl Jif!., GP - I1Q Jif!., AL - 1RJtl Jif!., 

OL - ;l't1iBJtlJif!.o 

It. 6"1 ~. 6-21~~, 1991 -19991f1Ei], ~~~€r1>tY5t~.bt~OOf/q 

~.~~, ~1m~xm~~~~zlEi]~.mWi:o *1-t~~a*OOf/qi¥J 82.20% 
~t~~1f:, 15. 00% ~1-tjg~~*, J3~ 2. 01 % ~ O. 41 % *jjtl~1-tjg* 
1-t*:l:iI!.~~1mm!t!!., rmY5t~~1m~xYl.~ ~~~ rPJ *1-t~~a*~1-t, ~~ 
19991f*1-t~~a*i¥JOOf/q/J\T 19911f; ~~*OOlqi¥J 77. 36% ~M';§ 
~, ~1m 12. 64% 3::~~1-tjg~JBt*~ ~m!t!!.~ *1-t*:l:iI!.~~1mAI* 
~~~, ~ 19911f~xm,ht-OOf,.qi¥J 7. 09%, *T*1-t~~a*rPJ~~*~ 
1-ti¥JOOlq( ~ 19911f~xYl.,~,OOf/qi¥J 1. 36%), ~~~~*i¥JOOfR¥JJI'.r 
~Mt~t.o *1-t*:l:iI!.i¥J~.t~!gtmWi:, 3::~~*.btjgAI*~~m!t!!.o ~ 
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Jl3t** oo~Jtf!lfl to ~ ~ 7'1 iJz1:**1Jt7f Jit7'1~Jl3t** i¥J oo~J~::k T ~Jl3t** rPJ :&it!!. ~ 
AI**i¥J~~oo~/q ; * •• AI**oo~~~~~i¥J~~~~-~Mm. 
~1f'**~!Irf:Wf, *1YITffJl~J~~, 36. 31% i¥J00~R~~7'1:&ffl:f:1!?; ~~ 
oo~Jtdi~xW,,~,oo~Jti¥J 0.62% 0 iZID :f:1!? ~:& ffl :f:1!? 00 ~JHI~Fff f!lfI to , {§.~~~ 
~~ tttltffl WC 0 

*6-2 Ili*~~ ~ 1~g 1991 -1999 ~~~..w.~UfOO~.R~~~II$CD 

1999 
1991 1991 

PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL 

PF 4.74 - 4.74 

DPF - 7.48 1. 36 0.18 - - 0.02 0.04 9.10 

SF - 24.22 0.96 2.80 0.38 - 0.30 0.05 0.12 0.28 1. 75 0.45 31. 31 

DFL - 0.17 0.03 0.01 - 0.47 - 0.01 0.00 0.16 0.03 0.88 

RP - 0.17 5.26 0.09 - 0.50 0.15 0.05 0.07 1. 08 0.18 7.55 

TaV - 0.01 1. 04 - 0.10 0.00 0.21 0.04 0.67 0.03 2.10 

CeP - 0.01 - 0.24 0.23 0.24 0.00 0.04 0.01 0.62 0.31 1.70 

OP - 0.03 0.10 1.13 - 0.92 0.28 0.12 0.65 1. 61 0.22 5.07 

OFL - 0.00 - 0.25 - 0.08 0.01 0.05 0.01 0.28 0.01 0.68 

RQL - - 0.01 0.06 0.40 - 0.05 0.01 1.52 0.01 0.17 0.03 2.25 

GP - 0.02 0.38 - 0.12 0.04 0.04 0.17 0.59 0.08 1. 43 

AL - 0.10 0.43 2.46 0.03 0.85 0.47 0.59 O. 40 20. 85 1. 08 27.27 

OL - 0.08 0.03 0.18 0.16 0.25 0.09 0.06 0.01 1. 08 3.99 5.93 

1999 4.74 7.48 25.59 1. 71 8.72 6.56 0.43 3.88 LlO 2.81 1. 66 28. 88 6. 44 100 

@: PF -W-Ml;f;f\, DPF - i!1tW-Ml;f;f\, SF -77\.1:;f;f\, DFL - i!1t;f;f\:It!!, RP - :JtJllt;f;f\, TaV - ff~W, 

CeP - *~.AI;f;f\, OP - Jt1mAI;f;f\, OFL - Jt1m;f;f\:It!!, RQL - Jl!i1iJfJ:It!!, GP -I1Q:It!!, AL - ~JfJ:It!!, 

OL - Jt1mJfJ:It!!o **~JI)j:;ht#~oomr!i:Jl'{%il,(!1,oom~ t~f9iJo 

,~,i¥J*~, ~-BtM~~xJi1.~~~~i¥J5Ht~.J:\;~:EJi1.7'1: :iJH-t)]U& 
**1Jt7f JitJfiU ffl7'1 iJz1: **, ITffiJz1: ** X 1Jt7f Jit7'1~Jl3t**, :&ffl it!!. ~ ~ 1-t** 
:f:1!?, ~1-t**it!!.!J!H~$nAIm**~7fJit7'1:&fflit!!., :&ffl:f:1!?~mJit~7'1ift91 

w, ;tt:11!?AI**~;tt:11!?fflit!!.o ;tt:9='~1-t**it!!.~:&ffl:f:1!?PJ~~f'p~-~M 

i¥Jtt~~~o 
6. 1. 1. 2 1999 - 2008 1f-~-f-")l~.A~--;t fal #;if~;fJl;t* 

:5HJT* 4-9 ~* 6-3 ;f~lli, 1999 - 2008 1ft'S], 1*~&**1lH~~}E, &: 
1fJit1:1fM~~o W?t~1-t1*~&**1Jt7fJit7'1iJz1:**, iZIDit!!., ?tilU di 1*1f 
~1-t1*~&**00~Jti¥J 11. 39%, 2.79%, .§j1f 1. 24% i¥J00~R~7'1~1-t**it!!., 
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*6-3 1li7./<~~ ~ j€Hl1999 - 2008 ~~~Jil.JUfOO;m~~~Il$OO 

2008 
1999 1999 

PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL 

PF 4.74 - 4.74 

DPF - 6.29 0.85 0.09 - - 0.21 - 0.03 7.48 

SF - 21. 95 0.93 0.31 0.18 - 0.90 - 0.04 0.66 0.50 0.11 25.59 

DFL - - 0.16 0.23 0.03 0.01 0.97 - 0.01 0.17 0.08 0.04 1.71 

RP - 0.42 5.50 0.21 - 0.65 0.04 0.07 1.11 0.61 0.11 8.72 

TaV - 0.02 0.04 2.60 0.02 0.45 0.01 0.72 0.71 1.75 0.23 6.56 

CeP - 0.01 0.05 - - 0.02 - 0.23 0.12 0.43 

OP - 0.12 0.32 0.48 0.06 0.92 0.04 0.14 0.62 0.89 0.29 3.88 

OFL - - 0.07 0.05 - 0.08 0.02 0.03 0.28 0.56 0.01 LlO 

RQL - - 0.03 0.07 0.54 0.01 0.09 - 1. 75 0.09 0.20 0.04 2.81 

GP - 0.00 0.14 0.15 - 0.10 - 0.03 0.50 0.72 0.02 1. 66 

AL - 0.32 0.81 2.32 0.08 1. 91 0.05 0.86 3.22 17. 83 1. 47 28.88 

OL - 0.07 0.17 0.20 0.20 0.59 0.01 0.12 0.43 Ll6 3.49 6.44 

2008 4.74 6.29 22.80 2. 17 7.66 6.78 0.42 6.66 0.16 3.80 8. 00 24. 54 5. 96 100 

CD: PF-)JM&;f;f;, DPF-i!HtJffiMl;f;f;, SF-7X~;f;f;, DFL-irHt;f;f;:It!l, RP-j~..olC;f;f;, TaV-#%'1*J, 

CeP -*~jtA.I;f;f;, OP-Jt1lkAI;f;f;, OFL-Jt1lk;f;f;:It!l, RQL - I*1±JtJ:It!l, GP -Im:lt!l, AL -;&JtJ:It!l, OL 

- Jt1lkJtJ:It!lo ~<p*1Vl;ht#~jjifmd:i:Ji!ll'.,~,jjiffR~ t~f9iJo 

~~iiifJ~d:i~X.m,g,iiifJHI{; 1. 19%; * _§j§[:fl;t:t:11!!.~:ru!rPJiJ31t1*~a*~ 
~, JinltiJ3itl*~a*iiifJ~~5'o 85. 78% i¥JiX~**Jit~~~, ;t:t:11!!.~ 

~iJ31t*~,;t:t:~AI*,@~~~m~~,*H~~i¥Jiiim 

(3. 64% )::k-=fE8iJ3itl*~a*rPJiX~*~~i¥JiiifJHO. 85%), ~~iX 
~*iiifJ{~5'; ~JlIt*l£~ -BtAAiiifR~5', ;t:t:9=t:fl12. 73% rPJ @ ~ 
~~, ~~iiifRt/j1ftl~ 1. 11 %, .3::~,*I2SI~B:i1i&~AAi¥J~JlIt*~r.Bf 

rPJ@~,~m~:i1~o@~~;t:t:~~~~~~:ru!i¥J~~~~m~, 

19991f:@~iiifJ{i¥J 30.10% 1£ 2008 If:*Jit~~~, ~P1**~~,g, iii 
fJ{i¥J O. 50% ~~, ;t:t:11!!. iiifR.3::~~~~m:l:{!!" ;fJ~#t~~JlIt*~~ 
:ru!, ~~iiifR5tilU~ 19991f:@:I:-t!!iiifJ~i¥J 43. 69%, 9.26%, 8.16%, 
~Bt;t:t:~*~,;t:t:~AI*,~JlIt*,~m~~~:fl.*m~rPJ@~ 

~~,~~~~**,*H;t:t:~~:ru!rPJ@~i¥J~~iiim::k-=f@~~~ 

;t:t:11!!.~:ru! i¥J iii fJC lB nlt 1991 - 2008 1f: ra] @ ~ iii fJC~JjfU ~ 110 i¥J 5t: it 0 

~m~iiim:flmT~,.~~@~*,~.*~~;fJ~#t,;t:t:~AI 

*~ ;t:t:11!!.m:l:-t!! ~~:ru! 0 
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6.1. 1. 3 1991 -2008 Jf-~-;f}.t~-;tfa]#;ffo#t-f. 
1991 - 2008 1frSJ, ~7./<~:Ii* Et ra-£kmt~ft*{~J~~JE, ;1t{m:~UW.~ 

~~~zrSJ±0~~~IPJif;¥ocl¥J~~( ill * 6-4 5fIJ* 6-5) 0 iIiH-tmt~ft* 

1%M=;ltwHRI¥J 69. 18% ~JE, ;1t{m 30. 82% rPJ{X~*", Jm:J:-IfL ;1t{mA 
I*",5flJill~*~~~,;1t~~~{X~*I¥JW~~ill~mt~*W~1¥J 

23.88%, ~PJ(){.w.J~' WfJ~1¥J 2. 17%, {EI.~ EI3 Till1-tmt~ft* Et 5r I¥J** 
*fJ~' tt-Bt~tJtlf&:ff;1t{m~~rPJ;1t~1-t, ~nX; 1991 -20081f1¥J 17 
1frSJill1-t)ffi~ft*WfR~d;'o {X~*1¥J521-tt~~mWi:, 19911f{X~*W 

f/q I¥J 34.11% 1£ 2008 1f ~ ~ ~ ;It {m A I * (9.31 % )"' ~ IDt * 
(7.74%)", Jm:J:m (5.18%)", * JtHt!!. (4.37%) 5flJill1-t*~ (4.24%) 
~,~H~~W~*Till~mt~*rPJ{x~*I¥J~~,~_{x~*W~ 

M=~~d;'o ill1-t*:J:iJ!I¥J52~~F1ItmWi:, 1991 - 2008 1frSJ, ~:ff;1tW 

f/q I¥J 11. 47% * ~ ~ ~~, ;1t {m 88.53% * jJlJ rPJ ;It {m A I * 
(51. 54%)", ;1t {m m:J:iJ! (10.61%)", i/1 ~:fXj (7.64%)", * m :J:iJ! 
(7.58% )5flJJm:J:iJ!(5. 75% )~~~~~o ~IDt*l£tt-Bt:MWfR~:ff 
*~,mt~~~IDt*rPJJm~5fIJ*m~~~~I¥J~~W~~T{X~*", 

*m~5flJAI*~;1t~~~~~~~IDt*I¥JW~oi/1~:fXjl£tt-Bt:M 

*64 1li*~1l* ~ )~.§ 1991 - 2008 $~3t.!~E~~~~mV$~~EJ*<D 

2008 
1991 

PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL 

PF 100.00 -

DPF - 69. 18 23.88 1. 32 0.15 - 2.05 - 0.01 2.91 0.07 0.43 

SF - 65.89 4.24 7.74 1. 62 0.01 9.31 0.10 0.58 5. 18 4.37 0.95 

DFL - - 11. 47 1.31 7.64 0.01 51. 54 - 4.09 5. 75 7.58 10.61 

RP - 3.33 57.02 3.22 - 5.93 0.68 0.79 17.83 9.99 1. 22 

TaV . - 52.53 - 4.15 - 14.62 3.61 23.74 1.34 

CeP - 10.92 5.50 2.10 0.24 6.89 4.06 46.42 23.87 

OP - 0.29 5.17 19.92 O. 12 8.20 0.10 3. 75 19.44 38.37 4.65 

OFL - - 0.86 3. 16 20.46 0.15 5.95 0.02 14.07 14.52 35.25 5.56 

RQL - - 0.84 3.41 20.45 0.16 1.71 - 63.44 2.49 6.64 0.87 

GP - 0.09 0.58 20.51 0.30 5.92 - 5.02 21. 94 41. 89 3.74 

AL - 0.93 1. 83 9.40 0.11 5.74 0.17 4.37 10.68 61. 72 5.06 

OL - 1. 32 0.71 3.52 4.61 6.62 0.40 2.05 3.55 21. 85 55.36 

CD: PF-JJjiJ€rpt-, DPF-ifHtJJl(:Ml*, SF-~1:*, DFL-iIHt*:Ii!l, RP-~Jllt*, TaV-ft~W, 

CeP-*M:'lAI*, OP-jj;{1llAI*, OFL-jj;{1ll*:Ii!l, RQL-}j!Ht.ffl:li!l, GP-Im:li!l, AL-~.ffl:li!l, 

OL - jj;{1ll.ffl:li!lo 
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2008 
1991 1991 

IT ~ & ~ ~ M W @ ~ ~ ~ II OC 

IT ~M - ~M 

DPF - 6.29 2.17 0.12 0.01 - - 0.19 - - 0.26 0.01 0.04 9.10 

SF - 20.63 1.33 2.42 0.51 - 2.92 0.03 O. 18 1. 62 1.37 0.30 31.31 

DFL - O. 10 0.01 0.07 - 0.45 - 0.04 0.05 0.07 0.09 0.88 

RP 

TaV 

CeP 

OP 

- 0.25 4.30 0.24 - 0.45 0.05 0.06 1. 35 0.75 0.09 7.55 

- 1.10 - 0.09 - 0.31 0.08 0.50 0.03 2. 10 

- O. 19 O. 09 O. 04 - O. 12 O. 07 O. 79 O. 41 1. 70 

- O. 01 O. 26 1. 01 O. 01 O. 42 - O. 19 O. 99 1. 94 O. 24 5. 07 

OFL - 0.01 0.02 O. 14 - 0.04 - O. 10 O. 10 0.24 0.04 0.68 

RQL - O. 02 O. 08 O. 46 - 0.04 - 1. 43 O. 06 O. 15 O. 02 2. 25 

GP 

AL 

OL 

- 0.01 0.29 - 0.08 - 0.07 0.31 0.60 0.05 1. 43 

- 0.25 0.50 2.56 0.03 1. 56 0.05 1. 19 2.91 16.83 1. 38 27.27 

- O. 08 0.04 0.21 o. 27 O. 39 o. 02 O. 12 O. 21 1. 30 3. 28 5. 93 

2008 4.74 6.29 22.80 2.17 7.66 6.78 0.42 6.66 0.16 3.80 8.00 24.54 5.96 100 

CD: PF - W-:!lil*f\, DPF -ilHtW-:!lil*f\, SF -1J,::1E*f\, DFL -ill1t*f\±m, RP - ~~*f\, TaV - tHH1, 
CeP-*UHt.A.I*f\, OP-~{l!!..A.I*f\, OFL-~{l!!.*f\±m, RQL-JlS1±m±m, GP-I1ID±m, AL-;&m±m, 

OL - ~{l!!.m±mo *if~lJljg!fH$lliif.R~:l!l:Xl\l,({l,lliifJ(f8 t~{9~ 0 

~~~~am~,m~m~,m~~.oom~~~~~~~~~~~ 

~~.o* •• AI*oomB*_~,~.*$%oom.~~~~, 
~~ 89. 08% ~~am±1f!" ~{tl!,m~, m1±m±1!!.~~~o am±m 001'J{ 
1f FfftmlGd;-, ~~ ~1:~am ±1!!. ~ Jm ±1!!. (10.68%), ~~~ (9.40% ) , 

~{tl!,AI*(5. 74% ) 1O~1tl!,m±1!!.(5. 06% ) ~~.-.to 

%~~-.t=AA~ •• *~~~~~~~~.~: ~~~*,~~ 
~~*lO&~*~~~*M*oom*.tmlGd;-~~~~*M*~AI 
*,a~,Jm~lOm~m~~.,W~~~.A1f~~~tto~~* 

~Fff1f.~~.~~~ •• ~~,W~~.~~.~~~~~~.~ 
~-~£»;~~~~*lO&1:*~oom.~~~_~~~,~~~ 

$%~~~~*~&1:*M~,&1:*~~~AI*,.~*,Jm~ 
lOam±1!!.~., ~~~.~*lOam±1!!.~~.~~~1:~ 1991 -1999 

~AAra], ~~1-t*±1!!., ~{tl!,AI*, Jm±1!!.~~.~~~1:~ 1999 -

2008 ~ra], J!tf1~:il'!~.~*, am±1!!.~ 1991 -1999 ~OO1'Jut1Jo~ 

~~~lzSlo 
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6.1. 2 ~l&iWj]~HJT 

_*_R~~~~~h-.*~m~~~~A~~~OO~, m~ 

~~h~¥m~_R~~MW~~_R~~~~M®~m~m~~ 

~,~¥~m.M •• ~~~,~.~~~,~M~~~m,±.~ 
~~~m~~m~;WA~~~h~~~,~~,*~~fi~~~~ 

(nW.1jL~)WJ~1W, _xJ\1j::~~, 2007), ~mAtI, tt*, j~j~~2.m: 
{2fi:*,J, ~~~)(1-t~~~( 1*jf)f &~, 2004a) 0 m ~~~~A:7g~~ 
~~m~~~~,_*_R~~~~~~,.¥**~~~~~*~ 

:fio ~1iJfJlo 
RM*~~ •• *m~,m~~m.-_R¥.~~~*.* 

.,~m~~M*OO~~.~~¥~~:7gQ~~-~~~*OO~~~ 

j::*~m~*.~.,w~m~~M*~~j::*~.~OO~~~~~ 

j::*~~~*,*m.,m~*.~~~.,~~~~j::*OO~~~ 

.~~~~,m~~~~#~.~~.~~n~~ •• *m~~mo 
~~,*1iJfJl~*~~ •• *m~~~~~,*m~#0~#~~~ 
~(~*M~~*,m~*~,~.~**~,*.Ka~), ~.* 
•• mM~*~~,*~~,oo±~m •• ~,**~,~.~,. 
~~.~~,*.~,~M~~¥~~~±.~mffi*~~m~n, 

~R~.oo~~.1jL*a,~n*a~~Mili*~~~~oo~m~~~ 

¥~Affi*~ft*~~~.,M~,M~~~.g~m~~*,~. 
~~~ffi*)(~.*'l-, xt.7k •• m ~~~ 1991 -20081f:_*_xJ\1;f:! 
~~1-t~~~h:itt1~*~ 0 

6.1. 2.1 :#--*.JtJrtl§ -t".* . .:c.;f.¥.)t.:#-ifti l§ $ i.f;t~~.i..-lf- J5l-t 
19931f: 7 Jj 30 S#~fm~~-JjA~1{;**~1It*~ff!t~~~~ 

~i)(RMO~~~_*1~:1fl"f:fll!~17tl}, m 1994 1f: 1 Jj 1 S ®~lI:* 
f:lG~~mml pg ~~1W*~*; 1998 1f:Ja ~*~* •• 1*1?IW; 
19991f:7 Jj 30 S.~~~=JjA~1{;**~1It*~ff!t~~A~~i)( 
RM{.~ j::~11fr'Jl~~J~tlGtl ffiJ¥} ; 2002 1f:3f~~~Mi!:m~~*IW; ~ 
Mi!:~*~.~IW~~.j::~M~1*1?Rm~1*1?gJl~IW,.~ 

j::~0A*1*1?IW,m.~1?*1*1?~Jl~IW~~j::$rmti* 

~.Jl~IWo~®*~.~IW~~Mi!:,~&~~.MTZfi~1W 

*~*~~.~~~~, ~5i:t1*1?~'~~T~1W*~*( ~jjtl~::!~~ 

M~iliOO~*g), ~~*~T~1WAI*~OO~, •• T~~*~ 
*~**M., 19941f:~=~iftiJ1!f~ 2005 1f:~=~M!¥piftiJ1!fM** 
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ajj, X~*i¥J~1.fIOOfJtJtfJt.hA 175. 5 rn3 Ihrn2~1JO¥U 207. 5 rn3/hrn2 , 
!~1Jo 18.2% 0 

6. 1. 2. 2 -R ~ 7f ~k 1& ~ Jl:. Ft Jt 12L~\7 ;Jr. ~ i3t JJ Jt J2L~_;j;f. ~ )lit 3t 1t {f.J 

.i..~I5l-.t 

;JX~ 3f tit f'F 7g Jli~ * I~b.k ~ ~ § ra!l-[9$ Ji Wt!-m I2L¥1l Jt $ ¥~ JlJ ±!!!. 
~i¥J.*IW,.B*~~~.~.*.~*~~~i¥J~~~.o7g 
~~{ ~ OO~ift;JX~3f tit~~( 2001 - 2010 ~ n ~l±I i¥J § fi5fil1f:%-, 
*~m1!fi';JX~1J\{2006 ~~03!-m~T$!ifi)IIJ;]JGtl~ i¥J" !l-7g~1.fI, ~iI 
.~,.iftm~,~~3ftit";JX~3ftit~~~*, Wt*~~§M!l-3f 

~T~~~~;JX~7g~~Qi¥J#~~±!!!.~~,.B3f1it~*~,*% 

$l;f£L*ift~~Jiit~!-m 15 1-, #f.t~Jiit 1333hrn2, 3f$~;jt~~±!!!. 10 1-, 
;JX~#~~;jt~ 533hrn2, ;JX~#~5filfJfJJ[ft* 1300hrn2o 2008 ~Wt7.k 
JU'9:A 80 7J5GiE*%$l, ~J$l~~$l#f.t~;jt~ 167hrn2, ;JX~#E8 
28 7J**; ts!:A 50 7J5GiE*%$l, ~J$l5fil~*~ ~ ~ $l#~~Jiit 
15hrn2, ;JX~#E812 7J**; *m~FfJf;fll!~*, ts!:A 60 7J5G;JX1~~ 
03FfJf;fll!~Jiit 200hrn2, ~;jt~ 133hrn2, ft* 200hrn2 

0 

~fJf~#~*~m~03±!!!'~ •• ~.i¥J~~3ftit~,".iftm~" 
5fil"~.~"i¥J;JX~If'F~#~~T~ift~mtit~i¥J~~,~B;JX~ 

461-~031Tl!itift5fil)(ajj~~ift 1418 F#~~;jt~, 2195 F 98775 A# 
~ft*,ffi~~#~~±!!!'i¥J*~~~*a*.±±!!!.~m~~i¥J~~, 
m~#~~i¥Jm~~M*,~~*,m~*±!!!.,~~AI*5fil~m±!!!. 
~~~~~7gJm!-m~~o 

6. 1. 2. 3 ± it 7f ~ltAt-t- Jl:. FtJt g,fl:> i3t JJ Jt g~;j;f. ~)lit 3t 1t {f.J ~ ~ 

15l-.t 
Wt*~~§M!l-7g00*.~03!l-,~mtit~~~.~,m~~m 

~~~03,iE.1-JiWt±!!!'~5fil~JlJ±!!!.~~±!!!.~~~~,7g~~i¥J.~ 

3f1itJlJ!-mtit~f2mf'F!IM~7gm:~~~, 1Jo...t~~i¥J1{~:m:f'F~~­

"JJ:m:;k#"(~:m:~~), ~*]}!7g~1.fI, IJ\J;]mi¥J, "JJ:m:;k#"~ 

i¥JJlJ±!!!'3ftit~~~1-±!!!'~.*.~~~i¥J~~~.,m~m~~M* 

5fil~~*i¥JFm:~~ 0 

6.1. 2. 4 #~!Jt1t,fl:>-R 13'1 Ft :ti';j;f.1#) k 'f~ 4-~-R g ~;j;f.~)lit3t1t {f.J 

~~I5l-.t 

~~ift.~,~~)(ajjift~~£ift~~~~~~i¥J~~o~~m 

~~5fil~~i¥J.~,£f~~~x~~~m~~*~*~i¥J~.oift 
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~~~*rn~~#~~~~M, B~~~$f~*g£~~~~~~ 

3HIito 
6. 1. 2. 5 *-hY',)1t~ * 71i. *' -*)~ -Jt ~ JU{} ift Jtk, 12Ui. #-l- ~.A1. ~ 1t ~ .i. 

~1El* 
W~~90~~~m.*.~~M~m.~~#m~*,* •• 

*~~p1it%-, 1991 -1994 ~IE] EI3 T3f*ttc~, m.~:j=?#~¥UF£ 

~~, m1J{~mlJ~y, 1995 -1998 ~rEi] El3T~1§"mJ(mrlJ", Yff. 
~~#q~¥IJ'I~d[; {El. 2004 ~-ru-J5 Xtl:l:f.m~r&A~'f!f!.~~:mF~~gg 
~F~,~m~~.~~m.~~#.~.~~~~~rn,m.~~ 

#.fI})3til~F£~~o 2007 ~ 11 Jj 29 .l¥i1§~-=ijjAr~Ht~*~1it 
*~.m~~-=:+/ZYiX~i)Om:i:1~.l¥i1§Yff.~:j=?#J!i&!3f*:j=?~JIl.JE~ ; 
m.~~#.~B.~J!i&"-=:~.*"§~~~~,~~~~~~~ 

~~, *m.m[2007]9 %:hOj!Yff.~:j=?#f*:j=?~Ji~, ~~tl~® 

wo*~m.~.~~#.,ffM.~~~A~~~, ~m#~,~ 

1§.~k£~~§~~, ~m~~.m~~Yl00*X~~~#., 

*~~~~~*#~~m~.; B~."m~~#"~I •• ~m.~ 
~#,#~.~gg~~.Fm~~~~~~~~#~1it~*~moo 

~o~~*~~.3f~-JE.~kx~~~m.~~#~~Mo 

6. 2 ~d: IR 71< -¥ ~I& 1dJ 11 ~ *Jf 
6.2. 1 ~f$:mV*.!:~iim~R~II$~HJf 

6.2. 1. 1 1990 -1999 1f-~l-~.A1.~* fal #7f.Hrt1f!. 
. 1990 -1999 ~rEi], m1-t~~€l#~f~~ 29. 97% ~m1J{~~~~, 

J3.3::~~~~!j!~~iX~#, ~~m1"F~?tJjIj~ 14.20 hm2~ 12.90 
hm

2
, ~"J~~~m1-t~~€l#m1,g~ 14. 54% ~ 13.21% UlR 6-6), {EI.~ 

~~~~~~~m~~~#~.,~.m~~~#m~~yoiX~# 

:f:-t!!3::~.3f~~!j!~(12. 73 hm
2

) ~~.~AI#(5. 22 hm2
) , ?tJjIJ 

~iX~#m1,g~ 36. 98% ~ 15.71 %, * J3.~~3f~~~.~m1J{* 
Tm~#~~~~~iX~#~~~m~om~#~~3::~~~~!j!~ 

~AI#, ?tJjIj~m1-t#:f:-t!!m1,g~ 35. 21% ~ 29. 58% 0 AI#f§tt 
*,.~~mA~~~wr&~~~,$?tAI#X.3f~~!j!~,m 

1J{~ 5. 71 hm
2

, ~AI#:f:-t!!m1/q~ 16. 17%, {EI.~m1-t~~€l#, iX~ 
#,m~#~~!j!~~AI#~~.m~~*TAI#~!j!~~~ 

.,~.~-~mAI#m~~~~~o 



93 

1990 -1999 DPF SF DFL PL NPC PF HS RP 1990 <¥jlijfR 

DPF ilfffR(hm2) 68.42 12.9 0.36 1. 76 • 14.2 

(% ) 70.07 13.21 0.37 1. 8 14.54 

SF ilfffR(hm2) 

(%) 

DFL ilfffR ( hm2) 

(%) 

PL ilfffR(hm2) 

(%) 

NPC ilfffR(hm2) 

(%) 

PF ilfff.H(hm2) 

(%) 

HS ilfffR( hm2) 

(%) 

RP ilfffR(hm2) 

(%) 

15. 8 O. 67 5.22 12.73 

45.9 1. 95 15.17 36.98 

2 1. 68 2 

35.21 29.58 35.21 

0.38 25.33 5.71 

1. 21 0 80.62 18.17 

0.75 1. 64 53.58 138.2 

0.39 0.84 27.59 71. 17 

26.82 

100 

8.32 

100 

100 

97.64 

100 

34.42 

100 

5.68 

100 

31. 42 

100 

194. 17 

100 

26.82 

lOQ 

8.32 

100 

100 

1999 <¥ilfffR 68.42 29.83 4.67 87.57 172.84 26.82 8.32 399.48 

CD: DPF - iJHtW,~&;j;f;, SF - 7X~;j;f;, DFL - ifHt;j;f;:lI!!, PL - AI;j;f;, NPCL -I!¥ Pl(,~:lI!!, PF - 7]( 

B3, HS - JiH\\,I':(, RP -71<$0 

M~~~.~~~*~*~,$~~AI#~~.~~~~~~ 
m:1K~9='::It$jtJt:::It$IK~, :iEHt)ffi~~#~3f~]g$f-t!!~~tk:~~* 

~~~m:IK~*$~ililK~,#.$~~~m~AI##MW.*~ 

oom~~,]g.~~*~~ffl.*~±~~*.,~m:lKttlKm~W 

#**~~~~~3f~~~m~)ffi~#,m~)ffi~#~&~#~~~ 

~~~~~~m:IK~**~~W~~ili~m~)ffi~#~.IK,&~# 

~3f~]g$~~~W~~~m:IK~*$IK~,m*~]g~m~~=& 

~~&&.~.om."m~)ffi~#~&~#-a~-m~-&~# 

-a~" ~1m:Et~.iifj:itt1T~~ 0 

6.2.1.2 1999 -2009 Jf-~-l")(Jt~-tfal#~~;fJ!.t~ 
1999 -20091fISJm1t)ffi~~#OO~J~~~~)ffi~~ 26. 36 hm2~m1t 

)ffi~~#~]gAI#, &~#, m1t#f-t!!~$f-t!!, *ilU r5 19991fm1t 
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)]U€rficitifJHI~ 17.82% ... 16.46% ... 4. 15%;fO 0.1% 0 {X{t*;ffix;f~ 

)E, $% (8.13 hm2) fflfFAI*#;ft, r5 1999 1f{X{t * 00 fJUI~ 
n.~%,m~~m~~~* ... AI* .... ~~.w*~{X{t*oo~ 
.*,%~~-~M{X{t*oo~B**~~m.o~~*~;ffi~m 
WC, :tE~1U~oofJt~ 28. 48% ~)E~IPJ~, 11:t!~~1gAI*~oofJ~r5 
~1t*:l:iI1.~ 39.83%, Jj:ff$%~1t*~jz;!m*B;frEl].*w£jf1g{X 
{t*,m~:ff~$%~~*~.*&1g.~, IPJ~,.~ ... ~~~~ 
* ... {X{t*;fOAI*m$%~1g~~*~,~.~~*~oo~*~o 
AI*~~$%m*1g{X{t* ... ~~*~~*&1g.~*,~-~M 
~~£*.*~m.o~AI*~oo~;ffi&,.~~~oo~~l~.n 

hm2, r5~:ff.~oofJt~ 82. 28%, *$%m.mfFAI*#;ft~JBt ... 
..... ~.~~~**,~K~AI*oo~~~*~ .... ~oo~~~ 
~~~~~~jz;!oM.~~~*.,.~~AI*~~.~~-~M 

~~~~~,H%~r~o~{X,~~~~*.*~1gAI*, ~~ 

iliR:tE~m~~W.$o~~-~m;ffi~,~-~m~~~~~*~ 

AI*~~~,~~~~~tt*fF~~#;ft,WH~*&1gAI*o 

.~~1g{X{t*~~~{tT~m~~W.$,~~~#.~,~~~ 

$.~,~.*~s~.~*m ... *~£jf1g{X{t*o{X{t*.*~ 
19AI*.~%~Tm~~w~~~.~~~%~~,m~m~.$ 

~:ff.£m~%~o~~~~*~~~{X{t*iliRT~m~~.~~ 

*~1ij;i1J ~o 
6. 2. 2 ~jg f;IJ jJ ~HJT 

~~~*~.*.Rm~~~.~h%~;ffi~,*M~:tE%~tt 

~*~~IPJ~M~.R~.~~~~~ •• *~~~~,Btt~~* 
~ ... *M~~ .... ~M •• E ... m~*~ ... ~Mjz;!*%~~#~~* 
~i-f1t( PRA) IJ'{., ~~~*ilt~ m ~xmt ... -J;;fit, ~.Ilt%~*ilt 

FLR ~m~.x.w.m~~~~!JIK~jz;!ro 

6.2.2. 1 £~!t ~1*-F* 
*ilt FLR ~m~.x.w.m~~~~!JIK~jz;!.~~1*R1g*±~m ~1g 

.~~*{tm~ •• *.~~*m~~r*o~m~A~.~« 
O.04hm2, 2ot!Hc901f1~wM, ~m~*~~m~~mifE!fp]M*1~ 
~~~,~~§~~:ff~$%m~~1f~:ff2~3~~~~o~~~ 

mifE!~M, ~~m~* •• *~~~~~* ... {X{t*1g*~~,m~ 
~~~1g~~~*~~#~MW#;ft~*fF~*.o~*{tm~.~ 
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~JE~IKZ9J'±~~~T 1990 -1999 ~IEi], i*;E£jgilHtJJ.jiJaifYje" 7X~ifYje 

®m~ifYje~~.*&Jga~,fflT#M*.®~*o@~m~.~n 

U.*~.~.~M~~m,.~~ffimg.ifYje •• ~.~~~~& 
Tm*~.Z9J~ffl,m~m~~ffl~".,,~.~~.ftnUo 
6.2.2. 2 R~ .t.*-J1kJjt 

~.~a •• ~ffimg •• ~~~~~'±~.Z9J~.o~.~a 
~'±~~A~~~AIifYje,,~~ifYjeWm,~~*.* •• affl~~~ 
Jg.tt"tt*.~~ifYje®.R" ••• AIifYjeoap~~~ ••• ~ 
m.ttm~,R#~m~~"m.®*Ufflilig~~affl~ffl.AI 

ifYje#;f:1i:o 1990 -1999 ~ra], Jg;bo*~~~1l€~g~~.jJ)jt, Wi7j( 

.1l€m~~~ffimgm.~m~#~.T~~.tt"tt*".~.# 

m" tit7I~®~Jj!Jlli)I\.~A~~.*~, M.ITifi@~~-Bt:!t§m~--Sirx 
~.ifYje®¥~~AIifYje~~~ol~9~zm~~ ••• ~~~*~tt 
gm~;E£iftt*®~JlI!~~~" ~~.R" .fH~.rc.ill[., !&~ 1999 -
2oo9~:!t§OOffimg.R" ••• AIifYjemm~*~o •• ~.jJ)jt~ 
~*"ap~m*~~~~~~.R" ••• ~~ifYje*.~~~~, 
*.%*.~~mm~~~rx~ifYje~B~~# •• ".R.AIifYje, 
~~~.:!t§~~~~~.Z9J~,ill~~;E£if.%rx~ifYje.*~~~ 

~,~~~~~*~.ifYje •• M~m~~.~*.~~, ~AIifYje~ * --Si rx~ifYje{JiU;P z ra] ~ {rft ~ 0 

6.2.2.3 #--jL~11rt%-

ifYjercJ'b1fr~~ffimg •• ~~~~IKZ9J.±~tI:l;E£~ 1999 -20091:p 
OOo~~~.ili51:p,.R" •• ,,~W~1fr~.~if*,m~~£ 
*.ft~.~~~.~,~~tttt*.r**.®~*~#M •• * 
.~~#,ITif~~~*~~*mm~affl~~JgAIifYje,.R" •• 
®~w.~Jg~m~#~~W#oifYjercJ'b1fr~~.Z9J~ffl~*;E£Jg~ 

-~:!t§m~~~ifYje"rx~ifYjedm~ifYje~~*~~~~M¥~~.ft, 

ITif~.~JgAIifYjeo¥~~Jgfi-~m~.m~~~ifYje"rx~ifYjedm 

~ifYje~--SiAIifYjeZOO~M.~~,~~-~:!t§**tI:l;E£,~~ffimg 

m~~r*AIifYje#M~ ••• ~o~~,~~~ffi~m~*-~. 
~%, ~~1fr~~.~.Z9J,ffimgap.ifmnJgr*AIifYje#M 

ITif~;E£ifm~~~ifYje"rx~ifYjedm~ifYje~~~JgAIifYjeo 

6.2.2.4 #m>J %-

~~~~~ffimg •• ~~~~~.~.Z9J~~offimgm.* 
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.M~ •• M,*m~~~~.~* •• ~~*~~.MM-~W~ 
~±~,ffl~~T~*S~*~*o~~,*~~~T~~~~~~ 
.*&±~,~~~M#,~~#~~~#~~~mMWM~~~~ 
~~~AI#,~~*ms~mow.~,~~.®"~.T**S, 

~ID~~~~~~~~.~mmB-*A~±~",WH~*~~. 

~*~ 15 -16 ~at, *.w#m1-m~SEJf*1J:!~±:f;-m*~1-m, iJ::1-m 
mB~~~~~o~mg~-~~~~~~Q~~~w#~*~~, 

e~**~~~~~~~~~±~~A.~*~~o~~ •• ~~, 
*~s~*#~~±~m~~~~~~~~~*ft~ttL,~ffl-~ 

E~~®*,~~M-~~.~.*~#~o~#*~~~~~~~ 
~~.~,ftm*fi~L~~T~mg~~~~~.#~~~,AI 

#~~~o 

6.3 /1\ ~ 

*.~~$fflM~~.~~~ •• $m~~.*~~~.~~ 
.~~~~~~~~~~, ~.-.~~.~~~*~.~.~.~ 

*.~*~,W~~~£~*ffl#~~~~.*.~~~~mft~~ 
fJo ~**Iffi: *ffl.Markov ;fl~JlfL~~ •• $m~~~.ffl~.~ 
~~~~~~fJ~~~*~;~ •• $m~~#~~~~~~~~~ 
~fJ*~~~~~mffl~g~*~~ttg*~~.#.~M~~.~ 

~1t~~*~o 

(1) ~* •• m ~.£l..:::m~ •• $m~*~~**Iffi: E8 ~~€t#, 
~~~M#~~~#~~~~M#W~* •• ~~~~~~M#~A 
I#,~~,~~~mftffl~~.,W~#~.A~~~~tto~M 

#~EJf~.~~.~~~ •• ~~,W~~.~~.~~~~~~. 
#ft-~~#;~~~M#~~~#~W~.¥~~~~~.,~~ 

~.*~~~M#~~~#~~,~~#~~~AI#,.~#,~ 

~~~ffl~~.,~~~.~#~~ffl~~~.~~~~ftl~l-

1~9~m~, ~~~#~,~~AI#,~~~~.~~~~ft 

1999 -2008 ~i's], ~~~~~.~#, ~ffl:f;-mft 1991 -1999 ~WfJt 
*1J1J~~~~~ 0 

(2)~.;fret$m~*~~~#~~lftiJ~*~q~i±l1991 -2008 ~IS] 
~* •• m~.£l..~~~~~~fJ:#~~.~.~Ifi~.# •• 
~mt •• ~~~--'B'~., 1X~*~~W.Ji~:f;-mg~~t.r~w:f;-mg. 
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*~~~~~~~~~,~H*~~~~K~~~~~W~~~*~ 

~~~~~~~~,~~~~~~m~~*~~*~f~~~~*~ 
~~~~~~~~,*~,~~~m~*m*~~m~~~~*~~ 
~1t~~~~~o 

(3)::k~ FLR 7.Km:~~f$fllt$~il$?t;f1ft.HI~:*IYj: 1990 -19994= 
~,m~~M*m~~M*W~~~~~m~_?tm~~M*.~~ 

¥~~~~*~.,ffi~m~~~~~~m~~M*~f$;~~*~ 

W~~~~~~~~*~~¥~~~f$~AI*~W~::krm~*~ 

~~~~~~*~.~W~;m~~M*,~~*,m~*~~¥~ 
~AI*~~f$W~~::krAI*~¥~~~f$,~.~-~.AI 

*W~~~~~o~-~.~m."m~~M*~~~*-~~-m 
*-~~*-~±-t!?" ~11ff-~.:li;fj:itt1i.~o 1999 -20094=rSJm1t 
~~~*W;fJ{~~~~~~ 26. 36 hm2~m1t~~~*~~AI*, ~~ 
*,m~*~~¥~, ~m~~M*,AI*,¥~~f$W*~~~ 
*w~.::k,m~~-~M~~*W~R~~~~~.oM.~~~ 
*~,¥~~AI*~~f$~~-~M~~~~~,H?t~r~;m 

~~M*~AI*~~.,~N~%~:li~~~~#M,W~.*~ 

~AI*o 
(4)::k~ FLR 7.Km:~ 1990 -2009 4=~)(~7#J~~1t~1£~*~m 

§.,~~~~~.,~*~£~~~~~~~~~.7#J~~~~o 
~*~m§.~m)E!J~7#J~~~~r 1990 -1999 4=rSJ, 1*;E~~m1t 
~M*,~~*~m~*~~.*~~~~,fflr#M*.~~*o 
~~~~~.~~*~£~~~ffl.15I! 1999 -2009 4=1S]m1t~~~* 
~~~~AI*~~f$,¥~.R, •• ~AI*W~~~~~~ 
~1to 



~-I::. m1t !:j{k~~l* 
*fllE 7t fJT :& j~!l J(t IB~ 

~~~~~*~~~~~*~~.#.m •• ,~A~ •• m. 
~~.fi~.~~~~*~~offi~~~~ ••• ~,.#.m •• 
]!tt!iiIHt.qiX!t.#~J~ • .qf£jf(I'ITO ~ meN, 2005) 0 OOiJi~ 

**;fJ~l3.~( I'ITO) 1£ 2002 1¥~tf:\ ~{~*Jl!1t.qiX!t.#J~." f£ 
jf~!i.m*)~W~~~YJl!~.qiX!t.#~~~,~mJl!~~M 

#" iX!t#~Jl!1t#~(I'ITO, 2002) 0 ffi tt~~a#, Jl!~.qiX!t. 
#.#&~m~~ffl~~B.~~~,Am~~~.#~~m~~s 

M~~M#~~m, ~~Jl!~.qiX!t.#~~~~~~~~m~~. 

f~~ ~f£~!i~JI1:, ~.#1fr.fm'{ ~ ~*~!i~ ~$?t (Banerjee A 

1995, Gilmour D A {[(j, 2000; Mcshea W J, 2009) 0 

OO~~~~*Jl!~~M#~!t.$~tt"m.~~~~~(*. 
t~, 1997; *~W{[(j, 1999; .~~OO{[(j, 2002; TB, 2007; i/%&* 
{[(j, 2008; itM{[(j, 2009), D.JlkiX!t#~~" ±~f~~~f£jfJJVtR: ( _iit ~~ {[(j, 2000; 1* 5G ~~, 2003; {PI t.Bt :f~ {[(j, 2008; 1* 5G ~~ {[(j , 
2008; .:E#t~, 2008){[(j1fOOBf£3fMYit$!i~1iJfJE, 19~.#f£ 

jf~~*fi~*Jl!~~M#~iX!t#~m.~~~~.~~~~~1iJf 

JEtgt~ 0 *11it1£JE?tWm/F 1PJ.#~JJtl ~ ~ ~ ~lW~""f, D.J #it * ~ ®t* 
~1i*§~-!l-*i1& FLR Jf-m:~Jl!~.qiX!t.#1gxf~, ~.#f£jf~~f* 
itM?tf~~, *;ftHm#?tf~~~tf:\A~~~:l:l!!7j(~J~.~I!Ii}, §,1£1g 

Jl!1t.qiX!t.#~1~J?" J~." PJ*~f£jf~5ftlm~~£mfj*mo 

7.1 ITTO x>tl~*~**~§3UI¥-JW~ 

7. 1. 1 ITTO ~*.**~HJH~~ 

OTTO ~*Jl!1t.qiX!t.#J~." f£jf~!i.11i*) (ITTO, 2002) 
~.#:lGtl?t1g~~: ~~a#(primary forest)" 1~iE7C~#(modified natu­
ral forest)~AI#(planted forest) 0 1~iE7C~#XPJ?t1g00~: f£jf~ 

~a#( managed primary forest) ~Jl!1t.qiX!t.#( degraded and secondary 
forest) 0 ~~Jl!1t.qiX!t.#~mJl!1t~~a#( degraded primary forest)" 
iX!t # ( secondary forest) ~ Jl! ~#~ (degraded forest land) ( :tlo 00 7 -1 ) 0 



mo~%~~~.#~~~~~~-~~~~~~ttfi,~~ 

.#~~~*,~-~~#~~~~~~~o.#®~T§~tt 

fi,~m~A~*~.~tt~~,~~~~~.#.~~M#, ~ 

*~$IJA~~tt~.#, ~~~U5~~" fX;*~~njfiJ~p1jt/J\, 7C~fii 

~,,~n~~~ttfi*~~.tt~~* ••• nh~.#o~~M 
#~ ~ *1W: ~ ~p *1W:#~ &6 ~ ~ ~ ;1t:1m;tU m J;j § ~ ffij1~ $IJ ~ ~ *,J ~ 
*~~m,m~~~M#J;j~V~M#;~~~~J;j§~,,~~~ 

.§~~~M#J;j§~~M#o~V~M#~§~~M#n •• ~ 
~M#~A~~~~~&6~g*,m~~#~m~§~B~~~7 

~M#.~~.#fii~~.#m~, ~~till.T.K7C~#~m 

.o~*~M#~~V~M#~~~~~M~tt~*~~~m,~ 
~~*~,,~~~.~tt~tt,;1t:.#fii~,,~n~~~~~.~ 

.m.#§~~.M •• nh, ~~#~~~~~M#B~~~* 
~,ITrom~~~.#~~J;j*~~M#o*~~M#~§m7~ 

~~M#~W~~~,~~#m~,,±.fii~,,#%fii~~,.tt 

*~.#*~~~tt~~,*37C~£~~§~~~ttfi,*~~ 
M#~~ •• J;j~V~M#,~~~~M#;~&,~*~M#~ 
~V~M#~~WfX;"*~~~~AJ;j~tt~*~,,m*~*~. 
~.tt§~~tt,~.90%~~~.#.~m~, ~~.~ffl~~ 

.#mJ;j~~#o~~#.1jt~~.~~~.~,,~~a~,,~. 

~~y&~AI~#:l:-t!Lt.~1fffij~o .tt~~~ ~#*" *~tt3f ±~ 

#~.~fX;~~vm.,~~.*~~~~,~~#~~ •• J;j* 
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it J9: ~~Jif* 0 ~ ES =f * 1W: ~ ~ ~ J['q95: * to £ i¥J :i:f JJt 1& ~, :m: ~ ;Jd1~, ii!i. 
~.~~~~~±~~m~~.~_*.~~~±.F:m:.$,_ 

*:m:.~~~~~m.~,~#~~~i¥J*~$~*~*~o~fi 

~~~~~:m:~*~.~~i¥J*~J9:M*,~~*~AI*.m~ 
~~~*~*~,W*~*~i¥J~~~:m:.m.*~=f~~,tl 
~,~~,~~.~~m~.,~~~Mi¥J:m:~~.~**~*M 

.i¥J:i:ffi,~.~±.~~JJt,#m.*,.~±.re~., W~ 

~~~*~J9:M*~~~"ili~~"~#m~o*~J9:M*,~~* 

~*~*~.~aW_*~~:i:ffi~#~mW£~~~i¥J_*,m 

$~*~~~~_*om~tt.i¥J~,~#~*~~~~~~~i¥J 

~~,~~L~=#_*~~#~ft=f~~~~i¥J~~.*~~, 

m~ft=#~~ i¥J ~ fa] ~~~/~tfe~~~o ~®~~~~#;.f{!ili, 
.~g~,m~ft~~~fi •• ~,~~~ •• #~~i¥J~~o 
7.1. 2 ITTO 3(1~Fc'J~**~~1j~~)( 

ITIO x1.#_*~~U.~W Ti$~, aJHjfiji¥J~)(o 

(l)J9:~a*: *~j1JA~~~~~~U3~3~, *~~1:lt*i¥J~nrfiJ~~# 

~,~*~~~,~~~~~:i:ffi*£~a:i:f~~*m~tt~~~~i¥J 

_*0 ~~_*m§m±~*±g~j-!l!.~*±gftt1~~~$¥-f'IY£{*J?~m 
~.~mi¥J$.~, ~~m~ffl~~W~mi¥J_*o 

(2)1~~J9:~a*: ~~fii¥JJ9:~a*~~*1W:~~~*1W:*to£, Jf~~ 

m~~~{i!! § i¥JW3f£~IJmi¥JJ9:~a*, ~~um5£JJt~::k, iJifU~J9:~a*~ 

~~m~i¥JfiJJt~::ko~~~~L*,~#iJifU~#~*~~~M.~~ 

i¥J~~0 

(3) ~~fi J9:~a*: ~ *1W:~~~*1W:*to£ i¥Jm~.1&~ ( :!!nim:i:f~ 
~1&~~fi*m.),Jf~~m~~fi~~~~mW~~TJ9:M*.~ 

i¥J_*~~~~#!H~, {g:fJ3~£t~FJT:ff±~to£~~IH}i¥J_*o 

(4)*it~~~_*: ~_*i¥J~m~.~um~~~x~, :!!nJXL 
~,*x,WM,m*.,~~_*~*~i¥J~~aWT~~:i:ffii¥J~ 

#~mi¥J_*~*j-!l!.o ~J9:~a*;.f{!tt, *it~~~_*]!~~~*, ~ 

W$m~*M~tooo±~i¥J*to£*~,m~~~~~m~.~~$~ 
itFJT~i¥J~to, tl~~{JiH?~f'!~o *1~j1J~Jm'~~~~~fi, ~~_*f'!~ 

.{~J9:~a*FJT Jt.:ff i¥J ~to~f'!~~VFm~f'!~ 0 
(5)*~J9:~a*: ft®~:ffJ9:~a*~*~**.~i¥J~g, ES=f* 

1W:~/~~~*1W:*to£i¥J~PJt4r.q5l:~, ~~_*~~, :l:ifi, ~f'!~~ 



~~~~~.iliY~~~~~mAA~.nh~~M#o~~~.#~* 
1:lG~ljmJ5, B~~~~Yili~ 9='AApg:;C~'~.~fj~h, ~~±~~~g~T 

rjJHtnm~fj~~mAAWt9='AApg'~.~rz:h5fO~~~~:;C!inEa 

(6)iX~#: ~;ff.#;tlI:fit*OOfJ~*1:lGJ5( ~P1f.\;T~;ff.#qr~~ 

10% ), #±!!Lt£*,Jf~ * ~ 7fczjs:;jt:fit, Jm 1It~~~H~ llHi!! ~ lID JE~~m 
!i!! ~ !J:f(~ Wt~# ~JJ&!i!!L § 1& £lfmf nit 0 ~1iE~1f!. ®~Jfitf~# £J3.nIt;f§ Xq­
-~( ~n)fG~~#5fO~~)M~%:J't~#) ~ #?t!¥~;f§Xif-~~ 1JJAA~* 

'tjc, T-J't.;ff~~a#~EJf;ffmHi, E8T5LtT1f!.AA~~Im-~, fj~Xq-g#mnm 

~n ~ pJc 1:lG1qt ili 1lUf ~ J3.JM. 0 

(7) ~~#±!!!: ~;ff#!i!! E8 T*1W:5fO/Wt~~*1W:#rz: 5b ~:i1JJt!& 
~~T-~~~~g~J3..*~~~!J:f(Wt~~m~±~5fO;jt:fit~T~ 

Wt±±!!!~m,mf~~YF£.~,~.~fiJJtBm~WtF£m~Y 

~~~mJ5~.#m.I~o~A~~a~±~~~Wta£~±~ 

~~~*~:i1fiT-.JE~#±!!!~rz:hT~5fO~~~~tt~~~.~ 

~#m~EJf~~.~~(**~#A~5fO.*;jt~~±%±!!!~),~ 

9='mAA~~RJJtL,*~~~.~~~5fO~~~~~~.~.#§ 

1&~~:i1fi~~IjMl*tl 0 

(8) AI#: Jm:i1~;tlIWt1i#.:lr.~.#o 
(9)JfHi!!~#: 7G#!i!!L;g~~AI#o 

(10) !l*,Jf~#: ~3C1&.#qr~tjo!j~J5 iL~P£.#*5fO#T;t1I:fito 
(l1H~;tlI(~WJ!liT~ *~YE!liT): ~1~iE3C1&#WtiX~#Wt#!i!! 

L#;tlIAA~~#, § ~~.:lr.AA~~# (~±~#5fO/Wtjll:ljffi-{i~#) ~ 

1)tY.i~1f**o 

7. 2 mftl*~**%~iE 

7. 2.1 :±~11t~;fIjlI¥-J~'U.m 

*~ FLR 7KmlK~1t~~a*T-IPJ{!:f~~~1f*~;t1I~£~{i~n~ 

7-1 EJf7Ko IlJtl¥jJlJ1t-=f~ 7GJ!~£{!:f~1f*~j:t:;ff~#42 #, £~{im: 
*~~#~IlJtl¥j JlJ 1t-=f, -Jg 41. 05%, ~iX~7GJ!~£, £~{i~ 
34.98%; .:tc.~ *~*~ 1*¥trP~ fft'tl ~ ;filt1l»:~ :J'tlltJlJ.fiFL~ ~Ilt;j;$~£ 

~{i?t31tl~ 3 ~9; ~1t!; 33 #;tlI~~£~{i:l:!g/J\T 10% 0 .:tc.~ IlJtl¥jJlJ 
1t-=f{!:f~1f*~;jt~~#,~9='.~~£~{im:*,~~m~%,~ 

iX~IlJtl¥jw1t-=f5fO*~*, ?tjJlj-Jg 55. 21% 5fO 35. 50%, :J'tlltw,p}L ~~ 
~~*~~~;j;$~~~l¥j.~,1*¥trP,~W.~(~~)~£~{i?t 
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JJtl~tl~fH -100 grurft~ d!t1¥iIlJ1trlffi1f*~;tt.lf35 #;ft4o/J, grurft 
jj{JllBHilitje, -jg 48. 16%, Jti!Kjikd!t1¥i IlJ 1tr, :m~-m:-jg 42. 14% , 
.~~~*M~ •• ~.1¥ije~~~~~IlJmjj{J:m~-m:*~.3~0 
*E~~.1¥i.~~.1¥i~~lffi1f*~;tt.lf;ft4o/J21#,Jt~*E~ 

jj{J:m~-m:itje, -jg33.21%, Jti!Kjik.1¥i.~~ .1¥i~~~ IlJif±~~ tl 
;(P"if'iP, :m~-m:*~tl. 2 -50 

4~lffi~1f*~~#±~~Tje~#~~#~IlJ~#~~#~% 

4#~if'iP#~~%~#~ft~W#~,lf~~#~~~~W.~(~ 

~) ~ *~#-~~W&:~ *~#t~~ifJ~tt(tf{t~tt) ~ *~#5G. 

~&~~*~-~~grurft~.1¥i$~~±1f*~#o 

.7~ ~~~ .. ~~~.~*~~~~m~. 
IlitltLlJ1t-f- Gareinia oblongifolia 15.61 11.50 13.94 41. 05 

2 5GW:itt£ Hopea exalata 16. 18 12.39 6.41 34.98 

3:tt;f2. Engelhardtia roxburghiana 5.78 6. 19 9.79 21. 77 

4 ~* 

5 f*~t$ 

6 fftffl 

7 ji(£~ 

8 :J'tntLlJlifL 

9 g.:nt;fi 

10 *{iIj 

11 :tt:m* 

12 ~~:f!t;f!'l 

13 tt~ 

14 ~:@j~ 

15 gm-f-:iE 

16 ;fi;W 

17 LlJ~;fa 

18 J}j(~ 

Ixonanthes ehinensis 5.78 4.42 6.96 17.17 

Diospyros potingensis 6.94 5.31 3. 84 16.09 

Acronyehia oligophlebia 6.36 6.19 2.06 14.61 

Canarium album 4.62 5.31 3.66 13.59 

Symploeos laneifolia 2. 89 4.42 3.35 10.67 

Ficu.s henryi 1. 16 O. 88 8.47 10.51 

Sehima erenata 2.31 2.65 3.64 8.61 

Piptanthu.s laburnifoliu.s O. 58 O. 88 6. 73 8. 20 

Eriobotrya dejlexa 2. 89 2.65 2.26 7. 80 

Lithoearpu.s Jenzelianu.s 1. 73 2.65 2.88 7.27 

Castanopsis fissa 1. 73 1. 77 3.62 7. 12 

Amesidodendron ehinense 2.31 2.65 2.05 7.02 

Ficu.s microearpa 1. 73 2. 65 1. 26 5. 65 

Sapium diseolor 1. 73 O. 88 2. 83 5. 45 

Gonoearyum lobbianum 1. 73 2. 65 O. 94 5. 33 
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(~) 

;filM ;filM ;filM 
llf~~lliQ Ji'% W:fItii$ $ii ~ii 1Jt!fJii ~~~ 

(%) (%) (%) 
(%) 

1. wti¥iwtt'f, 19 :t:lll:fi1J Lithocarpus pseudovestitus 1.16 1.77 2.06 4.98 

7f;.#J[£llf~ 20 !If&: Vatica mangachapoi 1.16 1.77 0.83 3.76 

21 sW Suregada glomerulata 0.58 0.88 2.19 3.65 

22 ~]rEf Pithecellobium clypearia 1.16 1.77 0.70 3.63 

23 1tt~ Cinnamomum parthenoxylon 1.16 0.88 0.91 2.95 

24 S:t'f1*W Decaspermum albociliatum 0.58 0.88 1. 46 2.92 

25 tLTW Ficus nervosa 0.58 0.88 1. 31 2.78 

26 111i~* Dolichandrone caudajelina 0.58 0.88 1. 08 2.54 

27 :tf} Phoebe hungmaoensis 1.16 0.88 0.48 2.52 

28 BI!1Blf Artocarpus tonkinensis 0.58 0.88 0.74 2.21 

29 l!gJlllE1tri Photinia benthamiana 0.58 0.88 0.48 1. 94 

30 -=:JC! Euodia lepta 0.58 0.88 0.45 1. 91 

31 ?fi¥i¥i:;k::!k:lk Polyspora balansae 0.58 0.88 0.44 1. 90 

32 ;JdfiITW Erythropsis. colorata 0.58 0.88 0.43 1. 90 

33 7.)(E1* Sarcosperma laurinum 0.58 0.88 0.42 1. 88 

34 'ltnt* Codiaeum variegatum 0.58 0.88 0.28 1.75 

35 £1tJJ'iE:fE Cryptocarya densijlora 0.58 0.88 0.21 1. 67 

36 ?fi¥i¥i1llW Altingia obovata 0.58 0.88 0.18 1. 65 

37 ~~B* Bischoffia javanica 0.58 0.88 0.15 1. 62 

38 J')J(i¥ifili Diospyros howii 0.58 0.88 0.14 1. 60 

39 1J;1t Litchi chinensis 0.58 0.88 0.11 1.57 

40 l*W Toxicodendron vemicijluum 0.58 0.88 0.11 1.57 

41 1J1Hl\lIJW Viburnum odaratissimum 0.58 0.88 0.10 1.57 

42 !l!fi*W Rhus succedanea 0.58 0.88 0.03 1.50 

2. 1t:.fB, wti¥i 1t:.fB Engelhardtia roxburghiana 24.62 14.71 31. 62 70.94 

wtt'fllf~ 2 wti¥iwtt'f Garcinia oblongifolia 22.31 I!. 76 21. 14 55.21 

~* Ixonanthes chinensis 10.00 I!. 76 13.73 35.50 

4 :YtntwlifL Symplocos lancifolia 5.38 5.88 3.78 15.04 

5 :t:lll:fi1J Lithocarpus pseudovestitus 4.62 5.88 2.57 13.07 

6 71<E1* Sarcosperma laurinum 3. 85 4.41 4.01 12.27 

7 mw Ficus microcarpa 3.85 4.41 3.16 I!. 42 

8 ?fi¥i¥i1t1! Dalbergia hainanensis 2.31 4.41 3.81 10.53 

9 f*~fiIi Diospyros potingensis 3. 08 5.88 1. 53 10.49 

10 ~w1t1! Dalbergia odorifera 3.85 2.94 3. 67 10.46 
-------_. 
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(~) 

;filM ;fIlx;f ;fIlx;f 

lIfli~l:\lI J¥% Wf'!ti;fn; ~It iIJllt tJt~ It :I:~{ji 
(%) (%) (%) 

(%) 

2. ~;jTn IlitJ¥j 11 jlij:J¥j~:RW Radermachera hainanensis 2.31 2.94 1.74 6.99 

llJfTrllfli 12 :W111\t Cananum album 2.31 2.94 1. 34 6.59 

13 JJFlW Lannea coromandelica 1.54 2.94 0.89 5.37 

14 *l7Jf LUjuidambar formosana 0.77 1. 47 2.93 5.17 

15 *{;lj Schima crenata 0.77 1. 47 0.65 2.89 

16 IBiJ_;z:t;fltj Photinia benthamiana 0.77 1. 47 0.60 2.84 

17 :l:JlE* Bischoffia javanica 0.77 1. 47 0.51 2.75 

18 sW Suregada glomerulata 0.77 1. 47 0.46 2.70 

19 ptfj3 Acronychia oligophlebia 0.77 1. 47 0.45 2.69 

20 1J1i3jZ~ Sterculia lanceolataCav. 0.77 1. 47 0.33 2.57 

21 :[,§(11\t Gonocaryum lobbianum 0.77 1. 47 0.30 2.54 

22 jlij:J¥j*~~ Polyspora balansae 0.77 1. 47 0.22 2.46 

23 ~"1l;jlJ~ Syzygium rysopodum 0.77 1. 47 0.18 2.42 

24 JJWjil::I1.l:r Glochidion dasyphyllum 0.77 1. 47 0.18 2.42 

25 *I*~ft Elytranthe cochinchinensis 0.77 1. 47 0.14 2.38 

26 rm;fltj Sindora glabra 0.77 1. 47 0.03 2.27 

3. gmr;it, IlitJ¥j gmr;it Amesidodendron chinense 14.29 12.12 21. 75 48.16 

llJfTrllfli 2 IlitJ¥jllJfTr Garcinia oblongifolia 17.01 14.14 10.99 42.14 

3 ~;fT. Engelhardtia roxburghiana 4.76 6.06 7.63 18.45 

4 =e*;j:iiJ Lithocarpus pseudovestitus 5.44 4.04 7.23 16.71 

5 :[,§(11\t Gonocaryum lobbianum 6.12 4.04 6.4 16.56 

6 jlij:J¥j*~~ Polyspora balansae 6.12 6.06 4.18 16.36 

7 J'tntllJJiiL Symplocos lancifolia 5.44 7.07 3. 16 15.67 

8 **7.)(* 
Cleistocalyx conspersipuncta-

1. 36 2.02 7.12 10.50 
tus 

9 IJ'nt~ Ficus microcarpa 4.08 3.03 2.47 9.58 

10 jlij:J¥j~:RW Radermachera hainanensis 3.4 3.03 2.85 9.28 

11 5GJ!:tJlt£ Hopea exalata 3.4 4.04 0.75 8.19 

12 :W111\t Cananum album 2.72 3. 03 0.94 6.69 

13 ***~r Litsea lancilimba 2.72 2.02 1.7 6.44 

14 ~* Ixonanthes chinensis 2.04 2.02 1. 03 5.09 

15 7.k;z:t1$ Sarcosperma launnum 2.04 2.02 0.66 4.72 

16 1:j:l!Jlj;fltj Machilus chinensis 0.68 1.01 1. 45 3.14 

17 IJ'Pt¥Jt$ Lindera playfairii 1.36 1.01 0.51 2.88 

18 ~ji11j!Jlj;fltj Machilus nakao 0.68 1. 01 1. 03 2.72 
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( tj) 

:.mM :.mx~ :.mx~ 

lIfti~l!l! J¥% W#1'i* ~JJt ~JJt 1Jt~JJt m~m 
(%) (%) (%) 

(%) 

3. gro-fi;, ilitl¥I 19 Mtl* Pentaphylax euryoides 1.36 1.01 0.23 2.6 

w1"HlIfti 20 JJ%W Ehretia acuminata 0.68 1. 01 0.85 2.54 

21 i*W Toxicodendron vemicijluum 0.68 1. 01 0.73 2.42 

22 m~B* Bischoffia javanica 0.68 1. 01 0.63 2.32 

23 ~ftEtYf Pithecellobium clypearia 0.68 1. 01 0.6 2.29 

24 {JiF!JbtiP Diospyros potingensis 0.68 1. 01 0.48 2.17 

25 ril!:flYi Sindora glabra 0.68 1. 01 0.36 2.05 

26 rlmJ!J.:5:flYi Photinia benthamiana 0.68 1. 01 0.36 2.05 

27 €!~tttm Eriobotrya deflexa 0.68 1.01 0.36 2.05 

28 Jt1t* Piptanthus labumifolius 0.68 1. 01 0.33 2.02 

29 08:i't Phoebe hungmaoensis 0.68 1. 01 0.21 1.9 

30 ~tt Litchi chinensis 0.68 1.01 0.19 1. 88 

31 j;!Hl!!:i.~~ Caryota mitis 0.68 1. 01 0.17 1. 86 

32 ~~£li Peltophorum tonkinense 0.68 1. 01 0.16 1. 85 

33 ;iC:lI!:~ Ficus auriculata 0.68 1. 01 0.16 1. 85 

34 ~Efl Acronychia oligophlebia 0.68 1. 01 0.1 1. 79 

35 :lfnm-f* Pterospermum heterophyllum 0.68 1. 01 0.1 1. 79 

4. *:51$, j!ij:l¥I 71<:51$ Sarcosperma laurinum 12.82 12.90 7.49 33.21 

JttfL j!ij:l¥I1Ill' 2 j!ij:l¥IJt~ Dalbergia hainanensis 5.13 6.45 17.99 29.57 

~lIfti 3 j!ij:l¥IIIll'~ Polyalthia laui 12.82 9.68 3. 43 25.93 

4 wtt~ Elaeocarpus sylvestris 5.13 3. 23 16.74 25.10 

5 M1ritiP Diospyros susarticulata 5.13 6.45 9.66 21. 24 

6 08* Antirhea chinensis 5.13 6.45 4.72 16.30 

7 ilitl¥Iw1'H Garcinia oblongifolia 7.69 6.45 1. 65 15.80 

8 Jttj::* Cratoxylum. cochinchinense 2.56 3.23 8.88 14.67 

9 j!ij:l¥I71<ffflW Wendlandia merrilliana 5.13 6.45 2.27 13.85 

10 5l:nm Ficus variolosa 7.69 3.23 2.64 13.56 

11 h'l'fiiJ Lithocarpus elmerrillii 2.56 3.23 7.02 12.81 

12 j!ij:l¥If[li Ormosia pinnata 2.56 3.23 4.04 9.83 

13 ;tID4fiiJ Lithocarpus comeus 5.13 3.23 1. 19 9.55 

14 pj";:flYi Syzygium buxifolium 2.56 3.23 2.85 8.64 

15 j\jgl¥ItfJiIJ Vitex tripinnata 2.56 3.23 2.85 8.64 

16 sW Suregada glomerulata 2.56 3.23 1.75 7.54 

17 ~Efl Acronychia oligophlebia 2.56 3.23 1.56 7.35 
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(~) 

mm mm mm 
lIf~~1rI J¥-\} l*J#~j$ ~Jt ~Jt 1t~Jt :I~m 

(%) (%) (%) 
(%) 

4. 7J<;z:l1$, 1fjfJ¥j 18 'l;tC Engelhardtia roxburghiana 2.56 3.23 1. 22 7.01 

'It\l,IfjfJ¥j1llf 
19 1fjfJ¥j'iif~w Goniothalamus howii 2.56 3. 23 0.99 6.78 

~lIf~ 
20 ~PU:~T Neolitsea obtusifolia 2.56 3.23 0.74 6.53 

21 ~'L'jWj Phoebe henryi 2.56 3.23 0.30 6.09 

7.2.2 ~5i~#;J 

7Rm:lRiI3.1-tl*~€tif*j;~~*if*~~~, 1J~I~)jt 1. 0, f.f~~~$3tj; 
~~,~~***~,~*~~~*~0~~**~X*j;2~~~, 
.I~~~.*~8m,.rr~~~.~~8m; ~~&~~~~m. 

-=ffJt, • I ~~1fI{l$3t.fl{J5fIJ-=f%$3t:ftffI{J~**$*B:FBVfIJm, :OO:1f~ 

*$j;~~$3t~,~m1fl{l~.fI{J~*,~~~.~,~~ilim,.M 

*,nT~,mm~.,@.rr~~~~~:1f-=f%$3t:ftf,~*K~,~ 

m1fl{l$3t.fI{J •• ~±~#,~~~ •• ,~.~£,W~5flJfi~~tt 
.0~*~~#*~,±~:1f~~ •• ,*E~,~mttR,nT~, 
.M*,M~~~~,.~,~m.~~.**~~5fIJ~m~~~(~ 
vatamia officinalis), IN ~ (Aporosa chinensis), S 1f. fIt r, n -=P • ~ 
*; ~*~±~;f][!~:N:n-=p, *m;f-±9t, ditmili1tr, r1i~(Livistona 
chinensis) , ~~, *,!t*.*~*~S'f5flJfl1l~~1t(Indocalamus latifoli­

us), 1t-=p~ ( Chrysopogon aciculatus) .~*;ft ~ 0 .IIt~~, il3.1-tl*~€tif*~ 

:1f*~fl{JBi*tt~, :ftOfi~(Smilax china), ~mff1ij( Piper hainanense) 5fIJ 
;f§J~,r(Abrus mollis).o ~.IltPJ~, ~*~5fIJ~*~~~:1f~Um1fl{l$3t 

.fI{J**~~5fIJ~S'f 0 
7.2. 3 3'F*~~~~~11i 

7Rm:lRi!M-tl*~if*~IPJf.f~**~~~~~fI{J~#$~'/j:~* 7-20 
f.f~ 1 -4 **~~#*~)jt R *J1Uj; 42, 26, 35 5fIJ 21, $~'/j:t~~ 
SW*J1Uj; 4.46, 3.61, 4.28 5fIJ 4.14, :Itg~)jtt~~ E *J1Uj; 0.81, 

0.77, 0.81 5fIJ 0.94, ~~fjt~)jt ED *J1Uj; 0.07, O. 13, 0.07 5fIJ 0.040 
~fI{J*.,7Rm:lRiI3.~l*~if***~~#*~)jtRj;21-42,~ 

~~lli~lR~m~M~ili~~~~IR~S*if*~5flJm.if*~A*~~m 
if*fI{J~#*~)jt(.*:1f., 2007); $~'/j:t~~ SW j; 3.61 -4.46, -!:3 
M~ ili ~ ~~~ IR 1~~t&:A*mif*fI{J~# $~'/j:;flj;ftlli (4.04 -
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4. 17), {g {~ -T ~ !IJ! dJt 1.{HW )]jj~ *,f\l3~ $ ¥-F 'ti ( 5. 78 -6.28) C*~1.t, 

1997; iq:$r~, 2009); :I:1]~)JHIHt E ~ 0.77 -0.94, 1:~{7tY.i)jt ED 

~ 0.04 -0.13 0 

*7-2 m{.tmi~**3f*~!f6JJ;fIjl ~~11i 

ff1*~~ ;j;j(~ R SW ED E 

ff1*l Ji:*~ 42 4.46 0.07 0.81 

I 30 4.39 0.06 0.89 

IT 29 3.89 0.10 0.80 

ff1*2 Ji:*~ 26 3.61 0.13 O. 77 

I 12 2.83 O. 18 O. 79 

IT 24 3. 73 0.11 0.81 

ff1*3 Ji:*~ 35 4.28 0.07 0.81 

I 25 3.93 0.08 0.85 

IT 27 2.60 0.10 0.55 

ff1*4 Ji:*~ 21 4. 14 0.04 0.94 

I 6 2.50 0.07 0.97 

IT 15 3.64 0.06 0.93 

7.2.4 ~7.}-~* 

~~g~~~~##*1:*~~7~04~$.~*~.:I:1].~~ 
10.2 -14. 3 cm, .:I:1];f%tjWj~ 8.50 - 13. 39 m, .:I:1]~{ilITilfJ{JifJ{:S:~ 

142.51 -199.44 m3/hm
2

, a)j~{~-T#ifi¥i.±.dJtL1J:f:-t!!l®#~~~~#( ~ff 

~5fUp~j;!f, 1991; .~J/li}!L 2001; .~M~, 2002); #*!M)jt~ 

2321 -3545 fVhm2, *-T#lfi¥i.±.dJtL1J:f:-t!!l®#~~~~#o M.1*;f%t!M)jt 
5fUJi~~~~.,~~~~#1* •• ~~.n~~, ~~*~1*;f%t~ 
48. 30 - 79.49%, JifJ{:S:.~~. I ~~, ~ ,~, Ji fJ~ :S: ~ 
67.11 -91. 38% 0 

*7-3 m{.tmi~**.:E~iDl!Im~T 

*1t tffJUI 

ff1*~~ ;j;j(~ 
.1JL#]J#il;j£ .1JL#];j%J~ 

( cm) (m) *1t s?ttt lHJtl: s?ttt 
(;j?jVhm2 ) (% ) (m3/hm2 

) (% ) 

ff1*l Ji:*~ 12.68 12.33 2595 100 191. 55 100 

17.65 14.23 1005 38.73 164.28 85. 77 

IT 8.09 6.60 1590 61. 27 27.27 14.23 
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(~) 

li%'J3t \I~Jtl: 

ffrt~~ ;jYj(~ 
+:!t>]~12 +:!t>]~~ 

(cm) (m) 
li%'J3t s:5tt~ \ltl:(:I: s:5tt~ 

(i*/hm2
) (% ) (m3/hm2 

) (% ) 

ffrt2 **~ 10.20 10.05 3545 100 142.51 100 

I 14.29 12.22 1091 30. 77 103.30 72. 48 

IT 7.71 6. 75 2455 69.23 39.21 27.52 

ffrt3 **JR 13.16 13.39 2321 100 199.44 100 

I 16. 79 14.62 1200 51. 70 183. 17 91. 38 

IT 7.52 6.83 1121 48.30 17.27 8.62 

ffrt4 **~ 14.30 8.50 2925 100 195. 12 100 

24.06 10.29 600 20.51 130.94 67.11 

IT 10. 74 6. 18 2325 79.49 64.18 32. 89 

7.2. 5 **~J[f£~*1;) 

~~g*~~M#~~~~£*74®~7~~~o~~g*~~ 

~~#~1~?ti$~lIlfik 4 -48 cm, :Ii*~1~~ 46. 30 cm; EET®tm~HYiJ1~ 

Jik 5cm, ~lit* 74 ®~ 7-2 9=t 4 cm 1~Jm-pgr5t:ff§ffiHYiJ1~~ 2 -4. 9cm 

i¥J#***~, ~~ 4cm 1~Jm-pg;ft!fm**~t~{§tl~llIH~T 8cm 1~Jm- 0 *~ 

ii1f*~~1~?ti$~&. J ruo 

*74 ~{.t!*~**3'F*~lH2~11i* 

1H21lfl":1*~t~{9iJ (:1*) 
~Ilfl"(cm) 

ffrt1 ffrt2 ffrt3 ffrt4 

4 20 17 11 11 

8 35 48 36 37 

12 24 21 30 23 

16 10 7 12 14 

20 6 6 5 7 

24 3 2 4 

28 0 3 

32 0 0 2 2 

36 0 0 0 

40 0 0 0 

44 0 0 0 

48 0 0 0 
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7.3 }X~**~~iE 
7.3.1 :± ~fit~~if! ~~U.m 

~7-5 

ffl'$tRmi f1'% 

1. l~~ffl'$ ~~ 

2 :!ffi4W 

-+-M1.tl 
-o-lltliz 
-k-lltfff3 
--*-lltli4 

20 24 28 32 36 

m {.tJjj!~;I*3'F *m 1I ~~;t;(jj lE 

Ixj::;I*=1'~~~~!jWa9:m~m 

;l1jx1 
M#iif$ $1t 

(%) 

Aporosa chinen.sis 30.77 

Lithocarpus comeus 8.97 

3 ~i¥iJlJft-=f Garcinia oblongifolia 10.26 

4 ;jji\7,1f Liquidamhar fomwsana 2.56 

5 ~:!f!:W Lithocarpus howii 7.69 

6 Bl\In~ Artocarpus tonkinen.sis 2.56 

7 ~i¥i~ Castanopsis hainanen.sis 2.56 

8 JlJ~!!= Syzygium buxifolium 1. 28 

9 ~i¥igrli Omwsia pinnata 2.56 

10 lP-lltli Ellipanthus glabrifolius 3.85 

11 JlJQr;tS Sapium discolor 1. 28 

12 B1\~grli Omwsia fordiana 2.56 

13 ~*lfi Indigofera galegoides 3.85 

109 

40 44 48 1~~j)-

;l1jx1 *§M :I:~ii1i. 
~1t (j[;~1t (%) 
(%) (%) 

12.50 17.05 60.32 

6.25 8.36 23.58 

6.25 5.87 22.38 

3.13 13.01 18.70 

3.13 4.72 15.54 

3.13 9.74 15.43 

6.25 3.93 12.74 

3.13 7.71 12.12 

6.25 2.90 11. 71 

3.13 4.10 11. 07 

3.13 5.71 10.12 

3.13 3.90 9.59 

3.13 1. 95 8.92 
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(~) 

;fll:i(~ ;f!jx~ ;f!j~ 

llf~~1l!' J¥% W*,,~fyj; §:;it Jij)jit t't~ it :I:~{i[ 
(%) (%) (%) 

(%) 

1. llgj!1llf~ 14 Jit4* Cratoxylum. cochinchinense 2.56 3.13 1.54 7.23 

15 {jJ~~ Wrightia pubescens 2.56 3.13 1.12 6.80 

16 ;fjJ(ilfj Beilschmiedia intermadida 2.56 3.13 1. 01 6.70 

17 JfltW Lannea coromandelica 1. 28 3.13 1. 78 6.19 

18 7J'TtnJ Lithocarpus elmerrillii 1. 28 3.13 1. 23 5.63 

19 1'l-* Memecylon ligustrifolium 1. 28 3.13 1. 07 5.48 

20 :mifl Acronychia oligophlebia 1. 28 3.13 0.93 5.34 

21 ~i¥iJit:tl Dalbergia hainanensis 1. 28 3.13 0.87 5.27 

22 .liT Glochidion puberum 1. 28 3.13 0.45 4.85 

23 .M) Psychotria rubra 1. 28 3.13 0.38 4.79 

24 ~Ut:$IHIW Radermachera frondosa 1. 28 3.13 0.36 4.76 

25 ~~ A. odoratissima 1. 28 3.13 0.32 4.72 

2. JlJJitlffllf~ JlJJitIff Trema tomentosa 77.27 37.50 80.32 195.09 

2 IFtjclfii Indigofera galegoides 9.09 12.50 10.10 31. 69 

3 Rl~1ff Helicteres hirsuta 9.09 12.50 3. 68 25.27 

4 1jl.UtR Ellipanthus glabrifolius 1.52 12.50 4.02 18.03 

5 1*ut~*~ Evodla meliaefolia 1.52 12.50 1. 21 15.22 

6 'i&~ Aporosa chinensis 1.52 12.50 0.68 14.69 

3. Jit4:WrW, Jit4:WrW Symplocos laurina 29.67 20.00 28.72 78.39 

~i¥i~RW 2 ~i¥i~RW Radermachera hainanensis 23.08 10.00 25.67 58.75 

llf~ 3 ISiJl!J;&ilfj Photinia benthamiana 9.89 5.00 11. 00 25.89 

4 1ff1* Chukrasia tabulam 7.69 15.00 2.37 25.06 

5 JfltW Lannea coromandelica 6.59 10.00 5.35 21. 94 

6 S1l'.liT Glochidion wrightii 4.40 10.00 5.27 19.67 

7 sW Suregada glomerulata 8.79 5.00 5.50 19.29 

8 §:;.~:lI1:~ Parapyrenaria multisepala 2.20 5.00 9.78 16.98 

9 ~Jl..,! Euodia lepta 3. 30 5.00 2.06 10.36 

10 Jfut.liT Glochidion dasyphyllum 2.20 5.00 2.44 9.64 

11 ~ut~RW Radermachera frondosa 1.10 5.00 1. 22 7.32 

12 1IIIilfj Sindora glabra 1.10 5.00 0.61 6.71 



~-tlit lfi1tEjiX~~*~1iE?HJT lJd~~Jl~:~ 111 

(~) 

ffi)(;j ffi)(;j ffi)(;j 

jjfg~l!'I J¥% Wf'lt1'ifF ~Jt ~Jt fJt~Jt :I:~1i 
(0/0) (0/0) (0/0) 

(0/0) 

4. =e"=Mjjfg =e"=M Lithocarpus pseudovestitus 19.63 5.66 23. 38 48.67 

2 fN~~ Sterculia lanceolata 8.59 5.66 6.25 20.50 

3 Jl.i.b!;fB Sapium discolor 8.59 3. 77 5.27 17.63 

4 ltm Canarium album 3.68 3.77 6.71 14.16 

5 ~* Memecylon ligustrifolium 4.29 1. 89 7.58 13.76 

6 JJnt:ll1lir Glochidwn dasyphyllum 4.29 3.77 4.42 12.48 

7 1IIl:JWi Sindora glabra 4.29 5.66 1.16 11. 12 

8 sW Suregada glomerulata 3.07 3.77 3.89 10.73 

9 S1r:ll1lir Glochidwn wrightii 2.45 3.77 3.90 10.13 

10 ~J¥jnjf Ormosia pinnata 3.68 5.66 0.64 9.98 

11 fLll Psychotria rubra 3.68 5.66 0.55 9.89 

12 Jl.iIl*W Commersonia bartramia 3.68 3.77 2.06 9.51 

13 ~J¥jJl.i1tr Garcinia oblongifolia 0.61 1. 89 6.77 9.27 

14 7.K:tlfF Sarcosperma laurinum 2.45 1. 89 4.55 8.89 

15 {iiJIfl~ Wrightia pubescens 1. 84 3.77 3.20 8.81 

16 :ll1lir Glochidwn puberum 3.07 3.77 1.44 8.28 

17 1Iil~* Dolichandrone caudajelina 1. 84 1. 89 2.85 6.58 

18 mw Ficus microcarpa 1. 84 3.77 0.97 6.58 

19 JJElW Lannea coromandelica 2.45 1. 89 1. 69 6.03 

20 Jit;ffi Engelhardtia roxburghiana 1. 84 3.77 0.32 5.94 

21 Jitt. Cinnamomum parthenoxylon 1. 23 3.77 0.53 5.53 

22 AJfJtR\ Alangium chinense 1. 23 1. 89 2.41 5.52 

23 Jit4mW Symplocos laurina 1. 23 1. 89 2.41 5.52 

24 ::='JCi!i Euodia lepta 1. 23 1. 89 1. 90 5.02 

25 *mt±~ Elaeocarpus petwlatus 2.45 1. 89 0.42 4.76 

26 ~nt~*:1{ Evodla meliaefolia 0.61 1. 89 1. 69 4.19 

27 ~J¥j~jfW Radermachera hainanensis 1. 23 1. 89 1.02 4.14 

28 ~rft Amesidodendron chinense 1. 84 1. 89 0.07 3. 80 

29 fi'nt~r* Pterospermum heterophyllum 0.61 1. 89 1. 08 3.58 

30 1** Artocarpus lingnanensis 1.23 1. 89 0.08 3.19 

31 Il*~ Chukrasia tabularis 0.61 1. 89 0.66 3.16 

32 £:tt:JJ1t1* Cryptocarya densiflora 0.61 1. 89 0.15 2.65 
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~m~&~#~~mM~~~*~.~.~m~*7~~~,~~ 

jt4:W3., ~m~R.mM~~**PJmM*ffl±!!!.121i;tlf~12*it.;f§xif 
iit~Jjt, ;Jt.EI:iJJtit •• ~mo ~&~mM~*~;t!,:~.~ 25~, ~~~& 
~~.~m_*,~~n%,~&~.4~~~militt~,.~m* 

~tl~23.58%~22.38%, ;ffilw, ~UIHPJ, HINH~, ~m;f~, ili!J;£j:, ~ 
mhR, ~nt R~ili~;fB~.~m*jtl4 -11, ~1t!!, 14 ~;f.t!IW~.~m 
:hl]/j\T 10% 0 ili~jtmM~*~;t!,:~.~ 6 ~, ~~ ili~jt~.~m 

_*, Jt~tl195. 09%, 1111*1fJitL JI~~, ~nt R, **nt:!JHI~Jt~~& 
~~.~m*&.~ojt4:W3.,~m~R.mM~*~;t!,:~.~12 

~, jt4:W3 •• ~m_*, ~78.39%, ~&~~m~R., .~m~ 
58.75%, ISij'-E1m, ~**~JJEl.~.~m*jtl~ 3 -50 ~*~mM 
~*~;t!,:~n~~~.~,.~m_*~~~*~,~~.m%,~& 

~1111~~, ~ 20. 50%, ili~;fB, fittffl!, ~*, JJnt.:m:~, rm1m, B 
., B~.:m:~~~mhR~.~m*&./j\, *jtl3 -9, ~1t!!,23 ~ 

.~~.~m:hl]/j\T 10% 0 
4~mM~~*~.~~~~T*~W,%4W,~W,~~W, 

m~w~.m~W~,~-~M~**~~~ft~~m •• ~±.~,~ 
~~m~IR, JJEl.~~militt~~fflTffjUfFn, m, *Jl., *Jl.~ffl 
M.~,~~~m.~~~M.~ilijt~~~~fflTmilim±!!!.~#~~ 

~*~.~o 
7.3.2 m5i~~ 

~m~&~#mM£t!f#JjWj~, 19~I~Jjt 1. 00 ;f§ttJJHt~~€l'#, &~ 
#mM£t!f#J*~~~~~,~~~~~~mM~,*~mM~ili~jtm 

M~*~~~*~*~~~~~,Wjt4:W3.,~m~R.mM~~* 
~mM~~~0~~*~,&~#mM~~~*~,.4~,.w,. 

m,ilijt~,~m~R.,~*~,~~~, B.~.m~~*.~~ 

JI~~,JJ~.:m:~,~~*, B~.:m:~,ft~~jt4*~~*. 

~0.*~!IW~$.,.*.JjtJt100%, ~~~*~,~X*,ft 
~, ili ~ jt, ~ m ~I R, ~ trP (Diospyros strigosa), ~U .. * ( Flacourtia 

indica) , :Pt Efl, B., ~ * l~ (Arytera littoralis), 1itl ~ ~, ~ 'L' 1m 
(Phoebe henryi) ~ili~;fB~~~*fWE8, 12Uttt~.( Chrysopogon acicu­

latus), -=.~.~.*;f:.t!IW0 &~#mM~~JJi*;f:.t!IW~~~$., ~O 

~JJ; (Smilax china), iEr JJi ( Papilionaceae ), !I!f 1li (Pueraria lobata) , ;f§ 
,1jtI,~(Abrus mollis)~o EI3.tlt-aIJXI.., &~#mM1JJ~~)ftlJtJ11rm~~~~ 



*~i%t5fl:l~rE8 0 

7.3. 3 3'F*~~~Ijl~;f$'1i 

xt#7t1f*g!j~Pf*~;fMiiY!~k:£S*(~ 7·6)~a)j: /f1PJ~mlKf=Ht 

1f*g~f9:r~;j;'ftt:~tB<a)jlIL 1f*g~f9:r$MOC R 5J'-ilUjg 25, 6, 245f1:l 
32, ~;j;'f'litlj?J& SW 7tilUjg 3.79, 1. 19, 2.94 5fI:l4. 41, ±5]~octlj?J& E 

7tilUjg 0.82, 0.46, 0.82 5fI:l 0.88, ~~fjt~oc ED 7tilUjg 0.12, 1. 00, 
QI65f1:lQmo~m~~M#ffi~,~mlK~~#~~ili~~~~f9:r$ 

MOC5fl:l~~~~~fjt~OCo 

* 7-6 }X~~~~!f.!f~iE(j) 

:rw§ ffrt1 ffrt2 

1f*~!JW#$M1tR 25 6 24 32 

1f*~~*F'~:tIil~ SW 3. 79 1. 19 2.94 4.41 

1f*~:t:g?:j1tE 0.82 0.46 O. 82 O. 88 

1f*~1:~1:ft~1t EO o. 12 1. 00 0.16 0.07 

.:Ijl-:t:g~12( OBHlcm) 6.44 4.48 

.:Ijl-:t:g;f%t?ili(Hlm) 5.23 4.74 

.:Ijl-:t:g!&.'1t(N IN· hm· 2
) 5850 6600 6828 8300 

.:Ijl-:t:glffJti:(V/m3 
• hm· 2

) 10. 12 26.09 

7.3. 4 **~iE* 
~mlK~~##7t~*~O~7·6 EJT~o ~J.g~Wft5fl:lIlJ.~f=Ht1f* 

gf±5]~127tilUjg 6.44 cm 5fI:l4. 48cm, f±5]i%t~7tilUjg 5.23 m 5fI:l 
4. 74m, f±5].1ftoofJ~'I'fJt5:5:J'-ilIJjg 10.12 m3 Ihm25f1:l26. 09 m3/hm2

, a)jJlQ. 
1f£~~mlK:lfHt~~€t#o 4 1'-Wft#7t* ocjg 5850 ~ 8300 ;f?IUhm2, * 
~~mlKm1.t~~€t#8'~#7t*OCo 

7.3.5 **~lH£~~ 
QHIH~Wft5fl:lIlJ.~Wft~1r127t:1ff( ~/!I7·3) iJta)j~mlK~~# 

1r12£StkJo ~mlK~~#1r127t:1ffmOO~ 2 ~16 cm, :Ai*1r12jg 15.80 
cm, ¥Bt J ~1r127t:1ff 0 

2009 6f3 JBfiiJ1lfT~mlKpg l1'-m1.t#jillWft~~, i9::'i:T -1'-00 
fJ~jg 360 m2~*~;j;'fjill, ;j;'fjillEEi 10 1'-6 m x6 m ~/J\;j;'fJrgJ3.Jft, ~JJl~k:~ 

1'-;j;'fJrpgEJT~#*~~f9:r~~,i%t~oEJT~1lf~m~#~~~~~1f* 
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~~~ffr~ 

-.- Ll(~ ifffffi 
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1~~f)- (cm) 

5flJm**;fJi (* 7 -7), ~ JJt1:E O. 5 -2 ID 21'S] 0 

*- 7 -7 i~.'f.t*",tl!r± ~m:f!IJ 

J¥% W# *tE J¥% W# 
1 ~~ Aporosa chinensis 3F* 13 -'5~ Antirhea chinensis 

2 fN'f~ Sterculia laneeolata 3F* 14 ttnt!lt~ Smilax corbularia 

3 ±!£:W Bridelia morwica 3F* 15 *~ Micromelum falcatum 

4 Jliij~* Flacourtia indica 3F* 16 Jliij$IJ~llJ Licuala spirwsa 

5 ~ff~ Ficus virens 3F* 17 J')](~ Gorwcaryum lobbianum 

6 mlW'f~ Sterculia hainanensis 3F* 18 jpfWnt Microcos paniculata 

7 i'$i*,\!;\ Arytera littoralis 3F* 19 -'5trli Diospyros strigosa 

8 ~J1\!/i1i Randia sinensis il* 20 .4* Cratoxylum. cochinehinense 

9 mlW~3f;{t Ervatamia hainanensis il* 21 mlWJfn.m Macaranga hemsleyana 

10 mlWB.R Croton laui il* 22 9,1Hj1§.~~ Caryota mitis 

11 ;tJliijJlJ.Et Randia depauperata il* 23 mlWJi~:tt; Salacia hainanensis 

12 JlJ7IIJfft Acronychia pedunculata il* 

7.5 JL itt!7j( lJ!. J~ ~ ~ 111& 

7.5.1 ~ {.tmt~**J~~ 

*tE 
il* 
il* 
il* 
il* 
3F* 
3F* 
3F* 
3F* 
3F* 

Ij\3F* 

Ji* 

*~ FLR 7.f-mJKjlHt)]{~ft**~)]{~ft*M2:l:1$rx~1:lt5fUm]§"~)$tI¥J, 

§ Btr ±.~* ;fJi1:EWff$ 5fIJ *Wff$1¥J rlJ IY! JK~ 0 ~~1j£ 1iJfJt* Iffl, jJlHt)]{~ft ** 



1JJ1'&1* W T 1f!. )'GJffiftijijYj\ I¥J ±~t~w: I ~Q;f%JftIt ti!.pX; " ±:Itl ~f1J" * :fr~f1J 
~ I 1JJ1'&J'!.:ffm~i¥J~~1*1ft:9J~~ I IEIJI:t'W<1li¥J~*JffiJRU~"*~~*l! 
1-tI¥JJffiIEl I ~um~*i¥J El 1'&~~:l:ffj'W<1ll!1-tJffiftil*o 

~1'&~1l~m~1*1fti¥J~~k*.El1'&~~i¥Jh.*~1l~1'&*o 
jgTlijij1*~1'&'W<1lpX;:9J I -*m~~~JE~1*1fti¥Jx>f~**%~:l:-m~ I ~* 
~~:ffftlt~~~tt.m~,~fflili:ff*.i¥J*.o~mgl!~JffiM*jg 

1l)~Jf.*~~f1J I fj~I~JJt 1. 0 I IHt~f1J$3tjg5G~ I rm~:fr1f*~" *­
*~~~*~o1f*~~1JJ1'&:ffT*$3t~,,~*K~,,~~~~$3t~i¥J 
•• ~±;f%JftIt,~~~ •• "~ •• £,,W~®fi~~tt~o*-*~® 
~*~~ftIt$M,:ff~~$3t~I¥J1f*~;f%J®~m,J'!.:ff$Mi¥J~ftIt~ 

4,~*-*~±~:ff~~ •• "*E~".*~R"H~M".M*,, 
fA1tJ¥'iEif$:" .fC" ¥Hfi¥.r~~~~1f*~;f%J®~m3'fiJ3f1t" 4!~~" s1f 
~~~"~~~*-*;~*~:ff~~,,*mtt~,,~*wtt~,,~~,, 

4!~~" *ti*~1f*-*~m 0 1EI.tJ:~, l!1-tJffiftil*JiT~JJtl!1-t1¥J~*, J'!. 
4~?&]!*JfI¥J~~h I .R.~x>f~~'W<1li¥J.lL:l:-m**i-tw1f*i¥Jjjj.\;~1*ilE 

IMt El 1'&'W<1l I ±~-E2:mi-t w" ~tl?;" ~3j\f~i-t~'t§:1*:fPff'lJ1ffi: I :lMifDitt 
-~I¥JT:tJt, ~Q~*" *1J®~~*1J*rz:&bI¥J:l:fJJtr&~~, 8JtPJ~*. 
m.i¥J~1'&]!~®El1'&~~:l:ffi~.~~~~~~~~tt,,~f1J,,:9Jn 

®~~hl¥J~1l,~ittl!~JffiM*~~ftJffiM*,,~~~JffiM*I¥J~ 
1to i*~~-tftf*jg"~7ij]'W<1l" (Grieser Johns A, 1997) I jt;!t:~mTX>f 

~*~)(~'W<1lffl7ij]l¥J)jJjWcJt:t~:ff~~I¥J'Ift£ I ~11£pX;*H~~$~*ITiffJ~m 

oopgm)mml¥J~~z-o ~l!1-tJffiftil*" {X~**:fr--'=3AI*" l!1-t 
*.~a.i¥J~~kftlttt~~~m,,~;f%J~.~;f%JftIt~jg.~~ •• , 
PJ~:ff:5&~JEl!1-tJffiftil*--'=3{X~*, :lMifDitt-~I¥JAjgT1}to 

7. s. 2 IX~**~~ 

~mg{X~*i¥J1XJi:ffMftIt: S3l!1-tJffiftil**~tl?;J5 El ~~~*pX;i¥J 
{X~*jg~~~:ff; ~tl?;mTa~~ftltttJ5"m*lO~~k*pX;i¥J{X 

~*~3Jffi3fZtP ±~:ff I jgB~--t A~:ff 0 fJ(Ji/F1PJ I 'W<1lff'lJ1ffi:®~~ 

.tk: I¥J '* ~-tft/F IPJ 0 

~~~:ffi¥J{X~*,~.4~;f%J".*.R;f%Jm.®~*Mm., 

1f*~*:ff -~1J},ff(**®tffi~ft~.* •• ~ ±;f%JftIt I -tft:ff.*~R" 
J¥~;f%J®~*wtt~~mT~~M"."aJ'!.,,*J'!.i¥Jm1J;f%JftIt, IEIJI:t 
** --'=3l! 1-tJffiftil *;J:§ IPJ i¥J 'W< 1l ff'lJ1ffi:-1*:fP ,t§: " ~ ffi" I Jl.lL. ~ ~ • 
• ,~.m~AjgT:tJt,~m.:ff~;f%J,,~m,~.~~~1lo--tA~ 
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~~~~#,~ •• mM®ili •• mM,~~~.~.£U_#ili • 
• ~~~~R~®~ffl~milim~m#~~~*~_#,@~~z~~ 
!;; ±_#, IZSlllt~~~~#~J~1[*JW.{5itt?Ej:ft-tt;f§£J1f%~mJ1ID:, ;.fUffl 
JJ\\~~_ ~ ~1EJttqT{li!j?JtiJ~1[, -N:fJOL:ft-tt~~!;; ±_#, ~PJ§~;.fU 
ffl!;; ±_#5E rPJ J~1[Q,{ ~f:£Vf1fr{j[#* Jg § tff-~~#mM, Q,{ ~ ~ ~~ 
~~JI1:®*±IK,* ~;fi'UU 0 

_#~~~~~#J~1[~£:u!ll, ~11f:~JG~ ~~~~~~lllZJI1:, X~ 

tt~~f:£Vf~ ~~:W§~~lrJI1:~Jtm_#~:ft-tt)jj(;:W~JH~o :ft-tt_# 
~~~$~M*~~lllK'*~~Jt~,*M~~tt~~*~~'*~w~ 
~~Ej~tt~, ~1-{~'4±1K,*~%~~_#flFff:: ~~.;jf~ ±m~~ ~ 

~ffim, 1ZSl~~.;jf®±m~~*U~~H~~mlK~!;;±_#, IZSlllt 
~~~~.;jf~ ±m~fFJgM~IK~~#~3::~:fHt_#o w;J#1itffl:ft­
ttjJ*~~WC:fHt®#g:li:fHt, ~~*m~#?t~~{4~ J~1[ § tff-®FJT 
ffl_#~]~J~RJIft£o iEJJHt~ ttflt#IK~%ffl#IlJjt:ft-m, :tlo*#?tI*JJWj 
OO_*qlVJ\( y.~ lOem dbh) , ~%ffl~WC:ft-tto 

~1[.~FJT~~~~#OO~~.*~~~~~M.y.~~Jgr*A 
I##m~~tt,A~~1[mJ1ID:~~J1ID:,~_#~~,~$~Ej~~,* 

~Jttft~.,W~fr,*~oo~~~~~#~~~:wn, m~.~". 

flt"~~]5E; 1-AFJT~~~~#, ~J~1[~FJTOOIIfu~.*~~~f*M~ 

~#~~*~JgAI~Vf#,*H~5E~iE~~~,m~~~~~~~ 

#ll.iHat~~OOIIfu-N~* ~~~tt, A~J~1[?%7;h ~~J1ID::tlo_#~~&\@f Ej 
#~FJT~1!fJttqT&1[~., ~~~~§~f1i!~~~~!;; ±_#, Q,{{J!iEf:£ 
Vf~~Ej~~g*~a~~.~, ~.~~#.~~1[~"~.tt. 

~")ffiJJ!Uo ~JJ!U, ~~~~~mBlZSlm*~)jj(;~~~#, H:f:1!!,j]XJ~1[ 

T -~atr§], ffl~1fn~~~Jti&t, W1JJ~~~~*~Jg~Vf~jc~tt~ 
~AI~:£Vf#o 

Jg~JJ\\~~#~~~~.tt, Wflt~~)jj(;~~~#, 1ZSl.~ttMW 

~ffiEA~~;.fU~~~x;f~, f:£~lllZQ,{~{#VGmB~*Jg3::~ §tff-, ~~ 
~#F£3::~ffl~:ft-JE~?%§~~~if.$*; * ~m*~~)jj(;~~~ 
#,IZSl~~~~~~FJT~ffl,~1[atffiE~Vf~~Ej~~g*~~~ 

~,~~~§~PJ~~ •• ~Vf~~jJOO, ~iE~1[~~~~tt~~ 
at, ~:I::It:fJO~~~Ao 
7.5.3 MHt*#±tB:m:9l 

:ijHt#~lllZt*~.JtJg 3::, ePAIm#, iEAIm#ttfj ~ ~ PJ§~ 



~m~m~x~~~o~~M~*~,~~~~ill~*~±~~#~ 

M,m~Q~m~~~*~~~m,~**.M.m.~~ill~*~, 
~.~ffi~*~~~, ~~~**Alm*~~~.~ •• o~f±~ 
~#~,w~~~,~~~~A~~~,~~~~F.ill~*~, llif 
~m~tt#~~,.~~~#~~*~,tt~,~.,tt~~.,~m 

1Jf-m~~~~~~#fF~~~*, &\~Bt*fflj~*~#, tm;f:t(~, lI; r5 
ffim~,~&±.,~~~T~#~ •• ~±~#,~~~ •• ,±m 
~~,T~**~*~*~~~~~*,*~m*~.~MoBM~# 
~~,~n~~ill~*~~~*~~.~,xn.~~~~~~~Ao 

7.6 /J\ ~ 

*~~JE?tJJ[:ff~IPJ~*~J}U~WJE~fIj.T, 12U1lfi¥j1!fl~tJj(~jj~ 

§~-£I.*Jtt FLR 7Rm:lRill1t5jiJz~~*~xt~, ~~*~i:JH~~it 

;1=J;*?t~1jf, *;fIH~*?J'-t~~.lli 7 Jt.1*~j'[±il!7j( ~i~~ •• O 

(1)ITTO~~*:lGtl?t~~~i1*, f~iExr~*fOAI*, f~iEx~* 

X?t~~i:~~*,ill~5jiJz~~*,;1=J;~ill~5jiJz~~*~Slli~* 

§r~MfjiE~fFfflrm1it~:':tHt~~*, @Mill1t~~i1*, iJz~*fOill1t 

*~o~IPJ~*~~~~~~-~~~~~~M~,*~~*ffili. 

*,~-JE~#Tm~ffili~~oill~~~*,iJz~*,ill~*~B~ 

~f~~~~~~~.W1*~,~MJEJt.1*~~i: •• ~,~m~*~ 
#~~~t~1iEo 

(2) *Jtt FLR 7Rm:lRill1t~~i1**?t~:f:(g~1~, ~:f:(g~~fO~:f:(gJfL 

fftOOfRjffR.?J'-J}IJ~ 10.2 -14.3 cm, S.50 -13.39 m fO 142.51 -
199.44 m

3
/hm

2
, li~*~~ I SIE~( ~~*f Srn) 1Jf-m~~~fOTID~ 

M~~**W?tE'ABOfUffl, ~iJWj~~ 4 ~f=frt~~f:it~~#?tJ}U~~l¥i 
ilitt~fOX.~~,.ffifO~l¥iilitt~,~~ftfO~l¥iilitt~, ~~* 

~~,.l¥i •• fO.l¥i~~o~f=frtM~,*~fO~#~~tt*~,ill 
~~~*~¥®~~5j~~*ffilPJ,f=frt~~~~~.,~ffi~*, ~ 

~?t~*~,~*~~~*~;~*~~#$M,*~lli~~~~#~ 
~iti( SW ~ 3. 61 -4.46), 5j~~ili±il!IR/fJ~ ili §r~~f?lRfJ;,\;.~.*m 
*~~#~~it'£3tili(4.04 -4.17); lr1~?t;;fp"~,&J~; *?t~~ 
(2321 -3545 ;f}!Uhm2

) *f.l¥ift-=r~ili±il!m*fO~~i1*; ~*~~ IT 
SIE~~m~~TID~M,~*iE~,~m1Jf-m~~~ •• ~±~#,~ 
~f[t#~~;fJ~~.;ff(;f:t~), ¥$JTf[t#7G.~~fO~f[t#-~;fJ-1f Bl, 
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Wffttfft~~;f:J~;ft ( !f ~~;ft) ~ Wffttff *~ * fIl-~ *HffI r:ft ~#i¥ ffl ~ 
~~±~*~ff;~*mfll~*mill~~~~~~~~*~~fIl~mo 

(3)4 -i'iX~#lIfm:1Jt~~ff?tJjn ~*~ ~ IlJ)ftJit ~ Jit4 :fg3~fIl#i¥ 
ffl~lt£'.~~ ~*tnJ, lIfm:~;MJmJ~, 1mI7fJJJt 1.0, #?tWJJt~5850 -
8300 ;f?/Uhm2

, ~*m~ff±~~T*~~f4~ %lH'4~ ;ftuf-l-~ ~~f4~ 
m~f4f1l~~~f4~,~-~;f:J)ft~fIl~r:ft~#i¥ffl~~~±~ff,#i¥ 

fflnR~W~~fIl~fflIlJnr~m;f:J~ff, ~~#i¥fflM~~~;f:J~ffIlJ 

Jit)ft~fIlmmTmIlJm±1!!~#~aNip§*~~ffo jt:9=tf&~lIfm:fIlIlJ.)ft 

lIfm:~*mf-±5JJJ~M2?tJjn~ 6. 44 cm fIl4. 48cm, f-±5J~~?tJjn~ 5. 23 
m fIl4. 74m, f-±5J~1ftjjff;:tjn,R;I:?tJjn ~ 10.12 m3/hm2 fIl26. 09 m3 I 

hm2
, 1WliQ.1f£TlKmJKlfHtm!J~#; lH2?t;fjJmOO~ 2 -16 cm, .¥BZ. J 

~1[12?t;fjJ 0 ifl3 t~i)Htm!jft#, iX~#lIfm:~;MJ?t1-t~~IWliQ., ;;tUJ\!ili 
~~~.ff$.JJtfll~~~~~1Jt~JJto 

( 4 ) lKm JKlfS 1-tJffi:~ft# ~)]Uft #~:i:t$iX;j'f1t5fn m J§"~ pj(; ~, ±~ 

?t;fjJ~ffl$fIl*ffl$~IlJmJK~, ~~~fIl~*~~~~~±~~ •• 
~,~:i:t~ffM~m~,~~~H#*~jt:~~~~~m,*3l1fm:~ 
~~~~fIl§~~~:i:tf:¥'~.lfS1tJffi:~ft#o 1z:.±1!!7j(f-~iX~#~IU1R{ijH? 

!j*~t.tifl3~,*~~:£'i'.~: ~1*EJT~~{X~#, ~*m*~~~~ ±~ 

ff, *JOC~1?'/1:"~ffi"; -i' AEJT~~iX~#, jt:9=t~M~~ ~ifJ~ff 
fIlmmTmIlJm±m~#~ff, 19~fliJc~~~~ ±~ff, ~~~~!j*~t.t 

ifI3~,*~m~, 5fnm~~ ~~ ~ ~m *1T~1?'/1:'~., /PJ Bt*~t.t~~ ~ 
±~ff,~~~Jit.~±m~~,~~n~m~±~ff~~~.~~~ 

V'F~~#*~ §ti~~#lIfm:o 1fS1-t#±1!!JJlZ~~M7t~±, &PAI~ 

#,~AI~#:i:tf:¥9=t~~n~M~M~~~~~o~*lfS1t!jiX~~ 

#~~~~~m~Z-~ff~~B~~*o 



~*~xYl'~1[1&---t:tlW, 'tim.:tl§f~fU~;f§3C1!rB"J;f§1LitfF, t)} 

.~~~3C1!rZ~B"J±~~m,~~~~tt*k~fi,~mkitm,li 
~~.~B"J~1[~.,MW~1[~~%.tt,.~m~m~o~-:tlW 

~=--t~~:#~~;.~~m~tt~fiB"J~~k,H~~li~,~ 

m,~mB"J~~.m~~;.~---t.~,~.B"JW~®~~m~o~ 
r:p"#~":~t3¥-y.~*~xYl'~1[B"J.--t:tlW, M'Bf*-J-r&~, fU~~3C1!r 

.~,*~*~,~~h*~~tt~~1[~~B"J~~,~~*~~1[m 
nmB"J~nm~t~.~5jlJm0A#~ 0 fF~~*~W:~1[IR§JU -y. ~{t!!/~1[~ 
~B"J.~~~Z-,~.~B"J0A#~1&~nm~*~m~1[B"J~~®$ 
., -tlL1&nX:~~nm~*~XYl'~1[B"J3Ctto 

#~ ~~tliSf1ti (participatory rural appraisal, PRA) 1& 00 ~i k 20 tlt 
~W~~~~M®**ill~mr~mB"J~tlli~.~M~~~,fF~ 
-#~B"Jm.®~B"J~~,~~*~.~~1!rfF~~§m~~BB"J.~ 

'ti, *.~~~1!r§~h B"J.~, 't~ ~ EI3 3H€lB"J rPJ Bi.R§JU lyt3¥ ¥IJ r.m § ~ 
nm, JKi:r91~, W1tiB"J.--t:tlW, JlI~* PRA B"Jf4~'ti®~~fF'ti B t:21B! 
~*~$B"JM*~~M~®~~~it*~~§B"JA~§f.~, Br~~ 
m-y.@~'Bf.~m(*±*~,*~,~~,fi~~~*~,tllitt~ 
~), ~~~F, 1k~tr.m § HJI~*{1lr.m § ~(xUi:ft~, 1999; {f~ 

~~, 2002; j\=X~~, 2003; xU~~, 2004; *it~, 2005; .Jt~~ 

~, 2005; f,f5Em~, 2006; ~.~~, 2006, xUi:ft~, 2006, Mal­

ley ~, 2006) 0 

*:!jr~*M: FLR 1K1r1IR~{ftl, im.:tl PRA IJ!.B"J~m, gsit*±IR7j( 
~ FLR j;]jGtl~~nm:tlW, M~ PRA ~~~~*~xYl'~1[r:pB"J~mtt*o 

8.1 PRA IJtI¥-JErlm 
*±IR*~~*~xYl'~1[1&---t*±IRfU~;f§3C1!r~~*fJT~*~xYlrPJ 

B®~~~*~m~1[tt~, ~~~~1[liIR~~%.tt®.~m~m 

fUB"J:tlfjo *M~*mT1t:.xYl~, tl~*~, ~*lJm~, **i2, ~ 
gs;MJijj~, t¥~-*tf~it-H~~(~A, ft3:9:~), #~~*tlOO, rPJB9iE1!$ 
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fjp)¥:, ift~$*W1ti~ PRA IJl, ;zlq'fI)?H~:,~I!fiJ~ift~*~, ~±,{jJJ7~ 

1!f, ~~A~*l)ff]1!f, *~;j:1;Jijji:k5ftl~il$fjp)¥:~ PRA IJl1:Ef±IR~* 
~ )OOJ~1[ q:r IW illJtl a 

~TJtlTf±1R7j(f, PRA nr!IW~fPIJl-tl11:Egk~7j(f FLR q:rq~ 
~TillJtl,~~~~m~~,~~.1!f,*~;j:1;JW~,~il$*)¥:~I 

Jla~IW*~,~.~~.,~~~*~.~,~~%fi,~~h%fi 

jU17t)fGJ~1[:sL±* IW m~, :sL~J.k fJ~1[t!JiTh: IW ~JiTh:~~*~ )(,9t';~1[ IW pg 
~q:r1!f~JtljUT PRA nr!a 
8.1.1 t-t~*~ 

%J1tl T 2008 1¥ 5 YI, 2009 1¥ 3 Yl5ftl2009 1¥ 5 Yl1:E*~ FLR If,m; IR 
:§Tfift~*~a eiXift~*~IW±~ § IW~il~if*~)(JJ~;~1[IfF:*Ptu? 

~,~~f±lRift~IW~%,~~ift~~~~~,*~ili~~f±IR~1:EIW 

±~m.5ftlift~~~IW_*~r!a1:E#m.AIWMm~TW~1¥5Y1 

14 I3:§Tf, :;tt;g 171 A( ~?*JJ!~Y-A) ~:fJn, ;!tq:r~3:9: 68 Aa ~ 
iXift~*~lnJiftKfl'mlWpg~-§m: CD1I!U511f~NTfNH±1R FLR IW § lW, 
~~5ftlpg~;®1fmnRIfF:~m~~,*~~mIW~~;®1fm 

FLR IfF:/J\~£l.1W § IW~1f%-, m~~fjp; @$~ift ~~n1ilJt1}m, ~~ 

~; ®il*t~m*l'iJt1}m FLR IfF:IWift~1-1;;*a ~=iXift~1-1;;**~ 
1:E~~'~1!f5ftl~~A~*l)ff]1!f (/J\f}flR:!W ~ IJ\f}f1)ff]1!f) ZST 2009 1¥ 3 
YI 24 I3:§Tf, § IW~~~/J\f}fIWJiI3'jL5ftlif5t~ (? ±), *¥.ffJJt/7~*~ 
)(.w.J~:~um:!Gtl&~~ift~, lUtf~iE FLR ~]:!Gtla S3T~iXift~*~$~ 
.~1:it)fGJ~1[~±*, ±~~~1-t@:~€1*5ftliX1=.if*~.1*?JT;g IWif*±*, f§ 
Jlt*iX*~:;tt;g 421 A~:fJn, ;!tq:r~3:9: 156 A, mJE 2/3 ~Lift~~:fJn 
~i)(IW~*a $txtA~tIt~, /G1J!~£I.~.QIWrp]~, *~%~ 31'-ift~/J\~£I. 

%J1tl:§Tfa ~i)(pg~-§m*±IR~1:EIP]~, @:f§5ftl_*1J,r!, ift~%~IW 
~fP*)¥:,~~~)oo.*OO(if*~~*OO),.~17t)fG~1[:sL~IWif5t~ 

~a ~-=iXift~*~1:E~JiTh:~±*J.kfJ~1[t!JiTh:Z~T 20091¥ 5 YI 26 13 
:§Tf, § IW~lnJift~&~:sL±*7j(fJ~1[t!JiTh:, ift ~**Ji:ii*±1R FLR 
~]:!Gtl, *~iT~JiTh:J~1[t!JiTh:IW~*%1PJ a :;tt;g 154 A~:fJn, ;!tq:r~3:9: 53 
A, IPJBt1:liHiET~?*JJ!~Y-A~:fJn*~a 
8. 1. 2 ~ ±t!!~i!f 

~~IDOO5ftl~.OO~oom.~5ftl_~sIW •• ~.~~.,Ji:ii~ 
±*j£ijj, Itt~)(.w.~5ftlift~ijjlP], ~~~)(.w..*1*~-~Hk:IW±±*)fUJtl:E.w. 

t'i:, *X~, ±±*)ftlJtlJ3J5I::5ftl**I'iJ§~IW)ftlJtlnA~1~L~" illJtl£% GPS 
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:it!1-r~1'-~f:fjcE81E1iIo Jr~1'fatrS] ±J?~l=j=JtE 2008 ~ 11 -12 Jl, 2009 ~ 

3~Jl, §E8~*.n~~m~.~~,.~J?~~~~,~.~ 

~ fiD5J\.:ffi~{;!U~uilifx:m 0 JJ..1*tI7lJl§:ffi: CD~tU)t~ ~iJU(.~:tt iH'F E8 
±J?~,tN1!r, :t!Un ~/j\g.El *, lfu"1f1?ifyH'!t ~; (2)-'=3 ±J?~'tN1!rJE*iii1:; 
m,.1E.1'f.~;@m.~.1'f~~,tErnOO~~-'=3n~:it!fi~~, 

iii1:;; @-'=3±J?~,tN1!r-jI§:lGtl*~H1c~~, gsit~p~tfJ, 1±ajJ~:fjcJJ.. 

1*mA;@-'=3±J?~~1!r~~~1'f~:fjc~~,~~~~~AA.~. 

8.1. 3 ~~j\;~**ifo.Ji!f 

tE~OO.1'fE8~uili...t, :it!fi/j\f)fJK:lGtl;f!J/j\f)Il)i!iJ1'f, ~at:®~~~E8 
ill.1-t-'=3iX1:~#:it!fif¥fi~;f!J~~~t~t~1iEj)i!iJ1'f 0 Yi'fJ1'f AffJ. ~\@f §:ffi ~y 
-~±J?~~1!r(~n~~*),HnJE*~m±J?~~1!rE8~±~~, 

X ~~!/W J3}Jn ~JlI!.1:!JW g;~ 'ti {~j?;f!J 1~~5flj m:E.m ~ ~# 18f I{ E8l1 J? 'ti , 
~w:it!-tI7~J3}Jn~*:ffi~lfu"~#l8fl{~mffl~l=j=J~tEE8~M;f!Jmn* 

I&E8)(ijm~ 0 f:£~*ajJ ~:f:i!!.m ~~F1it*JL':t!U{ilJ5fUm~#glH~;f!JeJ(:§:{m{f] 

E8B1it1:ffl, ~~n.~~#I=j=J~~;f!J~m~#l8fI{E8~~~.~~ 
M,~JK~$~~#l8fI{E8~m~n.~~E8~*,n~~OO~~tE~ 

#5fUm...tE8fltt~, )(ij~#l8fI{E8~~Jjt1:tE~m;f!J*±JK~rS] ~~~~*± 

JKE8~#5fUm1!r~rS] 0 

8. 1. 4 ~~*1;JiJJ* 

ft )(ij~ :f:i!!.Jr~1'f;f!J~#Yi'fJ 1'f I=j=J Jjt:E.m E8 rill M, *m * gst1JiJj~ E81:f A, 
OO~~#ill.1-t;f!J~#'~~E8 ±M, )(ij ~1'-~p :it!1-riJj~o*gstkjtJJi3~± 
J?m~~~~1'-~~:~m~~;f!J~.E8.1E-'=3.~,*:ffi.~~fiD~ 

~E8~~h,~*~.I=j=J~tEE8~M;f!JAAmE8.~~~,tt~~~~~ 

~~~~m.E8~.o*m~~E8§E8;f!J±M,*:ffimn~*E8~., 
%~iX~±M, j:f:tEiJj~ I=j=J5fUmiX~±MNi1:;rillMo *gst1JiJj~~~~ 

I&m ~*±fi:f:£~}f'tN{5[. E8l1J? IJJ..o 
8. 1. 5 ~II$~~J¥: 

Jm:l:fn~*fi:, ~*~~, *gstkjiJj~, t~7-*f¥1*Ni1:;fi:, ~-'=3A 

~OO~tI7lJl,~~~~.E8mA;f!J-*~~ME8~~o~~~~m~~ 

~E8l8f~;f!JmA:it!fi.JlI!,~~;f!J*:ffi,~W~~tEE8*~;f!Jmn~. 

E8gs.,j:f:~~tE~MmFlIfi~;f!J±iX.~*~W*,~tI7*:ffiW. 

~~®~MmnE8.~,~m;f!J1:f~o~~~1'-Afi~~~E81'-A. 

~,~~~m;f!J1:ffl~~,~.A~~-®.!JW~~~~~.!JW~fi:~ 
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~~~~.~~m~om~*~~*.-~~~*~~~.~*fi*~ 
W%, §~~~.*~~~~m~w~~~~~~m~~A~W#~ 
:t'f;, ff:(£mxi~;f±lKlt~~Jl1.JGU~rPj:lm~~[PJ.~, ~rm{MrI±\ ~Mt**~ 

!l&AJ.itJR.~~U~ 0 m~flF~ ±~~:(£if1 ~*i; IJlj-T!&~if1 ~xt~-. 

~~.~~J.itJR.,*n~Mif1~~&.J.itJR.R~.~m~*~,~~W 
#~f.¥, ff:(£mXf£~JffiIZ§, ~~~rPj:lm~flF~o 

8. 2 ~*~*fi 
8.2. 1 ~ M~1mt~/Jt 

*:a&if1*~TI~Uj(~p* § r€l*1W~~ :J't;ljqT~if1, OOfJ~ 399.48 
h~,±~ •• $~o~~**~~~tt~.,m.~~,:J't;s~#~, 
~{~~lL ~~1it~itlt~~#~*~~fF!/o/]~f5!&~o 1tJ5<j~~JJt~1-t 

~.±~~H~~,~~~#,~~**M!/o/]~*o~~*~*.5 
)It, * Hif1W~~lJt~3"l¥i:jt~/N~B:A±TrilJm~*rilJ, J;;~{HilJ*#~ 
lt~~{jt:*~m7j(o 

=+~ft,*~# •• +%$~,~~*~*~##M.R,"n 
~;k#"~wL1ikr1li1:lt~Jffi~, *~#OOfJtEJiU~~; ¥U 20 tlH2 90 ~1-t 
~,.~~m.~.m~~~~~l¥i.~ff~~J;;~.~~~JffiM#~ 

~~#)rr, j:-m~~f:J:li, 7j(.~~~.m~,~~J1i~*r~#1Bt.R#, 

*.~,~~~tt*~~~#, ~R**#~~~#~~*~o 
J.m~*r~# 89. 61hm2

, AI# 240.30 hm2 
0 *r~#±~~~1-tJffi 

fta#~~~#, OOfJt%JJUJ;; 42.06 hm2
, 47.55 hm2 

0 ~1-tJffifta#1Wft9=' 

ill~~Tm~~,~*~1it,~~~m~~~ •• ~±w#,~~~. 
m,x.~£,w~~~~~~~~*E~,~l¥itrR,HT~,~~ 

*,£1t~%tt,.~,~l¥i~~~~~l¥i1itJR.W#o~~#1Wft~­

~;fJ$**~gffl-=fft~~l¥i •• ~ ±~j#, ~~~l¥itrR, ~~W~ilitl¥i 
ilitt-=f~mT~fFn,.,*A,~A~m~W#,~~~l¥i~~.~ 

~W#ili.$~~~mTmilim~m#~~~*~W#oAI#W#± 
~~~;fN~, .JR, t't(W, OOfJt%JJIJJ;; 166.36 hm2

, 45.86 hm2 ~ 10.02 
hm2 

0 Jt9='W~1I£T 5 ~~AI#OOfJ~J;; 151. 70 hm2
, W~ 10 ~~I.A 

I# 57.70 hm2
, rm 6 -9 ~~1)U2. 20 hm2 

0 W~ 10 ~~I.~.R, ~ 

;fN~t~B)ltT~F~o 

*~#9='PJ%Um~~*;fJ#F~#~~¥-P, ~mtt!/o/]~mmJffi~~!/O/] 

~±.W,ili~~,~.~,~fi~~*~~m,~.m~~~fFm~ 
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et:-*fJ (Millettia speciosa) 1$, ~€HY 1l;1c tHP:! 1% 8"J 111f1jr: ~, fB JJi ( Papilion­

aceae) 1$; *~~I{:ff:tEH~, !I!t~;fst, **71<$, atJli*(Canthiun hor­

ridum) 1$; 7H!H.f[!Im~I{:ff !$R**1$; I1tjr, PI m TXYl1Jt 8"Jitbf;:fB f§~ 
( Caryota ochlandra) *1fi i¥Zo 
8. 2. 2 U~~jjH~/5L 

*.tl.A~8"J ••• mg,*~~~,~~,*~=~tl~~ 
gJlo 2009~1E:tl~:ff 134 p, 586 A(I§'~ •• ), ~ 348 A, :9:259 
A, ~:ffJ!jz;fJfJ 414 Ao ~9=t~fJttl/J\gJl:ff 64 p, 228 A, J!jz;fJfJ 151 

A, ~~tl/J\gJl:ff 40 p, 186 A, J!jz;fJfJ 110 A, *~tl/J\gJl:ff 60 p, 
224 A, J!jz;fJfJ 153 Ao tI:l~~Mt, ti€fll~~~±~lj)CA*I{, 2009 ~A 
:i:5]ttH!&/\ 750 7Gtctl C:tm 00 8-1) 0 2009 ~~:ff 134 Ajrtl:lfJI, *$~ 
w~o 

i 
~150 r--------(:;:,:,:::,:,:;:f--------t:::::::::::::I---------------------------------------

1:L.. 
"­o -< 100 1--------

5005C~r 500-8005C 800-12005C 

45l:A 

~8~ *.~A~.~.A~AC~~.~$ 

.*~~~71<m~±,.~~*®h.o71<m~-~m*~-*o 
ili~*ffiTn~*ff,~~~/\l$A~mz;fJ8"J~z;fJ,~*«~~8"J~ 

~,~~~~±.~~8"J~~tt,~.m*~71<±~~Fmo~~, ~ 

~m8"J*~tt®71<±~~.~8"J~.~m,~.tlg$.m*rn~#* 

.71<W~m~nff~,6-7~~m*~*~~nff~-*o §$1E:tl 
4lJPf:i:5]7](rnOO1R 66. 7m2(0. 0067hm2), ~9=t*1fiT)j!fJmrfF£rlJVF1Pl.8"J:6t 

~go~~~N:ffOO.~*,.tt~tl~)j!fJmr8"JrlJk~mW*~,*$ 

ff~*.m~tI:l~,Q:ff~.ff~*,h.o~p8"J*$J!j~~~Tn 

~*ff~~,.~~-~rlJ*~~,mrlJ~~*rr~~ff~o 



124 ***HI: j(j)j1:W<1~JiJfJE 

;t<_1(tI~::1:fOO, ~* 8-1 ;t<_*-=pJ3j 0 

*8-1 *i&t-t JiHM~~~1"*~ lE 

*fF!IWJ 1J1 2J1 3J1 4J1 SJI 6J1 7J1 8J1 9J1 lOJI llJ1 12 JI 

ht: fftjl JIJ($IE JIJ($IE 

~Jlit iJ,t,lj[ llmn1l iJ,t,lj[ iliuJlit iliuJlit iliuJlit iliuJlit iliuJlit iliuJlit jliIJJlit iliuJlit llmn1l 

t.M~' H:tE JIJ($IE JIJ($IE llmn1l 

lfLfEl llmn1l llmn1l JIJ($IE fftjl 

iltfEl fftjl llmn1l llmn1l JIJ($IE 

i!:lI1: H:tE 
JIJ($IE 

iJ,t,lj[ llmn1l 
llYtt 

*t: fftjl JIJ($IE 

~* fftjl JIJ($IE JIJ($IE 

J1l~ JIJ($IE JIJ($IE fftjl llmn1l, 
il~ 

x~~x~~~::1:fOO,*~ff~0"~~,x~ffi£, Q~-~" 
OO~, *~~1i!1-t, ~"J 2. 5km *jt9ff~0"~rPJ 3; ff0", ai~l®~JL 
~~~;t<ffl~~~~.,WttmA~~~~,ff~Wm~*1i!~,~~ 

X~IJ!.];;=~~1£$, f~4lJ?-iJjo ff~,*~~~~W)jt~~, 35 

;# Qfr~];;1JJ~X1-tW)jt, 35 - 55 ;# ~];;IJ\~x1-tW)jt, 55;# QLt~ 

];;X1L Jjff~~ 2 ~ *~1:. ( I!I 8-2) 0 ~~ )Lllt~:¥U 3; j~:J&ru:±-t!Lt. 

~,~A~~~.~A~~~~~~off~~~ft~ffAM®$.~ 

1:., 

320~----------------------------

240~----------------------------

"" -< 
~ 160 H--------

~ 
-< 

80 

o 
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5 10 15 20 25 30 35 40 45 50 55 60 65 

wr~ (kg/ 7() 

~8~ *.~.S •• mM~~~$ 
n.M~~w,.~~*.~~~~n.*.,~~5~~.~ffl 

~~n.om~ro~~.~~~~~.~~.~m~.M~.~B~, 
~~.~~ •• s i~~.~ 28kg, A~i~~.~ 5. 5kg( 008-3), ~~ 
m~m~S#~M.~,~.~,~m,~~.~~.o.~~., 

".ili~ili"~m~~*.~.~~~,~m.~~~tlg~~~~~ 
~~,*H~#n.~m.~@~,m~~~~mn.~m$.~~~ 
j±, i:I!~f5b, i:l!1itt~.N~1~~U~.&, 60 ~~.rpR~ 15 ~~.mi:l! 

~~o.~~~*.~tlg~~~~~#, ~ffi*~~*~~o ru~* 
•• ~~~~#~~T-~~.$,.#.m~~m.~~.,~~m 
.~~~~~#~~~~~o~~$mm~,~,i:I!.~.~~ftm 
£, tmlZy..#f8f.i~~, ru~~.®1i';m£~f1r~j@j~.~~1fr1~, ~5fU 
~fi), Ig((Jff.&~*mn$*~~1N£~*~J3JJ~1jdtIg((~1Jo~_~, ~O 

*~J3JJi:g~¥t!!1~m~m.o 
8.2. 3 #1±fCJ@~~J¥ 

*.~ff~~rCJ~, )JJ{~5fI:I_~1J'i!~* 8-20 .~~JjUiJta)j~£, 
{Sl1~* •• #.m'~~*~f'i~~~1UW~_~EJT~rP]~, .#.XYt,~~~ 
§~£~~tlg.m~~~~.tt5fl:lm~m~m~,M*~*~,m~ 
1j5fUmj@j, *±gff~~rP]~-lli.g)t;fI3$i~~o )(;f~*.~*iJt, jt FLR 

.~.~_~~~~~~M~~~~ffi*~Z~~ffi~~.~~~,n 

.~mM~~_~m~,~*8~~W~~~1,25f1:150~~jt~~ 

~,jt.*)JJ{~£m~~M.m,.Y.f8f~, ~~m~m~mj@j,tlg 

t&A:I:~1JOJ§, Qr.®rP]~~~f'i~1~~U_~0 

m.£,~~~m~m~-.~~~,~~*.~.~.-~~~ 
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~, El3T1~N!~1fr~~ ;f1~~:8f:ff~~, fjfLV-~'±~Ef{].tk:1J'~~~Jfftf:l 

:8f1~N! 0 fF 19:*-1tt;f1 iliJf,§ ~.±~ Ef{] £~ilii&[nIDJ!i&[, ;f1~ 0 N!1ij 1-t~*± fK 
FLR ~]:lGtlEf{]£~pg$, 1tHI~rItfJ~lWW:$]pg~Ef{]OO*~~ffiiiffi~, ~nIt*;f1 

mN!1ij~,MW~~.~B~#Ef{]~~,~~:8f.tt.~~mtt.Ef{]~ 

~, •• ~~~#Ef{]ffho •• m*~~~;f1~U1g~lW~m~~Ef{]. 
=*rp]~, *'ffl-~~Jfftf:l:8f:fJO~7.k:ljg ~ 1~J!7.k1?;], ~~;f1~-ill.~i-.R¥ti~ 

~#~*:ljgEf{]*~fFm,~-M~&~~nR.~~-ill..T£~i&[. 

J!i&[,m~~.#~~Ef{]**~1g~W, ~~m~~*~sn~*~ 
.,~*.;f1Ef{]*~i&[.J!i&[~A*~SniliAAI~.~o~~A. 

~~m~~Ef{]M~~LV-Btl~J!ffl~~*.tk:,~~~~*.;f1~~ffl 

~~:ff1~*1:it., -~1:g~Jlfi:;¥;-/-~~, 2009 ~:£:;f1~JFm 682~, m 
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Preface 

As the main body of terrestrial ecosystems, forest has a variety of ecological, 

economic and social benefits, playing an unique role in the maintenance of 

national ecological security, enrichment of forest products supplying, promo­

tion of employment in rural and forest area, and improvement of peoples live­

lihood. However, large areas of forest landscape have disappeared while forest 

degradation and fragmentation have also altered many forest landscapes be­

cause of over - harvesting and land use changes in the past century. The de­

cline of forest productivity, forest habitat fragmentation, accelerated extinction 

of native species, environment degradation, rural poverty, social conflict and 

a series of problems have also emerged. "Forest Landscape Restoration 

( FLR)" provides a new approach to degraded forest landscape restoration, 

human well - being improvement, sustainable forest management and socioe­

conomic sustainable development. As a complementary framework to sustain­

able forest management, FLR combines a wide range of techniques and tech­

nologies, involving multi - disciplined knowledge of landscape ecology, forest 

ecology, stakeholder approach, public participation, adaptive management, 

and forest management. 

With the increasing attention to FLR internationally, China has joined the 

Global Partnership on Forest Landscape Restoration (The Global Partnership 

on FLR) in March 2008. But China has lack a more complete and systematic 

study on the concept and approach of FLR, the international experience and 

lessons on FLR, as well as the system of FLR techniques and methods. Tak­

ing Lingshui Li Autonomous County and Dagan FLR demonstration area as a 

case, this book constructed systematic approach to FLR from the view of re­

gional -level and community - level (FLIt at region level was the important 

complement to the FLR at community level) , which is the first book to study 

the system of FLR theory and technology systematically in China. I believe the 

publication of the" Study on Forest Landscape Restoration" will be surely wel-
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corned by research staff on forestry or other relevant fields, together with local 

foresters, and will make an important contribution to FLR implementation and 

regional socioeconomic sustainable development in China. 

Aoademidan of Chine" Academy of Science 7{fJr if ~ 
December 2010 



Summary 

Forest landscape restoration (FLR) is a process that aims to regain eco­

logical integrity and enhance human well-being in deforested or degraded for­

est landscapes. It provides a complementary framework to sustainable forest 

management and the ecosystem approach in landscapes where forest loss has 

caused a decline in the quality of ecosystem services. It doesn't aim to re-es­

tablish pristine forest, even if this were possible; rather, it aims to strengthen 

the resilience of landscapes and thereby keep future management options 

open. It also aims to support communities as they strive to increase and sus­

tain the benefits they derive from the management of their land. As a vehicle 

for delivering on internationally agreed commitments on forests, biodiversity, 

climate change and desertification, FLR has got broad attention international­

ly. Taking Lingshui Li Autonomous County and Dagan FLR demonstration ar­

ea as a case, this book constructed the systematic approaches to FLR from the 

view of regional-level and community-level based on overview of study on FLR 

theory and techniques. Key techniques in pattern analysis of forest landscape, 

analysis on driving forces of forest landscape dynamics, degraded and second­

ary forest characteristics and site-level restoration strategies, and application 

of Participatory Rural Appraisal (PRA) method were put forward to provide 

the basis for restoration and sustainable management of degraded and seconda­

ry forests. 

The systematic approach to FLR was constructed through field application 

of FLR in study area. Analyzing stakeholders, building support for FLR, un­

derstanding the landscape mosaic and its dynamics, analyzing driving forces, 

identifying site-level options and priority sites, developing site-level restora­

tion strategies, making FLR plan, and monitoring and evaluating are the con­

tents and following steps to implement FLR. Stakeholder approach, balancing 

land-use trade-offs, joint decision-making and conflict management are the 

methods involved in the contents. The "double filter" , public participation 

and adaptive management are the principles that must be followed in the whole 
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process. These methods, principles and steps above constitute the systematic 

approach to FLR. 

Three RS data (in 1991, 1999 and 2008) are the source of baseline in­

formation in landscape pattern analysis of Lingshui Li Autonomous County. 

Based on RS information extraction, participatory subcompartment division 

and inventory is the method to obtain the basic community-level data. In view 

of forest restoration and rehabilitation, system of forest landscape element 

types was set up, mainly including degraded primary forest, secondary forest, 

degraded forest land and plantation. In order to provide the basis for identifi­

cation of priority sites and making FLR plan, landscape pattern and dynamics 

of study area were analyzed with landscape indices method and Markov model 

was established to forecast its development tendency. 

The dominant forces responsible for changes on forest landscape were i­

dentified using transition probability matrix and the participatory approach. 

The results show that forestry policies and key programs are the dominant fac­

tors which cause the increase of forest quantity and quality during the period of 

1991 to 2008 in Lingshui Li Autonomous County. Reducing rural poverty 

through development, livelihood development, village greening and farm-shel­

ter, sand excavation, pond culture and tourism development are important 

factors in the changes on forest landscape in different areas of the county. For­

est landscape dynamics during 1990 to 2009 in Dagan FLR demonstration area 

is the joint results caused by several driving forces, such as the basic living 

allowances, policies of poverty alleviation, prices of forest products and tradi­

tional practices. 

Based on the analysis of characteristics of degraded and secondary for­

ests, the site-level restoration strategies were developed. Degraded primary 

forest has integrity community structure. Most of valuable trees in the sub-sto­

rey I in arbor storey have been used while there are many valuable native trees 

with better stem form such as Dalbergia odorifera, Hopea exalata, Vatica 

mangachapoi and Litchi chinensis because of the disturbances such as repeated 

selective cutting. Shrub storey and grass storey in forest stands have rich spe­

cies and valuable tree saplings and seedlings. The basic restoration strategy 

for degraded primary forest can be perused protection and artificial measures 

promoting natural regeneration. Compared to degraded primary forest, second-
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ary forest has simple community structure and low diversity, but with valuable 

native trees and timber species in arbor storey. Protection and enrichment 

planting are the management strategies for secondary forest. Protective "de­

compression" is the main strategy for collective-owned secondary forest while 

enrichment planting combined with protection is the suitable strategy for indi­

vidual-owned secondary forest. Species for enrichment planting should be val­

uable native trees, such as Dalbergia odorifera, Hopea exalata. The rehabili­

tation strategy for degraded forest land focuses primarily on tree-planting. 

Meanwhile, residual tree seedlings should be protected as much as possible. 

Planting live green fence is one of the effective measures for protection of de­

graded and secondary forests. 

The results of study on the application of PRA at the community level 

showed that the most important information related to FLR in Dagan FLR dem­

onstration area could be got by PRA method and PRA was the effective ap­

proach to help community residents and other stakeholders to participate in 

FLR activities. PRA provided a proactive and effective approach for imple­

mentation of FLR and could embody the public participation of FLR theory. 
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1 Introduction 

As the main body of terrestrial ecosystems, forests not only provide material 

products and environmental services for human beings survival and develop­

ment, but also play an irreplaceable role in the maintenance of biodiversity, 

improvement of ecological environment, maintaining the global carbon balance 

and supporting human lives. However, over-harvesting and land use changes 

that result in the disappearance of large areas of forest landscape, also result 

in the forest degradation or fragmentation in the past century. Globally, an es­

timated 40 - 50 percent of the original forest cover has disappeared, and of 

that which remains in the tropics, less than half is still found in large, contig­

uous tracts. Most of the rest exists only in the form of fragmented, modified or 

degraded woodlands and other areas too degraded to be even classified as for­

est (mCN, 2005). At least 830 million ha of tropical forest are confined to 

fragmented blocks, of which perhaps 500 million ha are either degraded pri­

mary or secondary tropical forest and can be considered part of modified forest 

landscapes (ITIO and mCN, 2005). Secondary forest resulted from degrad­

ed primary forest that were unable to regenerate and beyond the normal effects 

of natural processes. These forest areas have lost most of the forest attributes 

( structure, function, productivity, composition) (ITTO, 2002). Forest deg­

radation and fragmentation are also seriously affected the life of forest-depend­

ent people, especially the poor who obtain building materials, fuel, food and 

other necessities from the forest, because they have only limited agricultural 

land, and mainly rely on forests as social security , social and economic prob­

lems would emerge if there is no forest. In 2001, the World Conservation V­

nion (IVCN) , the World Wide Fund for Nature (WWF) , the International 

Tropical Timber Organization (ITIO) and other non-governmental organiza­

tions coined the term "forest landscape restoration" (V eltheim T, 2005) , 

which was defined as "a process that aims to regain ecological integrity and 

enhance human well-being in deforested or degraded forest landscapes", to 

face the challenge of restoration forest products and services in degraded or 
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modified forest landscapes. In order to implement the idea of forest landscape 

restoration to action, IUCN, WWF and the Forestry Commission of Great Brit­

ain launched the Global Partnership on Forest Landscape Restoration (The 

Global Partnership on FLR) in March 2003 in Rome, providing a shared 

worldwide experiences and mutual learning tool. 

At present, China is on her way of building a moderately prosperous soci­

ety in an all-round way and in the new development stage of accelerating the 

socialist modernization. The harmony between economic development and 

population, resources, environment, as well as sustainable development strat­

egy of People in Harmony with Nature have entrusted an important position on 

forestry. Forestry is not only an important basic industry of national economy, 

but also one of public welfare utilities concerning ecological environment de­

velopment. It shoulders the dual mission of optimizing the environment and 

promoting development, playing an irreplaceable role in achieving sustainable 

social and economic development. Forest resources are the basis for sustain­

able forestry development and in order to achieve sustainable forest develop­

ment, it is necessary to manage forest sustainly. 

Strictly speaking, except few primary forests in the southwest of China 

(southeastern Tibet), the northeast and the Tianshan Mountains, forest in 

other areas of China can be classified as degraded forest. Forest degradation 

would cause the decline of forest functionality, and are the root causes for oth­

er environmental degradation (Liu G H et aI, 2000). If we want to success­

fully address some of the major challenges facing management and conserva­

tion of natural resources, including contributing to poverty reduction, biodi" 

versity conservation and enhancing resilience to climate change, then just rely 

on large areas of continuous forest cover stretching uninterrupted forests is not 

enough. On the other hand, natural forest in China is mainly distributed in 

the northeast and southwest state forest region, the southern collective fore­

stregion, as well as Tibet and the Northwest forests, are the livelihood and 

culture basis for forest-dependent communities (mainly minority residents) in 

remote mountainous areas that have poor infrastructure development. With 

strict protection of natural forest resources, the contradiction between forest 

protection (ecological construction) and local economic development (com­

munity life) has been increasingly prominent. Therefore, it is necessary to 
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seek approaches to restore degraded and secondary forests and improve the 

welfare of community residents to promote the sustainable management of nat­

ural forests and the sustainable economic and social development. 

FLR provides a complementary framework to sustainable forest manage­

ment and the ecosystem approach in landscapes where forest loss has caused a 

decline in the quality of ecosystem services. As a vehicle for delivering inter­

nationally agreed commitments on forests, biodiversity, climate change and 

desertification , forest landscape restoration has drawn widely international 

concern. 

Under the impetus of mCN, WWF, ITIO and other international organi­

zations, many countries and regions are actively engaged in the implementa­

tion and research of forest landscape restoration. 

However, we still lack a complete and systematic study on the concept 

and approach of FLR, the international practical experience and lessons of 

FLR, as well as the systematic approach to FLR. Therefore, it is easy to copy 

the practice from other countries, or refuse to accept FLR for being unable to 

indentify the differences between FLR and forest restoration, ecosystem resto­

ration or community forestry. 

In fact, China has accumulated substantial experiences in forest rehabili­

tation, such as the Natural Forest Protection Program (NFPP), the Conver­

sion of Cropland to Forest Program (CCFP) and other major forestry programs 

(Li W H, 2004). Studies have been conducted on participatory forestry, for­

est resources monitoring and evaluation, silviculture, analysis of forest land­

scape pattern, and ecological restoration etc. , which are the theoretical basis 

of FLR or methods involved in FLR. China has joined the Global Partnership 

on Forest Landscape Restoration in 2008, taking FLR to the level of national 

decision-making. Therefore, it is a new task for us to study FLR from the per­

spectives of both theory and practice. 



2 Previous works 

2. 1 Study of FLR implementation 

The implementation of FLR at national level was started from the "Ngitili 

( woodland important to local livelihoods)" restoration in Shinyanga, northern 

Tanzania since 1985. By the year 2000, over 350 ,000 ha of Ngitili have been 

restored in the 833 villages of the region in a period of 15 years, human well­

being has been significantly improved from aspects of per capita income and 

forest products output, etc (Barrow et aI, 2002). As an example of forest 

landscape restoration, Shinyanga may not be a textbook case. It certainly pre­

dates the term FLR and has its origins in soil conservation rather than land­

scape restoration. However, it quickly evolved away from traditional forestry 

practice to the wider restoration of forest goods and services - and it illus­

trates perfectly the central aim of FLR to restore landscape integrity while also 

enhancing human well-being (Monela et al, 2005). At the same time, Ken­

ya, Uganda, Vietnam, Laos, Cambodia, Thailand also began the reconstruc­

tion of degraded forest landscapes (Gilmour D A et al, 2000). 

Under the impetus of mCN, WWF, ITTO, FAO and other international 

organizations, many countries and regions are actively engaged in the imple­

mentation of forest landscape restoration, and many successful cases of FLR 

have been emerged ( mCN , 2005 a; Thomas PT, 2005) . Working examples 

from 5 ecoregions supported by WWF are: protection and restoration of the 

flood plain forests of the Bulgarian Danube Islands, restoring panda landscapes 

in China, protecting and restoring habitat along the Kinabatangan River in 

Malaysia, increasing the extent and quality of Brazil' s fragmented Atlantic 

forest, protecting and restoring the dry tropical forests in New Caledonia 

(Ecott T, 2002). Degraded hillsides in the Middle Hills of Nepal have been 

restored by natural regeneration under mono culture plantation (Lamb D, 

2003). Ecological integrity and human well-being at a landscape scale have 

been enhanced in Indonesia. Meanwhile, central and western Finland, the 
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Nordic region, central Russia, Scotland have launched FLR programs (V el­

theim T, 2005; m CN, 2006). 

Practice of FLR has been developed rapidly since the Petropolis Work­

shop on Implementation of FLR held in April, 2005 in Petr6polis, Brazil. 

Some successful examples of using FLR approach to restore important forest 

products and ecological services of degraded or deforested landscapes and 

thereby improve human well-beings in the field were listed in "the Petr6polis 

Challenge" , including FLR works in Tanzania, United Kingdom, Brazil, Chi­

na, India, Mali and so on. "Arborvitae", the IUCN/WWF Forest Conserva­

tion Newsletter, provided some cases worldwide, including Ngitili restoration 

in Tanzania, restoring a mangrove wetland in India, restoring ancient wood­

lands in England, restoring Cork Oak Landscapes in Portugal support by 

WWF, etc. (mCN and WWF, 2005). Meanwhile, "Restoring Forest Land­

scapes: an introduction to the art and science of forest landscape restoration" 

published jointly by ITTO and mCN in 2005 based on the "ITTO Guidelines 

for the Restoration, Management and Rehabilitation of Degraded and Seconda­

ry Tropical Forests" which were published by ITTO in collaboration with FAO, 

Intercooperation, mCN and WWF International in 2002, has been compiled 

as a series of "essential reading" chapters on the key principles and tech­

niques of FLR and will serve as a bridge between the policy-level guidance 

provided by the ITTO guidelines and the context-specific field guides. The 

main aim of Restoring Forest Landscapes is to help forest-restoration practi­

tioners to understand FLR, appreciate its benefits and start to implement it 

(ITTO, 2005). 

Some successful lessons for implementing FLR can be identified from the 

analysis of some examples in different areas: developing practical and compre­

hensive objectives, involving of local people in the decision - making process 

and subsequent implementation, placing local communities in the centre of at­

tention, i. e. considered as the main actors, being promoted and supported 

by government, recognizing restoration not the substitute for the prevention of 

forest degradation and not full recovery of all functions of forest values, mak­

ing the right choices between natural regeneration and human restoration, tak­

ing a landscape-level perspective into account in site-level management. 

Experience has shown that successful forest landscape restoration starts 
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from the ground up, with the people who live in the landscape and stakeholde­

rs directly affected by the management of the landscape. There is no blueprint 

for successful forest landscape restoration, since each situation will develop 

from local circumstances. Restoring forest landscapes is a tricky business. 

There are three common impediments to its implementation: determining the 

interests or preferences of the various stakeholders, identification of priority 

sites, incentives and compensation. The most important factor is to improve 

public participation (from on-the-ground practitioners to international organi­

zations and policy processes concerned with forests) , especially the participa­

tion of local inhabitants. 

2. 2 Global partnership on FLR 

The joint strategy of WWF and mCN entitled "Forests for Life" was one of 

the starting points of the initiative on FLR. This initiative set off and consoli­

dated a global partnership of international organizations and governmental a­

gencies. Before giving a conclusive definition of "Forest Landscape Restora­

tion" , the promoters of the Global Partnership focused on two complementary 

aspects: field experience and policy dialogue, including an important compo­

nent of "partnership building". Moving from dialogue to action called for a 

dynamic approach to implementation that built a culture of success after the 

term of FLR was coined. This should involve linking inter-governmental initia­

tives with concrete actions at the local and regional level - explicitly linking 

policy with practice - and bringing key actors together to share constructive in­

sights and identify opportunities. In response to this challenge, the Global 

Partnership on FLR was established and was formally launched in Rome in 

March 2003. Its continuing aim is to catalyze and reinforce a network of di­

verse examples of forest landscape restoration that deliver benefits to local 

communities and nature and contributes to the fulfillment of international com­

mitments on forests (Dudley M, 2005). 

Partners include the governments of United Kingdom, Kenya, Finland, 

the United States, Japan, El Salvador, Italy, Switzerland and South Mrica, 

the Forestry Research Institute of Ghana, the Centre for International Forestry 

Research (CIFOR) , mCN, WWF, the UN Food and Agriculture Organiza­

tion ( FAO), the International Tropical Timber Organization (ITTO) , the 
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Program on Forests (PRO FOR) , the UNEP - World Conservation Monitoring 

Centre (UNEP-WCMC), the Secretariat of the UN Forum on Forests (UN­

FF) , the World Agroforestry Centre (ICRAF) , the Secretariat of the Conven­

tion on Biological Diversity (CBD) , the Alliance of Religions and Conserva­

tion (ARC) , and CARE International. China has become one of the members 

of partners in 2008. Positive steps on forest landscape restoration are also be­

ing taken in many countries beyond the work of the partnership (mCN and 

WWF,2005). 

More than 100 participants from 42 countries attended the "Workshop on 

Forest Landscape Restoration Implementation" held in Petr6polis, Brazil on 

April 4 - 8, 2005. The participants described FLR and highlighted its contri­

bution to the Millennium Development Goals (MDGs) and to national devel­

opment processes. The partnership encouraged new members to come on 

board and called for the restoration of forest landscapes to benefit people and 

nature and contribute to reversing the trends of forest loss and degradation. 

Workshops have been held in a wide range of countries including Brazil, Chi­

na, Colombia, Pakistan, Thailand, Ghana, Vietnam, and in sub-regions or 

regions such as Mt. Elgon in Kenya/Uganda, the Mediterranean, Central and 

Northern Europe, West, East, Central and North Mrica, South East Asia, 

Meso and South America (Veltheim T et al, 2005; mCN, 2005; Barrow et 

al, 2002; Ecott T, 2002). 

2. 3 FLR in China 

With the increasing attention to FLR internationally, China has also started 

the study on FLR. A workshop on Forest Landscape Restoration in China was 

held in Sichuan Province in 2004, which was the first seminar on FLR in Chi­

na. On behalf of the State Forestry Administration, Jiang Zehui attended the 

international workshop on Forest Landscape Restoration in Brazil in April 

2005 and made a presentation titled "Ecological landscape restoration of de­

graded land and degraded forest in China (Jiang Z H, 2005) ". China joined 

the Global Partnership on Forest Landscape Restoration in March 2008. At 

present, the project which aimed at restoring panda habitat landscape in Mins­

han, Sichuan funded by the WWF has been successfully commpleted. ITTO 

project "Training on Demonstration, Application and Extension of ITTO Man-
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ual on Restoring Forest Landscapes in Tropics of China" and IUCN project 

"Forest Landscape Restoration and Community Livelihoods Improvement" are 

being implemented smoothly. 

Forest landscape restoration has also received attention from scholars in 

China, such as the Jia Lesi wrote a brief introduction to the book "Forest Res­

toration in Landscapes: Beyond Planting Trees" published by WWF in" Re­

storing forest landscapes" (Jia L S, 2006). Lou Xinpan summed up the im­

portance of implementation of forest landscape restoration (Zhang X H et al, 

2007 ). Although studies on theory and methods of FLR in China are still at 

the stage of translation and introduction, a large number of studies on land­

scape ecology, restoration ecology, participatory forestry, monitoring and e­

valuation, etc. have been conducted in China (Zang R G, 1998; Peng, Z 

H, 1999; Guo J p et aI, 2000; BAO W K, 2001; Ren H et al, 2002; Guo J 

p and Zhang Y X, 2002; Guo X M et aI, 2002; He Z S, 2003; Li X Z et al, 

2004) , which providing a solid theoretical foundation and technical methods 

for FLR in China. On the face of decline of forest landscape ecological func­

tion and human well-beings caused by forest degradation, fragmentation and 

modification, it needs to integrate existing landscape ecology, forest restora­

tion, community forestry and other research results through learning lessons 

and advanced techniques on FLR from other countries to guide the work of for­

est landscape restoration in China. 



3 Brief introduction of study area 

3. 1 Brief introduction of Lingshui Li All:tonomous 
County 

Lingshui Li Autonomous County lies in the southeast of Hainan Island. The 

county located at 18° 22'-18° 47' Nand 109° 45'-110° 08' E, connecting 

Sanya city in the south, adjoining with Qiongzhong county in the north, and 

its east border is Wanning county, west border is Baoting county. It is 196 km 

from the center of the county to the capital (Haikou City) of Hainan Province 

(See Figure 3. 1). The total cover land area of the county is 1 ,128 km2 and 

water area is 79 km2
• 

.: 
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Figure 3. 1 Location and Administrative Division of lingshui li Autonomous County 
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The climate of the county is classified as "tropical monsoon" , where the 

annual average temperature is 24 "C and the annual rainfall is about 1 , 500 -

2 , 500 mm. The rain season and dry season are quite distinct. The rain season 

is from May to October while dry season lasts from November to next April. It 

is high in the northwest and low in the southeast of the terrain. The west is the 

mountain area, the middle part is the hilly area, and the southeast is the plain 

area. The peak is Diaoluoshan Mountain with an elevation of 1,499. 8m. 

The soil of the county can be divided into 4 types, 14 subtypes, 28 soil 

genus. The Granite yellow soil is mainly distributed in mountains above the 

elevation of 750 m. The Granite laterite is mainly distributed in mountains 

with the elevation of 450 -750 m. The soil type in the hills and tableland be­

low 450 m is granite red soil. 

Due to climate differentiation, the natural vegetation of Lingshui Li Au­

tonomous County presents vertical distribution. Forest land and unused land 

are two land types of natural vegetation distribution, covers an area of 59,738 

hm2
, accounting for 53. 4% of the total land area. 

Natural vegetation types of the county are alpine coppice, mixed hroad­

leaf-conifer forest, mixed evergreen-deciduous forest, secondary forest and 

planted forest. Alpine coppice is mainly distributed in Diaoluo mountain area 

above the elevation of 1 ,000 m. The growth of trees are limited and the height 

of trees is 5 - 8 m because of barren land and strong wind. Representative 

plants are Polyspora axillaris, Castanopsis cuspidata, etc. The mixed broad­

leaf-conifer forest is distributed in mountainside with altitude 600 - 1 ,000m. 

Representative trees are Dacrydium pierrei Hickel, Hopea hainanensis, Homa­

lium hainanense, Alseodaphne hainanensis, etc. The mixed evergreen-decidu­

ous forest is located in Niuling hills and suffered heavy human damage. The 

forest land which altitude is below 300m has converted into shrub land and 

secondary forest. The representative trees are Vatica mangachapoi, Amoora 

dasyclada, Castanea henryi. Secondary forest is mainly distributed in western 

mountains with elevation of 400 - 600m, including Daganling and Liaociling. 

Primary forest has been deforested and replaced by shrub and grassland. Plan­

ted forest is located in the southeast coastal beaches and barren sand hillsides. 

The native vegetation is thorn shrubs and cactus. The main tree species are 

Casuarina equisetifolia, Eucalyptus emserta, Melia azedarach, Acacia confusa, 
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Homalium hainanense, Cinnamomum Parthenoxylon, Dalbergia odorifera and 

Tectona grandis after afforestation. 

The county consists of 17 towns, with 114 administrative villages, 611 

natural villages. The site has three state-owned institutions: Nanping farm un­

der the province, Lingmen farm and Diaoluoshan forestry bureau. There are 

16 minorities in the whole county, such as Li, Miao, Zhuang etc. In 2009 the 

total population is 364,000 and the J:Ian accounted for 44. 8% while other mi­

nority accounted for 55. 2 %. The main dialects are Chinese (Hainanese) , Li 

and Miao language. Hainanese is the primary language. In 2009, the GDP of 

the county was 3. 81 billion RMB, of which the output value of the first, sec­

ond and tertiary industries were 1. 91 billion RMB, O. 75 billion RMB, 1. 15 

billion RMB respectively. The ratio of industries was 50. 2: 19.6: 30.2. 

3. 2 Brief introduction of Dagan FLR demonstration area 

Dagan FLR demonstration area is located in the Qunying town, that in north­

west of Lingshui county. It is the area which main produce grains and eco­

nomic crops in the central hills. The geographic coordinate is 18° 34'35/1 N, 

109 ° 51'05/1 E, the size of the area is about 399. 48 ha, in which the size of 

cultivated land is 41. 14 ha (paddy field area is 26. 82 ha) , including three 

villages, Dagan, Fenyou and Fenjie. 

Landforms of the areas are mostly low mountains, hills, with the land­

form pattern of higher South to lower North, high in the East and West, and 

low in the middle with elevation of 30 - 340 m. Species diversity of the region 

is rich. The major soil type is brown-yellow soil. The site is suited for the 

growth of varied tropical cash crops because of sufficient r~infall, good light 

and temperature conditions and suitable climate. Moreover, the loam of 

strongly weathered granite is deep and contains much sand, also suitable for 

the growth of forests, parks and other woody plants. In the west of demonstra­

tion area there is a stream penetrating north-south section and running through 

Lingshui River, which provides irrigation water for agriculture and forestry. 

Demonstration area has serious soil erosion and frequent meteorological 

disasters such as drought, typhoons. However, reduction of vegetation and 

land conversion due to desertification and human disturbance, such as slash 

and burn, management and investment, make the soil erosion even severe in 
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rainy season. In addition, pond-deposit caused by soil erosion coupled with 

uneven seasonal rainfall also makes frequent drought in the area. For exam­

pIe, the original fields for autumn rice can not be used to grow spring rice due 

to lack of water. Rice can be grown in June and July even in rainy season. 

Typhoons also occur sometimes. 

Demonstration area is a typical minority nationality habitant, belonging to 

the Li minority area, economic development in the area lagged behind the 

county average. The total number of families in demonstration area is 134 with 

a total population of 586 (Li nationality) in 2009. The annual per capita net 

income is about 110 US $ . As to the total amount of land resources in the re­

gion, land resources is rich, but cultivated land is small, the average area of 

paddy fields is O. 20 ha, which concentrated in the basin surrounded by hills 

and the original autumn fields can only plant as single-season field due to wa­

ter shortages, a few is available for two seasons. 

Economic income comes from forest and garden products. The mam 

crops are rice, potato and maize, industrial crops are cassava, winter vegeta­

bles and fruits, and economic products are rubber, betel nut, papaya, mango 

and other tropical fruits, while the eucalyptus forest is also widely planted. 

Livestock and poultry are mainly local pigs, chickens, ducks and geese. 

Slash and bum is still a style of farming. The energy for domestic uses such as 

cooking, pig husbandry and bathing is also mainly from the trees in 

mountains. 

In addition, transport in the demonstration area is impassable and the on­

ly one rural road to the county is in poor condition, which is unfavorable for 

the transportation of agricultural products, technology and information and. It 

will be surveyed and built under current policy-oriented of stimulating domes­

tic demand. 



4 Data collection and applied methodology 

4. 1 Data collection 

Several remote sensing images of project area were collected (see Annex 3) , 

including 3 images which completely coverd the county: the LANDSAT -TM 

images of Lingshui County on October 30, 1991, the LANDSAT -ETM images 

on December 31, 1999 and the SPOT2 images on May 15, 2008 (PAN and 

MULTI-BAND). High resolution images collected are aero photo in 1999 with 

resolution of 1 m and SPOTS image in 2006 with resolution of 5 m. Further­

more, land-use map of Lingshui County in 1997, revision of land use plan­

ning map of Lingshui County from 1996 to 2010 and land use planning map of 

Lingshui County from 2006 to 2020 were collected. 

Two remote sensing im~ges that covering Dagan FLR demonstration area 

were collected, which are aero photo of Dagan FLR demonstration area in 

1999 and W orldview image of Dagan FLR demonstration area in December 9 , 

2008. The "11 th Five-Year Plan" of Qunying Town and reports on basic con­

ditions of the demonstration area were also collected. Field survey and drawing 

was conducted to get the edge of each patches with different uses, different 

ownerships, different conversion or development periods, so as to obtain forest 

landscape dynamics during the study period and the information of changes on 

rivers, roads and micro-topography. 

4. 2 Applied methodology 

4. 2. 1 Remote sensing data processing 

Selected clear ground points from 1: 10000 topographic maps as coordinates 

for image correction and then fused the images. Information extraction was 

carried out using methods of automatic classification in combination with visual 

interpretation. Different periods of landscape mosaic maps were obtained after 

post classification processing such as accuracy assessment and cluster analysis 

of small patches. Information extraction process was shown in Figure 4. 1. 
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Figure 4. 1 The flow chart of remote sensing information extraction 

4. 2. 2 Landscape index method 

Based on characteristics of the study area and research purposes, select repre­

sentative landscape indices including the Class Area (CA), Area Percentage 

( PLAND) , Patch Number (NP), Patch Density (PD), Mean Patch Size 

(MPS) , Edge Density (ED), Mean Patch Shape Index (MSI) ,. Landscape 

diversity index (SDI) , landscape evenness index (SEI) and landscape domi­

nance index (D). Use the tool "Patch analysis" which is an extension of 

ArcView GIS 3. 3 (Chen W B et aI, 2002; Bu R C et aI, 2005; He P et al, 

2009) to analyze the forest landscape patterns. 

4. 2. 3 Landscape dynamics prediction model 

There are many simulation models designed to study landscape dynamics, m­

cluding Markov model, Logistic regression model and compartment theory, 

which are used to simulate the landscape dynamics under different disturb­

ances. Markov model has been given more attention in prediction of forest 

landscape dynamics for its reasonable structure, strong practicability and high 

prediction accuracy. Based on this, Markov model was used in this book to 

analyze landscape dynamics from the point of FLR. 

Landscape element types are the states in the Markov process during 

Landscape dynamics prediction. The ratio of area to the original area of land­

scape element types is called the transition probability. Supported by GIS 

tools, different periods of landscape mosaic maps were overlaid to get un­

changed area of each types and the area converted to other types. Transition 
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probability matrix was constructed using the ratio of area to the original area of 

landscape element types. Landscape dynamics was predicted using formulas 

4.1 and 4. 2. 

S'+I = P ij • S, (4. 1) 

S, , S'+I are the states in stages t and (t + 1) respectively. P ij is transi­

tion probability matrix, which can be shown by formulas 4. 2. 

_ [~l1"'Plnl p .. - . 
I) • 

Pnl "'Pnn 
(4.2) 

N is the number of landscape element types. P ij is the probability of landscape 

element type ( j ) converted from landscape element type ( i ). Meanwhile, 

P ij must be met two following conditions: 

(1)0~ P ij ~1; 

(2) I,P ij = l(i,j = 1,2,···,n) 
j =1 

4. 2. 4 Field inventory 

In combination with participatory investigation, subcompartment division and 

subcompartment inventory were conducted in Dagan FLR demonstration area 

in Lingshui Li Autonomous County during the periods of November to Decem­

ber, 2008 and March to May, 2009 according to the "Technical regulations of 

forest management inventory" issued by the State Forestry Administration in 

2003 and" Operation rules for Forest Resource Inventory in Hainan Province" 

issued by Hainan Provincial Forestry Bureau in 2008. 

4. 2. 5 Method of characterization of degraded and secondary forest 

4. 2. 5. 1 Coenology method and forest measuration method 

Community characteristics inventory was conducted using sample plot method 

to (W ang B S, 1996). Four communities of degraded primary forest and four 

communities of secondary forest in demonstration area were surveyed in March 

2009. A strip plot with area of 720 m2 composed of 20 quadrats (6 m X 6 m) 

for each community was set up. Trees with DBH ~ 5 cm in communities of 

degraded primary forest were measured and trees with H ~ 1. 3 m in commu­

nities of secondary forest. Two typical sample circles were selected to investi­

gate plants in shrub layer and herb layer. Important to value was calculated 

according to the concept proposed by J T Curtis and R P McIntosh. Forest 
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measuration characteristics were inventoried combining community characteris­

tics inventory (Meng X Y, 1996). 

4.2.5.2 Species diversity 

Species Richness, Species Diversity Index, Species Evenness and Ecological 

Dominance Index were chosen to measure species diversity. Species Richness 

( R) is the number of species that is the species richness communities (S). 

Use Shannon-Wiener index (SW) to express the Species Diversity Index, 

Shannon-Wiener evenness to express the Species Evenness (E), Simpson 

dominance index for Ecological Dominance (ED) (W ang B S et aI, 1996). 

The formulas are as follows: 
s s 

SW = L Pj • 10g2Pj = 3. 3219(lgN - L nj ·lgn/N) (4.3) 
i=l i=l 

E = SW/log2S (4.4) 
s 

ED = L nj (nj - 1) I ( N (N - 1) ) (4.5) 
i=l 

SW is Shannon -Wiener index, S is the number of species, ni is the num­

ber of species i, N the total number of individuals of the community (plot) , 

Pi is the percentage of the number of species i in the total number of species, 

E is Species Evenness, ED is Simpson Ecological Dominance. 

4. 2. 6 PRA (Participatory Rural Appraisal) 

PRA tools such as Direct Observation, Community Workshop, Semi -structure­

d Interview, Group Discussion (the poor, the women, etc. ), Participatory 

Mapping, Seasonal Calendar, Matrix and Ranking, and Problem Tree were 

used in the study. 



5 Systematic approaches to FLR 

FLR takes a landscape-level view. It means that site-level restoration deci­

sions needs to accommodate landscape-level objectives and take into account 

likely landscape-level impacts (WWF, 2004). The "Landscape" can be un­

derstood as one geographic area towards the horizon with conflicts, need to 

balance land-use trade-offs. Spatial entity covered by the region is changea­

ble. From the theoretical point of view, the global, nation, sub-nation (state 

or province) , city (district) , county, town, village, and other administrative 

areas at all levels, as well as watersheds (natural areas) can be regarded as a 

Landscape. From the practical point of view, FLR mainly involves landscapes 

at two levels, one is the operational level and the other is the control level. 

Landscape at operational level emphasizes the operability of forest land­

scape restoration measures and decision-making process of" bottom up". Vil­

lage is the most appropriate scale and the community level is the most appro­

priate formulation. Although the community can refer to the" Earth Communi­

ty" , the community is usually understood as "a fixed geographical area where 

the members exercise social functions, create social norms matters based on 

living environment, which is the same level as village". Landscape at control 

level emphasizes the role of macro-control of FLR and the decision-making 

process of "top down". The region of "regional economic and social sustain­

able development" is the most appropriate scale and the region level is the 

most appropriate formulation. The county is the full grass-roots administrative 

unit and the county economy is the foundation of national economy. The coun­

ty is the most basic spatial scale for regional economic and social sustainable 

development. Therefore, the FLR includes FLR initiatives both at region level 

and community level. The "community" refers to the villages while the "re­

gion" means the county or the unit above county. 

Taking FLR planning process of Lingshui Li Autonomous County and 

planning and implementation process of FLR in Dagan demonstration area as a 

case, this book constructed the systematic approach to FLR according to Chi­

nese conditions in terms of the stakeholder analysis, building FLR support, 

understanding the landscape mosaic and its dynamics, analyzing driving 

forces, identifying site-level options and priority sites, developing site-level 



178 Study on Forest Landscape Restoration 

restoration strategies, making FLR plan, and monitoring and evaluating. 

5.1 Framwork of FLR approaches 

Analyzing stakeholders, building support for FLR, understanding the landscape 

mosaic and its dynamics, analyzing driving forces, identifying site-level options 

and priority sites, developing site-level restoration strategies, making FLR 

plan, and monitoring and evaluating are the contents and following steps to im­

plement FLR. Stakeholder approach, balancing land-use trade-offs, joint deci­

sion-making and conflict management are the methods involved in FLR. The 

"double filter" , public participation and adaptive management are the princi­

ples that must be followed in the whole process. These methods, principles and 

steps constitute the systematic approach to FLR (see Figure 5. 1). 
------------------------------------------------------------------------------
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Figure 5. 1 Framework chart of FLR approaches 
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5.2 Stakeholder analysis 

It is the first step to identify the key stakeholders m FLR implementation. A 

stakeholder is defined as an individual, a group of people or an organization 

that can directly or indirectly affect the FLR initiative in Lingshui Li Autono­

mous County or can be directly or indirectly affected by the FLR. Using com­

mon approaches, such as identification by the stakeholders themselves, by 

other stakeholders, by knowledgeable individuals or groups, by field-based 

staff of the FLR initiative and identification based on demography, stakeholder 

groups of FLR initiative in Lingshui Li Autonomous County were identified. 

They are Lingshui Forestry Bureau, Lingshui Agriculture Bureau, Lingshui 

land, Environment and Resource Bureau, Lingshui Tourism Bureau, Lingshui 

Water Bureau, Lingshui Marine and Fishery Bureau, Lingshui Ethnic and Re­

ligious Mfairs Bureau, Lingshui Development and Reform Bureau, Lingshui 

Poverty Alleviation and Development Office, and three state-owned institu­

tions: Nanping Farm under the province, Lingmen Farm and Diaoluoshan For­

estry Bureau. 

Local villagers, indigenous groups, forest communities, local forestry a­

gency, project staff, government agencies at different levels, civil society or­

ganizations, education and research institutions, and donors are stakeholders 

in Dagan FLR demonstration area (see Table 5. 1 ) . 

Table 5. 1 Stakeholder analysis of Dagan demonstration area on FLR 

Stakeholders Characteristics 

Primary stakeholders 

Local villagers, Owners, derive 
indigenous income from 
groups forests, active 

group 

Needs, interests Potentials 

Under poverty, lack Desire to receive 
of economic Assistance, local 
incentives knowledge, belief 
and alternative 
economic source 

in institutions 

Forest commu- Owners, depend on Base for Desire to receive 
nities degraded and community Develop- assistance; local 

secondary production ment knowledge, belief 
forest, active group threatened, lack of in institutions 

economic incentives 

Local Responsible for 
forestry agency sustainable forest 

management 

Insufficient capacity Experienced in 
for reducing defor- forest 
estation 
and degradation 

inventory and 
working 
with villagers 

Degree of 
participation 

Directly involved 
in FLR 
implementation, 
Primary project 
Beneficiary 

Directly involved 
in FLR 
implementation, 
Primary project 
Beneficiary 

. Directly involved 
in FLR 
implementation 
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Stakeholders Characteristics 

Local govem- Responsible for 
ment making and 
agencies implementing 

community 
development plans 

Secondary stakeholders 

Actively involved 

Needs, interests Potentials 

Lack of information Authority and 
on FLR influence in 

community, can 
implement FLR 

Lack skills for Civil-society 
organizations in implementing and advice 

Experienced 
in working 
with villages provide on village 

advice to rural development 
development activities micro-planning 

Private sector Owners of Lack of information Experienced in 
high-yield on FLR, needs to logging, investment 
production plantation seek investment capacity 

opportunities 

Tertiary stakeholders 

Education and Have education Lack means to fi- Competence in 
research institu- and research nance collaboration research, studies 
tions missions and surveys 

Donors and Finance local Lack means to Experience in 
finance development activi- finance implementing FLR 
institutions ties collaboration 

( continued) 

Degree of 
participation 

Directly involved 
in FLR 
implementation 

Can assist the 
project to 
implement 
relevant activi­
ties 

Can assist the 
implementation 
FLR relevant 
activities 

Might collabo-
rate in imple-
menting 
relevant activi-
ties 

Might collabo-
rate in FLR ini-
tiative 

As forest-dependent people, local villagers, indigenous groups and forest 

communities in project area are concerned about and benefit from the FLR ini­

tiative. FLR will help them to reduce poverty, improve livelihoods through in­

creased forest products and services. Local forestry agency that is responsible 

for management and protection of degraded and secondary forest are directly 

employed to conduct the fieldwork of the project. They will get experience on 

how to reduce deforestation and forest degradation. Government agencies are 

lack of information for policy decisions concerning FLR planning and reducing 

deforestation and forest degradation. The FLR initiative will help them to im­

prove institutional implementation capacity for restoration and rehabilitation of 

secondary forests and degraded forest areas, avoid unplanned deforestation 

and all types of forest degradation, as well as improve the capacity for adapta-



5 Systematic approach to FLR 181 

tion of tropical forests to negative effects brought about by climate change and 

human-induced impacts. Civil society organizations involved in implementing 

rural development activities will benefit from the improved capacity to partici­

pate in policy development and strengthen capability to support forest commu­

nities in improving their livelihoods and ecosystem services. For the private 

sectors who plan to convert degraded and secondary forest to high-yield pro­

duction plantation will get information on newly developed policies for degrad­

ed and secondary forest and improve the capacity of implementing sustainable 

forest management (SFM). Donors and the international community will get 

valuable lessons and new knowledge on how to develop and implement finan­

cing mechanisms such as PES schemes and how existing support strategies can 

be enhanced to deliver the targeted global, national and local objectives. 

5. 3 Building support for FLR 

Successful FLR requires supportive local and national policy frameworks and a 

strong constituency of local-level support for the restoration activities. Building 

support for FLR is to build the support of stakeholders for FLR initiatives. 

During the planning, the support of stakeholders for Lingshui Li Autonomous 

County can be built by a series of activities: data collection, stakeholder anal­

ysis, holding training courses on FLR to representatives of stakeholder groups, 

participatory interviews and setting up the steering team of FLR. Holding 

training courses on FLR is the most important means of building support a­

mong these activities. The content of training courses related to socio-econom­

ic losses caused by forest degradation, the concept and characteristics of 

FLR, and successful experiences of global FLR initiatives, etc. "ITIO/IUCN 

Manual on Forest Landscape Restoration "and" ITIO Guidelines for the Res­

toration, Management and Rehabilitation of Degraded and Secondary Forests" 

are the main training materials. 

In addition, consultations and communications with stakeholders were 

conducted through radio, television and posters to raise public awareness and 

understanding of the contribution of FLR to poverty reduction, local economic 

growth, environmental security, and biodiversity conservation (Elliott S, 

2000; Marghescu T, 2001; Kerr J, 2002). 
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5.4 Understanding the landscape mosaic 

A landscape mosaic is made up of different components, pieced together to 

form an overall landscape-level "patchwork". The actual composition of the 

mosaic and the pattern in which the components are distributed will be unique 

to each landscape. Different landscape elements have different contribution to 

the objectives of FLR (Castillo-Campos et al. , 2008). Landscape mosaic a­

nalysis involves data collection, forest landscape classification and landscape 

pattern analysis, and other contents and methods (see Chapter 6) . 

s. 4. 1 Landscape elements classification 

According to relevant definitions of different forest and non-forest conditions, 

combining with the resolution of collected RS images and the classification of 

national land uses, landscape elements classification system of Lingshui Coun­

ty was established in the view of FLR. There are totally 13 landscape element 

types: primary forest, degraded primary forest, secondary forest, degraded 

forest land, rubber plantation, Casuarina equisetifolia plantation, trees around 

villages, other plantation, other forest land, residential quarters land, garden 

plots, agricultural land and other land. 

s. 4. 2 Data collection and processing 

Data of Forest Management Inventory can be used directly. However, there 

are no such kind of data meeting the requirements for time or funds. Under 

this circumstance, remote sensing data are the best source for region­

level FLR. 

Forest Management Inventory of Lingshui Li Autonomous County was only 

carried out in 1994 and mapping data has been lost. So the landscape pattern 

analysis was based on RS data in this study. Community-level data has been 

obtained by participatory subcompartment division and inventury based on RS 

image information extraction to indentify the edge of each patch which has dif­

ferent ownerships, different landscape types or different management histo­

ries. Information of each patch has been collected by direct observation, such 

as topography, slope position, slope, use status, community structure, vege­

tation cover, growing condition of forest stand, by asking, such as the origin, 

use, ownership, management, investment, conversion or development time of 

landscape patches in different period, and by investigation, such as the num-
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ber of trees, height of trees, diameter at breast height and so on. Meanwhile, 

the conversion or development history, the underlying drivers, land use in fu­

ture were all collected. Maps of landscape mosaic in different periods were 

presented under the support of GIS tools. 

Different types of landscape elements should be the basis for classifying 

the patch boundaries for analysis of landscape pattern while different owner­

ships and landscape element types should be the basis for classifying the patch 

boundaries for identifying site-level restoration strategies. 

5. 4. 3 Analyzing landscape pattern 

Landscape analysis needs some methods to describe the spatial pattern quanti­

tatively, compare different landscapes, distinguish the landscape with special 

significance, and identify interrelation among landscape patterns, function 

and process (Guo L et al, 2009). Quantitative research methods of landscape 

pattern include landscape pattern indices for landscape element characteristics 

analysis, landscape pattern analysis model for overall analysis, and landscape 

simulation model for simulating landscape dynamics. 

Landscape pattern analysis both at region level and at community level 

can use landscape indices to describe landscape mosaic. Select Class Area 

( CA), Area Percentage (PLAND), Patch Number (NP), Patch Density 

( PD) , Average Patch Area (MPS), Edge Density (ED) and Mean Patch 

Shape Index (MS!) to describe the characteristics of the landscape elements 

while the area, total number of patches, Patch Density (PD), Mean Patch 

Area ( MPS), Edge Density (ED) , Mean Patch Shape Index (MS!) , Land­

scape Diversity Index (SDI) , the Evenness Index (SEI) and the Dominance 

Index (D) for description of the general landscape characteristics. 

In addition, contribution of key areas of the landscape to an FLR initia­

tive should be also evaluated (see Table 5.2). For example, the plantation 

can serve as a buffer zone around restored and protected areas, playing eco­

logical and social functions. 
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Table 5. 2 Contribution of key areas of the landscape to an FLR initiative 

Key areas of the landscape Contribution to an FLR initiative 

Forest areas Intact natural forest These contain much of the conservation and development values of 

(large areas) the initial forest landscape and are often the key building blocks 
for FLR initiatives. They generally need to be connected with re­

stored and rehabilitated areas of the landscape to strengthen their 

contribution to FLR objectives 

Intact natural forest These provide important conservation and development values on­

( small areas) site that can be enhanced by expansion and connection to other 

key forest patches and areas to be restored and rehabilitated 

Plantations These contain some conservation and development attributes that 

can be enhanced by management. They can also serve as useful 

buffers around degraded forests and protected areas 

Degraded forest or These can be key targets for restoration and rehabilitation and for 

shrublands (large connecting to other parts of the forest landscape 

areas) 

Degraded forest or These can provide some conservation and development values that 

shrublands (small can be enhanced by restoration and rehabilitation and by connect-

areas) ing these areas to other key parts of the forest landscape 

Non-forest Farmland Management of this land can be modified to contribute to FLR ob­

jectives areas 

5.5 

Trees on farms 

Riverine 

( riparian) stips 

Degraded area 

These can contribute to conservation and development outcomes, 

particularly if connected with intact forest patches 

These are important habitat types and building blocks for connec­

tivity in the landscape. They may require restoration or rehabilita­

tion to protect both on-site and downstream soil and water values 
These provide an opportunity for rehabilitation for on-site conser­

vation and development benefits and for improved connectivity be-

tween natural forest patches 
Eroded areas, land- These require special treatment to protect both on-site and down-

slips stream values 

Analyzing forest dynamics and driving forces 

Forest Landscape Restoration aims to restore the overall structure and func­

tionality of forest landscapes, what we want to manage and restore is the prod­

uct of dynamic forces acting as direct or indirect causes for changes. Land­

scape dynamics presents the changes in spatial structure in different scales. It 

is essential to understand the landscape dynamics and address the forces re­

sponsible for landscape change before implement the FLR initiative. 
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5. 5. 1 Analyzing and predicting of forest dynamics 

The overall landscape structure and dynamics were shown by analysis of land­

scape indices and RS images. Class Area (CA), Area Percentage 

(PLAND) , Patch Number (NP) were selected to describe the changes in the 

structure of the landscape elements, Patch Density (PD) and Edge Density 

( ED) for changes on heterogeneity of landscape element types, and the area, 

total number of patches, Patch Density (PD), Edge Density (ED), Land­

scape Diversity Index (SDI) , the Evenness Index (SEI) and the Dominance 

Index (D) for changes on overall landscape characteristics. Landscape dy­

namics at community level can be analysis from changes on both landscape el­

ement types (that is the composition of different landscape element types such 

as forest lands, agricultural lands or residential quarters) and individual land­

scape element (such as the conversion to agricultural lands from forest land). 

Markov Model can be used to predict landscape dynamics both at region level 

and at community level. Supported by GIS tools, different periods of land­

scape mosaic maps were overlaid to get unchanged area of each types and the 

area converted to other types. Transition probability matrix was constructed u­

sing the ratio of area to the original area of landscape element types. 

5. 5. 2 Analyzing driving forces of landscape dynamics 

The dominant forces responsible for changes on forest landscape both at region 

level and at community level can be identified using transition probability ma­

trix and the participatory approach. The source of changes on each landscape 

element types can be identified by analyzing the transition probability matrix, 

for example, the decrease of area of degraded primary forest would be caused 

by the conversion from this type to secondary forest, but the driving forces for 

this conversion can not be obtained by transition probability matrix. 

Therefore, the dominant forces responsible for changes on forest land­

scape both at region level and at community level should be identified by par­

ticipatory methods, such as semi-structured interviews, matrix, brainstorming, 

etc. to communicate and discuss with stakeholders based on analysis of transi­

tion probability matrix, combing interview with inhabitants in different areas, 

field investigation and look up relevant documents, as well as make use of ex­

isting data on resources, environment and socio-economic, especially policies 

and regulations on forest use and environmental protection. 
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5. 6 Identifying priority sites 

One of the key features of FLR is that site-level decisions need to be made 

within a landscape context and indentifying priority sites needs to take both 

landscape-level and site-level perspective into account. We must first deter­

mine the residual, undisturbed forests, particularly those forests of high con­

servation value forests as a starting point, and then gradually carrying out the 

specific site-level interventions at the landscape level (Hobbs and Norton, 

1996). The variety of ecological conditions and diversity of stakeholder views 

mean that it may not be possible to restore forest at all sites in a landscape. 

However, by strategically targeting areas for various kinds of reforestation, 

these interventions will collectively improve the key ecological processes 

(e. g. hydrological functions, nutrient cycling etc) , restore biodiversity and 

thereby improve livelihoods across the landscape. 

There are many applicable principles for identifying priority restoration 

sites, as follows: (1) According to provisions of Article XIV of "The People's 

Republic of China Soil and Water Conservation Law" and Article XX IT of 

"The People's Republic of China Forest Law Enforcement Regulations," hills 

slope above 25° which have been cultivated for agricultural land should be 

gradually converted to grass and forest. (2) Remaining areas of undistrubed or 

well-managed natural forest (most are primary forest) should be protected; 

plantations established around residual forests are a good way of protecting 

these from further disturbances. (3) Degraded primary forest and secondary 

forest are prohibited to be converted to plantations, non-timber forests or agri­

cultural lands, which can be restored through protection, natural regeneration 

and valuable native trees enrichment planting. (4) Forest linkages or corridors 

can be created between remaining natural forest areas. It is the best if these 

are structurally complex and species-rich, but even monoculture plantations 

can be useful, especially if natural regeneration produces an understory be­

neath the tree canopy. (5) Buffer areas along road and river banks within 

landscapes can be fostered by creating forest linkages or corridors. (6) Ac­

cording to provisions of Article ill of "Provides on Construction and Protection 

of Coastal Shelterbelt in Hainan Province" , coastal shelterbelt should be un­

der restoration and protection. (7 ) According to provisions of Article X VI of 
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"The People's Republic of China Soil and Water Conservation Law" , protec­

tion forests such as water conservation forest, soil and water conservation for­

est, wind-breaking and sand-fixing forest should only be allowed harvested in 

forms of tending and regeneration. (8) Habitats for special species, areas lia­

ble to rockfall, landslide and debris flow, as well as other sites of ecologically 

important features should be protected or restored. 

Based on these principles, priority sites of FLR initiative in Lingshui Li 

Autonomous County were indentified (see Annex 1) after discussion and con­

sultation with different stakeholders, including degraded primary forests, sec­

ondary forests, degraded forest land, agricultural land with slope above 25 0 
, 

forest corridors connecting secondary forest island (plaque), shelter belt 

(green corridor) along the roadsides and river banks, water conservation for­

est around the reservoir and farmland shelterbelts. Priorities sites of FLR in 

Dagan FLR demonstration area include degraded primary forests, secondary 

forests, degraded forest land, agricultural land with slope above 25 0
, planta­

tion connecting degraded primary forest and secondary forest (forest corridors 

along ridge~), forest along the roadsides and river banks (see Annex 2) . 

Forest landscape restoration planning is to arrange restoration interventions for 

priority sites from the perspectives of time and space perspective and to imple­

ment the planning relying on stakeholders. 

5. 7 Developing site-level restoration strategies 

The purpose of FLR is not to return forest landscapes to their original "pris­

tine" state, even if that were possible. Rather, it should be thought of as a 

forward -looking approach that can help strengthen the resilience i offorest land­

scapes and keep future options open. It is important to understafd that any in­

dividual application of this approach will be a flexible packagJ of site-based 
I 

techniques - from pure ecological restoration through blocks oE plantations to 
I 

planted on-farm trees - whose combined contribution will del~~er significant 

landscape level benefits. The site-level techniques can include!: the rehabili­

tation and active management of degraded primary forest, the ~ctive manage­

ment of secondary forest growth, the restoration of primary forest-related func­

tions in degraded forest lands, the promotion of natural regenerationin degrad­

ed lands and marginal agricultural sites, ecological restoration, plantations 
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and planted forests and agroforestry and other configurations of on-farm trees. 

The specific activities of any FLR initiative could include one or more site-lev­

el techniques. Indeed, a fundamental characteristic of FLR is the use of com­

bined technical approaches to solve problems, rather than relying on one par­

ticular type of intervention. 

5.7.1 Analysis of characteristics of degraded and secondary forests 

Analysis of characteristics of degraded primary forests in the view of forest 

management would contribute to develop site level restoration measures in the 

light of local conditions. Characteristics of degraded primary forests in Dagan 

FLR demonstration area were analyzed. The community was composed of ar­

bor storey, shrub storey and grass storey. The arbor storey has high species 

diversity and the Shannon-Wiener index (SW) is 3.61 - 4. 46. Dominant 

species in the inventoried communities are (1) Garcinia oblongifolia and Ho­

pea exalata, (2) Engelhardtia roxburghiana and Garcinia oblongifolia, (3) 

Amesidodendron chinense and Garcinia oblongifolia, and (4) Sarcosperma lau­

rinum, Dalbergia hainanensis and Polyalthia laui respectively. The stand av­

erage DBH, height, growing stock and density are 10. 2 - 14. 3cm, 8. 50 -

13. 39m, 142.51 -199.44 m3/ha and 2,321 -3,545 N/ha respectively. The 

DHB distribution of each degraded primary forests showed the inverse J 

shape. Most of valuable trees in the sub-storey I in arbor storey have been 

harvested while there are still many valuable native trees with better stem form 

such as Dalbergia odorifera, Hopea exalata, Vatica mangachapoi and Litchi 

chinensis because of the disturbances such as repeated selective cutting. Shrub 

storey and grass storey in each forest stand have rich species and valuable tree 

saplings and seedlings. Compared to degraded primary forest, secondary forest 

has simple community structure and low diversity, but with valuable native 

trees and timber species in arbor storey. 

5.7.2 Site-level restoration strategies 

Protection and natural recovery of degraded primary forest 

Degraded primary forests still retains the main characteristics of the original 

forest, such as species composition, soil structure and stand structure, and 

has capacity of natural regeneration, and has important function of ecological 

protection, so a basic management principle of forest restoration is to "decom­

press" , that is degraded primary forests can be restored as managed primary 
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forest, even converted to primary forest by protecting the site from further dis­

turbance or stress factors such as deforestation, over harvest of timber and 

non-timber forest products, slash and bum, etc. and allowing natural coloni­

zation and succession processes to occur. This strategy is sometimes called 

"passive restoration". Another measure to promote the protection of degraded 

primary forest is to plant live fence. Planting Acacia mangium, Eucalyptus 

and other fast-growing species as live fence in the boundary among planted 

forest, degraded forest land and agricultural land can protect the degraded pri­

mary forest from further human disturbance. 

Protection and enrichment planting of secondary forest 

Secondary forest from clear-cutting of degraded primary forest still has valua­

ble native tree species in arbor storey, rich species and valuable tree saplings 

and seedlings in shrub storey and grass storey. So this type of secondary forest 

should be taken the same forest restoration measures as that of degraded pri­

mary forest, protective "decompression" , that is to achieve natural recovery 

under the use of existing saplings, seedlings by establishing live fence and a­

voiding human disturbances as much as possible. 

Secondary forest regenerated through a natural process after more than 10 

years' abandonment of alternative land uses still has commercial timber spe­

cies, but lack of valuable native species. Protection and enrichment planting 

are the management strategies for this type of secondary forest, using existing 

tree seedlings and saplings for protective restoration, together with planting of 

valuable native species to restore forest communities with commercially valua­

ble trees, such as Dalbergia odorifera, Aquilaria sinensis, etc. , so as to im­

prove ecological integrity and community benefits. The biggest conflict for this 

type of secondary forest is between protection and development of planted eco­

nomic forest. Local villagers are the decision makers in solving this conflict, 

which means the secondary forest is facing human interventions of converting 

to other uses all the time. Therefore, forest owners should be consulted about 

specific restoration activities such as tree species selection. It is a principle to 

select acceptable native species to balance economic benefit and ecological 

services, that is to meet the "double filter" condition of FLR. 

Rehabilitation of degraded forest land 

The rehabilitation for degraded forest land has been focused primarily on tree-
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planting. Meanwhile, residual tree seedlings should be protected as much as 

possible. Most of degraded forest lands are characterized as low soil fertility 

and poor soil structure, soil erosion and subjected to frequently human dis­

turbance. In such situations, restoration activities are better focused on the re­

covery and maintenance of primary processes. Firstly, pioneer trees were se­

lected as nurse crop, important silvicultural characteristics of species suitable 

for nurse crop include fast-growing, tolerant to drought and diseases, if neces­

sary, exotic species can be selected. Then valuable native species are planted 

understory. The sites will be logged in a few years to increase the lighting nee­

ded by native species. In this way, both rehabilitation of degraded forest eco­

system and income of local villagers will be improved. Because the degraded 

forest land is waste land after development for other uses and the use right be­

longs to the villagers who developed first, the species selection and decision­

making for restoration activities should give full consideration to the value ori­

entation of the villagers and implemented by local villagers. 

Restoration forest functions on agricultural land (Agroforestry) 

Farmland shelterbelt forest can be developed in centrally distributed agricul­

tural land, so that on-farm trees can play an important part in improving the 

microclimate of farmland, sand-fixing, resisting natural disasters, and impro­

ving ecosystem connectivity, etc. as well as providing forest products to local 

communities. As to agricultural land in special ecological position, including 

in river banks, roadsides, around the reservoirs, in hill slopes above 25 0 
, 

they were indentified as priority sites for restoration and would be converted to 

forest lands gradually through agroforestry. Because Agroforestry aims to bal­

ance the developments of agriculture, forestry and animal husbandry, rare and 

valuable native tree species were selected for planting and interplant crops and 

understory cash crops were grown in the first few years of planting to increase 

economic benefits. 

5. 8 Monitoring and evaluation 

FLR initiatives face major technical, economic, social, cultural and institu­

tional challenges. Monitoring and Evaluation (M&E) provides information of 

changes. M&E needs to be prepared during the initial planning phase of the 

restoration and based on a good understanding of the context of the FLR inter-
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vention. M&E is the basis and foundation of adaptive management in FLR. 

The core of M&E is to establish a set of indictors to evaluate the context and 

implementation of FLR and to find the problems existing in current restoration 

activities and identify future options. A set of FLR M&E indictors was estab­

lished following three principles: scientific principles, objective principle and 

realistic principle, including process indictors and outcome indicators, totally 

77 indicators (see Table 5. 3). It should be noted that the indicator system i~ 

not fixed and could be identified based on specific circumstances of FLR Im­

plementation sites, and it can be adjusted and supplemented. 

Process 
indicators 

Table 5. 3 Indicator system of Monitoring & Evaluation for FLR 

Factors 

1 Stakeholder partici­

pation 

Indicators 

1. 1 identification of the right stakeholders and target groups 
1. 2 competence and level of authority of participating stakeholders 
1. 3 stakeholders' roles in the FLR process 

1. 4 disadvantaged groups. such as the poor. with attention to gen-
der equity 

1. 5 early stakeholder participation in FLR planning 
1. 6 participation in implementation and monitoring 
1. 7 leadership groups/individuals for community development 

2 Stakeholder consul- 2. 1 quality of information shared and how widely it is shared 
tations 2. 2 partnerships among stakeholders 

2. 3 coordination of stakeholders 
2. 4 institutionalization of consultations to discuss issues and 

solve problems 

3 Seroice delivery 3. 1 stakeholder satisfaction 
3. 2 services obtained by stakeholders 
3. 3 level of access of stakeholders to the advisory and support serv­

ices 
3. 4 compliance with the workplans and schedules 
3. 5 extent to which FLR objectives were achieved 

4 Community needs' 4.1 information and communication tools produced 
assessment and dis- 4. 2 sensitivity to needs of weak! disadvantaged groups 
semination of results 4. 3 community satisfaction 

4. 4 level of community participatory of the FLR intervention 
4. 5 spreading path and extent of assessment results 

5 Stakeholder capaci- 5. 1 demonstration actions undertaken 
ty-building 5. 2 implementation of activities associated with project objectives 

5. 3 mechanisms for conflict analysis and resolution 

6 Implementation 

5.4 strength of local self-governing organizations 
5. 5 organizational capacity of women 

6. 1 coordination of key stakeholders 
6. 2 incentives for restoration actions 
6. 3 flexibility to adapt as lessons are learned 
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Outcome 
indicators 

Study on Forest Landscape Restoration 

Factors 

7 Strengthened ca­

pacity of responsible 
agency ( ies) to sup­

port FLR activity 

Indicators 

7. 1 fiscal capacity of responsible agency ( ies) 
7.2 capacity of full-time multidisciplinary staff 
7. 3 volume of certified production 

( continued) 

7. 4 level of institutional capacity to sustain the results 

8 Integrated resource 8. 1 approved management plans (forest production, protected 
management areas, etc) 

9 Landscape patterns 
and forest products 

8. 2 production diversification (timher and non-timber forest prod­
ucts, environmental services) 

8. 3 existence of land-use plans 

9. 1 area and area proportion of forest landscape element types 
9. 2 levels of fragmentation of forest landscape element types 
9. 3 landscape diversity 
9. 4 conditions of degraded and secondary forest 
9. 5 types and yield of forest products 
9. 6 sustainable harvest of non-timher forest production 
9. 7 levels of resource use 
9. 8 diversity of resource users 
9. 9 existence of degraded forests restoration plans 

10 Recovery of eco- 10. 1 forest coverage 
system integrity 10. 2 species diversity 

10. 3 structure of forests 
10. 4 areas under natural regeneration 
10. 5 planted areas 
10. 6 protection measures for wildlife 
10. 7 improvement of wildlife habitat 
10. 8 functions played by the restored forests 
10. 9 existence of corridors to link forest ecosystems 
10. 10 use of local knowledge for FLR 
10. 11 water yield in the watersheds 
10. 12 level of soil erosion 
10. 13 frequency of forest fires 
10. 14 carbon sequestration 
10. 15 pressure of human activities (domestic animal, crop pro­

duction, etc) 

11 Diversified sources 11. 1 availability of forest resources 
of community income 11. 2 access to forest resources 

11. 3 provision of woodlfuelwood to communities 
11. 4 provision of fodder from plantations 
11. 5 number of jobs created 
11. 6 jobs which went to targeted groups (women, tribaV ethnic 

groups, youth, etc) 
11. 7 changes in income 

12 Financial income 12. 1 costs versus benefits 
12. 2 contribution to local finance 
12. 3 economic income of locally processed productions 
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Outcome 13 Participatory 
indicators M&E 
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( continued) 

Indicators 

13. 1 monitoring tools 
13. 2 sources of information on ecological and socioeconomic di-

mensions 
13. 3 method of data collection 
13.4 implementin agencies of M&E 
13. 5 levels of public participatory 
13. 6 contribution to reporting 
13. 7 lessons learned 



6 Analyzing landscape pattern at region level 

6. 1 Landscape elements classification 

Any individual application of FLR will be a flexible package of site-based 

techniques, whose combined contribution will deliver significant landscape­

level benefits. Site-based techniques within the context of an FLR program 

mainly refer to site-level strategies and their associated silvicultural techniques 

for restoring degraded primary forest, managing secondary forest, rehabilita­

ting degraded forest land or restoring forest functions on agricultural land. 

According to relevant definitions of different forest and non-forest condi­

tions, combining the resolution of collected RS images and the classification of 

national land uses, landscape elements classification system of Lingshui Coun­

ty was established in the view of FLR. There are totally 13 landscape element 

types: primary forest, degraded primary forest, secondary forest, degraded 

forest land, rubber plantation, Casuarina equisetifolia plantation, trees around 

villages, other plantation, other forest land, residential quarters land, garden 

plots, agricultural land and other land, as outlined in Table 6. 1. 

No. 

2 

3 

Table 6. 1 Landscape element system of Lingshui Li Autonomous County 

Class 

Primary Forest 

Degraded 

Primary Forest 

Secondary Forest 

Description 

Forest which has never been subject to human disturbance, or has 

been so little affected by hunting, gathering and tree-cutting that its 

natural structure, functions and dynamics have not undergone any 

changes that exceed the elastic capacity of the ecosystem. 

Primary forest in which the initial cover has been adversely affected by 

the unsustainable harvesting of wood and! or non-wood forest products 

so that its structure, processes, functions and dynamics are altered be­

yond the short-term resilience of the ecosystem; that is, the capacity of 

these forests to fully recover from exploitation in the near to medium 

term has been compromised. 

Woody vegetation regrowing on land that was largely cleared of its origi­

nal forest cover (ie carried less than 10% of the original forest cover). 

Secondary forests commonly develop naturally on land abandoned after 

shifting cultivation, settled agriculture, pasture, or failed tree planta­

tions. 
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( continued) 

No. Class Description 

4 DegradedForest Land Fonner forest land severely damaged by the excessive harvesting of 

5 RubberPlantation 

wood and! or non-wood forest products, poor management, repeated 

fire, grazing or other disturbances or land-uses that damage soil and 

vegetation to a degree that inhibits or severely delays the re-establish­

ment of forest after abandonment. 

Land with rubber trees. 

6 Trees around Villages Lands which are planted trees around the villages. 

7 Casuarina equisetifo- Casuarina equisetifolia is the main tree species of coast protection for-

lia Plantation est. 

8 Other Plantation Referring to eucalyptus planted forest. 

9 Other Forest Land Forest land not classified as above types. 

10 Residential House sites used for daily life (including the independent courtyard). 

Quarters land 

11 Garden Plots Mainly refers to the litchi, mango, betel nuts and other non-timber forest 

12 Agricultural Land Cropland, including paddy field and non-paddy cropland. 

13 Other Land Land not classified as to other type, such as rivers, reservoirs, lake 

and sandy lands. 

6.2 Forest landscape pattern 

The total area of forest landscape inLingshui Li Autonomous County was 108, 

611ha in 2008. There were 6,303 patches and the average patch area (MPS) 

was 17.23 ha. The patch shape index (MS!) was 86.82. Landscape diversity 

index (SDI) , landscape evenness index (SE!) and landscape dominance index 

(D) were 1. 86, O. 70 and O. 80 respectively (see Table 6. 2). 

Table 6.2 Overall Features of Forest landscape Patterns in 

Lingshui Li A,utonomous County ( in 2008) 

Area NP PO MPS EO 
Index MSI SDI SEI 0 

( ha) ( n) ( nllOOha) (ha) (mlha) 

Value 108611 6303 5.80 17.23 131. 67 86.82 1. 86 O. 7 0.80 

Features of forest landscape elements in 2008 were shown in Table 6. 3. 

The area of Agricultural Land was 26 ,651 ha with 829 patches, which was the 

largest landscape element type, accounting for 24. 5 % of the area of land­

scape. Agricultural Land was mainly distributed in plain areas and bottomland 
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of hills. Followed by Secondary Forest, its area was 24,764 ha with 344 pat­

ches, accounting for 22. 80% of total area, mainly in the northern middle 

hills region and the whole hilly area. The area of Garden Plots was 8,693 ha, 

8. 00% of total area. This landscape element type had wide distribution inclu­

ding northern middle hills region, the hilly region, central plain area and coast­

land. The area proportion of Rubber Plantation and Trees around Villages were 

7.66% and 6.78% respectively, ranking sixth and seventh. Rubber Plantation 

was mainly in the western hills and upper reaches of Lingshui River while trees 

around villages were distributed around the residence. There were 1,574 pat­

ches of Casuarina equisetifolia Plantation and Other Plantation. Casuarina equi­

setifolia Plantation was mainly distributed in coastal areas for coast protection 

forest with the area of 452 ha. The area of Degraded Primary Forest was 6,837 

ha, accounting for 6. 29% of the total area of the landscape. Degraded Primary 

Forest was mainly in the northern mountains (Diaoluo mountain forest area) 

with low disturbance where were far away from human settlements. The area of 

Table 6.3 Features ofForest landscape elements in 

Lingshui Li Autonomous County ( in 2008 ) 

Landscape 
CA(ha) PLAND% NP(n) 

PD MPS ED 
MSI 

type (!lI100ha) (ha) (m/ha) 

PF 5153 4.74 11 0.21 468.43 38.39 2.31 

DPF 6837 6.29 110 I. 61 62.15 57.52 2.00 

SF 24764 22.80 344 1.39 71. 99 68.23 35.14 

DFL 2358 2.17 766 32.48 3.08 341. 38 1.82 

RP 8324 7.66 58 0,70 143.51 104.87 19.42 

TaV 7365 6.78 505 6.86 14.58 265.76 839.83 

CeP 452 0.42 44 9.73 10.27 213.37 2.02 

OP 7235 6.66 1530 21. 15 4.73 250.81 2.26 

OFL 176 0.16 13 7.40 13.51 161. 56 I. 91 

RQL 4126 3.80 1202 29.13 3.43 293.26 2.33 

GP 8693 8.00 301 3.46 28.88 144.09 10.95 

AL 26651 24.54 829 3.11 32.15 110.58 3.60 

OL 6478 5.96 590 9.11 10.98 158.43 83.24 

Note:PF - Primary Forest, DPF - Degraded Primary Forest, SF -Secondary Forest,DFL - DegradedForest Land ,RP -

Rubber Plantation, Ta V - Trees around Villages, CeP Casuarina equisetifolia Plantation, OP - Other Plantation, OFL -

Other Forest Land, RQL - Residential Quarters Land, GP - Garden Plots, AL - Agricultural Land, OL - Other Land. 

Other Land covering rivers, reservoirs, lake and sandy lands was 6478 ha, 



6 Analyzing landscape pattern at region level 197 

I 
occupying 5. 96% of the landscape. Primary Forest was continu6usly distribu-

ted in northern Diaoluo mountain forest area with high altitude a~d its area was 

5,153 ha, accounting for 4. 74% of the landscape. ResidentiallQuarters Land· 

was mainly in eastern and southern coastal areas, accounting ~or 3.80% of 

the landscape. The area of Degr&ded Forest Land was 2,358 hal with 766 pat­

ches, covering 2. 17 % of the landscape. Most degraded forest lands were 

waste land after development of natural forest and scattered around in the sec­

ondary forest. In addition, the area of Other Forest Land not included in a­

bove forest types was 176 ha, accounting for 0.16% of the total area of the 

landscape. 

Forest landscape pattern shows regular zonal distribution with different 

hydrothermal condition. Lingshui Li Autonomous County is high in the north­

west and low in the southeast from a macro point of view. The county can be 

classified into four geomorphological regions: northern mountainous region, 

western hills area, central plain terrain and southeast coastal terrace. This ge­

omorphological pattern and the resulting hydrothermal condition formed the u­

nique forest landscape pattern of Lingshui Li Autonomous County (see Annex 

4 ). Primary forest, secondary forest and degraded forest land were the main 

land~cape element types in northern mountainous region. Western hills area 

was dominated by rubber plantation and secondary forest. Agricultural land 

and garden plots were the main landscape element types in central plain ter­

rain while agricultural land and residential quarters land were dominated in 

southeast coastal terrace. Forest landscape of Lingshui Li Autonomous County 

presented high Landscape diversity index (SDI) and landscape dominance in­

dex (D). There were big differences among the area and the number of differ­

ent landscape element patches. The area of both agricultural land and second­

ary forest was 51 ,415 ha; accounting for 47. 34 % of the landscape, thereby 

these two types could be regarded as the dominant landscape element types of 

the Lingshui County. Primary forest, degraded primary forest or rubber plan­

tation in the landscape occupied a smaller proportion, but they all presented 

large patch size and centralized distribution. Moreover, degraded forest land 

had low patch connectivity and high fragmentation because of repeated human 

disturbance and the division of agricultural land and rubber plantation. Ling­

shui Li Autonomous County as a whole was a heterogeneous forest landscape 
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in which forest lands as the matrix were intertwined by agricultural land and 

other land which had smaller patches, residential quarters land and garden 

plots were scattered among the matrix. 

6.3 Forest landscape dynamics 

6. 3. 1 Change on general features of landscape 

General features of Forest landscape in Lingshui Li Autonomous County in differ­

ent periods (1991, 1999 and 2008) were analyzed (see Table 6. 4). The results 

showed that the number of landscape patches increased by 5340 and patch density 

increased to 6.72/100 hm2 from 1. 811100 ha during 1991 - 1999 while the num­

ber of landscape patches reduced by 898, patch density decreased correspondingly 

from 1999 to 2008. Meanwhile, both landscape diversity index (SDI) and land­

scape evenness index (SEI) has increased, but landscape dominance index (D) 

has decreased during the period of 1991 - 2008. The area proportions of forest 

land accounting for the landscape in different periods (1991, 1999 and 2008) 

were 61. 02% , 53.65% and 50.91 % respectively, which showed that forest land 

has decreased gradually from 1991 - 2008 caused by the land use conversion from 

forest land to garden plots and residential quarters land. 

Table 6. 4 Changes on general features of Iingshui li Autononwus County Forest lantlscape 

Forest Land 
Period Area PD ED 

(year) (ha) 
NP(n) 

(nl100hm2 
) (mlhm2

) 
SDI SEl D Area 

(ha) 
% 

1991 108611 1961 1. 81 74.13 1. 16 0.45 1. 42 66279 61. 02 

1999 108611 7301 6. 72 131. 99 1. 55 0.59 1. 08 58268 53.65 

2008 108611 6303 5.80 131. 67 1. 86 O. 70 0.80 55298 50.91 

Changes of landscape indices showed that the number of landscape pat­

ches has increased significantly and each patch has become regular caused by 

the interdivision among different landscape element types ofLingshui Li Auton­

omous County from 1991 to 2008, which resulted in the landscape fragmenta­

tion become more and more evident (see Annex 4 ) . 

6. 3. 2 Change on landscape element types 

Area of each landscape element type except primary forest has changed from 

1991 to 2008 in Lingshui Li Autonomous County. The total landscape area of 

Lingshui Li Autonomous County was 108,611 ha. The area of each landscape 
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element type has changed except primary forest with the increase of areas of 

garden plots, trees around villages, residential quarters land, other plantation 

and the decrease of areas of secondary forest, degraded primary forest, agri­

cultural land, casuarina equisetifolia plantation (see Table 6. 5 and Figure 

6. 1). Summarily, the proportion of natural forest ( including primary forest, 

degraded primary forest and secondary forest ) was going down constantly 

(45. 15% in 1991, 37.81 % in 1999 and 33.83 % in 2008) and that of 

plantation forest (garden plots, rubber plantation, trees around villages, casu­

arina equisetifolia plantation and other plantation) was on the contrary 

(17.84% in 1991,21. 25% in 1999 and 29. 52% in 2008). 

Table 6.5 Changes on areas of different landscape element 

types ofLingshui Li Autonomous County 

Landscape CA(ha) PLAND% changes of iarea % 
I 

type 1991 1999 2008 1991 1999 2008 1991-1999 1999-2908 1991-2008 

PF 5153 5153 5153 4. 74 4. 74 4.74 0.00 0.001 0.00 

DPF 9882 8124 6837 9. 10 7.48 6.29 -17.79 -15.84 -30.82 
I 

SF 34004 27790 24764 31. 31 25.59 22.80 -18.28 -10. ~9 -27.17 

DFL 954 1859 2358 0.88 1.71 2. 17 94.95 26.87 147.34 

RP 8200 9473 8324 7.55 8.72 7.66 15.52 -12. L 1. 51 

TaV 2283 7125 7365 2.10 6.56 6. 78 212. 14 3.37 222.65 

CeP 1846 463 452 1. 70 0.43 0.42 -74.91 -2.39 -75.51 

OP 5505 4211 7235 5.07 3.88 6.66 -23.50 71. 80 31. 43 

OFL 735 1196 176 0.68 1.10 O. 16 62.65 -85.31 -76.11 

RQL 2442 3057 4126 2.25 2.81 3.80 25.20 34.98 69.00 

GP 1553 1798 8693 1. 43 1. 66 8.00 15. 74 383.60 459. 74 

AL 29614 31365 26651 27.27 28. 88 24.54 5.91 -15.03 -10.01 

OL 6441 6999 6478 5.93 6.44 5.96 8.66 -7.45 0.57 

Total 108611 108611 108611 100 100 100 

Note: PF - Primary Forest, DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - Degraded-

Forest Land, RP - Rubber Plantation, Ta V - Trees around Villages, CeP Ca.manna equisetifolia Planta-

tion,OP - Other Plantation, OFL - Other Forest Land, RQL - Residential Quarters Land, GP - Garden 

Plots, AL - Agricultural Land, OL - Other Land. 

According to the area change of single landscape element type, primary 

forest area has been kept stable. Secondary forest was the landscape element 

type with biggest changes on area, which changed from 34 ,004 ha in 1991 to 

24,764 ha in 2008 and its proportion has decreased by 2. 81 %. Followed by 
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Figure 6. 1 Area proportions of different landscape element types 

of Lingshui Li Autonomous County 

PF - Primary Forest, DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - Degraded 

Forest Land, RP - Rubber Plantation, Ta V - Trees around Villages, CeP - Casuarina equisetifolia 

Plantation,OP - Other Plantation, OFL - Other Forestry Land, RQL - Residential quarters land, 

GP - Garden plots, AL - Agricultural Land, OL - Other Land. 

the degraded primary forest, the area has decreased by 3 ,045 ha and the pro­

portion has reduced by 2. 81 %. Garden Plots was the landscape element type 

with the largest area increase, from 1 ,553 ha to 8 ,693 ha and area percentage 

has increased by 6. 57 %. Followed by trees around villages, the area has in­

creased by 5 ,083 ha. 

From the changes on area of landscape types in different periods, Garden 

Plots is the type with the biggest area changes, the area has constantly in­

creased from 1991 to 2008 and the area in 2008 was 4.6 times of that in 

1991, but the increase mainly occurred during the period of 1999 -2008. The 

area of Trees around Villages in 2008 was 2. 23 times as much as that in 1991 

and this change mainly happened in 1999 to 2008. The amplitude of variation 

of degraded forest land was 174.34% , which were 94.45% in 1991 to 1999 

and 26. 87% in 1999 to 2008 respectively. The area of Residential Quarters 

Land has also constantly increased, but amplitude of variation in 1999 to 2008 

was bigger than that in 1991 to 1999. The area of Secondary Forest, Degraded 

Primary Forest and Casuarina equisetifolia Plantation has constantly decreased 
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from 1991 to 2008 and mainly happened in the period of 1991 to 1999. A­

mong those forest landscape types, the area of secondary forest and Casuarina 

equisetifolia Plantation changed significantly in two periods with decreasing ar­

ea in 1991 to 1999 obviously more than that in 1999 to 2008. The fact that 

the area of secondary forest and degraded forest has reduced shown that the ar­

ea of natural forest had a decreasing trend from 1991 to 2008. Changes on ar­

eas of Rubber Plantation and Other Lands increased first and then followed by 

decrease, but both types have increased due to the increased area in the pre­

vious period larger than the decreased area in the latter period. 

By comparing Patch Density (PD) and Edge Density (ED) of various 

landscape feature types of Lingshui Li Autonomous County in 1991,1999 and 

2008 respectively, the heterogeneity change of landscape elements was ana­

lyzed (see Table 6. 6). 

Table 6.6 Changes on PD and ED of different landscape element types of 

Lingshui Li Autonomous County 

Landscape PD(nl100ha) ED(m/ha) 

type 1991 1999 2008 1991 1999 2008 

PF 0.21 0.21 0.21 38.39 38.39 38.39 

DPF 0.30 1. 01 1. 61 36.64 49.58 57.52 

SF 0.30 O. 75 1. 39 38.91 52.67 68.23 

DFL 8.39 33.84 32.48 141. 70 285.40 341. 38 

RP 0.20 1.11 O. 70 54.46 109.55 104.87 

TaV 6.40 24.48 6.86 180.80 327.09 265.76 

CaP 3.47 13.17 9. 73 127.66 227.69 213.37 

OP 2. 14 35.64 21. 15 119.61 293.79 250.81 

OFL 2. 86 2.84 7.40 150.68 165.34 161. 56 

RQL 21. 34 29.90 29.13 200.27 270.10 293.26 

GP 8.63 7.34 3.46 168.04 191. 55 144.09 

AL 1. 90 3.86 3.11 82.31 133.72 110.58 

OL 2.42 9.54 9.11 152.43 209.36 158.43 

Note: PF - Primary Forest, DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - DegradedFor­

est Land, RP - Rubber Plantation, Ta V - Trees around Villages, CeP Casuarina equisetifolia Plantation, 

OP - Other Plantation, OFL - Other Forest Land, RQL - Residential Quarters Land, GP - Garden Plots, 

AL - Agricultural Land, OL - Other Land. 

In 1991 ,Residential Quarters Land had the biggest PD (21. 34 /100 ha) 



202 Study on Forest Landscape Restoration 

and ED ( 200. 27 m/ ha) with high fragmentation for the scatter composition 

pattern. The patch density index of Rubber Plantation was the smallest, 

0.20/100 ha, which showed that the cultivation area of Rubber Plantation was 

smaller in 1991 and concentrated in state-owned or collective-owned farms. 

The PD of Garden Plots, Degraded Forest Land, Trees Around villages were 

8. 63 /100 ha, 8. 39 /100 ha and 6. 40 /100 ha respectively. These types 

showed higher degree of fragmentation for mosaic distribution among the types 

of other landscape elements caused by frequent human disturbances. Both Pri­

mary Forest and Secondary Forest had smaller PD and ED with more regular 

shape of patches because they had been protected and had concentrated distri­

butions. 

The rank of patch density index of different landscape element types in 

1999 was similar to that in 1991. Patch density (PD) of other types had in­

creased except Primary Forest and Garden Plots. The sequence of patch densi­

ty index of different landscape element types in 1999 was similar to that in 

1991. Patch density (PD) of other types had increased except Primary Forest 

and Garden Plots. The PD of Other Plantation had increased from 2. 14/100 

ha to 35.64/100 ha while that of Degraded Forest Land had increased from 

8.39/100 ha to 33. 84/100 ha. during the period of 1991 - 1999, showing 

that impact of human activities on Other Plantation and Degraded Forest Land 

had enhanced which resulted in further fragmentation of the two types. Trees 

around Villages was the type with the biggest edge density in 1999 and its 

patch density also varied obviously. Patch density indices of Degraded Primary 

Forest and secondary forest had increased as well as the area had deceased. 

This showed that impact on the two types by human activities had become big­

ger, the patch shape tended to be more complex and thereby they become 

more fragmented. 

The patch density indices of Degraded Primary Forest, Secondary Forest 

had constantly increased from 1991 to 2008, which showed that the two types 

had become more and more fragmented. Except Primary Forest, the patch 

density of other types had increased first and then decreased during this period 

with different amplitude of changes, reflecting that the impacts on study area 

of human disturbances had first increased and then reduced. According to the 

changes on edge density of different landscape element types, primary forest 
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had been kept stable in edge density, patch shapes of Degraded Primary For­

est, Secondary Forest, Degraded Forest Land, Rubber Plantation and Resi­

dential Quarters Land became more and more irregular, and other types had 

become more squared during 1999 to 2008. 

6. 3. 3 Prediction of forest landscape dynamics 

Understanding the forest landscape dynamics is a major factor for successful 

implementation of FLR initiative since it is a process that will take at least 10 

years, often much longer, facing major technical, economic, social, cultural 

and institutional challenges. Using Markov models, transition probability ma­

trix among different landscape element types from 1999 to 2008 (see Table 

6. 7) was constructed to predict and analyze the forest landscape dynamics of 

Lingshui Li Autonomous County. 

Table 6. 7 Landscape class transition area of Lingshui 

Li Autonomous County form 1999 to 2008 

2008 
1999 -------------------------

ff ~ ~ ~ & ~ ~ ~ ~ ~ ~ II OC 

PF 4.74 

6. 29 O. 85 O. 09 0.21 0.03 

21. 95 0.93 0.31 0.18 0.90 

O. 16 0.23 0.03 0.01 0.97 

O. 04 O. 66 O. 50 O. 11 

0.01 O. 17 O. 08 O. 04 

0.42 5.50 0.21 0.65 0.04 0.07 1. 11 O. 61 O. 11 

0.02 0.04 2.60 0.02 0.45 0.01 0.72 0.71 1. 75 0.23 

0.01 0.05 0.02 0.23 O. 12 

QU QTI Q~ Q~ Q~ Q04 QM Q© Q~ QW 

QID Q~ Q~ Qm QOO Q~ Q~ Q01 

QOO QID Q~ Q01 Q® 1.~ Q® QW Q04 

1999 

4.74 

7.48 

25.59 

1. 71 

8.72 

6.56 

0.43 

3.88 

LlO 
2.81 

DPF 

SF 

DFL 

RP 

TaV 

CeP 

OP 

OFL 

RQL 

GP 0.00 0.14 0.15 0.10 O. 03 O. 50 O. 72 O. 02 1. 66 

AL 0.32 0.81 2.32 0.08 1. 91 0.05 0.86 3.22 17.83 1. 47 28.88 

OL 0.07 0.17 0.20 0.20 0.59 0.01 0.12 0.43 1.16 3.49 6.44 

2008 4.74 6.29 22.80 2.17 7.66 6.78 0.42 6.66 0.16 3.80 8.00 24.54 5.96 100.00 

Note:PF - Primary Forest, DPF - Degraded Primary Forest, SF - Secondary Forest,DFL - DegradedForest Land, RP 

- Rubber Plantation, Ta V - Trees around Villages, CeP Casuarina equisetifolia Plantation, OP - Other Plantation, OFL 

- Other Forest Land, RQL - Residential Quarters Land, GP - Garden Plots, AL - Agricultural Land, OL - Other 

Land. 

The results (see Table 6. 8 and Figure 6. 2) showed that forest and other 

natural landscape would reduce gradually while semi-natural landscapes such 

as agricultural land and "human-induced landscape like residential quarters 
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land would increase. This would result in degradation of landscape pattern to­

wards poor ecological environment if Lingshui Li Autonomous County main­

tains the development trend of 1999 - 2008 in the next decades. The area pro­

portions of agricultural land and residential quarters land would increase to 

32.65% , 7.06% respectively while that of primary forest and secondary for­

est would reduce to 1. 33% and 7. 49% respectively by 2089. Obvious chan­

ges would occur in these four types. Other types including Trees around Villa­

ges, Casuarina equisetifolia Plantation, Other Plantation, Garden Plots and 

Other Forest Land would increase slowly. Rubber Plantation and Other Land 

would decrease and then climb up but in small fluctuation. Overall, this land­

scape dynamics would not be consistent with socio-economic development of 

the county, especially the sharp reduction of degraded primary forest, second­

ary forest and other natural forest together with the unlimited expansion of ag­

ricultural land, residential quarters land. Therefore, appropriate intervention 

should be undertaken on current landscape pattern to improve the positive di­

rection of land use. 

Table 6. 8 Status and forecast of the occupation rate by each stage of 

landscape class types inLingshui Li Autonomous County 

Landscape Occupation rate ( % ) 

type 2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 

PF 4.74 4.74 4.74 4.74 4.74 4.74 4.74 4.74 4.74 4.74 

DPF 6.29 5.30 4.46 3.75 3.16 2.66 2.24 I. 88 1.58 1.33 

SF 22.80 20.28 18.00 15.95 14.11 12.46 10.99 9.68 8.52 7.49 

DFL 2.17 2.09 2.01 I. 95 I. 89 I. 84 I. 79 1.75 1.71 I. 68 

RP 7.66 7.60 7.73 7.88 8.02 8.15 8.28 8.38 8.48 8.57 

TaV 6.78 7.55 8.20 8.72 9.13 9.49 9.79 10.05 10.28 10.48 

CeP 0.42 0.43 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52 

OP 6.66 7.43 7.63 7.73 7.81 7.88 7.94 8.00 8.05 8.09 

OFL 0.16 0.16 0.17 0.17 0.18 0.18 0.18 0.19 0.19 0.19 

RQL 3.80 4.46 5.01 5.46 5.85 6.17 6.44 6.68 6.88 7.06 

GP 8.00 9.46 10.03 10.37 10.63 10.86 11. 06 11. 23 11.39 11.52 

AL 24.54 24.72 25.82 26.97 28.02 28.94 29.75 30.47 31.10 31. 65 

OL 5.96 5.76 5.76 5.86 6.00 6.15 6.30 6.44 6.56 6.68 

Note :PF - Primary Forest, DPF - Degraded Primary Forest, SF -Secondary Forest,DFL - DegradedForest Land ,RP -

Rubber Plantation, Ta V - Trees around Villages, CeP Casuarina equisetifolia Plantation, OP - Other Plantation, OFL -

Other Forest Land,RQL - Residential Quarters Land ,GP - Garden Plots,AL - Agricultural Land,OL - Other Land. 
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Figure 6.2 Status and forecast of the occupation rate by each stage of 

landscape class types in Lingshui County 



7 Analyzing landscape pattern at 

community level 

7. 1 Landscape elements classification 

According to result of landscape elements classification in the view of FLR in 

chapter 6, combining the land use of Dagan FLR demonstration area, forest 

landscape in Dagan FLR demonstration area was classified as 8 types: De­

graded Primary Forest, Secondary Forest, Degraded Forest Land, Plantation, 

Non-paddy Cropland, Paddy Field, Human Settlement, Reservoir or Pond. 

Maps of forest landscape mosaic of Dagan FLR demonstration area in dif­

ferent periods were obtained by participatory inventory, subcompartment divi­

sion and inventory, using GIS tools based on RS image interpretation. The re­

sults of survey, division and maps were consulted and communicated again 

and again through PRA tools such as the community workshop and semi -struc­

tured interviews so as to obtain maps of forest landscape mosaic in 1990, 1999 

and 2009 (see Annex 5 ). Different types of landscape elements should be the 

basis for classifying the patch boundaries for analysis of landscape pattern 

while different ownerships and landscape element types should be the basis for 

classifying the patch boundaries for identifying site-level restoration strategies. 

7. 2 Forest landscape pattern 

The demonstration area, with a total area of 399.48 ha in 2009, lies in Quny­

ing Town which is located in the northwest of Lingshui Li Autonomous Coun­

ty. There were 159 patches and the average patch area (MPS) was 2051 ha. 

Landscape diversity index (SDI) , landscape evenness index (SE!) and land­

scape dominance index (D) were 1. 35, o. 65 and o. 73 respectively (see Ta­

ble 7.1). 
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Table 7.1 Overall Features of Forest landscape Patterns 

in Dagan FLR demonstration area (in 2009) 

Area NP PD MPS ED 
Index MSI SDI SEI D 

(ha) ( n) ( nl100ha) (ha) (m/ha) 

Value 399.48 159 39. 80 2.51 329. 12 1. 63 1. 35 0.65 O. 73 

The demonstration area was a heterogeneous forest landscape in which­

Plantation was the matrix and other types was scattered among the matrix. 

Plantation was located in the north and centre of the demonstration area and 

Secondary forest and Degraded Primary Forest were most distributed in the 

southern hills at higher elevation, with less human activities. Degraded Forest 

Land and Non-paddy Cropland mosaicked among Plantation, Secondary forest 

and Degraded Primary Forest. There are 5 ponds or reservoirs in the area. 

Paddy Field was distributed along the river or around the reservoir and Human 

Settlement was distributed in the basin. The landscape had serious fragmenta­

tion, especially for Degraded Primary Forest, Secondary Forest and Degraded 

Forest Land. The map of landscape mosaic showed that Plantation dominated 

the overall pattern and distributed along the river or around the reservoir with 

important ecological interest, but Degraded Primary Forest with high biodiver­

sity only distributed in the peak of southern or eastern hills not access to the 

forest and thereby the landscape has low heterogeneity. 

Features of forest landscape elements in 2009 were shown in Table 7. 2. 

The area of Plantation was 240. 30 ha with 14 patches, which was the largest 

landscape element type, accounting for 60.15% of the total area of land­

scape. Followed by Secondary Forest, its area was 47.55 ha with 43 patches, 

accounting for 11. 90% of total area. The area of Degraded Primary Forest 

was 42. 06ha, 10.53% of total area. The area proportion of Paddy Field and 

Degraded Forest Land were 6.71 % and 4.53% ranking forth and fifth. The 

areas of Non-paddy Field, Human Settlement and Reservoir or Pond were 

15.32 ha,8. 32 ha and 1. 00 ha respectively. The number of patches of Non­

paddy Field was m9re than that of Human Settlement or Reservoir or Pond. 

From the distribution point of view, Plantation in the demonstration area 

nearly filled the entire space, especially in central and northern regions. Sec­

ondary Forest were concentrated in the southwest and mostly scattered among 
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plantations, resulting in the typical mosaic pattern plantation-secondary for­

est. Degraded Primary Forest were mainly distributed in hill peaks in south or 

southeast which have not developed for some limiting factors, such as poor 

transport, far away from water sources, poor soil, etc. Degraded Forest Land 

was mainly from deserted land after development and distributed in the south 

of the demonstration area and in mosaic among Degraded Primary Forest. 

Table 7.2 Features of Forest landscape elements in Dagan 

FLR demonstration area in 2009 

Landscape CA 
PLAND% 

NP PD MPS ED 
MSr 

type (ha) (n) (n/lOOha) (ha) (m/ha) 

PDF 42.06 10.53 6 14.27 7.01 320.19 2.21 

SF 47.55 11. 90 43 90.43 1.11 519.63 1. 68 

DFL 18.11 4.53 37 204.31 0.49 684.69 1.44 

P 240.30 60.15 14 5.83 17.16 222.24 1. 94 

NpC 15.32 3.83 30 195.82 0.51 671. 17 1. 45 

PF 26.82 6.71 21 78.30 1. 28 511. 79 1. 82 

HS 8.32 2.08 3 36.06 2.77 317.70 1. 63 

RoP 1. 00 0.25 5 500.00 0.20 843.99 1. 27 

Note: DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - DegradedForest Land, P - Plantation, NpC -
Non-paddy Cropland, PF - Paddy Field, HS - Human Settlement, RoP - Reservoir or Pond. 

Related to the distribution of Degraded Forest Land and Non-paddy Field, 

these two types had the highest degree of fragmentation with small average patch 

area and big ED because both types were got the most frequent human activities, 

of which the PD and MPS of Degraded Forest Land were 204. 31/100 ha and 0.49 

ha The fragmentation of Secondary Forest was much more severe for its division 

by Degraded Forest Land and Non-paddy Field. Its MPS was 1. 11 ha with irregu­

lar boundary. The PD of Degraded Primary Forest was 14. 27 1100 ha, which 

showed that it had less human interventions. The PD and ED of Plantation were 

the smallest and its MPS was 17.16 ha, showing plantation had the lowest frag­

mentation because of the continuous large area of betel nut and rubber tree plant­

ing instead of less human disturbances. 
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7.3 Forest landscape dynamics 

7. 3. 1 Change on general features of landscape 

The demonstration area showed different trends in the period of 1991 - 1999 

and 1999 - 2008 (see Table 7.3). Non-paddy Field andDegraded Primary 

Forest were the matrix of the demonstration area in 1990. The number of pat­

ches had increased from 124 to 162 and patch density, edge density, mean 

patch shape index had also increased significantly while the MPS had de­

creased from 3. 22 ha in 1990 to 2. 47 ha in 1999, showing that the landscape 

fragmentation had become more severely, the boundaries of each patch had 

become more irregular in this period. With the increase of Plantation and the 

reduction of Degraded Primary Forest and Secondary Forest, Plantation, Non­

paddy Field and Degraded Primary Forest have become the main types in the 

landscape in 1999 and landscape dominance decreased. This result can also 

be got from changes on SDI, SEI and D. SDI has increased from 1. 45 in 

1990 to 1. 54 while SEI from 0.70 to O. 74. During the period of 1999 to 

2009, the number of patches in demonstration area has reduced from 162 to 

159 while MPS has increased from 2.47 ha to 2.51 ha, which indicated that 

landscape fragmentation and landscape heterogeneity decreased. The decrease 

of MSI also showed that the shape of patches has become regular. The SDI 

and SEI were 1. 35 and O. 65 respectively in 2009. With the sharply increase 

of Plantation during 1999 to 2009, Non-paddy Field only distributed among 

plantations and would not be the main type any more. Plantation was the main 

type in demonstration area while degraded primary forest only distributed in 

hills not easy to access for local people. 

Table 7.3 Changes on general features of Dagan FLR demonstration area 

Period Area NP PD ED 
MSI SDI SEI D 

( year) (ha) ( n) (nll00ha) ( rniha) 

1990 399.48 124 31. 04 309. 73 1. 74 1. 45 O. 70 0.63 

1999 399.48 162 40.55 388.47 1. 85 1. 54 O. 74 0.54 

2009 399.48 159 39.80 329. 12 1. 63 1. 35 0.65 O. 73 

7.3.2 Change on landscape element types 

Changes on landscape pattern of Dagan demonstration area are mainly reflec-

ted in the decrease of Non-paddy Field, Degraded Primary Forest and the in-
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crease of Plantation. The loss of Degraded Primary Forest and the expansion of 

Plantation has taken place during 1990 to 1999 while the loss of Non-paddy 

Field and the expansion of Plantation has taken place during 1999 to 2009 

(see Table 7. 4 and Figure 7. 1). The type with greatest change is Plantation 

which has increased 208. 88ha from 1990 to 2009 and this kind of change has 

mainly taken place in the period of 1999 - 2009, indicating the intervention of 

human activities on the landscape has enhanced. 

Table 7. 4 Changes on areas of different landscape element types 

in Dagan FLR demonstration area (1990 - 2009 ) 

Landscape CA(hm2
) PLAND% changes of area % 

type 1990 1999 2009 1990 1999 2009 1990 -1999 1999 -2009 1990 -2009 

PDF 97.64 68.42 42.06 24.44 17.13 10.53 -7.31 -6.6 -13.91 

SF 34.42 29.83 47.55 8.62 7.47 11. 90 -I. 15 4.43 3.28 

DFL 5.68 4.67 18. 11 I. 42 1.17 4.53 -0.25 3.36 3.11 

P 31.42 87.57 240.3 7.87 21. 92 60.15 14.05 38.23 52.28 

NpC 194.17 172.84 15.32 48.61 43.27 3.83 -5.34 -39.44 -44.78 

PF 26.82 26.82 26.82 6.71 6.71 6.71 0 0 0 

HS 8.32 8.32 8.32 2.08 2.08 2.08 0 0 0 

RoP 0.25 0.25 0.25 0 0 0 

Total 399.48 399.48 399.48 100 lOO lOO 

Note: DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - DegradedForest Land, P - Plantation, NpC -

Non-paddy Cropland, PF - Paddy Field, HS - Human Settlement, RoP - Reservoir or Pond. 
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Figure 7. 1 Changes on areas of different landscape element types 

in Dagan FLR demonstration area 
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Degraded Primary Forest has decreased from 97. 64 ha in 1990 to 42. 06 

ha in 2009 and the percentage has dropped by 13.91 %. Different from Plan­

tation, its changes during the two periods were similar, 29. 23 ha and 26. 36 

ha respectively. Non-paddy Field has decreased from 208. 88ha from 194. 17 

ha in 1990 to 15.32 ha in 2009 and this kind of change has mainly taken 

place in the period of 1999 - 2009. The economic income were the main basis 

for land use conversion from the reduction of Degraded Primary Forest and 

Non-paddy Field while the expansion of Plantation. Changes on Secondary 

Forest and Degraded Primary Forest were similar, but Paddy Field, Human 

Settlement and Reservoir or Pond have kept steady for topography, climate 

and other natural factors. 

Changes on NP (Number of patches) in Dagan demonstration area dur­

ing 1990 - 2009 were mainly shown in its increase of Degraded Forest Land 

and Secondary and its decrease of Plantation. The increase of NP from 1991 to 

1999 was mainly shown in Non-paddy Field and Plantation. The increase of 

NP of D~graded Forest Land and Secondary Forest and the drop of Plantation 

and Non-paddy Field were taken place during the period of 1999 -2009 (see 

Table 7. 5 and Figure 7. 2). 

Table 7. 5 Changes on NP of different landscape element types 

in Dagan FLR demonstration area from 1990 to 2009 

Landscape Number of Patches Percentage of NP (% ) Changes of NP (N) 

type 1990 1999 2009 1990 1999 2009 1990 -1999 1999 -2009 1990 -2009 

DPF 9 8 6 7.26 4.94 3.77 -1 -2 -3 

SF 29 28 43 23.39 17.28 27.04 -1 15 14 

DFL 8 10 37 6.45 6.17 23.27 2 27 29 

P 24 36 14 19.35 22.22 8.81 12 -22 -10 

NpC 25 51 30 20.16 31. 48 18.87 26 -21 5 

PF 21 21 21 16.94 12.96 13.21 0 0 0 

HS 3 3 3 2.42 1. 85 1. 89 0 0 0 

RoP 5 5 5 4.03 3. 09 3.14 0 0 0 

Total 124 162 159 100 38 -3 35 

Note: DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - DegradedForest Land, P - Plantation, NpC -

Non-paddy Cropland, PF - Paddy Field, HS - Human Settlement, RoP - Reservoir or Pond. 
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Figure 7. 2 Changes on NP of different landscape element types 

in Dagan FLR demonstration area during 1990 - 2009 

Changes on the heterogeneity of landscape element types were indicated 

by analysis of patch density (PD) and edge density (ED) (see Table 7. 6). 

Changes on both patch density and edge density of different types showed the 

same trend during the period of 1990 -2009. The PD and ED of Degrade Pri­

mary Forest and Non-paddy Field have increased during this period especially 

that of Non-paddy Field, which suggested that human disturbances to Degrade 

Primary Forest and Non-paddy Field have become more frequently, patch 

boundary has become more irregular and degree of fragmentation has in­

creased. Different from the concentrated distribution, patches of Non-paddy 

Field were scattered by the division of adjacent patches, such as plantations 

Table 7.6 Changes on PD and ED of different landscape element types 

in Dagan FLR demonstration area (1990 - 2009 ) 

Landscape PD( n/100ha) ED(m/ha) 

type 1990 1999 2009 1990 1999 2009 

DPF 9.22 11. 69 14.27 207.68 278. 76 320. 19 

SF 84.25 93.87 90.43 494.63 519.56 517.63 

DFL 140.85 214. l3 204.31 646.44 764. 70 684.69 

P 76.38 41. 11 5.83 485.65 440.44 222.24 

NpC 12. 88 29.51 195.82 258.97 355.65 671. 17 

PF 78.30 78.30 78.30 511. 79 511. 79 511. 79 

HS 36.06 36.06 36.06 254.85 254.85 317.70 

RoP 500.00 500.00 500.00 668.93 668.93 843.99 

Note: DPF - Degraded Primary Forest, SF - Secondary Forest, DFL - DegradedForest Land, P - Planta­

tion, NpC - Non-paddy Cropland, PF - Paddy Field, HS - Human Settlement, RoP - Reservoir or Pond. 
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and secondary forest. The PD and ED of Plantation showed a downward trend 

and the MPS has increased, showing that the patch boundary has become 

more regular and degree of fragmentation has decreased because distribution of 

Plantation has become more and more concentrated for the human disturbances 

and the constraints of management. The PD and ED of Secondary Forest and 

Degraded Forest Land were first increased and then decreased and that in 

2009 was slightly higher than 1990. The year 1999 was a tumi~g point for lo­

cal people using these two types. Secondary Forest and Degrad~d Forest Land 
I 

was converted to cassava and other Non-paddy Field and rubter plantations 

during the previous period while Non-paddy Field was first des~rted and then 

converted to Secondary Forest and Degraded Forest Land by natural succession 

during the latter period. Secondary Forest and Degraded Forest Land showed 

different changes on fragmentation because of disturbance of development -

use -desert. Fragmentation of degraded primary forest and secondary forest has 

led to the loss and fragmentation of habitats and thereby reduced the biodiver­

sity in demonstration area directly. 

7. 4 Prediction of forest landscape dynamics 

Using Markov models, transition probability matrix among different landscape 

element types from 1999 to 2009 was constructed to predict and analyze the 

forest landscape dynamics of Dagan demonstration area (see Table 7. 7 and 

Figure 7. 3). The results showed that degraded primary forest would reduce 

Table 7.7 Status and forecast of landscape in Dagan FLR demonstration area 

Occupation rate 

Period Degraded 
Secondary Degraded Non-paddy Paddy Human Reservoir 

primary 
forest Forest Land Plantation Cropland Field Settlement or Pond 

forest 

2009 10.53 11. 90 4.53 60. 15 3.84 6. 71 ?08 0.25 

2019 6.47 14. 77 4.94 62.22 2.57 6. 71 ~.08 0.25 

2029 3.98 16.07 5.07 63. 18 2.66 6. 71 , .08 0.25 

2039 2.45 16.59 5.13 64.05 2. 75 6. 71 F·08 0.25 

2049 1. 50 16. 70 5. 15 64. 77 2. 79 6. 71 ~.08 0.25 

2059 1. 30 16. 74 5. 15 65.32 2.82 6. 71 .08 0.25 

2069 1.10 16. 75 5. 15 65. 71 2. 83 6. 71 2.08 0.25 

2079 0.92 16. 75 5. 15 65.91 2.84 6. 71 2.08 0.25 

2089 0.91 16. 75 5. 15 65.98 2.84 6. 71 2.08 0.25 
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Figure 7. 3 Status and forecast of landscape in Dagan FLR demonstration area 

gradually from 42. 06ha in 2009 to 3. 64ha in 2089, the occupation rate (ar­

ea ratio) would reduce by 9. 62 % while secondary forest degraded forest land 

and plantation would increase slightly that would result in landscape heteroge­

neity decrease and the landscape would reach a relatively steady state by the 

year 2089. Occupation rates of degraded primary forest, secondary forest, de­

graded forest land, plantation and non-paddy field would be 0.91 % , 

16. 75% , 5. 15% , 65.98% , and 2. 84% respectively at steady state. Over­

all structure of landscape would not change fundamentally, and plantation 

would be the matrix and other types would mosaic, but quality and production 

potential of the landscape would be significantly reduced. Degrade primary 

forest would be developed into plantation by human disturbances driven by e­

conomic interest and traditional slash and bum farming. Degraded primary 

forest are mainly distributed in hill peaks with higher elevation, playing an ex­

tremely important ecological function, is the main body for ecological environ­

ment construction. The loss of degraded primary forest would bring some envi­

ronment problems, such as biodiversity loss, soil erosion and thereby cause 

social and economic problems such as deterioration in the quality of forest 

products, energy shortages, and income decrease, etc. Overall, this land­

scape dynamics would not be consistent with socio-economic development of 

the demonstration area, especially the sharp reduce of degraded primary for­

est. Therefore, appropriate intervention should be undertaken on current land­

scape pattern to improve the positive direction of land use. 



8 Analyzing driving forces of 

landscape dynamics 

There are a large number of studies on forest landscape changes and its driving 

forces in China in recent years (Lu L et aI, 2001; Zhang Y M et al, 2004; 

Li J G et al, 2004; Liu J Y, et al, 2009). Analysis of area changes, transi­

tion probability matrix and changes of landscape indices were main methods 

for studies of landscape changes (Ma R H et al, 2001; Liu J Y, et aI, 2002; 

Song D M, 2003; Chen W B, 2004; Liu M, 2005). Qualitative analysis 

(Chen W B, 2004; Xu X L et aI, 2004b), principal component analysis, 

multivariate statistical analysis and other quantitative analysis methods (Cao 

Y, 2004; Liu X H, 2005), Logistic regression model (Liu M et al, 2007; 

Xie H L, 2008) were usually used in analysis of driving forces of landscape 

change. Taking Lingshui Li Autonomous County and Dagan FLR demonstra­

tion area as a case, this chapter used transition probability matrix and partici­

patory survey method to study the driving forces of forest landscape dynamics 

both at region level and at community level. 

8. 1 Driving forces of landscape dynamics at regional 
level 

Based on analysis of transition probability matrix, driving forces responsible 

for the forest landscape dynamics of Lingshui Li Autonomous County during 

the period of 1991 to 2008 were analyzed using PRA method such as semi­

structured interview, matrix ranking and brainstorming, as well as discussions 

and interviews with representatives of different stakeholder groups and field 

survey. 

Forestry policies and key programs were the dominant factors to 

improve the quantity and quality of forest. 

"Forest Protection Management Regulations of Hainan Province" was devel­

oped on July 30, 1993. The government of Hainan Province decided to imple­

ment the logging ban on natural tropical forest and made a Policy to Coordi-
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nate Economy Development with Environment in 1994, and the Consultative 

Committee for Environment Protection of Hainan Province was set up. "The 

Natural Forest Protection Program (NFPP)" has been implemented SInce 

1998. The People's Congress of Hainan Province made a decision on Con­

struction Ecology Province on February 1999 and then the Standing Committee 

of the Provincial People's Congress approved the overall plan for ecological 

province construction in July. "The Conversion of Cropland to Forest Program 

( PCCF)" was initiated in 2002. Besides, the key forest programs also in­

cluded "Wildlife Conservation and Nature Reserves Development Program" , 

"Non-commercial Forest Protection and Construction Program (NFPCP)", 

"Coastal Shelterbelt Protection and Construction Program (CSPCP)", "For­

est Industrial Base Development Program in Key Regions with a Focus on 

Fast-growing and High-yielding Timber Plantations (FIBDP)". The imple­

mentation of these key forestry programs not only controlled the decline of 

tropical forest, protected and restored the tropical natural forest effectively, 

particularly the northern Diaoluoshan National Forest area, but also helped the 

increase of tropical plantation and the quality of natural forest stands in the 

tropics. The results from forest management inventory in 1994 and forest man­

agement sampling survey in 2005 showed that the stock volume had increased 

by 18.2% from 175. 5m3/ha to 207. 5 m3/ha. 

Reducing rural poverty through development were important fac­

tors in the changes on forest landscape in western hills area and north­

ern middle hills region. 

As the biggest project in western hills and northern middle hills region of Ling­

shui Li Autonomous County, Reducing rural poverty through development has 

become the major force driving the landscape dynamics. To complete the goals 

and tasks advanced by the "China Rural Poverty Alleviation and Development 

Outline (2001 - 2010) ", according to the poverty alleviation pilot require­

ments in "cadre training plan in poverty-stricken areas in 2006" , Lingshui Li 

Autonomous County developed the planting base construction taking industrial­

ization-oriented poverty relief as breakthrough. 15 rubber planting bases and 

10 betelnut bases have been developed in Qunying Town and Benhao Town, 

totally constructed 1,333 ha rubber plantations and 533 ha betelnut planta­

tions under government support. In 2008, 800, 000 RMB was invested in 
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Benhao Town and Longguang Town to plant 280, 000 betelnut seedlings with 

an area of 167 ha. Meanwhile, 500,000 RMB was invested in Benhao Town, 

Longguang Town and Qunying Town to plant 120, 000 rubber tree seedlings. 

In order to meet farmer needs, 500,000 RMB was invested to support the poor 

to manage rubber plantation of 200 ha, betel nut of 13 3 ha, and mango of 200 

ha. 

Although the poverty relief way that make full use of resources in poverty­

stricken areas increased the economic development in rural area, such as 46 

poverty-stricken villages and civilized ecological villages have been supported, 

the development of planting bases relied on land-use conversion, resulting in 

the conversion of degraded primary forests, secondary forest, degraded forest 

land, agricultural land in the planting area to plantation and garden plots. 

Livelihood development was an important factor. in the changes on 

forest landscape in the whole hills area and middle hills region. 

As one of the national poverty-stricken counties, Lingshui Li Autonomous 

County is a backward economic county and people live in poverty. Agricultur­

al land in the whole hilly area and middle hills region are limited so that de­

velopment of economic crops has become the major choice for subsistence. 

Furthermore, "slash and bum" (shifting cultivation agriculture), traditional 

farming of Li Nationality, was the major driving force for landscape change 

and resulted in the diminishing of degraded primary forest and secondary for­

est. 

Village greening and farm-shelter were important factors in the 

changes of forest landscape in central plain terrain. 

Trees around villages increased gradually for new rural construction and eco­

logical civilization construction. The need of windbreak and farmland protec­

tion was the important factor in the formation of fame-shelter undesignedly in 

central plain terrain. With the continuous construction, trees around villages 

and farm-shelter have become the important ecological security barrier in cen­

tral plain terrain. 

Sand excavation, pond culture and tourism development are impor­

tant driving forces for changes on forest landscape in coastal area. 

There were large area of coastal shelterbelt forest and the Casuarina equisetifo­

lia forest in Lingshui Li Autonomous County in the early 1990s. But coastal 
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shelterbelt forest had suffered from severe damage and the area had decreased 

sharply because of titanium mining during 1991 - 1994. And then the forest 

has been restored due to the campaign of" wiping out the barren hills" in the 

province. However, the coastal shelterbelt forests were damaged severely once 

again due to conversion to shrimp-farming ponds or watermelon fields for eco­

nomic interests since 2004, because high income can be generated from 

shrimp-farming and watermelon industry. The 3'd Hainan Province Standing 

Committee of People's Congress has approved the "Regulations on Coastal 

Shelterbelt Forest Protection and Construction in Hainan Province" on Novem­

ber 29, 2007. At present, coastal shelterbelt forest restoration has been re­

ferred to one of the" three Lingshui" targets, particularly the target of ecologi­

cal county. According to the notice "[ 2007 ] 9" to strengthen the protection 

of coastal shelterbelt forest, any group or individual should not occupy forest 

land within 200 m wide from high tide line, key projects at or above province 

level which have to expropriate and occupy the forest land must keep at least 

100 m wide shelterbelt forest and deal with the land use change in accordance 

with law. Restoration of the coastal shelterbelt forest is conducted through the 

"returning pond fishery back to forest" and other projects. Planting watermel­

on understory is also controlled strictly without affecting normal growth of the 

forest. Tourism development will affect the development of coastal shelterbelt 

forest to some extent in recent years. 

8. 2 Driving forces of landscape dynamics at commu­
nity level 

Similar to analysis of dominant forces responsible for forest landscape changes 

at region level, the driving forces of forest landscape in Dagan FLR demon­

stration area was analyzed by communication and discussion with villagers u­

sing PRA tools such as community workshop semi-structured interviews, re­

sources mapping, matrix ranking and problem causal analysis based on analy­

sis of transition probability matrix in different periods. 

Basic living allowances 

Basic living allowances and expansion of agricultural land were the dominant 

factors to drive the changes on forest landscape in Dagan FLR demonstration 

area. Cultivated land in demonstration area is only O. 04 ha. Most of the resi-
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dents in Dagan FLR demonstration area were short of food and clothing in the 

early of 1990s. Even today there are still a few villagers having the problem of 

food shortages for 2 months a year. In order to solve the problem of food and 

clothing shortages, local residents developed the degraded primary forest and 

secondary forest into cassava fields in 1990s, especially during the period of 

1990 -1999. However, energy needs of life necessities have run throughout 

the study period, so firewood has played an important part in the change 'of 

forest landscape because electricity, coal, gas and other alternative energy 

sources were seldom used. 

Policies of poverty alleviation 

The main form of policies of poverty alleviation was to provid seedlings for 

non-timber forest plantation, which caused the conversion from agriculture 

land such as cassava to lychee, mango and other non-timber forest and rub­

ber, betel nut plantation. Villagers have great enthusiasm on these policies so 

that they planted rubber tree and betel nut trees along roads and streams and 

other areas which were agricultural lands before. In order to increase efforts of 

poverty alleviation for the poor minority areas, Lingshui Li Autonomous Coun­

ty implemented the policies of poverty alleviation in the form of providing 

seedlings and trainings during the period of 1990 - 1999. This contributed to 

the conversion to plantation from degraded and secondary forest. Policies of 

poverty alleviation turned to develop rubber, nuts and other industries based 

on existing technology and management experience after 1999, resulting in 

great increase of rubber, betel nut and other plantation during 1999 - 2009. 

With increasing efforts in poverty reduction, improvement of living standards 

and increased economic benefits of rubber and betel nut trees, most secondary 

forest developed from deserted cassava fields have been converted to planta­

tions. Meanwhile, some existing secondary forests are still in the risk of defor­

estation driven by economic interests. This is the key trade-off needs to be 

considered in the FLR at community level, which is the conflict between plan­

tation expansion and secondary forest protection. 

Prices of forest products 

Prices of forest products as driving force for forest landscape change in the 

demonstration area mainly happened in the period of 1999 - 2009. Prices of 

rubber, betel nut and Eucalyptus trees have increased steadily in recent 5 
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years. Villagers are able to get sufficient basic subsistence for their lives and 

do not rely on expanding the cassava or corn fields to make lives. So agricul­

tural fields developed before were converted to plantations and rubber trees, 

betel nut trees and Eucalyptus have become the favorite species. Another 

effect was that degraded primary forest, secondary forest or degraded forest 

land were converted into plantations directly in this period and non-paddy field 

was not the transition between degraded and secondary forest and plantation, 

which indicated the strong desire of residents to expand the planted forest. 

Traditional practices 

Traditional practices were important factors in the changes on forest landscape 

in demonstration area. As Li minority village, every family in demonstration 

area should set aside a certain area of land for unmarried men. Therefore, 

families having boys would reclaim as much land as possible, resulting in the 

conversion from degraded primary forest to agricultural fields or plantation. 

Farmers have mentioned that children would ask parents for enough land to 

survive their future families when they grow up. Another traditional practice is 

that the user right of a land would belong to the developer as long as the land 

was developed. Field survey has found that couch grass, stones or shrubs 

were used to mark the boundaries of developed but not planted land. 



9 Analysis of characteristics of degraded and 

secondary forests and restoration strategies 

The specific activities of FLR initiative should be implemented at site level 

whether for regional level FLR or community-level FLR. Compared to other 

restoration approaches, FLR puts emphasis on the restoration and management 

of degraded and secondary forests (ITTO and mCN, 2005). Categories of 

degraded and secondary forest were defined in "ITTO Guidelines for the Res­

toration, Management and Rehabilitation of Degraded and Secondary Tropical 

Forest" published in 2002, including degraded primary forest, secondary for­

est and degraded forest land. Degraded and secondary forests tend to be loca­

ted in more accessible areas close to human settlements and are used more 

than primary forests. Thus they' ate an increasingly important component of the 

forest resource in the tropics, providing special economic functions for the 

poor people living in rural areas (Banerjee A, 1995; Gilmour D A, 2000; 

Mcshea W J, 2009). 

China has done some important studies on biodiversity, community struc­

ture and dynamics of degraded primary forest (Li Y D, 1997; An S q et al, 

1999; Zang R G et al, 2002; Ding Y , 2007; Yang Y C, et al, 2008; Xu R, 

et al, 2009), as well as types, characteristics and management status of sec­

ondary forest (Ruang S N et aI, 2000; Rou Y Z, 2003; Re B X et al, 2008; 

Rou Y Z et aI, 2008; Wang R F, 2008) , but few studies focused on commu­

nity and measuration characteristics of tropical degraded and secondary forest 

in view of forest management. Characteristics of degraded and secondary forest 

in Dagan FLR demonstration area in Lingshui Li Autonomous County were an­

alyzed from forest management perspective based on fully understanding of the 

definitions of different forest categories and site-level restoration strategies 

were identified, so as to provide foundation for protection, restoration, sus­

tainable management and use of degraded and secondary forest. 
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9.1 Characteristics of degraded primary forest 

9.1. 1 Dominant species 

Importance value of plants in arbor storey of degraded primary forest in Dagan 

demonstration area was shown in Table 9. 1. There were totally 42 tree species 

in the arbor storey of community of Garcinia oblongifolia- Hopea exalata. The 

importance value of Garcinia oblongifolia was 41. 05 %, which was the big­

gest. Followed by Hopea exalata, its important value was 34. 98 %. The im­

portance values of Engelhardtia roxburghiana, Ixonanthes chinensis, Diospyros 

potingensis, Acronychia oligophlebia, Canarium album, Symplocos lancifolia 

and Ficus henryi ranked 3 - 9 respectively while those of other 33 species were 

less than 10%. There were totally 26 tree species in arbor storey of communi­

ty Engelhardtia roxburghiana - Garcinia oblongifolia. The importance value 

of Engelhardtia roxburghiana was 70. 94% , which was the biggest. Followed 

by Garcinia oblongifolia and Ixonanthes chinensis, the importance values were 

55. 21 % and 35. 50% respectively. The importance values of Symplocos lan­

cifolia, Lithocarpus pseudovestitus, Sarcosperma laurinum, Ficus microcarpa, 

Dalbergia hainanensis, Diospyros potingensis and Dalbergia odorifera ranked 

4 -10 respectively. There were totally 35 tree species in arbor storey of com­

munity Amesidodendron chinense - Garcinia oblongifolia. The importance val­

ue of Amesidodendron chinense was 48. 16% , which was the biggest one. Fol­

lowed by Garcinia oblongifolia, the importance values was 42. 14%. The im­

portance values of Engelhardtia roxburghiana, Lithocarpus pseudovestitus, 

Gonocaryum lobbianum, Polyspora balansae and Symplocos lancifolia ranked 

3 -7 respectively. There were totally 21 tree species in arbor storey of commu­

nity Sarcosperma laurinum, Dalbergia hainanensis - Polyalthia laui. The im­

portance value of Sarcosperma laurinum was 33. 21 % , which was the biggest 

one. Followed by Dalbergia hainanensis, Polyalthia laui, Elaeocarpus sylves­

tris and Diospyros susarticulata, ranking 2 - 5 respectively. 

Tree species in arbor storey of 4 communities are mainly from families 

asEuphorbiaceae, Moraceae, Theaceae, Lauraceae, Fagaceae, Ebenaceae, 

Papilionaceae and Dipterocarpaceae. There were some valuable native species 

in Hainan Province, such as Dalbergia odorifera (endangered species with 

special type of wood), Vatica mangachapoi (vulnerable species with first 
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class wood) , Litchi chinensis (vulnerable species with special type of wood) , 

Hopea exalata and Ixonanthes chinensis (vulnerable species) , Amesidodendron 

chinense (with first class wood), etc. 

Table 9.1 Importance value of tree species in different degraded primary forests 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (%) (%) (%) 

Community 1 : Garcinia oblongifolia 15.61 11.50 13.94 41. 05 

Garcinia Oblongi- 2 Hopea exalata 16. 18 12.39 6.41 34.98 
folia- Hopea exala-

3 Engelhardtia roxburghiana ta 5.78 6.19 9.79 21. 77 

4 Ixonanthes chinensis 5.78 4.42 6.96 17.17 

5 Diospyros potingensis 6.94 5.31 3.84 16.09 

6 Acronychia oligophlebia 6.36 6.19 2.06 14.61 

7 Canarium album 4.62 5.31 3. 66 13.59 

8 Symplocos lancifolia 2.89 4.42 3.35 10.67 

9 Ficus henry; 1.16 0.88 8.47 10.51 

10 Schima crenata 2.31 2.65 3.64 8.61 

11 Piptanthus labumifolius 0.58 0.88 6.73 8.20 

12 Eriobotrya dejlexa 2.89 2.65 2.26 7.80 

13 Lithocarpus fenzelianus 1.73 2.65 2.88 7.27 

14 Castanopsis fissa 1. 73 1. 77 3. 62 7.12 

15 Amesidodendron chinense 2.31 2.65 2.05 7.02 

16 Ficus microcarpa 1. 73 2.65 1. 26 5.65 

17 Sapium discolor 1. 73 0.88 2.83 5.45 

18 Gonocaryum lobbianum 1.73 2.65 0.94 5.33 

19 Lithocarpus pseudovestitus 1.16 1.77 2.06 4.98 

20 Vatica mangachapoi 1.16 1.77 0.83 3.76 

21 Suregada glomerulata 0.58 0.88 2.19 3.65 

22 Pithecellobium clypearia 1. 16 1.77 0.70 3.63 

23 Cinnamomum parthenoxylon 1.16 0.88 0.91 2.95 

24 Decaspermum albociliatum 0.58 0.88 1. 46 2.92 

25 Ficus nervosa 0.58 0.88 1. 31 2.78 

26 Dolichandrone cauda-felina 0.58 0.88 1. 08 2.54 

27 Phoebe hungmaoensis 1.16 0.88 0.48 2.52 

28 Artocarpus tonkinensis 0.58 0.88 0.74 2.21 

29 Photinia benthamiana 0.58 0.88 0.48 1. 94 
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( continued) 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (% ) (%) (%) 

Community 1: 30 Euodia lepta 0.58 0.88 0.45 1.91 

Garcinia Oblongi- 31 Polyspora balansae 0.58 0.88 0.44 1. 90 
folia- Hopea exala-
ta 

32 Erythropsis. colorata 0.58 0.88 0.43 1. 90 

33 Sarcosperma laurinum 0.58 0.88 0.42 1. 88 

34 Codiaeum variegatum 0.58 0.88 0.28 1.75 

35 Cryptocarya densijlora 0.58 0.88 0.21 1. 67 

36 Altingia obovata 0.58 0.88 0.18 1. 65 

37 Bischoffia javanica 0.58 0.88 0.15 1. 62 

38 Diospyros howii 0.58 0.88 0.14 1. 60 

39 Litchi chinensis 0.58 0.88 0.11 1.57 

40 Toxicodendron vemicifluum 0.58 0.88 0.11 1.57 

41 Vibumum odoratissimum 0.58 0.88 0.10 1.57 

42 Rhus succedanea 0.58 0.88 0.03 1.50 

Community 2: Engelhardtia roxburghiana 24.62 14.71 31. 62 70.94 

Engelhardtia rox- 2 Garcinia oblongifolia 22.31 11. 76 21.14 55.21 
burghiana-Garcin-

3 Ixonanthes chinensis 10.00 11. 76 13.73 35.50 ia oblongifolia 
4 Symplocos lancifolia 5.38 5.88 3.78 15.04 

5 Lithocarpus pseudovestitus 4.62 5.88 2.57 13.07 

6 Sarcosperma laurinum 3.85 4.41 4.01 12.27 

7 Ficus microcarpa 3.85 4.41 3.16 11. 42 

8 Dalbergia hoinanensis 2.31 4.41 3.81 10.53 

9 Diospyros potingensis 3. 08 5.88 1.53 10.49 

10 Dalbergia odorifera 3.85 2.94 3.67 10.46 

11 Radermachera hoinanensis 2.31 2.94 1.74 6.99 

12 Canarium album 2.31 2.94 1. 34 6.59 

13 Lannea coromandelica 1.54 2.94 0.89 5.37 

14 L iquidambar formosana 0.77 1. 47 2.93 5.17 

15 Schima crenata 0.77 1. 47 0.65 2.89 

16 Photinia benthomiana 0.77 1. 47 0.60 2.84 

17 Bischoffia javanica 0.77 1. 47 0.51 2.75 

18 Suregada glomerulata 0.77 1. 47 0.46 2.70 

19 Acronychia oligophlebia 0.77 1. 47 0.45 2.69 

20 Sterculia lanceolata Cav. 0.77 1. 47 0.33 2.57 

21 Gonocaryum lobbianum 0.77 1. 47 0.30 2.54 
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( continued) 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (%) (% ) (%) 

22 Polyspora bala1l.lae 0.77 1. 47 0.22 2.46 

23 Syzygium rysopodum 0.77 1. 47 0.18 2.42 

24 Glochidwn dasyphyllum 0.77 1. 47 0.18 2.42 

25 Elytranthe cochinchine1l.lis 0.77 1. 47 0.14 2.38 

26 Sindora glabra 0.77 1. 47 0.03 2.27 

Community 3 : Amesidodendron chine1l.le 14.29 12.12 21. 75 48.16 

Amesidodendron 2 Garcinia oblongifolia 17.01 14.14 10.99 42.14 
chine1l.le 

Garcinia oblongifo-
3 Engelhardtia roxburghiana 4.76 6.06 7.63 18.45 

lia 4 Lithocarpus pseudovestitus 5.44 4.04 7.23 16.71 

5 Ganocaryum lobbianum 6.12 4.04 6.4 16.56 

6 Polyspora bala1l.lae 6.12 6.06 4.18 16.36 

7 Symplocos lancifolia 5.44 7.07 3.16 15.67 

8 Cleistocalyx c01l.lpersipunctatus 1. 36 2.02 7.12 10.50 

9 Ficus microcarpa 4.08 3.03 2.47 9.58 

10 Radermachera hainane1l.lis 3.4 3.03 2.85 9.28 

11 Hopea exalata 3.4 4.04 0.75 8.19 

12 Canarium album 2.72 3.03 0.94 6.69 

13 Litsea lancili1nba 2.72 2.02 1.7 6.44 

14 /xonanlhes chine1l.lis 2.04 2.02 1. 03 5.09 

15 Sarcosperma laurinum 2.04 2.02 0.66 4.72 

16 Machilus chine1l.lis 0.68 1. 01 1. 45 3. 14 

17 Lindera plaJfairii 1. 36 1.01 0.51 2.88 

18 Machilus nakao 0.68 1. 01 1. 03 2.72 

19 Penlaphylax euryoides 1. 36 1. 01 0.23 2.6 

20 Ehretia acuminata 0.68 1. 01 0.85 2.54 

21 Toxicodendron vemicifluum 0.68 1.01 0.73 2.42 

22 Bischoffia javanica 0.68 1.01 0.63 2.32 

23 Pithecellobium clypearia 0.68 1.01 0.6 2.29 

24 Dwspyros potinge1l.lis 0.68 1. 01 0.48 2.17 

25 Sindora glabra 0.68 1. 01 0.36 2.05 

26 Photinia benlhamiana 0.68 1. 01 0.36 2.05 

27 Eriobotrya dejlexa 0.68 1. 01 0.36 2.05 

28 Piptanlhus labumifolius 0.68 1. 01 0.33 2.02 

29 Phoebe hungmaoe1l.lis 0.68 1. 01 0.21 1.9 
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( continued) 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance 

. 
value 

(0/0) (0/0) (0/0) (0/0) 

30 litchi chinensis 0.68 1. 01 0.19 1. 88 

31 Caryota mitis 0.68 1. 01 0.17 1. 86 

32 Peltophorum tonkinense 0.68 1. 01 0.16 1. 85 

33 Ficus auri.culata 0.68 1. 01 0.16 1. 85 

34 Acronychia oligophlebia 0.68 1.01 0.1 1. 79 

35 Pterospermum heterophyllum 0.68 1. 01 0.1 1. 79 

Community 4 : Sarcosperma laurinum 12.82 12.90 7.49 33.21 

Sarcosperma lauri- 2 Dalbergia hainanensis 5.13 6.45 17.99 29.57 
num, Dalbergia 

3 Polyalth;;' laui 12.82 9.68 3.43 25.93 hainanensis 
Polyalthia laui 4 Elaeocarpus sylvestris 5.13 3.23 16.74 25.10 

5 Diospyros susarticulata 5.13 6.45 9.66 21. 24 

6 Antirhea chinensis 5.13 6.45 4.72 16.30 

7 Garcinia oblongifolia 7.69 6.45 1. 65 15.80 

8 Cratoxylum cochinchinense 2.56 3.23 8.88 14.67 

9 Wendlandia merrilliana 5.13 6.45 2.27 13.85 

10 Ficus variolosa 7.69 3.23 2.64 13.56 

11 Lithocarpus elmerrillii 2.56 3.23 7.02 12.81 

12 Ormosia pinnata 2.56 3.2j 4.04 9.83 

13 Lithocarpus corneus 5.13 3.23 1. 19 9.55 

14 Syzygium buxifolium 2.56 3.23 2.85 8.64 

15 Vitex tripinnata 2.56 3.23 2.85 8.64 

16 Suregada glomerulata 2.56 3.23 1. 75 7.54 

17 Acronychia oligophlebia 2.56 3.23 1.56 7.35 

18 Engelhardtia roxburghiana 2.56 3.23 1. 22 7.01 

19 Goniothalamus howii 2.56 3.23 0.99 6.78 

20 Neolitsea obtusifolia 2.56 3.23 0.74 6.53 

21 Phoebe henryi 2.56 3.23 0.30 6.09 

9.1. 2 Community structure 

The community of degraded primary forest had the structure of stratified une-

ven -aged forest, composed by arbor storey, shrub storey and grass storey, and 

the canopy density is 1. O. The arbor storey can be classified as two sub-sto-

reys, one with H (tree height) larger than 8 m while the other with H less 

than 8 m. Most of valuable trees in the sub-storey I in arbor storey have been 
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used while there are many valuable native trees with better stem form such as 

Dalbergia odorifera, Hopea exalata, Vatica mangachapoi and Litchi chinensis 

because of the disturbances such as repeated selective cutting. Shrub storey 

had rich species, such as Dalbergia odorifera, Sarcosperma laurinum, Ormo­

sia pinnata, Lithocarpus elmerrillii, Dolichandrone cauda-felina, Cryptocarya 

densiflora, Engelhardtia roxburghiana and other tree saplings, as well as Er­

vatamia officinalis, Aporosa chinensis and other shrub species. Species in 

grass storey were Psychotria rubra, Elaeocarpus petiolatus, Garcinia oblongifo­

lia, Livistona chinensis, Aporosa chinensis and other seedlings, and grass spe­

cies as Indocalamus latifolius and Chrysopogon aciculatus. In addition, the 

community of degraded primary forest has rich vines, such as Smilax china, 

Piper hainanense and Abrus mollis. Thus shrub storey and grass storey in each 

forest stand still have valuable tree saplings and seedlings. 

9.1.3 Species diversity of arbor storey 

Species diversity of arbor storey in different communities of degraded primary 

forest inthe demonstration area was shown in Table 9.2. Species Richness 

( R) of communities 1 - 4 were 42, 26, 35 and 21 respectively. Diversity in­

dex (SW) were 4.46, 3. 61, 4. 28 and 4. 14 respectively. The Evenness 

(E) of communities were 0.81, 0.77, 0.81 and o. 94 while Ecological Dom­

inance (ED) were O. 07, O. 13, O. 07 and o. 04 respectively. 

On the whole, Species Richness (R) in arbor storey of degraded primary 

forest was lower than that of adjacent tropical lowland rainforest in Baishui for­

estry farm and Nanxi forestry farm located in Diaoluoshan Nature Reserve 

(Huang K Y, 2007). Diversity index was close to that of low-elevation tropi­

cal forest in Diaoluoshan Nature Reserve (4. 04 -4. 17) , but less than that of 

tropical primary forest in Jianfengling Mountain (5.78 - 6.28) (Li Y D, 

1997; Xu H, et al, 2009). 

Tab. 9.2 Species diversity in tree stratum of degraded primary forests 

Community Forest storey R SW ED E 

Community 1 Arbor storey 42 4.46 0.07 0.81 

Sub storey I 30 4.39 0.06 0.89 

Sub storey IT 29 3.89 0.10 0.80 
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( continued) 

Community Forest storey R SW EO E 

Community 2 Arbor storey 26 3.61 0.13 O. 77 

Sub storey I 12 2.83 O. 18 0.79 

Sub storey II 24 3. 73 0.11 0.81 

Community 3 Arbor storey 35 4.28 0.07 0.81 

Sub storey I 25 3.93 0.08 0.85 

Sub storey II 27 2.60 0.10 0.55 

Community 4 Arbor storey 21 4.14 0.04 0.94 

Sub storey I 6 2.50 0.07 0.97 

Sub storey II 15 3.64 0.06 0.93 

9.1.4 Stand growth 

Degraded primary forest stand growth was shown in Table 9.3. The average 

DBH of arbor storey of 4 communities was 10.2 - 14. 3 cm and the average 

height was 8. 50 -13. 39 m. The average volume per unit area was 142.51 -

199.44 m3/ha, significantly lower than that of mountain rainforest in Bawan­

gling, Hainan Island (Jiang Y X and Lu JP, 1991; Huang Q L, 2001; 

Huang Q L et al, 2002). Stand density was 2321 - 3545 N/ha, higher than 

that of primary forest of mountain rainforest in Bawangling. Trees were mostly 

in sub storey IT and the number of trees in sub storey IT accounted for 48. 30 -

79.49% of the total number of trees in degraded primary forest communities. 

However, the volume of trees in sub storey I accounted for 67. 11 - 91. 38% 

of the total volume. 

Table 9. 3 Forest mensuration factors of degraded primary forests 

Stand density Volume 

Community 
Forest average average 
storey DBH(cm) H(m) Density Percentage Volume Percentage 

(N/ha) (%) (m3/ha) (% ) 

Community 1 Arbor storey 12.68 12.33 2595 100 191. 55 100 

Sub storey I 17.65 14.23 1005 38.73 164.28 85.77 

Sub storey II 8.09 6.60 1590 61. 27 27.27 14.23 

Community 2 Arbor storey 10.20 10.05 3545 100 142.51 100 

Sub storey I 14.29 12.22 1091 30.77 103.30 72.48 

Sub storey II 7.71 6.75 2455 69.23 39.21 27.52 
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( continued) 

Stand density Volume 

Community 
Forest average average 
storey DBH(cm) H(m) Density Percentage Volume Percentage 

(N/ha) (%) (m3/ha) (%) 

Community 3 Arbor storey 13.16 13.39 2321 100 199.44 100 

Sub storey I 16.79 14.62 1200 51. 70 183.17 91. 38 

Sub storey IT 7.52 6.83 1121 48.30 17.27 8.62 

Community 4 Arbor storey 14.30 8.50 2925 100 195.12 100 

Sub storey I 24.06 10.29 600 20.51 130.94 67.11 

Sub storey IT 10.74 6.18 2325 79.49 64.18 32.89 

9.1. 5 DBH distribution 

As shown in Table 9. 4 and Figure 9. 1, the DBH distribution range of degrad­

ed primary forests was 4 - 48 cm and the maximum diameter was 46. 30 cm. 

The number of trees in diameter class 4cm didn't include trees with DBH of 

2 - 4. 9cm, so the number of trees in diameter class 4cm was lower than that 

of diameter class 8cm significantly. The DBH distribution of each degraded 

primary forest community showed the inverse J shape. 

Table 9.4 The DHB distribution of degraded primary forests 

Diameter class The number of trees in each diameter class (n) 

(cm) Community 1 Community 2 Community 3 Community 4 

4 20 17 11 11 

8 35 48 36 37 

12 24 21 30 23 

16 10 7 12 14 

20 6 6 5 7 

24 3 2 4 

28 0 3 

32 0 0 2 2 

36 0 0 0 

40 0 0 0 

44 0 0 0 

48 0 0 0 
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Figure 9. 1 The DHB distribution of degraded primary forests 

9.2 Characteristics of secondary forest 

9.2.1 Dominant species 

Importance value of plants in arbor storey of secondary forest in Dagan demon­

stration area was shown in Table 9.5. Relative dominance was calculated u­

sing Ground Diameter other than DBH for theimportance value calculation of 

community Symplocos laurina- Radermachera hainanensis and community Lith­

ocarpus pseudovestitus. There were totally 25 tree species in arbor storey of 

community Aporosa chinensis. The importance value of Aporosa chinensis was 

60.32% , which was the biggest one. Followed by Lithocarpus corneus and 

Garcinia oblongifolia, the importance values were 23.58% and 22.38% re­

spectively. The importance values of Liquidambar /ormosana, Lithocarpus 

howii, Artocarpus tonkinensis, Castanopsis hainanensis, Syzygium buxifolium, 

Ormosia pinnata, Ellipanthus glabrifolius and Sapium discolor ranked 4 - 11 

respectively while those of other 14 species were less than 10%. There were 

totally 6 tree species in arbor storey of community Trema tomentosa and spe­

cies Trema tomentosa had the biggest importance value, which was up to ' 

195.09%. The importance values of Indigo/era galegoides, Helicteres hirsuta, 

Ellipanthus glabrifolius, Evodla meliaifolia and Aporosa chinensis decreased in 

turns. There were totally 12 tree species in arbor storey of community Symplo­

cos laurina- Radermachera hainanensis. The important value of Symplocos 
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laurina was 78. 39% , which was the biggest one. Followed by Radermachera 

hainanensis withan importance value of 58. 75%. The importance values of 

Photinia benthamiana, Chukrasia tabularis and Lannea coromandelica ranked 

3 - 5 respectively. There were totally 32 tree species in arbor storey of com­

munity Lithocarpus pseudovestitus. The importance value of Lithocarpus pseud­

ovestitus was 48. 67% , which was the biggest one. Followed by Sterculia lan­

ceolata with an importance value of 20. 50%. The importance values of Sapi­

um discolor, Canarium album, Memecylon ligustrifolium, Glochidion 

dasyphyllum, Sindora glabra, Suregada glomerulata and Glochidion wrightii 

ranked 3 - 9 respectively while those of other 23 species were less than 10%. 

Tree species in arbor storey of 4 communities are mainly from families 

asEuphorbiaceae, Fagaceae, Ulmaceae, Bignoniaceae, Sterculiaceae and 

Papilionaceae. There were some valuable native species in Hainan Province, 

such as Chukrasia tabularis and Amesidodendron chinense (with first class 

wood) , timber production species such as Ormosia pinnata, Lannea coroman­

delica and Garcinia oblongifolia, and important species for commercial forest 

in Hainan Province, such as Trema tomentosa, as well as afforestation species 

like Dolichandrone cauda-felina, etc. 

Table 9.5 Importance value of plant species in different secondary forest communities 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (%) (%) (%) 

Community 1 : Aporosa chirnmsis 30.77 12.50 17.05 60.32 
Aporosa chin.ensis 2 . Lithocarpus corn.eus 8.97 6.25 8.36 23.58 

3 Garcinia oblongifolia 10.26 6.25 5.87 22.38 

4 Liquidamhar formosana 2.56 3.13 13.01 18.70 

5 Lithocarpus howii 7.69 3.13 4.72 15.54 

6 Artocarpus tonkin.ensis 2.56 3.13 9.74 15.43 

7 Castanopsis hainan.ensis 2.56 6.25 3. 93 12.74 

8 Syzygium buxifolium 1. 28 3.13 7.71 12.12 

9 Ormosia pinnata 2.56 6.25 2.90 11. 71 

10 Ellipanthus glabrifolius 3. 85 3.13 4.10 11. 07 

11 Sapium discolor 1. 28 3.13 5.71 10.12 

12 Ormosia fordiana 2.56 3.13 3. 90 9.59 

13 Indigofera galegoides 3.85 3.13 1. 95 8.92 



232 Study on Forest Landscape Restoration 

( continued) 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (%) (%) (%) 

14 Cratoxylum. cochinchilUm.se 2.56 3.13 1.54 7.23 

15 Wrightia pubescens 2.56 3.13 Ll2 6.80 

16 Beilschmiedia intermadida 2.56 3.13 1. 01 6.70 

17 Lannea coromandelica 1. 28 3.13 1. 78 6.19 

18 Lithocarpus elmerrillii 1. 28 3.13 1. 23 5.63 

19 Memecylon ligustrifolium 1. 28 3.13 1. 07 5.48 

20 Acronychia oligophlebia 1. 28 3.13 0.93 5.34 

21 Dalbergia hainanensil 1. 28 3.13 0.87 5.27 

22 Glochidion puberum 1. 28 3.13 0.45 4.85 

23 Psychotria rubra 1. 28 3.13 0.38 4.79 

24 Radermachera froTUlosa 1. 28 3.13 0.36 4.76 

25 Aodoratilsima 1. 28 3.13 0.32 4.72 

Community 2 : Trema tomentosa 77.27 37.50 80.32 195.09 

Trema tomentosa 2 Indigofera galegoides 9.09 12.50 10.10 31. 69 

3 Helicteres hirsuta 9.09 12.50 3.68 25.27 

4 Ellipanthus glabrifolius 1.52 12.50 4.02 18.03 

5 Evodla meliaefolia 1.52 12.50 1. 21 15.22 

6 Aporosa chinensil 1.52 12.50 0.68 14.69 

Community3 : Symplocos launna 29.67 20.00 28.72 78.39 

Symplocos laurina- 2 Radermachera hainanensil 23.08 10.00 25.67 58.75 
Radermachera 
hainanensil 3 Photinia benthamiana 9.89 5.00 11. 00 25.89 

4 Chukrasia tabularis 7.69 15.00 2.37 25.06 

5 Lannea coromandelica 6.59 10.00 5.35 21. 94 

6 Glochidion wrightii 4.40 10.00 5.27 19.67 

7 Suregada glomerulata 8.79 5.00 5.50 19.29 

8 Parapyrenaria multilepala 2.20 5.00 9.78 16.98 

9 Euodia lepta 3.30 5.00 2.06 10.36 

10 Glochidion dasyphyllum 2.20 5.00 2.44 9.64 

11 Radermachera froTUlosa LlO 5.00 1. 22 7.32 

12 SiTUlora glabra 1.10 5.00 0.61 6.71 

Community 4 : Lithocarpus pseudovestitus 19.63 5.66 23. 38 48.67 

Lithocarpus pseud- 2 Sterculia lanceolata 8.59 5.66 6.25 20.50 
ovestitus 

3 Sapium dilcolor 8.59 3.77 5.27 17.63 

4 Canarium album 3.68 3.77 6.71 14.16 

5 Memecylon ligustrifolium 4.29 1. 89 7.58 13.76 
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( continued) 

Relative Relative Relative Importance 
Community No. Species abundance frequency dominance value 

(%) (%) (%) (%) 

6 Glochidion dasyphyllum 4.29 3.77 4.42 12.48 

7 Sirulora glabra 4.29 5.66 1.16 11. 12 

8 Suregada glomerulata 3.07 3.77 3.89 10.73 

9 Glochidion wrightii 2.45 3.77 3.90 10.13 

10 Ormosia pinnata 3. 68 5.66 0.64 9.98 

11 Psychotria rubra 3.68 5.66 0.55 9.89 

12 Commersonia bartramia 3.68 3.77 2.06 9.51 

13 Garcinia oblongifolia 0.61 1. 89 6.77 9.27 

14 Sarcosperma laurinum 2.45 1. 89 4.55 8.89 

15 Wrightia pubescens 1. 84 3.77 3.20 8.81 

16 Glochidion puberum 3.07 3.77 1.44 8.28 

17 Dolichandrone caudajelina 1. 84 1. 89 2.85 6.58 

18 Ficus microcarpa 1. 84 3.77 0.97 6.58 

19 Lannea coromandelica 2.45 1. 89 1. 69 6.03 

20 Engelhardtia roxburghiana 1. 84 3.77 0.32 5.94 

21 Cinnamomum parthenoxylon 1. 23 3.77 0.53 5.53 

22 Alangium chinense 1. 23 1. 89 2.41 5.52 

23 Symplocos laurina 1. 23 1. 89 2.41 5.52 

24 Euodia lepta 1. 23 1. 89 1. 90 5.02 

25 Elaeo ,arpus petiolatus 2.45 1. 89 0.42 4.76 

26 Evodla meliaefolia 0.61 1. 89 1. 69 4.19 

27 Rmkrmachera hainanensi.s 1. 23 1. 89 1. 02 4.14 

28 Amesidodendron chinense 1. 84 1. 89 0.07 3.80 

29 Pterospermum heterophyllum 0.61 1. 89 1. 08 3.58 

30 Artocarpus lingnanensi.s 1. 23 1. 89 0.08 3.19 

31 Chukrasia tabularis 0.61 1. 89 0.66 3.16 

32 Cryptocarya densiflora 0.61 1. 89 0.15 2.65 

9.2.2 Community structure 

The community of secondary forest had the simple structure and the canopy 

density was 1. O. Compared to degraded primary forests, structure of seconda-

ry forest communities was less significantly differentiated and only community 

Aporosa chinensis and community Trema tomentosa had obvious arbor storey 

and shrub storey. On the whole, communities of secondary forest had arbor 
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species such as Aporosa chinensis, Lithocarpus corneus, Liquidambar formosa­

na, Artocarpus tonkinensis, Trema tomentosa, Radermachera hainanensis, 

Lithocarpus pseudovestitus and Sterculia lanceolata, as well as Helicteres hir­

sute, Glochidion dasyphyllum, Dolichandrone cauda-felina, Glochidion wright­

ii, Psychotria rubra, Cratoxylum, Cochinchinense and other shrub species. 

Grass storey had rich species and the coverage was 100%. There are Aporosa 

chinensis, Euodia lepta, Psychotria rubra, Trema tomentosa, Ormosia pin­

nata, Diospyros strigosa, Flacourtia indica, Acronychia oligophlebia, Arytera 

littoralis, Wrightia pubescens, Phoebe henryi and other tress seedlings, and 

herbaceous plants such as Chrysopogon aciculatus, Kyllinga brevifolia etc. In 

addition, the community of secondary forest has rich vines, such as Smilax 

china, Papilionaceae, Pueraria lobata and Abrus mollis. Thus communities of 

secondary forest still have valuable tree saplings and seedlings. 

9.2.3 Species diversity of arbor storey 

As shown in Table 9. 6, there are significant differencesin species diversity of 

arbor storey among different communities of secondary forest in the demonstra­

tion area. Species Richness (R) of secondary forest communities were 25, 6, 

24 and 32 respectively. Diversity index (SW) were 3.79, 1. 19, 2.94 and 

4.41 respectively. The Evenness (E) of communities were 0.82, 0.46, 

0.82 and O. 88 while Ecological Dominance (ED) were O. 12, 1. 00, o. 16 

and O. 07 respectively. Compared to degraded primary forest, secondary forest 

showed much lower species richness and higher ecological dominance. 

Table 9. 6 Characters of secondary forests 

Factors Community 1 

Species Richness (R) 25 

Diversity index (SW) 3. 79 

Evenness (E) 0.82 

Ecological Dominance (ED) O. 12 

Average (DBH)/cm 6.44 

Average Height ( Him) 5.23 

Average Density (N)/N· hm- 2 5,850 

Average Volume (V)/m3 
• hm- 2 10. 12 

Community 2 

6 

1. 19 

0.46 

1. 00 

4.48 

4.74 

6,600 

26.09 

Community 3 

24 

2.94 

0.82 

o. 16 

6,828 

Community 4 

32 

4.41 

0.88 

0.07 

8,300 

Note: DBH of trees in Symplocos laurina community and Lithocarpus pseudovestitus community were not 

inventoried. 
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9.2.4 Stand growth 

Stand growth of secondary forest was shown in Table 9. 6. The average DBH of 

arbor storey of community Aporosa chinensis and community Trema tomentosa 

were 6.44 cm and 4.48 cm while the average height were 5. 23 m and 4.74 m 

respectively. The average volume were 10. 12 m3/ha and 26. 09 m3/ha, sig­

nificantly lower than that of degraded primary forest. The stand density of 4 

secondary forest communities was between 5 ,850-8 ,300 N/ha, higher than 

that of degraded primary forest. 

9. 2. 5 DBH distribution 

The DBH distribution of secondary forest in demonstration area was described 

by analysis of DBH distribution of community Aporosa chinensis and communi­

ty Trema tomentosa (see Figure 9. 2). The DBH distribution range of second­

ary forests was 2 -16 cm, showing the inverse J shape and the maximum di­

ameter was 15.80 cm. 
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Figure 9. 2 The DHB distribution of secondary forests 

9.3 Characteristics of degraded forest land 

One community of degraded forest land in the demonstration area was invento­

ried in March, 2009. A strip plot was set up with an area of 360 m2 composed 

of 10 quadrats (6 m x 6 m) for the community. Tree species and height in 

each quadrat were measured and the results showed that there were few arbor 
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species and shrub species III degraded forest land (see Table 9.7) and the 

heights were between o. 5 m and 2 m. 

Table 9. 7 Tree species in degraded lands 

No. Species Remarks No. Species Remarks 

Aporosa chinensis arbor species 13 Antirhea chinensis shrub species 

2 Sterculia lanceolata arbor species 14 Smilax corbularia shrub species 

3 Bridelia monoica arbor species 15 Micromelum falcatum shrub species 

4 Flacourtia indica arbor species 16 Licuala spinosa shrub species 

5 Ficus virens arbor species 17 Gonocaryum lobbianum arbor species 

6 Sterculia hainanensis arbor species 18 Microcos paniculata arbor species 

7 Arytera littoralis arbor species 19 Diospyros strigosa arbor species 

8 Randia sinensis shrub species 20 Cratoxylum. cochinchinense arbor species 

9 Ervatamia hainanensis shrub species 21 Macaranga hemsleyana arbor species 

10 Croton laui shrub species 22 Caryota mitis arbor species 

11 Randia depauperata shrub species 23 Salacia hainanensis vine species 

12 Acronychia pedunculata shrub species 

9.4 Site level restoration strategies 

9.4.1 Restoration of degraded primary forest 

Degraded primary forest in Dagan demonstration area was formed from repeat­

ed use of primary forest, mainly at the peak of hills in the southern and south­

eastern areas. Analysis of characteristics showed that Degraded primary forests 

still retain the main characteristics of the original forest, such as species com­

position, soil structure and stand structure, capacity of natural regeneration, 

and an important function of ecological protection, so a basic management 

principle of forest restoration is to remove the causes for further disturbance 

and degradation, and promote restoration through natural succession. 

It is the key to identify the forest stands or sites to be protected, which 

should have seed, wildlings or seed sources in neighborhood to ensure the 

success of natural restoration. The community of degraded primary forest had 

a stratified uneven -age structure, composed by arbor storey, shrub storey and 

grass storey, and the canopy density was is 1. O. There are many valuable n­

ative trees with better stem form such as Dalbergia odorifera, Hopea exalata, 

Vatica mangachapoi and Litchi chinensis in arbor storey. Shrub storey and 

grass storey in forest stands have rich species and valuable tree saplings and 



9 Analysis of characteristics of degraded and secondary forests and restoration strategies 237 

seedlings, such species as Dalbergia odorifera, Sarcosperma.laurinum, Ormo­

sia pinnata, Lithocarpus elmerrillii, Dolichandrone cauda-felina, Cryptocarya 

densiflora, Engelhardtia roxburghiana and other tree species, Ervatamia offi­

cinalis, Aporosa chinensis and other shrub species, as well as Indocalamus lat­

ifolius and Chrysopogon aciculatus. Therefore, degraded primary forest has the 

capability of natural regeneration and this type of forest can be restored as 

managed primary forest, even converted to primary forest by protecting the site 

from further disturbance or stress factors such as deforestation, over harvesting 

of timber and non-timber forest products, slash and buru, etc. to restore 

biodiversity, structure, function and productivity of ecosystem by allowing 

natural regeneration and succession. This strategy is sometimes called "pas­

sive restoration" (Grieser J A, 1997) and is particularly suited to situations 

where the financial resources for FLR activities are limited. This strategy is 

probably one of the interventions with low cost and can be extended in many 

areas. Another measure to promote the protection of degraded primary forest is 

to plant live fence. Planting Acacia mangium, Eucalyptus and other fast-grow­

ing species as live fence in the boundary among planted forest, degraded for­

est land and agricultural land can protect degraded primary forest from further 

human disturbance. 

9.4.2 Management of secondary forest 

There are two types of ownerships of secondary forest in Dagan demonstration 

area: one is collective ownership with which the forest was originated from 

clear-cutting of degraded primary forest, and the other is individual ownership 

with which the forest was regenerated through a natural process after more than 

10 years' abandonment. Forest stands with different ownerships should bal­

ance different conflicts and should be restored using different interventions. 

Collective owned secondary forest, such as community Symplocos lauri­

na- Radermachera hainanensis and community Lithocarpus pseudovestitus, its 

arbor storey has valuable native trees such as Chukrasia tabularis and 

Amesidodendron chinense (with first class wood), timber production species 

such as Ormosia pinnata, Lannea coromandelica and Garcinia oblongifolia, 

etc. So this type of secondary forest should take the same forest restoration 

measures as that of degraded primary forest, protective "decompression" , that 

is to achieve natural recovery with use of existing saplings, seedlings by estab-
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lishing live fence and avoiding human disturbances as much as possible. Indi­

vidual owned secondary forest, such as community Aporosa chinensis and com­

munity Trema tomentosa, having important timber production species such as 

Trema tomentosa and species like Dolichandrone cauda-felina which can be 

used for afforestation, but lack of valuable native species, should take man­

agement strategies of protection and enrichment planting to improve ecological 

integrity and community benefits by using existing tree seedlings and saplings 

for protective restoration, together with planting of valuable native species to 

restore forest communities with trees of high commercial values. 

Species selection is the basis for forest restoration. It is crucial to select 

species of economic, ecological or social interest for the success of enrichment 

planting. Selecting species to be planted needs to consult local villagers. 

Ranking of favorite tree species was defined by the process of public participa­

tion: Dalbergia odorifera, Aquilaria sinensis and Acacia mangium, etc. So 

Dalbergia odorifera and Aquilaria sinensis were selected as species to be plan­

ted in the demonstration area because they are valuable native species. The 

two most common enrichment planting options are line plantings and gap 

plantings. The choice of method depends primarily on the condition of the for­

est stand, the restoration objective and the species used. The gap planting 

method is generally recommended in degraded, over-logged forests while line 

planting is more suitable if the surrounding trees in the stand are small (less 

than 10 cm diameter at breast height). 

The biggest conflict for restoration of collective owned forest is to avoid 

the disturbances caused by plantation expanding. Individual family could not 

be negotiatedfor the implementation of restoration interventions, e. g. the spe­

cies selection, but should be made understanding of the ecological function of 

this type of forest and thereby abide by the "logging ban" requirement. The 

biggest conflict for restoration of individual owned secondary forest is to protect 

or develop this type of forest to planted economic forest. Local villagers are 

the decision makers for this conflict, which means the secondary forest is fa­

cing human interventions of converting to other uses all the time. Therefore, 

forest owners should be consulted about specific restoration activities such as 

tree species selection. It is a principle to select acceptable native species to 

balance economic benefit and ecological services, that is to meet the "double 
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filter" condition of FLR. 

In order to reflect diversity of secondary forest management, collective 

owned forest has no specific conflict stakeholders so that this type of forest 

should be managed for providing environment services and forest products only 

used for firewood. Individual owned secondary forest has conflict of economic 

benefit and ecological services during restoration process so that this type of 

forest could be managed with preference to economic benefits, restoring eco­

logical integrity and enhance income of villagers at the same time. 

9.4.3 Rehabilitation of degrade forest land 

The rehabilitation for degraded forest land focused primarily on tree-planting. 

Meanwhile, residual tree seedlings should be protected as much as possi­

ble. Analysis of characteristics showed that the degraded forest land had better 

soil condition, but had few trees seedlings and saplings. Afforestation is the 

main rehabilitation strategy because restoration relying on protection will take 

a long time. As degraded forest land with characteristics of low soil fertility 

and poor soil structure, soil erosion and subjected to frequent human disturb­

ance, restoration activities are better focused on the recovery and maintenance 

of primary processes. First select pioneer trees as nurse crop, important silvi­

cutrual characteristics for species suitable for nurse crop include fast-growing, 

tolerance to drought and diseases, if necessary, select exotic species, such as 

Eucalyptus, Acacia mangium, etc. Then valuable native species are planted 

understory, such as Dalbergia odorifera, Aquilaria sinensis. Forest will be 

logged in a few years to increase the light intensity needed by native species. 

In this way, both rehabilitation of degraded forest ecosystem and income of lo­

cal villagers will be improved. 
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PRA tools such as Direct Observation, Community Workshop, Semi -structure­

d Interview, Group Discussion (the poor, the women, etc. ), Participatory 

Mapping, Seasonal Calendar, Matrix and Ranking, and Problem Tree were 

used in the FLR planning of the county. 

FLR makes use of collaborative approaches to harmonize the many land­

use decisions of stakeholders with the aims of restoring ecological integrity and 

enhancing the development of local communities and national economies. Im­

plied in the word "process" are three key principles: (1) it is participatory; 

(2) it is based on adaptive management and thus responsive to social, eco­

nomic and environmental change; and (3) it requires a clear and consistent 

evaluation and learning framework. " Participatory" continues throughout the 

life of the initiative, from the data collection, landscape dynamics and driving 

forces analysis to identifying priority sites. As one of the important differences 

between FLR and many other restoration-oriented technical responses, mean­

ingful public participation is the basis and prerequisite of implementing FLR 

and the key for the successful implementation of forest landscape restoration. 

Taking Dagan FLR demonstration area as a case, this chapter studied the 

application of PRA methods in FLR initiative through the use of the PRA 

tools, combined with community-level FLR planning and implementation 

process. 

10.1 Using PRA tools 

FLR initiatives at community level is a process that stakeholders in the com­

munity analyze the problems in forest landscapes and make FLR plan together 

so as to restore the community ecological integrity and improve the human 

well-being of the residents. 

PRA tools such as Direct Observation, Community Workshop, Semi­

structured Interview, Group Discussion (the poor, the women, etc. ) , Partic­

ipatory Mapping, Seasonal Calendar, Matrix and Ranking, and Problem Tree 
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were used here and this chapter focuses primarily on the use of Community 

Workshop, Field Survey, Participatory Forest Inventory, Semi-structured In­

terview, and Matrix and Ranking in the community FLR. 

10. 1. 1 Community workshop 

Community workshops were held in Dagan FLR demonstration area in May 

2008, March 2009 and May 2009 respectively. The main purpose of the first 

community workshop was to make the villagers understand FLR initiative, en­

courage their active participation and to identify the key difficulties and the so­

lution that villagers think in the current community development. The first 

community workshop was held on May 14, 2008 with the helpfrom Qunying 

Town leaders and there were totally 171 participants (at least one person per 

family) , including 68 women. The following items were presented to villag­

ers: (1) introduction to purpose, background and content of FLR initiative at 

community level; (2) introduction of the FLR work group; (3) description of 

the purpose, task and activity arrangement of FLR work group; (4) How to 

collaborate and participate for villagers; (5) help villagers to elect village rep­

resentatives to implement FLR initiative. The second village workshop were 

held in March 24, 2009 after field survey and participatory forest inventory 

(Subcompartment division and subcompartment cruise), aiming at verifying 

the boundaries and ownership (householder) of subcompartments and getting 

feedback of FLR draft planning from villagers to correct the plan timely. As 

the priority sites need to be identified in this meeting, most sites are collec­

tively owned degraded primary forest and secondary forest, there were totally 

421 participants, including 156 women, meeting the request of 2/3 of the vil­

lagers to participate in the meeting. The village workshop were held in 3 villa­

ges respectively because of the large number of participants. Problems, causes 

and solutions in Dagan FLR demonstration area, ranking of favorite tree spe­

cies, verifying maps of landscape mosaic, and identifying the ownership of 

priority sites were presented in the meeting. The third village workshop was 

held in May 26, 2009 before implement site level restoration measures and 

aimed at getting the feedback of site level restoration interventions, passing 

community FLR Plan by vote and signing contracts related to implementing 

restoration measures. There were 154 villagers participated in the meeting, at 

least one person per family, including 53 women. 
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10.1.2 Field survey 

Based on topographic maps, cadastral maps and interpreted RS images, land­

use, ownership, management history and the future land use of each patch 

was identified through field visits, direct observation and villagers' interview. 

Field survey was conducted during November, December 2008 and March, A­

pril 2009, aiming at identifying the patch boundaries with different ownerships 

or different landscape element types. The following steps were included in the 

field survey: (1) to find acquainted informants who are willing to cooperate, 

such as the leaders of village groups, the former Ranger, etc. ; (2) to identify 

survey route after discussions with key informants; (3) to conduct survey and 

to communicate, discuss with villagers; (4) to draw the patch boundaries to­

gether with key informants and to indicate the specific information of each 

patch combined with villager interviews; (5) to check the patch boundaries 

and to draw maps of landscape mosaic in different periods. 

10.1.3 Participatory forest inventory 

Subcompartment division and sub compartment inventory were conducted in 

Dagan FLR demonstration area. Community characteristics and forest measur­

ation characteristics of degraded primary forest and secondary forest in demon­

stration area were also inventoried. Investigators should include at least one 

key informants (or village representatives) ,so as to take advantage of local 

knowledge and help the villagers understand the importance of biodiversity 

conservation and sustainable use of existing forest resources, thereby assisting 

villagers to analyze the problems and possible countermeasures of current for­

est management activities. Experience shows that local residents are very con­

cerned about how to use forest to maintain and improve their daily lives, and 

the ability, security to benefit fromthe use of forest resources. There is no 

conflict on the use of forest in community because of local rules and regula­

tions. The main conflicts on forest resources are between government and com­

munity, as well as forest users of different communities. 

10.1.4 Semi-structured interview 

Individual farmers were interviewed on the topic of forest degradation and res­

toration based on the problems found in field survey and forest inventory by 

means of semi-structured interview. This tool were used in four parts: deter­

mination of patch boundaries and ownerships, analysis of the driving forces of 
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landscape changes, analysis of problems and solutions of forest management, 

and consultations of restoration measures for priority sites. Semi -structured in­

terview was also important tool for collecting socio-economic conditions of resi­

dents. 

10.1. 5 Matrix and ranking 

Enough information and a lot of problems have beenobtained from village 

workshops, forest inventories, semi-structured interviews, group discussions, 

participatory mapping and other steps. The intrinsic relationship and possible 

results were found by classification and analysis the information and materials 

collected. Then the problems were ranked and strategies and methods were 

analyzed preliminarily. Different people have different views on the same thing 

because of differences on preferences, knowledge, and experience. The pur­

pose of matrix and ranking was to collect the different perspectives on tree 

species selection, problems and development planning of community and other 

issues so as to make decisions representing the majority. Matrix and ranking 

was mainly used during village workshops. 

10.2 Results analysis 

10.2.1 Natural resources 

Dagan FLR demonstration area is located in the Qunying township, with the 

area of 399. 48 ha. Landforms of the areas are mostly low mountains, hills, 

with a landform pattern of lowering down from South to North, and from East 

and West to the Centralwith an elevation of 30 - 340 m. Species diversity of 

the region is rich. Major soil is brown-yellow soil. The site is suited for the 

growth of variable tropical cash crops because of full rainfall, good light and 

temperature conditions and suitable climate. There are totally 5 reservoirs and 

one stream throughout the village, providing irrigation water for agriculture 

and forestry development. Forest resources were rich twenty years ago. The 

natural forest has reduced sharply due to deforestation, slash and bum and 

conversion to rubber plantations. Intact degraded primary forest and secondary 

forest can only be found in the hill peaks and remote areas not accessible by 

human activities while areas in the foot of hills, close to human settlements 

and with access to water were replaced by rubber trees, cassava, litchi, and 

mango plantation. 
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There are 89.61 ha natural forests and 240.30 ha plantation now in the 

demonstration area. The areas of degraded primary forest and secondary forest 

were 42.06 ha and 47.55 ha respectively. There are many valuable native 

trees with better stem form such as Dalbergia odorifera, Hopea exalata, Vatica 

mangachapoi and Litchi chinensis in degraded primary forest communities. 

Secondary forest communities have also some valuable native species in Hain­

an Province, such as Chukrasia tabularis and Amesidodendron chinense (with 

first class wood) , timber production species such as Ormosia pinnata, Lannea 

coromandelica and Garcinia oblongifolia, and important species for commer­

cial forest in Hainan Province, such as Trema tomentosa, as well as afforesta­

tion species like Dolichandrone cauda-felina, etc. Species used for plantation 

are Areca catechu, rubber tree, Eucalyptus, with the area of 166. 36 ha, 

45.86 ha and 10.02 ha respectively. The area of plantation less than 5 years 

old is 151. 70 ha while those more than 5 years old is 57.70 ha. 

Natural forest has diverse non-timer products, medicinal plant such as 

Bridelia tomentosa, Sapium discolor and Pueraria lobata can be used for mi­

crobial resistance, Millettia speciosa can be used for treatment of nervous sys­

tem diseases and enhancement of immune function, Sterculia lanceolata, Pap­

ilionaceae can be used for treatment of bruises, fruits such as longan, Cleisto­

calyx conspersipunctattum and Canthiun horridum, aromatic plant such as 

Chukrasia tabularis, as well as ornamental plant Caryota ochlandra . 

10.2.2 Socio-economic aspects 

Dagan FLR demonstration area, including three villages (Dagan, F enyou and 

Fenjie) is a typical minority nationality habitat, belonging to the Li minority 

area, economic development lags behind the county average, The total num­

ber of families in the demonstration area is 134 in 2009 with a total population 

of 586 (Li nationality), including 348 men and 259 women. There are 64 

families, 228 people with 151 labors in Fenyou village, 40 families, and 186 

people with 110 labors in Fenjie village while there are 60 families, 224 peo­

ple with 153 labors in Dagan village. The annual per capita net income is a­

bout 110 US $ (see Figure 10. 1 ). In 2009, there are totally 134 migrant 

workers, most of which are young people. 
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The main crops are rice, supplemented by corn and sweet potatoes. Rice 

can be harvested once or twice a year. However, reduction of land cover and 

land conversion due to sandy soil and caused by human disturbance, such as 

slash and bum, management and investment, make the soil erosion even se­

vere in rainy season. In addition, pond-deposit caused by soil erosion and 
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combined with uneven seasonal rainfall also makes frequent drought in the ar­

ea, such as the original fields for autumn rice due to lack of water can not be 

planted in spring. Rice can plant in June and July even if it is the rainy sea­

son. At present, non-paddy field are clearly defined, most are used for cassa­

va cultivation. 

The arrangement of agricultural activities in Dagan FLR demonstration ar­

ea was shown in Table 10. 1. 

Table 10.1 Seasonal Calendar of Dagan FLR demonstration area 

Crops Jan. Feb. Mar. Apr. May Jun. 

Sweet potato Planting 

Rubber tree Weeding Fertilizing Weeding Tapping Tapping Tapping 

Betel nut Flowering 

Early rice Fertilizing F ertilizeing Harvesting 

Late rice Planting F ertilizeing 

Mango Flowering 
Harvesting & 

Weeding 
Prunning 

Cassava Planting 

Corn Planting Harvesting 

Melon & vegetable Harvesting Harvesting 

Crops Jul. Aug. Sep. Oct. Nov. Dec. 

Sweet potato Harvesting Harvesting 

Rubber tree Tapping Tapping Tapping Tapping Tapping F ertilizeing 

Betel nut Harvest Harvest F ertilizeing 

Early rice Planting 

Late rice F ertilizeing Harvesingt 

Mango Fertilizing 

Cassava Harvesting 

Corn Harvesting 

Melon & vegetable Planting 
F ertilizeing & 

irrigateing 

Dagan FLR demonstration area is impassable in terms of transportation 

and the only rural road to the county town is in poor condition, providing no 

benefit to the transportation of agricultural products, technology and informa­

tion. The road have been constructed in January, 2010 under current policy of 

stimulating domestic demand. The main transport tool is motorcycle (one per 

household). The education level of residents is uneven, people under the age 



10 Application of PRA 247 

of 35 have junior high school education and there are only two in the village 

who have got college education (see Figure 10. 2) . 

School-age children go to school in the local town while children in high 

income families go to school in the county town. There is no professional med­

ical staff in the village and villagers have to go to township health centers, 

clinic in Nanping farm and hospitals of the county to see a doctor. 

As to energy structure, fuelwood is the major energy source and biogasis 

only used in five families. Sample survey on fuelwood consumption of 60 fami­

lies has shown that the average daily consumption of fuelwood per household 

was 28kg, per capita consumption offuelwood was 5. 5kg (see Figure 10.3). 

Firewood are mainly used for daily life, such as cooking, bathing and pig 

feeding. The survey found that concept of "reflects environment everyday" 

were deeply rooted in the Dagan FLR demonstration area so that firewood was 

the natural choice in the community. However, this energy use is more exten­

sive and residents generally use stove with lower energy efficiency. Rice cook­

er, induction cooker have not been in wide use, only 15 families were using 

electricity for cooking. Fuelwood were mainly from natural forests surrounding 

the community, mainly are dead tree r 
- shrubs. Fuelwood collection on natu­

ral forests has caused some damages. l'he implementation of forest landscape 

restoration measures will inevitably affect the natural choice. Therefore, coal, 

gas, electricity and other alternatives should be encouraged in order to reduce 

the consumption of forest resources. As these alternatives are not conducive to 

extend because the price of these energy alternatives are higher than that of 

firewood, the government and relevant government agencies should adopt some 

poverty reduction polices, such as subsidizing construction costs of methane 

tank. 

10. 2. 3 Ranking of problems 

Problems, causes and solutions of Dagan FLR demonstration area were shown 

in Table 10. 2. It should be noted that all the problems can't be solved in the 

short term just relying on FLR. FLR aims to restore ecological integrity and 

human well beings of the community, there would be no problem in the long 

term if the human well being is improved. The key problems need to be solved 

in FLR plan in Dagan FLR demonstration area are the difficulties that can be 

solved in short term by communication and cooperation among different stake-
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holders, such as problem 1, 2, and 5 listed in Table 10. 2. Other problems 

can be solved after human well being are improved and community income are 

enhanced, as the fundamental reason for these problems is poverty and lack of 

funds. 

Rank 

Table 10. 2 Ranking of problems in Dagan FLR demonstration area 

Problems Causes 

Poor roads, Poverty, no funds 

traffic inconvenience 

Solutions 

(1) Government-funded road construction 

(2) Villagers can put labor 

( 3 ) Increasing revenue after rubber tapping 

2 Lack of irrigation 

water 

Less water in reservoirs, (1) Increasing the height of reservoirs by gov-

no funds to repair ernment funds 

the ditch (2) Repairing the ditch by 

(3 ) Protecing the reservoirs by tree planting 

3 Lack of fertilizer for Betel nut and rubber are (1) Integrited into government poverty reduc-

betel nut and rub- too young to harvest, low tion policy 

ber income, Large-scale cul- (2) Cassava planting 

trees tivation, no money to buy (3) Raising pigs to get Organic fertilizer 

fertilizer ( 4) Loans to buy fertilizer 

4 Lack of housing Low income ( 1 ) Government grants received 

5 Difficulty of 

going to 

toilet and taking a 

bath for women 

6 Powdery mildew 

Lack of bathrooms 

Lack of pesticides and 

techniques 

(2) Increasing revenue after rubber tapping 

(3 ) Saving money by work outside 

( 1 ) Subsidies for bathroom building by gov­

ernment 

( 2 ) Methane tank construction 

(3 ) Public toilets building by raising funds 

( 1 ) Guidance by forestry stations 

(2) Government-issued pesticide 

( 3 ) Technical training 

Poor roads, traffic inconvenience were agreed as the most ul'f:"nt problem 

for current village development and the most important solution is govemment­

funded road construction because of high cost and limited funds raised by vil­

lagers. As the main infrastructure construction in Dagan FLR demonstration ar­

ea recently, roads sclerosis is an important part of the community FLR plan. 

The road construction would be conducted under support from the existing na­

tional policy of stimulating domestic demand (The road construction has been 

finished in January, 2010). Villagers believe that lack of irrigation water is the 

second major problem and hope to increase thecapacity of reservoirs and con-
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Figure 10. 3 Distribution of families of daily firewood consumption in 

Dagan FLR demonstration area 

struct ditches by government fund. Meanwhile, the villagers have realized the 

role of natural forest for the protection of the reservoirs. This problem can be 

solved by incorporating water conservancy facilities into water project planning 

of the Department Water Resources of the government. Difficulty of going to toi­

let and taking a bath for women can be solved by the construction of biogas di­

gesters. Materials after fermentation could also provide fertilizers for rubber and 

betel nut growing. 

10. 2. 4 Status and causes of forest degradation 

The status and causes of forest degradation in Dagan FLR demonstration area 

were analyzed using the problem tree method. Problem tree can help outsiders 

and locals to find and analyze the impact of an event, the flow of resources 

and activities by expressing the causes, effects and linkages between the cau­

ses for the problem so as to find the intrinsic link and key reasons. Reasons 

for natural forest deforestation, degradation and fragmentation in community 

were analyzed through PRA tools, such as village workshops, and interviews 

with farmers, as shown in Figure 10. 4. The areas of degraded primary forest 

and secondary forest in Dagan village were 42. 06 ha and'47. 55 ha respective­

ly, only distributed in south-eastern part of the community. But the forests 

were widely distributed 30 years ago, covering almost all the hills. The area of 

degraded primary forest was still 97. 64 ha in 1990. Degraded primary forest 

has reduced by 55. 58 ha during the period of 1990 -2009, which resulted in 

the forest fragmentation. As shown in the problem tree, the main causes for 
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Dagan FLR demonstration area 

natural forest reduction were natural forest deforestation by basic living allow­

ances, policies of poverty alleviation, prices of forest products and traditional 

practices. 

10.2.5 Identifying priority sites and tree species 

Priority sites and restoration measures, favorite tree species were identified by­

using Matrix and Ranking in village workshop (see Table 10.3 and Table 

10.4). Site-level restoration measures should take advice of local residents 

and should be implemented by them, and that will contribute to the successful 

implementation. It should be noted that residents made decisions on restora-
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tion measures and planting tree species from their own economIC interests, 

some choices do not meet the double-filters of FLR, for example, Acacia man­

gium was generally agreed as the best windbreak species, but field survey 

found that most of Acacia mangium trees which have been planted along the 

ridge of hills were break down by typhoon. So conflicts between different res­

toration measures should be coordinated timely to find the compromise between 

economic and ecological benefits. 

Priority sites 

Sites along roads 

Table 10. 3 Priority sites and restoration interventions 

Interventions Reasons 

Planting urban tree species, such beautify the environment, sunshade 

as Coconut Tree 

Sites along streams Planting native species Protecting the ditch, pond 

Deraded forest land Planting rubber tree instead of Ar- Improving income, enough Areca catechu 

in flat area eca catechu 

Deraded forest land Planting wind-break trees (Acacia Wind-breaking, improving income, 

in hill peaks mangium) , eucalyptus 

Forest lands Protection Wind-breaking, protecing rubber trees 

Table 10. 4 Ranking of favorit tree species 

Species 

Rubber tree 

Eucalyptus 

Advantages 

Rubber tapping 5 years later, 

planting for 50 years 

Fast-growing, highsurvival rate 

Dalbergia odorifera Valuable 

Aquilaria sinensis Valuable, air purification 

Acacia mangium Against typhoons, planting 

around the houses 

10.2.6 Skills for PRA tools application 

Disadvantages 

Powdery mildew 

Harvest 5 years later, lack 

of water 

Slow growth 

Slow growth 

Rank 

2 

3 

4 

5 

Not all the tools and methods of PRA will be used during the development of 

FLR plan at community level. PRA methodscan be enriched and developed 

according to local conditions. The following items need to be given attention 



252 Study on Forest Landscape Restoration 

during village workshops: speaking local languages as far as possible and sim­

plify the questions to let all villagers understand; putting the emphasis on in­

troduction in the first community workshop for low participation; using PRA 

tools in variety of ways after villagers are willing to ask, discuss and share in­

formation; guiding the meeting in a positive direction to avoid a few people 

dominate the meeting; every discussion, analysis should have results or con­

clusions and should be recorded, feed backing to villagers next meeting so as 

to correct timely, selecting appropriate meeting time and place, 1-2 hours is 

suitable. 

Experiences in semi-structured interviews in Dagan FLR demonstration 

area showed as follows. (1) selecting team members, topic design and identi­

fying interview objects should be fully prepared before the interview. Team of 

semi -structured interview included one translator because there was barrier for 

FLR team to communicate with local residents. (2) Interview time is critical 

and should be fixed based on daily work and life of local laws , seasonal farm­

ing activities, work habits, climate, local customs, etc. (3) Interviews 

should be started from family structure (family member, name, age, educa­

tional level, etc. ) , land ownership, crop cultivation, livestock breeding spe­

cies and the number. It could enable farmers to increase their self-confidence 

on the one hand. On the other hand, it would help to obtain valuable informa­

tion from conversation to guide the sub topics. (4) FLR working team should 

not give villagers hints or promises that they would get any benefits in the fu­

ture in order to get reasonable and reliable answers. (5) Answers given by vil­

lagers should not be exposed and kept private. (6) Taking notes should be a­

greed by interviewees and don't use tape recorders. ( 7 ) The interview time 

should be kept in one hour, thank the respondents at the end of the interview 

and ask them if there is any question. 

Matrix and ranking can fully reflect the participation of villagers, espe­

cially community in rural area. Using symbols that villagers can understand to 

express the contents of matrix and ranking could motivate villagers' enthusi­

asm and achieve the survey objective. 

Moreover, FLR working team should pay attention to the role of govern­

ment departments and make full use of indigenous knowledge, especially tra­

ditional knowledge of farmers. 



11 Conclusions and recommendations 

11.1 Conclusions 

Taking Lingshui Li Autonomous County and Dagan FLR demonstration area as 

a case, this study constructed the systematic approach to FLR from the view of 

regional-level. Key techniques in pattern analysis of forest landscape, analysis 

on driving forces of forest landscape dynamics, degraded and secondary forest 

characteristics and site-level restoration strategies were put forward. The main 

conclusions are as follows. 

11. 1. 1 The systematic approach to FLR 

FLR initiatives should be implemented according to the following steps: analy­

zing stakeholders, building support for FLR, understanding the landscape mo­

saic and its dynamics, analyzing driving forces, identifying site-level options 

and priority sites, developing site-level restoration strategies, making FLR 

plan, and monitoring and evaluating. Stakeholder approach, balancing land­

use trade-offs, joint decision-making and conflict management are the methods 

involved in the steps. The" double filter" , public participation and adaptive 

management are the principles that must be followed in the whole process. 

These methods, principles and above steps constitute the systematic approach 

to FLR. 

Stakeholders can be analyzed from characteristics, needs, interests, po­

tentials, degree of participation and other aspects. Building support for FLR is 

to build the support of stakeholders for FLR initiatives. Forest mosaic and dy­

namics can be analyzed according to the following steps: landscape elements 

classification, data collection and processing, landscape pattern analysis, 

landscape dynamics analysis and prediction, driving forces analysis. Data of 

Forest Management Inventory, RS image information extraction and sampling 

inventory are methods for regional level baseline data collection. Community­

level data has been obtained by participatory subcompartment division and 

cruIse. 
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The variety of ecological conditions and diversity of stakeholder VIews 

mean it may not be possible to restore forestat all sites in a landscape. Howev­

er, by strategically targeting areas for various kinds of reforestation, these in­

terventions will collectively improve key ecological processes (e. g. hydrologi­

cal functions, nutrient cycling etc) , restore biodiversity and thereby improve 

livelihoods across the landscape. Applicable principles for identifying priority 

restoration sites can be put forward based on ecological and socioeconomic 

conditions and diversity of stakeholder viewfi. Site level restoration strategies 

should be developed on the basis of analysis of characteristics of degraded and 

secondary forests combined with participatory survey, including restoration of 

degraded primary forest, management of secondary forest, rehabilitation of de­

graded forest land and restoring forest functions of agriculture lands. Forest 

landscape restoration planning is to arrange restoration interventions for priori­

ty sites from the perspectives of time and space and to implement the planning 

relying on stakeholders. Monitoring & Evaluation is the basis and foundation 

of adaptive management in FLR and the key is to establish a set of indictors to 

evaluate the context and implementation of FLR. 

11. 1. 2 Landscape pattern at region level 

In view of forest restoration and rehabilitation, system of forest landscape ele­

ment types of Lingshui County was set up, including primary forest, degraded 

primary forest, secondary forest, degraded forest land, rubber plantation, 

Casuarina equisetifolia Plantation, trees around villages, other plantations, 

other forest lands, residential quarters land, garden plots, agricultural land 

and other lands. RS data in three yeas (in 1991, 1999 and 2008) are the 

source of baseline information in landscape pattern analysis of Lingshui Li Au­

tonomous County. Landscape pattern and dynamics of the study area were an­

alyzed with landscape indices method and Markov model was established to 

forecast its development tendency. 

The results showed that the area proportions ofPrimary Forest, Degraded 

Primary Forest and Secondary Forest were 4. 74% , 6.29% and 22. 80% re­

spectively. During the period of 1991 to 2008, primary forest has been kept 

stable. The areas of Degraded Primary Forest and Secondary Forest have de­

creased while Patch Density (PD) and Edge Density (ED) have increased, 

indicating the patch shape tended to be more complex and thereby they be-
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come more. fragmented. 

11. 1. 3 Landscape pattern at community level 

System of forest landscape element types for landscape pattern analysis at com­

munity level was set up, includingDegraded Primary Forest, Secondary For­

est, Degraded Forest Land, Plantation, Non-paddy Cropland, Paddy Field, 

Human Settlement, Reservoir or Pond. Based on RS information extraction, 

participatory subcompartment division and inventory were used to obtain 3 

maps of landscape mosaic (in 1990, 1999 and 2009) of Dagan demonstration 

area. Landscape pattern and dynamics were analyzed with landscape indices 

method and Markov model was established to forecast its development tenden­

cy. 

The results showed that the demonstration area was a heterogeneous forest 

landscape in whichPlantation was the matrix (accounting for 60. 15% of the 

total area) and other types was scattered among the matrix in 2009. The area 

proportions of Secondary Forest and Degraded Primary Forest were 11. 90 % 

and 10. 53 % respectively. Overall, Non-paddy Field and Degraded Primary 

Forest were the matrix of the demonstration area in 1990, and then with the 

reduction of Degraded Primary Forest and Secondary Forest and the increase of 

Plantation, Non-paddy Field and Degraded Primary Forest had become the 

main types in the landscape resulting in a high heterogeneous landscape in 

1999, and in 2009 the landscape pattern has become that Plantation wa3 tl e 

dominant type and other types was scattered among the Plantation dm~ng the 

period of 1990 - 2009. Prediction of landscape dynamics showed that degrad­

ed primary forest would reduce sharply while secondary forest, degraded forest 

land and plantation would increase slightly, therefore resulting in the decrease 

of landscape heterogeneity. 

11. 1. 4 Driving forces of landscape dynamics 

Driving forces of forest landscape dynamics can be analyzed preliminary by 

transition probability matrix constructed by Markov model. Transition proba­

bility matrix and participatory survey method can be used to study the factors 

for forest landscape dynamics both at region level and community level. 

The results showed that forestry policies and key programs were the domi­

nant factors which cause the increase of forest quantity and quality during the 

period of 1991 t02008 in Lingshui Li Autonomous County. Reducing rural 
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poverty through development is an important factors in the changes on forest 

landscape in western hills area and northern middle hills region. Livelihood 

development was important factor in the changes on forest landscape in the 

whole hills area and middle hills region. Village greening and farm-shelterbelt 

forest were important factors in the changes of forest landscape in central plain 

terrain. Sand excavation, pond fishery and tourism development are important 

driving forces for changes in forest landscape in coastal area. 

Forest landscape dynamics during 1990 to 2009 in Dagan FLR demon­

stration area was the joint results caused by several driving forces, such as the 

basic living allowances, policies of poverty alleviation, prices of forest prod­

ucts and traditional practices. In order to solve the problem of food and cloth 

shortages, local residents developed degraded primary forest and secondary 

forest into cassava fields in the 1990s, especially during the period of 1990 -

1999. Policies of poverty alleviation and prices of forest products caused the 

conversion to plantation from degraded primary forest and agricultural land, 

which resulted in the sharp expansion of rubber tree plantation, betel nuts tree 

plantation, etc. 

11. 1. 5 Characteristics and restoration strategies of degraded and sec­

ondary forests 

Analysis of characteristics of degraded and secondary forest in Dagan demon­

stration area showed that degraded primary forest hasan integral community 

structure. Most valuable trees in the sub-storey I in arbor storey have been 

harvest while there were many valuable native trees with better stem form such 

as Dalbergia odorifera, Hopea exalata, Vatica mangachapoi and Litchi chinen­

sis because of the disturbances such as repeated selective cutting. Shrub sto­

rey and grass storey in forest stands have rich species and valuable tree sap­

lings and seedlings. Compared to degraded primary forest, secondary forest 

has simple community structure and low diversity, but with valuable native 

trees and timber species in arbor storey. 

Site-level restoration strategies: degraded primary forest in Dagan FLR 

demonstration area was formed from repeated use of primary forest. The basic 

restoration strategy for degraded primary forestis to protect the site from further 

disturbance or stress factors such as deforestation, over harvesting of timber 

and non-timber forest products, slash and bum, and to restore biodiversity, 
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structure, function and productivity of ecosystem by allowing natural regenera­

tion and succession. Protection and enrichment planting are the management 

strategies for secondary forest. Protective" decompression" is the main strate­

gy for collective-owned secondary forest while enrichment planting combined 

with protection is the suitable strategy for individual-owned secondary forest. 

Species for enrichment planting should be valuable native trees, such as Dal­

bergia odorifera, Hopea exalata. The rehabilitation strategy for degraded forest 

land focuses primarily on tree-planting. Meanwhile, residual tree seedlings 

should be protected as much as possible. Planting live green fence is one of 

the effective measures for protection of degraded and secondary forests. 

11. 2 Recommendations 

The FLR concept is still being refined and redefined, involving knowledge of 

multiple disciplines, such as landscape ecology, restoration ecology, stake­

holder theory, public participation mechanisms, adaptive management and 

forest management. This book studied the systematic approach of FLR, and 

key techniques in pattern analysis of forest landscape, analysis on driving 

forces of forest landscape dynamics, degraded and secondary forest character­

istics and site-level restoration strategies, but the following areas need to be 

studied in the future. 

Techniques of FLR As to Monitoring & evaluation, indicator system 

needs to be rich and refined and thereby used to study the monitoring and e­

valuation of FLR. In terms of site-level restoration strategies, site-level strate­

gies for plantation management and the function of plantation in FLR need to 

be studied further. 

Conflict and balance between restoring ecological integrity and en­

hancing human well-beings The double-filter principle states that the 

trade-offs between the economic interests and social, protective values is una­

voidable, but the landscape-level sum of all site-level actions should attempt 

to balance the economic, social and environmental benefits, that is to balance 

the two objectives of enhancing human well-being and restoring ecological in­

tegrity. There is prominent conflict between restoring ecological integrity and 

improving human well-being in forest-dependent poor communities. Multifunc­

tion of landscape has not emerged, especially the economic benefits, so devel-
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oping alternative industries become the effective measures to improve income 

of local inhabitants. For example, alternative industries including breeding in 

forest, beekeeping, off-season vegetables growing, etc. can be developed in 

Dagan FLR demonstration area during the implementation of FLR initiatives. 

However, development of alternative industries and community capacity-build­

ing require the resources superiority of surrounding communities and the re­

gion. Therefore, it needs to study further for balancing the conflict between 

restoring ecological integrity and improving human well-being in poor commu­

nities within the development of community. 

Incentive mechanism Degraded and secondary forest can be classified 

into two categories according to forest function: production forest and protec­

tion forest. Degraded and secondary production forests are widely distributed 

in surrounding areas of forest-dependent communities and play an important 

part in community development. While degraded and secondary protection for­

ests are in well protection and restoration because of implementing the Scheme 

of Forest Ecological Benefit Compensation Fund for Non-commercial Forests, 

the degraded and secondary production forests are gradually converted to crop­

trees and degrading in most forest-dependent communities mainly due to lack 

of PES (Payment for Ecosystem Services) scheme. So study on scheme of 

payment for environment services derived from degraded and secondary pro­

duction forests can help improve the incentive mechanism for FLR and thereby 

promoting the successful implementation of FLR. 
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Annex 1 Map of FLR plan (priority sites) of Lingsbui Li Autonomous County 
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Annex 2 Map of priority sites of Dagan FLR demonstration area 
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ffl~ 3 ~*~~ § i€t!J. 1991 - 2008 :¥$WHri~~1t 
Annex 3 RS images of Lingshui Li Autonomous County 

1991 :tF LANDSAT - TM ~1~ 
LANDSAT-TM image in 1991 

1999 :tFfl1i:J1 Aero photo in 1999 

2007 :tF ALOS ~1~ ALaS image in 2007 

1999 :tF LANDSAT - ETM ~1~ 
LANDSAT-TM image in 1999 

2006 :tF SPOT5 ~1~ SPOTS image in 2006 

2008 :tF SPOT2 ~1~ SPOT2 image in 2008 
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Annex 4 Typical RS images of landscape element types in Lingshui Li Autonomous 

County 
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Annex 6 Maps of forest landscape mosaic (;)fDagan FLR demonstration area 

in different periods 
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Annex 5 Maps of forest landscape mosaic of Lingshui Li Autonomous County 

in different periods 
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