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a2, HET VT OARMAEEKRICHEAATEERY —L - Xy FERABLE, Y—L - Xy M
450N — IO AEMET, ZHUICHEKREERENEXDZ LITLY, EWMEERME
WX DV 27 RNEKE L TEREND, SEOA V RR U THMY —27 a7 TABL, &EB
EEDTRER, RHREHOBIGICHFET IEENY 27 2 BELFMTEr Lo ko2, &
WEBE DAEMBREMEICH T 2EMm L. VA7 0A 2. SAKOEE R SIS AN S
N5, EMBREIEFT AL OB IC OV TIZ, R R FDO8NFTOBKE X (R AEFEMK) &
WL, EiFRkBRaiTo7-, FEHERXICKHE0EOM 7 v v b2 E L, A ARE O REEM K
AT, ZEEMAT (aMDS) M., Ty MEOBEEM AR O L B A E B X IR L, AR
W D fe b R X 2l (1) DEZ A7y FOBEMATEREME Lz, ZoEEMEE AESLE L,
7'a v hONEOLandsatfii £ 7 — ¥ O FEE BOEKE LIET VEER L, ZOET L

ERBLL ANV T L 2 Llc ko T, AWM (BEEBEMHN) 2ER L, 61
UEDOTNTY XLESHFTOBRMKEBRXIZHEA L, WS ERE (HERE) ORFZERZ % FE

\CHRAT 2 FIEG B Lz, RiRECHE LA TR FTEEZ WS &, ZREILE
D RE2E AL % G D TER IS T X 5, RAFEEZ, BX—7 > FOEBOF A TH
DIED0 . HAREE#ES (FSC) DN L TV A AR — B XD HRMBIEICE T 5 L% L
LTHEHEMTHDLZ EREND BT,

[¥—U—F]
BURRENIAR, BIARZERME, Ve — Mo v s AMBERIEMI, EMSREYD X7 50 —
VR S



1-1403-2

1. IFC®IC

M SRETERFIN2020F HIE L LTEDTEEMY —7 v MIBW T, SR EEICEBEBERET S
HOE LT, BAKRHEEREEDONR (¥ —5 v 85) | MBS HRIERE L AR LR RARE RO
2i&E (X—0 > 7)) | EMSHEEICEERBEEO1T%RE (¥ —5 v M1) | HILERBZROE

T K DAEBRL VY T U RERBATRE OMER (¥ —5 > M15) | BRI LTS, H@EL104E
®m%ﬁ9#4/bszkvay7®ﬁ BRI ICER LTV D 2 b, ZbH0HE
BREEDZER D= DIZZ OO FHRER N EELIED, BMY —7 > b O SR & EHEE O
k@\5*57FﬂL%%%%ﬂfépkﬂﬁﬁﬁ?f@ﬂéﬂTWéoL# L. BUEMRE T O
INHOEEE., FICELV XLV TOERELFMT L2000 THY | HkEE - BEHOBLYS
TEZDOEREZFFMTD2HOTIERL, ELICZTOERERTA T 47 EHEVERY,
EHiz, L4 oo0x—7y NI, BARORGFEETEREVWIH LN b — REFT7BEFEEL
TEBY ., HAEICHMN R ZER AR T H 2l RN ETH DL, TNHOEMY —7 > b
RS ZER T D 72D, RAENRERINHFEET D, AMAEEREOFMHE BN E L
BRI ik LEGEEZHER T2 ENBENTHY . ZOX I REFHEZIET L7200
EREAREZE L2 TiERe b en,

ZZ T, AETIE, ZBHRREICET 2408 mMY — 7y b EFHMNICERT D Z L E2X
BT D20, 1) Bk oEMBHENEY 27 BRZM5ICHMT 2y — - %y b 2) Kk (H
AKOBELVSNVDIRE) OBERO LWL MO FAEESHIE 2 K & LT rl b3 5 Hiflf, @
2O RERMABAEE LT D,

REDD+R° % Dl D FFMAE R EEIZIS N T, AMEHEEE=F ) VT OBEFREHMN TN, 2O
BMaANMIEOBREHROBLGZEATH2RNNHTE TVD, 5 E 72 BRI O TEHRK
FHEEIZLV VR PEETHAEERZELZLHFET 00 EHEICZET5Xy bB3H D
EL BB RICI T E A NOEMEEEET =2V V7 B REETE, RAROFIA &AWL EE
PEREDO WA E IR TE 5, AWFZERETIZ. R4 OHRME O I TR TRE 72 W%k
PEFEA Y — b« F v FEBRE L, ThE2 2 ROEMRERKICEWTEMBAET S5 L2 AN E T
Do

AT L DRV R A RN EEXEDPT COFMAEN G | RNBIARBESE O FEIEE 23 BUVR KA BB R
DEWZRRYEL L (REAVE - BERE) AR bBBUIKBT 2 2 L L7z, E72FREIC, Bith
FEIZ K VGO D BB AL T — & 2 TG R R G S8 FT 2 2 & T, RAREARK
LAV TCOEMSEMEF AL FBEMIZAIRE CH 2 Z LR ENT, AR TIE., ZhETOF
BB A UE - mEL L, RUEORRDIERA RBEARICEHTE, 221 SO THRY KL
AT A2 LICL > TEMSHEREORME(LZE=X ) T T HOOHEMNBEEITH, 74
LDRHPERL ) A XA RIERH->TH, ZNHERET D (HDWVITHEFICLIET Z) 2 LT,
EM S ORFZEM B Z RIS ZK T2 2 ERRKEN TH D, £z, BT 2 FiEOFEE
ERMES A FTHLZLEEZBICAND L, TOTFHEITEMENELSFHECHILERD S,
2O LB EMI. LT =2 ) T EINEEE T 5720, BARFRELCEBRGTIEOR 54D
HREHXIZIBWT, fEMTEITO&SE/R, ZHBTOBEMAEOmR., £ L T, RFRZLOB
P~ & Lz,
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ARETIELU LD 2 5% FHAR AL LR, 2 OMIZHEEHOEMZERMEL X0 6 24
BT 50D FIERELITS72OT, ZZTHRE LV, EWSZHEMEOHEICHE W TR S MEIC
RHON, BHKREHOBGICEWTAENSBICET 2HEMMABARIT VWL ETHDL, 2
DIz, BHEHREHICE N TAEMSHEMEL TMbL L2 T2, EOLTHLEME~OH IS
T=F ) TICERETORERERANEAELCLEY, TOL O R TEMEHEtET =21
TERBEBSEDHTDICE, FEMICHER I X NERRERARERVEIRT S Z EBRdbND, Z0k
DT, AT 2 EMMENE E A EL T L AN AR R BT T 2 AW SRR ME R IE O BR
HEHIT-o 712,

2. FEBAEEN

(1) EMBHERY R 7FEMEY—L - Fv & (ERA) DOBEZR

REDD+R° & DML D FRME R FEEIZIB N T, AMEHRIEE =2V VT OBETFREBH T DL, £
DEWVIANMIEYBHREROBGZEEHT AN/ HTETND, x5 ERDIBHKRITENT
FEICLVIRAIDPRBETHARENZSZLHFET 200 E2MEICZH T2y b3 DH L
PWHRERICE > TSI A NOAEYEEMET =4 Y U 7 2B TE . BAROFA & AW SRR
EOMNICHRTE D, . Y=V EFATHIZEICLD . BAREHEEENEDSHEIEICIFE
WRBIZOW TARNRE IS E OB 2 /M) CX 2 /RN & 5, FRFEMARMNE BRI BT 5 ek
D ARME PR Y B 2E T AU, FERIIC RN EBRX DA ZARIE O SCEIZEN D A RBER 5 D,
AFRRETIL, RV RXFOHRKELOBY TR TR AW S HEMETAT Y — L - % v 2B
L., ThE2EHOHEMERRICEWTEMBIT L2 L2 HMET S,

(2) EWMZHREFREN OB I

WE T U7 OFREBH CIREBVERRREMR OB & LN EFEIT e > TRMMIZHEA (Hansen et al.
2013) V. ZIUCHED MBSO RN EBEHN RBE L o TWbh, 5 HE T, EMEEMELN
(CBD) & KMEAEEBFASHK (UNFCCC) @ 2 DD FE BRI MBFERE S, BV O FRMED & Bk &
TS BB RRME O R Z MG T 272z, HREECAEKREL2O BENR BT TWVD,
ZDSH, £ LICBEOEROELZTMT 27D OBIENLETH D, & AN, EWELEE
PER 2O 2R T 5 - OB Rl R REZHBICIIED DN TE LT, KIROEY %
B O W2 2 I & U CHUCREE 22 38l FIEOR BN BEOME L oo T D, EWME kM
AT =Y S FEE L TERSE T 2D, BHMENELS ., ARROBEE %
RFEL, BIEWVSEBICHIG L, BEEPE . EFAMTRINEZR S0 (Su et al., 2004)
Do RS SN RATIRRIC L 0 . AR RSB BRI DN AAEBOKRE X%
BT 2 ERH LN ENT (Imail et al., 2014) ¥, Imai et al. (2014) Y. A
R F DORMAEFERIZIS N T, BAROBHEMBEN EDZHEEOREREE L L THEATES 2 L
ARE LT, o1, ERICB T 2S8R (£2038) OFEELTHWTHE Y 7 v
N ZonFEICHEAE L, o h7s TEE (X)) o2 27 BSERBEEMLEK O R A & OFELLE &
KT LERLE, ZOAaTHIRBEORE S (M EHEENAA A~ 20U H) L AERMH
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Bz L. (RERFRE OIS A A =T (Bl Z o) OEneE 7 74~y 7 25 (J&
A FTRE) OB OME/ER 2Kk L TW5 (Inai et al., 2014, Kitayama et al., 2013%)
L7 o T, BIARBEEMBOEEM (Fybsnizrmy Mo 1EfE) 1%, (KERIC X 228N T
EAERWRAEKRNL DM OBLEDOTRRELZ KT LN TE D, ZOREORBICHLER M E
WEOH T b ey MIHER L, ZMICERTE, HoooORERREICL EE TR TH D
D, BEAMAEFEROAEMSHEMELILELZ T =X ) L 7T 5 OOFERMNREELRVE
%o LU, BIARBEEMAIIH LICRE SN ZHAEX CIEAMICENTE2 0D, xR

VAUV T 2 FIEICOWTIHEL IR TWRW, T2 CTARIFE I, NILEET —Z % A,
HEREIC L > THONTEBARBEEMKZ S8l L XV T 7 VT X2l T2 %
HEJL L7, &6iC, BI LT L 30 XA Z v, BUR AR Az BE AR 0 18 A BE 4 48 Ak 1 X % 1
L., BEORZEME(LZ RIS E R Lz, 2 2 CORARBEEMBITIRAERE OFELLE % %
L., ERER/AEDEEMEOREE L LSV DI ENTEDLZ b, EMEHEMESK (CBD)

RREEE MK (UNFCCC) 2B T HEMSRRMEFMICISA T2 2 LML d,

(3) LV NAKOBENWEMSEEREORRE

BIAR OBEEALR L, DRSS T 5 mWIEEME, 2) @m0 E AR, 3 REWSEEEE O
XIS, 4 @EWEEME, DBET —Z LomWBME, Lot b ol Lnh, HREHIC
KT DEMERMEDISEZRIET DR ETHLEFZZLNTE, —H T, BFIZB VT,
KB ERDHBHREEXIT, EMEOHMNILE=F Y U ZIZEET 28 AN +0I125 b7 itk
WEEAETHD, ZOXD M TEMZRRIET =4V 72 REIEDHT-OITE, FHHIZ &4
B a A e ERRVAT 22 L0 ROEND, TRNETHL L TRIBLNAVDOT =X
ERHTHZEICED ., BWIEEEEHFLODOFEZ A MEHITEL2 28R REINTND
(Imai et al., 2014)¥, L2»L., BAHFHIKICK W C, AHABBELUAORZ FET 572D E 0y
MR L ETHY, FEOKHBEINE=F I 7 FiEEEMT 5 ETEEH K2V FEEE & 7
LAREMEN DD, TDD, MEI EREMEOM L TE D87 B SRR OB R NI &
SNnT&E7,

FORMEMT T IZRAEMSZHEMEIRE LR T 5720 (KB ELICTR < JRE T 2 R & Ot
KIN—T%FHATE BHEEEMN H 5 (Caro and Doherty, 1999%; Pearson, 1994%), 748 /L% A%l
WHRTIEL, SWELRESHE T I o, RAEKRZGOHBE (7 74~y 27 Z2H) NPT 25—FH, i
AR (A A =T ) BT S ERMBEATVD (Imai et al. 2014)Y, DF V| fk
BN RBIARBERIC 5 2 2B LM T BRI, b D2 0DEREHEOIRGINFIHTE 5 L
BT&E5H, bl HIREEPAR ThHNL, (KRR IGET D200 BEHUN DR D FE %
B TE, T=F Y U 7ICRERAANERIBICHIKTE S, ZNET, WSONDRE - Nk
FEHELA KT A0S U CTIRE SN TE 2, e.g. Macaranga, Mallotus, Neolamarkia and
Trema (Slik et al., 20037 ; Swaine and Whitmore, 1988¥)., L22L. ZHHDOBOEE DOIEE
PEIZ, HIRIZ K> CTEALT 2 R[N B D, T DT | WHI TITON T BITH RO RN |
INLOERPBHANVAFTERIME NS TR A — L THRIARRED E ) RO 5 2 E R TE 0,

KBTI, RARTERFHROFHRERIX 23 G & LT, X IS AT RE 72 W £ R M fa
BERXE T Lz ML L, B, AARTR/~L—7 M - HF T T 7N A F
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X7 R/AY w2 INE BN TRBBE AT AEZT V., BEOHI (Inai et al. 2014)°
IR > CIRESNTEBAREEME DR, H B AA F~ AT Ko TE I DB TRE 2 Kk
TEALAMNE I MNAMEELT-, KIZ, Dufrene and Pierre (1997)9 Ot 2 H VT, HEANE T
HE BRI ELIC R WS E A R T O EEZ B L~V CRE LTz, &R%IC, ThbHD 2 DO
HORGHEFHEL, TANKERBESCIBEDO AW SRMERE L ROHEBE 2R3 0E 5 & MGk
L7,

(4) EBAZ=HICEDVE— VYV T DOEH

HEy (2) ISR L T, BIRBEEMZ Kb 2 BT, MAMEHIC LIV E— bRV
YIOERIZOWTHRE L= T, #E Lo, VB EARIRISEBICEICEDR D 2DIT,
ANLHERICHEHE L2 P —CHHMEN SO NEE T — 2 2852 LR FELICLTH LW,
HiY (2) OAEMBHEETRALETORBICBNTIZ, v R4y MEETFT—Z 2 W=, #
BUcH C& 27 — 2 X TiEo (TiIE2IC LD RIERE) OoF — X IZROn2BmcH 7=, =
D7, B ERMKOEDZHEEE /LT 272012, LV PLHED &V ABTZEH (UAV) OIF
MAEmat Lo, BAMZEHE (UAV) ZHWD & FHEHICKEICHEV AL SN TICTHERN S ORS
F— B EB/DLENTED, BICHREAFE I 2B LCCREICENLD Z B Z 00T, KiE
OENENICWAMZEHEZRIZL CHEZRE CEX2HEA03H D5, —FH., RITEENKVO T, —
FECHRE TE DHEHIIMO TRON D, T T, APFETEMEBETA— MV OEENLHED
BN ERE L. ZHROLELZMHITE 200 E I hERF L,
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3. EMEEEY R 7MY —L - v b (ERA) DOBER

(1) EMBREMEY R 7 FfHY—N - v+ (BRA) OBZR: WFEERFE

AMAEFER EOHEICEDEMEEE~DY X7 2T 5720, 77— b b &Mk
EHXOMIHRY A7 EE2BHT 5%y &, FSCOMER L7 a b« ¥4 FTE2 R L+ HiIck
BELTHBELEZ, ZAREHEBYZECITEY A FOALOHEEASL=—XEZERAT v MBI E 5720,
20154E3H6H 2 H3H12BIZ/MT T, WFEA >V REX ST DAX v 72 AV RRUT HERFOAZ
TEFERZICHEL, V=2 Yavy 72 m Lz, £/, MELES Y P2 HBREHROBE ~
RESHEDLDIZ, ~L—FE AV FRUTEBICHR LT,

ER L7y bR AMEEZFTM T 5720, FSCHRRBIEEZZ T ZEFHK (K 27, ~L—v

T T Ivay FEKREXOERFIELZHEM) L. 2 TRVWERKX (U A7, 2TDOA b
VABERICOWTHE L 27— L32, KRS RL) 2HEL CEEMICT2E5 22 AN L,
FERELTHNENDVAZEIZEDOL Y BREVWRALON DD EFHTZ, 2, ERLEFx Y b
SRR E B XIZE A FTRE. T O OFRMNE X OEWLERIEY X 7 OFE W Z BT X
HMEIMERRD IO, 2016 1THIBHMNBI9BIZNT TA Y RR VT « v /B AT VERKE
D8 ODHEMEHK (K1-1) D~ F— ¥ —%&Ratah Timberth|ZHIE L, ERAORBRZIT- 72, &
HIZ, 20164F10H6HICA & RRT T « = U U HHTNICBWTHRA YV~ Z Ntk b, 2400
BHARED I B0 O~32—V vy —Z WL, ERLZZERAZEAT LT ) v 7 A =F v %
Rz,

(2) EMEHE®EY R 7FMEY— - v b (ERA) DOBR: HERLER
1) BERLZERAY —L « v FOHEE
X v MIExcel OEMENHLY | 50L,LL0> F'EJ WICRHREBE N EMSE - EEMICEZDZ LI
FoT, Ry —F (ExcellZBIFTDHI—bH) | )Xﬁrkfgﬁ{ﬁfﬁﬂi@)X?fhbiiifﬁ“@?
Ens (X1-2) . ERAIX, FEMEFHRS — b, m%fé@E@i%%’?ﬁ%‘ BT 2REER S — b
EMSERMEICK L CEEELZ RIET A ML AER Y — N, BEEBOEME S — b, LY — D5
= b6 DH, UT, HY—FORBEICOVWTHBAT S,

B H Y — b~ (K1-2-b) @ 77— FEAEFESLHERE X OERFRETLAT D,

REEER > — b (K1-2-¢) : AH - BEELBED. OO OLEYOMEHE LR 2 L THEER
NES b mWEMSHREEAE T HRAENRAERROAGEICET OFHRE AT D, HRRE R
KANICEEREWPLEEBRNZWVEEV A PEEDLLIIRESN TN D,

Z MV AER = (KM1-2-d) @ BREMEICEEEL S5 2 5130 A b L ABERIZET 5 A i
AT D, AR VAERICIE, BRAEBEOBEEMN2EE GE N O RN L0 4 B3 5 K
DERE) EENUADOERK (BHERIC X2 HAROREHR L L) NEENLD, £A ML AHE
Wzt LT, 27 —v (HfE) LMELZZNEN3BER TR+ 5, A7 —/L & Mz RKET 55
DIEHENRFEA DML ABERIZHEREIN TN D ((F8k1) . FSCHRMRBIEZ Z T AR ERX TITbh
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TWAEHFERIKY 27 (RMLVRAERO A7 —)b - 8@E=1) | BEXEEZIT> TV 5 HERKE
HXCTOEHTFEEZE) AT (A7 —/L - 88E=3) LIRNEL., EEZRTE L,

ERMEKY— b (K1-2-¢) : 13OA MLV AHERZNFNICK L TEEBREZIMOITHMIMREZRE L
77

fiR s — b~ (¥1-2-a) @ 130X b L AR L BEEMEOR TR S, REMERDO Y X7 L
mE U AZENREND, RWEEXNOREMMEIL, A REEY (BB LR IR E &
RE) L KPR, BESAKS T e R EARERE X ZDIWHRERENGEND, VA TE
OIEA, HEME (33.3%) 2825 &, HARBICERSH, HEMICHE D A7 O REEHE % 8%
T&E 5%,

2) ERADRGE & AR

TERLL72% y D RABRRERAIEOENE KR T 20 EHRT 572010, B 5EHFIEOR

MEARZEELEY I ab—2a v 2iT7o7, FRUSKEIZ1T > TV D HMAEFRX

(Deramakot ZRMEHX, <~ L — 7 « ) ZHEL, £ — POEMICMELIHER, &
UR7BEZ1I8%E 2olc, —J, FARICHEDEKEEZIT> TWLHIEFHARXZME LILHE (&2To
A NVABERIZOWTHE & A7 — L232, ERENZR L) TEHBAY A7 E1348%, £ BEBEME
DV AZEHLETIWAEL R FEREHETILEOENCL S TY AZFHBICRKEREVDRRIN
oo 2O LML, ERAZZ OBFMKEHX CEMT S5 LITL- T, RHREEXOHKEIZR Y A
IEEBWTHI LN TEDEEZLND,

7. 20154 IC8 O DB EH X TERAZ RAE L -5 5., BAEFHEHRM TRE Y 27 EILEWN
MRS (F 1-1), FSCRIADHAEIZ L >TY R DB\ WIRALNAR N -T-—F, kfFa ik L
TV, BEEKESCHMEROBEMOFE EORKEHROBREZRE Y A7 ERKBRL TWD
ZEnbhot-, F7-. Ratah Timberfh & Roda MasthdDfE Y 27 EOfEIL. AFZEHEE [RL
I ABAIRMICBITE ) T— b 7% AT AW R R 22 28 O JKIREEAL | s 5 &
—HLTHY, ERAOFERITIHENREERX OEMEZHEEY X7 228 T& 2 ARt R S vl (B
nMDS 1#fifE : Ratah Timberft, 0.209; Roda Mastf, 0.276), ZALHD 2 DDOHEMNREHX DY 2 7
EOENORRKE LT, £AMVRABEROEWADHIT HND (KM3), HFHREBIC L HEENRER
(AP LV RAERI-DIFHHAREEX TRES R D200, ZRUSOER (X b L A FKE-13,
EITRBEIMIC X D R, EIE R, AT FICL2ERER) D 2 DOHZMREHXEORE !
AT DFENCHSEBEL TWDLZ ERDNroTc, ZTOXIICERAY =LV ERHBETHZ LIk -> T,
B CTHRA SN TV D HRNEEERI N EOBRELEYSHREICERE 5250, TORKITM %
EEICHRE C& D alaBtE /R S 4L, ERAY —vid, WA E=2 U 7 a X FOREFBE, BLHEY
FHEDXX RN T 4 ENANT A TDORE, VAT ~DOBMERE~DOLIBICEMRTEDLEZD
N5,
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F1-1l. AV FRRYT AT AINLVED S SOHMEHRIZBITAERADFER, AU 27 DA

B (1004575 45)

LU AT ZmbTWD L2 Sz 2 K,

GMEERXA BEURY @i (ha) JVRIVEEHIER
[ 45 D Bt K E e

PT. Ratah Timber 38 98000 EIEER

PT. Kemakmuran Bekah Timber 26 89600 [ 45 O 158 K 3E e

PT. Blayan Raiuter Timber 22 96000 PAEL

PT. Sumarindo II 22 258000  WE{KIE

PT. Sumarindo V 20 60000 PEL

PT. Mayang Putri Prima 19 13000 o8 (R IF

PT. Roda Mas 14 70000

PT. Larya Wijaya Sukses 13 22000
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1-1. ERAO EHREBREZ LI-HHREERX ONE
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- = 4|8 B2 18|
1 I = gE|m w | w gale, |48 |s|s|[s|h =
! & Elhe|m e 5|5 |85 |E|a|S|2|8]el2
kS SlElE|d || | SRYERw|a|S|F|H[S]|2|2
FST SEEORELEN T RN NN A NN N R KN
Psz Aiv—roGREBoRELR | L[ Z [T [Z (2 [ 2|22 [z 5 [6[6[a[s [T (3 [a[2a %
*
Ps= O L I A O A A A A
= Tz [T [T [T [ T[T [Z[ T[22 [ 22 [T [Z[2 [T [T
R mlE e[z @[ a3 [ (37 [5[e 5[5 [3 [+ 2[5
Eil
P O S S 0 0 2 3 A A I
PS7 NTFPIREEE) T a7z 2 (3 [ 22z (5 2[5 (5[5 [5[T [T[T[1 [T
R TR T =0 N O S
Psy _ EEECOHNE Tiilolo [T [T [ofo[o oo [T [T [T [T [0 [0 [1[0
Psi0 BB toROBBORE [0 [T [0 [0 [T [T [T [T [T [T [i[i[i 1[0 [0 [0 [0]0
PeTl _SiRE N N I I I A B B B I N S N
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X 1-2-a. 45O r7 L — b (EBEHEHS— b, BEERS— M, A FLRAERY— L, ##
MEL— M) ICEENDIERNICEZDZ LT, RV MUV RIERRREND,

EEEOHER
E-L)

A=

il

FMUD 3R

EL0)
wEE

BEOHKEEICETS1EH

iR
E3 RIREB (ha)| RIRL 1M B(m3)
2011
2012
2013
2014
2015

1-2-b. FEAFH S — b, BHEZOEKLELHREHRERX OEEFRICOVWTOEMEET, Z

CICAD EN TN TEERE RIS

2.1 Small scale sites or features of high

1.1 Target species [ Torgetear kS et Prosent?
Target species group 1 (trees)
#8318 R Shorea IUCN Red data as CN. Yes AEEBR E Yes
AR Lo reaganon D | ves prm ™ e
™ =
H£3AADipterocarpus 1UCN Red data as O Yes =N
————— @)
B RVatca IUON Red data s ON Yes =N
FAAATIHY o [ ves O [n
- " 72 por are,
arget specios group 2 (fauna) o
ANAT LA IS ™ [ ves o M | ves
= Yes ]| No
b Yes ]| N
R =i
EEED =D
Target species group 3 (NTFPs) Endangered species group 5 (plants)
Ex] B [ves Ea Ves
a5 ves B Yes
= Llgonus Oncospermals) ves <o ) ne
O~ 1[N
RS I

L T,

1-2-c. BREEER Y — b, HBAEBESCEE /R NNEY v hOFEICHET IEMEETe, REE
MWL MEEY 27 BNEL b,
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AT—)L | BE

AL RER (@) (b) (axb)
RS1-FEHEDEHK 1 1 1
RS2 —{R % E IR DL 3 2 6
RS3 - k% 2 3 6
RS4 — Ak 3 2 6
RS5 - NTFPD IR 78 1 1 1
RS6 - BIGTD AU IFEH (WMRRRL) 0 0 0
RS7 - BERXNTHOHE K 0 0 0
RS8 — 34 2 2 4
RS9 - K= 1 2 2
RS10 -2 DR A - E5ifh 3 2 6
RS11 - & &R 3 2 6
RS12 - A EER DK 2 3 6
RS13 - HiMAOFA ik DRI 1 3 3

1-2-d. AFMVAERI—F, FAPLVABERIIHLTAr— IV E¢MELZZNEN4EM (0-
3) THMT S, APLVRAERNPKEWIEIEI RN EED, A: A MUZAERKIZ k] B
FOAT— L EREDORERE, ANV ABERBFELLZWVWEEIX0E AT S,

PS5 - 8—~yMEHIEDHIRE (AMEE -FRIZE)

10% A £ L EEARERICIEESA TS, M | Yes
20% Ll LD+ EEARERICIEESNTNS, M | Yes
RRABEED N\EFVNEBLE) P, BERR RECERR(EHAGONRERS [# | oo
LTLhEh T,

BA R IMERRILEBERALTN S, M | Ves
REBEOEEETo TS, 0 No

1-2-e. FEFISR T —h, EA MLV RAERIZH L TEODOBEMKRRIBRESIN TS, £ DOFE
FRPBHA L TWAEHXITEY A7 IT/NEL B,

1-2. ERAOHEE L& v — FOE
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{E1) X% (Roda Mas) =) XY (Ratah)
ARLRER Z’f;’ v g?b’)i (axb) Z’{;’ v 3?1)})2 (axb)
RS1 -FEEDEEE 2 1 2 1 1 1
RS2 {REXEER D EEx 3 3 9 3 2 6
RS3 — k% 2 2 4 2 3 6
RS4 — HK#EH 1 2 2 3 2 6
RS5 - NTFPOD IR 1 1 1 1 1 1
RS6 - IRIZETHDAITEER
s 1 2 2 0 0 0
(MG E)
RS7 - EERXRATHOR ik 0 0 0 0 0 0
RS8 — 374 2 1 2 2 2 4
RS9 - K 0 0 0 1 2 2
RS10 -E# DR A -Extft 1 1 1 3 2 6
RS11 — &EKIR 0 0 0 3 2 6
RS12 - N HFEERDEEK 0 0 0 2 3 6
RS13 — HHYA K DR 0 0 0 1 3 3

1-3. Roda Massfh & Ratah Timberf:iZ¥iF 5 A2 F L ZEK DE N
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ik 1-1. B A P L AERIZHOWT, A7 —)L & lE 2 FET 27D fl 5 M,

SCALE (area and/or frequency) Intensity
Stress factor RS1
Construction and maintenance of permanent roads and tracks
Scale score 1: low Intensity score 1: low

Less than 20% of the management divisions
(compartments) of the FMU contain a permanent
road.

Scale score 2: medium

20 - 40% of the management divisions
(compartments) of the FMU contain a permanent
road.

Scale score 3: high

More than 40% of the management divisions
(compartments, RKT) of the FMU contain a
permanent road

Less than 2% of the surface area of the FMU is
taken up by permanent roads and associated
constructions.

Intensity score 2: medium

2 — 5% of the surface area of the FMU is taken
up by permanent roads and associated
constructions.

Intensity score 3: high

More than 5% of the surface area of the FMU is
taken up by permanent roads and associated
constructions.

Stress factor RS2

Construction and maintenance of temporary roads,

tracks and log—-loading areas

Scale score 1: low

Less than 50% of the management divisions
(compartments) of the FMU contain or have
contained a temporary road, track or
log—loading areas.

Scale score 2: medium

50 — 80% of the management divisions of the FMU
contain or have contained a temporary road
track or log— loading area.

Scale score 3: high

More than 80% of the management divisions of the
FMU contain or have contained a temporary road,

track or log— loading area.

Intensity score 1: low

Less than 2% of the surface area of the FMU is
taken up by temporary roads, tracks or log-—
loading areas OR all are closed after use and
revert to forest vegetation within two years.
Intensity score 2: medium

2 — 5% of the surface area of the FMU is taken
up by temporary roads, tracks or log— loading
areas.

Intensity score 3: high

More than 5% of the surface area of the FMU is
taken up by temporary roads,
log—loading areas, OR they are not all are closed
after use or do not revert to forest vegetation
within two years.

tracks or
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Stress factor RS3
Felling of target timber species (timber,

poles, fuel wood)

Scale score 1: low

Harvesting takes place in less than 2. 5% of the
production forest area per year (i.e. a maximum
40 year cycle).

Scale score 2: medium

Harvesting takes place in between 2.5% and 5%
of the production forest area per year (i.e. a
cycle of between 20 and 40 years).

Scale score 3: high

Harvesting takes place in more than 5% of the
production forest area per year (i.e. less than
a 20 year cycle).

Intensity score 1: low

Harvesting is estimated to remove less than 50%
of potential for harvesting in the harvested
areas.

Intensity score 2: medium

Harvesting is estimated to remove between 50-70%
of potential for harvesting in the harvested
areas.

Intensity score 3: high

Harvesting is estimated to remove between more
than 70% of potential for harvesting in the
harvested areas.

Stress factor RS4
Skidding

Scale score 1: low

Temporary extraction tracks have been planned
so that maximum skidding distance is less than
50m.

Scale score 2: medium

Temporary extraction tracks have been planned
so that maximum skidding distance is less than
100m.

Scale score 3: high

Skidding distance regularly exceeds 100m.

Intensity score 1: low

Skidding is by cable.

Intensity score 2: medium

Skidding is by combination of cable and tractor,
or bulldozer.

Intensity score 3: high

Skidding is by bulldozer.

Stress factor RS5
Harvesting of NTFP (plants only)

Scale score 1: low

Community occasionally harvests NTFPs for
self-consumption.

Scale score 2: medium

Community harvests NTFPs for local area
consumption.

Scale score 3: high

Community harvests NTFPs for commercial
purposes (export out the area of villages)

Intensity score 1: low

Harvesting is not considered to have a
significant impact on the reproductive potential
of the species (e.g. is non-destructive, and does
not make use of reproductive elements such as
flowers or fruit).

Intensity score 2: medium

Harvesting is non—destructive, but is likely to
affect the reproductive potential of the
species, for example through the harvesting of
a significant proportion of fruit or flowers.
Intensity score 3: high

Harvesting is destructive, including the removal
or killing of individual whole plants
destruction of their reproductive potential.

or the

Stress factor RS6

Establishment and operation of processing facilities within the FMU (e.g. sawmill sites,

charcoal burning sites)

Scale score 1: low

Less than 0.01% of the production forest area
is directly or indirectly affected (not
including harvesting) by the presence of
processing facilities within the FMU.

Scale score 2: medium

Intensity score 1: low

Processing facilities are not associated with
any of the following characteristics:
—evidence of damaged foliage as a result of heat,
smoke,
— more than 100m2 of bare or compressed soil

or emissions
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Between 0.01% and 0.05% of the production — latrines which allow sewage to come into
forest area is directly or indirectly affected | contact with water or topsoil

(not including harvesting) by the presence of | - large piles of sawdust or offcuts other than
processing facilities within the FMU. temporary storage prior to use or removal
Scale score 3: high — evidence of o0il, chemical or other spillage
More than 0.05% of the production forest area | Intensity score 2: medium

is directly or indirectly affected (not Processing facilities are associated with one of
including harvesting) by the presence of the following characteristics:

processing facilities within the FMU. —evidence of damaged foliage as a result of heat

smoke, or emissions

— more than 100m2 of bare or compressed soil

— latrines which allow sewage to come into
contact with water or topsoil

- large piles of sawdust or offcuts other than
temporary storage prior to use or removal

— evidence of oil, chemical or other spillage.
Intensity score 3: high

Processing facilities are associated with two or
more of the following characteristics:
—evidence of damaged foliage as a result of heat,
smoke, or emissions

— more than 100m2 of bare or compressed soil

— latrines which allow sewage to come into
contact with water or topsoil

— large piles of sawdust or offcuts other than
temporary storage prior to use or removal

- evidence of oil, chemical or other spillage
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Stress factor RS7
Charcoal burning within the FMU

Scale score 1: low

Less than 0.01% of the production forest area
is directly affected (not including
harvesting) by charcoal burning activity in any
year.

Scale score 2: medium

Between 0.01% and 0.05% of the production
forest area is directly affected (not including
harvesting) by charcoal burning activity in any
year.

Scale score 3: high

More than 0.05% of the production forest area
is directly affected (not including
harvesting) by charcoal burning activity in any
year.

Intensity score 1: low

Charcoal burning sites are not associated with
any of the following characteristics:

— fire damaged foliage

— more than 100m2 of bare or compressed soil on
each site

Intensity score 2: medium

Charcoal burning sites are associated with one
of the following characteristics:

— fire damaged foliage

— more than 100m2 of bare or compressed soil on
each site

Intensity score 3: high

Charcoal burning sites are associated with both
of the following characteristics:

— fire damaged foliage

- more than 100m2 of bare or compressed soil on
each site

Stress factor RS8

Hunting and fishing (both authorized and unauthorized)

Scale score 1: low

Occasional hunting for self-consumption
Scale score 2: medium

Hunting for local area consumption

Scale score 3: high

Hunting for commercial purposes (export out the

area of villages)

Intensity score 1: low

There is no evidence that numbers of other
species taken is declining in relation to the
hunting effort expended

Intensity score 2: medium

There is anecdotal evidence that numbers of other
species taken is declining in relation to the
hunting effort expended.

Intensity score 3: high

There is reliable evidence that numbers of other
species taken is declining in relation to the
hunting effort expended.

Stress factor RS9
Fires

Scale score 1: low

Fire has affected less than 1% of the FMU area
over the previous 25 years.

Scale score 2: medium

Fire has affected between 1% and 5% of the FMU
area over the previous 25 years.

Scale score 3: high

Fire has affected more than 5% of the FMU area
over the previous 25 years.

Intensity score 1: low

In the areas affected by fire,
survived and continued to grow afterwards.
Intensity score 2: medium

In the areas affected by fire, most small trees

most trees

were killed, but most canopy trees survived and
continued to grow afterwards.
Intensity score 3: high

In the areas affected by fire,
killed by the fire

most trees were

Stress factor RS10
Agricultural encroachment and settlement

Scale score 1: low

Agricultural encroachment and settlement
affect less than 0.01% of the FMU per year.
Scale score 2: medium

Agricultural encroachment and settlement
affect between 0.01% and 0.05% of the FMU per
year.

Scale score 3: high

Agricultural encroachment and settlement

Intensity score 1: low

Agricultural encroachment and settlement are
temporary, and previously encroached areas
returning to forest in less than three years.
Intensity score 2: medium

Agricultural encroachment and settlement are
temporary,
return to forest in between and 3 and 10 years
Intensity score 3: high

and previously encroached areas
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affect more than 0.05% of the FMU per year

Agricultural encroachment and settlement
appear to be permanent, with previously forested
areas remaining deforested for 10 or more years.

Stress factor RSI1
Unauthorized harvesting of timber

Scale score 1: low

Community occasionally harvests timber for
self-consumption.

Scale score 2: medium

Community harvests timber for local area
consumption.

Scale score 3: high

Community harvests timber for commercial
purposes (export out the area of villages)

Intensity score 1: low

Occasional harvest by local individual people
Intensity score 2: medium

Occasional harvest by organized groups without
skidding machine).

Intensity score 3: high

Intensive harvest not only by local people but
by organized groups with skidding machine.

Stress factor RS12
Public infrastructure: oil, gas,

electricity

telephone lines and public road

Scale score 1: low

Forest clearance for public infrastructure
affects less than 1% of the total FMU area
Scale score 2: medium

Forest clearance for public infrastructure

affects between 1% and 5% of the total FMU area.

Scale score 3: high
Forest clearance for public infrastructure
affects more than 5% of the total FMU area

Intensity score 1: low

Two years after infrastructure is installed more
than 90% of the cleared area is covered with
native vegetation.

Intensity score 2: medium

Two years after infrastructure is installed
between 50% and 90% of the cleared area is covered
with native vegetation.

Intensity score 3: high

Two years after infrastructure is installed soil
remains exposed over more than 50% of the
affected area.




1-1403-18

Stress factor RSI13
Mining and oil exploitation

Scale score 1: low

Forest clearance for public infrastructure
affects less than 1% of the total FMU area
Scale score 2: medium

Forest clearance for public infrastructure

affects between 1% and 5% of the total FMU area.

Scale score 3: high
Forest clearance for public infrastructure
affects more than 5% of the total FMU area

Intensity score 1: low

Underground mining for oil or gas

Intensity score 2: medium

Underground mining for coal or
traditional/unauthorized mining of gold and
jewelry stones involving land modification
Intensity score 3: high

Open mining pit (coal)
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4. EMERETERILRIT OB %
(1) EMSREFTRILEN ORI T 2 EMAFE S %

AIFFE T, AENREEERREZER L THWDHRALRAED 6 ORRME HIX & % 1A
AR O ML H T o 72, FEHRMKERARIZY L —3 T HAW0IEA > RV T Ol BIEE D
AR THEHERREZEMLTCBY, HEOKE S EOREEAR (FIZT7 XA TX) 20 E2AMH
IR L TW D, RV A GO HRAE BRIX O AL 150, 000~100, 000~ 27 & — /L2 KTV, Tl
DFFFMHIZIENZNOBFIZEL TS, INLDOHRMKEEXIZ, TNENERKEEREZA
LTEY, (XBRBREICIS UL REBIEREO 7 X ATIKRICHEBEBIN TS, xt5E LK
FEHEIEZ, L= 7 « YoNICHLET D, Segaliud Lokan (5° 20° -27° N, 117° 237 -39° E
576 km?). Deramakot (5° 14’ -28 N, 117° 20" -38" E, 551 km?) . Tangkulap (5° 18° -31" N,
117° 117 -22° E, 276 km?). Sapulut (4° 40’ -55" N, 116° 30" -117° 00’ E, 956 km®) K& X,
ALY RRVT W A Y~ X MICAET 5 RodaMas (0° 467 -1° 057 N, 114° 25 -115° 06 E,
703 km?) . Ratah (0° 7’ S-0° 13” N, 114° 58" -115° 30" E, 982km®) ®6 > Th 5 (X 2-1) .

Segaliud Lokan, Deramakot., 35X U'TangkulapZEMEHX TIX., I FI19584E, 19564E R
L9700 SRR (BRE~ORELZ BE L R2WIBEOMKER) NI, Z0%,
Deramakot Cl, ARMDEIE Z (LT 72 1989FE NS 2 TOKBRIEEI 25 R L, (K1 X7 MkE%E
19954EM B A LT, KA 37 MEBR LI, BRBA~OIRE A MR 572D BRI N HRA
ORI TH Y, FATFHEICES HEAMM NG, BEELO D 22 W R 57 I8 O 3% & & 5l 3
5HDThH5 (Elias et al., 2001'Y ; Sabah Forestry Department, 2009'"Y) . F7-. Deramakot

T, 20X REHEILOKE EMAEDE T, HROSKEHENEE TSN, B
WEB L L, RYOBHFEICESS BEWVERY A 70 (404) 28 AL, HFHhROL Y =R
(F8 1) ##EebRr L5750 THDH (Lagan et al., 20079 ) ., ZHHLOEAMT 7

—F X, BB ZHET 201K IHOEEZ 5N TEY (Pinard and Putz, 1996' ; Putz et
al., 2008'"; Langner et al., 2012'9; Kitayama, 2013%) . DeramakotiX 199742 ZRAKE B 1 i
2 (FSC) 1Tk o TEHARMAEEME L THATHD TRAES Tz, T O X O 2B MBI 2 feik L
T. DeramakotZRAME B X TlIH LA A~ 2ARAEMZFEME 2 LR TE T\ D 2 & B

X7 (Kitayama, 2013%) . xfHEAYIZ. Segaliud Lokanid. 20024F F THERAURE NV IR X
ﬁﬁ\%®%\ﬁ4yﬂ7kﬁﬁﬁ¥MéhﬁaTm@ﬂmm\%wﬁifﬁ%@&&ﬁﬁbﬂé
., TO%, BHROEEZ BIZE TOEREMENTZIEI L, BAEICE D, SapulutiF 19564124
m1%%@ﬁﬁﬁ%%én\mw@ifﬁwkbﬁ&ﬂﬁbﬂto%@% KA 2787 MRER D
fToNd X9k o7eid, TLOMMPEANI L, BIEZTLRPHBOKB% % HDTND,
Roda Mas ClI20084ELARRIZAR A > /X7 MEEENEM & #172, Roda Mas TIRERFGEN Z L 0 B
D305 EHE STV ATEEMEIXE WA, 20084FE F TOMKBRBIBICET 2B HMITHFEL TRV, L
7> L. Roda Mas TIXJRAEMM £ HIRBRICE > TWD Z ERNBRENED, (KFRIC K DHEL
BRECH-7-Z ENTHEINSD, RatahliF19724E 0 5201041200 THRERBUKER AR L, £ D
. KA R MEBRICES S BRI E BN FEi S 7z, BAE, Deramakot, Tangkulap, Roda
Mas. Ratahl¥Z & CFSCIZ XL B34 =T TE Y, Sapulutd Segaliud LokaniI~ L — 7 KM i3
Wi (MTCC) ORBEZEZ T T D (F2-1)
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20124E1ZSegaliud Lokan, Sapulut, Ratah TH EFAE Z Efi L. = D% . 20144E 2 Deramakot .
Tangkulap., Roda Mas. 20154EIZF (fRatah CIAE Z FEi L7-, FHAMREHRXICHFBELZ7 2 v b
DO A#FE2-1127”7%, Segaliud Lokan., Deramakot, 3 X UTangkulaplZHiFERAICHEREL TRV .
BIEARBEAEZ A TR =B LTVWED, 3ODOHFKREHENLEBLNET—2R b 35D
BHEFX 2 TOBARBEEMRR DO NE — 2 2 REICRET D EHE LT,

HEFECIE, R 25REORKEZMBR TV 7T 57D, BRLSIEOREIC
i U CHABRMAE X & Landsat i 2 W4 2> 5 FHANIC 5 DO HLEPEICHE L, T E RO BEREIZ10
BPFo7my MEHRE L, SRS IERIL, SELEICET 2BUFM %L (IPCC, 2003*)
DERICHE VD, BT B AL A~ RCESWTER LT, 5 OOHLERIIFRANR (772 1)
DORBEOT T2 XA A =T HAOEENKR (77 25) ETOLHEEEHEIIHELTELR
7= (Imai et al., 2014Y ) , T D%, FHILBEFEO HFKIER2mO B O 7 2 v b (HHE1257m?)
T UHNZI0RT OB L (FHRMEHEXICAF07 2y b)) , ZME CHBEOEEL K
W HizH, 70y bMTloombl EHEEZEEL CRESNTZ, 70y hOMBEREOHEICIE,
K70y b OFRE RGN, SRR 2T 5 (GPS) F—2ZINE L, Ty FNOD
2 TORHA (dbh=10cm) DOfgmEE M (dbh) ME L, MBI AL ZFELZ, HL, D5
W DWW TIRREN BERA LTc, IR ZFFOBIARIC O W T, R EfoszHllE Lz, &£To
BIARIZHGC DY FEIZ K > CTRE S, BIGTHARZFEE CERD TG EITERETTRE L,
B OMEWIEAE CHEL 2R LT, MLV TRIETE Ao HiMiT, L L TXAIL
72 LEOMET v v ML 2 EFIAICIN 2 T, Deramakot & Tangkulap Cik. f#HT DIFHEME %
B D T2 DIZ2014F 2248 D0.2 haD FE 7' vy FaEGbE TRE Lz, BREMICEF22840 7 1
v E Dl EF— 2 2 EEG L, DI ORI VT,

RRiE L722847 1 v b (BFEF3T.5~7 X —)v) 0B 85F & 254)8 DA FF 14, T8I A (4 2N Fl gk
ST, BEHRNREHRXO T 0y FOBIARBEEMEOEEM AR T 5720, DS GEFFEZ KT
RERRIE) 2T 7ay MHOBARBEEMROAZREZ R FEIZFIHEL, 72y O
nMDS 1 #ifE #3158 L7z, FAMEIZiZ. RY 7 ho =7 7 r 2/ J hAveganNy r—VaMHL, BT
& DRIAREICH S < Chaolifff (Chao et al., 20059 ) & 7=, ARMAFEMKICIB VT, nMDS 1 #if
ERFRKROLE (M AL A~ AfEH) EHBEIL TS (RP=0.52-0.71) Z&RALNTWD
7= (Imai et al.,2014” ) | 1§54 72nMDS 1 Bl % AL LI FE D BEARBEE AL O FRIEME & 7
7Zpllz, T2 TEEINZoMDS 1 HE X, (RERD BN & MW FAMD D OB ARBEEM AL DK
PEEZERTEEZOND, FARKICEOTEWERSEENMEES R TWD O, HEMEZ AW
THEWEHEMEEZFIMET 2 ENARTHIEEZLND, 72y MIAWICHBEZ &\ CRE
Lieboo, 7Yay NEOZEMPE CHEBEOATEEERE > Tz, EHFRREHX O 7 1 v b
Mo CHBEEZFNCH AT, ZORE, T X TORKERXICTHE W TZEMAE CAHB O RN
RN ERMER I N (FER2-13 L O Ek2-22 )

EHIC, BHREHRXEOAEMSELEOER Z T 572010, SRR E X OnMDS 1 ##HfE %
E#E (CF¥H0, fEFEZED Lz, EFESN-HBEESABAEEXB CHEMETHLZ L%
BAET 2720, ERLSNIEEMBES T o v b OSS F =T OB BIR % 8B B
Ll ZAh, ECORMEBRXORIFREMRNELR > TWNDEZ ENghoTz (H8k2-321) ., Zh
X, EHRESNZHREES, 2TOHRMKEEX CHRUBKR (RUAAF=THEOLR) 2>
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EEBEWRL TS, ZD7), IEHAL S FUT- FRARE 2 FI T AR AR B4 DR o0 18t R BE S AR AR 2 PL ik
THZELFARETHD EERXADND, LIEEOMBHTIZIER(L S 72nMDS 1 @il 2 FT1T > 72,
FRRAE ER X 2K OnMDS 1 S {E O #EE 21X, Landsat ™ / OLIFFE M %2 H -, #H Sh

B OTF =2ty b (Borh— RATBLXOBEAN) OFFMII T Ee-4Ci#lT 5, KEERK T
ILEE L7 GPSTR ¥ & TSI T 2 BB O ERERICT A HZ Lo 7o fow, Tz Landsat
ERICKRE 2 MBARRE T RV Ll S iz, BEGORLEE LT, FEEDOT VF VT N —
TIRATEREE A L. £ O%, KK X DO AL & WM R 2 M T 5720, 6S=— N (Second
Simulation of a Satellite Signal in the Solar Spectrum radiative transfer code, ver.1.1:
Kotchenova et al., 2006'7 ; Vermote et al., 1997"®) IZHE S KEHET LI XL EHNT,
RS W 8 % 2 BT SRS B U 7o %12, Ekstrand (1996) "I X - THE I TV 2D HE
FEHHIEFELZHEH LT, MIBIC L 2ME~DORBELZMIE Lz, MEICLERMBERICIZ, A3
— ATy PAHIET —Z (SRTM) zHWie, oK, E-ZTEbDL Y7 ed 7V =7 b
NR—=AGEPEICIVRELE, ZOB, 78 roEPicEsxeaanizEeEn (87
AU N) BERL, 20#H%, - B AV MNERETOZO0BEEZFIEL, %47 587 2
v hERELE,

ZD%., EOWBBICLY BEVRICKRBA L -EGEZFHTRERREBICE LT 2720, HERER
R O VB 2 RO REBE T2 E T D 0B (B 7)) 2L, BV A
ZALBETIE, FRERRY BRI O dn DBl A BRI L. K0 Eob v e fEig (e
SN5mEg) L. fMEOSRICT 2B ESREBRE Lz, MHOBEBRICIEEBL TEDORWY
From#EEZRY L, ZREGOBERMEZ AL, dREBROBFEZ BEZE L, m A
A REYRSIHTIC K0 R EG OB FEEZ TS 5 ET NVEVER LTz (Schott et al., 1988
Vogelmann, 1988%"; Hall et al., 1991°%; Olsson, 1993%"; Oetter et al., 2001*Y; Song et al.,
2001%; Du et al., 2002%%) . ZOth, BoONTHEETT VA2, MIREGETRKELTWDEBEHR
B TIEREL T RWHIBICHME L, BB O RBEM7T L, HREG L LT, Segaliud
Lokan, Deramakot. Tangkulap (2014) |2}, Landsat—-OLI (201446 H6 H) . Sapulut (ZlXLandsat-OLI
(20136 H19H) . RodaMas (ZiXLandsat-0LT (20154E5H 31 H) . Ratah (2010) (Z}XLandsat—-TM
(2010422 H 10H) . Ratah (2015) [(Zi¥Landsat-OLI ( 201542H8H) %fﬁﬁb\fio F7V =7 b
NR— X312 1% eCognition Developer 8. 7T&fERH L. # O D FHaijALPEIZIXERDAS Imagine
ver. 11.0& AreGIS 9.3. 12 L7,

HARNE X 2EONDS 1 MEEHEET 5720, 70y T 2nMDS 1 i & a7
% & 2 7-Landsat TM / OLIfH 2B OB FEO M CEUFET VEAIER Lic, Z 0% T V4 fig &
BT 52 LT, RIRICER T D AWML ERMEZ E &EICHHE L7z, Ml 2 & OFE B REAED
EWEBZEICANDTED, RTOFNEHAXZHE—DOET VT4 2 D TiER<, HHKREHRKX

W DTV EERMR LTZ, F£7-. Segaliud Lokan, Deramakot} X ONTangkulap TiX. #fAK
BEEEAL AR O B2 L 2 BiiE 4 5 72, Landsat-TM (2009) & Landsat-OLI (2014) D250 {12
BWTET VAR 2R LT, £72, RatahlZFB T H  Landsat-TM(2010) & Landsat-0LI (2015)
D2ODEBIZEBWTETAEER LT, ZOFav X TiE, BEOWBIZE > TRB LEZHEE LIZ
FEELTWeT my MIBS LTz, T MAERICH Tz > T, nMDS 1 HlfEZ HEH, &7 2 >
MCXFIEd % Landsat TM / OLTfH 2 i DAk 2 72 i & 2 B 2% L LT, HEUGEOIT 217 - 72,
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LA BT, AN ROBRA = (Bandly ;o Band2 1y, oy Band3 gy, opn Band4 4y, o ;. Band5
/o~ Band6g ;. Band? TM/OLI) . ROWEAFESL (NDVI: normalized difference vegetation index,
NDWI: normalized difference water index, NDSI: normalized difference soil index, and EVI:

enhanced vegetation index) Z A W7z, HWEAHERKIIUTOXNGEHEL /-,

NDVI-TM (o) = (Band4 (4,45 — Band3 (g, ) / (Band4 .4 * Band3 (e )

NDWI-TM (o) = (Band3 (4,40 ~Bandb (4 ) / (Band3 (.4 * Bandb (.46 )

NDSI-TM (o) = (Band5 (.0 - Bandd g ) / (Bands . + Band4 (s )

EVI-TM (o) = 2.5 * (Band4 (4,45 — Band3 (00 ) / (Band4 (.45 t6 * Band3 (5,4 — 7.5 * Bandl

(Band2) +1)

EROEHICIZ T, B#fRE (CV) | HE¥ERE (SD) \ BLT 7 AF v (Haralick, 1986°7 )
., AT MAORELOXOFEME L THEMA L, CV, SD, BIOT 7 AF vk, 3X3v7 &
NN D RHFEEL L OEEAEERICESWTER SN, 727 2AF ¥ ORI, HEE, 2 b
FAM AZKRE—AC b, T bhrE— BEME MHE FH 2EA L, EURET LD
AR ERMOLBLBIEEZBET 5720, AT v 7 U A AEEGRIGEICE ST BRIRS . E/IR
SN EEOVIFEIL, Roda MasZBRWTT XTIORGMTH Y, ZELMER 2 L 2R L
(H852-5508) , £7=. EE0mLL Lo BB A ITEMO BRRE R 72> TS 7= (Kitayana,
1992°¥; Aiba and Kitayama, 1999%). 600mLh EDIEE 2 RWCHT 21T >72, T 7 A F v DFHE
IZ1XeCognition developer 8. 7%, T MERLICIE Rver 3.20% . # DO fthh @ f# AT TILERDAS Imagine
ver.11. 0 & ArcGIS 9.3. 1% V7=,
TFNVOREERIEICIE., 70 ANY F—32 9 9% (Roff, 2006°” ; Langner et al., 2012'9)
FHWE, HETAVTHEHAINER2TO T 7y b (§507 7 > ) ZnMDS 1 il il DNERL IS HEVN5-D
DY T ANCHEEIN T, K£7 T ADTay hvb4/5FEEEICERY H L, nMDS 1 #lfE 7T 5 v
FIER L7z, ZOFTNAICESE, BODOL/50 7 1y hOnMDS 1 #lifi 2 #EE L. nMDS 1 filififf o H#
EAE & ERE & ORI OB W TR R (RD) ZRELTL, ZOAT v 7 2B HMEHIXIC
BUTL000[E M0 IR L, FBEBRBOBREEXHMZFE Lz, ZOMFHREIZIER ver 3.20% H
Wiz,
ﬁ%M@zW£i@mﬁzﬁ®$%%%ﬁ®§ﬁ%%£%ﬂﬁﬁékw\mm1%ﬁ®mﬁﬁ
FEOERA N T AEEHEEHAEL, FHREEXFE L CORKREI T, 2, ROZYMEE
@ﬂ#ét@\%m%ﬁ@&@ﬁﬁEE:%ab\%@E@w%%ﬁé%%i%%%ﬁwﬁ%%
KL TWENE I NEBR LT, FHRNREHRXOnMS 1#fEDO e X ~ 77 A& EWZERMED 2
MAEROEEL L, FHEZEHFREEXOEMZHEEORKRME R LIz, EX NI T LADF
BT, ERMREERICRELZ27 0y O OERLEET VEZEERESRICHFEL, Z0ME
OEXHHBBEEZ RDTZ, o, 6 DOBKREBRXOEMEHEMOEREZ KT 5720, K /M
BHX OIS 1 L D 95% FHE XM AZFIE L2, FHEEBEMER D 2 2O KK EBRK[E LT
BERLEWES, T OFRMEB XM O FEEnMDS 1 8l O 2 I3 MICEE THD LR LT,
EEInMDS 1 ifE OE R M 2 H AT 210 H 72> TE, 7 AR FT— g ViEL RO FEE A
Wiz, BHRMRERXICEWNT, 7 /O L AF 2 100084 0 K L, nMDS 1 il i o =¥ fi > 4
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Y7 1000 AR Lz, 95% AR HKMIE, 557210004 7 o26&H (ER) X T975
FH (FIRR) e LTEHREINTZ, 29 LTH LT FEEnMDS 1 fill il D 95%15 1 X [#] 2 F v TAR
HEBRKFEZ kL, FHBEOEVNCEDAEMEEE~DEBLER LT,

KWFIE D FIEN AR AEFER DO AN ZEREO R E AR TE D0 E D NERIET 5729
IZ. Segaliud Lokan, Deramakot. Tangkulap & RatahlZ ) 2 ¥nMDS 1 @il O 2L 2 ~<7=, =
DOFFENT TlE. Segaliud Lokan, Deramakot, Tangkulapi(Z|dLandsat 5, (2010) & Landsat o, (2015)
% . RatahlZ(¥Landsat 5 (2009) &Landsat o, (2014) ZHAW/-, FHEMKREHRXNOREMZED
AREMEEZRBT 272010, FHRERRXB OEMER O LR CFEL AW, SFEnMDS 1 il
DB EFEXHNER L RWGE ., EMEZRMEOZLITHINICAETH DL AR LT,

(2) EMEHRETHRLERFORBIZR T IMRLEBLR

1) B RREMK

AT T U A RIEICHES K EHGRIROFE R, nMDS 1 B X FICH RIS R, 727 ZAF v,

B ELUSD (F2-2) IZX > THBH SN, nMDS 1 #h{E O FHIE & FRE & o /o FH B R ER?1X0. 57
~0. 75D Th o7z (F 2-2, X2-2) . 6D FRAE BRI D 1 AFE A Bl M B % X 2-312 77 77

ZOHBIE, nMDS 1 EE OHEEME A R L TH Y, #HIKDOKE 7 £ /TnMDS 1 HIE 2348 S 40T
Lo EMNORANDED T FTF—2 9 0%, B L TORARBEEMBE O AWK E OFEPIELZR L,

A E (F ) 1FEBABEEMRDFAERICELS , BOWAEMSEERBFSh D Z L2 ERL,

EREVIE LY (RE) SEICHILLERERTHD ZL2EB®RT 5, 8L LERKEHX DWW L

ONOTY TIZBWTHRAR (F6) OFENMR I N (Bl 21X, Deramakot ® ZMIF 4y, Ratah
DA, Roda Mas®D A EER5Y) o —FH T, IEFWICHIL LIHRMK R~EE) OFELEHEICEN
Tz, 19984 IR A KN H o 7-RatahD HELDO = U 7o, HocfERIZ X » THEMRITHhA TV
bHRoda MasDPEHI O Y 7TidR - B L L TRIAINT, £72, SapulutiZ A6 B EVF A 7 KD
REOZY TIXFEIMHIE CEBE SN TND T LDOEARICKIEL TS EE X HLDH, Deramakot N D
LWL REE (BERBESRM AR DA & OBERIE) 1, KA 87 MERE RWEREY A 71 (40
) BBEL CTRRICEWEZ R L, xHHRAYIZ, Segaliud Lokan® AW ERME I U T <,

FRELTRE O @ W IERBIR R 2 20028 F TR IK L CTE BN R E > TV DL AEEEN R I N,
7o, BRROEIE 2R 72 0200240 LI 2 C O S8 i 3 2 Il L T & 7z TangkulaplZB W1 ThH, £
POV N I E <R -o TE Y, 20024 LIATIC FEHE S 7= fERBUK R IC L D BN 1% TYH
IR E L THE > TV D A REMED R S Tz,

2) ETNVORBERE

IJaANY T =g VIRIEDORER, BRREHXB TET VOHEREICETL X ITHLEDD,
TRTOET LB THL CTEVIEERHTWD Z & 23R Sav7z, nMDS 1 il oo 4 & fif & £
BME O KEFE S-SR (RY) OFEXIE (CT: 95% X M) 1LZHE 4L, Segaliud Lokan,
Deramakot., Tangkulap (2009) : 0.62 (CI0.19-0.90) . Segaliud Lokan. Deramakot., Tangkulap
(2014) : 0.64 (CI 0.42-0.83) . Sapulut (2013) :0.57 (CI 0.31-0.83) . Roda Mas (2015)
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0.74 (CI 0.49-0.92) . Ratah (2010) :0.60 (CI 0.30-0.79) Ratah (2015) :0.5172->7= (X
273)0

3) HFNREERN/EEXBOEMSHREDORZEMER

FRFH (2013~20154E) D6 O DHMEH X OnMDSIHHED & 2 b 7T A& X2-4127F, & A b
TIHE, TE—FRERY—ICEHL THEREEKE TCRE <AL/ LT, Roda Mas®DE— Kix, 62
DOBMEHXOF T EOIMDS 1 ifED A 27 275 L, Roda MaslZE W T B @ W AW L 4%
PENHEFF SN TV D afEetE 2R L7z, L2> LEIEEIZ, Roda MasCik, {K\ nMDS 1 #fE (1.0LLF)
DBEELEW LG, BAEOKRME. &5V T H T E R O 2R AR FL X PN T 0 BEH B3 o 22
MRENZ EbRBINT, FINICBT DFHROBREHEDOET LY A FTh 2D Deramakot D E
— NI2BBICEWAa T o7-, Segaliud Lokan®E— Fif, ERBFEFHOBEENEW &%
KBELT, 6 2DOHFMREHEHXD ) b bIEN-> T2, MR I TV D Sapulut®E— K, 2
FHIZERWAR a7 #R L7z, TangkulaplZ B W TIiZE TOXKERIEENIL20024E 05 W S LT & 7228,
T— NI BRE R Z2Em L TS M E P X (Deramakot, Roda Mas¥ L (*Ratah) XLV %
KL, BEOREHILOKBEOEENREEZ > TVD I ENRBINT, &KL LT, 6 00%#%
WEBHXOE—RFORa 7%, HILRECEHRBELZ LML TWVWD I ERRINT,

6 DDOBMEHX ([X2-38 L 2-4) DnMDS 1 filfE O F-HIME B L 1VN95% (5 #H X [ % 5 E T X
2-5all T, B ANMBUIZ L DR RN E B O£ 7 /L & L THIE S vz Deramakot TIE, B
FHRX TR OFEE A 270,333 (C10.271-0.405) Zresk L=, 2FHEITHEH WA 2T X, Roda Mas
?™0.276 (CI 0.209-0.348) T& >7-, RatahT}%0.209 (CI 0.116-0.278) . Tangkulap T(Z0. 189

(CI -0.061-0.091) . SapulutT}%-0.083 (CI —0.183-0.010) . Segaliud LokanTi%-0.289 (CI
-0.367- —0.223) Tholz, KA 237 MEBRIZHES S FRMBRME BLZ ZhE L TV 5 FRARE P
X (Deramakot, Roda Mas. Ratah) OB A a7 IIMOHENREHRX LIV b EEICEmNoT-,

4 D OFFME BLXAZ I T HnMDS 1 #h i 0 )l 35 K UV95 % 15 8 X [ o REfE] 28 1k & [ 2-5bI 7~
Segaliud Lokan® E-¥JnMDS 1 Bl 1, 20094E 2> 520 144F 1200 CTHBEIZHAD L7223, ftho HARE
HXTIXAEELRT/IT o T2, AETIEA WD, Deramakot D EH¥InMDS 1 #hfEiZ K& < EH L
Too TXTOMLBIEE) A5 (2 L TV 2 Tangkulap & FE AR E B2 A L TV HRatah D F
nMDS 1 il 1T TR M I 8 > 72

4) EMEZEREFTRILICOVWTOEE

JRIE D AW ZAEVE O REZE R ZZ VI3 L CHUE TR A 72 57l 1B 2 fENL T 2 72 AR ISR
FEEEF B IZ S\ CTlandsatf &0 b RO EMZERIE L KT 27 0T ZLEBRFE L, 2
WE T, BARBEEMAEORBFHEIC B W TIT, NAN—=2XT FVEGO X S @A~ )/
mEMRGEEDOE Y EHWD Z N KM TH o7 (Schmidtlein & Sassin, 2004°V ;
Schmidtlein et al., 2007°?; Feilhauer & Schmidtlein, 2009°®; Feilhauer et al., 2011°Y; Gu
et al., 2015°) , LinL, TOMM - IE A FORICREHBORSI NS, HE - EEFE
LAV COEMP R EDSHEMETFMTFEE L TCHW OE#H LW EEZBND, — T, Landsat
BWREEBRDO LIRS ILF ALY ML rHid, a2 MDOKS, F—FZ OfkkitE, REEEDOILS
N EF - HEERFL XL TOEYSHENETE =2 ) T ~DIEHAPHFE SN TV 5 (Turner et al.,
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2015° ) , L L., TORBHRE ALY 7 L) A4 X (3omfREE) Tk, B sHEREE2 AT
LZEBIREONOKKPNE 7 B AVNTREGT D720, Hx O E XL 2 QBRI 5
ZLIFTERVWE ENTE T (Asner & Martin, 20087 ; Rocchini, 2007*) . #Z . AWF%E
TS BEARER OB FPE T2 < R RIR S L CORKKFFEICER Lc, 207dIC,
FETHIARBEMEZ FH L L CHRIEMICAR L, ZORIEMEEZ RBLIME L7z 2 & BSARDFIE O R
D1O>TH D,

Landsatff 2 B O M OB ABEEMKOBEELZHHTL2ET A0/ B AN F— 3
HEICESKBEDR R, FHRMEIZ T X TORKERXDOET MICTE W TEVVE (0.51-0.74)
oLz, ZO/RIE, Landsatfii B2 o b OB ARBHEMRKOELERZ L L XD ENAETH D
TLEERBLTWS, UE—FEYI T B AW BRBEEMR O OB AL, BEEMER O
EACITHENBIRE O RS A7 Fv AL, BRI, B, MiER CoRERZE L.
ZTOWREDOEZE IR LELZOND EWVIEICE SN TS (Feilhauer et al., 2011°Y),
Landsatfif 2B 1L, KWZER AT MVGIRRED TZDIZ, K/ FNOWM R TBE OZEl (#
T 794y 7 ARV FADOIBEER) 2RMICLEL2D5ZEIFEHLWA, ¥ FHOBE
DER (Thbb, "AA=THEI T4~y 7 AMOMOEEZE) ICOVWTIERETES &V
I ENPWVL OPHE SN TWS (Wittmann et al., 2002° ; Tangki & Chappell, 2008') |
AL TH W T ARREEM K OFRIEM (aMDS 1 #E) (XARMR D BT W EFRAIZHE I 5 /A
=T XN REERNICHEDTE7 T4~y 7 AX NV ROMEERZRIRE L TS0,
Landsatfifi &7 — ¥ 06 Z QO#FEHN B E LB X5 ENTEXLOTERV N EBRZIND,

AR OET N TEIRSNHALEILEIL, PRIFIAHEL LA LD H &
OEHR (727 AF ¥ BLUSD) Tholo, PRIFRIE FIXEE ZIRARICI T 286, fe, A
A A~ ACH|LSHBE LTS Z ENRMOENTEY (Steininger, 2000' ; Langner et al., 2012'%) |
T AF ¥ 3 ERE OB M X 2% L (Dube & Mutanga, 2015% ) | SDIZFED LREM: 2 FT 5
ZENHMBNTWS (Rocchini et al., 2010 ) . ARWFFEICBWT, PHEFIEH RIL, (k%
ORBARMRE (T7hbb, XMA~R) ZFHHL, 77 2AF B LD 2 2OF )L ROREIC X
STHALLBEEEDIES DX ZHHALIEbDEEZLND, L EDX T, AHFZE DR EIE
Landsatff & O PRI DK R E 27 FALDIELSDEDHFEBRN 2 >OX )V ROMENEH %2 X
BMLCTEXHZEA2RRLTEY, BEEESNET LI XLICE-o T, AMIKRICL > THl & &
D BEARBERMARL D ER A R ECE DRI L H 2 bND T ERRINT,

2L, BIRSNTCHAZEL TOMBREIL, ETAVICE-oTERDIZEICHHEETRETH
%o AEIOBFFERRITR N R A OIRVHBLR TS £ 7223 > TWD 72 B B AR o 1 7Rl
HEDOENEEG LTS (Slik et al., 2003°Y ) , Lo T, BIRSNZHHALKIT, BEMA
DEWZESHEMEERS LOEOREOLE R AL KL T, FHREHEXMHTEfLZE TSR
Do

TERL S 7o IR E . & ARWRE BIX A O AR (IS WO BERBESEF AL O AR L REICHb L
TR EXNT2D0ICAEHTHD, ZHICED ., BEMICEWREMMED H 5 Hk, F 72X
RNV ISNDHHIBEOMNESCRELRET 2 ENTED, £/, B A M T A LnMDS 1 filifi
DY & A GDED I LT, RROEVMSRIEORE ZERWICZHT LN TE D,
A RNT T NIAEMBREEOBE S AR L, BRSO A SR O REZ R
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FLTWD, F£72, nMDS 1 HEHENM K WHIRIZ, SA A =T AL RKBIELELTWVWLEIZEE2EWKL T
BO, 2t koo (FET) ORT, o gEEOZEEOIRT, KEmED
EBT2L7-063T2BM5NTWASZ L5 (Asner et al., 20056 ; Langner et al., 2007°Y) .
5O BN B R AEFEMROERBRORREZR L TVDH EEE R D,

T RTORME BT T /L ORME D 95% 15 X O ME 1 F AR < (0.2-0.9) . 7 =AY
F—a R LT ey TR D o T RREME N RIE E T, RAEOE X[ D
MEDIR I 225, SEXInMDS 1 Bl 2 B IRIZHRARE X TR 2> TWZIZ bbb T, £2TO
B E X OEMSZHEIEOENEFRFNICEANT L LT TEhenoic, L, FHElRKRE
HA2E L TWDHEMNE X (Deramakot, Roda Mas, Ratah) & oD ZRARE B X D 48 L kR D
HEEEMHT DL LITWEETH-7-, £7-. Segaliud Lokan® HEE{E 73 A 512 fth o 2R AR A2 FE X
FUHIENZ &b ST, Segaliud Lokani, 19584F 7 5 20024F (2 /i) CTHERBU{KER % it 3
LTHY ., MoHAREIRXICHESTREBILOKEEZIToZHHREWZD, ZORENPIHEIC
KMEnzbDrEZONSH, 51T, Segaliud Lokan® SE-¥JnMDS 1 @i 1. 20094E 7> 5 20144F
DOEIZHEICHED Len, MoFHREHRX TITFEREIT R o7Tc, 2, K8 H DV ITHH
Iz X DSegaliud Lokan®D ML BITEICEB N THIH L EITLTWVWDEZ EEREBL TS,
UEDXHic, ARETELNBARREMRKMK L HEEOFEERMEZMA2AEDLED Z & T,
B EBRBREN L6 TAEWSRIEDORFERME~DEBEZZM T 5 LN TEX S,

ARFEOEAMEIZ, RARA ORI O Z BN —F 5 KV (0°7 7 ~5°20" N,
114°257 ~115°30°E) IZBWTHFES N7z, 7o, HELE (k%) O 2 2OMAF LK (A4
=T EITAT YT R) OFREN RO RABFNELTHL L EBET L L. FHROKRIEN
VETETH D DD, RARF LN ORI S BEARBERK A HE D < AW SR AN F 145 % @6 H
T L AEEITEVWEEZ I LND,

WL, BIABEMKZ BB L VICHEATE2 2230, BB LET AT U X AR
WIRBOAEM ST =2 ) U 7 IS ATE 2 a2 /R Lz, RFEOF A, Landsatfi 2
BaEFEHT A2 LKL, IR, MM, (K2 A M2®H D, Landsatfi EEEIXZF D 3 8128
WTHDO Y E— Ry 7T —2 L0 HERTEY, RIFRICES S BIARBEEMBE K IT, EH
FLLHDHWVTERRL L TOEYEHEEE=F I 7 ICHELTWSEEZBND, 29 L
RS, BHZ —% > N EREDD +OEMEEEEE — T H— NICH B R AW SRR & > T
MHOTHEMTHY ., KRREETIT, BB LETAIN X2 EMBEMOH - RFMFEL LT
mET D,
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Fo-1. MEL U7 ARMNE X R

Name State/province, Silviculture and timber Forest Plot number

nation harvest certification
Segaliud Sabah, Malaysia 1958-2002 CL, Since 2003 RIL MTCC 50 (2012)
Lokan 44 (2014)
Deramakot 1956-1985 CL, Since 1995 SFM  FSC

with RIL

Tangkulap 1970-2002 CL FSC
Sapulut 1956-2000 CL, Since 2001 RIL  MTCC 50 (2012)
Roda Mas East Since at least 2008 SFM with RIL FSC 50 (2014)
Ratah Kalimantan, 1972-2010 CL, Since 2010 SEM  FSC 50 (2012)

Indonesia with RIL 40 (2015)
EIlNOHFII 7y h2RBELIZEOWBE 4239 ; CL, conventional logging; RIL, reduced

impact logging; SFM, sustainable forest management; FSC, Forest Stewardship Council; MTCC,

Malaysian Timber Certification Council
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R? Coefficient SE T value Pr O|t])
Segaliud Lokan-Deramakot—Tangkulap 2009 (N=50)
B5;y, 0.61 -0.53599 3.88E-04 5.2435 <0.001
GLCM_mean_NDSI 0. 37928 1.89E-02 3.79207 <0.001
Segaliud Lokan-Deramakot—Tangkulap 2014 (N=86)
B7o.; 0.64 -0.61447 8.92E-04 6.6404 <0.001
GLCM_mean_EVI —-0. 16068 1.65E-02 2. 4093 1. 83E-02
GLCM_homogenity_B3; 0.16754 7.36E+00  2.5411 1. 30E-02
NDSI -0. 22618 2. 99E+00 2. 4598 1. 60E-02
Sapulut (N=45)
B6, | 0.60 —0.46159 2.40E-05  3.7795 < 0.001
GLCM_contrast_ B3y, 0. 37483 3.10E-05 3.8679 < 0.001
B5g.1 -0. 36385 1. 20E-05 3.0253 4. 30E-03
GLCM_mean_B6 -0. 286 8.20E-03 2.8178 7.50E-03
Roda Mas (N=45)
B6, | 0.75 —0. 86698 7.50E-05  4.9699 < 0.001
SD_NDST —-0. 75056 1. 20E-04 4.5416 < 0.001
SD_NDWI -2.12925 2.20E-04 4.6781 < 0.001
SD_NDVI 2.00116 4.50E-04  3.373 1. 7T0E-03
B4, 0.56146 4. 70E-04 2. 3481 2. 40E-02
Ratah 2010 (N=64)
B7 5y 0.62 —1.42357 1. 30E-03  7.02905 < 0.001
B3y 0. 75859 2.80E-03 3.74366 < 0.001
GLCM_dissimilarity_B4,, 0. 25656 9. 80E-03 3. 2506 1. 90E-03
Ratah 2015 (N=69)
B6,,, 0.57 0.78594 4.22B-05 9.5079  <0.001
GLCM_homogenity_B6,, —-0. 22183 7.07E+00 2. 6836 9. 20E-03

N, w7 vy bo%; R, A HEEFEEFMHBELEEG Coefficient, MRUE(LIMIAIRIREL SE, 12

HEFHLZE; GLCM, grey level co—occurrence matrix; NDSI, normalized difference soil index; EVI,

enhanced vegetation index; NDWI,

normalized difference water index; NDVI, normalized
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difference vegetation index
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Observed nMDS axis 1
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DOHFMEFIXITIBIT D 54RO nMDS 1 #il il o E X HE & 95%(E 18 X [ D 2 (b,
*x FEEHY
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PRI A T e

FOHFLEEMBEALCTHAE L, nMDS 1 #ifED 21X, EEOXORA T v v b OZEO M % H
Wz, B HEFERE ARMEIT A T OHRMKE XIS W TS TRro 72
SegaliudLokan—-Deramakot-Tangkulap, R*>=-0.00, P > 0.05, n.s.; Sapulut, R*=0.01, P <0.001;

Roda Mas, R®* = 0.01, P < 0.0001; Ratah, R* = 0.00, P > 0.05, n.s.

BERL
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fH#k2-2. LEOMAT 7 v MEONDS 1O &2 (EHE - HEE) & EEEo R, Bk

WA Z oy oS EZER L CEH Lz, nMDS 1 #lifE D21, (EEDOROME T 1 v o

Db 2 ATz, B B E TR A RME T2 T OHFRE P IXIZIB W TR > 72 :R* = -0. 00, P> 0. 05,

n.s.; Sapulut, R*> = 0.01, P < 0.001; Roda Mas, R> = 0.01, P < 0.0001; Ratah, R* = 0.00, P
> 0.05, n.s. AEAERL
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S &
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fF@k2-3. IEFAL SN 7-nMDS 1l & B HRME X DO SA A =7 (8) O FEROMR: B
HEMEFRAREITZ, 2 TORKERXICEWTHEICE N T
SegaliudLokan—-Deramakot-Tangkulap, R? =0.72, P < 0.001; Sapulut, R? = 0.90, P < 0.001; Roda
Mas, R* = 0.95, P < 0.001; Ratah, R? = 0.82, P < 0.001, Segaliud Lokan & SapulutiZHif 5
FUREAR OB LHE I A EZEN 2o 7=, Ratah® bl (P <0.05) & Roda Mas®DE) i3 L
fH& (GH, P <0.05;40, P <0.001) 1X., fidOFMUE AR > TV oAy B E R I o 2R
MHE X DI O FH NI E > TV,
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i+ gk 2-4.
72 Landsatfi# s2 o 3 A0 1% #H
Name Landsat sensor Worldwide Acquisition date
Reference
System (WRS)
Segaliud ™ Path117/Row56 Aug/11/2009%
Lokan—Deramakot-Ta
ngkulap 2009
Segaliud OLT Pathl17/Row56 Jun/06/2014%, Dec/31/2014,
Lokan—-Deramakot-Ta Jul/15/2015
ngkulap 2014
Sapulut OLT Path117/Rowb7 Jun/03/2013, Jun/19/2013%
Roda Mas OLI Path118/Rowb9 Oct/16/2013, Feb/05/2014,
Sep/17/2014, Mar/28/2015,
May/31/2015%
Ratah 2010 ™ Path117/Row60 Aug/11/2009
Path118/Row60 Feb/10/2010%
Ratah 2015 OLT Path118/Row60 Apr/26/2014, Mar/28/2015%

xS ESRE L THWE



f+4%2-5.

BN SN B0 #dE KR %5 (VIF)

VIF
SegaliudLokan—-Deramakot-Tangkulap (2009)
By, 1. 255569
GLCM_Mean_NDSI 1. 255569
SegaliudLokan—-Deramakot-Tangkulap (2014)
BT, 2. 024439
GLCM_mean_EVI 1.051601
GLCM_homogenity_B3, 1.02773
NDSI 1. 99888
Sapulut (2013)
B6; 1.659212
GLCM_contrast_ B3y, 1. 044686
B5y,, 1. 609069
GLCM_mean_B6,, | 1. 146012
Roda Mas (2015)
B, 5. 371266
SD_NDSI 4. 820667
SD_NDWI 36. 564958
SD_NDVI 62.127144
B4y, 10. 092117
Ratah (2010)
BTy 6. 705413
B3y 6. 712582
GLCM_dissimilarity_Bdy, 1.018423
Ratah (2015)
B6,,, 1. 069194
GLCM_homogenity_B6,,, 1. 069194

1-1403-39
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5. XFVMEREMSRERE (BABEBERORANK) ORRE
(1) XY MEREDSREEE (BAKEROREK) OBRRBICBT IHMERETIE

AFEIL, RARTEA L RRYT « L —3 T I BT 560D H{HREHRX TIT - 72 (K3-1,
#3-1), AF%EY A biE. Anap-Muput (=L —37 « U7 M, 1058 km®) , Sapulut (=Ll —
T o o, 956 km?) , Segaliud (=L —7 « NN, 576 km?) , Ratah (A > KRR 7 -
WA Y~ 2N, 982 km*) , RodaMas (A > KRy 7 « I U~ % ), 703 km®) , Seroja

(A RRYT WAV~ Z M, 365 km*) THD, ZhEDOHAEMD 5 5 Segaliud, Sapulut,
Ratah TlX2011-20124E E ICiT N T HAHE DT — & Z 7= (Inai et al. 2014)¥, Anap-Muput
TiE. 2011-20134F, Roda MasZRARAE FEIX TlL20144E10-11H ., Seroja / RatahZRMEHX Tl
20164F1-2 A\ BLMGR A& & 920 L 7=,

EHBRERXR ORI SREBEH Y I E2E B0 FEilZLandsat TM / OLI ®band3-band?
BRI LA LSy HH (ISODATAYL) Z A L. &M R E S DRERLE 7 7 XL T,
TO%, BHRKERXIZENTHLEY 7 AFIT108T D FEE2mO ML 7 v v b (5 FHA I E
5071y b)) ZakiE L. & e (DBH) 10embh b o> BfAFE 2 % G IZDBHO I E & FE 6 & %17 - 7=,
7. EREEGPSEHWT T vy M OIEME (7 & WA WE L,

Imai et al. (2014)% Tlx, BIABEEMLOIEG BZ KT REMEE (nMDS) #HVWTHE LR
7o AEB O L RAR 2 OB O JBALR O TEREE (=H{0E) 23 BN A 4~ X (AGB, fk
RBELZKBT B2 0615) EBHBATLIZEN RSN TS, RFEOT—% vy MIE
WTCH AR OFRIENMKERRE CFBE T 20 EI D ERIELT-, MEFAENSHELONTZEBOY A b
EXRBOMEEICESEHET vy FOBATELRMEK ZaMSIC I VT L, THICKVELNTR
ML O O JEAREE O TeBERE (nMDSTHERE) Z FHE L7z, T2 Y4 72 > Tk, RDvegan/N v 7r— 7|
metaMDS =~ > R& v, BUSEHBIARTFE DO L 5 2MEBEEHBREDOZ WL W THE I T
% ChaodFFHILEEFR#e & JH W T2,

B ARME IR DAGB (kg) (XChave et al., (2005)YD7 v A MY —XEHANTHELE,

AGB = p * exp(-1.499 + 2.148 * 1In(DBH) + 0.207 * (In(DBH))?* - 0.0281 * (In(DBH))?)

Z 2T, DBHIZABEAO S ERE (cm) | o IMEE (gen®) 2KT, FBOMEE T Inai et al.
QUMDY THWLNTZT —Z_XR—2ZFH L., HRLRIBOLTOMOFEEEEFIA LT, &7
2y hOREEOH EEHAL AR ER LEDY, A7 XV HTY DAL F v A (Mg ha!) &
AR L7, 20%, 71y hoOnMDS 1 il & AGBN IR < FHBE T 50 & 9 DB MREE L 72,

LT D3DD AT v FITHE | RT3 2 BV AR BRIE O IG B 2 37l C & 28t 2 BR % L
72, 1) F£9. Dufrene and Pierre (1997)V1Z X » TIRE S NI &2 AT, 2oDEERE (7
TASTY T AT N =T ENRAF =T TNV —"7) ZfHEFICHEE LTz, 2) RIT. 16 ORBIARGE
FEORAE CHEME) 23R L, 2R 525nMDS 18 (FERDOFFIE) LMW Z R T2 E 9 0
AMFELTZ, 3) H2AT v FIZBWT, MEHICHE SN2 BITMmO CTREOHERE G E EN
LARRENRD LD, FLEFMLZHEEX, ¥FMEOB AR LICHHATERY, T,
VIARY I A NRAF =T IV —TORBEERELSBL S, REOHG REOH% H i
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ABTH, FHENEROBEEEMHET 2N E I DERIELTZ, LTIC3D2DRAT v FIZO0T,
FEARICELT T D,

BIAT v 7 TlE, £9. 3 Y 7 FPROvegan/N v 77— helusta~r FEHW, oz
BERAR T —Z I LT T AL — i & iToTc, RTOT vy NE10D/WNT T AZ—|{Z40EIL
7o TDH%., TNEND Y 7 AKX —|Z% L Tlndicator value% &% L 7= (Dufrene and Pierre
1997)?, & J& D Indicator Valueld, LA FOX»HEHH L7z,

Aij = Nindividuals ij / Nindividualsi
Bii = Nojors i / Npiots
IVi; = Ay * By %100

Z Z T, Aij (relative mean abundance) . N LI T T AKX —JHZBIT D BIOMIEE (N iiiduale
) B T AL =BT LRI ORI (N i i) CHERISDTZZHDE LTERELE, —7,
Bij (relative frequency) (X, 7 7 AX —jiZE&ENL2 70y hOHTREINHBEATLI oy bd
B (Nsi; ) B T7AFZ—JICEEND 7By FOE (N ) THIoTZbDE LTEHE L,
Indicator Valueld, A;; & B;;OfiE LTEHE L, LT, T XL LD GH &2 ALK Z D
Z Il oTHE BNz Indicator Value (1000[E[#: VK L) & ks L CTHEEED Indicator ValueNH
BIZEWNE S InEBRE L2 (P.05), 7 7 AZ—fITiIck Yy, 27 vy ME, & VAGBDOEWS
bk &, K VAGBD @B WD 2 SHiA X A Sl B Enizlod, TNEhD s T AXZ—THR
IZFE W Indicator ValueZ DR E NA S =T I NV—TFRIE, 7274~y I AT V=L LT,

B2, ARICHE W Indicator ValueZF OB ZFIH L 2 DOMBEHOIRG L ZE R LT,

ﬁjj(% ﬁo){lﬂ/\$ = (Dmaturc - Ddisturbcd) /Dtotal

22 CDhprre (E 7 TA X 0 7 AT N =T DEEEE Dy ourpeal T3 A =T 70— 7 O8R5 L
Dold. 70y NNOEEEOEE LT, ZOREMEIL, | RAEKRICITWEMRK) 2»6-1 (A
DB TefE L7z @A) DOEZIY 5 5, BIABEHORES RN, BEORBEORKEL L THHA
TEDLIMNEIDEMIET D708, H B AL A~ X ((RERGFRE 2 {KFR) -« nMDS 1 #lifif & DO FHBI % |
RY 7 =7 Dlnma~y REHWTHA-,

ELIC, H3DAT v 7L LT, TRNETNOEERICEENIBOKREHMS LZBETYH,
FEREREDIR AN, RERIRECnMDS 1 i E & SRV 2 RT 0 E I g2, £7. 774~
AT N —TORIERNL, TENNTXRICBET 58 (dnisoptera, Dipterocarpus,
Dryobalanops, Hopea, Parashorea, Shorea, Vatica) LUIANDEZEY R HEHOIESGRLHE
L7 (Option 2), 7 X NTXFZEALIZD 8 E O AN G, IIRETDHR LT DK
M AR T 7 & 8T % B D B R A AR %Eﬁbfwé ERMBNTND T2 TH S (Whitmore,
1984)*7 . Option 2ITMA T, A F =T )V —7F & U TMHacarangald & Neolamarkial®dLLo D & D
EWMORE, 774~y AT N —TL LTI TXRUANDREZIRY BRWZHEG O, A

BEREDIR AL Z 38 U7 (Option 3)., Macarangal® & Neolamarkialg® 2 J&ZH L= DL, %1k
MCERbEWELEZRLTEY (R3-2), (MREILLEETL27DICAHTHL EEZLND
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ODThHD, £, 7T XR DB, Macaranga, Neolamarkialg& IR EMNHEBHES THY ., &
SICHMBEMRERXDOL V¥ —THNITIN L OB ARZRETRETH 5, Option 2+ 3% LT
AR L7-BRRERE DR B b & (KRR O FEHE (AGB) + nMDS 1 B fE & OFHES % . #5t Y 7 FPROD1Im=
<V RERWTHEIT LT,

(2) KYEELREMBREREE (BAKREHRORANL) ORRBICBITIRBRRIVEE

1) BARBEDORRF—

HEFEIC LT, 29107 1y MAMER L, 19756fE K, 296/8. 90RO ARD T — % 2137,
nMDSHRAT D e % [M3-212 7R, RV R A BEEAR O FEEM AT HBEMLEIC K-> TEMT 5 2 &
MO TS, 29 LEEFEOHBEABEMIT, 28GR, BEEROMBAEN, 203, @
EOWELDOMEDEWVICE > THHATE S Z ERFRBENTVD (Slik et al., 2009)®, A > R
X T e L=y T O a oy M OREAIT2E (YD I > THMEL TR Y . ARWFZE T 6 HEE A BRAE
DREEMRE~DNREN AL oo, Fo, AT %E & [FER 1 dlfE (Xih) 1390 S AGBEMHBI L TH D | 1
il S B R B 2 B9 2 2 L R ST (M3-3), 24U OFERIT. B O BRI A I 1T R
LN, REEILICEAESBOEMITHIRIC I DT —ETHHZ EEERLTWD (F£3-2)
RERBEEAL DRI IR E OFFAE & LT, AR A OERMBEKRIZBWT, LK<#EATES2Z L%
R T & 7=,

2) BABEHIES LOWAME

7T AR NI LT, 278y b, X VABOEWEHIEA(DI-8, K3-2) L, K VAGBDE
WRREAAR (M1-2, KM3-2) D 25D T A Z —|ZhEl sl (M3-3, 3-4), TNENDY FAHZ—T
AEIZHE W Indicator ValueZ FFDJB & L T, AR TIZ8IE . B TIXOLE A [EE S 7z (R3-3),
INSDFEE G LICHE L ERERE DR A (Option 1) 1%, nMDS1#h{E (IX13-5) - AGB (H F i 3%
HH R =0.66, P <0.0001) EHSABEL W, ZHRICEkY, ey MCHERETLIETOREE
FELZRS T, WIEHOREGIICE > T, (MO AREMKRICE X DHEBLIEE T2 L
W B DNT I o 7o, BEREREDIRG & BIRBESE AL AL R°AGB & O IRWVEBIIEL, LT O & 9 IR ¢ =
b, 7T AKX —fEM L Dufrene and Pierre (1997)Y DM Ic X VW RIES N oD AT L —F
X, AT TCREINTEL2O00MERE (DEV M A =THEI TA~vy 7 AfE) LLTH
RDHDIENTE D, BEOHIENLL, ZNHD 2 ODOWERIL. XRICH T AIENIERS TH
L2 ENDLNoTWND, Thbb, NAF =T BRI N8 E ISl 5% B3 84
H—=HT, 774~y 7 ABAIIEEBEENMETT 5, LEOX S XA =T HEL I 714~
v 7 A O LB R OB WDHFIET D720 (KERRE IS > Tl 7 v — 7 OIRA LR 72
EERLIZEEZLND,

EBIC, FHEERICEENIBOKEZRD SEZHETH (Option 2+ 3), HERERE DR A F23nMDS
1 4l & ([X]3-5) R°AGB (Option 2, H H R #R® = 0.61, P < 0.0001; Option 3, H HEFEHK
HR?=0.57, P<0.0001) L58< fHEHIT D Z & W RENT-, Shorea, Macaranga, Neolamarkia® 3
ODBITMOE L HEL THWELEZRLTEBY (£3-2), 25O BOKEHEIL~DISE TR
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EHREEROEEZNRETEDZENHLNI R -T2, ZORRIT, (KERIRE DR REEM RIS
MTHREBLZHMT D ET, CRNOOKERICEENLIUNDOEZ ODBOREZEK TELH L0
ITEEEHRLTWD,

FEHRAE NS ARFECTRE LHEE BEFORSGR) 1%, 1EkoEFEicd L, UTo
B3ODHRZE SO, BT, B LWIELE (K iZ0ption 2+ 3) (X, vy FPRICHITIIZLAED
BORENRETHY (Option3 TIiX, 2296BTIBOLDEE) . WAMED 2 2 F2F L < IK
KHMADHZENTED, ZoDIZ, FEELZHAT OV LFERL, ABFOHFEMET
R TCHLDEZGICHETEZHHLOTHD, HBITMHAETREINZHEEICHON D 2L EMITITHE
T 70, BIHOGHREBRBYETOMMAGL Z R # Lo, Zhicxt LEERREEOIR
AREFATNEZOMEL MR TE 5, REZIC, UANCREINEHEEIZ, <07 ey b7
— X EHWCTHAEIZHKR T2 ERMELEINTEER, HHILWERT—o2DTay hT—40
HERAWCHEAEMNETH S, BEICHAVLRIFEIE, FAEMNKRD OEES LM E CIRIE WS E
DFEMREZY TV T T HZENRMNELINTWED, FHHEEIRAENICRBAE 0y FORT
BHROBICEEZFMAETH D, ZHIZED | BIENROEELE 5 JFAENKRE G F 700 RS
FIZBWTH, AFEOBMANAREIZR 5T,

UEDFERNS | R ABERICIE T, BIAREBERORG HITRH - &80 X M &K
TEEL-DICAHREBETHD ZENRENT, —F T, REEITBAROZERMESCHEMKR Z
FERICITEETERVWEVWOSMER S D720, BIM~OBEAIZIZEENLETH D, FFlT, AV
REMMEE b OM D RFENRESRE 2> TVWIHAEIT., Zhbo0faextg s Lz, XMk
ENVEIZRDEBZZOND, TDD, 5B ORNVIRAHHREXIZB T 2 ZEMFNIZ B
WTIE, xR BEEEZMARDEDLI LRV ETHDIEEZLND,
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F3-1. WHgtxt g & LI RE K OF#
. Sy . Forest
Name of FMU Nation Silviculture and timber harvest L. .
Certification

Segaliud .

Malaysia 1958-2002 CL, 2003-RIL MTCC
Lokan
Sapulut Malaysia 1956-2000 CL, 2001- RIL MTCC
Anap—Muput Malaysia 1977-2004 CL, 2005- RIL MTCC
RodaMas Indonesia At least 2008— RIL FSC
Ratah Indonesia 1972- 2010 CL, 2010- RIL FSC
Seroja Indonesia CL -

CL, Conventional Logging; RIL, Reduced Impact Logging; MTCC, Malaysian Timber
Certification Council; FSC, Forest Stewardship Council
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#3-2. RAM Mature) « LA Disturbed) (21T 2 EAL20/E O M *HE EE, HERAYICEEILZ — o
DOHILIZ DV T”9 (Indonesia, East Kalimantan; Malaysia, Sabah and Sarawak), FGCEAAR - 45
fEIZ 7 7 AL =D OFEREZ L LICER LT,

Indonesia Malaysia
Rank Mature % Disturbed % Mature % Disturbed %
(n = 89) (n = 51) (n = 114) (n = 37)
1 Shorea 16 Macaranga 53 Shorea 23 Neolamarkia 24
2 Syzygium 7 Neolamarkia 22 Macaranga 7 Macaranga 22
3 Macaranga 5 Melicope 3 Syzygium 3 Ixonanthes 4
4 Litsea 5 Vitex 2 Parashorea 3 Shorea 4
5 Dipterocarpus 5 Litsea 2 Vatica 2 Vitex 3
6 Xanthophyllum 3 Ficus 1 Lithocarpus 2 Glochidion 3
7 Palaquium 3 Shorea 1 Knema 2 Parashorea 2
8 Hopea 3 Nauclea 1 Dipterocarpu 2 Duabanga 2
s
9 Diospyros 3 Artocarpus 1 Diospyros 2 Pometia 1
10 Canarium 2 Duabanga 1 Hydnocarpus 2 Ficus 1
11 Horsfieldia 2 Pentace 1 Dryobalanops 2 Cratoxylon 1
12 Elasterospermu 2 Trema 1 Mallotus 2 Lithocarpus 1
m
13 Dillenia 2 Dillenia 1 Gluta 2 Adinandra 1
14 Baccaurea 2 Syzygium 1 Saurauia 1 Pterospermum 1
15 Dacryodes 2 Gmelina 1 Dacryodes 1 Callicarpa 1
16 Dryobalanops 2 Elmerrillia 1 Litsea 1 Alstonia 1
17 Myristica 2 Cratoxylon 1 Xanthophyllu 1 Nauclea 1
m
18 Lithocarpus 2 Campnosperma 1 Baccaurea 1 Litsea 1
19 Dialium 1 Dryobalanops 1 Pentace 1 Bridelia 1
20 Knema 1 Monocarpia 1 Aporosa 1 Aporosa 1
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#3-3. 2ODMAY A T (A, Mature; Z{bAk, Disturbed) ZHZHIZ-DW T, Indicator
taxaZp AT KV AE S ED Y X b (Option 1), FRARMMME (IV) & HFFE L 72, Option 2(#D DU
2@ TIE, 7 ATXRUCE EN DB (AM) L Option 1& R URB (B 2 i, F£7,

Option 3GxDOWIZJE) TlX, 7 X AN TXRNTE TN D REAHK) & Macaranga + Neolamarkialg (4

E#K) 2 v 7z,

Mature forest (n = 92) Elz;urbed forest (n
;i;ztor IV Indicator genera IV ;iéiztor IV ;;ﬁ;;ztor IV

Neolamarkiatt 74
Shoreatt 94 Drypetes 26  Amoora 11 *
Syzygium 83 JDurio 24  Blumeodendron 11 Macarangatt* 60
Diospyros 70 Dillenia 24  Gonystylus 10 Vitex# 25
Xanthophyllum 65 Calophyllum 22 Millettia 10 Duabangat 23
Litsea 57 Mezzettia 22 Actinodaphne 10 Ficush 18
Dipterocarpustt* 56 Barringtonia 21  Gymnacranthera 19 Trema# 11
Dacryodes 54 FEusideroxylon 21  Scorodocarpus 10 Ixonanthes# 7
Palaquium 54  Scaphium 21  Timonius 9 Brideliat 6
Knema 53 Aporosa 21  Rhodamnia 9
Lithocarpus 50 Heritiera 21 Cleistanthus 9
Baccaurea 50 Monocarpia 21 Dysoxylum 9

Neoscortechini
Polyalthia 47 Swintonia 21 a 8
Canarium 45  Dehaasia 21  Parartocarpus 8
Vaticattx 43 Quercus 20 Ptychopyxis 8
Hopeatt* 41  Parashoreatt* 19 Beilschmiedia 8
Myristica 41  Koompassia 19 Chionanthus 8
Tei jsmanniodendro

Horsfieldia 39 n 18  Mesua 8
Aglaia 38 Castanopsis 17  Anisopteratt* 7
Artocarpus 38 Gironniera 17  Bhesa 7
Santiria 38 Pleiocarpidia 16 Mangifera 7
Gluta 36 Microcos 15 Pimeleodendron 7
Madhuca 34 Sindora 15 Memecylon 6
Hydnocarpus 32 Celtis 15  Parinari 6
Dryobalanopst* 31 FElaeocarpus 15 Porterandia 6
Garcinia 31 Pternandra 15 Chisocheton 6
Ochanostachys 28 Planchonia 15 Cryptocarya 6
Mallotus 27 Alseodaphne 14  Trigonopleura 6
Nephelium 27 Saurauia 14 Cinnamomum 5
Dialium 27 Xylopia 13 Koilodepas 5
Elastereospermu
m 27  Lophopetallum 13 Moultonianthus 5

Pentace 27
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10D /NT T AL —DOFREATE#R, H BB AL 4~ X (AGB), 7 X ANTXRHIZET HH KD
Neolamarkial@ DB E Dyicumed) s € DM OEEDEE D, ,..0)  F

FEREDIR A (Option3, Mix ratio). nMDS1HHE (nMDS score) D) +SD% /x4,

Clust AGB nature Dyisturbed D, ihers Mix ratio nMDS score
er (Mg ha™) (plot™h) (plot™h) (plot™) (unitless) (unitless)
M1 579 + 318 17.9+12.6 3.8 £ 6.7 47.1+15.5 0.18 £ 0.18 0.28 £ 0.16
M2 416 + 193 27.2 +£13.5 7.0 £ 9.6 50.6 £16.9 0.22 £ 0.18 0.38 = 0.23
- +
D1 34 + 64 0.2 0.4 7.5 + 4.4 0.3 £ 0.5 00'6290_ -1.49 + 0.13
D2 -0.74 +
35 + 12 0.4 £ 0.5 12.7 £ 5.5 2.2 = 2.4 0.20 -0.98 = 0.21
- +
D3 113 £ 51 2.4 4.6 30.8+24.3 13.3 £5.9 00'5133_ -0.36 = 0.08
- +
b4 76 + 77 0.5+ 1.6 32.9+24.5 6.2 + 7.7 067250_ -0.91 = 0.20
- +
bs 29 + 53 0.0 £ 0.0 2.8+ 2.1 3.5+ 2.8 00'4223_ -0.93 + 0.19
D6 233 + 93 10.3 + 6.1 9.2 + 6.6 30.0+16.5 0.03 +£0.14 0.08 = 0.18
D7 -0.24 +
125 + 108 0.0 £ 0.0 5.0 = 4.5 26.3 £ 23.8 0.32 -0.68 *+ 0.58
- +
b8 118 + 53 1.8 £ 2.4 19.7+17.3 20.8+10.1 0.33 % -0.47 = 0. 15

0.20




1-1403-53

fH8k3-2. Indicator taxaf##TiZ L > CTHEIZE W Indicator valuex ;s L7ZED Y A b, Cluster
number (XX 2. 4. PIZKFHIZRKRFL L= FEFE2FRKT,

Genus Cluster number Indicator values | P values

Shorea 94. 2 . 001
Syzygium 82.7 . 001
Diospyros 69.7 . 001
Xanthophyllum 64.7 .001
Litsea 56.9 . 001
Dipterocarpus 56. 1 . 001
Dacryodes 54. 2 .001
Palaquium 53.9 . 001
Knema 52.6 . 001
Lithocarpus 50 . 001
Baccaurea 49.7 . 001
Polyalthia 46. 7 . 001
Canarium 44.5 . 001
Vatica 42.5 . 001
Hopea 41. 2 . 001
Myristica 40. 6 . 001
Horsfieldia 39.4 . 001
Aglaia 38.1 . 001
Artocarpus 38.1 .001
Santiria 37.7 .001
Gluta 35.5 . 001
Madhuca 33.9 . 001
Hydnocarpus 32.1 . 001
Dryobalanops 31 . 001
Garcinia 30.5 . 001
Ochanostachys 28.1 . 001
Mallotus 27.3 . 001
Nephelium 27.1 .001
Dialium 26.9 .001
Elastereospermum 26. 8 .001
Pentace 26.5 .001
Drypetes 26. 1 .001




Durio 24.1 0.001
Calophyllum 21.9 0.001
Mezzettia 21.5 0.001
Barringtonia 21.4 0.001
Eusideroxylon 21.1 0.001
Swintonia 20. 7 0.001
Dahaasia 20.5 0.001
Microcos 15.3 0.001
Scaphium 21 0.002
Aporosa 20. 8 0.002
Monocarpia 20. 8 0.002
Quercus 20 0.002
Tei jsmanniodendron 17.8 0.002
Castanopsis 16.7 0. 002
Alseodaphne 14.1 0. 002
Pleiocarpidia 15.7 0.003
Sindora 15.2 0.003
Saurauia 13.8 0.003
Amoora 10. 8 0.003
Dillenia 23.5 0. 004
Heritiera 20.8 0. 004
Gironniera 16. 6 0. 005
Planchonia 14.5 0.005
Koompassia 18.9 0. 006
Celtis 15. 1 0. 006
Blumeodendron 10.5 0.006
Millettia 10. 3 0. 006
Elaeocarpus 15.1 0. 007
Pternandra 14.7 0.007
Uncaria 9.9 0. 007
Parashorea 19 0.009
Xylopia 13.2 0.01
Scorodocarpus 9.9 0.01
Gonystylus 10. 4 0.012
Gymnacranthera 9.9 0.013
Actinodaphne 9.9 0.014
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Ptychopyxis 8. 0.014
Parartocarpus 8. 0.015
Neoscortechinia 8. 0.017
Mangifera 7. 0.017
Anisoptera 7. 0.018
Bhesa 7. 0.018
Timonius 9. 0.021
Mesua 7. 0.022
Pimeleodendron 7. 0.022
Porterandia 6. 0.022
Dysoxylum 8. 0.024
Lophopetallum 12. 0.025
Beilschmiedia 0.026
Parinari 6. 0.026
Cinnamomum 5. 0.032
Chionanthus 0.035
Cryptocarya 5. 0. 039
Cleistanthus 8. 0.04
Memecylon 6. 0.041
Rhodamnia 9. 0. 044
Trigonopleura 5. 0. 044
Koiledepas 5. 0. 047
Chisocheton 6. 0. 05
Moultonianthus 4. 0. 05
Neolamarkia 73. 0.001
Macaranga 59. 0.001
Vitex 24. 0.001
Duabanga 22. 0.001
Trema 11. 0.001
Ixonanthes 6. 0.001
Bridelia 5. 0.033
Ficus 18. 0.043
Neolamarkia 62. 0.001
Trema 15. 0.003
Duabanga 19. 0.004
Macaranga 46. 0.006
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Glochidion 47.2 0.001
Ixonanthes 28. 6 0.001
Adinandra 25 0.001
Bridelia 19.9 0.001
Vernonia 16. 6 0.001
Piper 9.5 0.002
Dimocarpus 15.3 0. 005
Alstonia 19.1 0.008
Pterocymbium 9.5 0.008
Cynometra 8.9 0.01
Pometia 12.6 0.011
Fagraea 8.2 0.02
Vitex 14.6 0.023
Canthium 8.6 0.023
Chaetocarpus 7.9 0.023
Cratoxylon 19.4 0. 026
Triomma 7.9 0.028
Buchanania 10.1 0.029
Croton 7.6 0.03
Alangium 12.3 0.032
Mastixia 7.9 0.034
Cubilia 7.6 0.034
Melanochyla 8.8 0.042
Terminalia 7.8 0.048
Piper 33.3 0.002
Ludekia 16. 7 0.024
Leea 16 0.025
Norrisia 14.2 0.044
Ixonanthes 40 0.001
Bridelia 29.3 0. 004
Glochidion 38.8 0. 006
Adinandra 36. 3 0. 007
Alstonia 29.5 0. 007
Vernonia 24.2 0.016
Pometia 18.3 0.025
Pterocymbium 13.3 0.042
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Alangium 6 19. 2 0. 044
Buchanania 6 15. 4 0. 046
Duabanga 7 22.1 0.014
Neolamarkia 7 36. 1 0.015
Macaranga 8 58.7 0.001
Macaranga 9 42. 1 0.004
Litsea 9 36. 5 0. 004
Nauclea 9 27. 4 0.015
Neolamarkia 10 33.7 0.014
Duabanga 11 45.7 0.001
Neolamarkia 12 26 0.068
Alangium 13 35 0.002
Cynometra 13 32.7 0.003
Parashorea 13 39.3 0. 004
Mastixia 13 31.5 0. 004
Triomma 13 31.5 0.005
Cubilia 13 31 0. 005
Croton 13 31 0. 006
Helicia 13 29 0.01
Ardisia 13 26.3 0.01
Magnolia 13 26 0.012
Lithocarpus 13 27 0.02
Scaphium 13 23.9 0.025
Melanochyla 13 20. 8 0.037
Nothaphoebe 13 19. 4 0.039
Acalypha 13 16. 7 0. 04
Alphonsea 13 16. 7 0. 04
Castanopsis 13 19. 2 0. 044
Aporosa 13 22.2 0. 045
Spathiostemon 13 15. 4 0. 045
Pellacalyx 13 15.7 0. 046
Ixonanthes 14 54.1 0.001
Glochidion 14 53. 6 0.001
Alstonia 14 37.6 0. 005
Vernonia 14 22.9 0.019
Chaetocarpus 14 20. 4 0.029
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Terminalia 14 20.2 . 039
Adinandra 14 19. 7 . 048
Xanthophyllum 15 55.6 .001
Palaquium 15 53.8 .001
Syzygium 15 48. 9 . 001
Horsfieldia 15 40. 1 . 001
Monocarpia 15 38.6 . 001
Litsea 15 38.2 . 001
Canarium 15 39 . 002
Diospyros 15 34.7 . 002
Mezzettia 15 30.5 . 002
Dialium 15 33.7 .003
Myristica 15 32.1 .003
Baccaurea 15 30.8 . 006
Planchonia 15 26.1 .008
Amoora 15 24.2 . 009
Polyalthia 15 27.3 .011
Hopea 15 33.6 .012
Dipterocarpus 15 26. 8 .015
Drypetes 15 22.1 . 016
Uncaria 15 22 . 021
Santiria 15 24 .022
Dacryodes 15 23.3 .023
Ochanostachys 15 21.5 .024
Celtis 15 21.1 . 027
Elastereospermum 15 23.1 . 039
Hydnocarpus 16 55.3 .001
Vatica 16 51.7 . 001
Shorea 16 48.9 . 001
Mallotus 16 35 .003
Knema 16 27.3 . 007
Pleiocarpidia 16 24.5 .011
Microcos 16 27.7 .014
Saurauia 16 25 .019
Gluta 16 24.9 .022
Tei jsmanniodendron 16 23.9 .023
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Millettia 16 18.8 0.025
Artocarpus 16 21.7 0.037
Lithocarpus 16 22.6 0.041
Barringtonia 16 18.8 0.042
Madhuca 16 19.9 0. 045
Durio 16 18.5 0. 045
Ixonanthes 17 88.5 0.001
Alstonia 17 66. 1 0.001
Vernonia 17 47.8 0.002
Pternandra 17 45.9 0.002
Albizia 17 31.6 0.002
Glochidion 17 46 0. 004
Atuna 17 27.5 0. 006
Brownlowia 17 31.4 0.008
Cratoxylon 17 35.2 0.009
Irvingia 17 22.9 0.028
Terminalia 17 23.3 0.03
Canthium 17 21.5 0.035
Sterculia 18 26.7 0.02
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6. BAMZEBZIZVE— VYU ITDER
(1) BAMZEBICLAVE— BV U TOERDOFE

RBMX L~ L — T « B3 DDeramakot & NTangkulap AR AR HEX & L7z, 5K O A
JRAEMNRARA X7 MMEEM, EEERBERDIODHFKRY A T2 H1T . ENENICEKE S 72 2ha
EHBN oy hEHWE, ZRENOHEKT A Fioxt L, ER2THEIA I AMZERE (LAV) &
AR A T E AW R R 2T, mE 1S B 5 METIODOHRMERE LI, Bo5h
T2 & 300 D E B A b L IZE —HE RO AL D X L6 BMAFIICHEER (FRR) O3RICE
EEHE L, BONTEEHRROIRTIEEREN S, HBFEEE, BEonm 2 — 23R L,
RN EHIBREIC L2 BHREI~ORBORE 2 EEBOICFTMT 5 2 L 2R A, BERIEICIL,
EHBIHN Ty bogAREICL Y BRBHCEONZWESEREBEOT 2 2 M) —KEH VT,
fot v 0 SERAF & HEE & LLIRGE T D 2 & TIT o 72,

(2) EAMMLEBIZLIAVE— BV IV ITOERAOERL EZE

Rt i O HETE M & S2IE O BIFRIC IS B ERFETIX, MIFERR® = 0.609, fHXFREZ£12.91% &
WO RERICR o7z, IRARTORB @M EDOLEITHIRICE W THARENLIL. 5% Th o 72 2 & s
INTWNDLZ DD, RFEOMNERLFITZY RBRERAICNE->TNWD EF 2D, o
i OB IT R AR AR A X7 DR AR, R ERBRARDIEIZ37.8, 33.8, 31.2 (m) &AL T
W, £, fiEmoe XA 7T A (K4-1) O — 7 EIXRERTHMIZH> Tz, —FH, K
AR MR EEEEBEARIIZEN L0 R RIRALEIC A LTV, T8 MR T
HEBEARE A & R TR, RO F A= N RENT ENRBEINT-, 2Dk Hic, AFik
LD, BREA~OEILOHEREDE DA HRAROSK THEEICH 26T HEL EREMICTMT 5 Z &2
TE e, BHEHRICB T 2B HEMEDOBILITHIHRAL A~ 2ADHILE LB L TND Z R
NTNDLZEnb, RFEETRD ENIZ3RICHEEDIERD O EM SR DREE H D5\ WVIXH L E
EEENICTMTE S L EZ0NS, FFRMNICIZZ O L D RBEM R AW SR T,
MEAMTZERRICE AT NVRBE RO AT (NARN—=ZAXT NV BAT) ZHE#H L, BHEN
WA AROBEO S ZHET HZ ETCILICHBEOM EZXOIMNENRSHTEA S,
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7. BFRCEVELNTZRE
(1) BEHNEE

BUH PR AR D AW L AR ME I KX OV BB R Ot 2k 2 7 B a9 IS FEAM 9 2 FAR 2 i S Je B TR 3
L. vL—=y T ROA v RV T ORI HRARIC IS CTEIEE 21TV, Z ORBENEEETH Y
MOBBPEEREICBNTERLTWD Z L2 MR Lz, £7-, Landsatfii 27 — ¥ Zffivy, Z D5
Rz sl L~ TR & < M b9 2 FIE 2 U EBR T THENZ L7, RAFZENEIZ OV TELT
DL % open accessHEREIC AR LTt & 2 A, AFR%2H M CTHEH330F % ek L7z :

Fujiki S., Aoyagi R., Tanaka A., Imai N., Kusma A.D., Kurniawan Y., Lee Y.F, Sugau J.B.,
Pereira, J.T., Samejima H., Kitayama K. (2016) Large-scale mapping of tree—community
composition as a surrogate of forest degradation in Bornean tropical rain forests. Land
5, 45; doi:10.3390/1and5040045

2. AFEN, BRBERAOEMSREORMEOE=2Y) »7IZBWVWT, AHTH S
TEHREMEMICHO NI L, T X Y AFEDS, REDDHEMEZ KLY —T7 T — FRAEMZE
MR OFEmMZ — 7y MEBFEMICIGHAIETH D Z RSN,

W7 VTICBNTIEMD TLRDEMEHEMEY R 75> —/L « % v F (ERA) O REAME

B L. BVEMRAEMSHRIE~D Y 27 2 @I T 5 Y — L O E A Al gtz m L,

(2) BREBE~OHER

AL, =L =T « YNNEKRF, A RR TRV~ 2 U~ - 7V RERK
¥/, WWF-+ > R 7 L 2N ZENIEEFREMBELHA T, ELTWDH, ZO7D, Kif
ZEHETHET I HMRCE LN AR EITBMOBEHEHOBURIC KM END RIAKZTH D, *
7oy EMEZERME AL BRI OWTIE, BREE W #ES FSC OARERT — B R O HRIKGEIE~ D i
AMEEZRF L, BB S FSCXEBEN 2 RMEIEFERTH 0 | FRARO R iy & B o [ B
IR AAE D ICB W CHEHEEMEIM 2 £S5 LT\ 5, ERRAV—E2OKRKRIEIX., HRHAEHEHDO
HGIIB T 2ARBARAY—ERA~DRERBICZ WL CHRIAEEZRITTOIH - 2R ATH D, ERER
P — B AFEREE RAITT D DI, HRREH OB kwfé%§%%kk$%%#%txm@
=7 — FZEEMI ﬁE@ﬂTé%%bwﬁbD\ FOFRERBNFEFINL TN EZATHD, D
ii@ﬁm\ﬁﬁﬁ%%bti%%%ﬁﬂﬁﬁ%&@ﬁﬁ@%k%<&Eéﬂ ARV —E AR
AEDFLYESRIE L L CHAAIEETH D Z ENEFEMIT RSNz, ZHIC LV, AR EITAER
P— B AGERE O FAEFAE & L T R énéﬂ%ﬁﬁi#ifaiofwéo

<ATBDBEIZIER LT gl R >
ITBUZ R T DIE AR TIE RV BRRE TS FSC B2 220 EEERMM AL LT
EHAAED D TWD | AR — B 2O HRMERFED TR ICIB W T, KRR O BR 3 E
MEanr, AEZV—E2ADOHFKRBIEICB WO TIX, AMAEEL ARV —E2DHEEDOMILA
KoL TEY, ARV —E2AOREHELZENICGEHA L2TER LRV, fICHEMRT
SETHR IRV RFRE TR L 2 A SR WAL NI 2 O E &G A TR E T 5D Th
V. PR EEOEMRIC RS ER S,
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<TTEBPERATHIZERRAENDRE>

AR TR Lo A SR AT LTI, AR T — E 2RO HBMRBIELISMC b IS AR K X <
MfFEIN TS, B, BAHBERNARHIRICES T 5, EMSHEEENO M X — 57 v b OESIE
IZBWT, IERARHIFEIND,

Flo, =7, PUNCBITAEULEICLBAREDD+ v ¥ =7 b OE[MEIZHIT T, A4
FERREDOHITCRENTER SN D HIAHRTH D, ARFFRMEEO FEMIZ Y 7= > TX, ZOHF B
MOMIZ, £ RETHI V<o 2N~ B b - OVRERER., WWF-1 > R 27 O3fHE
e 7Tmy s b OLEERMGE LKA (BHFkE H2014F 117 ITHiE) o ZD7H ., RKIFFER
EO MR BB OB EHOBURICKEND RIAHRTH 5.,

8. EERILFRMFILE DRI

KRB O FNE D T2 D12, F SN BUF A & 2210 22 it 1 7 [Developing a monitoring, reporting
& verification system based on “Biodiversity Observation for Land and Ecosystem Health
(BOLEH)’ approach in support of REDD+ implementation in Sabahl] % #fif& L 7= (201441179
H)

EL RIS A SRRV TR~ oW T b D VERKERB X OCWWEF-1 & Fx
T Ok E a2 7 oA it € [The implementation of biodiversity safeguard
activities in the district of Mahakam Ulu District] Z# i L 7= (20144F11H) . Z D72, AW
FERRE DO TR R T B OB AR E R OBURICKM SN D RIABTH D,
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[Abstract]
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The loss of biodiversity in tropical rain forests has become a global concern and
mechanisms to synergize biodiversity conservation and sustainable use of tropical rain
forests are urgently needed. This study aimed at developing the environmental risk
assessment toolkit and the techniques to map biodiversity in tropical rain forests in order
to harmoniously achieve the conservation of biodiversity and the sustainable use of
tropical rain forests.

For developing the environmental risk assessment toolKkit, an earlier version of the
toolkit, which was provided from the Forest Stewardship Council (FSC), was modified to
meet the conditions of Southeast Asian rain forests. The toolkit consists of
questionnaires in four Excel sheets and potential risks are indicated as scores after forest
managers answer the questionnaires. The developed preliminary toolkit was further
improved via a series of three workshops in Indonesia. The final version can accurately
assess potential risks to biodiversity in production forests and is expected to be used for
raising awareness on biodiversity, self-diagnosis of biodiversity risks, and developing
mitigation measures.

For developing the techniques to map biodiversity, ecological investigations were
conducted in eight forest management units (FMUSs) in Borneo. A total of 50 plots were
laid out to represent the varying magnitude of forest degradation in each forest
management unit and the community assemblage of canopy tree species was investigated
in each plot. Community dissimilarities among plots in each forest management unit
were analyzed with a multivariate nMDS analysis and axis-1 values of the plots were
considered as community composition indexes. Subsequently, a multi-regression model
was developed to explain community composition indexes as dependent variable with
reflectance values of Landsat satellite imagery as independent variables. A map to
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elucidate biodiversity was derived by extrapolating this model to the entire landscape in
each forest management unit. So derived biodiversity map actually demonstrates the
forest intactness with community composition indexes. The same algorithm was applied
to the eight forest management units. A statistical procedure was developed to evaluate
spatial differences of biodiversity (forest intactness) among management units, and
temporal changes of biodiversity within a management unit. Spatiotemporal changes of
the biodiversity in production forests, where selective logging takes place, will be
accurately and robustly assessed with the developed algorithms. The developed mapping
techniques will be useful for assessing the progress of Aichi targets as well as for serving
as criterion in the ecosystem-service forest certification.
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