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Fagus crenata tree in Shirakami Mountains, Aomori Prefecture.
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Fagus crenata forest in Minami-Aizu district, Fukushima Prefecture.
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The Takizawa study area, Iwate Prefecture.
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Estimation of Demand Functions for
Forest Products using International Panel Data

Kyung-taek MIN " and Hiroyasu OKA »"

Abstract

The objective of this study is to analyze price and GDP elasticity in international demand for forest
products. Static and dynamic models of the derived demand for forest products were estimated for each
5 major forest products covering sawnwood, plywood, particle board, fiberboard, and total paper and
paperboards. The models were estimated with panel data sets for 1980-2007 from FAOSTAT and IMF
database. Price elasticities were estimated to be -0.2 ~ -0.4, and GDP elasticities were estimated to be
around 1. Demand for forest products is inelastic in price and elastic in GDP. GDP elasticity of high
income countries is higher than low income countries in plywood and printing papers, and lower in
boards and other paper and paperboard. The estimated coefficient of time trend is negative in sawnwood,
plywood, and particle board, positive in fiberboard, and insignificant in paper products. The tests of model
performance with mean absolute relative error reveal that static model fitted better than others.

Key words : Demand function, Econometrics, Forest products, GDP elasticity, International panel data, Price
elasticity
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AHFiE. 1980 ~ 2007 FEDEFE/ S 3V T — X 72 IV THREEVI BRI U C I 538 = B O 35 23 B 2
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BRI >~ X 7 LWFZEAT (International Institute for
Applied Systems Analysis: B&FR IIASA) THE X N7z
58 5 €5 (Global Trade Model: B§#: GTM) T
A5 (Kallio et al., 1987), ZT D%, TD GTM %
FEE R IKEY > 2 b KD CINTRAFOR-GTM
(CINTRAFOR & E B M Y E 5 2% & > 22— Center
for International Trade in Forest Products DWEHR) 50,
J—n vy )SZHE ML AT (Buropean Forest Institute:
& #1 EFD) @ EFI-GTM O (& M ic, 1990 4RI K H
T4 ROV Y RZTHFEEN, BEEREE K
(Food and Agriculture Organization : % f5 FAO) IC
KBMHRMREYTHOERRELS, 7 XV ABUTFIC
X2 MEWE P OB 7 B R 72 8 il S &
ETHEDLDNTVBIHAMKEYE T IV (Global Forest
Products Model: B§#5 GFPM) 7% EWdH % (Zhang et
al., 1997), ThE5RWVINEARMTFHRPEZICET
ZEBRICEIDVTHEINTED, 1 FTL OB
BROEAZGZEN5, FTLICEERERE & HE
EREOMORLZKZBHFAERET N TH D, —
F. BMEREDIZEAT (2006) ZHLOE T B9 T )V —
T, MAOHRMEIRE . MEVOHESE - 4% - 8%
BEWCHET 2T —2ZHNT,. MEMFHHEES XU
FURABE & RMREIR & OGO ZERRBRIC DTS
WL, FROEFGZERTEILICXDEZRD S
M EY ST TV (World Forest Products Model:
BE L WFPM) ZH#EEE L 7z,

DEDETF IV, WThEREMOFEHRELE Zh
IR % EXEAFAT G & ORI R Z &I BF%RXIC
FOBEEINTVEREDT, EFNVOERICBWTE
BRREZ R T2d /85 A — 2 DR Ok & E AR
‘EFE (Gross Domestic Products: GDP) I ¥td %5
DHMEMETH %, AR, HFROMEY) O FEEE K =
HeE L. MR MEY TS T 7OV OsE &M i
T5EZEMNET B,

FHPEMEOHEEICEE LT, BEICB T 5 TR E &7z
SCHERE T BT HEE LA, —HOEICE T 3 HE
FAED R+ E LBRANEZLEZEICXD, M4 DHE
KB EEMEBERNLZICHET S LidHHzE AR
RRGAEND 5, T TARTIE., BRI SHIVT—%
ERMALTCHASEEZ I V—-SICELDT, T )V—
THWEOME & UTHEYNCH T 2 FHEICHB T 2 ik
GDPHMEZHEET BT L & T B, /8% T—& LIX,
HHEOWMBRZRRVICBR LT R LT —2DT &
ZHL. CTTREEDRINT—X2DERTH %,

INFOV T — & 2 WD THREEY A~ O 5T 272 79 6
LEMREVW DM ITbN TV %, Chas-Amil and
Buongiorno (2000) (&N IC F51F 2 HUKH D 75 ZLRE£L
ZHEE L, BT LIRS GDP S EZ L 72,
Simangunsong and Buongiorno (2001) (% 1973-1997
FICDTe2 62 r HDISFH )V T — 2 72 W THRAHE

Vsl O FEEBAEHETE Llc, £TEBODW %
b LT, M ETIVOADEHEET VKD & T
DI B AR N/NE > T2 & i UTz. Tachibana, Oka
and Tamura (2004) (¥ 21 A [E7%Z GDPIC XD 3 DD
TW—TWH T, TIv—T T IR RMREYNDE
PIRH R 2 HEE UL MRS 5k 65> GDP g i 72 513 L
7z, Turner and Buongiorno (2004) I 1970-1987 4
ICbh iz 64 HED ISV T — 2 72 [V THEY O
AT 2 A% L AT G 2 HEE Uy A IS DN T
FEHHI, FIFICDOVWTH AN TH ST R LT,

SR D4 H

1. ETIVDRE

MBEPNE FICEEY R EMOTER MmO E LT
FIHENTED., MREYAN\DOFEEII MO TER A, D4 5
WEMSIRETZEDTH 5, EEHEHMIEEDT
BEDNTZEDTHZH. —EHICB 2 HRERT
BORHANEET B8 TES72A95, ARRTIEC
DEIBEEAICHEDODNT, EitEnleT—2Z2ZHVT
DHiETS. DEL. —EHICEBT B MREDONEE .
Z OEOBEWN R EELEIKME, MEY DMK, Z0
ORI KO REE NS, 22Tk, 7%
THEIKYE y IIXEANREE (GDP) Z. Z DOMEf O
Ik GDP 77 L— 2 2 REZEHE UTHIA L &,

2. NRIVT—2D73HR

MEEVNC WS 2 RENRZ—VIFETLICRZ S,
BIKENFAETH > TE, BT LITARZM S Ub4E
HEE, BEROBBFLA)WEENELZD, chickDd
AMBEEENRZS5E60H 5, 5 LIEEEICEHA
DEEMRZIO ANTFRBEELZ NIV T — 2D
TEHETZE, X (D) XI5k B,

Ing,=pot+ B,Inp,+ B, Iny,+e¢,
&= it vy (D
i=12,-mn;t=12,,t

T T, q3MEYOHER. p TMEY DMK, »
BENKRAE (GDP) 259, B, & FEDHMAE T,
BHBEOEZ LD, B, 3FEMAEIC TS % FHEDGH
HET, @FEADEZLESEEZIDONS, THEH
ZFiktld. TN nME FEER (B &R ()
BT, P IEMHETH 5, £, BREHDOS B, 1
BEKIC BT 2 BIHEAARREE AN R 2. v, BEEN
DIRFEZ BN R 2 KT,

NIV T =22V EFRSH O, MELKZD
. BEEROBEBENRZESHAZDTH S, £9.
FIAMGER T — 2 RERNC T —1) > F7 Lz L TR/
T IEHEEE (ordinary least squares ¢ OLS #E, T C
Tt & <IZ pooling OLS) Z1T25 HiENH 5, ThiZ
TARNTORFEEEMNECEBH, ACEZZED LR
ELTWEETIVTHD, HEROEENE, ¥4F3IX

TRARKR T AT R 3 11 % 15, 2012]
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LIFTFHELRNC EZEKRT 2, R, BFEAROR
HUEEELT, ETFIIVOMEEIEE—TZH, EBHED
FNEFNOTAERTEEZ>TVDR VI ETEHRETIV
(fixed-effect model) WH B, Tz, EEHEMEF]IC
BEMNEEDEVI XD T VALICRE>TVS &V
> 28R ET IV (random-effect model) HH %, 7
NENOT Tu—F O#EE R MREIC X > TH
WrEhs, FREZ. EEMRETIVIDET—V Y
JHEFETIVHEGHNTH 2 W RHEZMRET 2 E
DT, WEMNEHETNNEEEDIRETIVEES, &
7z. Breusch and Pagan HEld. ZE&NEET IV KD
T=I) Y ITRIFETIVHESHNTH S &V I REEZ M
ETHEDT, RthEHENNWEEENRET NV
BELHC LI B, Hausman RTIE, EERERET IV &
DEEEMRETIVIEENTD S &5 K EBRE
T25LDT, KD EHNTNNSEESRE T IV E5E
Ko EEMRETNVOFHE, HLOEICETZFH
D AN GDP LINDEHIC KL 5T, HDOBEHFR
MICKB T LRERT D, £, TVXLMRET IV
DOEAIE. AN ZBUNDERIC L B2 K&
A BIIBTELREKT S,

3. ZOMERD KRR
AMBEOZICEHLTEEZMEALTED, B
MEmZ > TELT 2EEa0H 5, XX, GDP
ROAMAEIKENEEEE LT, AMFIHFETTOZE kI X
STARMBEENEZD S TEMEND S, X7, EFE
RKOERIZRBBOHERICHEREEZ S, TDOXS
RN GDP flif& L MHEE L TnB & L7256, HEE
FERICENAT AN DES, LhL., CORZ
HERETIERERDOERN T —XZIATFLHEVD T,
X Q) DX LY RZMRBEZHE L THD
AN, COMRERZZRADP LI LIEHAENS,
Ing,=pot+ B, Inp,+ B, Iny,+ Bt + &
i=12,,n;t=12,~,T &
T T T, Brid. Mifk & GDP Z[EE Lz & T DR
ZRICES FHOZEEEZEXTEDOTH O, EITHIH
Bl LTRZ %, B2, FEEEICHEVTREM
RO 27 WNB-7b, BHEEIMEOE AL X DK
MDHEEN - TZDTREEIC, TONRTA—RITH
DR LT L5,

4. FRIGKEICLSEMEEDOEL
FREEYNC X 2 FHEICEB W T, GDP #HMEMEIF T L
LEEENTVBEDTIEEL, FifF/KECKDZED
BZAREMEND B, T ARG OMEHELD KT,
BArREIC BT 2 KM HEEDORERNmAEEICE T
BZENKOEVAIEMEDN S B, T, TOHDTr—2A
LHBLEH9. CORFHZMET DI, FI—%
HOEANEZ SN, DED., KFFEEIIV—T%
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B X220 AN.K Q) 2#ET % (Baudin
and Lundberg, 1987),
In g;,= o+ B, Inp; + (B, + BpD) In y;, + Bt + &,
i=12,,n;t=12,,T 3)
D=0 for migE, D=1 for (K15
X B) IKBWT, @AfEE Y )V—7 D GDP it iE
B, THO., EEE Y IV— T D GDP FHMEE X (B,
+Bp) 75 B, T T, Bp D EDIETN R BEMN %
MEL., JNV—7HTHEMBICERERENDZDED
ZMET 2. fp DFENERICIETHNE. KATEE
TIW—TDHHEMBIIV—TK0E GDP FHMEED
MEtERICKREVT LILE 5,

5. BIFMNRIVETIVOSIR

RFHRGUIE 4 B RN REEICE DN T
RECITEIZIT o TR TH B EBbN b, FxIVT
—2ZMATZ0HDAY w FO—DIc, A—RKEE
KORKFHBOLEH ZT—2 L UTIRA, EilWICH
ETZEBHLE NS LN D B, —RICHIZIZEGKR LI,
BRI B OB E DEMNFHAZEIC A > TWBH T &
EHLU.EL @) X3 GaMiER L > T LR,
2005),

Ing, =p+p, In p,+ B, Iny, + frT++6Ing, +&,

i=12,n t=12,T
T T T, %54 (adjustment coefficient) TH
D, 0L 1DMDEE E S, PRI, EELVE
BTk teE & HEFREZ L OMOFBBEOEIZEL T
BO., TOFRED LITENZE, FAERERENENC L
ZEMKT 5, TN, FEZMICEED 2 WIFEEE
MFEL., THERBICHKEMNNNS e Z2EKT %,
& LETABHED 0 THNE, FHAELHOZE(KITH L
THEMFRED 1 ELUNICRERIGHBEINS T LIk
D, BFEETIVE T S, MEMTREICBWTHEME
BIRNFEETZE LS, TRIKIIHEBEEOEME.,
T e @R, Wl LOH G EWV DO DBEEMNE X
5Nns,

X @) THEINRFRBIEHEEEZELDT,
EW#MEEEZ L= /(1 -0)ICKvEHEINS, EH
FPEE IS Z DB T 2 UEERNIC BT BRI T
Ho. EFHMEEINEREZE CTORFNE RIS
DREETH %,

HIE SV ETIVOHEEZ S < B K EEREIE S
AT EWEHIAEEARAZHEHBELTWE 2L THS
(dERF. 2005), 5T, TOETIVICIT BEEIIHZ L
DSITHEENTVWB D, NERORENHD, —
BOFEENRET IV T VA LMRETIVNLELN
TeHEEMEICIEINA T AL L %, T OREICHT 5 f#
7515 & LT Arellano and Bond (1991) @ —RE#% %)
—RIEAEHRE (first-difference generalized method of
moments: BEFF FD-GMM) X 7z Blundell and Bond

4
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(1998) DY A7 I GMM DiRIES AN BN TV 3,
ARG T HELIEH & FHZ B OB K 2 NAENA
T ADAUBENEBIET Sz, ¥ AT L GMM #igt %
MAB, VAT L GMM E—BEOREZEE & > TEER
RICEBNATARBIEL, EHICHEERHDOS T 7%
R EZE e LTHW R C Iic X b WAL T
AEOBELSLDTH 3, TOR, BIFEHHDHETELIHE
EDBEREMEEHIZLTVE D E S i, BFEFRHH
FNCBE9 % Sargan MiEZFH I %, Sargan #iE D i
PRI IREE R AL EIC BRI EE LR N T
EHEDT, & URBREINEN T N NE, BIEE
BOBREIELWC LICE D, o, BELENECH
BLTWZHhE S % Arellano-Bond izt EIC X O
ET %, GMM ETIVHZY TH S Ik, Sargan
MEMRFTICHERETH D, DMDOFREED 2 [&R5HE
BRENEHN I NZLT EHEREINS,

T—4

AEETHMOIN R E T BHEYIE. WEPM T
LD ARG EMHMTH S, EXHMTEEEINS
AREFZ, & (sawnwood +). &1k (plywood).
HI Fr#i. (particle board), fik#E# (Fiber board +) @
AfEETH O, MBEMIF, FEAAK (hewsprint), I
fill A% (printing + writing paper). Z DA (other
paper + paperboard) @ 3 & . ThEEHbE Tz, K-
#i#% (Paper and Paperboard +) T. & 8 TH %,

SHTICH W T — 2 O il FAO & [ B A5
(International Monetary Fund : B§ # IMF) © 5 — &
N—AThHb, MEVDOEERLEHBICHET 2T — X
FAO #fiat 57— % X—Z FAOSTAT /5. GDP % GDP
T L—R EREERIE IMF OF—XZXX—Ah 5 &
%o SATHARTIE 1980 A5 2007 EFETTH B, 4T
Wb bY 27k FAOSTAT oMYt g, ¥
& & IMF @O GDP 75 EDRFEBICDOVT, Dixl
EEDHHAM O —EFIC DOV TG TT— X B> TW
ZEICE > TV 3, BURMAZARIC X 5 E D720 %
FEOHEZEICKD, AHICHW T —2 1y M
RS2 IV T — & (unbalanced panel data) DIEHE
L oTW5,

FRBOHEREIZ. AT DO E R (apparent
consumption) T D . & E O EY) 4 &I i A =
ZIMACERZIWVEDTHS, EEICHET ST
—ADEVIESH, EEOHBEREEGDRWVWT —AND
200D, BB —-HIT2LEAIAOND, Fle. &
ENC B 2 MEY OE NS T — 2 EAFLENT &
M. WMHAT—2ZRH L TlifsZEH U, %
ENTK ROV ERHE D i N 72 K B TR L
EDICAZBL—F2RELT, YXEOBEEHRMICE
g%, ThE4EEO GDP 77 L—% (2000 F =
100) TBRU THELLEZIC 2000 FOAHZHEL— T

BR U TK RIVEAIICES LTz, #EICHIT S GDP i,
HEEE TR I N GDP % GDP 77 L —% (2000
F=100) THRLUTHEALLZEZIC 2000 F4HZF L —
b TBR LU TR RIVHEATICAE L Tz,

FAO Ot 7 — 2 B EBUFOMEITKIFEL TV D
M. B K o TIEMEHHE DO Mt & £ O @A e
ENTWVBETTHRL, FAOITH U THEHMEDIR S
TERVWTENLIELIEHBD., 5 LB AICFAO
TWEHFEOEZEEHEME LTHBELTWS I N
2\ T LIEOREN T4 =0 B = DMl F5-0
FTfSOZLICKIG LAV IR DT VA, Thid
FKEZELIKMLTWERY, TORMEL#T 3D
i, 4 EESE TR — &7 — 2D HEIIREHR
HOEEENMENERZ L, ZOEEZORKICDOL
THMEEODIIRZED SR Uize £ SNl R
HHEZRETERDOERNET—R - 7)==
Ei7o e SNUE (outliers) 2 MIME (influential
observations) %ZBrET B, F—V S OLS &
Tole ET MEHICDODWTAF a—7 ¥ MeKE
(Studentized residual), T C tb (leverage). Cook’ s
Distance 7z E D [E|@Z Wi 211\, HEHEEZBZ 5T
— X EFEOEIEZF OB I DWW T HEED ST S
54 U7z (Bruin, 2006),

Table 1 I ATICH W2 T— X2 ORI TH 5, &
M EICHR R EOHDEAY A AWEE S, &
B 217, EEAS) (F—4 0205 EFEEIC
T 5HEOMEOEMERE) LENLE (d—EoO2x
SR EEEIC T 2 ZFOEOFERZE) ZRLUT
Bo. RNXINVT =2 TEE G OEH Z & &ICFIH
ERCE

HEBRRUEE
1.HEER

MEEPNC OV THE T L ICFAMOMEDE TV 2R
HLUT., ThZNOETFIVEHE L, LUF. FNT
NOHEERERLUEDNS, ELEEITI,

F9. KX Q) ONPHEMEBzHE L. £ OHE
f& & Table 2 IC/R Uiz, #FPFDOFEIEIKUEIC X D bRE
Yy 5 B2 0D T A5 G 1 0 flf B 5P 1B 00 52 7% B AT REME A
bBLEZ, GBEEZFOMEI DT TENREN
ICDWTHERE 217 o T2 2009 FBIAE D £ 55 B F 1 71
% #% (Organisation for Economic Co-operation and
Development : B§F#5 OECD) MH¥HE 30 AE & A X5
IV, VU4 M7 T7VAZIMAT33 HEZG
FifREE Lize SRV T—Z2DOHEEDER, T—1U VT
OLS €7V, BEMBRET IV, TV XLHMRET IV E
ZNEFNHEE LTz, F ME S Hausman BUE Z 1700,
ZORERIC K OHEETHEREIR Uz FRIETIZ, T
NTOETFNVEBWTHEBIZIRDEE LRV LWV S IR
RN EH E N7z, Hausman HE RS RO B

TRARKR TSR 56 11 % 15, 2012]
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Table 1. [l BN e 7 — X Okt

Descriptive statistics for consumption and price of forest products

, . . R A
O YY) R/ME &KE pun - o
SR i M EE (TCuMm) | 40209 20 1361443 129538 103654  2298.1
(n=121,N=2112) | EEffi#g (USS/ICUM) | 260.9 49.4 994.4 123.4 91.0 93.4
B 4 % & (T Ccum) 662.9 04 220512 25913 21184 269.6
(n=94, N=1569) | EHffits (USS/CUM) | 475.7 91.5 1479.6 209.9 1459 155.5
HIL AR 4 % & (T Ccum) 1228.9 1.3 321115 30587  2369.6 12436
(n=70,N=1203) | %HEfltE (USS/CUM) | 214.9 54.4 772.6 88.4 71.3 61.4
HER H & & (TCUM) 475.5 2.0 10408.1 11642 9182 353.0
(n=67,N=1116) | EEffitk (USS/CUM) | 279.9 533 1489.9 116.2 74.5 91.1
B A H & & (FMD 765.6 24 131346 19425 15012 2813
(n=66, N=1052) | FEffk (USSMT) 527.6 2033 1430.9 167.3 102.3 131.4
FIVRI A H & & (FMD 1292.0 27 281733 35803 29082 819.8
(n=74,N=1374) | EHfl#E (USSMT) 9151  303.4 4524.0 3498 1849 300.9
Z Ofh A H & & (TMD 2043.5 301 55684.0  6285.0 51447  1067.7
(n=91,N=1686) | FHEffits (USSMT) 8029 2316 2357.8 3079  191.3 240.4
- B H & & (TMD 3368.2 63 957640  10720.8  8784.3 17489
(n=97,N=1802) | FH(fits (USSMT) 7722 259.8 2468.4 266.0 1686 208.4

0 I G OE O, NITREREARY A XTh D,

5,

BARE DT E I AREHERICIE > THB D, HEm
WKEERTH S, Wi EERA O BRI B 5 & 1R
AL L. SRAZEO 1% Bincy 3 2 F7EHD
ZALE 2 HEHT 5, MEYTED GDP 3 M4E#HIE 11
FNWEDONEZ L, MR IINTH AT ENRIN. WK
FEVI RIS RF RS KE L IZIFEITLCHV TS &
RIRTX2MRTH B, AifETIV—T & D GDP #
MAEZ H 2B &, AR HTR R T &S E O 75 )Y &
<L HIFE MR, fEMENR, Z Ot A TIHEFTEE O 5 H
B, EIZARICDVWTR., EIEEZILV—Toh
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Table 3. FifFX I —2Z ANT-FREBEOHERR

Parameter estimates of the demand function including GDP dummy

B Bl HIL A il e HBAM | FORIAAE | ZOMMBE | K - B

EHOH 4.930 0.741 1.472 2.889 1.353 4.093 1.440 3.588
(16.71) (1.29) (2.41) (3.32) (2.74) (9.23) (3.77) (11.67)

i -0.281 -0.393 -0.310 -0.461 -0.192 -0.345 -0.142 -0.236
(-9.74) (-9.18) (-6.43) (-9.26) (-4.15) (-9.10) (-4.34) (-8.13)

GDP 1.032 1.776 1.189 0.376 1.066 0.663 1.193 0.888
(9.67) (9.65) (1.73) (1.71) (10.68) (6.74) (13.10) (12.72)

D -0.132 -0.544 0.332 1.390 -0.007 0.280 0.262 0319
(-1.52) (-4.08) (2.79) (8.43) (-0.09) (3.94) (4.05) (6.19)

P -0.024 -0.029 -0.013 0.036 -0.010 0.013 -0.008 0.002
(-8.45) (-6.28) (-3.09) (6.01) (-3.33) (4.62) (-3.25) (0.90)

R’ 0.85 0.73 0.54 0.02 0.92 0.67 0.86 0.80
Hausman 11.5 55.7 90.6 100.4 10.9 32.96 79.09 63.12
Test [0.02] [0.00] [0.00] [0.00] [0.03] [0.00] [0.00] [0.00]
HeE ik FE FE FE FE FE FE FE FE

£ : DIZ. OECDJIN [E 4+ Israel, Kuwait South Africa?®33[EIZ DV TO, ZTILUNDETIDMEE & D4 I —
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UENBEOEUTERNGNENWS L THB, L3
&L EM BB AR Z RO MREIC DWW T, i
IKHEIC XD GDP iR EN RS T EMHLEMCEN
Too Flo. KATRETIE. RFHREL & BITHB LD
R—FHEHOFEMPT TN BT ENTH B,

mgic, ;X @) OEZEMNRIIVETNVICE D FH
B ZHEL., ZO/RE% Table 4 ICR LTz, EFOD
Sargan BUEIX, /SR T — 2 & VI HEGT DR D E
HAMEICOVWTRET 2D T, ZTNHEHN I N
Mo fetc®, BIFZEOZERICE T 2 i 55 0 & 1
JUTENTVS e b5N%, £z, Arellano-
Bond #E (1) % Q) &, TNZNHRAEEHD 1 X, 2
ROZRVAHBICDOWTDOMERRTH D, 2 RDOFRY
MBERTFEELEWVWT EMNRENTE, ThHickDd, )
RS IINT—RETIVIEHZ Y TH ST ORI N
2o

WHETNTFRBIBBFEROF S RG22 LTH
D, MEIMICEBEETH %, niHHBEZDOFREE. 2
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ETIVICE 2 THIMEEEBEDOILKZTTS, TOL
BICEREL B AERDZE DD, KEETIENX ) D
SE B 6 0 4 X 22 2 (Mean Absolute Relative Error,
MARE) ZH\V%, TOMENNEWVIZEBEEDN @D
VI DI THS, T T, NIBREDOE. P IEE
TIVIC KB THIME. A, FFEREZIET,
1 Py —A;
MARE _NZ a,
T EDHKETIVICEIF S MARE OBEHERZ
Table SIC/R L7z, TRTOHPBICDOVT, BEET
WEDEHEETIVOBEEENE N ENRENT
W3, BT T IVIG RIS & BEIEE & v S
HOBRERMITZ2 AV I ZHELTWVWEEDD, T
WMHTEE>TVBETENRENT VS, FAKDKE
RiF, MOETHETEFEREN TS (Chas-Amil
and Buongiorno,2000; Simangunsong and Buongiorno,
2001),

(5)

3. ERITHAE L DL

W DWW T Z KD B L2 HITHDNT
BO, TNZTNO7 70 —F 00Nk % - BIC X
STHEIBRMELNTVS, ZCTLETHLE=
DOETIVALEM UM & BITHEDOR Rz
L TH B, MEMFTFEIC OV THMEMEZEHE L
LT DR R %, Table 6 TE &, TDH B,

Table 5. FRAEVIFZEIHOD T 1IAHA

Forecasting performance of demand functions with MARE

Brooks et al. (1995) &, BRI DOFERTH D,
Chas-Amil and Buongiorno (2000), Simangunsong
and Buongiorno (2001). Tachibana, S. et al. (2005)
. RENVT=ZORHHRTH %, DI RDER
OHTHIE, 770 —FI X O EMEEORE SICEND
52 bhnd, LhL, ZEALDHE., MEMTE
EOHEFEMMME N T &iE. SEOSHICHBNT,
FATWI R E FREDRER WA D, FIfFHMEMEICDONT
. TEOEXALF LY F2RITZEICH DS HRED
FFEMNar > 8k, et BIRRICE L T, 2
ALFLY FOZEHZHAALEZOEITHRLD B K
TRMENHEEIE NI —)5, FEOXA LML Y FORF
SIMETE o TR, FIRIAATICRE L Tid, JefTiise
KO E/NENEDHEIE NI, DL AR
EDRALFLY REF>TWVWERIENE, XALE
LY REMIZUHAZRICA T Lick-T, Jk
TR THELONIHEMEE DK S HBLMNEEN
EEZBND, FEOHFERZHNT, FEOY I
alb—yarvzeird L. TR TEL N EEZ
HoreHmak o e, B, gk B RICBE L TR,
GDP L ERDEWVICK S TFREEIMKROENKE &
2Letic, GDPKEMNIEX 3 L. MiEHED 5%
CTCHLEHFREOWINRAENZ T LICK B, —J7. )k
MEAR & HIRIAAICEI L T, GDP lRERDEWIC &
PHRBEEMBOENEAMENG L LI, GDPRE

e T L 4 I —EFT )V BPET L
RUBF 5 High 0.016 0.061 0.058
Low 0.085 0.101
B R High 0.040 0.172 0.078
Low 0.273 0.296
HIl AR High 0.030 0.065 0.069
Low 0.110 0.168
HRHERR High 0.053 0.086 0.077
Low 0.127 0.128
B B P AR High 0.030 0.041 0.057
Low 0.056 0.076
I A High 0.024 0.044 0.076
Low 0.062 0.093
Z O - Bk High 0.019 0.041 0.034
Low 0.057 0.078
L - AR High 0.014 0.030 0.024
Low 0.040 0.047
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Table 6. MEEYTHEEIC T % HMEAEIC BT 5 e 7o

Published long-run own price and GDP elasticity of demand for forest products

B [1] [4]
High Low 2] Bl DC M-DC LDC Bl High Low
fiik&
BEfE | 038 046 022 -0.221 0218 -0.753  -0.16  -0.21
A | <009 -0.25 -0.25 0306 -0.066 -0.13  -0.22
MR | 0.00 -0.69 024 -0.05
WHER | 026 -0.68 052 -0.52
R— N 0.000  -1.035
FHAM | -027  -0.13 0.5  -0.18 005  -0.18
FURIARE | 026 009  -09  -027 015 <037
ZOMmAR | 0.00 0.00 -0.3 0.06  -0.14
K - BtE -0.205 -0.407 -0.312 -0.297
GDP
B | 016 0.28 0.50  0.765  0.000 0478 032 0.46
AR | 010 1.47 0.86  0.000 1.190 0513 073 0.74
HIAH | 097 1.02 1.14 1.15 0.65
WER | 1.38 1.55 1.25 0.82 0.82
R— N 0972 1.129 0.889
PR | 0.73 1.54 0.6 1.07 1.14 1.05
FIRIAR | 1.52 1.47 1.1 1.55 1.66 1.11
ZOMAH | 1.61 1.02 0.4 1.27 0.94 0.92
- BOHUEH 142 0466 0544 0999  1.130

7E @ [1] Brooks et al. (1995), 8 77 [E, 1964-1991, [2] Chas-Amil and Buongiorno (2000), 15 EU countries,

1969-1992, [3] Simangunsong and Buongiorno  (2001) 1973—1997, 62 [=, Static Model, [4] Tachibana, S. et

al.(2005), 1992-2000, 21 # [E, [5] WEPM (2006), [6] GFPM
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Emission of volatile organic compounds during
drying of veneer: Hinoki (Chamaecyparis obtusa Endl.)

Atsuko ISHIKAWA ", Tatsuro OHIRA ?, Kohta MIYAMOTO ?, and Akio INOUE ?

Abstract

Estimation of volatile organic compounds (VOCs) emitted from the wood-based material industry has become
an urgent matter following the 2004 amendment of the Air Pollution Control Law. Meanwhile, complaints about the
odors from wood products facilities have been made by neighboring residents. At the same time, aldehydes emission
from wood products has raised concerns over its effect on human health. We have reported VOCs emissions from
wood drying process of sugi, larch and meranti. In this study, emissions of VOCs and aldehydes during hinoki
(Chamaecyparis obtusa Endl.) veneer drying were estimated. Hinoki veneer was dried at 180°C, and the discharged
air was analyzed by high-performance liquid chromatography (HPLC) and gas chromatography / mass spectroscopy
(GC/MS). The emissions of VOCs and aldehydes increased with increasing drying time. The discharge amount of
hinoki was higher than that of sugi, larch, and meranti. The dominant compounds in the discharged air were terpenes.
Most of the discharged formaldehyde was removed by means of a drain trap up to 25 minutes. Moreover, discharged
amounts of VOCs and aldehydes from the industrial drying process were estimated using the experimental data
obtained in this study. These results can be of help to understand emissions and to establish effective emission control

of VOCs and aldehydes from hinoki drying process.

Key words : Hinoki (Chamaecyparis obtusa Endl.), Veneer, Drying, Volatile organic compounds (VOCs), Aldehydes

1. Introduction

Estimation of the amount of volatile organic compounds
(VOCs) emitted from the wood-based material industry has
become an urgent matter following the 2004 amendment
of the Air Pollution Control Law to control the emission
of VOCs from factories (Ministry of the Environment,
2004). Wood includes VOCs, such as terpenes. Meanwhile,
complaints about the odors from wood products facilities
have been made by neighboring residents. At the same
time, aldehydes released from wood and wood products
have raised concerns over its effects on human health,
and the Ministry of Health, Labour and Welfare proposed
a set of guidelines for formaldehyde and acetaldehyde
(Ministry of Health, Labour and Welfare, 2002; Tohmura
et al., 2005). Under these circumstances, it is important to
clarify the components, particularly VOCs and aldehydes,
of discharged air from wood products facilities in Japan.

Among wood processing, drying process is considered
to emit VOCs, such as terpenes. In Japan, only a few
researches have been done about the VOCs released during

drying. A number of foreign research projects have been
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performed to measure the amount of VOCs released during
the wood drying process; however, each emitted compound
is not always analyzed (Ishikawa, 2009; Milota, 2000).
Even in the few cases where each compound is measured,
the measurement systems differ due to the variation
in equipment and conditions of the drying processes
(Bengtsson & Sanati, 2004; Cronn et al., 1983; Fritz et al.,
2004; Granstrom, 2003; McDonald et al., 2002; Otwell et
al., 2000).

We have investigated VOCs emissions from wood
drying process of sugi, larch and meranti (Ishikawa et al.,
2009; Ishiakwa, 2009). In this study, emissions of VOCs
and aldehydes during hinoki (Chamaecyparis obtusa Endl.)
veneer drying were estimated. Hinoki is now being used
for plywood. Hinoki green veneer was dried at 180°C,
and the discharged air was analyzed by high-performance
liquid chromatography (HPLC) and gas chromatography /
mass spectroscopy (GC/MS). Using this data, the amount
of VOCs and aldehydes discharged during drying of 1 m’
of veneer was calculated in order to estimate emissions

from industrial wood-drying facilities. These results can be
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of help to understand emissions and to establish effective
emission control of VOCs and aldehydes from hinoki

drying process.

2. Materials and methods

Hinoki (Chamaecyparis obtusa Endl.) green veneer
measuring 220 x 220 x 3 (thick) mm was used.
2.1 Measurement of VOCs and aldehydes

Discharged air during drying was measured as
described in the former report (Ishikawa et al., 2009). Two
pieces of the specimens were heated in an oven (inner size:
30x30x34 cm, DKN302, Yamato Scientific Co. Ltd., Tokyo)
at 180°C until the moisture content was reduced to below
10%. The drying temperature and final moisture content
were determined based on the conditions of industrial
veneer drying. Experimental conditions and moisture
content of the specimens before and after drying are listed
in Table 1. During the drying process, the discharged air
was passed through a heat-resistant tube and a drain trap,
and was collected in a sampling bag (10 L, GL Science Co.
Ltd., Tokyo) fixed in a sampling case equipped with Pump
A (MP-Sigma 30, Shibata Scientific Technology, Tokyo).
Hereafter, the trapped water and the gas collected in a
sampling bag are described as “discharged moisture” and
“discharged gas”, respectively. The discharged moisture
and gas were sampled from the beginning to the end of the
drying. After drying, the discharged gas was sampled to a
2, 4-dinitrophenylhydrazine (DNPH) cartridge (LpDNPH
S10L, Supelco Inc., Tokyo) and a Tenax-TA tube (25090-
U, Supelco Inc., Tokyo) by Pump B, and the discharged
moisture was DNPH derivatized. The collected compounds
were analyzed by GC/MS (GC type 6890, MSD 5973,
Hewlett-Packard Japan, Ltd., Tokyo) and HPLC (LC-10
ADvp, Shimadzu Co. Ltd., Kyoto). Details of the analysis
are described in the former report (Ishikawa et al., 2009).
Three tests were performed for one condition.
2.2 Discharge amount during drying of 1 m’ of wood

In order to estimate emissions from industrial wood-

drying facilities, the amount of VOCs and aldehydes
discharged during drying of 1 m® of veneer was calculated
based on the method described in the former report
(Ishikawa et al., 2009). The discharged amount from 1 m’
of wood was calculated using the following equation:
Discharged amount from 1 m’ of wood (g) = Air
concentration (g/m’) x Air exchange rate (m’/h) x

Drying time (h) / Total volume of specimens (m’)

where air concentration is the value obtained for VOCs
and aldehydes in the experiments described in 2.1, and
total volume of specimens is the sum of specimen volumes
placed in the oven. Formaldehyde was detected both in
discharged gas and discharged moisture; therefore, the
discharged amount was calculated using Eq. (2):
Discharged amount of formaldehyde from 1 m’ of wood
(g) = {Air concentration (g/L) + Concentration in
discharged moisture collected during sampling of 1
L of discharged gas (g/L)} x 1000 x Air exchange
rate (m’/h) x Drying time (h) / Total volume of
specimens (m’) ...... 2)
2.3 Ether extraction
The amount of ether extractives included in specimens
before and after drying was measured in order to estimate
the amount of compounds included in the specimens before
and after drying. First, half the hinoki specimens were
dried at 180°C for 39 min as well as under the conditions
of the experiment described in 2.1. Undried and dried
samples were cut into pieces, and ground in a mill to pass
through a 2.0-mm screen. Ground samples in 5-g units
were Soxhlet-extracted with diethyl ether at 40°C for 5 h.
The solvents were evaporated in vacuo at 40°C. Other 1-g
ground samples were oven-dried at 105°C until their weight
stabilized, after which the moisture content was calculated.
From these results, the rate of ether extractives relative
to the oven-dried weight of the wood was calculated.
Compounds in the extractives were then analyzed using

GC/MS. The analysis conditions were the same as described

Table 1. Experimental conditions and moisture content of specimens before and after drying.

Samp led air volume (L) M oisture content (%)”

Drying Drying Flow rate Collected Flow rate
temperature time (pump A) air volume (pump B) Before After
() (min)" (L/min) L? (L/min) DNPH  TENAX drying  drying
11(0-11) 4.95
180 11 (14-25) 0.45 4.95 2.50 2.00 104 0
11 (28-39) 4.95

Y Discharged air was collected three times during drying stage 1 (0-11 min), stage 2 (14-25 min), stage 3 (28-39 min).

? Collected air volume = Drying time x Flow rate (pump A)
3) =
n=3
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in the former report (Ishikawa et al., 2009).

3. Results and discussion
Fig. 1 shows the moisture content of wood and the
discharged amount of formaldehyde, acetaldehyde and
VOCs during drying. All of the discharged amounts
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Fig. 1. Relationships between drying time, moisture
content, and emissions from 1m’ of veneer.

Y Cumulative amount.
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increased with increasing drying time. It has been reported
that the discharged amount of VOCs and formaldehyde
increases with decreasing moisture content (Granstrom,
2003; Otwell et al., 2000). These results indicate that
the discharged amount of VOCs and aldehydes could be
decreased by preventing extra drying time.

Formaldehyde was detected both in the discharged
moisture and the discharged gas. The mass of formaldehyde
collected in discharged moisture and discharged gas during
sampling of 1 L of discharged gas are shown in Fig. 2.
The data shows that most of the discharged formaldehyde
was collected in the drain trap up to 25 min, but was not
collected after 28 min. These results might indicates that
formaldehyde can be trapped in the water until saturation,
but after that passes through the trap and be discharged in
the air. Taking the former report (Ishikawa et al., 2009)
into consideration, it could be concluded that formaldehyde
can be efficiently removed at wood processing plants
by condensing and collecting discharged moisture with
sufficient amount of water or using a water scrubber.
Organic acids, such as acetic acid, might be included in
the drain as the result of thermal decomposition of wood.
However, these compounds were not analyzed in this study
because the main purpose was to estimate the amount of
aldehydes.

Tabel 2 shows the major compounds emitted during
drying. All the compounds listed in Table 2 are terpenes,
therefore terpenes are the main compounds released
during hinoki drying. Generally, compounds, such as
furfural, are included in wood extractives as a result of

thermal decomposition. However these compounds were

N
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Drying time (min)
=
)
()]

B Discharged moisture
O Discharged gas
[ I [
I

0 1 2 3 4 5
Weight (ug)

Fig. 2. Comparison of formaldehyde amount in discharged
moisture and discharged gas during sampling 1L
of discharged gas.
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Table 2. Major compounds released during drying.

Air concentration (ug/m3)

Compounds

0-11 min  14-25 min  28-39 min
a-Pinene 45008 45484 30476
Limonene 15507 25834 13455
y-Cadinene 4331 52809 10950
o-Muurolene 3818 25823 7451
y-Muurolene 2411 18108 4657
Neoalloocimene 2604 5026 3568
o-Fenchene 7890 4855 2871
-Selinene 879 8395 1866
a-Copaene 750 3256 990
B-Elemene 667 6827 726
Dauca-5,8-diene 296 1202 230
a-Cadinol 16633 16282
Ferruginol 1738 4292
Hinokione 449 2479
Muurola-3,5-diene<cis-> 1070 157
Cadina-1(6),4-diene<cis-> 16587

not significantly released from wood during the drying
process. The differences in wood extraction and wood
drying, for example sample size and treating conditions,
might have an influence on the result. Tables 3 and 4 list
the results of ether extraction. Both compounds included
in the discharged gas (Table 2) and extractives (Table
4) are reported to be included in untreated hinoki wood
(Forestry and Forest Products Research Institute 2004;
Kinjo and Yaga, 1986; Kinjo et al., 1988; Ohashi et al.,
1987; Ohtani et al., 1997; Terauchi et al., 1993). Tepenes
such as a-cadinol, are reported to have termiticidal and
antifungal activity (Kinjo and Yaga, 1986; Kinjo et al.,
1988). Some compounds detected from the drying process
were found in ether extractives, while the others were not.
The differences in the kinds of compounds might be due
to their susceptibility to ether extraction and drying at

180°C. Only a trace of a-pinene, which is well known to

Table 4. Results of GC/MS analysis of ether extractives.

(%)
Heartwood Sapwood
Compounds Undried Dried  Undried Dried

y-Cadinene 45.0 43.5 49.1 31.0
Dauca-5,8-diene 11.6 7.8 9.1 6.5
a-Copaene 9.6 8.8 10.4 5.7
Muurola-3,5-diene<cis-> 7.4 9.2 9.3 15.3
y-Muurolene 43 6.2 5.1 10.2
o-Muurolene 3.5 7.5 6.5 10.3
Cadina-1(6),4-diene<cis-> 0.6 1.0 0.4 0.4
Hinokione 0.7 0.6 - -
Ferruginol 0.6 0.7 - -
B-Elemene 0.2 0.5 - -
Total 82.9 84.8 89.9 79.3
-: undetected

exist in hinoki wood, could be found in the extractives. The
reason is unclear but a-pinene existed in the hinoki sample
might have been removed during sample preparation. The
percentage of Muurola-3,5-diene<cis>, y-Muurolene, and
a-Muurolene in extractives of dried sample was higher than
that of undried wood. This might be due to the differences
in volatility of compounds included in the wood sample,
chemical conversion of the other compounds and so forth.
Further study is needed to clarify the reason.

The discharged amounts from 1 m’ of wood are listed
in Table 5 with the results of the other species (Ishikawa et
al., 2009). The discharge amount of VOC from hinoki was
higher than that from sugi, larch, and meranti. One reason
for the high discharged amount for hinoki is considered to
be the longer drying time.

Assuming that the difference between the amount

of ether extractives of undried and dried wood is the

Table 3. Ether extractives of undried and dried hinoki wood.

Ether extractives (%)1)

. . Ether extractives
Oven-dried weight

Specimen

) (g/m3 wood)4)

Undried  Average Dried”  Average Urgirr:::ii Average  °f Im’ wood (g)* Undred Dred
0.97 0.42 0.55
Heartwood 0.98 0.89 0.21 0.35 0.76 0.54 370,000 1,998
0.73 0.43 0.31
0.32 0.21 0.11
Sapwood 0.65 0.43 0.42 0.28 0.23 0.15 340,000 513
0.33 0.21 0.11

" Relative to oven-dried weight

? Drying conditions: 180°C, 39 min.

% Calculated from the oven-dry specific gravity of hinoki (Fushitani et al., 1985).

* Ether extractives (g/m3 wood) = Ether extractives (undried - dried) (%) / 100 x Oven-dried weight of 1 m® wood (g
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Table 5. Emissions of VOC and aldehydes during drying.

Specimen Temperature T@e Emissions from Im’ green wood (g) wZ;?grfljfnS Dischargeg
(©) {enin) vVOC Acetaldehyde Formaldehyde  wood (g) VOC (%)
Hinoki 180 39 186.7" 0.6 2.7 3550007 0.0526
Sugi” 180 27 34.8 0.5 2.9 325000 0.0107
Larch” 180 12 6.1 0.1 0.4 500000 0.0012
Meranti” 180 15 1.4 0.1 0.5 410000 0.0003

D Average of data at 39 minutes in Fig. 1.

? Calculated from the oven-dry specific gravity of hinoki (Fushitani et al., 1985).

) Discharged VOC (%) = Emissions from Im’ green wood (g) / Ovendried weight of Im’ wood (g) x 100

# Ishikawa et al., 2009

maximum amount of VOCs discharged during drying, the
maximum amount of VOCs discharged during drying 1 m’
of wood can be calculated to be 513—-1998 g as shown in
the rightmost column in Table 3. During actual industrial
drying, only a part of the maximum amount would be
emitted. As shown in Table 5, the amount of discharged
VOCs during drying of 1 m® of hinoki was estimated to be
186.7 g. The amount of discharged VOCs during drying
of other species (pine, fir, hemlock, etc.) at 49—160°C has
been reported to be 20—4000 g/m’ of wood (Ingram et
al., 2000; McDonald et al., 2002; McDonald et al., 2004;
Milota, 2003; Milota, 2006; Milota & Mosher, 2006;
Shmulsky, 2000a; Shmulsky, 2000b; Shmulsky, 2000c). Our
result is in these published values. The discharged amount
of formaldehyde and acetaldehyde during drying of radiata
pine at 100°C dry-bulb temperature (DBT) with 70°C wet-
bulb temperature (WBT) has been reported to be 1.1 and 8.7
g/m’ of wood, respectively (McDonald et al., 2002). Our
results were almost the same level (Table 5).

Moreover, our results were compared to the discharged
amount during industrial drying (Kawarada et al., 2008)
(Table 6). The discharged amount of VOCs from hinoki was
the same level as that from the industrial drying, and was
higher than that from sugi. The reasons for the differences
are considered to be the individual varieties of hinoki and

sugi, irregularity of air concentration and contamination

in the industrial drying duct, and the difference in species
(a species of Southeast Asia was dried together with sugi

during the industrial drying) and drying conditions.

4. Conclusions

Hinoki veneer was dried under conditions generally
used in industrial drying processes (180°C), and discharged
VOCs and aldehydes were evaluated. The following results
were obtained:

1. VOCs, formaldehyde, and acetaldehyde were emitted
during drying. The amounts increased with increasing
drying time.

2. The discharge amount of hinoki was higher than that of
sugi, larch, and meranti.

3. Main VOCs emitted during drying were terpenes.

4. Most of the discharged formaldehyde up to 25 minutes
was removed by means of a drain trap.

5. Discharged amount from industrial drying was estimated
using the results obtained in this study.

These results indicate that emissions of VOCs and
aldehydes released during hinoki drying can be decreased
by controlling drying time. The discharge amount and
released compounds of hinoki were different from those
of other species. Most of the relased compouns were
terpenes which are reported to have several beneficial

functions. Therefore, it is desirable to investigate their

Table 6. Comparison of the data in this study with an industrial drying process (Kawarada et al., 2008).

Our results

Our results Kawarada et al.

(Hinoki, 180°C) (Sugi, 180°C)1) (Sugi and other species, 180°C)

0.48

Dried veneer volume (mz/h) 45x10"?

VOC released from 1m® veneer (g) 187

Ventilation rate (m3/h)

0.48 16,100
7.9%x 10" 5.4
35 187

D Ishikawa et al., 2009

? Calculated from the dried veneer volume, 2.90x 10™*m’®, during 39 minutes in our experiment.
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efficient utilization considering the released compounds
of each species. Formaldehyde, on the other hand, is a
carcinogen and should be removed. It is also indicated that
formaldehyde can be efficiently removed from discharged

air by water scrubbing.
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Breeding bird community over 40 years (1970 — 2009)
at the Takizawa study area, Iwate Prefecture

Yoshinori SUZUKI ", Masatoshi YUI? and Mitsuhiro NAKAMURA *

Abstract

A breeding bird community in a mixed forest at the Takizawa study area for wildlife management, near
Morioka city, Iwate Prefecture, northern Honshu, Japan, was investigated for 40 years (1970-2009) by the territory
mapping method. The territory numbers for the periods 1970-1981 and 1982-1996 were reported previously, but
because long-term, detailed observations of breeding communities of forest birds in Japan are scarce, here we report
them again to complete the 40-year dataset. Composition of the bird community changed significantly during the
period.
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Breeding bird community over 40 years (1970 —2009) at the Takizawa study area, Iwate Prefecture
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HHBRX 5y 1970 4 1980 4 1990 4 2000 4 2009 4 fi%
A T AR YIERRRRIM T ARV IRRERES T AR Y IERRRES T AR VIRERRRS 7 A=Y IERRRR A
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Table 2. ZEDOFEHAM. FAERE & FHEHS

AT AN AR RS
1970 6.1-7.4 8  HHIEmK
1971  5.21-6.26 8  HH LK
1972 5.29-6.30 8  HHIEdK
1973  5.28-6.30 9  HHIEK
1974  5.29-6.29 12 I IERK
1975  5.22-6.30 11 R ER
1976  5.27-6.28 9 HHIEmRK
1977  5.26-6.30 11 HIER
1978  5.22-6.27 9  HHIEmK
1979  5.25-6.29 9  HHIEK
1980  5.23-6.23 9  HHIEK
1981  5.23-6.30 10 HHIERK
1982 5.24-6.29 9 M Em
1983 5.21-6.29 10 HHIEmRK
1984  5.26-6.29 11 HHER
1985  5.22-6.26 12 WHIER SREEE il
1986  5.24-6.28 11 EHEB SRREE  FHiL—ER TR HHED PR
1987  5.29-6.20 12 HHIER SRREEE FHiL—ER TR TR FHE FERARET  INETEG
1988  5.24-6.12 9 HFIER BAAREEE  FHL—ER
1989  5.22-6.21 10 HHFIERR  BRARREE  PHED fle & AR e
1990  5.23-6.29 9  HHIER SVREHE  phED) R ARG AT
1991  5.20-6.27 10 HIER  SRREE  HHEDD R ARG PRFEE  EL
1992 5.21-6.28 10 HHIER  SaARRHE  OhED e/ A& PRFRIE R
1993 5.21-6.19 9  HHIEE EAREEHE  EAAREHE AT PEILsrAst
1994  5.21-6.26 13 RS BRARREE  GhED e/ AREME  PRFER VR
1995  5.21-6.30 10 HHFIERR  BRARREE  hED R AREME PRl
1996 5.20-7.2 11 EFRER BARREE  hED R ARERE PRl
1997  5.22-6.22 8  HHIEM  BORRENE  EAAREE  RILEE
1998  5.21-6.28 9  HHIEm  ERRREE
1999  5.21-6.25 9  HHIEm  ERREE
2000  5.22-6.25 8  HFFIEf  ERAREENE
2001 5.21-6.25 8  HFFIEMK  ERAREENE
2002  5.22-6.25 8  EFFIEMR  BRAREENE
2003  5.21-6.26 8 IR BRARRENE
2004  5.22-6.25 8  HIJFIEM  EARREE
2005  5.21-6.29 8  HHIEm  ERARREE
2006  5.21-6.25 8  HHIEM  ERARREE
2007  5.21-6.25 8  HFFIEMK  ERAREENE
2008  5.21-6.25 8  HFFIEMR  ERAREENE
2009  5.21-6.25 8 EJFIEMR  BRAREEE
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Breeding bird community over 40 years (1970 — 2009) at the Takizawa study area, Iwate Prefecture
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Breeding bird community over 40 years (1970 —2009) at the Takizawa study area, Iwate Prefecture
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Breeding bird community over 40 years (1970 — 2009) at the Takizawa study area, Iwate Prefecture
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