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1.1 HFHRRRRENE SRR

PMERHMAESRERN TZR, FEAES, RFIHSLTEE
M, ERBEERESAREZE., FEA=MES . (R Mk
Ryt . g N RATERES FHmEEMENER, BRIEEAE
e i et BE SR AR DA K A Hi ) R T =X 4 e AR 36 K T R 2 A B LV 2% 1 [
B, R T HOMRAR AL S R4k 0] 8 ( Maginnis S F1 Jackson W, 2002;
IUCN Fl WWF, 2005; FAO, 2005), EAMKII7E.

(1) RS ERGgsEL>, REGRANERAERSE, BEERE
BN AL (FAO) (2005 ELBRAAME PR IEAL) ] 4AFE H, 2000 ~ 2005
FELBREAEAEENL 730 J7 hm®, A1 T4EHHLE 0. 18% HIBATE
L, L 1990 ~2000 £E4FH4E T 4 890 J7 hm’ WS IH 2%

Q)BEHM™ERML. =T, IUCN I8, HRZNE—
AP FEZIBL, FIAMKLIELE 600 5 ho BB L S B AR 0AS, B
A ERERRIHELN(FAO) (2000 FELRBFMRIFEIFHEYREER, T
WA 1. 412 h® L BRI ECAZRAREO AR, I7ET B Ml RM, HHT
AR G 55 U TS BB RS2 BAEZRMR (FAO, 2005), BlIEEAM . £
4. IR SEYRENEE TR, KEEA. YRS AR E,

() FMameir i, BEABERE, R AT KkMELLE
B, SECRARKEME L, KEFEARESERENE. I EAR
(Kaiser J, 2000) , X3 1 X 54 8.3 12 hm” B ZRAR AR TR X 7F
e, HAPAH S 12 hn’ BB LR IAMRE B v A bk R BB U B IE G 10
TR, BIEZFHKEMATRE 412 b’ 7 B SR A2 #
(ITTO #1IUCN, 2005),

(4) A, BB mBUIEIN, FRBMELE, mTsEH I
FhRAMN, EEHBARZREMRER . BHAEKARKEZRIWER
A, XEXIGJLEERT A WEKBE (S0, hee. £,
Hi) (ITTO, 2002), WFE1-1,




2 BAFIRE 5T

F1-1 2000 0, %, FEMAEHEKEL, RERTREI(IZ b)) ©

i) W17 @ EW/23 B P37 A Bt
BALEIR AT 4 AR 1.45 1.8 1.75 5

RALpki 1.25 1.55 0.7 3.5

it 2.7 3.55 2.45 8.5

D3k . FAO(1982, 1993, 1995, 2001),

(5) R, R DAY B [T 2830 12 1Bk, T
FREYE. AR, AEEY LR PR S HERM S T RRPRE
B 50% LI E, 781990 ~2005 4E[H), FEY . WA RMAFKEY B
FHRER BB (FME, 2005), MERWE, HFAEYESD
HktE R SER D 11121, IEFEAHE 112 t B AR RIFH
CO, 3 hn- = BUR = RN AN o .

(6) LETHIENE, BT A bR R RRARR W 2 IR MO A B FR R B AR 1A
TEHENGRPRBEY . B BSAR R AL &R EE R
AT RMIEFEE IR, ERERERME T RE, REHRNE, &
MEFF R H

(7) FRMRE RASCANE TR FEE AR T AR A I > A0 ZR AR IR
&, BERFRMITEA B RSN E R A E

Srnfik s R KR, 72 B RS E RS ZRARE R
SEETHEMUE TRKRE 1, SFRE B MBHERE. £ LR
B, EBRGITEE. GE BARIREE (Camey D, 2005; Campbell B
M, 2003) SRR A, ([EREGERBRMRE TR T2 R R
B, BEREINIETEE N SRR AL X 57 IR B XU (R B, AR
W p— 7 SRR — 05, ERXFXTRIF A EE EMFREE,
n, AUERE X FARH IR, REEARERERMAESEE
b, HARERRMBARAMLER A T R RR MBS (ZPEEH R
k), ZRFRERERERERMEAEFHIKERRNK, EERERRE
FEIBAARRERL A, FRIERBRAMRRIL, B BCEETES (IUCN 71
WWF, 2005) ; HK, FERTHEERKESRITIERS R T SLHUKF 8
TH, MR T MK B K HAR(IUCN, 2004), £ZHEKERLTR
MREITEUEBETE—2/ Y . RRREISLHUKEN, IREESINERRA
Tk, MESEATHEMRBTERFAR, KBRS THRE—
PR A, ARSI B BT i LA B B3R A X AR T 7K 19 i 55
(Dobson A %, 1997) . —MHIIEMIT NARMER ML Fh RN E S T0 0




£—8 4r 3

W R FTAMRARE (B0, FEFRMCN A M X R 3R W B AR TR
RE)MEMT R, XETERERE BRI RRERE, HEMEERE SRR
R, SieHIrSEE AMTBURNFIRE, B2 SEIKE S ShRRTh
RZFE (Ashworth S M, 1997),

Hit, ENEmNRERRNZREUE WIS, 14, 2FFR
HER, BARKNREMNEE, TEEREIFMESTEME R G
R R RIS . BB WK E (FLR, forest landscape restora-
tion ) $i B TEXFH B T AR & JEFE R A (Maginnis S, 2002; Aldrich M
1 Sandeep S, 2005), 1996 45, WWF il IUCN %&# T “ H: 4y 22k (forest
for life) ” T H, & HIKE HRARKET B4R, XK EWKE BN
(FLR initiative) (32 2, 1998 4E, IUCN Xfi#lkpg. Zid. WIHE. £H
MIBRMIKEIE ST T MG, X S5XUERBUNHSHE, R THE
WK VE B A TR B AR FI A (Gilmour D A, 2000), 1999 48, WWF
A1 TUCN 37 T ZRAREHITRI; 2001 45, TUCN, WWF J HAh— R B
IRHGUR T ZRME K E S,

1.2 HASWRSHERESS R

1.2.1 HRHAENHEE

“FRPRREIAMKE (FLR) ” —I0 45 — K& LR TE 2001 4F, HREET
PO FERFUET. (Segovia) I ZRMIRE B IRE, @ XK : FARFWIKE
B— B FEREARE MR E ISR MR E A ST R AL
EAIA 1 72 (Maginnis S, 2005; Maginnis S F1 Jackson W, 2005; Man-
sourian S, 2005),

AR T FARFEIREZH 4 M FERE: OFIR 22— T,
‘WA 3 NEERN: 25, EvESENEEEREM E, A
MARSH4 . &F . R RN ; FE—MEWER BTN
S HER, QOFLR REWRE AN EEINRW EEEHMAIIER
W—ANEH N HHEABEK ( REEHER R ESEXENFR), L
ANATRREE Y (TRXEM R AL 2. &5, FIEMEL) . @FLR EREA
KA REASTEENERBAABESIAT LTE, @FLR 7
FWKF B3 : FHFARUBRMEIIRE RBETERRE L3, TWREE
SOUHEZE T80 327K T 3R E (Soutsas K, 2004) ,

TR E IR RIATE T e LR : FHRENKE 8
HERE BT RS e, IREHAT IHESTHNE, MARERE




4 BRAFEIIRE BT 5

1 229 “ R4 (pristine ) ” ZRAK; FAO X ZRME MK E e LA M E
% (forest rehabilitation) ” ; Maginnis (2003 ) A E X E S EKE S
RE LHZRATIRE, TIAMCRKEME I FRRmR,; BEEE
B AT SBARAREIIKEE— TR, BESEL AN
IR, TAURE B RIE AR, AT SEIE S RAL R R0
Hiro

1.2.2 1%

1.2.2.1 HMATU

M (landscape) —iH B R B B F R AR XOE, #HHE &M X R E
M, 1EARIFAS | A EfARS, NEFMERT LERNGE
HREAMBEEXBHNES L(HET, 1999). BRNEXHELZMHE
i, BERZERBAMIE. i, FENGEMER. HFAR. WK,
BIE%) , AR —MIEX IR NEE S HIPFHE (SRR, 2000), B
AAMTEZMEZ F WA S EZER, BRWE—A B AR b B
AR, HAWABIFERITE; ERATESREZ |, K
HXBZTHRERE, REZFNE, ESHEAKFNE. BEF
(2001) IAA MM IR LE AR FRE-TESERE, B
ARG, SUWEAEE —E B R SCIAFE R iRz B 54, S0
RFFESREWERE; FNRALEINMEFNEARZMH,

MR (forest landscape) B ABRAAE S RGN EHRM W, W
HEHRMNEZ MBI R K EERERANEERAN RN, Mag-
innis (2002) YA FRME I E (G &2 ) IFRMREA M 32, 584k
T i AR 45 B9 5 W ( Maginnis S A1 Jackson W, 2002)
1.2.2.2 #H#iE4L

FRMGB AL (forest degradation) =W S, BE—TFEM
HARERMIARTE . FAO & CERAGR b “ 13 ) 52 W Ak 43 B S Hh 19 25 4 2 Th
B AT I8 IG 28 PR 32 4L 7 o 0 AR 55 BB 0 M ZR AR 19 22 4k i #2 7 (FAO,
2000) , WWF SR T FAO M X, ITTO & L FRMIB K “ FRARIELERL
HILE. KR, BN, 2YSHEEREAR B SRS
(ITTO, 2002), BX& ELEYZH MR AL (UNCBD) W& SGRALZRK
R ARESEIRN. BRERARAIEEWEH. I, WFPHK
BRAETE TR AEHR” (UNEP/CBD/SBSSTA, 2001)
1.2.2.3 EZM%E

“ S & (landscape restoration ) ” — 18| i PLE e, BEHM P H LR
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Hf# = 59K & (ecological restoration) , Cairns Z2¥4 4k IR E IR S E X
H: MERREFESREIBETEZ TN BRRA W EE S5 84E
W, NERRRGE TSN STREIE XMW /ey
WEGEARRB, 1998), EEHAZES4 (Society for Ecological Restoration )
WAR: ESIREREANTE H i — o i e L. EE
B IEMAESRGENERE, X—dRKNE RIS ES
RGMEH ., . VSR BITNERE(BF, 1999), X
ENHREITES RE SR BT BEIER, UNESRERE EHT4E
MKESHER, FRPIEERN ERESEENERN., Fik, £5%
REFETRENER,

Hobbs R J(1996) #& i Z MK Z R M FE VR E 2 BIRE, ©_TR
IRE ARG BN RTESNBIRBER B AR R, XRY, FWKE
ARAVRRTENERRSGE, MEE T 2SR A ER BN IIGRER
%, EERRE FLBATREN BT,
1.2.2.4 4257 EH

Woodley (1993 ) $& Hi A 2252 844 (ecological integrity ) B & L& : 4
REMBREMRRTHARBHEESENX, RETESRESHEERN
Bk, HRARBELRTAAMGENFZG, XTERMBEARTEMRE"
HRRITRRY . SR ZEEUNNESTEEEREERETREN SN
FRR, REESREENBKEES, DA T —RFK (Lamb D,
2003)
1.2.2.5 ANEAHBF

AZABF| (human well-being) B—AT" AR, BAMEIEH
MHAESRS W SN E AN, WA H T RN TE RS,
Fisher filiiR AREHIWER R UWR&REX=ERETFHER, Wi
FERREIERE . WA, ARSI FRMA RS, AEERN
@, #BE. CHENEE; AF, BEAENA. BERENSIRES
AT (BT RETFEE” ) (Fisher 4, 1996) .
1.2.2.6 METESE

FEARF M B SCRPATE SRR FIRE KRR SRR
NZEREA], 3% — J5 N BEHR A 2R bR WL &2 40 “ XU 1 8 4% ( double-fil-
ter)” (ITTO, 2005), “WEFIIEES" AN SLHIKF E&T. #tafmfRip
YHEZRIITE, (HRAEM L HKT E R R A0 2 R R E F &5
M zs AR E AR AR B T4 (Marghescu T, 2001),
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1.2.3 S&E5KERENES

BRERE T B IBHERE . £ TRERRE. ERREFE. 56
HAREBEZESCEENE—EWE T FE #1925 (Camey D,
2002; ITTO, 2005), HMHIFABZ LHHFMEIIKE IR, #H 5
ZHENENZMHERSIIT REMARRBHNRSE, NAFELE, #&F
RWMKE R — g BRI A B RT3 R A =2 (8] ) 3
. BHEMHEAERNFE, SESHENRSHESE, hiEMSEHEE
HEZRARW T+ AH, BEREESTERE, ifYadX g E
RWETRERE, EE5EERE LR ANERAE(F12) . RHBMK
PRI, XHABERE MBI E EBUERLIRKAERN ., &
ARIES), TR HAKCE R E e RES BRI RWAEWEN, %
RFIKTFH BAR; EWNELERARTIT, IRELEREER
WK ERE AN, BRARERN; B—1E6EIE, BEAEKX
TWENAIFRE, EFEREEARA LRAEN. S8 FE2NIkE %
¥ BAtRR R ARG 7 RAS, MRE—F B ENRIEAKR
MR RE ST RTBEE s, DA AR R B4, SEBR UK B Ak
P FRS MR MUGERTEGK, SEATRAENK, HERE
4\ FA#b (ITTO F1 IUCN, 2005),

K12 HRHEBRNRESHUAERILE

TEARE  SEHE ggﬁ”*ﬁ ARG ﬁgaﬁ%% T ETRE
— 2B KR o Bioe .
HiF BERE BORE  AMSRERE THSRER MR
7 PR BEATS SR
2R
WERS  BHAM A EEEEN  dEEh, B AR
% R 5 B R %5 B 6 SRS R
sk P H%E
FHAT My M STHES  BHAEK BRI
RS S A
FEERE EWEE EEER O WHSE  BIEAR, T HMLTEE
B x (2 Hz#, kR

=)
SEREHR BRE  FHERIE #HESE RIEFTIE RIET 4R
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SIERMEIKE XHTREUKE N FHHSEAR T LN EERE
R FMEIRE R AT S R E AT (F= 5. RS )
WIRERE, MAREHRNERREK, BAER, FAREWRERR
RFR 5 SRS fE ST NIRRT PR, ERIEX S
RFAR LR VUK T ABMI BB E SRR, B RF TR
BARMB AN BANMTEE ., PEREFTRMEREE, %41
MIHRE S SIHRAME BRI N FIRRIIRE EER S ik
HACHRE BRI, SRZUZN R 2 AE R R A B
RIS, FOXMITRRR TR ; AR BEMERFIE 24 +
MARTESINH, THRESRGEM L A R R R e, H
AR MIKE B RGN B R -, FEARW LA,
HTREEHNR RN, BREMRERE-ETE, B WLk
NEFERY R BHRREE; NKIERE, FHREMREREEZEL
TARTHORMES), ERERTMERBERN IR, SEEFEARLE
0 FBOR BRI R R0 (Lamb D, 2003 ; Maginnis S, 2005) ,

1.3 HHSHRERIEISEM

FRFEMIKE MR EMEEY & . BWAESE, WEAERE, F
HAXREEL. ARSEMENERE,
1.3.1 SRR

EMAERERERRT - THYRWXEBH, HFESAEESRGRE
BRI IR (RNEW) 2SR5 . MEER. thiFshae R ahs b —
IMTAESEFH S Z(EE T, 1999; HAKRSE, 2001), EWASFEEH
EERTE L E M TR+ R AR R EAI 2 S &, &
R LR, B, AATEHRR— MG, BEEAREZN R
W m S REn, BUAMERTHESREMEMNNEI SERED
EEMERFENTRERZ —. BENESFHEBTUESFBILESES
RESLE, MAERERENSFHER, FHEFSENSAHE,
MR BBAASRERE N B ; Eid Bz B RE B E R 5
BICESREWE , FHEKE TEFRERT. B4R PO
FHERFEREERIPWR . SRR MAEEER ., SRR SR FR L
MK E B EEVIHNRR,
1.3.1.1 EWFRkH

FREREMHBARE, —MREWESRERSEH . TheE. HE
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bl FEBUR T ERRER R (E 8 TE, 1997), HEREEEK
REEHESHENESRENELEZ BMSSBMNRAREE, 27
WEREETR S, RIBRNEERENERNME RS, EEE
PLE T BOREM R . S RIERER, TIEER VAR A R R E
VEFSE T ENAS N & RS A F4E(HEF, 2004), F0
B EMERET AT SR RRNER, ThieRLR R T2 m
B, TR SR, BWS RS S RE RS SN
R, SRR, R, ERURIEE

1.3.1.2 Z0RAH

B R R4 K/ NETRTR R R BESRAE S As o] L e (SR,
2000) , EREWFFEHEAZH, R EEFETRENHSME
AABEARRE FEAERNSER(HE4%, 2001), R Rs
B B REL RN ENBERER T, ZARBENRERYE, 7
SEFEA IR 23 A R R T AONLE], BB R BOURRYZS ()RR SR B AR
B BWMEZSAZEHEMETRHT BHRENERE, BARRNEN
Brde, SHHERHRNBAAERAEH, 1R ERRHRED K, 3
BN REN T AR, RETEERCTEARN; RZ, Wik
BB LS W AR R IG BRI (R B %245, 2000) 6
1.3.1.3 Fi#

BEWA B ER T, SRR FERBE T3 R WE
ZWTWIER, SETHRIEAEERSEAN, BB ARWE. SMEY
URAEHEZ BERMHEEER, REREFRNRGEANTHERNRE
EERBM S SRR, PETHR—RAIESIH=EREZH
BB EREGE, TR TN R BE IR S B A ARE, AT
B—ANE R R R, B RIS RS T BT AR T Y
BEHER, ESRRBLEFRERE-NRAEBR TR TR RES
M AR, ESRGBALMRARS N, RAXEERRETHR(E
BRI, 1999)
1.3.1.4 RE

B VAR R LR WL 5 SR AR R A T A 1 BT 0 2 i) RUBE AR T
B, BFRERRISEUNFEREE. 5. THRELE XK (R,
1996) , X TFAEBRGHBALKERE SEEKINR, AERUUSRT
ARG, MARBRE. £S%0HNE, REERABRNEEESR
GEYRIE) . B, HERR. £5RE58W, HHABEERE
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FHES, ENTUEREESRANES, BUTNELE— 54
EEMNESREBRARRNAESRSE, MNESREX—RE FfiE
AME SERFEABAEEY MG SERNEN, BAEEE S
WRAIRS, SRBUH RL RS Mo/ B FE U= Ak A A, B, S
/N P 0 B — R B 2 AR R 8 S e T

1.3.1.5 BMEHEHERE

ERENERBEHAE M, AVESE— TR R T ENEH
f(Lamb D 1 Gilmour D, 2003) , E hyiiia it B WA EL B & T BE Bl
BB EARE, TR RAEE . SRt
SRERSBHE, EENPERYDRTR, 602 [k
PRI ZS [RIZRAE (BB, 2001) . BURE A ARFLESREER
fodiR i, RS R BB EEHEZ —, Forman(1995) AR5
HAS S R RV IR I A5, 3R M B e — R — L R
RN IS A —Fh IS TR (4 BT, 1999),

BV A2 BE— BB — 2R (PCM) Bt LA BEER . JBRIE .
EFE LI — RIS, BRI, HeIR SR e B P 23 ]
WA, WEAMSIAE, TR B, B, R =Rz
KA, PEHRSME E S RERR (R B FRRN—RIELEBER
B, EXAE—EHAEERE, RRammaysg. Bn. BE, &
M4, BEWHAN, BB, BR. BEURATERRESSS BT HR
KEIRIF, BE R E VP SARSS B IR R R R S R, %
LA A A RO B RUARSS . T, T, WA, ERERBN L
REbE, SECHEHWME TSN SR, REESWTEAR. &,
HARAR. WEFE., IR, B R S RBERGIEFXR, B
BEMERXBRMS, SERE SRR NAEEERE M, 2R
W B RAAiE S EM R A I B STl EE LR E M
LR, EILNE AR, EEER, REEE, Wi ARERS
% FEFZEWT, HARSIAREZEFT TR (BRLR, 199%6),
BRI, TERFILA, B, S, R EE .
FLBREE, BEES, MR T BRI EESHNRIER, ‘
1.3.2 hEESS

WA DL RMRAESRSRWER ., BESKE SERNE
REFE, EX¥ESHIBEGRE, BT HHA K RE
WX PEZEREN . ZEERBUOEE N %R, EERNERREE
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BEMEEEPEM, PR, WEEASEMREEBEFHANFE: —&
MWAESRGRESKENESESR, BRSEBMAESRERREM
Wshhy. B, A% ZRESESTEEANSMBIESR
G E SEEENIRBAENR . FERRERERERRERNLES
REFNHETEZ TR BRRA, ERBZRETHAINEH ST
BER R, LS4 M) FR1E (Hobbs R J, 1996; IUCN, 2004),
TEFRMR K Z IS 7 vk His B IR R A SIS a3
1.3.2.1 4AHHFHLREES

FEIEM BRI S TIRE A S NG AR, BHER DIfEH#
HREIJVFFRARBMARRER R, ARMEARR. FAEBEBMK
AR, ARSI RS A B, InpREgEE, Bi
EBREHRERBRERRETHREFEERIR. SEARAKZGTEEWN
WHEBEBAR, EBREBEALRNENEMH. EERZHET, B
H—BEB TR, EERRBREN, RERENFEIE KA
Mo —OoRBE, M TF—NEBERBENESRE, YRR EEAEK
AR ERBBUERZESKE W EERER, MFX—R@AE, &
HRAEFESENEYFEBEN T, FRERNESHAETEEES
HMFZHYMARK, BRI A S R EE (B E fixl
B, 1998), EHIlk, EEEENEYMHRERMESRERESER
HIREEARZ—,
1.3.2.2 AABRER

BN REEASRERFE T, — M SRR CB M E R
EALE . =EAEMaRMAIS, KRBT YU S5Y. Y 5HRZHE
BIRFR, X—FEEFRI], SHEYELESREFESE —EHEE
MR, EREMERBFRESRERN, A% EE YR Ea E.
A FIH P AR RSSO, REFESIHNMYFELESM LT, B
REAGHREBALFE, WA= BRI RHERERTAF TEY
BRI RBRFRESRENTRE . EWEANTREN, IRESYH
ASNMER, BEMEY 55 HEY . WEEY SEREY . 8
YEEHEY . oA, ERMEAEYSEHITEHENER, UELSF
RARGEWE. # K. R IBSRR, RIFEENFEL, BEFELES™
FI(fTIER, 2003),
1.3.2.3 A &4

HTRUAESRENKE SEREIBRARRKBEN A NRERE,
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FEXMIBRESGEWMAELSREER FHITH, EE—F8
ME, REESSERUTUERREERWES TR(ABBEMERT,
1999) o PR TRIBILIRA HREBKE, BIFFRERSN AR
B, FEAESTRIGRAA TASER, BREFMSAE SRR
—HMARNESBCE SRR, ESTRENAESREPYFIEE SYHK
AR, ZW5HREEREL, %48 RERMmATER ISR
SHEFAAYFTET=TLRG, ATRNSERAUEBRTA N WEES
A%, BENEHE 2T —ARESESES, EATERBLES
AEMESERNER TEASRERERBREINES TRAK AR, K
BARBEZEETREASRENABSHALED R, HE B8R
HIR4ERFRE S (4kIm%, 2002),
1.3.3 FIimiExXEEL
1.3.3.1 #MEmMAZEBHETF

A #5452 B ( stakeholder theory) & 20 42 60 £ A4, 7EE
B, EESKMEFIFEHEATREERNER T ES R BEER
Ho 1963 48, KE R T —H &0 “ 7" (Sharcholder) f%%, H7HHIE
REVIF/DNHRZ MG K, RSB I —A 523 B 517 “ F) 25 4 627
(Stakeholder) eRR G H BV R R WA A M4 HEF2SHE%
BHIRE R SRR — e 25 B, WIRBHMIINT
F, RAVBEREAETRR, XAE X F 23 R AR R i — B
FWHAEFRERREEYNW, BRXFMAETEENIEER KA
BERBE R A B (RHR SRR AL, 2006),

PEA 20 #4080 SFRLE, MEZELTLMILNEE R IS4
B HEREL, AMZBEHAOREISF SR BN BB B 47 1
AR EFRHREN T EABRREDRE, ZEKHEEES (Freeman)
XTFIEACE TS TR R MBI, Ak RIRHXLERE Y
M—NHR BRI, SE AR A S B AR R WA R A
FIFESR” (Freeman R E, 1984) o 3XANE XA Z -l BARESA G
PR ORI MRS, RREEZ00 B Rt R a s
MRS AFIBEAR BRI 28 0%, BB MR . BUFERT]. i
PRIP 3 SO S IR AR BN R S IOTTERE, KAY BT st
KEBINER (M ENE, 2004), 1984 4F, Freeman 7 (B 05 )
(Strategic Management) | &% T —&5 4 K (F| %48 XZHIFEI) (A Stake-
holder Approach) B 3CEE, W Fll 35 M 36 3 WO HE & 5 B30 4 B 4% T ST 0




12 FRRE IR BB 5

5, FIBHEBHIET ZRABE MR IR, Freeman FIWLAZ
B L EFERERE, AR 20 e 80 FAEH . 90 ERAPIXRT
FIBARE R ER— MRELR (FTERMPRENE, 2002), B2 Free-
mmﬁ%%%ﬁlk%ﬂﬁﬁ%ﬁ,@ﬁ*ﬁﬁﬁﬂﬁﬁ%ﬁﬁ%%i
BT RSE PR R SR R AR BR Y, R T IS A R E B —
AEEHETHE, BREBHS ARSI (BRLOMERR,
2004) ,

520 #1423 90 AERAI, FFEAWEEAIE/R (Blain) AL AIXE
EX g “FrAIRSEAL TR T E AR, URERRBERDE
A F KBRS F . ( Blair, 1995) 753 /RN R FI A0 H
B A AR TE A R B IEA MR R FOE B TREZ FRIA

UL, F2HEE B H R BRI 2545 220 ( stakeholder
influence ) B 25 #1363 5 55 (stakeholder participation) B33 #8, BE] TR
LR, SRR IR B SEERENRE, BRT
%%ﬁ%nﬁmﬂéﬁ%%%ﬂﬁﬁ*,Wﬁ%ﬁZﬁ%ﬂﬁWﬁ,ﬁ
AR BARRE T Z Mt & LS MFRE,
1.3.3.2 #lafkERLRE

FEEFEEKRIRBH T —F VL AT EMNBRHERE, A
A EA BN T RE BRI 25 AR B AT RS, X=EDRMERE: S8
M, HIE—BHARR TR B e X T R BAL; ik, Bl
BB REREARMALE AL, BRI TE; BRE,
BNt — B AR ER B S BN S A B R A5, RIE ER =k
HEATIESY, FIZSAHCERIBA =2 (TLAZ, 2005) :

() BEIFIEAERE . MATREFA Xl RS, R
MREat, BTAVKEFMER, S EBEZNIHa R EMANTH
BEMER, HBIEMLER,

(2) RIS AR E o M1 S A RERETINERR, WHE Lk
SWRHEH TR (RES, 2006), XMFIEAHERE X5 HUT =
B ORNHASEEMBUT R, mIIFEZIAERENX
¥, AARBREER, EARELTARSERMS5EMLRET
Far, QX HIE AR B2 AR, (A AR AR L
MEAATESR, XMBHAERRBEI AN, TERESIMNIERSE S BH
FAEF WY, HEFARTERENET. MITEERRYIPERE
%W S 5B0AES . MEEEEN RS, O LA ES R




E—FE 4 13

Jitk, (BRAEEGEERRER, XRAX LTS RIEHERE, til%
BRI R BT R

G EEMF RS . BRI RAA ek, POk, k=
Rtk — TR (PR R MBI £ 4R, 2004) . RIIE SEMEHRZIMN
TitERESMERMRE, BB S RBIEE TR E T REHA 2R
FWER. RAMIHEA GEEMESEREIE, 4T —MBRIORE
(dormant status) , MfBAISERRMERAT, BRE R BG Z 6 XA
PO L MEAR SRR S A RE . RIiA Ratk, Hetz ek
MR HERBER, FRBEIEATE ., WRDARE R CEMAT,
1.3.4 AX85

A #x2: 5 (public participation ) i B A8 & B I B T 20 #H42 70 44X,
EE., ®E. IngER, AAFEBERNAIASENMTRE, KRR
SERRTBIZEOER, ARSEHERONEEFZ, XTHEME
SHMAE, FRENRSGE, Z5HARERE—HKNR(TTEE, 2003;
X FRZAHEL, 2003), ESTSHESRNES G ANEF R
T ELA I RIFI SRR . e R R OGBEE e R s AL R (AL A & R ARER
B 25, BRERBRUENANKEBAZIT AN, HEREMR
AR, JREFEM IR LR —B, BE I A AR L R 4F
B, 2T —FENOAE, XEEERSHSE, CEEER LR
25, MRS EHEREARFARNE. MBS BUR KW LA
HFBBESRTM NN, BF R DEWHES) (FHIF, 2004), 2
S5 KB R—FE R RPN E R, BRRERE SRR
AIE. AR ERRERLE, FoE B, FEXTERFAIIMmAEF
GRS, WA ZRE S BARBARE T30, ERSEEAARR
EFWBRHMFASRARKE S, HRBEHISHATENeLE, &
B T AMRBEST, LA BRASAZE (VB ICA, 2004)

25X EANS SEMLHREAKER, BR25XRBEELHN
Trkis ARIZRMREE TR, WHERY. SREENGERES X
A, BB BEHAEER S MR R R — RIS, XA
WS SHEMEETEHIZE; YR X MRRARFE RN EHE
ARAGE FASEBHAIR, PR EXEAIRES, WEMII7ERR
WETREASREM; DLETARHMARBUR . Bigh. Btk
eI BT AR U DR B A KB RIS X R, MRS
ol BERAAI TAE, LRMATAS R R E(XIEE, 1999). B
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SEGEHIVEER TR XA (FRER, 2002) (IF1-3), 5E5EMK
W BAEMZESLEM L, S50k B R AR — - SE B FR
HARFERBRHER, Z25XMEMARERIMBEAS S, TESTRH
MRS R ABEARE = RAEFEWERKR, EWALRKMBATERNEE F H1E
A, BRSMEAETZ.. K, BE2AE, SENBERASS5E
FIMBHASEIRE, BRASE5R N EREMBEAEENIR, Bk
KRB EM TR, EIEERE MR AT X B, RPN
P S e AR LS IR, 2 50M0L B RE R “ S 5K
E3177, REERINEZFAAS SBREMMILIE S MARN RS54
MM BT HE o

Wi X T ORI, ARSER UGN =FIER:

(1) B H2E 5 (democratic forms of participation) , F5EHRE
BUaHldngEs . Ws . BRSNHHETHS5FR, LRREEES
Hwyir=,

(2)JEERFE R S 5 (informal ways of participation) , &AL
JoE. BREBRSE5HR.

(3) IEXTE KIS 5 (formal ways of participation) , FEEEREILE AR
S ERRRBMT R, BARSSWEERFPARE,

XEMEAFERTM AR FLR A0S 50X -, {3 FLR BEHE
FH—F R BRI HE AR S SME_FRANA XS 5K
aT,

®13 S5XHLEEEKILALER

25300k gl Ei
PNy L BA AR gl
ARERARKMERR AEEHARRI LR
Al HE 5 EA B AR A i BT 2R Holk BRI T

B, REHSREN, GREL, AENARY WEIHE
=l

ML AL LB B —

Aolk A= B L Z KRB R SR AR E Aol A7 B B AR R R

SRR TTIRE SRR TAEZRITR SRR SR AL T Z R
&Y

W

BIUSAANER, AREE SRARRREAD, FBIRE
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RIFANRS G2 FLR &L, VERI—UNAAK 35 (Salaf-
sky N #1 Wollenberg E, 2000), FLR B . FEARSSHERM E, FEB,
AE XA RE HHRNE SIS AP P S E N, FLR
MWARSYE, BRIEMIEZBFRARZHEXENTR, BFEEMIIRK
25K, AWHZR. &, I, RLE& 115 —1
FLR 52 (IUCN #l WWF, 2005),

1.3.5 ENYEE

“ENPEZE (adaptive management ) ” — {7 B B H BT 1978 4E, B
HEFREYZEZMRG ST EFER R SMEYE NS RENEE
1) SR A 52 HS By (Hartanto H 48, 2003) , 3EM S E LR T A
A —BARNTERSRENHEBEATEN,; —EEEITINEY
YIEEN AR REOAREE (HEL, 2001; HReMEHR,
2004), R ERUFAFELE T NEEEASRENWEE T,

WA HESE RN BREFFRERRR, NHEEIA&K KR
B, XM IRAGEEEMERY, EEPREE: HNEE AR
WE. A AT, 0250 L TR B AR R P SR AN IR g H AR (Lee K N, 1993),
Thomas (2006) 5 i}, BN L BERALENFHARW T EZ—, &H
AW S 5%, 1B —RMZE TR GEIRS B LR (Thomas J W,
2006) , HEBFE AR E X (Grumbine R E, 1994; Gene Lessard,
1998 ; A& EEE, 2006), ENHELETLUEBIESRRELE
A EMN BRI —RFNI. AR. B., EEBEHESTs), 2
RETIEEHEEN. LRI AIHWTE, BNETIZRREERE
FBEREMY T Rset:, ERZSEELT, SMNELENHAR. &
B, BRSPS Ao ER, WEMEERER . HEEM, UREWMI
BRI RBFER A S W B 1 (Salafsky N 4, 2001), [RB, 405
SEE B W R — M EER R — R4, AR T8, B
Salafsky N F1 Wollenberg E, 2000) ,

ENHEAE R BRI EERENEEES, 5FEa4
RREEEHHENRAERFET: ENMELERNIEAELRE, &
BEHE AR RN REATENEM, SRR RE N E T
B; MEELEEETE-BREATBEIES, XAHERENE RE
A, EEWEERREL, ENELSEENRATRLMMKL, BEEY
REREH ., KE. BERAERPX, ETRNEZEEEHE E (Nichols J
D %, 1995; Bunch M, 2000; Mertsky V J %8 2000; Light S 1 Blann K,
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2000), BlERAEY. SF. £B. HEH. LEERSTHFHR

1.4 FHEWREFRIRK

BHEMKERXES ZBEEXEZE T IUCN, WWF, ITTO, FAO
S EFRAAMTIZ 0 (TUCN Ff1 WWF, 2005; TUCN, 2005), 1996 4,
WWF 1 [UCN J& 3 “ A= Gy 2 bk (forest for life) ” IR B, & H K E ZRAMAIH
W Bl — SRS EEE I, SEEARRER, RUERPEYMZS
REMERIERF Bk A RIS, WREARIEFE WY RMBHFE, X&
FLR #&E & (Barrow E 28, 2002; WWF, 2004), 1998 4£, IUCN Xf#k
HL OB RURZE. REMBHKEE ST T AL, BZS5XHEE
FEBURMINHE, #R T A RKE TS 306 B F WA (Gilmour D
A, 2000); 1999 4, WWF #1 IUCN B T ZFAFE HitR; 2001 4E,
IUCN, WWF K HAh—LedE B H AR Y T FLR 48 (ITTO #0 IUCN,
2005) ., FfiJ5 FEIZEARMREILIR B R EE AR T BN R C 2B BRMRRE
RS TIHZ—,

ITTO 3% —4FUR i ERB S E 22—, BAE 1990 Fifg i T “ Py
FARMA HEE 2B 50 ” (ITTO, 1990) , JH7EEBR/K T EHEE Bk
HEATARM PR P KRNI E L BT Rt T ERFRSE iR, 1993
£, SR RERA TAREIER S, KEF= 4 IR A, ITTO #E i T “ #uif
AT AR S H4e £ E1E " (ITTO, 1993), T 1998 4= (ITTO $HF
AT HFELERESIER) W IR, #REF ITT0 7 1994 £( i
PR AA PR HEZR AR R KRR, BB R KB TR
FNE R BUE At — 2B 3B (ITTO, 1998) , 2002 4%, AR FISRh A
BT EAKEZE ., KE. EBEMARLEAA, ITTO k& IUCN,
FAO, WWF, ERRALBFFE 0 (CIFOR) #E T #uiiy iR AL AU A bR
2. Z2ENERERE) (ITTO, 2002), ¥4 T HAE A B IH(ITTO
B TR T B2 B 4585 ) FICITTO Bty A\ TARE ST M) B4t 2 B 15
BYZ E R R, 2005 4, ITTO 5 TUCN #FEH R T (R E HEMHE
M—NEHEABEMKE N LR ER%), RE. 2HBNA T HRE
WK E B EE R AR, SOV ERBOR S SISO E, H
HRBEIZMIKE T B TEAR T R FE IR E X FHALE(ITTO F0
IUCN, 2005),

1.4.1 FEHRIMEERARTR
MR IR E MRS LRSS, EEPHERHNBCHEE, ML
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THEEFAA, BEVEASREEERMETRGEEENERM F (Schla-
epfer R, 2005), Bh& THIZBMRE T E, BAEEE. 25 FEM
HAbZ A, IHENTHELEMESRERE RA T M FEHELR,
EZFMENKE ERNERIE X CIET, Radeloff V C £ (1998) SE4-HT T B
BB N T b 3 52 e ZR AR B WK BZ AU 1o { Forest Restoration in Land-
scapes: Beyond Planting Trees) —43 M. Hizn. HEEEIBEER, BURT
iS55 B MR S 07 E A B R T AT WK E (Mansourian S
& 2005), Aldrich M %:(2005) 7£ IUCN 5 WWF H R B ZRARAR P TR R
(Arborvitae) H7, fHBAAN4E T ZRM B WK K . Lamb D % (2005 ) 7E( Sci-
ence) b & FRCKZBABFRMZMW) , F8HHEIEFKBLAERER
FER B R AR B LK & R B O BRI A B& 2, Rietbergen-Me-
Cracken J %8(2007) 7 ITTO 7l IUCN Bt & H AR CIRE ZRARZ I : ZRAK
EWIRE B EARGBHENR) BERE_ERTS CGRMEIRE TN Wy
SEH SR ZRAR R R SR AL T T BERE T .

DL b S ERpR R WK B 1T 20 AL TR 5358 (Dudley M, 2005)
bh, GEEFUABTEBEMIESE . ARSE. FRENDE. HFEK
ST IR . IBALIRIAMIR R PRSI HEAT T MEHET (GRIRALSE,
2007)
1.4.1.1 #MBAXHRESI &

TEZRAR R AR VI R B B R WA 23 AE R, RIETERE
WP BTG, RPIHE R SRT 2 FAE TR R IR 5 B Y
FESEM/NE A, Marghescu T(2001) AN SEMERRMR MK E B BEH
BTEFRMAEENTR, RHEYMERNFER, FRbHEBIIR
B S5EHERRE, REseR. 516, i (Ravnborg H M 1 Wes-
termann 0, 2002), MEFA FBREEKN . HESLT AT EZWIKE L
B, Y45+ YT R (land-use trade-offs) , B — 14— FLR
L% (TUCN F1 WWF, 2005) , Dubois 0(1998) #2H T # Bif 254053 th
FRIHE S R E e “ARHEZR, EDP HI R 25 M H AUR]. AR,
FMAE, Colfer C 2 (1999) MR T ENE R F WAL FHIERKES, F
N AR EREATER ML BT H A RF 2546 2 A 1T 3%~ 1
BN T B, Braakman L #1 Edwards K(2002 ) 7ZE{E 3l 25 A6 & & P RS
PSRt R T 3L X2 H T E . Koontz Fll Bodine (2008 ) ZEL4EHT 5T R E
Mol 28 gEREE, ARRIZEARRE RG] AEMEVERA SRR
JEERIIARL. 5 B ARIRRE R
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1.4.1.2 FRERKEFASE2H

LR IR E LART, B A4 B AR ZR AR MR i ik J Hosh 362
1k, FH#E— 4243 B (Lamb D, 2003; ITTO #1 IUCN, 2005),
WL FHE 53 LA 3 R 4E W ( Pacheco P F Mertens B, 2004) , 43l L
(Barima Y S S, 2009). 3 [ (Riitters Z£, 2009). F 74 ( Teixeira,
2009) . MAF| T (Stork N E F1 Turton S, 2008) BIZEA MBI, 2047 TR
[FAFF 5% X ) ZR AR W B ik R A Bl S35 k. HE4h, Bennett A (1999)
EAE T WS8R ERERNIIGE, Zhou % (2008) 247 TURYL b i
SEHEAR AR R MR E RIS WA B 31 &, Wightman C S # Germaine S S
(2006) 73471 T 3 B V6 79 HF R ARIK B BT S AR S IE . B sh SR
BRI TNERETFE, Xi WM £(2009) 5348 T ZAk S WK S 7T 6
BB RER A, Fk, REAMMA(Xi W M, 2008),
Teixeira (2009 ) X B 7 K 75 1 S48 R AR 1962 ~ 2000 4E Ry ASfb #E 4T T 1%
£, FHWT 2019 EHRIAE R, XFE T HFSE B S AR A ZRARIK S
HE, Peng S L4 (2010) @3 7 Markov A AL, T T o [ 7 il 2%
MEEESRE, BLUESHEMIKEES . W3 hotrt 2 Bm e nshs
BACHIBT ST, Bradstock R A(2008) Fl Long J N(2009) 4347 T FR #1125
MEBRERERN BRBSHHE T, mARE,
1.4.1.3 S AFHRIBR

FARFMIRE ST A EAR B BIUFERMKRKE RS
H; WENEKENRIEE; BAUMAMEESARIERER; BIAMK
HFBGARN Fh E RAREFHMEE; EBWME; BRFMATH; BE
Al FEABARSREEH ( configurations of on-farm trees) o T ZRAREWIKE
BWFTUEREU E—&BE K, FEXHKFEL, FMIRERETER
LR e, WPERMH S (FINRE K) B R 22 R TH. R
T LA B SRR E RS2 (Hobbs 1 Morton, 1999) , R5EIRE MsT H
BERRTRENFEBR, WA FZEBERNMBEAR, Osi F 4
(2010) LAZR VG EF Chiapas A =ML RESH, B 5UKE#X A
SHERMESRENENRENSE, EREMRESRE, BEIALS
L S B TR G R E S B AR I A Y 2 RE M FIEE Bkt K AR F Y
8877, BEF SR IIEN SR, T THENLRE TN
R SRARFBRE L ZRAR A, B IAARIRE BB A TN 2
MABRITTREERMEBMIS, WEREBURTHO &M, KE
WMEM B RIRGAT A, 567400 R B E A A T3 B E B
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(Saunders F1 Norton, 2001; Shono K, 2007), WAMMHE A TELREE
B REU R R IRE R T TR A 72 0 AR AR PR AR B B T2
EZRPK (Smith J, 2001; Ugarte J, 2004; Saynes V %, 2005; Dent #I
Wright, 2009) . Clewell F A(1999) #5472 E i B Bk Rn™ Hu i 2 45 (1
WEFA, Stanturf J A % (2007) 42 H T 32 I8 KU 0 1 2R AR PR B S 1K,
Egan D(2007) #1952 T £ E PG & M AREI K E e, Chazdo R L(2008) M
FRAAR 55 T RE AR BE 3 HY IR AL AR R B 55K, Kobayashi S(2007) FIFI AT
TEMRE IR LM, R E R AR, Santiago-Garcia R J (2008 ) &F
FTREARERFZRMIKE P HIEM, Omeja P A(2009) X b T #ME F1
RREFEREPHER, BHREFHESENRIBIIRIIEE, AT
FHIRARENNRERR TR, UL BT AT A i BRI 5 i = ik
BN DI AR MR E T M R e i e B B T T
Moo BARRIAINT, FLISEBEMREREM, RSB EMNESTE
o Maginnis S 4 (2003 ) 23 #7 7 A T Ak ZE FR Ak S LK & vh i 4 8,
Dostalek J 45(2007) WA T 7R [F) 3 AR B AR FE AR B 4%\ i b B2 bk o B o
MR,
1.4.1.4 Ephud

BN R E R LIERME MR E LD FEENEN 2 —, EREIR
ST aE RN, USRI BHNITE, Bibit, SR, &
BAMENRLGE, URGEHINERIE. BT8RN M 5 3 5 (Salafsky
N, 2001; Jacobson C, 2003) . &N PEZE A XA T ML, 3
EEY REEMS., K8, BERAERPX., METBNLEEH L
(Nichols J D, 1995; Bunch M, 2000; Mertsky V J, 2000; MacDonald G
B 1 Rice J A, 2004; Schmiegelow F K A £, 2006; Smith G K M,
2008) , ITTO REHE (2002) Fa ittt , BRI HRAEFHKIKE . 2ENE
ERMU AR KB, R sep TRk 2 BT, R B SU4
ERIEH, LSRN RAL (ITTO, 2002) , FRAKE WK E 9 18 B
HEBEARN % B A S F &K (Berkes F, 2000; Bakker V J 1 Doak D F,
2009), BEZ B . KT, HIEERK (Berkes F, 2009; Duckert D
R, 2009; Stankey G H, 2003), Fernandez-Gimenez M E (2008 ) X 3 [E 7§
S AR AL B, FEAER T ZRRIRE SERE S E Pt e
I XS EZ/ER ., Leskinen P(2009) %4 FIBH5E T &M 25
TTETERMIEL . FIREE T RPHPEMT. BEWNEEY SRR
PR R R WA E % 7 T B B ( Yousefpour R 1 Hanewinkel M,
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2009; Leskinen P, 2009; Cassano C R, 2009; Gass R, 2009), Prato T
(2009) T B3R T MBS AEE M B P RITEM
1.4.1.5 A%kl

RHANS GEBREWIREESIBL, EA—LUARFRTT
#: (Salafsky N # Wollenberg E, 2000), ZFHEMKEBRILEARSE
HERL , B, AENXHANS S HRE ISR RS E R
BEN, ZAEIIRE RIANSE, REANUESEHAFEHERXE
MER, BHEEMIIRRS 5K E S (Bouthillier P L I Roberge
A, 2007), ITTO ARSI S H R FIAN 28 FH D6 2 P 3R 0 ik L 4
BUTILE: REFAEMSEAESSEUTEI¥I P, SMEMRIEK
SIES A AR R LRI R R B2, BRSNS AT
BEA Bl IeE ; STIEFBHEAE B AR, BRI RHERENIE
=E, g AR RN (ITTO Hl IUCN, 2005) , ZEZRMRIUKE IE
% AT, Rauscher(1999) XH/A #2553 EBFS MO IR R M FERIFT T
SR, HERBARSSHRBEMRE SRR E RGN ERME T
fi% , Linkov 1(2006) ZE M MR TEAL . ZAR1ER RS HT BN HAE
MR BABER, #BHANSESRERNXEITIENERER. NS
SR FEEFHREIRE PR ERE, ARSSEAEAERIH E
(Kalibo 1 Medley, 2007) . SMzhAAEIL4r4 (Castella J C 55, 2005) |
% 53825 (Rayburn A Pl Schulte L A, 2009) ., 37.#h/KFPRE & 7HE
%% (Shindler B, 1996; Chazdon R L, 2008) . ¥ 5 iF4 (Johnson N
L, 2003; Reynolds K M, 2005)% 751, i Thomas D S £:(2006) FEEH
TERGERE AR (Pinus ponderosa) WAESRGMET B, RASEXTTE
HAARRIFI X E Z FH R, BAKRE—BMRE BAR, Espirtu N
0 %:(2007) B FI—ETR/EH . T B WAL B E S BT
Hr T B MIREB NP ETHR S 5HHAREEDT B R,
1.4.2 HEHENRENAHAR

PR IR 7 B 50 R BE B L 6 T 1985 473 52 8 WA JE & fin 3t
X ngitili (X 24 H0E RA A THREEEERNMAD) WIKE, 21315 F5
B2 47, 2000 EFHXIKE T 35 77 h’ FIFRAR, BAZH T HARIA
WE, BREMEAGEA, H=R=ESFESEEERER (Barow
E %, 2002), RGIEREITHZRKIKE TR L F R T HIT 17 5L
i, FIERIIRE FE, [H2EMEGRIMLTE SN KR
RARS T, XS HAAE WK E K B AR — 2 (Monela G C 4%,
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2005) , SHFER, ERW. BTk, M. B, g, REGFF
AT BRI E B TAE (Gilmour D A %8, 2000),

7£ IUCN, WWF, ITTO, FAO FEPFrHALARMESI T, FEZERMM
XIEFER B AR ST R SRR R TAE, 3 T A2 HME K
B BTh 4 (IUCN f1 WWF, 2005; Thomas P T, 2005), WWF %% F
B 5 MEDXERARFEMIKE 26 RInFIAIKERA 250 B R A
M. FEMIRE KRB S UL, DR B S B 7 BF AF B Wy i 0 R
8, BRI R BT AR IR E EL R Rl . BT 2 JE TR
BRI P T 2 ZRREF FF R (Ecott T, 2002) ; JBIH/RE A TRHFERA
EHEREWRE T PE R X AR M (Lamb D, 2003); EIEJE
PR TIREML AR, iR P REZFIACEER, WfeH# T%
{RIE A Y SRR P RRANILBR b X () 25 22 PO R 5 B .
T L K TP /R T ZRARR WK & 22 ) 356 ( Veltheim T, 2005; IUCN,
2006) ,

H 2005 4F 4 A 7EEFEHARS BRI 28 R MR B S vt &
J&, BREMRENZRERNTRERER. &5 KMWIEES BRET
FEE VIR T FIHFRE MK E SR ER SRR, NEER
HEBRGEFBMRS REHTIRE, NkEALETHRIER, &
FHERE., RE., B, #E. BE. SEREERHHIMIKRE B
IUCN 5 WWF Hi RR I ZRPR OR3P 8 R { Arborvitae) , 5128 T 5 BT IF R 1Y
—RINLH, GIFHERET ngitili (X244 F R &4 R EEERH MK
) MVKE . EDELIRAREIIIRE . BRE E EBUN & E IR E &R
WHED); FEHRFIZE T 78 WWF XRET B IRETES), 02004 48
Ja S PR R R 1 MHE R TR I B . AR T AR AR R VLR & I
H% (IUCN #1 WWF, 2005), SubRIAS, 7E 2002 48 ITTO H RIS 7
BUSRAEZFMHIKE . EEMAEETERE) (ITTO, 2002) WHER L, ITTO
A1 TUCN ¥£ 2005 FFERA AR T BRARR IR E FM) , TRHER T M
B R EBFERAMBAR, SOy EREBRMEE 75 MR R,
B R P ZMIKE T H TAEA R THFREIIKE F M RS, I
g SLE (ITTO, 2005) .

S HEAR R X B BRI E ), 7T AR R AR B L i
2. FlEXK, 2K ER; FIEYBERSSRETENETRE;
B F B R TR R K, MARBUNGR; BUNWHESS
X EARMNKEFFARE AT HEMRL, BARERELRERNIA
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HITHEeUME ; 76 B RIKE MAHIKE Z /e HIEF SR, 7B LK
WEEESPEEBEWKFHER, MUBB BRI E, HhE
RIS HKFHEEES ., 2RRY, BTREERE. TAREM)
LRt FTRATR ZHENR S, BOINFMARIIKEI TR, &
HEMFE, BE TN MR, kB8 EBEXLE LM I AfIMZE
MBI RAECE . FE, FRAREIIKE LR X,
WHE NG 3 AR FaSAHeE LR, U050 1R e flik
LRI FAMENLR . RFEHRDIRERRHFARSH (AHTT
PATARBI S FME R ERARMBRHAR), THELYBERNS
5, BUFHEESEEFASMIKE IR BEE, MR PG RSN
IRENAEZ MBI F
1.4.3 FHRERHELIKMEXR

R 1996 4 WWF # IUCN KM “ a2 T EF, siigd T&
SEEBRHB MBI SRIKERR . FRARSIKE EXNE a5, &
BRIKFER R TAEE S AR L AR MR ABUOR N 1E . FRAMRE K
BEMSREE, MERMREMRE WBRE L T3, BHRECA 1M
PATH R, BRIIRBBRRASE, A, NS EBUF RT3 R b7
AR R BT s —— R S BUR R S B —— IR R 2
fTRELFAZRERERE NI AL G, AR ATXIPER, 10-
CN. WWF FIRXAFIEIRMZE F & F 2003 4£3 AEF G RE T HME
WMRE 2R R, BEBET N ELHAEEANSEZER AT
TR, HAIFARHER Y B i5 2R Fmmsaa # T 4 #it XA 8 4.
FE BT BAT T 2R 0 B By 2K T8 0 25 PR B2 2% bR 5% WRYE 41 1 R 4%
(Dudley M, 2005) .

BRUKAEEEE. BREE. F2. £EH. HE, FFREEZ. BEX
. IS EBUN, MARATET, BRI 5.0 (il
fr), TUCN, WWF, ITTO, FEMMEH AR RN S0, BKEE
FRRIER AL, TR, EYMESEEHEAARBL, FEFRT
ERER AN E BRI R B BB At . P E W T 2008 SEIAKEER R, HETH
BT . HERFIA B IEZERBUS BRI A X Fi ik £ 5¢ & (IUCN #1 WWF,
2005) ,

200544 4 ~8 H, REHALHMN 100 BEAESNTEEH
AR5 1 R B T 25 4T 09 BRAR WL R & 55 ME A 3 £ (Forest Landscape
Restoration Implementation Workshop)” , fCENIFEF Eistt &SN ES 12
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HF AR B IR B BRRE I AR B R AL R, Bhya T
e, RERSETERRERNLR, &FEAKCRETEASE
BT EZ R R AR IR E LB A VR R ; ST E
PR SBRBCRBUTEIIRE BRI, R TARMARA, MEHMhE
RFHBILRRE S,

WESRUHRRCELTE, PE, FHLT. BELHHE, RE.
TneAFIREE % E L R R/ ST ikRR T, #P%, PRRAILEK,
e, RIE, ERIEMFILAE, AT, PEMAPEENSEFREBHR
W2 T Bt £ ( Veltheim T &, 2005; IUCN, 2005; Barrow E %,
2002; Ecott T, 2002),

1.4.4 FEMREUWREEFENERE

EER S B R ENFAR K RN, REWFE T HAEN
WERIBFEE THE, 2004 45, “rFEZAR K S FFF L7 221 )] 45 2
FT— X REEE KRR E (FLR) B2 9 BB ; 2005
4 AUEEREBRZMLRSINT BFEZEAS WK E E RIS, 3
ER(PERBA T S BIEHARESRRE) BWEP(ITEE, 2005);
2008 23 H, FEMAT ZRAAE WK E £IRIKHE X R (The Global Part-
nership on FLR) , BHRJ, B WWF ¥58h, 72001 IR SR S IR 2
KA B ST B BRI 458, i ITTO #E3h5 “ITTO ZRpkS W
PRE T E R X R Y, NS5 3 B #4E R TUCN
TSR EH 22— R MKE 5 bl it X 4 5 E I
FENRFFF R

FHEIIREWFERER R TRERZE LT, R REE(HHSE
WAREZMEE) PAEAT WWF HAREICR UK ERBARRE . (R
BABRYPHEERNF(FEERE, 2006), BB (2003) ZE( MW
HIRE ) hBSE T LB MK E M E B4 (KB4, 2007), R
BEREXNTHRNERIKEE LS T ERTRA TR, AE0ONE, |
RERMASS ., MEESE., 258, BN S5TENEFE#T T
KREFREEE, 1998; Z0B, 1999; 4L, 1999; W EL&,
2000; LG4, 2001; fU4ERY, 2001; BMEFMEEE, 2002; B
&, 2002; fIERE, 2003; Z=FLLE, 2004;), HREHAE WK
SR T RSEMPEIS S5 H R T B S AR

BIE 20 #H22 50 SFERBEBITIE T 1B AL IR 1K 87 2 A 0M-R 5 A
ZEBIRTE, 50 FERKRER KBS H FFRITE LS. Bt
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WA, 70 R HX BB bk TR R R (H I, 2004), 80 44Uk
Yoo E X (IEIRIT ) MBI MR TR @ B, K LHc TRIAH
% ZIMAESKE TR, ERENESHEREBE (GERGMIRK
fH, 1999; 4EE4, 2001), M 1980 FFFIATEIRMINEES A I L
FEMREMEBERN TR, RIETHFSUETTRESKE SEREA
i (AERS%, 2003), BERRT ABHARESRERAMA
TREBERZIIB. WEMLE, MRS (1990, 1997) &% HAH T
PSRRI E SEES R D RESN . R EYERAES
Bebk. AL, RERWRICSEL. FAES. LEAET . S S
IR L T T IR T AR, REBAMESREKET =25
£, NESREENE. BRELZRREM S LRHHNRMHHERE &K
ARG (KRR, 1990; KAEEMBBE, 1997; B FEL%E
#%; 2005); MIEEK(1991) XIPE(2002) , EEFE(2002) %5 HIXER A
WEHR . IRV EWE TR IR KA, BERREERBX .. MAKEH.
BHE (BRI, 2002) FaRAFEIL (EERSE, 2002) #47 TiRAA
BEGFMERWE SEEHERNE T ENFR(FERMEEE, 1997;
MBS, 2002; XIS, 2002; (EMERZ B, 2002; SRS,
2005) 5 MBI, HAOWE(1999) . EYERE (2000 ) 44X LRV H AR A
PRIFR T AR E BI (BERFBRKIE, 1999; &%, 2000); 1T
B MBS (1999) B TREAR# X WEFREELNA. BB
5T E W ZRACR AR E BT IR AL T B S EOR T A S LAl o
HTRENZFAEMRE TIEELRY, EXRMEL. B
BEASBRES R TAEST T HREREF TRORE, RE¥E
EELE W EAMRAR R IR E BRI F B BB e i
WK HAR KRR L, BEBARAIRMAES. HFHRRE . KM
SRR, KHRFREFMEURE TR NRTA .




IR R XS ik

2.1 [EkEERAREHRNR

2.1.1 HEGE

BRAARKEEBGENTERSNAREH, mabdtss 18022 ~
18°47", FR#£:109°45' ~110°08', AREIMIGREE, ARIMEHT THER,
REEHPRRER AR EAE, AHMSRERENKBBEEE, B
F5 = WHTHEAR (A& 2-1 FIR) . 28R ILK 40km, KFEEFRE 32km, &
FREHR 57. Skm, 2B R B EAUR 1128km”, 7K 79km®, HEHIZA BEAN
FEmBEABBESF 2%, BWEANEMRE DT 19kn, E=T
T 80km,

B
B

B2-1 BAEEEREMCEERSITRRYE
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2.1.2 SEHE

Bk BRI BIGE MRS E . BIEERBISHES B, SEREET
B, BEFPHRBAE24.7CEL, | AR FEHREKEN 19.8C, TH
FHBEESIR30C, HERGRRANITC, TERMEKIERS. 6T, &
SEFRIR S H{E S 9050. 1°C , 4EFHWEK &Ky 1500 ~2500mm, 24FFF
W4, G441 ARERFEN 4 AHREZE, 5E 10 AAWZE, W
BB E2ERKE P L E, ZXRHE, BRERTAREEN,
KA BATRACER, FWEEZ 3 ~5 WERNWEL, RARITIL 12
2%, X3 40m/s,
2.1.3 HuFEiER

REBERE . VIHEE., SHEEDAGSWEEIRE, B
BERAAED, B, SRS, RAERABEMT=
WHESRA, REMAEHTE LR, RE8E. BRERE L 86.2%,
WA E0.5%, MEmEYE2.3% , WERFRYE6.7% , JLEiliH
R LA N EEMARERS,; T EEEE I AEPE MK
N E; PEHANBEE; KEHNHEFENMREBIRYMBESE; PR
HEELHAEFTHSCEL . MIEE RN EKE

#2-1 BARKEEEMRRBGITE

R R (k") d £ BT (% )
Rl ¥4k 800 ~1499m 199.2 155.2 17.66
¥k 500 ~ 800m 44.0
EB ¥k 250 ~500m 243. 4 153.8 21.58
¥R 100 ~250m - 89.6
=g =i} 371.3 226.7 32.91
=F/ 4 144.6
FERE EBREERE 181.5 139.6 16.09
LEEVE 17.5
REEY T _ 24.4
A Y 95.8 95.8 8. 49
B M 36.9 36.9 3.27
A BT R 1128 1128 100

HFEMTERAME, WHBLBRERILRE 2-1, LR ILH, RE
e mP K =4 1, 3K 1499. 8m, K 800m LA EHIA f 2 1.
KEFLM=FL, FEE, RPK, EROXO0MA TN, SfHk
5., HXRE. HIFS AR, EHS ., A5HE, TME, XBE, B
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B —5 . SEARILETIEE KR 2 kS FE AR E b1
WK E N\ FIEMZ T EBEILE, KARMRENAVFRRARCE,
TR BB AN R A, A AR B A A & T R B R AR Bk
EMHTE RIS H# . ST T IS5 Ui X 30 R
2.1.4 T EE4SE

BRKBHEARENBEZER R G ZNDTUEERE R, TAERK
A IR AMBUR UL b B, &8 1A FRIah
AANE3, 14D, 8 ANLB(AER22), BRALMEREEELST
FEJLERMES 750m DL BRI, TER AT VAT, FESMAEER
450 ~750m L, TERAELLREEBEDMERR 450m ITHWER. &
o, BEFYLRETEETFE,

R22 BARRBEAETERYGITR

+2% A (hm? ) W3k +8
I 15517.45 M, BRL. BRARAEE.
B il =z k=g y-cg: 4
FRETAE 4397.73 B AR AT I TE R A AR AT
FELT 47399. 21 KL BRI AR R 4T
i SR YR MBS, Ok, Bhli
KR+ 20431.71 BEHkEL WIEH, FKER

BEHARL AEIRE . FEYHRE

BEHAKREL HRKE, BYRL. BAH. BYRHE
HEHKREL FsKH ., BKH. R H

K EL BHE., R%H

2.1.5 K3KBE
BRKEGEB IR E BN R, K/AMLE 150 24, HE
K, HEF, TEMPEEAKR, FEMA MBS REH28 AR XICAREE,
X N7AA UR/NERAN , HPERKRCAR KT, FEHHE9.3
fe.m’, EWER1210. 7km®, FETHEZE T HREEEE KB B ENER
B, XMEBFHE L, €K 75 Tkm, FEKER/NRKE., E%
IKEE. BBIKEFR/NEYKE, HELZELHRR 1216mm, ERF M
B13.16 2 m’, £EFHEBAFKE 55760, KEBRLBEES, T
KEBERZEWT K, BEAXLEFRERTK,
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2.1.6 {EWISFAE

HTFSBENLEG S, BARKEEREBREHREEERE MM
o M AR A LR B ARG B RS, b TE AR
896075. 8 T, it SEIFRM 53. 4%

HARMEHCR A R IBAR. EHIRRSE. BREMBIMN, A
AL, BILENKSHE TR 1000m I FHBFILKX, BT+ EE
&, WERAK, WAREKZRK, hR—K&ES ~8m, AFREYES
WA TE, REFE, REME ILENE, HMTESR 10 £ om WEEHE
Y. SRS TR 600 ~1000m B ILARILEE, BAEKR, R
YA RSN, R, B4, W%, KTAERARSNEREY. %
BRI G T R EE S LM, B TRELMR, FRER
ARBIRTE, ¥k 300m RUF AR B AR MBI AR . WA
BR, REEYASTE. 4. b, BEERS, KEKIHE
400 ~600m A ERILM, EHE RIS Z BRI —4F, FIRFRM RS
R, BHEARNTRESER . ARG HG7ERE ISR BRI RN
FRBEVRRH, FAMEPCAREN, WEEDIIAZE, 2EAKE, 2
WA R FKRE ( Casuarina equisetifolia) . ek ( Eucalyptus emserta) .
R (Melia azedarach) . &VEAHE (Acacia confusa) K RiF i FpE: 4z ( Homa-
lium hainanense) . 1A ( Cinnamomum Parthenoxylon) . FEFL. #iA ( Tec-
tona grandis) %%, v
2.1.7 HREE

(DBFMEE: MERBEEEES, MbEEREFERRRXNITRE
F1o 382005 EERAEEZE, £EMLABEE 6.80 7 hm®, A Ak EHH
6.22 Ji hm®, ZRMEFE 602 J7 m’, FMEHIR57.2%, WHEZ,
A 3500 5, BRWHAE: F K (Vatica mangachapoi) ([ EZXE KRS
AR) .\ 494 ( Lithocarpus fenzelianus) . BF. S} (Alseodaphne hainanen-
sis} . BJ}(Phoebe hungmaoensis) . B4 P2, EHL. 54 ( Manglietia
hainanensis) ., ¥ 5 (Madhuca hainanensis) . %M BB ( Podocarpus mac-
rophylla) . %1 #3 ( Podocarpus nagi) . &5 i1 #2 ( Keteleeria hainanensis) |
H ¥ ( Vatica mangachapoi) . MALF;. M. £2LHH. EBF. AR (Gmelina
arborea ) %

(2)KITRIE: KEFEAREE, ABRAKHEE R 519m’, JLFRRE
WERA, EHMTAKER, HEX2.912n’, 2EKKRELERN 16
fe.m*, HEEHR 5%, 8RN FHE—F K K 76km, FHH
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B13.16 2 m’, £ BF/NARIEA 150 4, KFBIEEREF,
Foo L /NELKH TR 83 55, HiKEETRR 67 55, BI/KTRE 16 5%,
FAMAE K TR 52, KEMERE 19120,

(VSRR BoKEME B 6 B AN 1223kn’, AR
PR NGRS, RIGESSRN, KELEL, WEK
4K 57.5km, FRIWETFTHERITR, USRWAR, REHE=
IR R o ISR BRI A — BT AR, S HITER TR
S W, MANEEBKE. LS. WEE. KO, R
B, BKREAREAEERLERSBNEE, 78R

T, RENEEERAK, &, 8. B, FED. Bibt. BXE
a ECRERRE 200 T t, GEEEMEIRE 1121, BS hAEE 600 TT t,
Bk Eh I AR A PR JEER 2000, WHEARKE A E, RARE, #
YORHDZG 700 7, M BARESFNENEIE 40 B, BE
iR, HhEFTEE, WAKHERE, PREYES, RRMEB%. AK
. XPHF. D%, WERMMERARFEST .

(4) BPERERIR: BKEA“KRBE" . “BIERMEEH" 2%
7, RRESEWHETHES, RSHLEIER, WAREDH
FEREMY —, XEETEET. M. SR RIR. Bk, KER. E
LR B, RR. ML ITEBUR. TR, BRELFLR,

2.1.8 HSEFWKR

BAKRIEEEEIA | META S, 114 MTER, 611 BRI,
88375 1, WA EEEEETRE. WITREGH BB WALR=A
EANLH, 2009 ELABAD36.4 AN, RUANDLET3.8%, £8F
BN, . RS 16 AR, HAPUEAD & 44.8% , HASHER
WAL 55.2%, BR, W, BERBENRE. KERENES, 75
FEAIGEERE) . RIEMEE, BHELENNEEES, 2009
, ERAEFBEN 38127, HpE—. =, S ES R
19. 1 4276+ 7.5 427G 11.5 4275, FElbg A 50. 2: 19. 6:30. 2,

2.2 KEHFEHENREREXEER

KB FLR 7R 36 XA T F5 4 e K 2004 B 16 B AL AE3E & KL
Fr, Hiabdr4s 18°34'35", &£ 109°51'05", Y53k 30 ~340 m, HFRA
400 hm?, SR EBE R E, HEURAERERE, FRERFEE, &
W75 48 ( Dalbergia odorifera) . JCE Y £ (Hopea exalata) . T FZ (Vatica
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mangachapoi ) F1 5F 4 33 8¢ ( Litchi chinensis ) %3 % £ 1 W #h fi K A #¢
(Sarcosperma laurinum ) . ¥ §§ 4. & ( Ormosia pinnata) . J7 5§ ( Litho-
carpus elmerrillii) . 3§ BB R ( Dolichandrone cauda-felina) . M6 B 7 i
( Cryptocarya densiflora) . FEAD ( Engelhardtia roxburghiana) . ¥EES BN FE
( Goniothalamus howii ) %G H WAF o

KRB BRBNBEREX, 4R350, FRAXTF =R EAD
fH, 2009 SR HLF 134 | 586 A (B AEK), B 348 A, & 259
N, EH35a)d 414 A, BEREK. R FZRARI, 2009 4 A
Ba A 750 STES

2.3 HIRFE

2.3.1 ERIIERNS4E

WEMRX ZHBBREE, M 1:10000 HIFE BT B Hd) S
RER SRR EHTRIE, MREBHNEGHITRSAHE, RHA
B3R B RRRALE G R TR BIRE, Wl Hshad, @
BEHKER. . SRR, FREMAXET FLR HENEERS
ARG, SEMRXFANP-RFEM RAERE, £40mEE,
BN RS, SEREWERE, MoBEENERE, @i EIER AN
EREREMTESRELE, BEARNHASNSERE, £8ER
BIE 2-2(FRENE),

% TM 4% — — i

g"; | sPoT2m EAPERR “iEn
PR

v l R

f"g 4 v

}E}% — Bak HIRFERRE |-

| !

5 % ( \ | B

LN %i\ gfﬁ) ™ g4 EBE

B22 ERERRENREE
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2.3.2 EWMEHAE

BB ECRIE RS R ERE SRR R, RS E S s |
BB WIS R E B AR . RS RIFIERT LIFE 3 MR B4
BANPESR (individual patch), fH# T BANBESL L A A BE B 3E B ( patch
type B, class) , DA R ALFEE T BEHREAY f 485 I 487t 44k (landscape mo-
saic) o 1L, BN HEE0IR T AL RL 4 R BEH K FHE B, BEBR R
KRB K EMAEIEE . BRtA TR R NESHRE, HE
REPHFEENE R AN, EWMURIRR(ZEFLE, 2004;
EFHUSE, 2006; phF@ A%, 2008), SchrniF ik EERERENTE
B Z2E RS RaTTNTE, RBRXENE RS (ERE
FEWGE, 2006)

X ST K B S A ST BB, A5 LL ArcView GIS 3.3 [ B4
B Paich analysis TR, BEREGREMIE. RIFREE. BRI KR
BERERE R R RIS B(RICES, 2002; fH{Z&%, 2005;
faTfis &, 2009), EWIHERBEEAR (CA). HH L (PLAND) ., BEH
(NP) . BERFE (PD) ., FHBEH I (MPS) . 1% % E (ED) ., £
BEMTERFE B (MSL) , WL RMEHE % SDI. 5 EH 4L SEI Ffh #%
D, BFEBWHEARXMAERFZEXNT (PEE, 2000; 3EF
FRAEM, 2007) .

(1)KBEEFR(CA), Hfi: hm, (&El CA>0

ZA (2.1)

K%lVﬁﬁeﬁﬁugﬁﬁﬁﬂﬁﬁﬂﬁbﬂxﬁ% KEME
R j AR,

BN CAEENERWMNAS, BRITEILEHERNER,
EAEBREENESE L, HENK/NHZAE SRR HAE 52 E
(habitation) FI#IFPIEE . BB . YR IHRAEMWERSE, IFE
AP EHR B R/ NER T RERATENFMEZ—; AEEREH
F/NBEE R B YR, REMRSEFEERNES, —BEH, —
MR EERAT WSS BB SHERIE K,

(2) BELRLFF 5 S VLT AL Lb B (% PLAND) , BAfy. BH4rH, JEE.
0 < % PLAND <100

4
% PLAND =~ x 100 (2.2)
AH: A RREWEER,
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HE A 1 % PLAND %5 F 35— B2l 5 5 AR o B B T AR
Eart, BEMAT O, HIEMPHIRREAE RS, HES
F 100 Bf, PLBIEAEI i — PR . S S (ma-
trix) SRR B MITE R MRS —; BRRERWPHEN SRR, T
MR BSESESHTHNEERE,

(3) BEHSR(NP) , Bafi. &, JEFE. NP=1

NP = N (2.3)

AR NP 7E2RI20 7] b 45T 50 b 5L — BESh S8 B 0 BESR i
B, 7ERWMGR E ST R HTE B B

EAES: NP RBLERNZARR, EE I/ SRR
WAEMIFHEMEME, —BHEE NP K, BREER; NP/, B
BEAR

(4) BEBRFPE(PD) , 3. 4~/100hm®, FME: NP >0

PD = LY w, (2.4)
4 2
W,

D, = 7" (2.5)

HKrp: PD AR ABEREE, PD AL i KRB RN HERE
B, ARt X R WEER,

EFEX: BFHFTAR(100hm®) FBESREL, K BUR I KBRLE
ESRVESRREERE, PEEER, M eBERR, SRR
HREHAKR, RZIR, LRREEREEIUNERRE I H 5T
i, 3 LA AT LA U B R R SO E R TR R LS (A1 454 Fp X A R AR
AR, TS RS B 5 0L B IR AR B e A R (PR X)) B 2
BERRAREL , ATT AT LLR AR RS 2R B 2 T AR

(5) FPHBEREF(MPS) , Hf7: hm’, JHE: MPS>0

_A e
MPS =10 (2.6)

AR MPS FEBFHR G B TR —PHRRA 0 S AR R LUZE
BB B E ; TERMEH %5 T 2B AR AR B Pk
SR

HEBEL: MPS RE—FFIPRIL, FERMEH T B R BBIIT
MRS FEULH MPS {H i 4375 DX [ %o PR ) B ] 4 9 ] I 2 3 0L
B/NFSORAR B BUR I 49V s 53— 75 T MPS 7] LA E S W 9 e
TR, PRI MPS ERELEEREEERNRMAESFE, EEAR
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BRI R RS H
(6) H&FE (ED), Bf7: m/hm’, FifE: ED=0
ED = %106 (2.7)
X EARMPE-REGBRERKE, SENHHIARRAME
KEE(m),

ERENL: BRAENMERFHI S AP F HRRZ A HA%KE,
VLEABERTE R M AHNAR . ED Mk, UhHI AR,
(7) FHBEHIRRFEF(MS) , . MSI=1, L EFR,
m & (0. 25P,
IPAE
MSI = T ‘ (2.8)

s Py RBEHRKA i 5 ) HSPROER , o, WO KRMERSE i 1
BEY IR

RSB BERRMER PG —RERAAK (m) RUAEH (m*)
BPIr AR, ERLUEERIER S, JEXITA BN, FRER RS
B, BUEEE: MSI= 1, B, SR TABESN E R,
MSI=1, MBERKTBARREIETRR, MSIHIK,

(8) Shannon ZREH#4E 1 (SDI)

n

SDI = - 3 (PInP,) (2.9)

i=1

Kb, P, B KEME L FR S BISERI LA, B

P, = ,2; %

AR RPUENERNEZOME R WER G WAKEL, 4
RS —ERMRE, SURYER, SRR E0; mWl
M ERMBERRA RN, HEFWEELT G AR, HENKLZH
B BRMZEEIET & AR, MRS T R,

(9) Shannon ¥J4] EE 8% (SEI)

SEI =

H
H

max

#HH: H R Shannon ZHVEIRY, H,. REBKE. BR, HEB
F 1 aF, SRS S EINE TR K,

ASES: RBENHAFERETR EAMNAYSRE, 5L
ZRMERR B RERR

(2.10)
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(10) fEFEF % (D)

D = SDIL,,, + Y, PlnP, (2.11)
j=1

J

St SDL,, = lom , EERUPFR KB BV & L AL,

RUAE BRI SHEIEE P, —EE i AR UERERSRMEEMR -

BB, m BRIV AP RERET S
BRI BRRNSHERSERESERTREEZE, EH#Hd

B PP EERIRBERINRE . B ERosR, A

BB SEWRELT S R K, SERE—FPEILARRE 55
2, WRZF R MERI WAL . S hlERRR; REE/NY
MR MLHEEER 0 B, RTINS RS VEE LA,
2.3.3 =WHERMMER

ENAME REMSISEDE R WA TR L, 55 Markov R (K,
AL, 1993 BESCHURIHE &, 2004; Fagde, 2002) B HETH IS
B(HEESE, 2001) XASZHSENRERBERRFIREETH
A (AR FESE, 2004) , Markov 45 BLFH S5H A B, ST MR K W
MG S SR, ZER MBI AT F A ZBEM (410, 1988; B
W8, 1992; PhFHEE, 2005; RFGHES, 2004),
2.3.3.1 Markov & #

Markov #£5 FF Markov i3 R BIETE A% B9 TR 2548 & A= HE Ry —
Mok, ERATEA LR BEARTN, HE BN WsA
BEN—&BEERRE, —IAJLL Markov #8205l & RSk 20
AR &S 3 RERRER: £—, BB —FFRERIT 2T AR
EHRNE, MEWERNEN—FEREY, THEBERAE, 5§
=, RS R — BB 55— BE R R B b B8 T B AT
HPRETT SRR TR, £=, RRBERZMNEBERAE, XIE
EMRERBEEBTE, SERETE, BEENTAE—RRENR
B (BEFFEEM, 2007), :

EEhASELT, RWMIKEEIXF B Markov 5 FE 19 “ AT BRRAS”, T
BB 2 B T E AR E S LA B AR AR, TR AR
(2.12) AR (2. 13) X B AR LA T O «

S =Py S, (2.12)

K S, S, AH R ¢ + 1AM RGERE, P, RS BAR
AR, ATHR(2.13)FR:
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PPy,
P. = S

P,---P
KH: n AFWMREL, P, RN | RSB Z R j KA MR
HEER, B Py A0 B LU T AN S
(1)0< Py <1,

(2.13)

nn

(2) Y P, =1G,j =1,2,,n)
j=1

2.3.3.2 HBBMEEHGHLT

Markov #ERVH MM R B ERBMENHE 2T (E T LA
B, 2007), ABECIS T, BZHBRNEREEZ RS
TNERAE, B A IR ek A REBR (R AN AR B TET RIS AL o Ho A B B BE SR
HAR, HEESRMER LR HFEHRE R 2SR R R 3R E
FEHERARMETHE, WTHE B RAER,
2.3.4 SplHEE

SR EZOMOL R 2003 S5 B RMRFRE AR R R FEEAM
FE ) FNHEEEE MOl R 2008 AR5 A i G R A FRAR IR IR 2 A R AE A
Wy, 65 50F&HE:, 2008 411 ~12 A 12009 43 ~5 AXFEEK
% B 1R B KB FLR /R 5 X 7/ DX X 5 /N A2
2.3.5 BUSXREFMIFEIWHTIE
2.3.5.1 BEFH sk

SR FARE ML PEAT BV 2 R IE TR 2 ( EHFR4SE, 1996), 2009 4£3 H
SHTRE T REX A 4 AN BCE IR RBEE LRI 4 N IRAEMBEE AL,
BABIERTBE PN EFN 720 m? MR, SR 20 16
m x 6 mi/NMEFT A, XTRAESM, WEE M AKE DBH=S5
cm FIFTEMAR; XFFIRAEM, TWES T RS H=1. 3m KA
MR, FAEEMPNERE 2 NBRER, HEEARSHERZEY. KH
J.T. Curtis 1 R. P. Mclntosh £ WEEEMSHTERMETE,; &6
BEARERE, ST 2RERE (RESF, 199%),
2.3.5.2 At S AMRE

RAYFMETE. UFhESEERE. YRS ERESTEERR
SENEwFEZENE, YMEZTER)FAYMHNEE, BIFEHNE
BB (8); Shannon-Wiener 85 (SW) R Yfh ZHEME; YFMBSE(E)
3% F Shannon-Wiener ¥5) B A AL (ED) A Simpson 4= AL HBEE
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(EMRFHE, 1996) ., ZiHEARXN:
s s
SW = zPi * log, P, = 3.3219(IgN - Zni «lgn/N) (2.14)
a1 =
E = SW/log,S (2.15)

N

ED = Y n(n, -1)/[N(N-1)] (2.16)

=1

F A . SW 4 Shannon-Wiener ZREMEFEH, S HFHEL , n, HEE i VP
BIAMESL, N Jomedk (Beth) 23 MR BE, P, 05 i MR EME S ER
BE, ENET Shannon-Wiener ZHEFE IS E, ED & Simpson 4=
SEE,

2.3.6 S5ARFIEME(PRA)FE

S5 F PEAE (participatory rural appraisal, 455 & PRA) 7E H R
80 ARz 15 A M A A 1 38 PF 45 ( Rapid Rural Appraisal, 455 4
RRA) HEEMEM L ESHEREMRENRIVAESRE ST, BH
ANEE | RFERGUIREED ZFH R R (Chambers R, 1994), T
90 R A BRFRIF A 1E AR AN SEEMFTOTE, FHRRI K
BRF . SRP—ERER %S THRN ARG —F 5 %A
BR", B PRA B3, THHNERE, BUy RIS, SR
RBUHRIAT B AR (2R 4F, 2000) ,

PRA W F B MR R RMAME, HEE —MEHAIRLNE X,
RDSAHER ., TR PRA: ERE—MS5WTEMRE, 7
SMREHIET, BRIEMAZHS LR, S 514, 2EE
R IE KM, $1E 4S5 8RB B 8 47 35 ( Robert L,
1993), BAFELMANT R, PRA BIEAN IS5 THESTEHR
2, HEXE: 25XBRASBAZEEEAMEEN FRHNEE
P, HFERZRERIWERE; RNERFEREEARNZIE, AL
Fr LB &Y BB T, WS REHEZ H RIS B B 5L -5 i
MBS (XIBESE, 1999), PRA R —FMEEF &, NE—ME
YR RS 5 E FSEE AR, Bl PRAWEFTIA,
BRIk YR RBR S 5RE, T M1 BT AL B4 X IF B0 FITE I 59 5] &
e RA B st B 30, 00 B B AR E RS SR R
e, LR ERTAYERECHIE (FREW, 2002; L%,
2004) ,

AFABM PRA TRGHEEENE. RS, BAAEE. KF
0. REMTIR. FREETES(FA, %) 25XHE. [
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BURREHER . MTRTERIFGSE (2=, 20015 X405, 2007),
2.3.6.1 F#ZHiFik

2L 2L TR ( semi-structured interview ) BAIX TGRS . &
HFRHAARRERSHEE, NIEREERLEE. Kitly, EE2EE
hEREELHE, HLE—MEAXNRELTN. MR, REEBTTR
MW BERBEMAREL, WRATE BRI RNEN VR, EFRA
ARG EEEE TN, E TR AR 5 805 W R I Xd
o RIS IRAME, B, TP ME—BESXFIBA, Hf
FEB, BRE, T TFRENEZRASE/NENIE, ERERTRS,
HHEEEBTEEN “6 MIF7#HTRANE, X6 MITRATE
R, Fal M AaL At E. R, B4R, FEIRASW +
1H”, BEEHMNE, RN S REREE RIS RHETERE, 59,
M,
2.3.6.2 FRE

P$YR & (resource mapping) 5= PRA B —F, TS EER
K, EMARESN PRA SCHIATI T, A XBAREEHE, i
FIFAZE., MREHESHRIRENERE AN TR, RHEEELH
AEN (BERHTAEN . EEREE) W55 i b By F WA 4K B2
HIH AR — KR KRB EE S BN, Fk., b, ERK. T,
KIE, #K%, EARSREP, BUORERL, R ShERIKE
FIAERSWRERMHE, WER-FERMERBSHARAE, 25K
TR AT R RS BT, SRR FERFREES K. 6
L5 8%,
2.3.6.3 ®h

Bl (transect) f&5 24 3 01 18 AL IR 6 B — KIS — R HF AT
HATEHAEE, AREKX, FEEFEEFARETEFRER . F8F, &8
HIENGIEN R, MEBEMSTTHE ., L8, HEgk. MEmE
& RBIRFE R A PR ZER . e R BRI AR E A, 7
R AR, RERAEMAPNEEFER, RN, WS RE
WD F, EEANLTBEICR, TULHRASHEE, BREFERN
MG R P L R B I A, LRI T S AR A
FE R4
2.3.6.4 E¥%pm

7575 [Jj ( seasonal calendar) th 2 PRA f—Fh R T, FAXFE. &
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5. &% WRHERERMSWRPZERGNMR. T8 MLREME
HRMRR . HARERETHRSOERREERL (2, 50, %
NES%), TMRPOEHRE. BLoITHETHE, FHHEA.
FHEAEAENRSE, SETHMHUAME—BESIREER", REE
NEBAEE T H. JUSEERICHRNETHH—H, 44 B TIES
HERE, FESTHEHHZEINZER, BITFEE L4 RM.
2.3.6.5 SEHHF

SEFEHER? (matrix and ranking) 2 FHEBEWHER (F7T4) . HEFH
(HF) FFLVERE R MIE A E N, RS ARNEE. WE, Ml
BERS FE FMRE . IRIEFAEAR RS Z A0S fds ek b, #iln
SRS . LA RN RERIITNE(DHRE, 2001; HE,
2005), FFATEMSRAUESE S ANNE, REEEIRE, W
EMNIZEBRFHE MO, Fees| ZREIINSE. EEEFERTS
K. B ERBIRRN ST
2.3.6.6 |EK

[E} R} (problem tree ) R LR . & kR M EVLHAMLEY 2 A
HRXREW—MEBTE, 2EF. B, BB EERE, KRS
(AT ZW, RERRREIHENERE. &R (R UMK
ERRRGR: WTAHEERBESRZCRE, BAERREER, mmk
AR RS R IR R AT AR I & T S B KIS s R 7F
W FERB LB RMHERER, AERERRXER,




B HHRRMKENESIEER

PMBMKE B— N BFEREREFRMR R AR WA 4TS
SERVERRBARBAERE, MEMRE R T PR 2
BRHAER, REBAEFMELIBESRERSRETHRAEN
WA RRTE FAMEIIRE R ARV, Blar ok
FEIR R AR B WK HAR, BB B B WA T B8 1
X ESRPERY RO AT DI EOLRT R . AP, A, BEYE 1
ARG HIR X I, 330 O33R B 06 2 40 25 VR SR T KT /e IAER S £
PF, &Rk, BR. EER(NEE) . mOR) . &, 8. HE84%
B L & i BN & R IR (B 4R X)) B AT AE R — R
EMLEAEY, FNEMKEFZBES R TBENEN, —RERE
B, RS RERRER,

BRVE 2 T A FLSE SR AR AR R WK B A B AT SR AR A B TP B
PSR ERN, BANSRITBN REAEMRE, A XAF”
NEBEENFR, BAREX G LARBE IR X, H3E % R
DX R 95 B R Byt T XS0 B 9 e BB DA R R SRR 4k, 474
SR RIEMSHEY, 5RANBITEN F—SRNTBRE",
5 ] /2 T P R U A AR AR R R R B R WA IR A A B BT T Mgk
RABFR, KESFHSTHELRPRGAA KB BRRESEN
RE, A“KEBKFE REGENRRE, BTEREBNIHERNER
HEHA, BBAFRREEREFHERM, ERERBAFH AR
SRBRBRERMO=EIRE, Bk, EHRAFWIKES, 45K XK
A KA BB R IKE, Kb X7 3 B AN RITEH,
IR BB AR BT, AR PR AR KB A R
R, “REUIRBEAKBEKEEEE,

FELIEK B B AR E AR S RA K 8 AN kR
WRE AR G K SR RG], MBRMREIIRE WA ST EMELR . Fl2s
HMRFE M. B2 FLR K¢, BWBSRESHT. RIS 5K -4
Pry BRULOIRE L, SL KRR HEmg . FLR R85 S0 A ) 5
PRTSEDTTE, BRITE A E E R S AR R XK SRR R K 2R AR
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YRR I 7 ek R A
3.1 HBEEFTEER

FIZSARRE AT L BUR A \ﬁﬁﬁ%ﬂ?ﬁ%u‘ﬁﬁﬂﬁiﬁ\ TR
SR E SN S A TN %%iﬂ7ﬁ¥ﬁiﬁﬁ&ﬁnﬁﬁﬁi4ﬂﬁ\
SEHIKARE NS FLR A% 5 SO il 5 3P RS AR bR BRI B Y
FEAFAESSE, Ho ¥ RARAAE REIIE ., T4 A YT
E. BARERE. SN S I, CESER . ARSEHE
NIRRT RUABEFN, KPR, Jra R NS R T
HHEMRE AT SRR, SN SITEZ AR ELRRINE3-1,

R HRH AT ~ §
% ‘ z
| RN SESIFLRY S |
| TR R A |
| A ml
| i e Al PN
| N
R |WEmRRER ) | aoge | |2
5 E%; (| FERAIESI |/ e emhonas gg
= ﬂiﬁgi | w5 —
AL N e |
ke ! |
BEINRE |
N e
B U S5 ~ |

____________________________________________

B e
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3.2 FmtAXEDH

LHERRAR VIR E BI5E — S BRI 20 BRI 35 . F25AH
K&, FEXERESCONEEESEEEMAMRIREE I, HEEER
B2 32 B R IK R BB . BHAESESA , FAREMREALE
WEFEFE=RKNEHERE . TENAZHERE: FARRNIRE L
#, BEMLEARYM ., M TIEAR, FEBNHR, RE., X, 5
Wby %5 BUF, AFEERMSHMBUN; WERFIZMERE: HFAEN
WEABHEK AR, AR ARMSN, BFEE; LR MR
& —RAAR HRIEL . M ERIE R

HREFAFIIKE PR RE W F AL ERE . ORFRHEHE
HOHE: SRR ZEBE TR GOl T L R s L S Mk A
HE, BENEMRESMEY; OmRMFIBERERE. RfighE
HYFIEEAE G R FIZE A OCE BOE BORIE; OmAIREZ KA A
HpE : MREER N ASRETREEN THRE, ML IEA
REBAGEEHX s @l RIKZEWRL TEARFE: LT
YE A RAER—RgUR i —Bet 1], 7T R AL IR B A 254 36 & O SR
GOETFAOGIENTE: 2T AQSHEE, WaER. Bl fim%
WS/ X TRKEERBIGERYL, SHERRMRR IR Z BB HF]
smAARAREE. MR, ERRAMER, BRLE, EELHE
BRR., BksR. B BERESHLE. BRER. BIRER
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4.2.1 BBEHEPHKE

WETHRXWENBRER(FELHFRI), HPFELEEHEAR
HAEE BB =B A 1991 45 10 A 30 H KRB LANDSAT-TM
B, 7 B, 4PEEE 30m; 1999 48 12 H 31 H 2B LANDSAT-
ETM 248, 7 JB. 4P 30m; 2008 425 A 15 HIKEE SPOT2 (£
HEMEAEER, ZHE=WE. PR 20m, £6FESPHER 10m,
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M1 : 10000 HiJE B eI 8 by s, FEAEHLE TR Z Rt
TFTRIE, BTIHLXESHYES, FERERERK, WKIERE
i1 2008 4E [ SPOT2 SR M Lok fne I B ATRL A, AR E
433 Jg 10m, Xt 1991 F1 1999 £ TM ZEOEB= (4. 5. 1) KIE
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EMERHNEHREAFRREMRE R, HEAMENBEXR,
AR ME R LR BEHER . T AB H A 5L A A 400 7 1 I 3k S
B, BORER BTSSR F B B R/ NI . BRI RS R ROk
R, AAGHTEKEKEERE BAENERRAKAEBEA(CA),
AR (PLAND ) | BEER %0 (NP) ., BEHR % F (PD). F ¥ 5E S i
(MPS) | #% % B (ED) MBI BEHTRFE B(MST) , SR ILFE 43,
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WHE, FESHFELRMIEBMFFEBX, i HE R SRR bR
N BRI E PR (L 5) o KRB WA (24764hm”) , (5 &
AR 22. 80% , BEHEH 344, FEN TILEBER L X A 5 Hb
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JEEBIS. BHAL, BBAAREZEATEFEES LR A K EE X,




60 B E T

£43 BAKRIKEARE 2008 £RMEMERISE

' BHEE THRER AKFE PR
(b’ ’ ! (4/100hm?) (hm?) (m/hm?)  MSI

=377 5153 4.74 1 0.21 468. 43 38.39 2.31
BILRIEHR 6837 6.29 110 1.61 62.15  57.52 2.00
W 24764  22.80 344 1.39 71.99 6823  35.14
BLAk 2358 2.17 766 32.48 3.08  341.38 1.82
BB 8324 7. 66 58 0.70 143.51  104.87  19.42
P 7365 6.78 505 6.86 14.58  265.76  839.83
RIEEATLH 452 0.42 44 9.73 10.27  213.37 2.02
HAb A THK 7235 6.66 1530 21.15 4.73  250.81 2.26
HAt ik 176 0.16 13 7. 40 13.51  161.56 1.91
FEAER® 4126 3.80 1202 29.13 3.43  293.26 2.33
bk 8693 8.00 301 3.46 28.88  144.09  10.95
R 26651  24.54 829 3.1 32.15  110.58 3. 60
HA 6478 5.96 590 9.11 10.98  158.43  83.24

WERNALTFEERBRIT, ATHAER S BEHEK7.08%, GFER
FPREE A TARFIRA S H M A T4k, & 1574 DBEH, HpoRBRE AT
EAA 452 hm®, FEMTFEEHRX, FAEEEHTK, BI0REBKE
% 6837hm?, HEVMEEN 6.29% , FEAHMMIEEEERS®RIT.
AR TFHADS B X (R IUARRX) . WM. B, PHhEH
fb R TE AN 6478 hm?, (5 MTEANAY 5.96% . JEIAAE R & B EH
4.74% , 35153hm’, EEMTIHABL IWHRESEHME, NBFEHRE
(11)RE, FEMER 5. HXTES, BERSEESFELRBIR
RAFEMEEHX, §EWSEEREK 3.80% . 1B 4k bk i m S
2358hm*, HEEWMBERK 2. 17% , H 766 MEtk, FERRAMKIT X
JEWFTEH, BEERENRER. WAL, RFIAL AR i H Abk
HTEAR S 176 hm®, (5 EVLEEA 0. 16% ,
MEMERFIITERRE , SRR 3 K BEHIE R 6 £ (MST)
HEFP UK AEAR > BRBOMK > JRAARHR > Fof A TR > RBEE A THR > BILIE
TEAR > Foflpkh > B ARkHE, B TR TP EE R B,
BEERBMY BM, RERBHEES, #3514, HREBREMNK
(19.42), FHZAMEREHX, wEREFEEERBTES. Bif
AR(2.31) FLATAR(2.26) BRI R e B, T, F8
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BB ZHEMRMKH % FEERERTREENR, BICFEER, REK,
BIEHES AT E PR MBERRE, HA B ih %% B R
B, J9341.38m/hm®, TiBEIEMIH S BEERIK, F 38.39m/hm®, X
W T B B, RS A REE i,
AR, BALIEIAMR . IRAEMAE B RSN BES A AN, TR
MEEARBENHTETELETHE, \AEISIFEIRRE TN,

EEVNERWRABEE T, B ko irsesi® E (PD) M3
BEB EAL(MPS) AT LU B AN [R5 WL 2R 7 50 W2 A 45 4y P O 4 R AR
A, TREMERMERAR N RS SURE, BR43 TR, &
EMBERRHRFENEHRRERYARKES, HHRMMEBEERE.
IBfEARH B M AN AR B 25 FEARXT BN . BERARE, U
BRI 4 SR E 2 AT S BN, Rk B R ,; HPR
A RO BE R B B Bk, 35 32. 48 4~/100hm*, B2 B TR AL AR L
ETRIMA, WEMKZE, ZEREWAA TR BB
#, HBFHREEEK, FEM. BB, AR AR R BER 2%
B4y 3% 0.21 4~/100hm?, 0.70 4/100hm’. 1.39 4~/100hm® I 1. 61
A/100hm*, B BT HARMWER KR, LHEFERK, HFHBEHR
HAAS] 468. 43 hm” , X2 H FA TR REWRBEARZ AN THE
i, R BRI S BN R L RN, BT
WAL R, BEMREZ I AR THREKR, BER2HETK. B%E
A ERRRE, AUAEXES, HEERKR, AR AEMARL
AR FRAESER BB IFA AR E, ERH TIRERN RIS
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R B EmARAWT K, RICFEIERE 5 7E R R BT i Hh
¥, BR AR R AR B R,
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Bk B B I8 B AR R LA AR 108611hm”, 3hA 6303 4NBEHR,
SEHBEHREFUR 17. 23 hm®, BEHRFEE K 5. 80 4~/100hm”, BEHRIIRFE
B 86.82; mIMEHEMEIEE SDI, ¥ EEHE 4K SEI FLHEHRRE D &
B4 1.86, 0.70 #10.80( .3 44),

R44 BKEIRBIBERKEIRE S EHHE (2008 4)

BEEE PR B%EE FH3k
LT ER R PD EFRMPS ED  JR$s¥ SDI  SEI D
(hm®) NP(n)
(4A~/100hm?) (hm?) (m/hm?)  MSI

SSME(H 108611 6303 5.80 17.23 131. 67 86. 82 1.86 0.7 0.80

AR MERFK RS THENZER, BRANEHE T,
MEMEE, BRKBERAEGERIIREE, ORARME, AEILEIRS
MRIKAT 23 DO R EE AT, RIS L X3 |, PO e Ry . AR
TR AR P Y 5 H M o XD ARAR R LA % e b B R i K R 40 B
R T Bk B B i6 B M AR IUE R L300 K DUR GG AR
TWHMFLE AR, FORS R LIARAR . MO E, HER-F
R 22 AR R s A e, AR FE WY & b UK R 3t 0 s 4 A o
Eo BAKBIEBGEFRMRNS RS, MBEREER, FRNE
RRBM BRI AFBER B AR AT ; R AREMR B E AR Z
51415 ho”, ERILEERN 47. 34% (WK 4-3), FTLUBEFHRKH
EFRWER; Fiask, BUAEIRMFSRAE R &5 B/ HE R
b, (ERPERERED . BRI, afhfkd, R LEEERIE, W
B IEE TG, WENZE, ZEIREANTRARAM . BB
MEE, HPEREEEMR, HHARER; BARKRABERERN
DAMRHIGEERR, H SR, E A mF B N R E R LT E
TR, BRA. EHMESMERBA THA KR RERAER,

4.4 1991 ~2008 FEHZMEMEHIE

SN B AR AR 18 IR WL HR B AR A S5 4 P D BE LIS 1] T 2 22 9
Ak, FMSHEBIE H R THRMEZER SRR A AR 3E
fLHE AR, REBEASI R, R EREKE.
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4.4.1 ENERAMBFHAFMEEL

FUERMRAHEERNFERVERLGEEBRRR. +
BEUARMERLEHAIEEM(CA) . EFEL(PLAND) FIBEHRE(NP)
RULHIBEAKBEIE B 6 5 1991 ~2008 4F[A & FME R A AL

BB B I8 B R VLE E AR 108611hm”, 1991 ~2008 4F (MR 45
W, HFRMBERKBEPYA ARRENEL, EEUED. 5%
B R A A TARR IR S AR AR BRI, R
HAARRREN TAHE BB F (L3R 4-5 FIE 4-1) . BELE, K
IRARCELTE IR, IR LSRR A K ) TR LA Wi > (e 1991
LRI 45. 15% Wi/ ) 1999 4E 1Y 37. 81% 5 2008 44 33.83% ), ATAH
(R, B, NER. RREMEEATH) mR LGB
(1991 4F #y 17.84% 3 hn B 1999 4F f 21.25% %] 2008 4
[£129.52% ) o

F£4-5 FBAEEEAE 1991 ~2008 EHEHSNE SR ERETWL

HPEEA CA(bm?) TR L PLAND% ‘RS

* 1991 1999 2008 1991 1999 2008 1991 ~1999 1999 ~2008 1991 ~2008
Bk 5153 5153 5153 4.74 474 474 0.00 0.00 0.00
BALEMM 9882 8124 6837  9.10 7.48 629 -17.79 S15.84  -30.82
WHEM 34004 27790 24764 31.31 25.59 22.80 -18.28 -10.89 -21.17
BAkbRHE 954 1859 2358 0.8 171 217 94.95 26.87 147.34
KRk 8200 9473 8324 7.55 872 .66 15.52 -12.13 1.51
ek 283 7125 7365 210 656 6.78 212.14 3.37 222.65
KIEEATH 1846 463 452 1.70 0.43 0.42 -74.91 -2.39 -75.51
HoAth A THK 5505 4211 7235 507 3.8 6.66 ~23.50 71.80 31.43
Hfthmst 735 1196 176 0.68 1.10 0.16 62.65 -85.31 -76.11
EF 2442 3057 4126 2.25 2.81 3.8 25.20 34.98 69.00
iz A 1553 1798 - 8693 1.43 1.66 8.00 15.74 383.60 459.74
R 29614 31365 26651 27.27 28.88 24.54 591  -15.03 -10.01
HAb 6441 6999 6478 5.93 6.4 5.9 8. 66 -17.45 0.57
B 108611 108611 108611 100 100 100 — — —

M 1991 ~2008 4E 8] 28— B M E KRB W ERBMARE, FHHE
FUR ST B, WA M 1991 4E f 34004 hm® Jg 70> B 2008 4 (1
24764hm*, JE/> 9240 hm®, 55 VR E AR H BIAERLFEAR T 8.51%,
EERTAERWEMNBEREM, HREBLEHBK, @BHED
3045hm”, TR LAAERIE 2. 81% o AR FAHL . ABRE A TARFIH Ak
PR T R4 B2 2963 hm? ., 1394 hm®F1 559 hm®, A INE LR
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4-1 BkFEKEAARER 1991 ~2008 £HRHKEUERLIERLL

WERLREREH, M 1553 hm® B %) 8693 hm®, TR LI 6. 57% ;
FRRNZER, SITEFY 5083 hm®, HALA TH. FEEA#ALRL
MHERGA RRBENEN, HRESFIEST 1.59% ., 1.55%
M 1.29% . BEHERIEA RN, MRS T 0.11%, THH M
BT AR iR/ (37 hm?)

MARFEB A = M B R R B RE, 1991 ~ 2008 4F 8] i FHAE
IRiEE R KRR, 17 S ARSI N, i AR 1991 45
4.60 £, {HRXFFAILFE L AT 1999 ~2008 4£[8]; HUCRNEBH,
17 SRE3E AT AR 1991 4249 2. 23 £, X HN R B & A 7F 1991 ~
1999 4E[A]; BbARHb RIS B B B K, O 147.34% , Hod 1991 ~
1999 42 A F1 1999 ~ 2008 4F ja] T A1 i1 0 1 43 51 3 94. 95% 11 26. 87% ;
1991 ~ 1999 4E 1 1999 ~ 2008 475/ A HA T AR BF 23 i A BB R 2 A
HEFFEBERAS, HEE I EEEINEERE K TR—a, 1991 ~
2008 4E[A], MEFRFFELE /RN E BREH KA. BIEBHRFAR
BREATH, FEmBRMBD> FERAFE 1991 ~ 1999 46, HpR4E
MAARREN THRAER BT R AR E R B, 1991 ~ 1999
SR B T AR B B K F 1999 ~ 2008 4E[R), ¥k A= MR ANB Ak IR AR T R
HURR At TR B RARARET FRAE 1991 ~ 2008 4R [A] 2y % BB FIE
it JFE b P T AR AR AL S R S e Vs >, ERRT— I A AR T
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JE—I A R TEAR, 15 SOX PIRNZSE] 1991 ~ 2008 4 8] T AR S A 1,
HAbMH . R A E A Se NG >, FFH 1999 ~ 2008 4 8]y > i T
FAKTF 1991 ~ 1999 FE RGN E IR, HALA TARA EARAR {5 H A&
MERAKFURFE, 1999 ~2008 4F &) 3 fin 49 8 A2 (3024 hm® ) B B K F
1991 ~ 1999 4E[RIE/HE AR (1294 hm®) , {23 H A A Tk 2008 4K TH
KT 1991 48,

BKEIE BIR B AR MEZAKA 1991 ~2008 4 7] BEH gk A8 1L 0 3=
4-6 FIE 42, BEBRSEOM 1991 4E 1Y 1961 HEHnF] 2008 4E () 6303, H
JFIAMBESER R AR, KBRE A TARFIEL AR it B BESR$ A B>,
T AL RN B R 2R A W B BB AR E R, 1991 E&FME
EWBBERHA R, RAMBEREERS, K563, SRR SN
28.71% , HREFEFH, BEH AR 26.57% ; 1999 45 WBEHEL
BERN, NERRREIERE, TRELMATR, B SHH
23.89% #120.56% ; AHEL 1999 4, 2008 45 MPEH BHHEA WD, B
BB LR E R KRN H AL A TR, WA F BT 8 A BES 028 b ok
E, 1991 ~2008 42 MBEHEL 34 I 4 H 7E 1991 ~ 1999 4E (], HorJH
HEMBEEBURIRE R, IBLBIAMR. WM. Bk, A A THA
R A BB N BT A A G, ARBORR. EAthpki . AR A AN
HoA A R BES R S R, b R BEER SR SR B, KRR
AN TARBIBES R S0

£ 4-6 FKRBKREAER 1991 ~2008 EHRHENERRBBRY TN

HPEHR CA(hm?) TR 1 PLAND% RS
R 1991 1999 2008 1991 1999 2008 1991 ~1999 1999 ~2008 1991 ~2008
J3 v 11 11 11 0.56 015 0.17 0 0 0
BLEBA 30 8 110 .53 112 175 52 28 80
WHH 101 208 344 5.15 285 546 107 136 243
B 80 629 766 4.08 862 1215 549 137 686
BB 16 105 58 0.82 14 0.9 89 -47 42
Fr 146 1744 505 7.45 23.89 8.01 1598 -1239 359
AREATH 64 61 44 326 0.84 070 -3 -17 -20
HMATH 118 1501 1530 6.02 20.56 24.27 1383 29 1412
HAtubk 21 34 13 .07 047 0.21 13 -21 -8
B 521 914 1202 26,57 12.52 19.07 393 288 681
Bl 134 132 301 6.83 1.81 478 -2 169 167
KA 563 1212 829 2871 16.60 13.15 649 -383 266
Hib R 156 668 590 7.96  9.15 9.36 512 -78 434

B 1961 7301 6303 100 - 5340 -89 4342
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F4-2 EkFRELE 1991 ~ 2008 £ M SN E R RE RIS

4.4.2 FUERXBREMTH

o35 LR K 2R B VR B 1991, 1999 F1 2008 4F& S M E KRR A
PLYUE I (PD) FAGHE B (ED) (3R 4-T) , SHTRMERFEHR K
WAz,
F®4T BARIERERE 1991 ~2008 ERMENERLXERREEFNNZTETHL

BEELEE PD(4~/100hm”) &% E ED(m/hm® )
REMERAA

1991 1999 2008 1991 1999 2008
EAEHk 0.21 0.21 0.21 38.39 38.39 38.39
B EIE AR 0.30 1.01 1.61 36. 64 49. 58 57.52
WA 0.30 0.75 1.39 38.91 52.67 68. 23
JEAL AR 8. 39 33.84 32.48 141.70  285.40 341.38
AR 0.20 111 0.70 54.46  109.55 104. 87
skt 6.40 24. 48 6. 86 180.80  327.09 265.76
RIEFEANTH 3.47 13.17 9.73 127.66  227.69 213.37
HAATHR 2.14 35.64 21.15 119.61  293.79 250. 81
Hofth s 2.86 2.84 7.40 150.68  165.34 161. 56
FEAE R 21.34 29.90 29.13 200.27  270.10 293.26
e 8. 63 7.34 3.46 168.04  191.55 144. 09
R 1.90 3. 86 3.11 82.31  133.72 110. 58

oAb #b 2.42 9.54 9.11 152.43  209.36 158. 43
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1991 48, JEE A PSR E B FE Hm k(21,34 4~/100 hm® ), #1%%
2 B K (200. 27m/ hm®) , 45 DL /INBE SR AR X 43 B 43 A0 4% SR 4L,
R B R . AR BE S 25 B 16 $8 /N (0. 20 4~/100 hm*), Ui
B 1991 SRR AT BN, REEPEER SRERREE X,
EH, B, SN R E RS, 24K 8.63 4/100
hm®. 8.39 4~/100 hm®. 6.40 1~/100 hm’, HTXEEMEEZZ AT
Wk, =RYRENMRE, BEERRSHTHMAZMERLAZH,
H I EB R R R . RIAAR. RIGEIEMR. AR B EEE
BAK, DGFEEREWE/N, HIIBRE AN, BT HmHENES,
BEZEPHRER R, RIKRE, BAEABSEANZIRBEREEM
hgEmERK, Ei, BAMBESREY RN RENE 5 ARIWK
Z, BAEIRAR. WA, RIS B R TR BEE 2 B A 5% B i
AN, TIRRBEHR, AR bR AR B H T B RAAFRIRR S, BB
W, g, HPEHE e Eomih %% EE B RAAENEN,

1999 4E4&4-BWE R B BEEL 5 1 B /NEIF 55 1991 42354,
FEBEAK, Bibsh, HARRMBEEEYAEK, THELMA
TAK, M 1991 4B 2. 14 4~/100 hm® 340 5] 1999 4E#y 35. 64 4~/100
hm®, HREBLAHL, M 1991 4E44 8. 39 4~/100 hm? BN F] 1999 4E#Y
33.84 4~/100 hm®, BB A TGS EAh A TARFIR fh Ak 59 2 i B 2%
B, A A TARFLE AR s 3 — 2B B, A SRR 1999 4Ei %%
FBERANENERIR, HFEEA b RAE, [ERNFR
WL S EARIFER %, SEEMNERSLS T, TUERIREK
B R A R BUR R E . BIRIAAR. IR A MTE E AR 1Y [F]
W, BESRRER, HEFERAERN, HHXHEENERZANT
PABRER K, HMHIRRGTESR, BRI,

1991 ~2008 4E[d], BEH IR A KA AH BICRBE AR, WA
R, BTHEREEDCEE, 50X PR R iR B ™
T HAKBIRE MRS ESN, BERE TS E0Y B HJEE KRN
gk, REFMBEAER, RET ANESXNPHRXZRE IR
MAFR It RSB KRN e WNERMBERRRNEHENTARE, K
MO T ERIEAAE, BILESBMA. WA, BIAMME. BEME
fE PR GBI, BESTER AR HLNAR IR, WA W . ARRKR
BT, HAt A TAR, HAbbKH . EH, A FE 80 30 45 25
EETE 1991 ~ 1999 4Efa 0, 7 1999 ~2008 £EEE/D, 1600 &SR Bk
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TEAR B AR HE I ) 0 ) 2B 4
4.4.3 SEWMBEEHETL

Bk B 1R & 1991 ~ 2008 48 ZR AR5 WL S AR FRAE A5 4k . 3% 4-8,
1991 ~1999 4, SWMBEHFOIE I T 5340 4, WHRFEFEEHEE, H
1. 81 4~/100hm* #2755 3 6. 72 4~/100hm?, 1% 55 B d 74. 13m/hm’ J& A%
H131.94 m/hm’®, BRLREMEBMY S ERESE TR, N E
TR, 1999 ~2008 48, FMBEPBOHR /D T 898 4>, BRI B thAH bf f&
&, MG FEEERRE, SRUSHEEERMYSERENERES,
E R BRFLE FE R, MR [F) B ] oLl P 3 # T AR AR AL R &, 1991,
1999 712008 4=k k. FE Hb T AR o5 5% 00 S TE AR L 4331 o 61. 02%
53.65% F150.91% , 2 TFRE#%, il 1991 ~2008 4EH], BE/KILEH
HERML AR EERIR, Aol Az . B & dE bk
W AT . AT LA LB AS AT RIS H . 1991 ~2008 4E[H], BR
KB BIE R SR MBERBEANW G AE, MR E BN, EHhE
BEEHEN, SREWH B, ShEN, RMSHEERS, tEE
T, BTENERLANPEMSERLRBRMERS T AR E T
FEMEBHEEIE AN, BRSNS RS B R S Ui oe
FrRIGr 8 13 AR MBER BB Z AN EASEZEF BTN, X5KH
A B R A AR AR P e B L AP O A B TR R — B (B S 5)

%48 BEARIKEEAE 1991 ~2008 EFHFAKBFNIED BEISETL

X FREE  Hgw HsIE LT
A ER B PD 4 ED PAz3: - R E m
hm?) NP soi ¢ D >
(%) (hor’) ™ (A/100hm?) (m/hm?) o SEI 5 (hm?) (%)
1991 108611 1961 1.81 74.13 1.16 0.45 1L42 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 ZHRHRSWHETN

HHEMRE LR RETFEELTENRYERE, KT
RixtEREFE S 8. LSRR, TH., EEHRAREWE 5K
BUBRFHEMKE RN EERR . AEESTHIR XFRPRS I
RBCRASIEZACH ZERE b, BB RARFEISISEE, HRMEET
FEBMSHARCRBANFE, BB NBERRES, hit—
B s LRRE L, e AR IR AR R AR
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S Markov #5750, R4 1999 ~2008 4545 - 2 56 75 2045 e
(M 49), TSN A1 LRI Sk s, TG
Sk 4-10 FIFE 443,

£49 BEARKEIGE 1999 ~2008 £ENESHRIEEEE®

2008

1999

PF DPF - SF DFL RP TaV CeP OP OFL RQL GP AL OL
PF  100.00 - - - - - - - - - - - -
DPF - 84.16 11.39 1.24 005 - - - - - 279 0.02 0.3
SF - - 8.78 3.62 1.23 0.71 - 35 - 017 257 195 04
DFL - - - 9.58 13.54 1.82 0.29 56.43 0.11 0.81 10.19 4.82 2.40
RP - - - 4.85 63.02 2.41 - 7.4 0.4 0.8 12.73 7.01 1.26
TaV - - - 0.37 0.55 39.60 0.25 6.94 0.15 11.03 10.90 26.66 3.57
CeP - - - - - 133 1138 0.77 - 425 0.37 53.44 28.46
OP - - - 318 8.30 12.43 1.49 23.72 0.90 3.54 15.92 23.01 7.30
OFL - - - - 642 44 - 7.62 1.74 2.39 25.76 51.04 0.58
RQL - - - 0,93 2.47 19.32 0.25 3.09 0.01 62.17 3.22 7.16 1.39
GP - - - 0,02 816 9.26 0.01 6.01 - 1.57 30.10 43.69 1.18
AL - - - 111 2.80 8.05 0.28 6.62 0.16 3.00 11.15 61.73 5.10
OL - - - 108 271 3.14 310 911 0.18 1,87 6.65 18.01 354.17

@:PF - 454k, DPF - IR4GIA#, SF - YA, DFL ~ B AUARHE, RP — SRUBIAK, TaV - FT354, CeP - RIEE
ATH, 0P - Al A T4k, OFL - Hftukits, RQL - JE4% Fth, CP - filits, AL - 7% Fih, OL - FoAbFE.,

F4-10 BARKARETARUERKBEEZSPSHTR(%) ARSHTN

sy BEHMEFE(%)
2008 2017 2026 2035 2044 2053 2062 2071 2080 2089
JE3 S 4.74 474 474 474 474 4TA 474 474 474 474

LB 629 530 4.46 3.75 3.16 2.66 224 1.8 1.58 1.33
WA 22.80 20.28 18.00 15.95 14.11 12.46 10.99 9.68 8.52 7.49
BAbHRH 217 2,09 201 1.95 1.8 1.8 179 175 171 1.68
BB 7.66 7.60 7.73 7.88 802 815 828 838 848 8.57
PoE ) 6.78 7.55 8.20 872 9.13 9.49 9.79 10.05 10.28 10.48
ARBFEATARO0.42 0.43 0.45 0.46 0.47 0.48 0.49 0.50 0.51 0.52
HMATH 666 7.43 7.63 7.73 7.81 7.8 7.94 800 8.05 8.09
Hit#k# 016 0.16 0.17 0.17 0.18 0.18 0.18 019 0.19 0.19
M 3.80 4.46 5.01 5.46 5.8 617 6.44 6.68 6.8 7.06
g 8.00 9.46 10.03 10.37 10.63 10.86 11.06 11.23 11.39 11.52
7% i Hb 24.54 24.72 25.82 26.97 28,02 28.94 29.75 30.47 31.10 31.65
HibHE# 596 5.76 576 5.8 600 6.15 630 644 6.56 6.68




70 PR E DTS

35.00
30.00
25.00
= A
éz&m -
= 15.00
10. 00 F o
5.00
0. 00
2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 R |a]
—e— B LR IR K —0— A ~—a— &Y F B
—o— [l —K— R A —o— B I HK
10.00
8.00 W X—x—X
£ 600 |
=S . - - » - = -
= 4.00
2.00 F ¢ —o—0 . . . . . -
0. 00 L& & & ———0 5 ) ——9

2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 A fa)

—— B LA = RREALHK X-HOAIHK X EERD
—u— G B —e— F i b —— b

E4-3 BAREREREAARUERRBEZSHSERIREAMLRE

FMZERERN , FHR X MEREF 1999 ~2008 £ &R, 4
FILTEREME RS . FHREERERZERD, RAMEYE
RFEMAEA SN NSRBI, S RHEESHREEL KN
FHk R, Tt 2l 2089 4F7F 5% X AR 4k JF 46 R AT IR A phay Fl e > 2=
1.33% ., 7.49% , TR FAHANEE R 4RI E 32.65% . 7.06% ,
XU R B R M BRI, MBI 2. REREF
HAATAR, AN 2 ISR, BB HAL A
WS e, ERETEERD, EARE. BRXRE, XA
BEHHESMARXMM LSBT RBEAL, THERMEHK, KA
ERRREREMR AR, BAERBATTRY 5%, EIXmxt B e
B R TE YT, R Ll Fm RS MR,

4.6 N %
AEUBKERBEE NG, NEMERSE., BIEFBSLE,
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FRIERESBHIERE, PR T KEBAKERWHE B TEA.

(1) M FLR By, BT & T 5T X 2R AR WA R 4B i 2k
FEMERSRRG: FHRHAK. BB, WA, Bk, BB
RS RSER, RBREA AR, HAATAR, HMbkh, EBERAm. @
b, AR PR H A AL F b,

Q)BABEHRERMEHA IR . REEREEE, FENE
RRBWERMBER ARG . RAK (AIE B, BB
FIWRAEMR) EAR LR 33. 83% , H AR RAMEIR Ky 24764hm”, (55T
SR 22. 80% , FEMFIFR LMK MBS EEMX; BB
IBIEEAMRTER A G A B /NI LB, 43R 4.74% | 6.29% , {H
RPEREE/ ., FHIRER, EPoHATFEERERABT. ABTHHE
MBI R E IR X, BGRB8 Ak T AR R
2.17% , BEFFEEMAR. WEKERE, ZEREAN TR, BB
MREGAE, B, MR ARER,

(3)1991 ~2008 R EBRELRMSL, BERMNBERLBHRYARFR
B, FBUIEH . WEFR . B A AR A A bk T AR 59 18
YA, BICEIAAR. RAMFAAREA THERE B A E, B4k
FE, RAKR(EIFEREBAR. BIAEBARTIRAEN) B G 7E R B
A 1991 41 45.15% 6 2 3] 1999 4E iy 37.81% %) 2008 4E 11
33.83% ), ALH(EFEREM. BE. M. KREREMLEATHK)
T AR EE IR R BT RS 0 ( B 1991 414 17. 84% 34/ E 1999 4E1 21. 25% %]
2008 4E429.52% ) , FRMBEBRAEIRNWIBE], FEHILR H ek,
PESEBCR N, FEEWHEEE, SHFER, BWSEEER,
MEETHE, TSN BAENERLRZ WK ERSEESBH
B/

(4) MBS T REZH . HFHEARBMZBHRLD, RS
2 BRI S A BRI, B R e 5 e AR
HHTTE KRR, FiiTa] 2089 557 KB 10 R UG AR AN IR A2 AR 43 Bl vk 2 =
1.33% ., 7.49% , A b= I H U 4 313 = 31. 65% | 7.06% ,
ARG 5548 . ARRREAEAL A AR, E A0k N 2 B8
R, BB RS G, HEZLEERAD,
EARE, XMERBELHASEESMERMNLELZFREAR, THER
ALIFIAPR . IRAEMRSER IR ARSI F0 B A s TGRR Y 5K, b4
XF B BTSSR AT IE ST, (R R A e R R R




BhE AR 5

AELAIRH FLR R 6], MEMERDE., BRI S4H.
SV R SEELIETE, IR R B MTER.

5.1 EUEERFE

RIBENELL 1 £ TF FLR WENRERHPLER, 44 KEHN L
WRABR, NBEMIKE SEEMNMAE, W RHB FLR /R ¥E X ZRAFE N
3k 8 25 BILIRIAMR, RAMK, BALMEL, ATAHR, B, KH. &
B RIKEE

5.2 HUEIREREGAbIE

5.2.1 BBEAEMKE

WS TE 35 KA FLR /R V5 X M T B B R 1999 4E KB 28 %2
702008 £ 12 H 9 HIEEK World-view 5415, INEBES“—H K
B SITR, KBON EAB R ERS AR TTR
5.2.2 5XXRM5HEE

PIRTEX 1: 10000 #EE SR, SHHHERERATRIE, 4
BHENAE. ZEEEMEMENMFEE, DET FLR WERERHHK
H5%, HITEARARENSREBMTIERN, 5XEUKFFENER
SRR, XK FERELAMIRKEREHRE, SORBRISVERE
BENPE, ZRAKIARRENERRE., ARMUE, XE8ESTE
FIABRFEAD, ANFEARREERIERM L, MREXHET
Xkl JE#,

R¥FEERAZ SR, IEAENMERECEE—-SYHER,
EREESEST SN RIETIR, RREDEIN R HIVR, U .
R AT S AR A R A ARG F R . XA E FEETE
2008 4£ 11 ~12 A, 2009 4£ 3 ~4 A, @S 5XHE, HERRUE-
ARABRMERLXBAMARESEEWREINR, S RHEKEER
o Mg, 0. BB, FIRIUR. BESH. MEEE. RaKE.
R, KBS, EHEA ., BHgIF R, BERSHE R, RRA
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RERIM AT 4. 7 GIS THRIFT, MATERURTE RN A 9 5 00
B, EEANRRE. FERTRES 5RRNITE(PRA) W TR, ¥
WA, KUERMBNERERRANR, SHRAWRR, BLBHR
1990 4, 1999 4£71 2009 4F7R Vi X Fobk S WL 1 (FEILBH 3 6) o M7
RUAE R, ZBURBIARR, LISIERARIEN R4 BEH R iR
15 W SL KR ST, T USRS IS oW R 2R B R 43 1)
I

5.3 KE{FLR RERFRMZ=NE /IR

5.3.1 =UEZHAMRBTHEHE

SR REL FLR 7”75 X 8 MR M E R LR ARIEHAR(CA) . T
FRAEL(PLAND) | BESREC(NP) . BEHREE (PD) . VI BEHRE R (MPS) |
NFE (ED) AP BEHIBRIE S (AWMS) (0L 5-1), RIiisR
FEIX 2009 i MB R H L R BEERAFAE

AURAFRKBE AR EFEIHMBEE S, S 399.48 hm?,
HIRLIRGAAR . KA, B, ATH, B, KH. ERAFMK
PEM AR

MHFRFBESRECRE, ATHREREK, H240.30hm’, HEWE
HRR 60. 15% , A 14 P ; HRBRAK, WM 47.55 m’®, B
PHCh 43, IBILIEIRARERFEE 3, 4 42.06 hm®, 6 PHEERM AL,
WAEARATR Ak R 46 AR 43 51 o BT AR Y 11.90% F01 10. 53% 5 7K FH T A
26.82 hm*, HIRILLN6.71% ; BALMHIERE X WA R KL, HH
18.11 hm®, HRULEERM 4.53% ; S, FEE, KESFWEE
TR L BAE R/, EARSTBIR 15.32 hm®, 8.32 hm® 1 1.00 hm®, B
Hh B BESRE B B 22 T RS IR

MAHRE (LT 6), ATHILFEAETRIEXMEA 25,
R 2Pt ER M X, KA MR R TE X SR /N3 0 P B 3 A 4 R A0 A
Hb, HAKEEA T ALARFE, A TAR—IR A AR i i 500 48 x4
Jo THRALRIEMRIN RE A F LART M AR TP 23 I TR, RTEX
FEMARET, BTREREERT, WS RE., SEAME, HEKR
B, KECEEZE, AREE., HEFEEMAEIT R, Bk E
FERETERARUFREWRRE, REMATREX WK, 5
i TR LRI pRBE R
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£ 51 XEFLR REX 2009 EHARUERRHE

WHE TR LREE TR

RRER  MEER ERL RRR 0 Lo U

%R CA(hm®) PLAND%  NP(n) /100 () (/) I
BALE M 42.06 10.53 6 14.27 7.01 320.19 2.21
WA 47.55 11.90 43 90.43 111 519.63 1.68
B 18.11 4.53 37 204.31 0.49 684. 69 1. 44
ATH 240.30 60. 15 14 5.83 17.16 202.24 1.94
i 15.32 3.83 30 195.82 0.51 671.17 1.45
kM 26.82 6.71 21 78.30 1.28 511.79 1.82
BRA 8.32 2.08 3 36.06 2.77 317.70 1.63
KE 1.00 0.25 5 500. 00 0.20 843.99 1.27

MEFRACRERE, BRIRHAEHZ A SRS, B
BERR, RIAFEHREIRIMAB/DN, ERBEEMLAEERLL, Ed
R4 AR H 5 BE B 25 B 48 40 Ch 204,31 ~/100hm®, S ¥ BE He 1 A
0. 49hm® , 355538 AR i 152 b 7 CEL 5 L 38 28 T4 1R ) R 0 AR B O 5
WAEMAERMAMF SN SET, FHBEHREA L. 11hm’, BEEEL™
H, AREAHN; BILFERAARBEH S B ECh 14. 27 4~/100hm?,
HPEHREF 7. 01hm®, AN TFIANTE D, LS, ATARRBELR
FEMADREER/D, FHREREAY 17. 16hm®, R A TR B
WRER, EEXIFAUPATHRZ AT/, WEE RS, B
JBE 4 N TARTERTE X 22 0 KA i Fid o
5.3.2 BUKEBEBESH

R52 KB FLR REXZWER B (2009 4)

PR R NgEE TRk
£t Tfj i}})ﬁj(@iz PD EFR MPS ED WiRtssr S SEI D
() ' (A/100h®)  (hm®)  (m/hm?) MSI

RIEE 399.48 159 39. 80 2.51 329.12 1.63 135 0.65 0.73

M52 AUFEH, KB FLR /RTEX ZW AR 399. 48hm”, A
159 N BEd, |WMEHEMTEEL SDI, 5] BT84 SEI MR E 8% D 4
A 1.35, 0.65F10.73, SFHBEHRMMAN 2. 51hm’, FHRFE, %
P BE 4371 R 39. 80/100hm™ 1 329. 12 m/hm’, L& K B W BE R LRI
BAREA AT I, RYERSE B TARRID 4k, H B Rk
BB AR . HPATHAEFREX PIE, TUBEERWK
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R, WA, BUFIHGARE SH—E WO, fTEREREE. AN
TESNB D EIILTR, BAMHbRN Rt e A TR, IR MLE R AR AR 2R
MRZIE, RERRANKECKIE) B S 4, KEGERERHRE. KERK
o, BRERANGTRLGEGE T, KE, BE&ERfAENE
o RN R E, JEHRBLFIAM, WA AR bk BT
- B HIRERSEERE (LM R 6) TUEH, ATHAERERER
BRERT G E RN, JEESETRERE, KEARAEREAS
BXH L, MRS B R Y SR R M E R A N
FIRS ARERILTH, A Shaf ARGk B KA BT 4076, WL B AR vt
Befifo B, RIEXFEWERFE—ENE, TEN—S4H, L
AR, LG REARNERARN AR RS Z T,

5.4 1990 ~2009 FXHHHFHRRUIE[/EHE

5.4.1 ENERAKRRBIHEFET
MENBEREMWEAGEERE(F 53 ME 5-1), 1990 ~
2009 48] 75 75 XX B S WA R AR L R B AR BIZE B H . 3B Ak E R AR R
DMANTARR R b, BB REBAE L, ATHY R EEmE L
FE 1990 ~1999 4[], Wi 52 ahygh/ . A bRk b 3 2 Bl A 1999 ~
2009 M, 19 FE), ATHEZBE RO ENEZRE, N
1990 4E 3] 2009 4F 7% 8 X FL 48 hn A T AR X 208. 88hm?®,  H 4538 i
52.28% , HHX—AMLEELZEL 1999 ~2009 4E[7], 10 4|54 hn
HO T AR EE 4135 38.23% , A bk i 2 R 38 im 5 BT A R 5 B B B
THRBHE K, BIAFELEAH 1990 4£59 97. 64 hm? 1§ & 2009 48
f#42. 06 hm®, TG 13.91% , 5 A THMALARR, Fat
BOB AL BRI A W EFRAI LT, 45124 29. 23 hm®F1 26. 36 hm®, 5
HWHEFR B 1990 4E 1 194. 17 hm®, J8/0 K 2009 4E /4 15. 32 hm®, 3X
Mg B R AR 1999 ~2009 4E(8], W E AR 157. 52 hm®, H4)
Wb 39. 44% o AR EIR LA bR . S B R TAR 3 m
RERWX=ZFZREETHEEL, TFFE—S000, B
AUBHAEXERERE LA H T, RUKFRENTE
RYE o WA MRFIIR LAk 2 IUAE R A9 A (ke 3, 1990 ~2009 4F ] %
A PRI A bk st B R SR B IR B, 43 5 1 1990 4E /Y 34. 42 hm® Fl
5.68 hm*, A 47.55 hm®F1 18. 11 hm? | {552 T AR B9 6 b0 & A 72
1999 ~2009 4 A}, MHMBEWMERER, KH., BRE & HAKERGH
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RREBM, XHFRXBE . IBEFARETFRE, HHL L2
HEERZYMARAEFEFTWE®, 7 1999 F LU, &
BRENTIHRIFHR I EREF WA KR, FRFERESER
EMMFBE, HREFEFRDARSEE RN EEZTRE, I
K, BORIFIR B S XIBML R AR . BB IR L, KA
AR B WARITF L, MATARBESREAKEREN,; 1999 £2
G, MTARESEREYHE TR BB BRSNS B HK K KE
bWk, RIBEREM. BREEALHRE S EROEZESTX, —
R R Rt — 2 FF RBARIGAR, 5 —07 S BUR RBF I
. FRENEM, BRGBLERARRRSEE D B R SR %D
AR E, A IR AT B AL AR, BRI, &R
1999 ~2009 £E[E]R AR, IR ALARMBTEFRIG N, 51E F VAR i B4k
FH, &REE—LHWSI S0,

#53 AHFLRRIEKX 1990 ~2009 EHHENEE R ERETL

KPEHH CA(hm?) E# Lk PLAND% AR
1990 1999 2009 1990 1999 2009 1990 ~1999 1999 ~2009 1990 ~2009

BIEBA 9764 68.42 42.06 24.44 17.13  10.53 -7.31 -6.6 -13.91
WA 34.42 29.83 47.55 8.62 7.47  11.90 ~1.15 4,43 3.28
B4R 5.68 4,67 18.11 1.42 1.17 4,53 -0.25 3.36 L1
ATH 31.42 87.57 240.3 7.87 21.92 60.15 14. 05 38.23 52.28
it 194.17 172.84 15.32 48.61 43.27 3.83 -5.34 -39.44 -44.78
JKH 26.82 26.82 26.82 6.71 6.71 6.71 0 0 0
FBEA 8.32 8.32 8.32 2.08 2,08 2.08 0 0 0
IKPE 1 1 1 0.25 0.25 0.25 0 0 0
h< 399.48 399.48 399.48 100 100 100 — — —

70

60
R 50 r
2
% 40 1990
=R §1999
E 02009

20

10 |

0 el 1 BN | [ i\ Hie——— iy
BLBEUAM  RAEM JEXEA S ATTH iy JKH BRA piN:=

B 51 KB FLR RHEEX 1990 ~2009 £HHENESRBEHRETL
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KA FLR 7RG X 4 SOWEEZ KA 1990 ~ 2009 4F (B BEHL 3 i A8 4k
BERBAR AR . WAEMBESR A3 A A TARBES > |, H
1991 ~ 1999 4R (A BEHR 2 50 4 38 iR T4 2 b A A TARBESR B 38 hn, 7
IR, RAESRBES A AINAD A AR, SHBEER fs > & A 721999 ~
2009 4E 8] (W35 54 FIE 52) ,

F 54 KB FLR SRIEX 1990 ~2009 £ 230 E R BRI BT HRBIIL
BB (n) BESB LBl PEIBEAL(N)

) |
- 1990 1999 2009 1990 1999 2009 1990 ~1999 1999 ~2009 1990 ~2009
BILEEK 9 8 6 7.26 4.9 377 -1 -2 -3
WM 29 28 43 2339 17.28 27.04 -1 15 14
B 8 10 37 6.45 617 23.27 2 27 29
ATH 24 36 14 1935 2222 8.8l 12 -2 -10
i 25 51 30 20,16 31.48 18.87 2 -21 5
KH 21 21 21 16.94 1296 13.21 0 0 0
BRR 3 3 3 2.42 185 18 0 0 0
KE 5 5 5 403 309 314 0 0 0
B 124 162 159 100 38 -3 35 — —
60 -
50 |
40
B1990
ﬁ 30 | §1999
B 02009
20 t
10 | g
e, BN |

0 ; L B L8 L
BB REMR B ATH i JKH JER A K A
B 5-2 XA FLRSRIEX 1990 ~2009 £ 2 W EHE FRIBIHRE L

DV ELENBERRBERTANR, LEERENKR, B,
NTLARFAKH, BEHREAE, 45029, 25, 24 f121, BAFELS
ARANIE AL AR H B BE SR BOAH T . 1999 SR SR BEE M B E W hn, 284k
B BRREER M, M 1990 £ 25 #hnH| 1999 £ 51, MH
1999 EBF B L MR, BEHBLL B 31.48% 5 A TARFR LAk
B AE RS FERE NI, BIAFEBARRKREARS IS T 14
BEBR, ML 1999 47, 2009 4F75 ¥ X st WL BE SR BE B B, WA MR
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W%, K43, Bk BEEE 0 g B S ok, 10 4R (A1 A 27 4
RS, WA LARFIEHTE 1999 ~ 2009 4 BE 3 547 7wk 2> 22 21,
MR [ it 3 B BESR B ARGk R, 1991 ~ 2009 4F 5% WLBE S 550/ 34 fn &2
H7E 1990 ~ 1999 4E[H], BILMHLBESRBET B YA E M, A
TARF B b BE B Se 5 W, AR ISR D58, K
H. BRAMKERREFRE,
542 EWERLBRRETH

E it BURTE R &R ME R LA BER B (PD) i 4% ¥ (ED)
(RFRS5-5 MES5-3), HASMERLRMREED/L, 1990 ~2009 4
|, £RMERLRWBIEENSFEERIMEENZLES, HF
BRI, BB E MO R EAT R HYEEm, L
2009 FiE, LHERH N % ETE 1999 ~2009 4RI MBE, X
R IRICE A B3 B A TSR AN E, Bl MR AR A
m, WEREREIE R, SRUFEBRNEF SRR, SHAHT S
B HAZARSBESR N, A TARFIR AT 2 H B 5 251
NITHBBER B E N GFEERETRES, TR mRRsg Lk,
TP ARG TR, R ARERK, EXHARAANTHKZ AR
T BN, TRE T NG ANSEEENGRH, ATk
SHBEETES. EHh. KENMBAMBIREE ., HEEEEN
SeHnfE /NG, (B2 2009 SEMBEEE ., %% RS T 1990
£, VB 2 fE R IR AR BRFNIR b AR o i F R AE 1999 48 L BL T #5477,
FI— B LR RN R IR AR, BRI EARE S B AR RS
AT, E—eNEERE, 1R B REABIRAERFIR AR, B
TRMIFE—FA—FRETHRTX, FBOREMFR A HLAER R B
B OA R E BRI, BICEGEAR. RAEMRRH— BB K
HHEZEZWRAREX NEY SRR, RIAER R #b R T K fak
B4k,
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#55 XEFLRIRIEKX 1990 ~2009 ERNERKBEREFENLZTETN

BELREREE PD(~/100hm?) % ED(m/hm®)
SEWERAER
1990 1999 2009 1990 1999 2009
SBALE A 9.22 11.69 14.27 207. 68 278.76 320. 19
Yot Hk 84.25 93.87 90. 43 494. 63 519. 56 517.63
iBALARHE 140. 85 214. 13 204. 31 646. 44 764.70 684. 69
ATH 76.38 41.11 5.83 485. 65 440. 44 222.24
Hipy 12.88 29.51 195.82 258.97 355. 65 671.17
KH 78.30 78.30 78.30 511.79 511.79 511.79
BERA 36. 06 36.06 36. 06 254. 85 254. 85 317.70
KB 500. 00 500. 00 500. 00 668.93 668. 93 843. 99
250
£ 200 _
[
g B1990
< 150 | §1999
E 02009
¥ 100 |
&
by
50 |
0 [ | &_l
BB RAEMK B AT B 2H
900
800 |
700 | B 1990
% 600 |
5 500 |
54}
=400
¥
¥ 300 |
R
200 | B
100 [ [
b |

0

B 53 kB FLR RIEE 1990 ~ 2009 £3hZ EMAGEETL

BAESRM REMK B AT

i KA
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5.4.3 EEREBTTW

TRYEIXFE 1991 ~ 1999 4E[E]F0 1999 ~ 2008 4[] B5~A [l i 1 2 BH
AR FEE (L 5-6) . 1990 £7RTE X B LU B FB AL HIE A
x, BEMALRIFEGEMATT DEEER SR MERIEA, 1990 ~1999 4
6], RULBELRECER B30, M 124 HnH| 162, BEHRFE . HEHEE.
PR IE R IE B A B BN, RS mE AN, M 1990
3.22hm HEANE] 1999 4E /Y 2. 47hm”, B X — A 3 58 WA AR AL AR B b
3R, SOABEH R RSN, RBEREE IR E B B LR
BtE EF. USRS, X —AETHRLR IR A AR KR >, T
ATARE RGN, BRI X 1999 4EZ WA p UL 24, BI0E
BN LA ERRWAE R, WA RE TR, XN
BE. B ERBRERERENA L LBBI RN, SRR, B9
BEFSHAM B B 1990 4R/ 1. 45, 0. 70 B4nZl 1999 4Efy 1. 54 F10. 74, T
WA ERWAEN M 0. 63 TFEA 0.54, 1999 ~2009 4:fH], RiEX S
M 162 JEF 159, BEHRFE ., ME%E BIEE B, FHRRERMA
1999 4E/ 2. 47 2152 2009 4E 1 2. 51, BEA MK, FHFWBRILE
EHFEM, FNFEEERTE, REEHRSRIBRIEEHR/NMLR
BT SIS BESIE R R TR, X —EH RSB WA
WERETREEE, 2000 FHESHEERR. WOERKS AN 1.35
0.65, FWMALHFEIEE(0.73) R RMAFAMBEE, FEHF 1999 ~
2009 FE A TARRSREIE I, ] 2009 4F7R 75 X 8 2 #0045 A 78 AN AR
ZIE, EAREEEERERNFEERNBERRA, FHBILEHA RN
YR RAEU BRSO AR ZEN LTI, B REXERUA
THAE,

%56 XE FLRREIERX 1991 ~2009 £ S WG E RS FTL

HE ER Sk BHREE PRk BMREE TR SEE WO A

PD  TEEIMPS  ED  JBREEH
m? NP(n = = =
) (b ()(/|\/100hm2) (hw?)  (w/hm®)  MSI HHSDL HHCSEL HHD

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

BHIRE, AEXREWE 1990 42 MR LR 2R, HAl
KRBT HARRR R RN 1999 £ LR, BILFEHEAR. ATHA
EE BEREHRES . RRERTERENRESRRWR, ZREEN
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2009 4 A TR G 45 E38, HATRMER KR SR L TR RIS R (3%
T 6) o

5.5 XEHZEHREMzHETN

SR 1999 ~2009 EHEBEREMEEB (KR S-T), NRBEXEN

W EHAHATIN (FE 58 ME 54), FREW, HERERSSERET
1999 ~2009 fEI KR E#aSY, KH., BRAFMKERFRE, BIUFRR
MR EERZ>, A 2009 4E [ 42. 06hm® Jgi /b 25 2089 4E 1) 3. 64 hm®,
54 R (ER ) TH9. 62% ; WAEMFIRAMIEE M, AT
g, BEwERLS, BULRFEERAL, 22089 4£Ri/E AR
SHaERS . S RENBERLEAIIREREN HERSH0 . BURE
0.91% . KA 16.75% , BALMHL S. 15% . AT HK65.98% . B
2.84% , EPFAERSH, BWERHEHATHANER, HAFRER
REVER SN ERER, BIEAREH S Bl A RERAHR
A5, (HREEWEERLESE IR TR, H, BT R

%57 K FLR RHEK 1999 ~2009 £ EUEREBHEER
1999 ~2009 DPF SF DFL PL NPC PF HS RP 1990 4EE R

DPF WE#(hw?) 42.06 1126 2.84 1219 0.07 - - - 68.42
(%) 61.47 16.46 4.15 17.82 0.1 - - - 100
SF EA(m?) - 1900 182 813 0.87 - - - 29.83
(%) - 673 61 2125 2.9 - - - 100
DFL E#(bm?) - 0.76 133 1.8 072 - - - 4.67
(%) - 1627 2848 39.83 1542 - - - 100
PL  WH(hm?) - 653 333 759 181 - - - 87.57
(%) - 7.46 3.8  8.67 2.07 - - - 100
NPC EM(hm?) - 9.99 879 142.22 11.85 - - - 172. 84
(%) - 578 509 8228 6.86 - - - 100
PF R (km?) - - - - - 26.82 - - 26. 82
(%) - - - - - 100 - - 100
S WER(m?) - - - - - - 3R - 8.32
(%) - - - - - - 100 - 100
RP  HH(bm®) - - - - - - 1 1
(%) - - - - - - 100 100

1999 4R 42.06 47.55 18.11 240.3 15.32 26.82 8.32 1 399. 48

@: DPF—BALEMAM, SF—kAM, DFL—RAi, PL—ATH, NPC—@B E#h, PP—KH,
HS—ER A
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*58 XY FLR REXRSVEEIHRSHM

| ENBIEEE()
() BB WM B ATH B kB ERE AR
2009 10.53 190 4.53 60.15 3.84 6.71 2.08 0.25
2019 6.47 14.77 494 62.22 2.57 6.71 2.08 0.25
2029 3.98 16.07 5.07 63.18 2.66 6.71 2.08 0.25
2039 2.45 16.59 5.13 64.05 2.75 6.71 2.08 0.25
2049 1.50 16.70  5.15 64.77 2.79 6.71 2.08 0.25
2059 1.30 16.74  5.15 65.32  2.82 6.71 2.08 0.25
2069 1.10 16.75 5.15 65.71 2.83 6.71 2.08 0.25
2079 1.92 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

70. 00

x x X X X X X X
60.00F x—
3 729
—0— KA

£ 40. 001 —— B LM
=1 —x— A L#
= 30.00 —x— B

20. 00 -

n i O0——0n0
10. 00
0.0 ! * *

1 1

0
2009 2019 2029 2039 2049 2059 2069 2079 2089 i} H

54 KX FLR REXSURBIKSHN

BIRTIBER PSRRI ET B R AN T, BILF AR R g T
K BN, TmE X AR E RS AR B R 1 1L TRX
B, AARKERENESEZLIE, BRURKASHERRNERK, X
RMEHIE RS R RERAEY SRR, K RELFEN
A, FEMSEARER TR, RRIERZ . BREABKRSH LR
Ao XA BEESREX RAMRP R SE 5 B, Eik
WA BRTR RV B HATE L T, AR EGM, ABEREATL
AR, ARAE A A I R4 RS

5.6 /N %

ARELAEMFLR RBX ARG, NBRMERSE, BEHFBR G54
B, RWERSEMETE, 5 THEKERIERIEAR,
(1) #: RKP- 0% SR 7 AT R B0 1 3R U S5 s B IR BRI S
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S5RPMEX R 5/NIAEALS G W, KRBFLIR RERX R MER
399. 48hm”*, EFLLIA TAREM R /A, o 5% W 2 25 A0 i3k 43 76 14
MR HorP A ARG B0 A T AE 60. 15% o YAbk. B ALE LS ARAN B
HEEARRY 11.90% 1 10.53% , MLTFREMBREE . A NGB
DT, R ALARHEFD SR R T A TR, BRI AR Z ], R
WRKANKEGKIE)E S &, KEBAERE. KERLSHF, BR
S FRLEEMELS, KH. BRANIHHEMNES, BB
= E, BHERLESR . WAKRABIER, WS EHEAE
BAK,

(3)1990 ~2009 4E[H] 7~ ¥ X 5 WL H 1990 42 52 b FiE AL JE i b o 22
Bi. HAhEAE i T E P R R BN 1999 FE U R, BIAEBRK,
AT FE, BEREBREE . FRMISEEENEERESEN, &
JEHAEH 2009 SE A TAR S 455 %, HMRNERKAEREFHR
W R, FERRAERH. BB A TR £, Hh
BIGIEIR RIS . AN TARY 5K EZEE LA 1990 ~1999 4E[6], i 52 Hi vk
A NTTAREE N 322 M BEAE 1999 ~2009 4EHA ],

(4) MR TMLERER . BT RIS BB, wak
FLRALARHEE R IG N, ATARZEENE N, BhUeaEs, SHFRE
REf, %2089 EAT)E AR RERE, FRWER LR IR ER
SHEAERSH R BIEEAK0.91% . WA 16.75% . BR4LAkHE
5.15% . AT HhK65.98% . 5i#12. 84% , KB EIRAER, BEWEEE
A TARHER . HARNERRRER RSN, B0 EAS
5 BRI A S R AERA R, HEFWEEMA = #EGHE
T, XFEREESRERRAREPAHESETKBERAR, W
AR H TR RIS R TE XT3, AR ERHK, FHEEREA
Tohk, fRfEEMFE T BT R R,




FNE ARSI Bh 77 4 P

PAMRIRE —XT RN R G SURIIRE, MRIIFEE
FRE HBRMFEIS RS SRR ™Y, FLELHARNRRKE R,
MUEB BRI, DM MR WELESIE, AFEH
X AR H R R SRR SR R 2K TR

BMERHBRALESMER T ARTRSHER—F RN BE
HERIEA, HEEMER—EZB]XEH RIS TR A E %
#l, ERAFEE. B, DREFURRAEMBERRL, H—Hd
ZHAEH T, FERINAFR B XM SR PR AR
FMATTRWEE, GHRADSE., TERE ., HETRURET L%
WE(FETLILSE, 20005 BIKE, 2002; fRHTRE, 2004a; Z5A M,
2006; ECEL, 2000),

[ A 2 A R X R AR SO AR AL IR 3h 1 #8497 T R & 1 5L 4 2o A
(P&, 2001; KK R4, 2004; Z=R WIS, 2004; X142 %%,
2009) , XRMWEMSRAERGE IR L, BB Mo sl R s B
AT M (G oR4ESE, 2001; XULLES, 2002; RAME, 20035 PR3
P, 2004; XUEK, 2005) . XtEWARIRS]) Sy 23R A e o it (BR ST,
2004; #RHTESF, 2004b), KIRERDONT. ZTUETFEEEMITE
(&5, 2004; XUfE4E, 2005) F Logistic [BIJHAERY 2 6] 734 J5 ¥ (X
4, 2007; LMK, 2008) , 3XEBHTF Tk REBCT # R BRR  SCE 2
b, M= F RS, AT A LR KK A 168 MKEL FLR
AEX R, RAEBBERERENSSXAEMSSHITE, IR
K FIRE XK F FLR AR s SR 3R sh 1 Aok

6.1 XIB/KTEIEZh 7

6.1.1 EBHEREEREEST

SHTRIAE R REEE, ¥ANMRTERELEBMRER,
IR BB RETARZR I Markov 8R!, AFFSTAEN F Mark-
ov MBI B AE R sh AS B Rt , ik BN B R Mk 2 B4
PIRF S MBE R AR Z A 540, BIE— S WERLA M MmE
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s/ B N —Fh S RIAR L TIOR A, BB AL B —Fh R M E R
B, URABHERZD, B, IWANXHSENEZRSRRS, Hie
RGRRESN B ARUMERRA, 7 CIS XHT, B4 H (1991,
1999 #2008 4F) RLE R K EZ BB IMERIE, A F A& 5k
BRI TR A AR W BES R, RS R MERREZ
] B B T AN 5 R 2 B R AR LSRR M A, LUERIE R
R, MRAAMNBESRRMNERZ BNEBMEERE, AR, £
6-3 fFE 49,

6.1.1.1 1991 ~1999 4 & B U &4 ia] #5454 &

%61 BkIEEISE 1991 ~1999 EENEREBEREREY
1999

o DPF SF DFL RP TaV CeP OP OFL RQL GP AL  OL
PF 100 - - - - - - - - - - - -
DPF - 8220 1500 201 - 000 - 005 - 005 - 0.2 0.4
SF - - 7136 3.07 894 122 - 095 015 038 090 55 143
DFL. - - - 198 287 L5 - 5334000 135 0.08 1806 290
RP - - - 228 69.62 .22 - 656 199 0.64 0.92 1437 240
TaV - - - 0.06 0.45 49.44 - 457 0.15 10.00 1.86 31.87 1.60
CP < - - 032 - 1417 13.44 1432 0.23 222 0.65 3631 18.34
0P - - - 0.64 191 2234 0.07 18.20 549 2.42 12.81 31.80 4.32
OFL - - - 038 0.6l 3633 - 1130 136 677 117 4110 0.97
RQL - - - 031 25 1766 0.12 236 0.23 67.67 0.62 7.38 112
GP - - - - 105 2643 - 807 295 264 11.92 4.29 5.66
AL - -~ 0.3 157 901 012 313 174 217 146 76.47 3.9
oL - - - 129 0.5 3.04 266 425 148 107 0.19 18.20 67.32

: PF-JRfh#k, DPF - BALEHAM, SF - KA, DFL - B{cshsl, RP - MM, TaV - HEH,
CeP -~ REREATAR, OP - HAb ATHk, OFL - HAbAksh, RQL - 4L/, GP - EH, AL - KM,
OL - HAt .

M3 6-1 I 6-2 1851, 1991 ~1999 4E[H], BRIFBMEAE KEER
Brsh, HABRMERRRZ MHEBIER, BIAFEBARERA 82.20%
{RERRAR, 15.00% AL AIRAEM, 5H 2.01% 1 0. 41% 435546 AR
oAk A A b, IR E AR R R R E e PR AL, B
1999 4EIBALIEIAM A T ALV T 1991 455 WAEMRTEFRAY 77. 36% fRF¢fa
E, HAh 12. 64% EEHA BB M, B AARH A A A A
RE 51991 AE BRI 7. 09% , KT B AL B GA R i YR AR Ak
AR AR (L 1991 FERMB TR 1.36% ) , FHRAERKHREIAT
Measy, BAAMBAER LERIER, FEEFEIATHRME M. B
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FEARTET BB 1 R DA R A AR T 2 AR SR B T AR R T AR B b 1] AR b 0
ANTAHRBIFERB R ABRE N TAREBR SR B S5 B 23 — B B H
BEEFARIRIERSE . SR T BIBEIR, 36.31% MEAUEB AR A, BB
AR A RIS AR 0. 62% o B2l F gk FY b TR AR A 184, {ELRBEBR
R LBER.

£62 BARKARE191~1999 FENEEEREBERD

1999

1991 1991
PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL

PF 474 - - - - o« - - - - - - - 4
DPF - 748 136 0.18 - - - - - - - 002 004 910
S - - 2422 09 28 038 - 030 005 0.12 0.28 175 0.45 3131
DFL. - - - 017 0.03 001 - 047 - 001 0.00 0.16 0.03 0.88
RP - - - 017 526 009 - 0.5 015 0.05 0.07 1.08 0.18 7.55
TV - - - - 00 L04 - 010 000 0.21 0.04 0.67 0.03 2.10
CP - - - 0.0l - 024 0.23 0.24 0.00 0.04 0.0 0.62 0.31 170
OP - - - 0.0 010 LI13 - 092 028 0.12 0.65 1.61 0.22 5.07
OFL - - - 000 - 025 - 008 0.0I 0.05 0.01 0.28 0.0l 0.68
ROL - - - 001 0.06 0.40 - 0.05 0.0l 152 0.01 0.17 0.03 2.25
6P - - - - 002 038 - 012 0.04 0.04 0.17 0.5 0.08 1.43
AL - - - 0.10 0.43 2.46 0.03 0.85 0.47 0.5 0.40 20.85 1.08 27.27
OL - - - 008 003 0.18 0.16 0.25 0.09 0.06 0.01 108 3.99 5.93

1999 4.74 7.48 25.59 1.71 872 6.56 0.43 3.88 1.10 2.81 1.66 28.88 6.44 100

@: PF-FURH, DPF - BALJRIAM, SF - kAR, DFL -iBfuskit, RP - Mk, TaV - HEH,
CeP - RIREATH, OP - Hflb A LA, OFL - H b, RQL - B{EMH, CP - [E3h, AL - KA,
OL - Hfbfi, REETOIRBER G RLEERM L,

BHRE, X—HSEMERLENEMEXEIN N, BIER
MG TF ZR IR, TREMR T Z R A& AR LAk
Mo, BACHRHNEBIA TEMRSTT R R, &R &R A2
R AN TTARFI A 3, PR MR bR AR F ] DAE VR IX — B A
WA,
6.1.1.2 1999 ~2008 &5 V&4 i) 4% 4k &

TR 4-9 TR 6-3 151, 1999 ~2008 4FfH], F/AMEFRE, ¥
BREEMER, HoRCEEREFZIRENK. Bib, 2505845
BACFIAARE AR 11.39% | 2.79% , BAE 1. 24% WTEFREE FiB bk,
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%63 BAREEAE 1999 ~2008 £ ENERERERIEREC

2008
1999 1999
PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL
PF 474 - - - - - - - - - - - - 4m
DPF - 629 08 009 - - - - - - 021 - 003 748
S - - 2195 0.93 0.31 018 - 09 - 004 0.66 0.50 0.11 25.59
DFL - - - 016 023 0.03 001 097 - 001 0.17 0.08 0.04 171
RP - - - 042 550 021 - 065 0.04 0.07 1.11 0.61 0.11 872
TV - - - 0.02 0.04 2.60 0.02 0.45 0.01 0.72 0.71 175 0.23 6.56
CP - - - - - 00l 005 - - 0.0 - 025 012 043
0P - - - 012 032 048 006 0.92 0.04 0.14 0.62 0.89 029 3.88
OFL - - - - 007 005 - 008 0.02 0.03 0.28 0.56 0.01 1.10
ROL - - - 003 007 0.5 001 0.09 - 175 0.09 0.20 0.04 2.8l
6P - - - 000 014 015 - 010 ~ 003 0.50 0.72 0.02 166
AL - - - 032 0.81 232 0.08 191 0.05 0.8 3.22 17.83 1.47 28.88
OL - - = 007 0.17 020 0.20 0.5 0.0l 0.12 043 1.16 3.49 6.4

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

©: PF-JEfhMK, DPF - BALIRIEH, SF - Mk, DFL - iB{bbkil, RP - BBk, TaV - H35H,
CeP - ARBRFEATAR, OP - Hf AT#k, OFL-HAb#tih, ROL - JZfEM, GP -, AL-7Rfish, OL
- Bt R ETARBER SRS L,

HRERSRNSERN 119% ; 3 BI&A H A28 R 40 R ih g
%, HERUBILFIAMEAD . 85. 78% MIYKAEMRAK R AR, Hibikk
FiBE AR, HMb A TA, EMEgABE, FAEBNER
(3.64% ) KRFHBILEE MR AEREZWEI(0.85% ), FHEK
AEARE RS R X — B BATE AU A>, B A 12. 73% [F
B, BEBEALAN 1. 11%, FEFRRFEB SRR RARZE
mEH ., KA E, B 5 KA NERLBNEBE TR,
1999 4E I #h AR 49 30. 10% 7E 2008 SEk K AR, RIARFENEE
M 0.50% %, HMEREBEEZ ARAR. N EBERMR KSR
B, #BEMASHIHR 1999 FEE IR 43.69% , 9.26% | 8.16%
R B oA bR . B AR, BRBEPKR. AR A 3 A5t 7 R 4 BE Bk 1) (]
B, BREELSS, HHIEMISE N E B AR T E % N
HAMAR MR, B 1991 ~ 2008 4[] [ Hh 0 FR S 81 38 i i 38 4k o
RAMERA T T, BiEAEmIN, WIBo ARER, HMa AT
AR A P SRR
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6.1.1.3 1991 ~2008 A F W &% W 458 F

1991 ~2008 4|, BR/KEIE B R EBEEMERRE, HMBRENE
KRB B EERNFABRENES (K64 EK6-5), BB
IR E T AR 69. 18% FaE, FHiifh 30.82% iy A4k, R, HfA
TAk. FBRLMRHEERS, s ok A bR T AR o B Ak R R AR £R
23.88% , BIEWMEEARN2.17% , {H2EH TRMAFEBRE F BT
B, X—BEIFFEE kR Rk, &AL 1991 ~2008 4E/Y 17
SEENE L R R . IRAEMRB A ILEIER, 1991 SE M
ALY 34.11% 7E 2008 4E# % o H flh A Tk (9.31% ). BB #K
(7.74% ) . E#(5.18% ), R FAH (4.37% ) FOiR A Ak (4.24% )
% FHEBERAKTRUBEGRMKAENRNER, SBRAERTR
Braemil, Bk AL IE R EER, 1991 ~ 2008 4, RAHME
FRE 11.47% K k& & % %, H fh 88.53% 4+ H ) H fls A T Ak
(51.54% ), H fib Fi #b (10.61% ). & F & (7.64% ). K A #
(7.58% ) MEH(5.75% ) F R B . R BOMRAE X — if 85 1 AR A
B, TR R AR PR 1] ] b D AR P # A S A B A B T AR/ T IR AR AR
A% PRI T AR HoA SR B 38 AR AR T A o o S5 7E 31X — B 3

%64 HBAKRIKEGE 1991 ~2008 £ENEEEBIERERE?

2008
1991

PF DPF SF DFL RP TaV Ce OP OFL RQL GP AL  OL
PF 100.00 - - - - - = - - oo
DPF - 69.18 23.88 1.32 0.15 - - 205 - 001 291 0.07 043
S - - 658 424 7.74 1.6 0.01 9.31 0.10 0.58 5.18 4.37 0.95
DFL - - - 11.47 1.31 7.64 0.0l 51.54 - 409 575 7.58 10.61
RP - - - 333 5702 322 - 593 068 0.79 17.83 9.99 1.22
TV - - - - - 525 - 415 - 1462 3.61 23.74 1.34
CP - - - - - 1092 550 210 0.24 6.89 4.06 46.42 23.87
0P - - - 0.29 517 19.92 0.12 8.20 0.10 3.75 19.44 38.37 4.65
OFL - - - 0.8 3.16 20.46 0.15 595 0.02 14.07 14.52 35.25 5.56
RQL. - - - 0.8 3.41 2045 0.16 171 - 63.44 2.49 6.64 0.87
GP - - - 009 0.58 20.51 0.30 592 - 502 21.94 41.89 3.74
AL - - - 093 183 9.40 0.11 574 0.17 4.37 10.68 61.72 5.06
OL - - - 132 071 352 461 6.62 0.40 2.05 3.55 21.85 55.36

©: PF-JRif#k, DPF -iB4LRIAM, SF - Wk, DFL-iR4LMh, RP - BB, TaV - M,
CeP - ARBREATLH, OP-HM ATH, OFL - Hftithsti, ROL - B, GP- @, AL-RFH,
OL - HAfF#.o
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F6-5 BEARIKEBRE1991~2008 FENESTHREBEED

2008

1991 1991
PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL

PF 474 - - - - - - - - - _  _ am
DPF - 629 217 012 0.0 - - 0.19 - - 0.26 0.0l 0.04 9.10
SF - - 2063 1.33 2.42 0.51 - 292 0.03 0.18 1.62 1.37 0.30 31.31
DFL - - - 010 0.01 0.07 -~ 045 - 0.04 0.05 0.07 0,09 0.88
RP - - - 0.25 430 0.24 - 0.45 0.05 0.06 1.35 0.75 0.09 7.55
TV - - - - - 110 - 0.09 - 0.31 0.08 0.5 0.03 2.10
CP - - - - - 0.19 009 0.04 - 0.12 0.07 0.79 0.4 1.70
OP - - - 0.0 0.26 .01 0.0l 0.42 - 0.19 0.99 1.94 0.24 5.07
OFL - - - 0.0 0.02 0.14 - 0.04 - 0.10 0.10 0.24 0.04 0.68
ROL - - - 0.02 0,08 0.46 - 0.04 - 143 0.06 0.15 0,02 2.25
6P - - - - 001 029 - 008 - 0.07 0.31 0.60 0.05 1.43
AL - - - 0.25 0.50 2.56 0.03 1.56 0.05 1.19 2.91 16.83 1.38 27.27
0L - - - 008 0.04 0.21 0.27 0.39 0.02 0.12 0.21 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

©: PF-[Rfa#k, DPF - BB, SF- YA, DFL- Bk, RP - B, TaV - HEH,
CeP - RIEEATLAH, OP - Al ATHK, OFL - Hftubkst, RQL - B, CP- EH, AL- KM,
OL - Jflufidh, RAHBIUHHBE L RIEERLY L,

FEENRAM., BERM, BEBREEIGE/DT HEM R A 25
MR, RRENTAREREEMEE, 7E4EE380 mREE W R e,
HAR89.08% F kA, H A, BAERAMSRE, RAMBEHR
BRwd, FEEEFELHAMEEH(10.68% ) . 3R (9.40% ) .
HANTAR(S. 74% ) FiE A F b (5. 06% ) B I,

ST =R BARE T AR A T, mRBAR. Bk
B PR R0 K e A R Gy R 4R bk T R e 5 /0 40 JEE IR R AR AR AT
MRy M. EHREE AR, TMXFMEEEE RN, FREBMK
ARV ERRBSHEREN, MEMRNERLR > B HERE
FE—EES; BAFBRMRAERNERESER T ERAE, FRE
AR R IR AR MR AE KR AL, AR A oM A TAK, Ak, HEib
A MR, H AR RMARAR AR 2B R AT 1991 ~ 1999
SEHAE], mEaReARHL, HAA TR, EHANER TE LA 1999 ~
2008 4EH], XWRE BB, K FHAHTE 1991 ~ 1999 4ETH FRHE b 4
FEFERH,
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6.1.2 IRFHHHH

HARE LIRS — R F BRETMAREFHE, HR
WK Eh 5 R BT BN E T R R B W BRI KRR A B AR
F, TEGEBERANIER., SERNER. SHEYHEE. HEN
REMERTING; WA NESAWAEE, FH. KDSEEME S
(R ERERS, BWAESE, 2007), AHEAD, $R, BUASH
. BUERSCILEE T (B RS, 2004a) , HRETFMANET
BEFAT AR, ZRAMEWMAR R E, BERBURNR BT L5 5
I ABFSE o

BT AR SRAE e, T LLAS 5 — B LA i BB R
W, BB R A R R X — R B A AR [ K
HERAIR LA EE R, T B 3R AL SRR bk 16 YR AR AR 38 10 T AR A T Ik
MK R, B RER, BT R R
W REE , (B IE SRR B 6 B 2 AR B8 i R B M R AR REAR
i, AFSESTEBEREGEWEM L, RAZHANSSHY
(I EHR . BT, FEEEA. LRRBES), Sk
Bk BB EMLR . KRR, BEFERER. KSR, HK7Hh. B
BEER. KA. REMKERS S - uf FIH X R BRI,
DEREBEESTAS. BITRGHE BUKLE=EAEANNEE
BEARMLERERWRZR . W8, SE4RFABKKERIR. L
S S AAEIESCHR R, STBS /K BE B 1GE 1991 ~2008 4 ZR Ak R LS
AL B IR B S BT 204
6.1.2.1 HLHELLEELIRREARKELSRAERAGETFAE

1993 457 F 30 B HEA S - BARRERLESERLEZR
LPGET (R A BRSPS &), B 1994 41 H 1 BRI
R4S T B N BB R AR AR 1998 48 31 R R R TR,
1999 467 F 30 BEEAE _BARRERSESFERLE/AKESW
B (EEAESE BRI NEY ; 2002 F£FFHLHLEEFERTRE;
MR B R TR E A SEY R R A AR RER TR, BA
AN AR TR . VB AR 5 B TR A = 7 A AR
HEHERE TR, XS ES TRIEE, AMUEREHE T 2 e
FRPRAR WA A, B RPRIRE T 38 KA (551 200
BB IEAKK), FEENTREATHRKNER, BETHREXR
PREGMRAT BB, 1994 4R —JIEA N 2005 SE B KBS RE
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B, RBMBBAEREREMN 175.5 m*/hm’#fi05] 207. 5 m*/hn’,
N 18.2%
6.1.2.2 BAFARABGHRLGEARLFEI LR EHRER TG
TERE

TRETF RAE IR B /K B B 96 B VO 3K o B b IX A b5 11 3
Ky ALTHE, ACERKIZXFERENERERNEERR, KN
FER P ERN R R B (2001 ~2010 4F) Y H B HARF{E 4,
UG A TR AL 02006 5 M X TEREIIARIY B« B Bafhr . &
B, BANHEHR., ERFRKRAIFRZRGER, BKEEHBEF
BT U ACRT R O AR i i, BMEFRBES | &5
B SR 15 4, FEBR 1333hm?, JRRERRAREEH 10 4,
PRIEFFAEARAN 533hm”, FRFFFIAE AN B AR 1300bm®, 2008 4E B /K
MARA 80 TLFEASHE ., B % 5 EMAEEM 167hm®, FRIGHE
28 Titk; MASO AERSHE, B ENMBRS FSEHMEREK
15hm®, FREFFPE 12 Tk, WBIWRSEHEER, A 60 HFLHkFR
48 B B 200hm®, AZAHF 133hm®, A5 200hm?,

REXMASFAZ BB X FREAFH R RN, B
M= MR TIEFTHERTRNETERNES), MERE
46 M7 BATBON A SCEAEZS K 1418 S FAEARME, 2195 f 98775 AH
MEALSR, B TREE M B L AR E K E R A7 X e,
AR X AR IER IR AR . RAEM, iBIEARHE . HoAb AN THF0AR
LRIV N M2
6.1.2.3 A FAREANAELHBUEFZLREERENELGH ESR
B%

BAKRGEHGENEREZRE, 2 RBHMNER, BRAERE
X B, FEREA B R L e ORI AR X B>, RS E
FRINMEREFEMBIEERE, N ERENEEHETR—
“TBEKFT (WEREAL) , ARBERBAAL., ANIBER ., “ T8k K
AT R X X AR R A FEE R, &R LREB A
MREMRKEEZR,
6.1.2.4 NFHZNMPRIAGFHARNEZPRFRREEZRZTRELY
TERAE

FANER . ARCHNERENZH AR MM RERRE, Xtk H
BERFIRIPRE, B PERXTEFREBFPARNERNEE,
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ERMREBTFHRRAERE, ERIPRFEAXEENESL S
B
6.1.2.5 R&, RBEREFKFEFARTEAREARZTNERG £
Z2H%

20 42 90 FRAIBBAKERE BI5 BB FMREA K, KEKE
KHEEHELF, 1991 ~ 1994 F A | FIRED, WIEBHPAZE™E
WIR, EARSEEL, 1995 ~1998 £RH F42E “HKRIL”, IiE
BifP R BIWRE 5 (H 2004 4E TG M B0 WA Yl 38 SR 2 7= ol A 7
JE=E, SR TIRER Mg B A IR RSN, &R
MEEEZERIR, 2007 11 A 29 BHAE =B ARREREF
FEASFEZTHRSVEI(EEE B P ARER SR AED;
BN RIRECRIER =K B E, FIRESERY
R, RIEBEAF[2007]9 SRS AR RE M, NEELE
200 KEGUTHERRIRBT P AR, ERIBRALRIAN AARBAE, M, XT
BHYU LESTBEAIE. §ANLFTEERZED 100 K5 KB AR,
AR XM TS, BT B ERAR” % TR E DY
PR, AR BT TG TN B ™A 4 ) 7E AN 2 W B AR IE B A R 9 Y
Wo EERWIRIFEF K —ERE L X mEVEER RN AR

6.2 HXKEREFHANDT

6.2.1 HBH|ESERERESH
6.2.1.1 1990 ~ 1999 4 & &M, &% 1) s 45 E &

- 1990 ~1999 4E[H], BRI MBEIRA 29. 97% i T TR 5% A2 56 ¥,
HEBEGE A BEMAREMN, HHERDH 0 14. 20 hn’ F1 12. 90
hm?, 255 RABILEBRARE AR 14. 54% f113.21% (£ 6-6), B2
TR HMmK A R LR IR, SBCRIFEBMRE B . AN
I &N R (12,73 hm) MBI ATA(S. 22 hn®), 43
d AR FR B9 36.98% 1 15.71% , I H X FFF & REER W ERK
THRAARM S SR R MR E LT . IRt R B N B
FATAR, 4353 538 1h bk T ALY 35.21% F129. 58% , A THAKE
R, BHFRASERF MG EZE, BAATKXEFF RS, &
BHN5.71 hm?, FATHMERE 16.17% , EREBAREBK, KA
AR B A bk 5 Hh ) A MR ) R B8 T AR K T A bR [ 5 Y
%, REX A AR SR,
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%66 i FLR 535X 1990 ~ 1999 £ ENE =B = EEC
1990 ~ 1999 DPF SF DFL PL NPC PF HS RP 1990 ﬁﬁ@_iﬁq

DPF Wfi(hm?) 68.42 12.9 0.36 1.76 " 14.2 - - - 97. 64
(%) 70,07 13.21 0.37 1.8 1454 - - - 100
SF T (hm?) - 15.8  0.67 522 12.73 - - - 34.42
(%) - 459 1,95 15.17 36.98 - - - 100
DFL E#(hm®) - - 2 168 2 - - - 5.68
(%) - - 3521 29.58 3521 - - - 100
PL E#(hm®) -  0.38 - 2533 571 - - - 31.42
(%) - L2 0 80.62 18.17 - - - 100
NPC W#H(bm?) -  0.75 1.64 53.58 138.2 - - - 194.17
(%) - 039 0.84 27.59 TL.17 - - - 100
PP F#(ha®) - - - - - 2.8 - - 26.82
(%) - - - - - 100 - - 100
S m#(hm®) - - - - - - 8.32 - 8.32
(%) - - - - - - 100 - 100
RP H#(m®) - - - - - - - 1 1
(%) - - - - - - - 100 100

1999 AR R 68.42 29.83 4.67 87.57 172.84 26.82 8.32 1 399. 48

©: DPF - 8L, SF- KA, DFL - B4bsks, PL~ AT#, NPCL - i FE#, PF - K
H, HS- JERA, RP-KE,

MEEHBRMZERSHERE, B ATRRER ERZETER
O A P AL L AL X, BRI ARBIT & Bt g e 2 2 )
i TR T8 X AR RRAR L IR, A B8 5 4t B Bl PR A A bR A T A SR B
AR >, A PR LA A TR R RN Ll AR, R R KR RE
R R BT RIA RALFIAAR, (B AR AR E A AR B4
FEBERA TR MR AR LA BRI X, WA
B EABBFEHRALAREX WX, HRSHAAT AR
RERRE . W% BRI IR MBI ER R IBTEF > IAEN
— e BRI I R AT
6.2.1.2 1999 ~2009 &K WNEF 1 #HmE

1999 ~2009 4 [ 38 b 4 Ak T B g2 B JRL R J2: 26. 36 hm” (3B AK
JFIAMREE I AT AR, AR, Bk AN R4, 2505 1999 FiB 4k
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JEGAAR T AL A 17.82% | 16.46% . 4.15% F1 0. 1% , WK 4 M X5
RE, #B4r(8.13 hm®) FME A TARFRAE, o5 1999 47 3k 4 R H AR
27.25% , {HREMBIERAR. ATHAR. 5 H 5% 5 R i R A4 A R
WK, FBIX— IR AT R E NS B AR HAR X 15
BR, FE4ERERD 28.48% R WFIE, BHERGHEI AT ERA
B EARHLE 39. 83% , 5578 431 A0 Akt BF 3 5 B 1] 8¢ 4 T 52 37 A ik
M, ERE DTSR RS2, Ry, 2. BAFES
MR WA TARERES 4355 R bk, 3 BGR fbAkHh T AR i,
AT HEEDIEATEF KA, BUAKBTIF R A2 M, X—0TH
FEEREEMEE, SATHBERMER, S mHk 142,22
hm®, A 2T 82.28% , KEAERGHMEN TAHFHER .
M. HEATHE, XIERATHEHZBE M. RbmAaR
BAOMERERRE, NEAFTRRE, BHEATHNEERX—HH
MESFH, BAHTZ. Bk, BUREREAEFTFERIATK, £
HAERTERNERER, Sai—r B, X—afBRRLEEE
AT, FEEEETREYWHFME, MEEFBRRI ALK,
BEWEARERFELZE T RERWTEETS, wbiMrzs, EEH
ERE, SBHAREHNEBFER. RABF AR ENR WEKEI X
FATIHRESRSHTFRREAELS/NMERKEE XS, H7REXER
WEBERRSM, BIAREARBAIREKKATERRSEIEN
AR,
6.2.2 I AHHF

5 XK AR A RIS AL, SFRAES T
KK FARFNHSERMERLBM AIEEERWEM L, BEINRX
£, EERTIR. SHIFEEE. EEET. REERSTES 5K
MM (PRA) TE, A5 REBMNBRZR. 116, P KE
FLR 7~ i X 5 WA S5 28 4k i 3R 3 E -7 o
6.2.2.1 AAEZERRE

KB FLR Ry K BEWAE BAEMM RS EEE R AIXERRA
BREREFEREF RS W RAMMNYT K, AEX AL H b
0.04hm?, 20 42 90 £ HHI, ARTEK AL EHSE R IR 5 H K15
Afppe, EEHMNELHESERESEIAE 2 ~3 MAK, IRR
RIGRE, HiERKIEFRBLREBEA, WEM RS, HY
B R B NRREARNAE T MEMMER B EYARE, BREERER




ANE  HAEWAACIRS) S 504 95

WIS FE &4 T 1990 ~ 1999 4[], {RIABILFRIBAR. WA K
IR AR BT B R M, A THEAREMER, BEBELTHGE
BEFR RN B FEEANHREE, FRENAEXFERZMER WL dE
TIRKHIRENER, BRBDERSE ., B, KEHMAEREEE.
6.2.2.2 BRRIRKE

KRAFTRBOREZARTBX ZME RN EBZIRGE R, HRAIR
WEEEARRBEA TR, EFMRNE, ERKERESFRAMESR
HEEL . FRFLETFMFRE . RSN, KPR HRFTBORY
PR RS, EERERAA . B KR M KO R A AMA T
MRFAE, 1990 ~1999 4E[H], AR REM X IR I E, BRK
HEBRENRERTBEFES L T RMAEFK. R, BFER
B, EARMEEBNNEEANKREAF R, NTIREEX —HRAES K
HE R R M I A TR 4, 1999 4F 2 J5 I HR 45 B4 ) 5 ) AR 4B 4L
XERAGEAMERZE . RERHE. BWBEEL, BE 1999 ~
2009 SEHERTE XK . HERBSE A AR ARSI, FEEHREHER
k. RFEFKFHREURBEK., RBELKFERRAEHRS,
KRR ARBEHFHE Y B WG E LU EM., BRBSE ALK,
R EEHEF MBI T, EERAERTREREF NG
R, BRSSO E BT ES RN REBIT R, BATHKY
T E R AR Z BB,
6.2.2.3 M=

PRF= S A% 7 Y5 X R R A R B9 3K 3l 2 2 H BRAE 1999 ~ 2009 42
. MERRIES F, B, B, HRNERTEA, BRIE
A IR A AR DL, AFEAUUKEY KR EE R K B Fh A LR
PFATH, TR RS R RERIR MBI, BB, &5
MR FE 2 R REZ W A=A IS /E AW RN X
—BHER LRI AR . IRAEMRBGR MR F E A B &S R o B,
MEEE AT, BH/ERNTT— BB RO RB AR IR
fepkh 5 A TARZ B pya i, ZEX —BAFR B, HIREX
BRMY RATAHMHENBERL, [, XWRARN7I—15R
55, BZMEEIZNES, REXEPRATREANT KA TARE
T A BRI AR . WA MREER Mk 4 A TR,
6.2.2.4 HBHIH

EHEIBRATEXZMERBUHEEZRIA T, REXFER
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BN ERER, BN IRE T REBERR BRI —EmH
Wi, AUEFREFEERET, B, FFEBETHRFHRAR
BAE A, BAEBA, WAEASOR MG B R R S
RIFATH, EEARERT. RN, KRR YBTRAE,
MATEFHARBERBREEAC —FAN L, AR P B
MK ZE 15 ~16 HBF, FEBE RS FIRBE £ 441, kb
HOZBMEE, RERS —MEAIBERE— K ILMkgEF R,
WAKFHRAERBRIAX R LA AR FFEE., S EN,
FE RS R AL £ 30 R AR E R W F ER AR L, S
FiRERE, SRS —BIREOEARME, XFFEIBRIRER
R, FERIEE MR T RERIBLSRAERAKE RS, AT
PREIEE B

6.3 /N &

AEEH SER A Markov B HHEBBREGFE B ST AR RNE
RBRBZAINFEE SR, ME—RUBERLHENESRSER
W ER, FUHAZERMRAS Sk HRF WK BRI
Ho GERFW: KA Markov BRI ST W F BB RIEGREB H T RN
BRI RFI oM BRBEMREENS 5T EEE SR
3l 343 7k R 3 A T IX3K S AL XK B ZR bk IR R T
BALSHE T o

(1) BRI BB =R BMRERE SRR hFIRA,
TR SRR AR AN A A A A AR AN T BR A5 62 0ok 9 DR R R AR AR TR
AR, e, EAEERBEYS, TXMEBEAATEE, Fif
MEFARNBERLXBEPRBEN, MHMRNERLRZ HKESE
Fr—EER; BUFRRAMRERKERAZN T REOES, KE
FERIBAC R I AR YAEAEEAL, RAEMR R AR AN AR, Bk, =
AR AR, HpEGRAARMR AR EE R EE 1991 ~
1999 4EfA1E], MBIk, K AT, MKW EBEIBERERE
1999 ~2008 4E[6], XWEERGBAR . KA 1991 ~1999 M
e EEREH, -

(2) HBBBREEI LSS 5XNHELHEL 1991 ~2008 4F[7]
BAKERBIEE RIS S MLBRSESTRERKGE
SREBRBNESHER, HRIATF LRI DB KA L X 2
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MEMALMEBE R, SRR R X A L X kR
WAL EEEE, A SRE LRI F B 5 AR W2 o 3R Bk X 2R pk o
WA EERE, R, MIEFRREARNET R R LS X 26k 8 0
AW EBEE, |

(3) KB FLR /R R B MER A AT 45 & W . 1990 ~1999 4F
], 3B AL A ARIR 14 B 1 AR T AR/ 0 B R 2 B 4B AL JEU A AR BBk 1)
By R AR, (BREA H KR BRI MEER ; WA bk
TR B JE TR R T % Sk B MRS S A AR T AR K TR Ak bk
SRR YA AL T BB IAAR ., WAMR . SEALARH AR M
A TAKR R AU K F A TAR N S M ER, SEoX—MHEAT
PRERL BN, XA PRV E < B AL BRI A bk — AR H— 5
F YA HIETEE Bt BT IR . 1999 ~2000 4R [H] B4k
B AR T AR/ 14 JBE BB 2 26. 36 3B K JBLRA AR 0 A TbR L IR AE
Fr. BRSNS, BBEAAR . AT AR, B R T K A
PRETRER K, T X — I AR AR PR AR B S e f e B, ABEAL 7 1)
KB, B ATAEESEX BN ESTE, AAM6E; B
B MR AN TA R 3, REE B3 REWKFE, TEETE
HAT A |

(4) KB FLR /R3EX 1990 ~2009 4F 5 W 30 A5 A5 4k B 76 Fe A AR 7
PREE . HRAORIE . R BN AS ST BRI T R ER,
HA A AR W R IR EE R AET 1990 ~1999 4E[H], RPN iR L
JEARAR . YRAEMRR LA BB B R, TR AR 2 E K
BB AR B R A= G M A FR B 1999 ~2009 4R ]38 1k JF 1 Ak
R A TR, BIREK. BISA THATR2ET KH
A4




SLE BISRAZRK
FFAE 53 B B ¢ B2 SR %

Toil 2 KK T3 BAL KK PR R R IR E , H AR E it
B S HEAR R 76 SE B SLHKF Eo MN FEAVKESRE, HFRBRNKE
FrERASKERKYIRE 54 E (ITTO 1 IUCN, 2005) . E b
WARM AL (ITTO) 7 2002 R B M (R FRUSRAEFHKE . &
EMEERE) PHRARNETRASRAERKNES, LFERLELH
AL WAEMFR LA (ITTO, 2002) . A8 HJRIAAR, B SRER
MBEALTERAMERNZEEXE, A0TX S FRMk 0 R T 8
WX FEIAARFE, BB ASREFMTDZEBXWEEERAE
BHRNWEFEREME, &R IE R EZ ## 4 (Banerjee A
1995, Gilmour D A %, 2000; Mcshea W J, 2009),

A R R L B IR AR A e My RN . BRSNS A (&
&, 1997; TWESE, 1999; BIHES, 2002; T&, 2007; HE&K
%, 2008; FHR4E, 2009), DLRRAMZEE, FEEMEMZE IR
(Bt BB 4%, 2000; fRJ0JK, 2003; 1 % #£ 4, 2008; f&TJk%E,
2008; Fytik, 2008)EFEFHEECELTRTIHFLZEENR, HIHFEKE
B BEHEAT PO IR A S 6 R R IR A AR B 7 2 A U AR 22 R AE 4 B
RED ., XEERSEMARHTAEINFEWETRT, LUSEE K
B FIRE KB FIR RE KB SIRAEFRM AN SR, NBFEREEHEF
WHARMHE, FERIEARRIE SR I BRI ST 3K PR E SR G, B7ER
BACSWAEZMAIRY . IRE . ATHREEE B A R EERRIE

7.1 ITTO W HRMEINNRE

7.1.1 ITTO #iEHMHIEER
(ITTO PRI GRAEFMIRE . £ EMEREIET) (ITTO, 2002)
BRI =2 JRIAAR(primary forest) | & IERSRAMK (modified natu-
ral forest) F1 A THR(planted forest) , {EIE KRR X A4, LBR
5K ( managed primary forest ) FIIB 4L 5K 4 Z5 K ( degraded and secondary
forest) . H AR SIKAEZFIMEIEIRILIELIEH (degraded primary forest) |
K H MK (secondary forest) FiE b Ak Hb ( degraded forest land ) (I 7-1)
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& E4 (modification) ————+  B# =
R i
[TEzmmm P wmm

FEEIGR A '

ARl A
I I
wr (28 = Ten R
e LA L LS U TR Y * AT H]
gz 22 £2
5E BE g%
%7 KA KA
ke = ke i b
ELHE

B 7-1 MR ERAIERAIRSH B SEE

ITTO X 2 A RS E B Z M FE— 3B B R SR, &K
AMEERR, E—EH&HTUUMEREL, ZBREETEAY
B, EBRAALERAETILAE, WLAULITE RN R REG A, B
REBALTHRBZRN, BHRZBFE., RAKNEZWIERE/D, RRE
. DREMSISEERREBIESREKER TN, LRH
iR LAAR B AR A B AR i A2 7 s AR A B B T8 20 A 4
FEFA, MLKFHRAAEEREBMN; RUESRER, ZBFE
RARS B R IR MO BRI RUIR AR . 278 AR PRI R 47 IR 4R AR RE 45 12 1t
BT EA N R RS, BREXMAASRIPELEUET
FIRM B RS H AP FER, BRENRE TBEXRAKBTE
B, MRFHRMBEERRAZIRNMEROSEFRSFAHE, ®
ZEKR. REFHEFETH, EREREHE. RIS ARE
MHE KB SEHRERD, MEFHRETHEEREZZER
¢, ITTO MK Bb2EZR M52 MBI IE A, BACRBHIRE T R
FIRIGMREITF SHRE, MM FAER ., TREW ., % H%, Bl
ZBRHFEMBANTHRER, REXRKREFMEREELE, BIUK
WHRE LUK BE N B E R Ak, EERESRA; R, mRREHRK
ZEBEFRBAZEEE., KREEREANTHBIK ., BAKE R
REWEERTH, FH0% WEABRMERER, ZaEHERH
PR AEMN, WAEMNE R RERFRARBFM ., BERM, W
BEMBWATENRE EEZFTR. ELERTEARAR, HMES - H
MERRREEERE, ERGRKAREIN, KAEKTLUKRENR
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R, S TFTARRBEIEAREMAR=HOTERK. BEEAE. K
HEHMTHRBTHAAZLEEREMBESIR L EEHER, &
MEEZIME RESZS, HAHRETOARLR DB, 28
AUHZANER KBEETHBLEBM. WA TARE T L
FAe B M, TRAMKBRIKRE SERBRBRATES, 3
&, 2%, EKFTERE, RE W E SN %R BUR 3 E
BHLE, IRETEEME. MEER, 5 LEELE, MA
BV BRIEAAREHER“E AR WA AR BAGFEHR, WAEK
AR A R A ARS B EEIEAMEEZMHNENR, &
BB EREZK, BEEEEME, XMHHRENEZREHE
fEith, LR EX=ZFMHBEMREEFET R B E B AT,
WHEEZMRES P E G BEA/RIRERES, XEREEFTHIE,
HAX B, HEREHEZERWE, L% EREMRESHRE,
7.1.2 ITTO XA EFHFHESIHE X

ITTO X 4R ZRME AR LS 1 T340 . BRI E Lo

(1) FEiaMk: RZBEARTHBZENE . REMEARBZMIETE
AN, BERREH . DRSS BARERTESRE MM TR
TR, IRFMMATE T A X A i KA & R Y 2 re R A AT
M AN T, UMEEETE A HERHRMK,

) BIERENK: Z2BRHFEBMRS AR RMIAEARFAR™ M. F4ES)
MY e A E BT R AR R, ERIFBRESK, WESREMRES
FFARAMREE AR, NAESZ LY, IMREERERNREEBN R
HIFEAE :

(3) BRI EARBAMIEAR BT 5 A 7T RS20k (A58 i 4%
BUIRFEMIENE) . B A ShAEY 28 Fn H At R R T ek 2R T IR 48 MR B4
IR R, (EAARYGERT TR R AR S5 I 2R AR

(4) B SR AEZFA: EFERWATRHREFAAZLBERARE, WX
. KK, WA, Bk, ERFMSMHLARER T 8 AR IE
BERARZARIME, SREMMEL, BISRERKESSIKE, 2
WERAEAM A7 E R SRR, W RNREEREME T4
R4, e MEP TR, FRASERESEE, HAEFRMKE
AR ARET BRA A =T BB IR T 6 .

(5)BILERA: ZERMAFREEARBIRAMRSESZSHHX, HTAR
B/ BARAR M= MR TR, SBORMAREH .. SR, IR




BT RS UESRMARIE S B MR E Sk 101

BABLEE TESREN IR 8 RIAMR, BIIHRERMTER
HAAE, CERETIE. PHASLKENEES, REEFHILENT
B BRE B P IR B A= I A SR w8

(6) WM : FA MR ERR G (AMETEA RN E R
10% ), ity PEFAEKKARSER, BFERFRER. BERLA
. BOHBAEAMR B - BRRE . FHER R AR R ok 2 A X
—B (WS AR B A) . AR B AR
R, RABFHAKTARE, BTATRHEENE, X ENER
AR ACAR Rl AR ) SR

(7)B Akt . JRA ARt o T A R AL/ B AR AR AR a9 3 B
K. REHEMEE. REXR., HHREHARE L RAE YR T
RtFAE, MR TERR, EARAEECHEBSRERERT
BEMABNFRERTE, HMAMBERE T RIAF NG RELR
R, KCHBARE . PR T REMEY SHEEERE. =
MR BT R RE Ok R AR EAEY S ERMA), 7
FE T RE L, FANYE, LEAEYEREERERKR
REH L RZ MW .

(8) ATAkK: B BRAR SRR ST A9 FR AR

(9) FeshiEdk: Tobkib BEERIA T,

(10) FEHTHEM: AERIRBRME 204 % J5 S INE AR FIAR T AE B

(L) #MECHEBVE ST, RN . B ERRMBIR LR A
R, B ARSI IR (S SRR A SR A ER ) &
B BT A

7.2 R{LRIAHRGSAE

7.2.1 FELBMHRHR

KB FLR /R KBLEA MR A EL M A EE Y EEE R
71 iR, WHEITT. TRELBERARBZIAMF 42 F, BEER
KER RIS TF, b 4.05%, HREXRE L, BEMA
34.98% ; AL, KEA. SR, FE. M. SErF LB, RMARKE
BEAFIE 3 ~9; Hifth 33 FEMNEEEN/INT 10% . B, w1
W TFRETARRHY 26 #, RPERHETERK, B8 70.94%, K
ORISR T FRUREA, 40 31% 55.21% #1 35.50% , SErFILEL, B5
. KARE. B, BT, RS, REEE (R WEEES
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P4 ~10, HTF M. WEILMTFRETAREILA 35 HEY, ATk
WEZEERK, #48.16%, HREWKRE W T, EEEN 42.14%,
BT, BRN. B, BE ALK, AHILAKNERESFIF3 ~T,
KA, BREE. WEEEREFARIGEY 21 &, HPKarE
MEZERK, #33.21%, HKEBHEE. BEED ., LMk o
fifl, BEEDIIH2 5,

A NBERNTARBHMEEE TRER. £ ILEM, B/ 7
SRE, R WEAS BTN S, FHEMERM ETEE(E
), BiERh—REE R BRI (FEZR) . FammiE
Y&, MAM—RM AT RFEHDR S LITFARF,

®71 BUFRBRAKARFEFAREUHEEE

iR ) N V<) SEE
BAR Fs iy 2E HE HK2E (%)
(%) (%) (%)
1. BEITF. 1 BT Garcinia oblongifolia 15.61 1150 13.94 41.05
TR TR 2 ETEL Hopea exalata 16.18 1239  6.41 34.98
3 &R Engelhardiia roxburghiana ~ 5.78  6.19  9.79 2177
4 HA Ixonanthes chinensis 578 442 6.9 17.17
5 RER Diospyros potingensis 6.94 531 3.84 16.09
6 it Acronychia oligophlebia 6.36 6.19 - 2.06 14.61
7 it Canarium album 462 531 3.66 13.59
8 JEm Symplocos lancifolia 2.8 442 335 10.67
9 et Ficus henryi 1.16 0.8 847 10.51
10 A% Schima crenata 231 265 3.64 8.61
11 BHEAR Piptanthus laburnifolius 0.5 0.8 673 820
12 & Eriobotrya deflexa 2.8 265 22 7.80
13 44 Lithocarpus fenzelianus 1.73 2.65 2.8 127
14 P Castanopsis fissa L73 LT 36 112
15 #@iFk Amesidodendron, chinense 231 265 205 7.02
16 K Ficus microcarpa 1L.73 265 126 5.65
17 iy Sapium discolor .73 0.88 283 5.45

18 M Gonocaryum lobbianum 1.73 2.65 0.94 533
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(82)
MR A EEE
KR Fs WL 2% HE RBE (%)
(%) (%) (%)
L BELHRTF. 19 BRE Lithocarpus pseudovestitus 116 177 206 4.9
TEW LR 20 HE Vatica mangachapot .16 177 0.83 3.76
21 HR Suregada glomerulata 0.58 0.88 2.19  3.65
2 BE® Pithecellobium clypearia 116 L77 070 3.63
23 R Cinnamomum parthenoxylon 1. 16 0.88 0.91 295
24 EAETTMH  Decaspermum albociliowm  0.58  0.88  1.46 2.9
25 ATH Ficus nervosa 0.58 0.8 131 278
2% WEK Dolichandrone caudafelina  0.58  0.88  1.08  2.54
27 5 Phocbe hungmaoensis 116 0.8 048 2.5
28 JARs Artocarpus tonkinensis 0.58 0.88 0.74 221
29 HELH Photinia benthamiana 0.58 0.8 0.48 1.9
30 =XE Euodia lepta 0.58 0.8 0.45 1.91
31 ¥WEALE  Polyspora balansae 0.58 0.8 0.44 1.9
32 kiR Erythropsis. colorata 0.58 0.8 0.43 1.90
33 kAR Sarcosperma laurinum 0.58 0.88 0.42 1.88
34 Ak Codiaeum variegatum 0.58 0.8 028 175
35 AEEFRE:  Cryprocarya densiflora 0.58 0.8 021 167
36 WEEH Altingia obovata 0.58 0.88 0.18 1.65
37 EMA Bischoffia javanica 0.58 0.8 0.15 162
38 FHEW Diospyros howii 0.58 0.88 0.14 1.60
39 HH Litchi chinensis 0.58 0.88 0.11 157
40 B Toxicodendron vernicifluum 0.58 0.88 0.11 157
41 B s Viburnum odoratissimum 0.58 0.88 0.10 1.57
42 BER Rhus succedanca 0.58 0.8 003 1.50
2. #ig. R 1 &R Engelhardtia roxburghiana  24.62 1471  31.62 70.94
IR 2 BT Garcinia oblongifolia 22.31 1176 21.14 55.21
' 3 KK Inonanthes chinensis 10.00 11.76 13.73 35.50
4 HILE Symplocos lancifolia 5.38 58 378 15.04
5 EEL ) Lithocarpus pseudovestitus 4.62 5.88 2.57 13.07
6 KA Sarcosperma laurinum 3.85 4.41 4.01 12.27
7 R Ficus microcarpa 3.85 441 316 11.42
8 YEEM Dalbergia hainanensis 231 441 381 10.53
9 B2 Diospyros potingensis 3.08 5.88 1.53  10.49
10 [PEHEE Dalbergia odorifera 3.85 2.94 3.67 10.46
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(%)
#w AR AN
i i) i AR ZE  HE HHRE %iiﬁ
(%) (%) (%)
2 #i. Bl 11 WHEDW  Rademachera hainanensis 231 294 174 6.9
T TR 12 B Canarium album 2.31 2.94 1.3 6.59
: 13 E Lannea coromandelica 1.54 2.94 0.89 5.37
4 WE Liguidambar formosana 0.77 147 293 517
15 K% Schima crenata 0.77 1.47 0.65 2.8
16 EBAOH Photinia benthamiana 0.77 1.47 0.60 2.84
17 EREA Bischoffia javanica 0.77 1.47 0.51  2.75
18 AR Suregada glomerulata 0.77 1.47 0.46 2.70
19 &=H Acronychia oligophlebia 0.77 .47 045 2.69
20 BEE Sterculia lanceolataCav. 0.77 147 033 257
21 Gonocaryum lobbianum 0.77 1.47 030 254
22 WEALE  Polyspore balansae 0.77 1.47 0.22 246
23 4Rk Syzygium rysopodum 0.77 1.4 018 2.4
24 EMEAT  Glochidion dasyphyllum 0.77 147 018 242
25 HIKREETE Elytranthe cochinchinensis 0.77 1.47 0.14 2.38
26 Sindora glabra 0.77 147 0.03 227
3. TR bl 1 HTR Amesidodendron chinense  14.29 1212 2175 48.16
WV PR 2 BEITF  Garcinia oblongifolia 17.01 1414 10,99 42.14
3 =i Engelhardtia roxburghiana 4,76 6. 06 7.63 18.45
4 EXS ) Lithocarpus pseudovestitus 5.44 4,04 7.23 16.71
5 bzt Gonocaryum lobbianum 6.12 4.04 6.4 16.56
6 WAk Polyspora balansae 6.12 606 4.18 16.36
7 Rl Symplocos lancifolia 5.4 7.07  3.16 15.67
8 KEKE Clistocalys conspersipunciar 1.36 2.02 7.12 10.50 .
9 JNHEE tfl‘jzscus microcarpa 4,08 3.03 2.47  9.58
10 ¥FE¥ESW  Radermachera hainanensis 3.4 3.03 2.85 9.28
1 EZEEs Hopea exalata 3.4 404 075 8.19
12 Canarium album 272 3.03 0.94 6.69
13 KEARFETF  Lisea lancilimba 2.72 2.02 1.7 6.44
14 #K Ixonanthes chinensis 2.04 2.02 .03 5.09
15 KA Sarcosperma laurinum 2.04 2.02 0.66 4.72
16 4EiEng Machilus chinensis 0.68 1.01 1.45 3.14
17 /piHEE Lindera playfairii 1.36 1.01 0.51 2.8
18 Sk Machilus nakao 0.68 1.01 1.03 272
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(%%)
IR VO N 5P ) —
BRAER F5 B ZE  HE A3E (%)
(%) (%) (%)
.HTFR. BE 19 EHK Pentaphylax euryoides .36 L0l 023 26
e :23 20 iR Ehretia acuminata 0.68 1.01 0.85 2.54
21 b2g51) Toxicodendron vernicifluum 0.68 1.01 0.73 2.42
22 EREA Bischoffia javanica 0.68 101 0.63 232
23 B{EHR Pithecellobium clypearia 0.68 101 0.6 229
24 [REf Diospyros potingensis 0.68 1.01 0.48 2.17
25 it Sindora glabra 0.68 101 036 205
2% [EHEEH Photinia benthamiana 0.68 101 0.3 205
27 AR Eriobotrya deflexa 0.68 101 0.36 2.05
28 EEAK Piptanthus laburnifolius 0.68 101 0.33 2.02
29 EFH Phoebe hungmaoensis 0.68 1.01 0.21 1.9
30 B Litchi chinensis 0.6 1.01 .0.19 1.88
31 EHMREE  Caryote mitis 0.68 1.01 0.17 1.86
32 % Peltophorum tonkinense 0.68 101 0.16 1.85
33 K5 Ficus auriculata 0.68 101 0.16 1.85
34 wH Acronychia oligophlebia 0.68 1.01 0.1 1.79
35  RMHFAK  Prerospermum heterophyllum  0.68 1.01 0.1 1.79
4 kEHE.BE 1 KEE Sarcosperma, laurinum, 1282 1290 7.49 33.21
I, R 2 BEEE Dalbergia hainanensis 513 6.45 17.99 29.57
BRE 3 BERE Polyalthia laui 1282 9.68 3.43 2593
4 lipa:3 Elaeocarpus sylestris 5,13  3.23 16.74 25.10
5 dHR Diospyros susarticulata 513 645 9.66 21.24
6 EX Antirhea chinensis 513 6.45 472 16.30
7 WBEWAF  Garcinia oblongifolia 769  6.45 1.65 15.80
8 HAK Cratoxylum. cochinchinense ~ 2.56  3.23  8.88 14.67
9 WEKER  Wendlandia merilliana 513 6.45 227 13.85
10 Ak Ficus variolosa 7.69 323 264 13.56
11 FTH Lithocarpus elmerrillii 256 3.23 .02 12.81
12 B4R Ormosia pinnata 2.56  3.23 404 9.83
13 fg Lithocarpus corneus 513 323 119 9.5
14 Syzygium buxifolium 2.56 323 . 285  8.64
15 s Vitex tripinnata 256 "3.23 285 . 8.64
16 A Suregada glomerulata 256 323 175 1.54
17 5% Acronychia oligophlebia 256  3.23 156 .35
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(%8)
M MR A% 5
i 2l F5 WA £E  HE HEE (%)
(%) (%) (%)
4. KARE, THE 18 HAE Engelhardsia roxburghiona  2.56  3.23 122 7.01
Rl e 19 BEEHE  Goniothalamus howii 256 323 0.9 6.78
PR © 20 HIMRRZETF  Neolitsea obtusifolia 2.5 323 074 6.53
21 B Phoebe henryi 256 323  0.30 6.09
7.2.2 EEE&gN

REXBRILERMH A E Z RIS, BFAE 1.0, BEESHWEN
%, BEBSRARE. EXBREFRE., HFRFARENGH 2 NLE,
FITENERT 8m, FETTEWE/NT 8 m; HTFREFKMAE
Fit, £ 1 EEMERENM TR UHARRESTHAE, AW
AREABERE/N . ZFMERRHRAR, FImRSER. Jertbi, HEe
K. WTH. T, EE T EEFNRETERT. £EREFE. 28
GMERENEZ RS TR, EEFRE., TRES, FEAMTEZR
%, BARYMEE, FTEARETEE. KAk, BELE. TTH,
WREAR. NMEEFE., B2, BHANEFLSITARYWMZ AT (Er
vatamia officinalis) . %3 L% (Aporosa chinensis) . HE B &L TF. L EHE
Ky ERAZFEEYRIT. KFLZ, BT, 12 (Livistona
chinensis) . S35, iR IFHE AR 40 H IR B E AT (Indocalamus latifoli-
us) . Pr9EL( Chrysopogon aciculatus) SGHAIEY), b, BIUTEIHIE
BEEWEAMY), WK (Smilax china) . ¥EF ( Piper hainanense) Fl
AR TF (Abrus mollis) %, BT, FERZMERZIRE F HMEE
BT ARG R
7.2.3 FAEUFHhSEY
AEXBFEIRMRFBEE AR RS W EN YT SRR 72,
BE1 ARKEYMEEE R D542, 26, 35 F121, ZHEREE
SW 432k 4.46., 3.61, 4.28 i 4.14, B EIHEE 405k 0.81,
0.77. 0.81 F10.94, A ED 4518 0.07, 0.13, 0.07 F10.04,
BRRE, AEXBRLLEEAFARBEYFEZE R F21 ~42, &
FiE X ERIE B 5 1L B R RP XN BRI B ARG Pl Rt 7
MR EEE(BRAS, 2007); SHHEIRESW K3.61 4.46, 5§
BB R AP XL R T AR Y Fh SRR 8EE (4.04 ~
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4.17), EAG T IR 00k Pt R AR AR 22 BE M (5.78 ~6.28) (ZE 1,
1997; ¥FIESF, 2009); HSBEFEEE 5 0.77 ~0.94, AHAEMEE ED
#70.04 ~0.13,

RT2 BURBHRFREDF SR

BRY 2 R sw ED E
B FRE 42 4.46 0.07 0. 81
I 30 4.39 0.06 0. 89
il 29 3.89 0.10 0.80
BEVE 2 FrRE 26 3.61 0.13 0.77
I 12 2.83 0.18 0.79
I 24 3.73 0.11 0. 81
VG 3 FARE 35 4.28 0.07 0.81
| 25 3.93 0.08 0. 85
I 27 2.60 0.10 0.55
BV 4 FARZE 21 4.14 0.04 0.94
I 6 2.50 0.07 0.97
I 15 3.64 0.06 0.93

7.2.4 HHEK

AEXBFEERA ST ERKILE 73, 4 MHEER KB BR R
10.2 ~14.3 cm, FHHEH 8.50 ~13.39 m, FH MM HREFRE N
142.51 ~199. 44 w’/hm’, B BAKFHER & EW LI TIARL FIEK(BEE
MR, 1991; BB, 2001; EWEBES, 2002); HaomER
2321 ~3545 f/hm*, KFUGERT B F IS\ R AR R IR bR, MRS 25
MERGEH LE, RUEFEBMRRBEFTEETITE, HFAREHRNK
48.30 ~ 79.49% , EREEPEF I TE, S EEHREW
67.11 ~91.38% ,

®73 BURBKREEUREF

) BE EHE
BERE KB quiﬁié qzigfg HE Bl  EBEBRE o
(#/bm?) (%)  (m*/hm’) (%)
B FAE 12. 68 12.33 2595 100 191.55 100
I 17.65 14.23 1005 38.73 164.28  85.77

I 8.09 6.60 1590 61.27 27.27 14.23
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(%)
] i o EH

BERE HE ﬁﬁj i@f S‘Zi(gfjﬁ BE  EAH BEER AR
(B/bm?) (%) (m¥/hn®) (%)

‘ K2 FARE 10. 20 10. 05 3545 100 142. 51 100
i 14.29 12.22 1091 30.77 103.30  72.48

I 7.71 6.75 2455 69.23 39.21 27.52

Bk 3 FRE 13.16 13.39 2321 100 199. 44 100
I 16.79 14. 62 1200 51.70 183.17  91.38

I 7.52 6.83 1121 48.30 17.27 8.62

k4 FTARE 14.30 8.50 2925 100 195. 12 100
I 24. 06 10. 29 600 20. 51 130.94 67.11

Il 10. 74 6.18 2325 79. 49 64.18 32. 89

7.2.5 HHERZLEN

AL KGRI RIA MR E ARG TR 74 R 72 FiR, miEKIBILR
A ERDIEER 4 ~48 cm, HKEHAEN 46.30 cm; B TREM M
£ Scm, HHET4MET2 F4 cm BHNERAEFEEER 2 ~4.9em
FIARARREL, BTLA dem £ A M RR S LL BB B AK T 8em BB, & 5F
ERABREEAMER I,

#7174 BURBHRAKRKERERESTR

HRMREBLLE] (BR)
B (om)
gL FE2 RFUE 3 Bk 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 1 2 4
28 1 0 1 3
32 0 0 2 2
36 0 0 1 0
40 0 0 1 0
44 1 0 0 0
48 1 0 0 0
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72 BURBHFREEEASHE

7.3 REMIFIE
7.3.1 EERBFMEORH

RTS5 RENTEHEEVNERE
M OMX AR

BRER F5 R AR ZE HE HBE i;f{)ﬁ
(%) (%) (%)
1. SRECHEE 1 R Aporosa chinensis 30.77 12.50 17.05 60.32
2 Lithocarpus corneus 8.97 6.25 836 23.58
3 BEWATF  Garcinia oblongifolia 10.26  6.25  5.87 22.38
4 WE Liquidambar formosana 2.56 313 13.01 18.70
5 AR Lithocarpus howii 7.69 313 472 1554
6 JEER Artocarpus tonkinensis 256 313  9.74 1543
7 WG Castanopsis hainanensis 2.5 625 393 12.74
8§ ILIGE Syzygium buxifolium .28 313 171 1212
9 WEaE Ormosia pinnata 2.56 625 290 1L71
10 2ME Ellipanthus glabrifolius 3.85 313 410 11.07
11 IEH Sapium discolor 128 313 571 10.12
12 JEYeAE Ormosia fordiana 256 313 390 9.5

13 BABE  Iudigofere galegoides 3.85 313 195 8%
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(8%)
VI S N i) ) —
i S| 5253 AR £E HE HEE (%) :
(%) (%) (%) :
1. GBkpEvk 14 Ak Cratoxylum. cochinchinense ~ 2.56  3.13 154 7.23 ‘
15 f@ERg Wrightia pubescens 256 313 112 6.8 1
16 Beilschmiedia intermadide 256 3.13 101  6.70 ‘
17 ERH Lannea coromandelica .28 313 178 6.19 (
18 FFH Lithocarpus elmerrillii .28 313 123 5.6 l
19 #K Memecylon ligustrifolium .28 3.13 107 548 l
20 FH Acronychia oligophlebia .28 313 0.93 534 |
21 WEEN Dalbergia hainanensis .28 3.13 0.87 527
2 BT Glockidion puberum 128 3.13 0.45 4.85 (
2 A% Psychotria rubra .28 313 038 479
2 EMEEW  Rodermachera fiondosa .28 313 036 4.76
25 B A. odoratissima 128 313 032 472
2. W ERRBEE T IEHRE Trema tomentosa 77.27  37.50 80.32 195.09
2 BXFE®E Indigofera galegoides 9.09 1250 10.10 31.69
3 JEERE Helicteres hirsuta 9.09 1250 3.68 25.27
4 BANT Ellipanthus glabrifolius 1.52 1250 4.02 18.03
5 WMERZEE  Fuoda meliefolia 152 1250 121 15.22
6 R Aporosa chinensis 152 1250  0.68 14.69
3. AT, 1 Egmm Symplocos lauring 20.67 20.00 28.72 78.39
EEREN 2 WE¥ETW  Radermackera hainanensis  23.08  10.00 25.67 58.75
HoE 3 EEARH Photinia benthamiana 9.89 500 11.00 25.89
4 FEM Chukrasia. tabularis 7.69 1500 237 25.06
5 BN Lannea coromandelica 659 10.00 5.35 21.94
6 HYEAT  Glochidion wrightii 440 10,00 527 19.67
7 B Suregada glomerulata 8.79 500 550 19.29
8 AR Poappenoric multisepala 220 5.00  9.78  16.98
9  Z=ZXF Euodia lepta 330 500 2.06 10.36
10 JBEME&T  Glochidion dasyphyllum 220 500 244 9.64 1
11 EM¥KTGH  Radermachera frondosa .10 500 122 7.32 ;
12 Sindora glabra L10 500 061 671 ‘
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(%2)
X M A —
bic ¥ 2| 5 WA £E HE HEE (%)
(%) (%) (%)

4. BRIETE 1 EER Lithocarpus pseudovestitus 19.63  5.66 23.38 48.67
2 B¥E Sterculia lanceolata 8.59 566 625 20.50
3 h& Sapium discolor 8.59 377 527 17.63
4 Canarium album 3.68 377 671 14.16
5 Ak Memecylon Ligustrifolium 429 1.89 7.58 13.76
6 EMERT  Clochidion dasyphyllum 429 377 442 12.48
7 W Sindora glabra 429 566 116 11.12
8 B Suregada glomerulata .07 377 3.89 10.73
9  HHEETF  Clochidion wrightii 2.45  3.77 390 10.13
10 EHELE Ormosia pinnata 3.68 566 0.64 9.98
11 biNg Psychoiria rubra 3.68 5. 66 0.55 9.8
12 LR Commersonia bartramia 3.68 377 206 9.51
13 BT Garcinia oblongifolia 0.61 1.89 6.77 9.27
14 KA Sarcosperma laurinum 2.45 1.89 455 8.89
15 HERE Wrightia pubescens 1.84 377 320 8.81
16 HBATF Glochidion puberum 3.07 3.7 14 828
17 BEAR Dolichandrone cauda-felina ~ 1.84  1.89 285 6.58
18 K Ficus microcarpa 1.84  3.77 0.97 6.58
19  EgN Lannea coromandelica 245 1.89 169 6.03
20 i Engelhardtia roxburghiana  1.84 3.7  0.32 5.9
21 ERE Cinnamomum parthenoxylon 1,23 3.77  0.53  5.53
2 AR Alangium chinense .23 189 241 552
23 EER Symplocos laurina .22 1.89 241 552
24 =XFE Euodia lepta .23 1.89 190 5.02
25 KamkEE Elaeocarpus petiolatus 245  1.89 042 4.7
26 HMREZEE  Evdl meliagfolia 0.61 1.89 169 4.19
27 WHETW  Radermachera hainanensis 123 189 102 414
28 HWFk Amesidodendron chinense 1.84 .89  0.07 3.8
29 RMBFA  Prerospermum heterophyllum  0.61  1.89  1.08  3.58
30 #k Artocarpus lingnanensis .23 1.8 008 3.19
31 B Chukrasia tabularis 0.61 1.89 0.66 3.16
32 WABEFHE  Crptocarya densiflora 0.61 1.8 0.15 265




112 BRI TS

AIEX AR RBFELRUFTARSZRAEEENRT-S Fx, HE
BHAPIR ., GRS SRR ST R R Al R B R R T B AR XY
REE, PR EZEE, BEBEFTAREILGRF 25 F, HPE
SeERMERK, H60.32%, HYCRMIMmEE LT, EEMES
K 23.58% 1 22.38% , WA, FRA, AAE. EEE. LSE, &
MAE. BHEGRAILSHANERESSF4 ~11, HAb 14 FEY R EEE
/T 10% . WWREFEFTFARZILERF 6 7, HdlIRENERE
K, K8 195.09% , BAFE. BERK., BT, HHREFME
S EBEERIKIE/ N, EATH. B MBI AR ZSIHE /P 12
T, BATREEERLK, H78.39%, HREEEXEN, BEEEN
58.75% , EEAW. REMEEMYEREESIE 3 ~5, BRMEE
FRARBIA 32 MORFERFD, BEEERKWEBRM, H48.67%, Hik
RBEE, 520.50%, W5, #ME, S, EHEET. WiE. B
B, BERRETHEELTHEZERRBUN, 57513 ~9, Hith23 ff
WP EZEE/NT 10% o

4 BRI ARER M EZE TRER. 73R e F RN
ARSI RIS, B —J MR REEEE R S LRf, W
RiEMAE. BEEMMEE LT FERTHET, &, K8 ZENA
PR, I07R VE R B R SRR LD B BRAE NE A 15 L S Ml bR A
BARER T,

7.3.2 BEEEW

ATEX AR GEA T 8L, AR RE 1.0, #HEIRALIRIAAR, WA
MBFBR G LB IR, FTRENOAEE S, REREMILRERH
HEIRAREMERE BRI, MEFTR., BT WEEMER
FBEAPE, RESEE, WANWHREEERBRLE., Hm. WE. W
JE~ INEERR. BTN, BRN. B, ORCRIIERE % 7T AR
JEERR, EMERT. MEAR, AFERETF. LT HMEFAREERR
o, BEABYMESE, EAEEIE100%, FEREBLE, =XF.
. WWRE. LS. FAF (Diospyros strigosa) . Kl & A& ( Flacourtia
indica) . T . B M. EAKRE (Arytera littoralis) . Bl H 2. B0
( Phoebe henryi) ML S HISETRERLTE, PAEAT E ( Chrysopogon acicu-
latus) . ZJEHELEAREY . WENRBETHERAEYERIFEE, W
51 (Smilax china) . 7 ( Papilionaceae) . BF % ( Pueraria lobata) . #f
BT (Abrus mollis) %% . HULT]IL, WAEMBEEANAE F RN ER ST
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R FLNE
7.3.3 FAEYMSH#E

ST TR EZYFRZHEENESE R (R 7-6) RH: ARRBXEE
KRB EZHEZRAR, FAREYMEETE R 55825, 6, 24 0
32, ZREMEFEEL SW 4 B1% 3.79, 1.19, 2.94 f14.41, ¥HEHRKE
AP 0.82, 0.46, 0.82 F10.88, A&MEE ED 445)8 0. 12, 1.00,
0.16 #10.07, SiBILEIAMAFE, RIEXKENRFEIH BB FE

£7-6 WERKSSED

=] B L RedE 2 i) B4
RABYMEEER 25 6 24 32
FeARBEREMIER SW 3.79 1.19 2.94 4,41
FABEHSEE 0.82 0. 46 0. 82 0. 88
TR BEASEEE ED 0.12 1.00 0.16 0.07
X947 (DBH cm) 6.44 4.48 — —
T (H/m) 5.23 4.74 — —
TR (N /N - hm™2) 5850 6600 6828 8300
EHERE(V/m® - hn?) 10.12 26. 09 — —
©: REBERFPH, EEEERBEMBRAREN I,
7.3.4 #HHEK

TR R AR A INFR 7-6 FT7n. ARSEFHIE TN BERRBEVE TR
B4 89424 B4 6.44 cm F1 4.48em, FHWE 45K 5.23 m
4. 74m, FEHBANTEIREBRESFIH 10. 12 m*/hm’#126. 09 m’/hm®, B E
BFREXBLFIEM, 4 NEEENDHE N 5850 ~ 8300 H/hm®, K
FaTE K BILFE IR MR MR
7.3.5 WROERLEN

AR SEREVE AN L B REEVE M AR 4 (JLIE 7-3) TR /R TE K IR AR A
HREH, RERRENBERSHHEER2 ~16 om, HRRXERNR 15.80
cm, 2R JEERSH,

7.4 R{LARMFE

2009 4E3 HiE#E T AEXA | MR EER LT, RET—1TH
R 360 m” (P RAE M, AEdbE 10 6 m x 6 m BI/MEDTARL, WRER
AR NEITR AR R A FR . W FrAZsR M AE T ERTTAR
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60

50

40 f —o— L
—a— LIRS

30

R L4 %

20

10 [

Y (e
73 RERFAREEHHE
FIBEARSTE(F77), BEFEO0.5 2 mZfH,
R77 B EERF

1 4L Aporosa chinensis FAR 13 E£X Antirhea chinensis HEA
2 R Sterculia lanceolata biN 14 #HEHE  Smilex corbularia A
3 L& Bridelia monoica FA 15 K& Micromelum falcatum F YN
4 FEAR Flacourtia indica Piv N 16 Jl%hdE Licuala spinosa HEAR
5 EER Ficus virens FAK 17 T Gonocaryum lobbianum ~ FFAK
6 WFRSEEE  Sterculic hainanensis  FRK 18 mEfent Microcos paniculata FA
7 BEAE Arytera littoralis FFA 19 FEfi Diospyros strigosa FA
8 MYRE Randia sinensis A 20 #EK Cratoxylum. cochinchinense FFA
9  WEMTI Eratamia hainanensis ¥EA 21 SR Macaranga hemsleyana  FRK
10 BEEE  Croton loui WA 22 EHEEREY Caryota mitis INFEA

—
—_

ZH|ILEE Randia depauperata EA 23 WEHEER Selacia hainanensis 7
TRy Acronychia pedunculata  FEA

7.5 IrMusk PR E FEE
7.5.1 BUEBHIEE

KB FLR /R 78 KB LR IR R R FIA M E 1 Lk BARF B B,
BRI FEA AR MAEBNILTIRE, SEPREE, BIEBK

—
[+
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IR T BCF AR AR, R, 1IBEEH . MRS
%, MREAAEENESRTIEE, FHIKEHEARFENELERFKR
FRIIRE , FI AR B AR B E BRI E IR IR AR,

RRWKE AR W EA EKEE B R B RIRE RA M,
RTHRBERRKE LT, RBEREFHERRET NSRS EME, R
WEEE M FRIEEREME, SMHERRENMIL ., REXIBERR S
RZRAREEW, BRHE 1.0, BEEWRITE, UBSTARE. #
RERERE, FRBHRETERG. £KIEFE. FNEESH
BRS IWH, WEEEME., TREkL. FEMFEZEE, ERBEM
BEARZYMEE, AMEXBHRRGHMME, BEEFENYTH
%, WERZFERREEME. KARE. BELE. T TH. HBEK.
MR, Bit. BMENESTARYRFARAMTIE. B¥E. 87
BET. WVEER;, ERBEIILT. KR, BEILTF. T,
REE . RARSEREALE, A, RUEBKE TRERLKFENKR, B
FERRFEHHEE S, REXNFERE ML HREE WL F AR5 = RLRIE
BE ARIRE , FEAEEL. B, BESHENRPREE, et
—BHTHE, WA, AR RFEARM AR R EIRSE, BT LURE
HENRREFNARERIBIHESRAEYE M. &1, ThEE
MR E, EIFRAFEBEARREEBERBKR, E2EFBMARHE
AR o IERRFR N B ENIK E” ( Grieser Johns A, 1997), JLHERTX)
FRARE LK B IS S I B 1A PR, R4S B R 7E R E TS
RIS HET D FH B SR 2 — o FEIRALIRIRAR . RAEMMO 5 A TR, BRIk
ARE R AR EFE D BAEE . RS RN AR EREN,
Al AR A e BRI S IR AR, Rt — 2 AN T,

7.5.2 REMKEZE '

RERREMKBEFF: HIBCEGRE LG 5 RESIERK
WHEMBEERA ; BERATREYMHEE. K3 10 F£2 IBEMK
EMRBERZ P A, IRRNMAE. JUBAR, IREEEMEE
FEYR MR WA

SR RRAEN, WEFTW. BEEIWHEMERMEE,
RABEE —-LMREMAFREFEEL RS WA, BHEBHLE.
BRI FERTHET. 5. RE. ZEMAMWNH, Eit
BB AL R A AR R MR B R —— R B, B REEE
#, REMW AT, FIAREGW. 9, EWRARE ., MART
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AEUAEMK, MRS BEE ML RE R, KA B AR
BR. WML EEMERTRINEHERKEEASHM, HRERZ2R
Z W, HHXSSRAEMRRE R BRI SHERS & B, FIA
AN TR EIRE, B EAMER R S 2R, AT RRF]
M % LA E RRE LR KT EMRA S BRI RAEEE, LIREES
SERAPEFIAL X RAEF

WP R ARMIR B IR, BEA RIFRAERENE, XA
BIFWETT. EEREEENERN T RAMERIICR, FMERF
AERER EAE R i KR REW, AFRBIN RS, BRITHK
2508, IEHKEREZNNFIT. BREEME, L0EF. 5
SR, FHEFEEMLRENAMEREARREXK S HF, Bk
WEMEEEME ., LUIRERTR KRR EEAMERT . B b
T ERLCRAMERMGERME, BERIRIE R B RE BARFIET
PR ERER B, iR, TR IE S FMRERAME, RS R
BIRAAR/N (A TF 10em dbh) , iGHFHLRAME,

PR SRR T BR U A AR I B B A 5 R AT st R b R A
TAHFER T, BARIREREENEE, WRfEE, ARESEPE
RAFTHE, MIGLERHEXFERERNESIIR, BRETE
B EIRE 5 D ABTE B, AR S v B T 1 Y B o 58 R R B IR
BEMABRETT ZANTEEM, HERERETHE, WRERXERE
HREEE AR - F OO BT, BRI 3 B SEiE A R s B A 5
MITHE LT REDRE, BENREZEZNERS W, UEER
Trlia SAE A AR A5 IR BN 945 1, BP W R AR SR B A XU EE A R
=7 FE. B, MERASKECRERFRRRAERK, Bl XRE
T—EiHE, HTLITMESER, MIASKETFRNET RS
A TZHMK,

NERAREREERN S ENE, BREERMRAENR, BERNREM
AFERRRFIZE RN R, BN UREHRERS I EE R, Hp
HAR= i B TAEE B RENFH TR, FRRFFERRE
K, BIEFARRNRIEM, REFELST RS 4SR5 6 5
R, HEBEARTEYMELT WS THE, BERKEESTEENF
mf, REEINRRBA
7.5.3 BUEKMER

BN ZRER N E, BMATENR, EATEARIEPRATEE
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RERE MR RLGR, BEIRY, FriAZE R bk AR
W, BRRERSHTFARGIGE, MRKE SRR A,
M FEZEHG K BT, PRIRER B TR ER EEREm, X T 5%
SfbE . WORE. SFEZ 0. WEENTERIME, BT
R HHARRE, BEEAMEARKNR. TR, WM. TURRE. K¥F
MERE M FE N RE AR, BERSRASERT, WK, B4
MBS, R, REETEHES RS WM, MEERE. Ul
H%, TRAAEKERBREREA, HMERFTLR, Edw
F, BAEER KA SR AR ER, RS LA REBA

7.6 N %

ARBEFLS BB AFFMEI R EORTRT, LIGRA BRI
B EKH FLR R KB S RAEBMI IR, NI E AR
HMAEE, IR R B T BRI LK P IR E S0

(1)ITTO HZRARRI 4 MIFLAM . BIERAAIATHR, BIERXAMK
AR RN, BASRAEMR, HAR S U ZRMRE PR
BRI ¥ 1R FIT & 2 AL O FRAR, EIRIRALIRIAMR . RAEMAIIRAL
Frit, REZARIEI Z B~ BIBEAH TR, FIRIRMAR LI
R, FE— BN T LR, BRI, WEM, BUAKIE
ST RWAS AL B 2 AR, ERIE R AR, D5 RE
PR ZS B4

(2) KB FLR 7776 KB EIAMAR S PRI MR . P39 A3 5
MERZERES K 10.2 ~14.3 cm, 8.50 ~13.39 m F0 142.51 ~
199. 44 m*/hm*, BFEARLE [ LR (WE AT 8m) MEER TR
IF R AR RIS E ORI A, B 4 RS R BB 51 08
U FRITR 2 ERASELAAT. SFRMEELTT, DK
FRE, WEEEAEREES . WHESEN. SRS EERE, B
1L BIAFR IS L4 T 5 R UM, BEESSIEON e, MMEX, W
BATAR ., BARRYEAR; FABNMER, RALERENYMHE
REME(SW 3,61 ~4.46) , HERITHX 7 5 11 B RGP X (A IR Vi T
MREGYIF 2 REVEEEIT (4.04 ~ 4.17); HROMER T B Mo®mE
(2321 ~3545 #f/hm’) KPR B T 08 LI AR RI R g ks FEARSR I
TR R E TR R . A RKIER .. KFNMERSKE RS MM, I
WEREM B A (FEBY) . Wi Fh R HL Yt 2 MM e h— 280 75 52
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e R (AR . WiEf AN —RM A FLESEED
RS LIRARWH; EARBRMERZRAE MMEBE MRS,

(3)4 MRAEMBERMEWF S FNELE. WRE ., HETR S
FISEEM . BRA, BESWEE, FHE 1.0, RS E K 5850 ~
8300 #/hm’, FRABWM EERE T REM. 2348, R, 2.
BRSO ERIE, B—EMMRANAT ESERE RS LM, 1§
ML, ERERNMEEILATFERAMMNR, UREEEZER SRR L
BREANE A TR L FE b B AR B ARG A, H R ey A 1L 25 R
HENARZEFMES 5] 6.44 om F1 4. 48em, FHR B 451K 5. 23
m 1 4. 7T4m, FEEAAERERE S B K 10. 12 m®/hm? Hl 26. 09 m’/
hm®, B BEFREKBUFEGEN; BEESHEER2 ~16 cm, 2K ]
BEHARME . MHRILFERM, WAENBEEWSLERHE, FHH
BRI EEENRESNESTRE,

(4) RTEKBLERMRFERRE T ZREEFAEE R, 5
STRTERS R AARRE R IL TR, DURP AR RARE S b R IR 5
W, BN RFEEEREE, AP RERRREEFSWLE, KEREN
TR HARF B SRR E BILFIA . 377K YA AR SR B 4
SAMEME EMEEREE: £ERFIARKENR, FARESER RS+
i, SREBURIPHE“BUE” ; NABIA B AN, Hbg BmER S F
MEBRATRILEHIENRRF, ERRZB5R S MR, SRR SHE
S AW, FAIRASN. SEHETRPERE, FMER RS
TR, MEEEEE. LUES, RGNS IR ERREUES
PO EMAR S BRI R BEVE . B ZEERE R E, WATE
M, EATEARDEP T RERE R E R RRGNA, RS RAER
WA BRI — R R




AR ZE5RRIVEE (PRA) /R A

AMEWIRE R — R, BEIE SR T SVE,
FFEERE Z AN AR, HAFEERETT, 2% 48, #
SHEZIRE TR, NTIREESZERYE:, REEREMN, Xx—i2
BA=ENEN: 258 BUEENMHEENEM E, Ritxits, 2
TF. R ARBOE R, NG, IR IR,
FS 5 RETHRREMIKE AR, WEERIRE. FIsHts
WE . #RGIT. W oW BMEIeIRE ST 4R . ST LK TR 5
BRI S SEHFEERAANS S . MEAFBEWIRE X B FH AR E
BERWEERAZ —, FRXNANS SRR IR E 8T
®, BRI BT E K2,

25 R PP (participatory rural appraisal, PRA) ZEFR. | 20 i
290 EAMEREFRIFRE M B AR HSEETR TS, /EHX
— AT BRI T, AR ZREENTEES AN EE
P, HFEMZMFRINRS, Bl AR 2250 B s
i MEI . SEAERYEEAS SRR, IS PRA MR R T REE 2%
HRBZHMNFRITERRILGEFETENARESR, B2
AT EARRHEEEOKRER ol #lr, BFAshPms. Mt
)\ RAAEFE, RATE R T ARETE% (4R, 1999; 158
K4, 2002; BXARSE, 2003; XFESE, 2004; K4S, 2005; #OCIE
4, 2005; FFHHI4E, 2006; REREL 2006, X4IE%, 2006, Mal-
ley %, 2006),

ARELIKEL FLR /R84, @it PRA THEMNA, 284 XK
Y FLR #L30) 55CHER R, #198 PRA 7 EE7E ZR K IR & e (9 o B AR

8.1 PRA TERNH
R KRR IR AT e — 3 I i 25 4 22 2 (7407 2P B R e
SR SE B R B LR, ASTHIR AT 4 X A A 52 e e 3R 75 2 R 0

MEE . AR T BN, NRKRS, FkiEZ. k&g,
SEHUVIR, RIS (FA. B4%). 25R4E. REER
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HEFp . NRERIPES PRA TR, ARAESEANRKS, S
. S5XAFMAEE . FEWHRAEEHFS PRA TEEH X ZRMK
B E BN

BT RTALR K, PRA J5¥:i&f TEMTE X HKF FLR F45
BT, BEASNISWN., SE., REWHR, EREHEFSEL
B, SR, MRS, FISEXETRE. BRI, W3 o
B SSIRE TS . ST KR E M S S R AR R LR E R
ZEVHZIT PRA ik,
8.1.1 FRXE

A3 BIF 2008 4£5 A . 2009 4E3 A 12009 4E5 A 7EKEL FLR <X
BIFRRKS, BN RIS EE BRI E TR
B, BUSH XN EWES, BN EFEESS, HRE St KEER
FEREMEAR RIS EIINE, 755 A AT T 2008 45 A
14 BEFF, #8171 N(BPREZP—N) S, Hbiai 68 A, X
KN RASHANENEHARERE. OB HIFREX FLR 8 H R,
HEMNE; ONF FLR THEPMER, EUEENSE; ON 4
FLR T/E/NMARM B S5ES, BahEH; OFENRNAHE. 25
4. GibM R FLR TN ERR., ERNRAERE
eSSBS B IS SR E (VNEX R 5/ ERZE ) Z 5 F 2009 48 3
A 24 BRI, BRRES/NINBFMAUR (P E), RIS HRNRR
VIREMR R BmANR, REMEE FLIR #ik. B TXRNRAETE
FEMERE s, FERIBMREMRARAEREEEITA MMk, B
AR KA 421 NS, HeigL 156 A, WE2/3 U ENRSM
SAUESR . X AL . MELLEE, K& 3 M RN
ABIBTFF, SWASEEHREERNE, FEEMBRMNE, NREZW
WFPHERE, o B E (ARl EARE ), B R E L K AUR
& =N RO STE S ST K SR B R BT F 2009 4R 5 H 26 H
BIF, BHERF BRSSP IRE R, N RERELHKX FLR
PR, HEITMIREEEREXER., IF 154 ASfn, HPigxzss3
A, RAREETEBFREZD—-ASIMRE,
8.1.2 SCHhERE

L4 b I A 1 42 1) 452 R T R AR R U OB AR O R, S 5K
B, HEWEANRNE, KBRS RES —FEH R 1A A
W, BUB. LHF A RRERT SRR RERF R, MAZES GPS
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AT EARESE AL, BT EEALHFE 2008 411 ~12 A, 2009 4
341, BHWESBNR/NANBHR . RWBERELEDR, IER
R E M EOE . BAS R OFRMEMRANEEASEN
FEAMEE, INER/DAK. iTMEPHRRAE; OQ5FBEAEE TS
G, WERAgeR; QOEMAREAEY, MR 5N RH#TER.
Wie; @5 FBEAEE G RRAR, SaRPEY, EHMHRE
KER; O5FEMBFHE LA ERSRAA, 451K F o HH 50
7B,
8.1.3 &5AHTMAE

EEmEAE KRR, #FNEXRA/NEEE, R ik S iy
B S WA MG TR R A 2 RHE R & . REARLAEFERD
— B ERMEE (BN RAR), RIS FHEZERNEENS L5H,
N EEH B A RIERR A Y R R SR LA RN TR W E B 14,
AT 38— 25 B B AN B 4347 22 B ZRAR B T5 R P % 3l Hh A e 1Y R RE A AT e 2R
XTSRS . SER U 2R RAE T OG0 AT R ZRARZE 7 A BB A AT
B H B AT, AR DA ZRAR 3R 45 A0 ) FH ZRARORE IR 1 AR R B 48 [
A, FX AT FEMERAOF AN MR, NRZBIAFER
PR LR MR, XM TS R A BUN I X Z 18] A X AR #E
XA FRAF & Z ]
8.1.4 FLMFHR

Bt %o ST B A FNARAR AR R BLR (1R, SR AR EMTTREI T,
S RMRIFIZRMIR E B R, WTERAR P BT IR, FEMTTIRE
EATRERENAE: DNIEBAFAPUE W E 5. s m2E
AHIBREN T . FRAREE PR R IR A R ARk . AR SEIR R ST b
AR EHEIEREIR. MIEVIIRG B EE, SWATEHEXHWEER,
BRRFEE, HARPRARE EFHE AR, PERTIIRE ZIRK
BERHSEFBHNEETE,
8.1.5 MR

Wi RS, B, LERHIR. FHRBEETRES. 25X
FIESEETE, WEDEBHEEM—RERBKYE T, 7R FTE
B PCRLFE B TR RS, REHANERRRMA GBI
RIZER, R e B e E R R R IUTHES ok, #1540t A
WX RIER R RE . MR, ATFENMABEARN AR
. MIRRTGAAEREE, SEAMI—LIZYRERMEREY R
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ARFWEEFRIAR . FEHERARE— R EORIT A S 55 AT HELL
W4y, ERRZERSNY A R R U uR B B A [ 4 51 B AR W i
£, FEEMEMALX LRI SERENAFEE, A aeEs
BOEIWRFNT ., EEHF FBEREN RRE EATREN RME—F
SWEBEMEL, FEN REREENLMEEEREHT, RN
FhieRe, FETERMERRE . ERERERHT

8.2 RS

8.2.1 BHAEWEMHIR

KENERTBEAKRERBEF XS CETEN, ®R 399.48
h’, FHREEE, BREERSIGHESE, WERN ., BRAET.
EfEE, EEEEGRBEMIEETEMMERO . £ ERE XA
MR RER 2R, B EK, EERREIERK, E2HKDKES
qb, FERVEA SR FRILH/MNEEAFZTRERE AR, RIEERARL
RIRRMEHEB X

R, RBMEBRETSFEE, EERERAAFMERE. “T]
R ALK RS RN, RARMREHEBED; 8] 20 #4290 4K
I, BB DA E R SRR R A B8 S R LR LR AR
WAL, WEBFIE ., KRS R RS BUE B R AR MRBEARBEAK
REH , FRA-REZTM, LURFEARPRFAR AR FTEU,

PA RKIRPK 89. 61hm* , A T Ak 240.30 hm®, RARM FE BT
AR AR AR, AR IR 42,06 hm® | 47.55 hm®, BILJFEIRHRETE &
RE TIRESF . ARKIER . ETNERSNE RS LW, WEER
. LEFL. FRMEEZESEAKARE, BRELE. TTH. HE
K, AEEFRE., BiL. BTN ESEEREE LWH, WENKEEA—
KRR T IREBE2 R S WM, BEEELE. EER ML
WP FERATHIENT. &, RE. KEWAMNM, SFEEEZERM
FER R LU R AR AN TE A TR L SR s AR B AR SE R Rl . A TR £
BEEMAT, MR, AR, WAL BICH 166.36 hm®, 45.86 hm’ Fll 10. 02
hm®, EHAPRHMET 5 ERATHAERR 151. 70 hm®, #1610 LA EA
THK57.70 hm®, Ti6 ~9 4F{Y 32. 20 hm®, ##4 10 L E R . &
HREREL AL T BE =

RRMA A FIHIEARM M= B, 2REYATURIEREY
MEEN. LEH. B8, WTHERSEER. WRIKLEERAR
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R I3 (Millettia speciosa) 45 V& Y7 BRIT #3405 ORI LE . Bk (Papilion-
aceae) % ; REFWEA LR, BHB. KEKSE. BAA(Canthiun hor-
ridum) 4F; FEEYRER RS, A, THTFREWERGRESE
( Caryota ochlandra) 5345 12 o
8.2.2 HLLRFHMSR
RENBRANBREREX, 4R K. FH. KRFE4AHEAD
H, 2009 FEM L 134 1| 586 A (& WEIK), 5B 348 A, 4259
A, FEEFFT 414 N, HAPZFRMN/NEF 64 P, 228 A, F53h77 151
N, ZFFRN/NEAE 40 P 186 AL 5731 110 A, KFHR/NHEAF 60 /7,
224 N\ FEhJ1 153 Ao MR, AR HE FERARIR, 2009 4 A
BEA 750 JToAA (AN 8-1) o 2009 4R 134 ASMBITT, K&K
HEE,

250

BAg aAn

5: _§ & N NN

500LA R 500~8007C 800~12007T 1200568 |
[N

81 XENAHELAYNNAOTPESH

WEEYLUKRENE, MUERMLE, K- FEREL—F,
AR TIIHE KA BEBALE N BTES NI, bR =Y R
&, YRS EBORP TN, SEMERKLRRE, B, B
FEFT I Z IR LR FBERTERER, SEHEKZHWEREES
SOKTTRREABEFIE, 6 ~7 ARWEIRN A EME—Z=, HiT2N
PPk I 66. Tm® (0. 0067hm” ) , 24375 T8 B L FRIE 4 2
WX, PmBA WAL, BN TABERL EERTITR, K2
MHEARZERUHE, RELEFEX, 4%, REFHRESFIELLTT
BEXFREN B, SBEHE— FrILARERE, LS B TR R,
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RELZHITE, WK 8-1 REFA,

K81 AKBAERRLESZFHH
® 1A 2R 3R 4A SA 6H 7T7H 8A 9AF 108 UH 12AR

a% i} L/ e

BB OBRE OB OBRW OEE R OBE MR OAE AR RR MR MR
1R Frik Kok Mol HERD
B A RS gk i
i FhiE  FEAD WA ok

=R T ilﬂfg;é BE R

B

A% il L4653
B S FiE Bk Bk

T3 Hoge ok FhAE  RAE.

B

SRS ABHEHTE, KM NARRE, STERE, RA—KH
H . REWA, 42 Sk KR GABRRN S RAY, WEWE,
RHTRAOFRIER . FEBRICRS, HiEmRmt, $2
SOB T AN “REE, FHES . NABRZHERETRY, 35
BUTFEHIFIRIE, 35 ~55 $EHMEIMRE, 555U LS
HICH, FHEH 2 AKEE (H82), ERILETS S BT -
%, WATERIFEES B FA L2, BT ML BT A B A B
e, TG BTN, TR MR BRE .

FEHEn

82 XEBNAOFREMMXUBEESS
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" 05 20 25 30 35 40 45 50 55 60 65
gk (kg/ K)

E83 XHNEHHEERPENT

BRIRZEMI T T, FREeRREN FEMBRIERIR, 7F 5 PRELE
S hEETE, EXF 60 P REZRNTFHERNEREEEMHERERR,
V45 P R ER H e HSk 28kg, ABTHAEF S5 Ske(E8-3), EHE
ATRREBFAFEEE, MR, BE. EEBANSE, HERH,
“FEIEILT VLS TE KR R GRS [, B BUOV A R R R A
e, IFEXAPRRIEA BRI, B R R RR R R B R e b
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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 (FLR 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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comed 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.

Academician of Chinese Academy of Science %« /%

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 resulis 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-



Summary 155

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 sirategies 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 (IUCN, 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 (ITTO and IUCN, 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 aitributes
( structure,, function, produetivity, 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 U-
nion (IUCN), the World Wide Fund for Nature ( WWF) , the International
Tropical Timber Organization (ITTO) and other non-governmental organiza-
tions coined the term “forest landscape restoration” ( Veltheim 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 al, 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-
siregion, 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 IUCN, WWF, ITTO 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) ”
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-

restoration in Shinyanga, northern

being has been significantly improved from aspects of per capita income and
forest products output, etc (Barrow et al, 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 IUCN, 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 (TUCN,2005a; Thomas P T, 2005). Working examples
from 5 ecoregions supported by WWF are: protection and restoration of the
floodplain 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 monoculture 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 ( Vel-
theim T, 2005; IUCN, 2006).

Practice of FLR has been developed rapidly since the Petropolis Work-
shop on Implementation of FLR held in April, 2005 in Petrépolis, 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 Petrépolis
Challenge” , including FLR works in Tanzania, United Kingdom, Brazil, Chi-
na, India, Mali and so on. “Arborvitae” , the IICN/WWTF 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. (IUCN and WWF, 2005). Meanwhile, “Restoring Forest Land-
scapes: an introduction to the art and science of forest landscape restoration”
published joinily by ITTO and TUCN 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, IUCN 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 perspeciive 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 iricky 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 IUCN 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 governmential 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. Iis 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 Africa,
the Foresiry Research Institute of Ghana, the Centre for International Forestry
Research (CIFOR), IUCN, WWF, the UN Food and Agriculture Organiza-
tion ( FAO), the International Tropical Timber Organization (ITTO), the
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Program on Forests (PROFOR) , 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 (IUCN and
WWF, 2005).

More than 100 participants from 42 countries attended the “Workshop on
Forest Landscape Restoration Implementation” held in Petrépolis, 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 Africa, South East Asia,
Meso and South America ( Veltheim T et al, 2005; IUCN, 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 TUCN project
“Forest Landscape Restoration and Community Livelihoods Improvement” are
being implemented smoothly.

Forest landscape restoration has also received aitention 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-
écape 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 al, 2000; BAO W K, 2001 ; Ren H et al, 2002; Guo J
p and Zhang Y X, 2002; Guo X M et al, 2002; He Z 5, 2003 ; LiXZetal,
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 Autonomous
County

Lingshui Li Autonomous County lies in the southeast of Hainan Island. The
county located at 18° 22'—18° 47’ N and 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 km® and

water area is 79 km’.
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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
hm”, accounting for 53. 4% of the total land area.

Natural vegetation types of the county are alpine coppice, mixed broad-
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, Alscodaphne 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 , Eucalypius 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 Han 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, 0. 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 FLLR 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" N,
109° 51'05" 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 rainfall, 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




172 Study on Forest Landscape Restoration

rainy season. In addition, pond-deposit caused by soil erosion coupled with
uneven seasonal rainfall also makes frequent drought in the area. For exam-
ple, 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 résources is rich, but cultivated land is small, the average area of
paddy fields is 0. 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 main
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 pouliry are mainly local pigs, chickens, ducks and geese.
Slash and burn 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 1m and SPOT5 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 images that covering Dagan FLR demonstration area
were collected, which are aero photo of Dagan FLR demonstration area in
1999 and Worldview image of Dagan FLR demonstration area in December 9,
2008. The “11th 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 paiches 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 exiraction process was shown in Figure 4. 1.
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Figare 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 al, 2002; Bu R C et al, 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, in-
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.
Sii =Py - S, (4.1)
S, , S,,; are the states in stages t and (t + 1) respectively. P is transi-
tion probability matrix, which can be shown by formulas 4. 2.
PPy,
P. =|: (4.2)
p,---P

N is the number of landscape element types. P;; is the probability of landscape
element type ( j ) converted from landscape element type ( i ). Meanwhile,
P; must be met two following conditions:

(10 Py <1

(2) Y Py =1G,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 (Wang 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 m” composed of 20 quadrats (6 m x6 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 MecIntosh. 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) (Wang B S et al, 1996).

The formulas are as follows:

S S

SW = Y P, - log,P; =3.3219(IgN —= Y n, - Ign/N)  (4.3)
i=1 i=1

E = SW/log,S (4.4)

S

ED = Y n(n - 1)/(N(N-1)) (4.5)

i=1

SW is Shannon-Wiener index, S is the number of species, n; is the num-
ber of species i, N the total number of individuals of the community (plot),
P, 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 iools 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-conirol 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
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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 in 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 Affairs 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

Degree of

Potentials O
participation

Needs, interests

Stakeholders Characteristics

Primary stakeholders

Under poverty, lack Desire to receive Directly mvolved
Assistance, local in FLR

Local villagers, Owners, derive

indigenous income from of economic

groups forests, active

group

Forest commu- Owners, depend on
nities degraded and

incentives
and alternative
economic source

Base for
community Develop-

knowledge, belief
in institutions

Desire to receive
assistance; local

implementation,
Primary project
Beneficiary

Directly involved
in FLR

secondary production ment knowledge, belief  implementation,
forest, active group threatened, lack of in institutions Primary project
economic incentives Beneficiary

Local Responsible for Insufficient capacity Experienced in -Directly involved
forestry agency sustainable forest for reducing defor- forest in FLR
management estation inventory and implementation

and degradation

working
with villagers
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( continued )
. . . Degree of
Stakeholders Characteristics Needs, interests Potentials SO
participation

Local  govern-

Responsible for

Lack of information

Authority and

Directly involved

ment making and on FLR influence in in FLR
agencies implementing community, can implementation
community implement FLR

development plans

Secondary stakeholders

Civil-society Actively involved Lack skills for Experienced Can assist the
organizations in implementing and advice in working project to
provide on village with villages implement
advice to rural development relevant activi-
development activities micro-planning ties
Private sector ~ Owners of Lack of information Experienced in Can assist the
high-yield on FLR, needs to  logging, investment implementation
production plantation seek investment capacity FLR relevant
opportunities activities
Tertiary stakeholders
Education and  Have education Lack means to fi- Competence in Might collabo-
research institu- and research nance collaboration  research, studies rate in imple-
tions missions and surveys menting
relevant  activi-
ties
Donors and Finance local Lack means to Experience in Might collabo-
finance development activi- finance implementing FLR  rate in FLR ini-
institutions ties collaboration 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 conceming 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-
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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. “ITTO/IUCN
Manual on Forest Landscape Restoration ”and“ ITTO 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).

5.4.1 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.

5.4.2 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 inventory 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), Paich Density
(PD), Average Paich Area (MPS), Edge Density (ED) and Mean Patch
Shape Index (MSI) 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 ( MSI), 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.




184 Study on Forest Landscape Restoration

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
(large areas)

Intact natural forest
(small areas)

Plantations

Degraded forest or
shrublands  ( large
areas )

Degraded forest or
shrublands  ( small

areas)

These contain much of the conservation and development values of
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

These provide important conservation and development values on-
site that can be enhanced by expansion and connection to other
key forest patches and areas to be restored and rehabilitated

These contain some conservation and development attributes that
can be enhanced by management. They can also serve as useful
buffers arouny! degraded forests and protected areas

These can be key targets for restoration and rehabilitation and for
connecting to other parts of the forest landscape

These can provide some conservation and development values that
can be enhanced by restoration and rehabilitation and by connect-
ing these areas to other key parts of the forest landscape

Non-forest Farmland
areas

Trees on farms
Riverine
(riparian) stips
Degraded area

Eroded areas, land-
slips

Management of this land can be modified to contribute to FLR ob-

jectives

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

These require special treatment to protect both on-site and down-
stream values

5.5 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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S.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 I 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 Il 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°,
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°, planta-
tion connecting degraded primary forest and secondary forest (forest corridors
along ridges ) , 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 of forest land-
scapes and keep future options open. It is important to understand that any in-
dividual application of this approach will be a flexible package of site-based
techniques - from pure ecological restoration through blocks of plantations to

planted on-farm trees - whose combined contribution will deliver significant

landscape level benefits. The site-level techniques can include: the rehabili-
tation and active management of degraded primary forest, the ai: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 m*/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-

ress” , that is degraded primary forests can be restored as managed prima
p g p Ty ged p ry
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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 burn, 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°,
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 is
not fixed and could be identified based on specific circumstances of FLR im-

plementation sites, and it can be adjusted and supplemented.

Table 5.3 Indicator system of Monitoring & Evaluation for FLR

Factors Indicators

Process 1 Siakeholder partici- 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

indicators pation
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 monitering
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 Service 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
5. 4 strength of local self-governing organizations
5.5 organizational capacity of women

6 Implementation 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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( continued )

Factors

Indicators

Outcome 7 Strengthened ca-

indicators pacity of responsible
agency (ies) to sup-
port FLR activity

8 Integrated resource
management

9 Landscape patterns
and forest products

10 Recovery of eco-
system integrity

11 Diversified sources
of community income

12 Financial income

7.1 fiscal capacity of responsible agency (ies)

7.2 capacity of full-time multidisciplinary staff

7.3 volume of certified production

7.4 level of institutional capacity to sustain the results

8. 1 approved management plans(forest production, protected

areas, etc)

8.2 production diversification ( timber 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-timber forest production

9.7 levels of resource use

9. 8 diversity of resource users

9. 9 existence of degraded forests restoration plans

10. 1 forest coverage

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. 1 availability of forest resources

11. 2 access to forest resources

11. 3 provision of wood/fuelwood to communities

11. 4 provision of fodder from plantations

11. 5 number of jobs created

11. 6 jobs which went to targeted groups (women, tribal/ethnic
groups, youth, etc)

11.7 changes in income

12. 1 costs versus benefits
12. 2 contribution to local finance
12. 3 economic income of locally processed productions

i
i
1
|
v
i
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( continued)
Factors Indicators
Outcome 13 Participatory 13. 1 monitoring tools
indicators M&E 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 sirategies 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.

Table 6.1 Landscape element system of Lingshui Li Autonomous County

No. Class Description

1 Primary Forest 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.

2 Degraded Primary forest in which the initial cover has been adversely affected by
Primary Forest 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. '

3 Secondary Forest 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 Former forest land severely damaged by the excessive harvesting of
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.
5 RubberPlantation 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 (MSI) was 86. 82. Landscape diversity
index (SDI), landscape evenness index (SEI) and landscape dominance index
(D) were 1. 86, 0.70 and 0. 80 respectively (see Table 6.2).

Table 6.2 Overall Features of Forest landscape Patterns in
Lingshui Li Autonomous County (in 2008}

Area NP PD MPS ED

Index MSI  SDI  SEI D
(ha) (n) (n/100ha) (ha) (m/ha)

Value 108611 6303 5.80 17.23 131.67 86.82 1.86 0.7 0.80

Features of forest landscape elements in 2008 were shown in Table 6. 3.

The area of Agricultural Land was 26,651ha 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 )

L&“dsfpe CA(ha) ~ PLAND%  NP(n) n/f (%ha) x}z S) (mE/ﬁa) MSI
PF 5153 4.74 11 0.21 468.43 3839 2.3
DPF 6837 6.29 110 1.61 62.15 5152 2.00
SF 24764 22.80 344 1.39 71.99 68.23 3514
DFL 2358 2.17 766 32.48 3.08 %138 182
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 4 9.73 10.27 213.37  2.02
opP 7235 6. 66 1530 21.15 473 250.81 226
OFL 176 0.16 13 7.40 13.51 161.56 1.9
RQL 4126 38 120 29.13 3.43 293.26 233
GP 8693 8.00 301 3.46 28.88 144.09  10.95
AL 26651 2.54 829 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, TaV — Trees around Villages,CeP Casuarina equisetifolic 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,
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occupying 5. 96% of the landscape. Primary Forest was continupusly distribu-
ted in northern Diaoluo mountain forest area with high altitude and its area was
5,153 ha, accounting for 4. 74% of the landscape. Residential (Quarters Land -
was mainly in eastern and southern coastal areas, accounting for 3. 80% of

the landscape. The area of Degraded 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 patiern 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
landscape 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 quariers 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 hm’ from 1. 81/100 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 Lingshui Li Autonomous Couniy Forest landscape

Forest Land

OIS (S S
(ha)

1991 108611 1961 1.81 74.13 .16 0.45 1.42 66279 61.02

1999 108611 7301 ‘ 6.72 131.99 .55 0.59 1.08 58268 53.65

2008 108611 6303 5.80 131. 67 1.86 0.70 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 ,611ha. 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 area %
type 1991 1999 2008 1991 1999 2008 1991-1999 19992008 1991-2008
PF 5153 5153 5153 4.74 4.74 4.74 0.00 0. 00 0.00
DPF 0882 8124 6837 9.10 7.48 6.29 -17.79 -15.84 -30.82
SF 34004 27790 24764 31.31 25.59 22.80 -18.28 -10. 89 -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 -12.13 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
OoP 5505 4211 7235 5.07 3.88 6.66 —-23.50 71. 80 31.43
OFL 735 1196 176 0.68 1.10 0.16 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, TaV — Trees around Villages, CeP Casuarina 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, TaV — 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(n/100ha) 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 0.75 1.39 38.91 52.67 68.23
DFL 8.39 33.84 32.48 141.70  285.40 341.38
RP 0.20 111 0.70 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 27010 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, TaV — 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)
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and ED (200. 27m/ 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

1999 2008 1999
PF DPF SF DFL RP TaV CeP OP OFL RQL GP AL OL
PF 474 - - - - - - - - - - - - 4.74
DPF - 6.29 0.85 0.09 - - - - - - 021 - 003 7.48
SF - - 21.95 0.93 0.31 0.18 - 09 - 004 0.66 0.5 0.11 2559
DFL - - - 0.16 0.23 0.03 0.0t 097 - 001 017 008 0.04 171
RP - - - 0.42 550 021 - 0.65 004 0.07 111 0.61 0.11 872
TaV - ~ - 002 0.04 260 002 0.45 0.01 0.72 0.71 175 0.23 6.56
CeP - - - - - 001 005 - - 002 - 023 012 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 - - - - 007 005 - 008 002 0.03 0.28 0.5 0.01 1.10
RQL - - - 003 007 054 0.01 009 - L75 0.09 0.20 0.04 2.81
GP - - - 000 014 015 - 010 - 003 05 072 002 1.66
AL - - ~ 0.32 0.81 2.32 0.08 1.91 0.05 0.8 3.22 17.83 1.47 28.88
oL - - - 007 017 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, TaV — 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 (seg 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 quariers 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 6.29 530 446 375 3.16  2.66 2.24 1.88 1.58 1.33
SF 22,80 20.28 18.00 15.95 14.11 12.46 10.99 9.68 852 7.49
DFL 217 209 201 1.95 1.89 1.84 1.79 1.75 1.7 1. 68

RP 7.66 7.60 7.73 7.88 8.02 8.15 8.28 8.38 8.48 8.57
TaV 6.7  7.55 8.20 872  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 3.80 446 5.01 5.46  5.85 6.17 6.44 6.68 6.88  7.06

GP 8.00 946 10.03 10.37 10.63 10.86 11.06 11.23 11.39 11.52
AL 24.54 2472 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 6.00 615 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, TaV — 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 consulied 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 (SEI) and land-
scape dominance index (D) were 1. 35, 0. 65 and 0. 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) (n/100ha) (ha) (m/ha)

Value  399.48 159 39. 80 2.51 329.12 1.63 1.35 0.65 0.73

The demonstration area was a heterogeneous forest landscape in which-
Plantation was the matrix and other types was scattered among the mairix.
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 more 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

T o PAE Tk o e M
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 fragmeniation 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 /100 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 significanily 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 0.74. 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 0. 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) (n/100ha)  (m/ha)
1990 399. 48 124 31.04 309.73 1.74 1.45 0.70 0.63
1999 399. 48 162 40. 55 388.47 1.85 1.54 0.74 0.54
2009 399. 48 159 39.80 329.12 1.63 1.35 0.65 0.73

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(hm?) PLAND% changes of area %

type 1990 1999 2009 1990 1999 2009 1990-1999 1999 —2009 1990 —2009
PDF 97.64 68.42 42.06 2444 17.13 10.53 -7.31 -6.6 -13.91
SF 34.42 29.83 47.55 862 147 1.9 -1.15 4.43 3.28
DFL 5.68° 467 1811 142 117 4.53 -0.25 3.36 3.1
P 31.42 87.57 240.3 7.87 21.92 60.15 14.05 38.23 52.28
NpC 194.17 172.84 1532 48.61 43.27 3.83 -5.34 -39.44 -44.78
PF 26.82 26.82 2682 671 671 671 0 0 0
HS 8.32 832 832 208 208 208 0 0 0
RoP 1 1 1 0.25 025 0.25 0 0 0

Total ~ 399.48 399.48 399.48 100 100 100 — — —

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 Degraded 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 4.9 3.71 -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 -2t 5
PF 21 21 21 16.94 12.96 13.21 0 0 0
HS 3 3 3 242 1.85 1.89 0 0 0
RoP 5 5 5 403 3.0 314 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. 85 214.13 204. 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 paich 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 turnirLg point for lo-
cal people using these two types. Secondary Forest and Degrad%d Forest Land
was converted to cassava and other Non-paddy Field and rubber plantations
during the previous period while Non-paddy Field was first deserted 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

Plantation

primary forest  Forest Land Cropland Field  Settlement or Pond
forest
2009  10.53 11.90 4.53 60. 15 3.84 6.71 |2' 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 1; 08 0.25
2039 2.45 16.59 5.13 64. 05 2.75 6.71 . 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 burn 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 al, 2001; Zhang Y M et al, 2004 ;
LiJ Getal, 2004; LiuJ 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 al, 2002;
Song D M, 2003; Chen W B, 2004; Liu M, 2005). Qualitative analysis
(Chen W B, 2004; Xu X L et al, 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)”,
“(oastal 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 175.5m’/ha to 207. 5 m*/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 133 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™ 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 0. 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 Eucalypius 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 IUCN, 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 are 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;
Meshea 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 H,
et al, 2009) , as well as types, characteristics and management status of sec-
ondary forest (Huang S N et al, 2000; Hou Y Z, 2003 ; He B X et al, 2008 ;
Hou Y Z et al, 2008; Wang H 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 demonsiration 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 Engelhardiia 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 loui . 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: 1 Garcinia oblongifolia 15.61 11.50 13.94 41.05

Gareinia Oblongi- 5 Honeq exalata 16,18 12,39 6.41 34.98
Solia- Hopea exala-

@ 3 Engelhardtia roxburghiana 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 henryi 1.16 0.88 8.47 10. 51

10 Schima crenata 2.31 2.65 3.64 8.61

11 Piptanthus laburnifolius 0.58 0.88 6.73 8.20

12 Eriobotrya deflexa 2.89 2.65 2.26 7.80

13 Lithocarpus fenzelianus .73 2.65 2.88 7.27

14 Castanopsis fissa 1.73 .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 1.16 177 2.06 4.98

20  Vatica mangachapoi 1.16 1.71 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 1.9%4
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a (continued )
Relative ~ Relative  Relative  Importance

Community No. Species abundance frequency dominance value

(%) (%) (%) (%)

Community 1; 30  Euvodia lepia 0.58 0.8 0.45 1.91

Garcinia Oblongi- 31 Polyspora balansae 0.58 0.88 0.4 1.90

’:Zlia' Hopea exalt- 4 prthropsis. colorata 0.58 0.88 0.43 1.9

33 Sarcosperma laurinum 0.58 0.88 0.42 1.88

34 Codiaeum variegatum 0.58 0.88 0.28 1.75

35 Cryptocarya densiflora 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 Liwchi chinensis 0.58 0.88 0.11 1.57

40  Toxicodendron vernicifluum 0.58 0.88 0.11 1.57

41 Viburnum odoratissimum 0.58 0.88 0.10 1.57

42 Rhus succedanea 0.58 0.88 0.03 1.50

Community 2 ; 1 Engelhardtia roxburghiana 24.62 14.71 31.62 70. 94

Engelhardtia 10x- 2 Garcinia oblongifolia 22.31 1.76 2114 55.21
burghiana-Garcin-

ia oblongifolia 3 Ixonanthes chinensis 10.00 11.76 13.73 35.50

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 3.8 4.41 4.01 12.27

7 Ficus microcarpa 3.85 4.41 3.16 11.42

8  Dalbergia hainanensis 2.31 4.41 3.81 10. 53

9 Diospyros potingensis 3.08 5.88 1.53 10.49

10 Dalbergia odorifera 3.8 2.94 3.67 10.46

11 Radermachera hainanensis 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 benthamiana 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 balansae 0.77 1.47 0.22 2.46
23 Syzygium rysopodum 0.77 1.47 0.18 2.42
24 Glochidion dasyphyllum 0.77 1.47 0.18 2.42
25  Elyiranthe cochinchinensis 0.77 1.47 0.14 2.38
26  Sindora glabra 0.77 1.47 0.03 2.27
Community 3; 1 Amesidodendron chinense - 14.29 12.12 21.75 48.16
Amesidodendron 3 Gurcinia oblongifolia 17.01 14.14 10.99 42.14
22?; siongfo. 3 Engelhrdsa rosbughiana 476 606  7.63 18.45
lia 4 Lithocarpus pseudovestitus 5.44 4.04 7.23 16.71
5  Gonocaryum lobbianum 6.12 4.04 6.4 16.56
6 Polyspora balansae 6.12 6.06 4.18 16.36
7 Symplocos lancifolia 5.44 7.07 3.16 15.67
8  Cleistocalyx conspersipunctatus 1.36 2.02 7.12 10. 50
9 Ficus microcarpa 4.08 3.03 2.47 9.58
10 Radermachera hainanensis 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 lancilimba 2.72 2.02 1.7 6.44
14 Ixonanthes chinensis 2.04 2.02 1.03 5.09
15  Sarcosperma lourinum 2.04 2.02 0. 66 4.72
16 Machilus chinensis 0.68 1.01 1.45 3.14
17 Lindera playfairii 1.36 1.01 0.51 2.88
18 Machilus nakao 0.68 1.01 1.03 2.72
19 Pentaphylax euryoides 1.36 1.01 0.23 2.6
20  Ehretia acuminaia 0.68 1.01 0.85 2.54
21 Toxicodendron vernicifluum 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 Diospyros potingensis 0.68 1.01 0.48 2.17
25 Sindora glabre 0.68 1.01 0.36 2.05
26  Photinia benthamiana 0.68 1.01 0.36 2.05
27 Eriobotrya deflexa 0.68 1.01 0.36 2.05
28  Piptanthus laburnifolius 0.68 1.01 0.33 2.02
29  Phoebe hungmaoensis 0.68 1.01 0.21 1.9
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( continued )

Relative Relative ~ Relative  Importance

Community No. Species abundance frequency dominance * vale
(%) (%) (%) (%)

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 auriculata 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 ; 1 Sarcosperma laurinum 12.82 12.90 7.49 33.21
Sarcosperma lauri- 5 Dolbergia hainanensis 513 6.45 17.99 29,57

num, Dalbergia .

hainanensis _ 3 Polyalthia laui 12.82 9.68 3.43 25.93
Polyalthia laui 4 Elacocarpus 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 3.23 4.04 9.83

13 Lithocarpus corneus 5.13 3.23 1.19 9.55

14 Syzygium buxifolium 2.56 323 2.85 8.64

15 Vitex iripinnata 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 Engelhardiia roxburghiana 2.56 3.23 1.22 7.01

19 Goniothalamus howii 2.56 T 323 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. 0. 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 21respectively. 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 0. 94 while Ecological Dom-
inance (ED) were 0.07, 0.13, 0. 07 and 0. 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 1 30 4.39 0.06 0. 89

Sub storey II 29 3.89 0.10 0. 80
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( continued )

Community Forest storey R SW ED E

Community 2 Arbor storey 26 3.61 0.13 0.77
Sub storey I 12 2.83 0.18 0.79

Sub storey Il 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 Il 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 Il 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 m*/ha, significantly lower than that of mountain rainforest in Bawan-
gling, Hainan Island (Jiang Y X and Lu J P, 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 II and the number of trees in sub storey I 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
. Forest average  average
Cormunity 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 | 17.65 14.23 1005 38.73 164. 28 85.77
Sub storey I 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 | 14.29 12.22 1091 30.77 103.30 72.48

Sub storey 1l 7.1 6.75 2455 69.23 39.21 21.52
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( continued )

Stand density Volume
. Forest average  average -
Community storey DBH(em) H(m) Density ~ Percentage  Volume Percentage

(Nha) (%) (w/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 1l 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 T~ 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 ofdegraded 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 1 2 4
28 1 0 1 3
32 0 0 2 2
36 0 0 1 0
40 0 0 1 0
44 i 0 0 0
48 1 0 0 0
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Figure 9.1 The DHB distribution ofdegraded primary forests

9.2 Characteristics of secondary forest

9.2.1 Dominant species

Importance value of planis 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 formosana, 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 109% . 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 Indigofera galegoides, Helicteres hirsuta,
Ellipanthus glabrifolius, Evodla meliaefolia 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 chinensis 30.77 12.50 17.05 60. 32
Aporosa chinensis o pubocarmus comeus ‘ 8.97 6.25 8.3  23.58
3 Garcinia oblongifolia 10. 26 6.25 5.87 22.38

4 Liquidambar formosana 2.56 3.13 13.01 18.70

5 Lithocarpus howii 7.69 3.13 4.72 15.54

6 Artocarpus tonkinensis 2.56 3.13 9.74 15.43

7 Castanopsis hainanensis 2.56 6.25 3.93 12.74

8 Syzygium busifolium 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
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( continued)
Relative  Relative Relative  Importance

Community No. Species abundance frequency  dominance value
(%) (%) (%) (%)

14 Cratoxylum. cochinchinense 2.56 3.13 1.54 7.23

15  Wrightia pubescens 2.56 3.13 1.12 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 hainanensis 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 frondosa 1.28 3.13 0.36 4.76

25 Aodoratissima 1.28 3.13 0.32 4.72
Community 2 ; 1 Trema tomentosa 71.27 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 chinensis 1.52 12.50 0.68 14.69

Community3 1 Symplocos laurina 29. 67 20.00 28.72 78.39
Symplocos laurina~ 3 Rodermachera hainanensis 23.08  10.00  25.67 5875

Radermachera

hainanensis 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 multisepala 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 frondosa 1.10 5.00 1.22 7.32

12 Sindore glabra 1.10 5.00 0. 61 6.71

Community 4 1 Lithocarpus pseudovestitus 19. 63 5. 66 23.38 48.67
Lithocarpus pseud- 3 Serculia lanceolata 8.59 5.66 6.25 20.50
ovestitus 3 Sapium discolor .59 3.77 5.27 17.63
4 Canarium album 3.68 3.1 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 3.7 4.42 12.48
7 Sindora glabra 4.29 5.66 1.16 11.12
8 Suregada glomerulaia 3.07 3.7 3.89 10.73
9 Glochidion wrightii 2.45 3.7 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 cauda-felina 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 G parthenoxylon 1.23 3.77 0.53 5.53
22 Alangium chinense 1.23 1.89 2.41 5.52
23 Symplocos lauring 1.23 1.89 2.41 5.52
24 Euodia lepta 1.23 1. 89 1.90 5.02
25  Elaeozarpus petiolatus 2.45 1.89 0.42 4.76
26 Evodla meliaefolia 0.61 1.89 1.69 4.19
27 Radermachera hainanensis 1.23 1.89 1.02 4.14
28 Amesidodendron chinense 1.84 1.89 0.07 3.80
29 Pierospermum heterophyllum 0.61 1.89 1.08 3.58
30 Artocarpus lingnanensis 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. 0. 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 0. 88 while Ecological Dominance (ED) were 0. 12, 1.00, 0. 16
and 0. 07respectively. 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  Community 2 Community 3 Community 4
Species Richness (R) 25 6 24 32
Diversity index (SW) 3.79 1.19 2.94 4.41
Evenness (E) 0.82 0.46 0.82 0. 88
Ecological Dominance (ED) 0.12 1.00 0.16 0.07
Average (DBH)/cm 6.44 4.48 — —
Average Height(H/m) 5.23 4.74 — —
Average Density (N)/N - hm 2 5,850 6,600 6,828 8,300
Average Volume (V)/m® + hm 2 10. 12 26.09 — —

Note: DBH of trees in Symplocos laurina community and Lithocarpus pseudovestitus community were not

inventoried.




9 Analysis of characteristics of degraded and secondary forests and restoration strategies 235

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 m’/ha and 26. 09 m’/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 ofsecondary 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 m” composed
of 10 quadrats (6 m X6 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 in degraded forest land (see Table 9.7) and the

heights were between 0. 5 m and 2 m.

Table 9.7 Tree species in degraded lands

No. Species Remarks No. Species Remarks
1 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  Ervatamic hainanensis shrub species 21 Macarangae 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. 0. There are many valuable n-
ative trees with better stem form such as Dalbergia odorifera, Hopea exalata
Vatica mangachapot and Litchi chinensis in arbor storey. Shrub storey and

grass storey in forest stands have rich species and valuable tree saplings and
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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 burn, 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 Jand 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
artbor 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.




J ) Application of PRA

PRA tools such as Direct Observation, Community Workshop, Semi-structure-
d Interview, Group Discussion (the poor, the women, etc. ), Participatory
Mapping, Seasonal Calendar, Mairix 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 patich
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)1to 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 subcompartment inventory were conducted in
Dagan FLR demonsiration 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 burn 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 tomeniosa, 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 conspersipunctaitum 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, Fenyou 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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Figure 10. 2 Age structure and educational level of residents in
Dagan FLR demonstration area

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 burn, 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 Fertilizeing  Harvesting
Late rice Planting  Fertilizeing
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  Fertilizeing
Betel nut Harvest Harvest  Fertilizeing
Early rice Planting
Late rice Fertilizeing Harvesingt
Mango Fertilizing
Cassava Harvesting
Corn Harvesting

Fertilizeing &
Melon & vegetable Planting
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
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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 of fuelwood 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- - shrubs. Fuelwood collection on natu-
ral forests has caused some damages. ihe 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.
Table 10.2 Ranking of problems in Dagan FLR demonstration area

Rank Problems Causes Solutions
1 Poor roads, Poverty, no funds (1) Government-funded road construction
traffic inconvenience (2) Villagers can put labor

(3) Increasing revenue after rubber tapping

2 Lack of irrigation Less water in reservoirs, (1)Increasing the height of reservoirs by gov-
water 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

(2) Increasing revenue after rubber tapping
(3) Saving money by work outside

5  Difficulty of Lack of bathrooms (1) Subsidies for bathroom building by gov-
going to ernment
toilet and taking a : (2) Methane tank construction
bath for women (3) Public toilets building by raising funds

6  Powdery mildew Lack of pesticides and (1) Guidance by forestry stations
techniques (2) Government-issued pesticide
(3 ) Technical training

Poor roads, traffic inconvenience were agreed as the most urgent problem
for current village development and the most important solution is government-
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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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.

Table 10.3 Priority sites and restoration interventions

Priority sites Interventions Reasons

Sites along roads Planting urban tree species, such beautify the environment, sunshade

as Coconut Tree

Sites along sireams  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 Advantages Disadvantages Rank
Rubber tree Rubber tapping 5 years later, Powdery mildew 1
planting for 50 years
Eucalyptus Fast-growing, highsurvival rate Harvest 5 years later, lack 2
of water
Dalbergia odorifera  Valuable Slow growth 3
Agquilaria sinensis Valuable, air purification Slow growth 4
Acacia mangium Against typhoons, planting — 5

around the houses

10. 2. 6 Skills for PRA tools application
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
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during village workshops: speaking local languages as far as possible and sim-
plify the questions to let all villagers understand ; puiting 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.
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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 paitern 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 views. 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 demonstiration
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 mairix (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 was tie
dominant type and other types was scattered among the Plantation during 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 102008 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 burn, 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 siie-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 indusiries 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 developmeht. 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.




Bibliography

[1]Aldrich M, Sandeep S. Forest landscape restoration - seeing the bigger picture . Arbor-
vitae - IUCN/WWTF Forest Conservation Newsletter. 2005. 28, 8 - 9.

[2]Bakker V J, Dozk D F. Population viability management : ecological standards to guide
adaptive management for rare species. Frontiers in Ecology and the Environment. 2008,
7. (3): 158 - 165.

[3]Banerjee A. Rehabilitation of Degraded Forests inAsia. World Bank Technical Paper
No 270. World Bank, Washington, DC, USA. 1995.

[4]Bao W K, Liu Z G, Liu Q. Ecological Restoration and Rehabilitation: Development,
Researching Features and Existing Major Problems (in Chinese). World Sci. Tech
R&D. 2001,1. 44 -47.

[5]Barrow E, Timmer D, White S. et al. Forest landscape restoration: building assets for
people and nature - experience from East Africa. IUCN, Cambridge, UK. 2002.
[6]Berkes F. Ewvolution of co — management: Role of knowledge generation, bridging or-
ganizations and social learning. Journal of Environmental Management. 2009, 90.

(5). 1692 - 1702.

[7]Cao Y, Xiao D N, Ouyang H, et al. Analysis of landscape change drivers in the Ejina
natural oasis (in Chinese). Acta Ecologica Sinica. 2004, 24(9): 1895 —1902.

[8]Cassano C R; Schroth G; Faria D, et al. Landscape and farm scale management to en-
hance biodiversity conservation in the cocoa producing region of southern Bahia, Brazil .
Biodiversity and Conservation. 2009, 18 (3); 577 —603.

[9]Castillo ~ Campos G, Halffter G, Moreno C E. Primary and secondary vegetation pai-
ches as contributors to floristic diversity in a tropical deciduous forest landscape . Biodi-
versity and Conservation. 2008, 17 (7). 1701 —1714.

[ 10]Chambers R. The origins and practices of participatory rural appraisal . World Devel-

opment, 1994, 23 (7). 953 —969.

[11]Chazdon R L. Beyond deforestation ; Restoring forests and ecosystem services on degrad-
ed lands . Science. 2008, 320 (5882) . 1458 —1460.

[12]Chen P L, Huang Q L. Analysis of Land Use Situation and Forecast of Its Development
Tendency in Fujian Province by Markov Chain (in Chinese). Journal of Natural Re-
sources. 1992, 7 (1) : 35 -42.

[13]Chen W B, Xiao D N, Zheng J, et al. Forest landscape change and its driving force

during past ten vyears in Bilahe forest region, Inner Mongolia (in Chinese). Chinese




260 Study on Forest Landscape Restoration

Journal of Applied Ecology. 2004,15(5): 741 —747.

[ 14 ] CIFOR. Adaptive Collaborative Management website ; http://www. cifor. cgiar. org/acm.

(15]Daisy N, Laura N,Carlos O. Forests and water: The value of native temperate forests
in supplying water for human consumption, Ecological Economics. 2006, 58:
606 —616.

[ 16 1Ding Y. Study on Recovery Ecology of the degraded tropical forest vegetation in Hain-
an Island, South China (in Chinese). Ph. D. dissertation; Chinese Academy of For-
estry. 2007, 53 -72.

[17 ] Duckert DR; Morris D M; DeugoD, et al. Developing site disturbance standards in
Ontario; Linking science to forest policy within an adaptive management framework .
Canadian Journal of Soil Science. 2009, 89(1) . 13 —23.

[18]Dudley M. Forest Landscape Restoration: a national perspective of a Global Partner-
ship. EFI Proceedings. 2005. 53, 21 —24.

[19]Ecott T. Forest Landscape Restoration : working examples from 5 ecoregions . WWEF In-
ternational June. Avenue du Mont — Blanc 1196 Gland Switzerland. 2002.

[20]Elliott S, Kirby J, Blakesley D, et al. Forest restoration for wildlife conservation. Pro-
ceedings of a workshop. Chiang Mai ( Thailand) : University of Chiang Mai, Forest
restoration research unit. 2000.

[21]Etter A; McAlpine C; Pullar D; et al. Modeling the age of tropical moist forest frag-
ments in heavily — cleared lowland landscapes of Colombia . Forest Ecology and Man-
agement. 2005, 208(1—3) . 249 —260.

[22]Fisher R J, Rachel D, Kham Keonuchan K. Socioeconomic baseline study and evalua-
tion methodology . Consultants’ Report 2/96, NTFP Project. Vientiane: Department
of Forestry and IUCN. 1996.

[23]Gilmour D A, Nguyen V S, Xing Tsechalicha. Rehabilitation of degraded forest eco-
systems in Cambodia, Lao PDR, Thailand and Vietnam . IUCN, Gland, Switzerland.
2000.

[24]Grieser Johns A. Timber production and biodiversity conservation in tropical rain for-
ests. Cambridge studies in applied ecology and resource management. Cambridge Uni-
versity Press, Cambridge, UK. 1997.

[251Gue J P, Zhang Y X. Studies on the Dynamics and Distribution Patiern of Landscape
Elements in the Forest Landscape Restoration Process in Guandi — shan Forest Region
(in Chinese). Acta Ecologica Sinica. 2002, 22 (12). 2021 —2029.

[26]Guo X M, Niu SK, Liu Y Q, et al. The Vegetation Restoration and Reconstruction of
Different Types of Degraded Barren Ecosystems In Jiangxi (in Chinese). Acta Ecologi-
ca Sinica. 2002, 22 (6) : 878 —884.

[(27]He B X, Zeng L H, Xue L, et al. The Study on the Tropical Forests and the Manage-
ment of Secondary Forests (in Chinese). Gangdong Forestry Science and Technolo-




Bibliography 261

gy. 2008.24 (1):1-9.

[28 JHobbs R J, Norton D A. Towards a conceptual framework for restoration ecology .
Restoration Ecology. 1996, 4.93 —110.

[29]Hou Y Z, Chen T A. The Strategic Benefits of Developing Precious Commercial Tree
Species Integrated with Secondary Forest Management in China (in Chinese). World
Forestry Research. 2008,21(2) :49 —52.

[30]Hou Y Z. Distribution, Types and Characteristics of China's Tropical Forest (in Chi-
nese). World Forestry Research. 2003, 16 (3): 47 —51.

[31]Huang K Y, Liao W B, Jin J H, et al. Analysis of plant community characteristics

and species diversity of Diaoluo Mountain, Hainan Island (in Chinese). Ecology and
Environment. 2007, 16 (3); 900 —905.

[32]Huang Q L, Chen Y F, Yang X S. Study on the Characters of Tree Stratum of Pinus-
latteri Forest in Bawangling Foresiry Area of Hainan Province (in Chinese). Forest
Research. 2002, 15(6) .74 —745.

[33 ] Huang Q L. Types and characteristics of tropical natural forest in Hainan Province
[A]. In; Chen Y F, Yang X S. Sustainable forest management of tropical natural
forest in Hainan Island, China (in Chinese) . Beijing: Science and Technology
Press. 2001, 177 —192.

[34 |Huang S N, Wang B S. Study on Community Dynamics of Secondary Tropical Forests:
Review and Prospects (in Chinese). World Forestry Research. 2000,13(6) :8 —13.

[35]ITTO, IUCN. Restoring forest landscapes: an introduciion to the art and science of for-
est landscape restoration . ITTO Policy Development Series No 23. ITTO, Yokohama,
Japan. 2005.

[36]]ITTO. ITTO guidelines for the restoration, managemeni and rehabilitation of degraded
and secondary tropical forests . ITTO Policy Development Series No 13. ITTO, Yoko-
hama, Japan. 2002.

[37]IUCN, WWF. Arborvitae . The TUCN/WWF Forest Conservation Newsletter. 2005.

[38 ]IUCN. Forest Landscape Restoration to meet Ghana’ s deforestation challenges . ht-
tp://www. iucn. org/forest/. 2006.

[39]IUCN. Forest landscape restoration: broadening the vision of West African forests . 1U-
CN, Gland, Switzerland and Cambridge, UK. 2005.

[40]Jia L S. Overview on Forest Landscape Restoration . hitp://www. kibg. org/download/
livingforest11 /29 —33. pdf. 2006.

[41] Jiang Y X, Lu ] P. The tropical forest ecosystems in Jianfengling, Hainan Island,
Ching (in Chinese). Beijing: Science Press. 1991, 29 —42.

[42]Jiang Z H. Ecological Landscape Restoration of Degraded Lands and Degraded forests
in China (in Chinese). Forestry Economy. 2005: 4 —5.

[43]Kerr J. Sharing the benefits of watershed management in Sukhomajri, India . Selling




262 Study on Forest Landscape Restoration

forest environmental services — market — based mechanisms for conservation and devel-
opment. Earthscan, London, UK. 2002.

[44]Lamb D, Erskine D P, Parrotta A J. Restoration of Degraded Tropical Forest Land-
scapes . Science. 2005,310 (5754); 1628 - 1632.

[45] Lamb D, Gilmour D. Rehabilitation and restoration of degraded forests . TUCN,
Gland, Switzerland and Cambridge, UK and WWF, Gland, Switzerland. 2003.
[46 ] Larson K L, Lach D. Participanis and non — participants of place — based groups: An
assessment of attitudes and implications for public participation in water resource man-

agement . Journal of Environmental Management, 2008, 88(4) ; 817 - 830.

[47]Li]J G, He C Y, Shi D P, et al. Change Process of Cultivated Land and Its Driving
Forces in Northern China during 1983 —2001 (in Chinese). Acta Geographica Sini-
ca, 2004, 59 (2).274 —282.

[48]Li Wenhua, 2004. Degradation and restoration of forest ecosystems in China . Forest
Ecology and Management 201 ; 33 —41.

[49]Li X Z, Bu R C, Chang Y, et al. The response of landscape metrics against paitern
scenarios (in Chinese). Acta Ecologica Sinica. 2004, 24(1) . 123 -134.

[50]Li Y D. Community characteristics of tropical mountain rainforest in Jianfengling ,
Hainan Island (in Chinese). Journal of Tropical and Subtropical Botany. 1997, 5
(1): 18 -26.

[51]Linkov I, Satterstrom F K, Kiker G, et al. From comparative risk assessment to multi
— criteria decision analysis and adaptive management: Recent developments and appli-
cations . Environment International. 2006, 32(8) . 1072 —1093.

[52]Liu G H, Fu B J, Chen L D, et al. Characteristics and distributions of degraded eco-
logical types in China (in Chinese). Acta Ecologica Sinica. 2002, 20(1) :13 —19.

[53]LiuJ Y, LIU M L, Zhuang D F, et al. Spatial pattern analysis of land use in recent
China (in Chinese). China Science (Series D).2002, 32(12) : 1031 - 1040.

[54]LiuM, Hu YM, BuR C, et al. Landscape change in Kangbao County of Hebei Prov-
ince (in Chinese). Chinese Journal of Applied Ecology. 2005, 16(9) ;1729 — 1734,

[55]Liu M, Hu Y M, Chang Y, et al. Landscape change and its spatial driving force of
JSarmlands in Wenchuan County of Minjiang River upper reaches (in Chinese). Chinese
Journal of Applied Ecology. 2007, 18 (3) :567 —574.

[56]Long J N. Emulating natural disturbance regimes as a basis Jor forest management ; A
North American wview . Forest Ecology and Management. 2009, 257 (9).
1868 —1873.

[57]Lu L, Cheng G D, Li X. Analysis on the landscape structure of the Heihe River Basin,
Northwest China (in Chinese). Acta Ecologica Sinica. 2001, 12(1) :68 —74.

[58]Ma R H, JiaJH, Hu M C, et al. Analysis of vegetation change based on RS and GIS
in Hainan (in Chinese). Journal of Beijing Forestry University. 2001, 23(1) :6 —9.




Bibliography 263

[ 59 ] Maginnis S, Jackson W. Balancing restoration and development . ITTO Tropical For-
est Update. 2005b, 15; 4 —-6.

[60]Maginnis S, Jackson W. Restoring forest landscapes . 1TTO Tropical Forest Update.
2002, 12(4).9-11.

[61]Maginnis S, Jackson W. The role of planied forests in Forest Landscape Restoration .
UNFF Intersessional Experts Meeting on the Role of Planted Forests in Sustainable
Forest Management New Zealand. 2003.

[62]Maginnis S. What is Forest Landscape Restoration? EFI Proceedings. European Forest
Institute, Joensuu, Finland. 2005a, 5325 —26.

[63]Malley Z J U, Semoka ] M R, Kamasho J A, et al. Participatory assessment of soil
degradation in uplands of southwestern Tanzania: Implications of sustainable agricul-
ture and rural livelihoods . International Journal of Sustainable Development and
World Ecology. 2006, 13(3):183 —197.

[ 64 |Mansourian S, Vallauri D, Dudley N. Forest restoration in landscapes: beyond plani-
ing trees . Springer, USA. 2005.

[ 65 ]Marghescu T. Restoration of degraded forestland in Thailand: the case of Khao Ko .
Unasylva 207 Vol 52. FAO, Rome, ltaly. 2001.

[66 ]Mcshea W J; Stewart C; Peterson L, et al. The importance of secondary forest blocks
for terrestrial mammals within an Acacia/secondary forest matrix in Sarawak, Malay-
sia. Biological Conservation. 2009, 142(12) ;3108 —3119.

[67]Meng X Y. Forest Measuration (in Chinese). China Foresiry Publishing House, Bei-
jing, 1996 ,45 - 65.

[68 ]Monela G C, Chamshama S A O, Mwaipopo R. et al. A Study on the Social, Eco-
nomic and Environmental Impacts of Forest Landscape Restoration in Shinyanga Re-
gion, Tanzania . IUCN, Gland, Switzerland and Cambridge, UK. 2005.

[69]0Omeja P A, Chapman C A; Obua J. Enrichment planting does not improve tree resto-
ration when compared with natural regeneration in a former pine plantation in Kibale
National Park, Uganda. African Journal of Ecology. 2009, 47(4): 650 —657.

[70] Orsi F, Geneletti D. Identifying priority areas for Forest Landscape Restoration in
Chiapas ( Mexico) ; An operational approach combining ecological and socioeconomic
criteria . Landscape and Urban Planning. 2010, 94(1): 20 —30.

[71 ]Radeloff V C, Mladenoff D J, Manies K L, et al. Analyzing forest landscape restora-
tion potential ; pre — settlement and current distribution of oak in the northwest Wisconsin
Pine Barrens . Transactions of the Wisconsin Academy of Sciences, Arts and Letters.
1998, 86. 189 —206.

[72]Robert L. Designs on life . New Scientist. 1993, 140 37.

[73 ]Rodrigues R R. On the restoration of high diversity forests: 30 years of experience in
the Brazilian Atlantic Forest . Biological Conservation. 2009, 142(6) ; 1242 —1251.




264 Study on Forest Landscape Restoration

[ 74 ] Rroyo ~ Rodriguez V, Pineda E, Escobar F, et al. Value of Small Patches in the Con-
servation of Plant — Species Diversity in Highly Fragmented Rainforest. Conservation
Biology. 2009. 23(3) . 729 -739.

[75]Sayer J, Campbell B. The science of sustainable development: local livelihoods and the
global environment . Cambridge University Press, Cambridge, UK. 2004.

[76]Setty R S, Bawa K, Ticktin T, et al. Evaluation of a Participatory Resource Monito-
ring System for Nontimber Forest Products: the Case of Amla ( Phyllanthus spp. )
Fruit Harvest by Soligas in South India. Ecology and Society. 2008, 13(2).

[77]Shono K, Cadaweng E A, Durs t P B. Application of assisted natural regeneration io
resiore degraded tropical forestlands . Restoration Ecology. 2007, 15 (4) : 620 —626.

[78]1Sisk D T, Prather W J, Hampton M H, et al. Participatory landscape analysis to
guide restoration of ponderosa pine ecosystems in the American Southwest . Landscape
and Urban Planning. 2006, 78(4) : 300 —310.

[79]Song D M, Xiao D N. et al. Landscape changes of Mingin oasis in Gansu Province and
its driving force (in Chinese). Chinese Journal of Applied Ecology. 2003, 14(4) .
535 —539.

[ 80]Soutsas K, Tampakis S, Arabatzis G, et al. The concept of forest landscape restoration
in the mediterranean basin . NEW MEDIT. 2004, 3(4): 57 —-62.

[81]Stanturf J A, Goodrick S L, Outcalt K W. Disturbance and coastal forests: A strategic
approach to forest management in hurricane impact zones . Forest Ecology and Man-
agement. 2007, 250(1) . 119 —135.

[82]Thomas P T. Balancing development and conservation objectives in the tropical forest .
http ://www. asb. cgiar. org. 2005.

[ 83]Veltheim T,Pajari B. Forest Landscape Restoration in central and northern Europe .
EFI Proceedings NO. 53. Gummerus Printing Saarijarvi, Finland. 2005.

[84]Wang B S, Yu S X, Peng S L et al. Experimental manual for plant community (in
Chinese) . Publishing House of Higher Education of Guangdong Province, Guang-
zhou, 1996, 1 —22,100 — 106.

[85]Wang B S, Yu SX, Peng S L, et al. Plant Community Experiment Manual (in Chi-
nese). Guangzhou: Guangdong Higher Education Press. 1996 1 —22,100 —106.

[86]1Wang HF, Zeng L H. Discussions on Sustainable Management of Secondary Forest in
Tropical China (in Chinese). World Forestry Research, 2008, 21(4) : 48 —52.

[87]Xie H L, Lin B. Driving forces analysis of land —use pattern changes based on. logistic
regression model in the farming — pastoral zone: A case study of Ongiud Banner, Inner
Mongolia (in Chinese). Geographical Research. 2008, 21(4); 48 —52.

[88]Xu G Z. Community Forestry (in Chinese). Beijing: Chinese Forestry Press, 2002.

[89]XuH, LiYD, Luo TS, etal Community Structure Characteristics of Tropical Mon-

tane Rain Forests with Different Regeneration Types in Jianfengling (in Chinese) .




Bibliography 265

Forestry Science. 2009, 45(1) :14 —25.

(90]Xu X L, Liu J Y, Zhuang D F, et al. Spatial — temporal characteristics and driving
forces of wood resource changes in China (in Chinese). Journal of Beijing Forestry U-
niversity. 2004, 26(1) : 41 —46.

[91]Yang Y C, Zhang W Y, Lin R C, et al. Study on Structure and Species Diversity in
Post Harvested Tropical Montane Rainforest Dominated by Dacridium pierrii in Bawan-
gling , Hainan Island (in Chinese). Forestry Science Research. 2008, 21 (1):
37 43,

[92]Zang R G, Liu J Y. Gap dynamics of forest biodiversizy (in Chinese). Beijing: Chi-
nese Forestry Press. 1998.

[93]Zang R G, Yang Y Cg, Jiang Y X. Community structure and tree species diversity
characteristics in a tropical mountain rainforest in Bawangling naiure reserve, Hainan
Island (in Chinese). Acta Phytoecologica Simica. 2001, 25 (3):270 —275.

[94]Zhang X H, Huang Q L, Zhang C. Review on the Research of Forest Landscape Resto-
ration. (in Chinese). World Forestry Research. 2007, 20(1) .22 —28.




Mz 1 BoKEEHK A ia £ FLR ikl E 267

H$N Legend
1D Forest Comridor
e . chacte
Ch_ S in Catchment of Reservor

- MRIEH L2 Comverson ofCrephand o Forest Program

R s

BT Secandary Forest Management
- RUENIKCHS 3 Dograded Primery Forest Protection
- PRSI H Forest-Del for Bufer siong River
T v moseucaTrees
D777 o mseneic
IR Borderof Catchment




AR E 55T

268

7

Mz 2 K#gFLR

Annex 2 Map of priority sites of D;

an FLR demonstration area

ag

I s Doaded iy Focen Prtecion

E# Legend

=TT MB . Veage Boundary

Land

KA

Woter Sysiem

TR

MIENE Human Seiement

4k Roadside Trees, Bank Protection Forest

i,

°

OB Foraskbek forBulfer on res




M 3 BEAKEEE VA E 1991 ~ 2008 4E L WIBELS 269

Bff% 3 I&*%ﬁﬁ % 1991 ~ 2008 fﬁ%%:&@%@

Annex 3 RS images of Lingshui Li Autonomous County.

1991 £ LANDSAT-TM 24& 1999 ££ LANDSAT—ETM 1%
LANDSAT-TM image in 1991 LANDSAT-TM image in 1999

1999 FFfi i  Aecro photo in 1999 2006 £F SPOT5 &% SPOTS image in 2006

2007 £ ALOS & 1{& ALOS image in 2007

2008 £F SPOT2 4% SPOT2 image in 2008




270

AT E HHT5

R BRI R R B

Annex 4 Typical RS images of landscape element types in Lingshui Li Autonomous

County
AR A Type ;@_,U‘Jjﬁ-@ﬁ?@ Typical image g@ﬂ{ Type
BALJE bk
JRbERR :
Primary Forest Degraded Frmacy
vy Forest
5 BEX e Sii
WA /

Setokidat Fafsdt Degraded Forest
ary Land
BBk o 34

Rubber Trees around
Plantation Villages
¥ Bl
RHHATH PRERE | et
Casuarina ~ - . HAtb N THE
equisetifolia [\ {85 gy - Other Plantation
Plantation v o
HAbbH | HD
Other ForestLand| YK o River
JEAE F 3 b,
Residential Sandy
Quarters Land ﬁ ﬂil, Land
Jick: 1)
Other
Land Vi
= o
an
Garden Plots Bescl
o\ IKPE
A b W
Agricultural 1 SO ! .
T \ BNIE reservoir or
I Lake
- \ s

T ML R 2 8 Typical image

P i
f v B SN
3 ! - '\ 2
R T /
- 6 A
g

CR




274 ARAMEIRE 505

=

)
J =
s

=

.
=

2$\_E=
&5

el
-

AL

{
N\

RSEN




B 6 Kk FLR 775 905 B AN R I 92 Ak S0 g e

273

T i o

1990 FEFFM =W EHRE]  Map of forest landscape mosaic in 1990

il

1999 FEFFMENMEHKE  Map of forest landscape mosaic in 1999
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2008 FEFHFME W H#EHZE  Map of forest landscape mosaic in 2008
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1991 SFEFFMREVEERE Map of forest landscape mosaic in 1991

1999 FEFH{M =M EEHLE  Map of forest landscape mosaic in 1999
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