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F£1  FEE - BE - BRERNMAKLESHICHW ZI v~ — « 4 FR U T EETH R

& & % HEA R B #b BE BE
MT30-01 2011/3/6 Minethan reserve forest 23.812 96.727
MT28-02 2011/3/6 Minethan reserve forest 23.827 96.719
MT28-03 2011/3/6 Minethan reserve forest 23.817 96.719
MT28-04 2011/3/6 Minethan reserve forest 23.817 96.718
MT28-05 2011/3/6 Minethan reserve forest 23.816 96.718
MT20-06 2011/3/7 Minethan reserve forest 23.725 96.691
MT20-07 2011/3/7 Minethan reserve forest 23.725 96.691
MT20-08 2011/3/7 Minethan reserve forest 23.724 96.690
MT20-09 2011/3/7 Minethan reserve forest 23.724 96.689
MT20-10 2011/3/7 Minethan reserve forest 23.724 96.689
MT20-11 2011/3/7 Minethan reserve forest 23.726 96.692
MT20-12 2011/3/8 Minethan reserve forest 23.724 96.694
MT20-13 2011/3/8 Minethan reserve forest 23.724 96.693
MT20-14 2011/3/8 Minethan reserve forest 23.725 96.693
MT20-15 2011/3/8 Minethan reserve forest 23.725 96.693
MT20-16 2011/3/8 Minethan reserve forest 23.725 96.692
MT20-17 2011/3/8 Minethan reserve forest 23.726 96.692
BRO1 2011/3/13 Brandis plantation 18.798 95.224
BRO2 2011/3/13 Brandis plantation 18.798 95.225
BRO3 2011/3/13 Brandis plantation 18.799 95.225
BR04 2011/3/13 Brandis plantation 18.799 95.225
BROS5 2011/3/13 Brandis plantation 18.799 95.224
BRO6 2011/3/15 Brandis plantation 18.799 95.225
BRO7 2011/3/15 Brandis plantation 18.799 95.224
SN-01 2011/3/14 Compartment 20 18.901 95.797
SN-02 2011/3/14 Compartment 20 18.901 95.797
SN-03 2011/3/14 Compartment 20 18.901 95.798
SN-04 2011/3/14 Compartment 20 18.900 95.798
SN-05 2011/3/14 Compartment 20 18.900 95.798
SN-06 2011/3/14 Compartment 20 18.901 95.798
SN-07 2011/3/14 Compartment 20 18.901 95.798
I-T 1998/1/1 Cilacap 109.353 7.477
1-U 1998/1/1 Cilacap 109.353 7.477
I-S 1998/1/1 Cilacap 109.353 7.477
1I-B 1998/1/1 Cilacap 109.353 7.477
I11-T 1998/1/1 Cilacap 109.353 7.477
111-U-1 1998/1/1 Cilacap 109.353 7.477
111-U-2 1998/1/1 Cilacap 109.353 7.477
I11-S 1998/1/1 Cilacap 109.353 7.477
111-B 1998/1/1 Cilacap 109.353 7.477
V-T-1 1998/1/1 Cilacap 109.353 7.477
V-T-2 1998/1/1 Cilacap 109.353 7.477
V-U 1998/1/1 Cilacap 109.353 7.477
V-S 1998/1/1 Cilacap 109.353 7.477
V-B 1998/1/1 Cilacap 109.353 7.477
MAD-1 2009/6/23 Wonosari 110.601 7.943
MAD-2 2009/6/23 Wonosari 110.601 7.943
MAD-3 2008/5/16 Boyolali 110.752 7.176
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WERRERE OO NaOH il %2  HT LWnvb O LB B 2 72, L E ORI 80°C To 60 43 [ D i % |
3EEED L 72,

g ARBEAKLBEERIC L 5% (FE)

TNAAVEBRED ST TNV OERN A > TVDEERBREICHEEKRKE AN, 7788
VFU—RMIWE LA ERY RS EOICEET VU — 2 —TCEZES| X EfTvarxkE L, £
D%, LIEGLHEE L CHREFKEHETL (M12)) » ZoFEFEEZ, 23 EBHEDIKERL T, pH 28 10 LA
TThbHILuERLTNL, pH2 %%Ef@s%iﬁﬁzfz%ﬁuzf AR ICEZET v r— 4 —Tia & B>
ThbH, LIEGLSHFRELE, g, BB L TV L2RELZRICEV RS 72D, ERL & A CAEK
I X D ERIEE R O pH 28 5-7, ERAZEE N 10u3/cmuT@$al IADETHYIELT,
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h Ero— X3 E O & BIR

Wbl A OERIL, FIET 7 ZAF I AN EERRE LTI T, HEEOH
‘F%@T—ﬁ%@éﬁk LI T 2 & SICREBER P ET 22800 H 5 561L. Rt RE %
By 7oz, AT DK% t-butyl-alcohol IZHEHE L TEZE#GEE ST D HIELLEIZTIE L THW,
%@%\ﬁﬂiﬁﬁﬁwﬁﬁﬂ4/&—(+wﬂky 7T LN T -LDR-5) (ZHEA TR
BL (X 12M, BB AT ARTIZRE LS. V7Y =" ANEH LI IO IZE T
L) . EERBEMET T, Ao F—F A 72HOTHERBECHEIL (¥ 12N) . =y KL 7
F =2 —7 (No95170) IZ A=, ZDORE, FMMNHOBM~L BELEROBEEZBEEL 2V L DI,
EEICRE 2 Bo7z 810 Blo 7o Flal Bt O A o7z v Ry RV 7 F 2 — 72 1-2ml DK
AL, RRETEANLZBER ST Y ) A ¥ — (Branson Sonifier 250 71 7 +1/8"~ A 7 a F
7)) FHWTEEREZNT Tere =X 2 HREY T A X LE(X 120), RED T A X%, &
Jbm— AR EURS R TR L BIRARIR o RIALIR o alEl 2 4572 (X 12P,Q)

3) REDSEH SN ~DHE L BALEE O RIE

R OBIERREE 25K 150~250ug DA m — 2R EFE LT, | o P E 2 B0
ELAEZITH 2D, 220088 (ES4um T, 7x Tmm U FiZ -7 D) EIZBEL, BV
Ty FEHWTHE L, BB AN, B %2 H T, 1 Bz S 72 1% . Hekatech
moKTmmm&mmmMAmn%&MLtv T AT, BRFFALALEZRE LT,

4)%%@%%&0@%%@%%’&6%%%%

GONIMEFR - REFNA L OFELCORERS] (K14, 15) & HRE MO A BIEKET —5 &0
i E@%ﬁ( A EKELZFHE L CEMMB 21T 5 2DIC, 47 ¥ O Climate explorer
(http://climexp.knmi.nl) EiICKRINZT v 7o —FL, ayEa—F—ickvyrI=aL—Fr&h
aEMROERKESZ Y v FF—4% (1901-2006: CRU TS 3.1 (land) 0.5°) % AW CTHIBHRE - A E K
WD ErtHE Uiz, 7. EHRSNLRWERE LT — 7 ORNKRL « F g Rzl & 5
FEHIAT T ORI THONTERE - BMAKEFORER 7 —2 LoMBALZFHEL (K 16) . &I
R O RS - ARERIRERE RS & A ERMAEN AN A OKET — % & OB & R Rl
Zay bL (K17-1) . HBARBOAEEKRELZHRLZIZES LTWVE (p<10%2>H p<0.5%F2E £ T
BEMICEZTWL) | ERPFTRLAMER L OMBERNEL RS2 HEEmE L (K
17-2) o {ERREFEBIEIC K D EEHH BN LB e st R IZ. ~ 4 7 1 Y 7 bL Excel D43 #HT
(ANOVA) #at Ny r—o &2 W TiTo 7,
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probability

correlation

JAKARTA OBSERV. ghc n_precipitation_(all) v KPHC-1yr 1969:1997
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16 F— 7 ERmOMBFRNIRL L BAKE L OB TRy UVET— 7 FlOmRFRMAL &

FREHN T WM TR Sz ABIBEKE & OB GR#L) B KO OIEERZE (R

ALK 1L 9-10 A (0) OREKE EBRONFHBEZ /R LT,
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prob Sep—0Oct averagad KPHC—1yr
with Sep—0Oct averaged CRU TS3 precipitation 1969 1995 p<5%
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@1
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.01
2,005
4,001
0.0005

.enn!

X 172 PR v UEF — 7 FEOMBRIMIKL &, 2RO 9-10 A OREKEEOMBEZFHE L
TBICRE 7 7 #ilk) AEAKEO S WHEE (p <0.005, p<0.001) O HAHBEREZ B> &% T/RL T

B 5.
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5) EArm—RMEDOF = v

ek D m — A Hh 5T FEmEE 2 R — L 2L (ICL, Wig-L-Bug Mill Heavy Duty Model)
T 100 Ay v aBEORBEETHHLIEER, KhEd 7 42 —ICHAL TERLHEEZIT> T
O CTHIBNAMICESEER TS, FFETE 1Imm EOEF 2 H W50, #HONEE THL R
PerIAZIZ S WO T, kv — 2O EFNE TR+ & 722 D AR 23K < 72 D R
HbH, TIT, HFECIVFAEL-ZE L o — 2R B OBEE~I e —R - V=0 BZ2LUTF
DHFEZE Y ER LT,

a. NI BAR—Z2DEBIITAY =L - TET—  EYVIZIVITo, FIFETHE L o —
T —2802g L, BE—HI—F T 72%0iEE 3ml Z 1%, =R T 155312 1 BIRREN X
BN D 1 FEEGE L, BBRNEMR L CRADEWIRIRIZR o720 % R%. ZAHEK 84ml
RS T20m A -A7 I AW LEZB L, “A772Aa3% 20004 — 7 L—T7HT
| PR L CWIRAE T T AT 4V Z—THiltk, W aBET 52 &2I12K Y, Krason U 7
=vEEE L, AIREGBHEG, A=A EXy FEAWTHEEREL LTA v b — LK
(0.1%)% Sml Mz, IRE LT,

b. ZOWKEVK 20ml FREZ E— B —ITHY | KEEANY U A E T pHS.S IR L7z,
ELATEE AR ATV, BB AE 25ml & 100ml BT AT T 2 aitlioT-, KBLEATET NI D
L 80mg ZMATIRAL, BIRTREZT ALY h—nt Lz, BREIOKFIFTET ) T LA
BT L0, KEERE T ADRENRSLLE TMATZ, B—42 ) —Z KR —%—%Hn
T, 60CLL FCIEERML, WiRZvay Z7RIC LB, A% 7 —)b 10ml %0 2 THEAE
o L7z, 28 105CofE#h < 15 mAE L, +odB 2SS0, B 8ml
A, 1200COEEET T 3 RS S, A Z2T7 2 F fbLicob, v —F U —x /3R
L—Z—% MW T, 75CLLF TH 2ml (2R #ME L 7=,

c. ZOWRIWEHTNAZ v~ NI T TIZHEALT, WothaiTolc, A v~ NI 700
FMFx, LTt Thod,

717 2 0 SP-2380, F¥ ETZ UL T A RS 30mX AL 0.25mm X E/E 0.2um
BT KR E:200~250C ~H-IE

FrUr—HA:EH

R s KBERA A bR

d. V7 =r0OE&ET Krason U 7= DIEIT  FT-IR IZ X D RAERIL A X7 S ORGEIZ LY
1To Tz IRAMVEWIL A7 SAPIED =D OREHL, BB U ¥ LK 190mg &5 10mg D&
a—AEREE L, BRI T2HRBR L TR L, Zokhs L0k r e — 2 @R
B AT F— 7 B A2 7 — U B HR S 4y 6 SE & (Thermo Scientific NICOLET6700)(2 &
FEEHEOENEDE— 27 (1500em N EHE L, V7= FIEOHEE TR LT,
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4. FEREVOEBE

(1) 4FHwiE - 5 EIC X 2 03
1) AT — 7 EimiE R4 & ERIRER S

2 {EAR D F— 7l o pE HifE BEBEAS B 2 12 HE V. T R 0 47 B i I 5 51 oD [ > F8 BE AR 25 1k
YT L, TNEFMT L0, FEA RO 8H A MMIOWTH A MNEHOFBEIREE 1900~1999
D 100 FM A2 3G L2, 15 5 7= FHBIAR 21T, 0.084~0.689 OFIFAIZ & Y | FHIfEIE 0.362
Thoie, iz, A MEHOKEBEE (10~400 km, F¥J 207 km) &1 MEOMEBEFRE E ORI
EOHB (F=0558) 20D, BEWICEHE LY A M CHEBRENE < A RS K
LB L HBERES NS RBBEAICH -2 (M 18), I v ~—H# (Mandalay 3T5%) K& O
FPEE (Pyae ILRB) D 2 %A IOV THERIFBFE RS ZER L, WIMNSEET S 1965 4~2000
FIZONWTHEMOMBERKZHA LA, HERKIT 0344 L 5L L THETH - T,
T, A—FENOACKE 7 11 55~35 %0, TR 1 29 5 ~2 £ 56 i D#EH O 4 %14 Miz>0 T
P A SRR ERIERE R A A ERR L7z, 4 A P bICRELEICHBT 2N Ao, A M &
EEHRERFIM O MR T, ¥ L T0.715 (0.615~0.900) % R L7=,

EBNCVER LTz 4 S OEREIERIE RS (K 19) 24+ X TORRINIELET D 1967 4~1999
FICOWTHWCHBEREEZFAE L, RbEaWHERAGONTEI vy v —& 1AV FRITH 0.16
Thh (R2), AELRMEBEISEONRN -T2, 2, BREDBWE L EBEWVELZ R TIRIEEHIT L
IE =B Lotz (K 20), 2NHDZ LT, FimEHEFRIIDEIZ L > TRRLIEH 2R
TZEEWRL, EROEMHBNAIETHL I EEREBLTVD,

2 [ RE YE AR i i B SR 1 ] o0 FH B

Ty U NESS o PN
Ty U 0.08
NEd e 0.01 0.16

H—F -0.06 0.02 -0.01
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€ 40 H & 40 H
o i
0 1 —— 1 0 Il |.
0.05 0.01 0.001 0.05 0.01 0.001
pfE plE

K21 EBNZRD T2 L EVEPpEIZ L 5 IEE R, REEROIEN

PEHUBE i D il 2 D i i p SR 41 & [E IR HERE R 51 & OFEB 2 R &, r3 [E CplENS e/l & 72
HIEZEME LTEHEICBIT D ESREEESE, pfENAHEAE(0.05, 0.01, 0.001)ICEEL
ol bDIEFEARICR TSN TWS,
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2) FimiEERIC X 2 EHHE 5]

TERBI . 7 AN VE R U 72 4 i i 5 20 R 51 &[] BIAE Y A7 di B 45 285 R 81 & O I O FHBE 2> & FE
AT DO R Z pEORE I TED, pfEL 0.05, 0.01, 0.001 ® 3 FEFHDEHAHIZONT
E BN FEHIE B O AR, fREREZ RO (K21), WTFNOEIZE VT EERH B O EZER T
p N 0.05 DL &(THRAT, pMEA 0.0, 0.001 E/NSLRDICONTEERITKTFLE, 72,
ARG p Y 0.05 DR R D KE <, p A 0.01, 0.001 DFFIZIX 2% F&Ro7z, L EUWME
ThdpEEZ/IS< LT & WT Lo ERFEER R F & 0O FH B A 5L 102 W 35 8 7E 3
HZRbODOEENEM LT, TXTOEHBERRINEZELDTHDLEI DD pED I H, 0.01 7
FEEHHEBICE L TWbHEELLND,

L& Wl p 23 0.01 D& X ITEREMRDE > TWD & X I E DR Z RIS 57012, @
B O AE IR RS O FETRENRE 0~10FET S LG AOEEREBERERD -, EERIT, £
BERD TN TOVEEAICIT 10%RIETH > 7208, BERN 10% 2 B2 DEENH - 12, FEliniE
RZE-10 Fo~+10 FETTH LT, FlFEROLAEMZ CTERRHB ZITo72E 2 A, EEEN
43% T D DITxt L, BREREN 31%IZE L (K 21), FERDHEE L T LIREOHAE DR
BRN 2%KRM ChoToZ Lnb, FigEROPRE & FEMHER] 2 FRIKRIZIT 5 2 &k, #HBI 0w
RRMEEZRODLEEZ DD, FWIEICLDEHH OGS, I v ~—ENL Y RRXTUTENE
ST CRREAROHIRZRITRVWEAE T, E&EAE08.5%) D7 —ATIELWEHEZ R LA,
A RDFIR(p < 1.0x10) 2 F T2 BAITIE L WEHEZ HE 528413 20.6%~ TN -7 (33,
X 22), 2B, BEICIDI2EHHBNLRARLEN, F—7 OFEROGHITEBEEOLH & KERT &
OFBENT <, FEHCHBNIIRECH - -,

#3
fEFEHIR 70 L fERFEHIR H
(p<1.0x10")
AF i 98.5% 20.6%
(67/68 11 14) (14/66{1 {£)
[i7E IEVALN=T 83% 83%

(3'%0) (5/61E 1K) (5/6f 14)
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10
95 100 105 110 115 120 95 100 105 110 115 120

X 22 ARSI L D FEEMHIBIEE R WENSE S R FRIEIC L AEMMBTHL, EHEIRIEEAL
DG (98%) TIE Lo 7o, BEEHCHR]Z L& 2 5 ATREME N IZIEE r (CFE KM p<100 T o 1) &
U9 etk B AT T2 A D FEHUCHI B P HRIT 20% R E Th o 7o,
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(2) BKRET—F %R\ 7oA O B R

ek ET — X 2 AW FEMANETIE, HET UV TET —7 OFEMARNZITS Z L 13£< 0
AREETH 72, PR X VEOEAEKOE S, EHHBNIIHRS L (K23 £ L) 2, T vr~—
TIRVEE O FEHIH B 2 5 A T2 B B L BEFFINLAR RIS & B BEEMH BINE 4~ TR L 72 (¥ 24) . il
EREAREE OB XD EHHBNII DICEHL <, HROBEOFmIEL FEH Lic~v A X —In
Jua V=% HWEERENNANA S CTHRE L (K 25) . BHEOHA Tk, FEEMAITITEK
BEEAHWVHBEZRTEHS (K 8 FOFEESY) BRI N, BARICET H2HEE T V7 054X
ZOLIOBEVHEERTHSIIR DN o7 (K 24) , BEAKET — & % F 72 58 HUCE B2 &
LB E LT, (1) EE7 7T CUERARAHPE A Z & Q) WEATOEN D7 KHl
WENZ &, B) MADAEHENERH LIENTREWI L%, NHEBALLTEZLND,
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corr Jul MT28-5N

Z ey 8 corr Jul NT30W d180
with Jul CRU TS3.1 precipitation 1972:2009 p<1%

with Jul CRU TS3.1 precipitation 1964:2006 p<0.02%
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corr Feb MT28-3S

1 —As -1
with Feb CRU TS3.1 precipitation 1960:2009 p<1% corr Jul=hug. gvaroged MT20-133

p with Jul-Aug avercged CRU TS3.1 precipitation 1974:2009 p<0.1%
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(3) BRERMAKLT —FX—2ERITLDTF— 7 EHHHORKER

H Y ¥ URET — 7 OBEFERNMIKLOELL - FEENMZRAICHIZE A, FELE EHIT
RKEhQhEHELOAONTE (K14) . FE1IBXOTFE2 CEMYB ZIT 56, FL1LT+H5
FEHLNHIR CE D Z LN ol-0 T, KETIIFEL/L (K14 ok T — %) 12 L 5 PEHH
BICHE— L 7=,

e RN IR L DL Z W T, FIE VISR DEMHNNEZR AT L 2 A, THIREM O KE
NEEDDIxY U —FE AV KRR TEOFT— 7 MOEMBBNCK Lz, £72, kB L%
B O PERCHI BRSO 22 FR 221X 180km LU F Th o 7o, HIE DR S 72 FMwmis 12 K 2 8 5 pE Hfljil ¢
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Development of Teak Provenancing System in Southeast Asia in Support of Legal Logging
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[Abstract]

Key Words: Illegal logging, Geographic origin, Tree rings, Stable isotopes, Green purchasing
policy

Illegal logging causes deforestation and forest degradation. The financial damage caused
by illegal logging is estimated to be 10 billion USD annually, according to OECD. In
order to deal with this issue, the U.S. and EU governments recently introduced laws that
obligate wood importers to declare the country of their products’ origin. Therefore,
demands for scientific methods to verify the declared geographic origin of timber are
increasing. “Dendroprovenancing” is one such method, in which the origin of unknown
wood is estimated by calculating correlations of the ring-width series of the unknown
wood with reference trees of known geographic origins. Not only ring widths but also
stable isotope ratios can be used for provenancing wood (Kagawa & Leavitt 2010),
because all timber throughout the world has the isotopic fingerprint unique to its
geographic origin. Teak (Tectona grandis) is most illegally logged tree species in
Southeast Asia because of its high timber values. Isotope dendroprovenancing is already
proven effective in temperate and boreal areas, however, whether the method works or
not in tropics remained an open question. Hence, the final goal of our project was to
apply the ring width and isotope dendroprovenancing method to teak from Indonesia and
Burma to test the efficacy of using tree-ring analysis for provenancing teak. After
sampling tree ring cores or disks, we measured tree ring widths, density, and oxygen and
carbon isotope ratios. Firstly, we tried to estimate the geographic origin of teak by
calculating correlations between the tree-ring series and precipitation data taken at nearby
climate stations. This provenancing method turned out to be difficult in tropics. Secondly,
we tried to estimate the geographic origin of teak by calculating correlation coefficients
between the time series of unknown wood with reference time series from surrounding
locations. We determined the geographic origin of the unknown wood as the location

where the correlation reaches maximum. This provenancing method turned out to be
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effective in most cases. Among the tree ring parameters measured, oxygen isotope was
the most effective in provenancing, followed by ring widths. In Southeast Asia,
dendroprovenancing of teak is possible if we sample teaks at reference locations in the
intended area and construct oxygen isotope and ring width database.
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