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Plantation of containerized Hinoki (Chamaecyparis obtusa) seedlings at Narai National Forest in Nagano Prefecture.
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Wooden town hall constructed with Japanese Larch (Larix kaempferi) at Nagawa Town, Nagano Prefecture
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Retention Experiment for Plantation Forestry in Sorachi, Hokkaido (REFRESH):
A large-scale experiment for retaining broad-leaved trees in conifer plantations
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TOETRIRAOERACLARE, BAPFFEICTEICB T % 2 EN RO EE E Nihd Tz, Thb
FRIZ R DFE - K- eI Z R THE L TRITMDPNT VD, L TADNEFICE S LEFD 2D,
Z DR PRUEIR E NTCBUEE DRIWICDOW T, BETREHEENTW -0, Blichh 5k
CHEOTLELREDEZY, ZTTARTIE, "MBIUE LFFAICHEICONT, BIRLREDOZLE &
Z OB DOWTHRERRO SN Z T EZHNE L,

F—U—F D BE W AFEISE, 2%

1. 13 U®»IC

HioR K O NI ARM Z W& tAROMEL e ULTH
WT T, TNREARMDBEIEICH D NHDTITAESIC
MITEZRMETHoT EHNKEV, ZORBICHI
ENZARMOTE, B, THIKEZOARMBEIT
5TLOTEZMEF. EFOBRRICKIDHWENT
Xieo ZF D%, WHIBHER LB DT RL 2 M 2 7= AV
T, MEHOMEE LTHOYSNZ KMICDOWTE
ERIETRBRBENRE S BTz, TNH A
BB ONIE « KIE - FBIEZRTHEE TRZUIH#IN
TWVW5, ETANEEICHEZWEFDD HIEICE >
T RSP BIUS IR & NI BUESE DRI DWW T, BifE
TRERINTO ALY, BICOhE6ELE-T
LE-odDEZ0,

Z TTARTIE, KM e LT SN2 REME
DERTH 2 WM & ZDRMMN ENTZ T DN T2 EHH
LTI EHEE L TRLULEFRICTEICDWVT,
BRSO ZE L Z ORI OV T T &b, HBH
IR WER O . BT, JEfE. 51RO, AW, ®
DIABDEMFRICTEZ ZNFN fis fou fiv fiu fon
HUESRIE 2 ZNZE N Fys Fou Fou Fs Foy TR, 727210,
E# - HHOX MR ENT Wi o 7201 23 (1948)
ELFTOHFBRIGTTEIC DV TEZNEN fiw fiu fis f
fo TR LTz, E 72 W kg/em® TRENTOHALE
kgf/em® I — LTz ZOMDFEEFITOVTIE. ZDH
EEWE IR LTz,

2. i Y Tk & AR B D
(MG 39 ~Wfn 12 (1906 ~ 1937) 4F)
KIES (1919) #£4 A4 H, EHRFEITSICEOLH

JERSZAS < TR 29 4E 5 1 19 0 JRRRAZER 1 Pk 29 4R 9 1 19 B
1) BRARKS EHITFEATT A1 TS s

HHIERSRYIED NG S N e, T OIEFRDIRDE Y] D 2
PICBHT 2EMNDDURRINGHIETH D, HOHEE
HEZOWBLRZ2EDTH 5, THICFEV, KIE9
(1920) 9 H 29 H. D 438 FI & O T Hh 2R
YIEREAT D HIE ENice FFE 11 H 9 H, NEA
B 37 I & O i Y TR RN E & N
ZOH 102 RICBOTENLETHIO T LA DARMOFT
BISTENRENT VS,

AMOFTFEICNENEDXSICLTED NN
HiETEEWD, LUFOXS BifEZiIl->72K5 Th
%o BHIA 39 (1906) ., HEHiEOMKEIC KD, HE
FRFHEBUTEEEHROMG 2D, KiE2 (1913)
FICHE (HA 1982 KT MEETRICREBEN
TWb, THhud. Bk 17 D [E 40 Er O E RN 7% 5
EZICLUTERENTEEDTH -7 (KRG - K6)11 1987a,
b)o FHCHHIB 32 (1899) FlcHifTEN/Ic=a—T—7
TGN IHEFERENESD SN TH D, I
TR EG RO LIS EE GrEIS ) DAL
Ib/in®> TH 3T ERZOMMLLES> TWVBT &N HE,
Za—I— U HEEEZHID R RERZHIEICEG 2 T
WENR TN S,

T RESEHIR DS 3 6 (MR AR (S8R
MNEZZERLTHD, ZOHDE 6 &= EgsIHE
e | ICBW T, MRIOZRIETIRENRENT VS,
ZOWHEARMZERD H L, 7% kgffem® HALIC 2
BLTSHMTADEZLDEMA T Table 112”77,
T, Al - FH (1990a) Xk B &, TARMTIE, &
P HRA 0w E K E TOMBERBRE R, 2%
R ARERZRGIER] O Sl AR KM E iz & HEM
L2%] LdfliENTwa, £5 (1906) OFMEICE.

* ARMER SIS MOER IS T 305-8687 IR D XD H 1
AMD—EE. HARMESAMRE « KEMEMIESEEZEE Q01743 A 19 H, &) 1BV THRE L,
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[ D Z IR E 2 KIC 800 Ib/in® & X %, TN
. ERTHRHESD 2 WVIEHEKEFICE T SRR
55 NTISHRE A 5,000 ~ 12,000 1b/in® TH >
b, TNIKLEEHE 1/10 ZH > T 800 Ib/in® &
RELIZDOTHB] LWVWHIBHFEONALLKEINTE
D, TTTRYOMITEFRISIIEZ 800 1b/in® & LTz
BLE BNz rENTVS (Fzi2L., falll - F
HOMEIC KD &, DD THATEERHZE O
HRISHEFENZTNORTHEEZ->TED, HURIE
RAKEED 800 Ib/in® WX HZ> Tk 5 TH3),

FERMIC T DEPIRIIER L ah 7M. TNEZ
DB RPN HAE =51 & > TERE N5 iifii it
YT RO B & SNtz (KK - K811 1987,
b)o F 72 URREREMEN KT NIERF L LTI,
R U 7o R R SR B 5. o St S v i A T AR B
DIE D, WEUFESEOR A RNZE, JOET R AR &
B> T, RIEDFITHBT B ARKM OBRR >
fxZEnZFNEE->THO (A - FH 1989, 1990a)
BLIRERV,

A R A SR YL BT R A EE 102 SRISRE NTERFPR I
JIEE % Table 2 17”9, #2110 (1985) &, T7 1 >/N—
IUIZT I UTHAR] ONTAREME L ZFORELIC
DWTHHLTEL, £z, #aih 5HERICHITTO
BHE I X CKEDOARM O RIS EDEEBICDONT
FTAWCOMI ICE L ®HTWE (FZ11 1977a, b, ¢, d, e, f,
2o FTAWCOMJ Tid. iYLt RIS 102
ZOFRNEZECDNTEERLTED, ThzsE
IC, Table 2 M EiAEING T EE2YHTZ ELITFDE
DERb, BAEYOHFFISIEZIEFICT > T IV
EDTH-o Tz,

- SREERHAY 3 RIRETE, LR 1 BTN 555 T
W,
cHE—DHNEEME LT, ALIYAM VT abE
NAIYDNEHEIN TS, dilE~ Y OfiZ T
VY - PRV ZEELTWS EEDbN S,
f=f=fTH 5,
RO EISHED 1/10 £75>TW5,

F iz, [AHAIE 108 SRIIZERICHT 2EEE LT,
JESRARMIC R T B M EIE P=4f.(1 — 0.02(/d)) X 5
BHLEBOZHMA TR ESHTZNELTWNWS, TTT.
PIITIEE, A XWimkE, £ &5 102 5RICR & Nz MG
DFFFISITE, 1 F B M OB, o (E Wi O i
METHB, LR 7 <A v —REMMEN2 L
DTHZH, FAHEAITT ORI E NS LTI IEE
BOENH O, Al - FH (1990b) I XD Z DM
MNEELIEHEIN TV S,

ZD 17 FEBOEA 12 (1937) 46 H 21 H. AHA
W 25 FIC X O i AR YRE T TR O SUEN T

N, AMOFRISNEEREE Nz, TORPLMNE
REZRIZLIZODNKRMTH 5, TEREMGE) 1B
N7eHZRoEmER R 1937) k2L, TREDHESZ
BT E LIS N OFEDOFER, KIS EL
TERETRERTEZITY O FEEER>TBOEL
72DT, {EROREERD & 2 EOFFRISITTE T,
BENEOCUIREEMEERUE L TAMEEREL
BB ELEDT, TTICAMIRISHENRIEL
BoleDTHOET ] EREOHHANRENT NS,
IE X NI ARM DFFA IS T EE %2 Table 3 1S9, [
Bkl (19770) OWMEZSEIC L THRIEDEZA
KT ZELTOED &ix5,

CRIEROBEEN 1D 3L, SHEERS - A
BER & BT 3 MR L T2 o T,

- fEEOEN 8 (MLiE~ YO 21 D835 L)
M5 19 ERELMEINU Tz, HIER TENE Nzt
ORI AMTH S,

R UTHBISNEOMPREL Koz, 7
YF - 7UD LIS EoT,

- BREFFAIS T EM OBRE, SOERTIX B EER, A
L BICfi=f=ffi=0.1£. TH o Tz & DA,
1.2f.=fi=fon fi=0.12f, (BFEER) . L4fi=fi=f. f
=0.15f. ULIERD &7k 7z,

Fiz, & (1937) OHEN S, DIETO ifE i E Y
AT G BIEE Tl b - T ik & 5 1/ O FE
MEDFFAISIIIED  HEIC AT /T mDZ N LA TH >
fez b (2L, SoEMTRbbD DAH
&R OBBRIEAHTHZ DT, T TEE
HWIZ £, ELTHD ) Tz, RHHMETHS ELT
B EE T NG S TeD, £iv=0.54 BIHERD . £,=0.7f
(LTERD) DMREIN TV,

FRISHEDOFEORIPIT OV T ER (1938a) DIR
HICFCRENT VS, U TFICZOMEZRT, T
T=R2EEokbDiE, KiE3 (1914) FERITD I
FRHARFEAM KGRI (KA RS 1914) 1
R INTZREMTH S, TOMEMZFEL, a.
B. yZzZNZTNMNTEEEZEGRE. RURE. K
MRGRE L T 5, HINEEREGRR o & & K&
REE SRR D AT B BRAS R K B & #0701 1k
EROZ LTHEST., FHUHEEHEMI D ERZ L,
ZDs, FEEE ML T2 L R S O R
DEMBRICEZBZNDH B2, FEEZ KRS
2LLIE6DTHB, TR, 0, BAKED
1209 & LTW53, REMEBBIE. FHFOGlHED @I
NIFTHIOFE (FF 1938b) T EDHREBEIC, 0.6
(JEA#E) . 0.5 (HhiF. BAN) ZHHALTWVS, K%
BR By £id. Wb S EMkGAR OO & T
BB M. REMITHT 2 faf ORI RH I B9 2 W 5%

B ORI 55 17 % 1 £, 2018]
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WizWize, BREAMOBRMHAVENT NS, %=
BRI &% 7 V) — T 1% O sl BRI 0E 97 2 ER L AR
BROMRN S EME, #hF, AW E 12 0.85 ZHA
LT3, ESHICEERyEILLTVD, TORE,
R M DB & RIS ED T H 2 KE R= v/
(a X BXy) &, EfETIE. R=3/(0.9X0.6X0.85) =
6.5, I, BAW TIE R=3/(0.9%X0.5X0.85) =8 &7
%o TEEEMAFREARM KA OEE & Z 7z Kk
RKTHRUTH LIRS K ZAFRISTEDR% Table 4
ICRT s TOERDMEMITTICAED., WEENTHEISH
EWNESD SNz,

ETAT, TOMODKIE15 (1926) F 10 H 26 H.
FTAERE 305X, TEMEKD S BEOARMB
1% (H AL HE JI A JES: Japanese Engineering Standard
W) AEDLNTWVWS, ThiE, HEBOEM B
KUFE UTEFEICMHS WHMICEHT2HMNE TN (L
H 1989), BOBMOHARMBKICENZ2EDTH
%o WHDOFARICHE > TARM B OMEZGLT LT
DD &ixB,

- B oW STEB X CBIRICK O, MEITO 26,
O&EH MR, BOAFBHICK»EN TV,
CHEORME, FIZIEOEATIE, 1 E, 2%, 35,
4F R1F R 2F, R3F, R4FLL TS,
- B O HEZ XS B RO F BRI I 8L L,
KO#Ehn, HEbDb, ZOMORETH B, HiD
REIRFERTELTWV S,
cHIMOEX, E, EXofEETEMIEINTY
500 THEL, EERHRAVHOEHESTLEE R
TNTWV3,

BB ORI XD, fEH, lE. EHOD 3
i, BOOERCEDORBEBRUTLED D2
IS, REOREICKOAR, R (70%LLEDIR
B), KLOD3MKT LT3,

fele U, TORMBIRE, o THEMH & OREICH
WTHIEZ Rzt DT, RMEKE L TARROMERZ
Fio e b DT A o7 (REHE L 1943), D7
DHTHZMEITBHEN, MERZEDRESDOERIC K
N, FEREINTEZEDOD, ZEOESIHTIIEE A
EMEIcEINaholzbD & ThHB, i, #HED
N TORMOIFFRISTEDRHICEEbD ST, KM
HA&Cld. fi7s & DREZ MM OMIE & EHEET DT
THMiT 2V EZ R A>Tk THD (L
1989),

3. Tk O BB B LB RS & BN EASERYE LR
(BAT 12 ~ 19 (1937 ~ 1944) 4£)
MEA1 12 (1937) FICHHPESHDNEFEL, [ 13 FIC
EZRBEEN, [ 14 FIC MRS HE S N iz,
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NS —HOBZICEIE LT, [ 1249 A, il AN
FHICBHT 2RI EIC B9 25 QA 92 5) Al
TEEN, TOHE250HTICELD, [ 1449 A 27 H.
FAM B FERRHER A (BEMRE D5 45 5) D T iz (1l
H1989), T OMHNC KUE, M (—&H) 1. [
F£10 H 13 HIZHIE S NIz AMBBEHEE (BMHE SR
95367 %5) I THEEL, DOBEFROITI MEIC
Gl TR, EEdT2CeE, HHTS
TEETEROVT EICE T (LH 1989, MEHT L
1943), MM RE X, BMEEIC X2 KMBEFRORK
MO ELTHONT NS, TOEIREENE D
N3EX5Wxk->7Did, HPEFOMERE L HI1C, K
MOTENZIE L., TOMMEOGEBENE DX S Ik
. BEHERDSARMONEMEZEDTIELLE D
I HEEEA R R o TE A, ARMIETE M N E M
ZIFICHT 0 REMEDEDIC S WVREEICH > 72D
T, HkZEH—d %L Lbic, AREREL. BHRO
HEtezXM2pEIHbENENrETHD (L 1989),
DURL it (1989) oz ocic, MERXDICDONT
D—ZRTELLFDXSICK D,

- MRRIE. REE (PR, /DIRAR. BHEAR. Bk, 8.
O-ZHEE O L ED. M| GEM. T
) iS5 n5,

< NERO—EBZ R E B S B I 1 H 2
3FHEDIFERICK DTN TN D,

- BMOBMEZXST R, Offii @, @
AO#ENEIGHE DO, @KTH, EhE., &
JRTVHEL, Eh, 9L N =BV, MEics
JBRIT, R, ADE, RICDIFE. ©@HT. A
Ch., Kb, ZOETHEHERLOD,

< 1 FEHDA DRSS RN D, 2 FIZIH D
Reihiofil (Fz720., OCEABEICH-> T 1D
BRUOAOENEZIZHE DO OREH 2T,
ZOMO RGBT NE D, 3 HEHIEH DR
M3E (Fe7zl. GEMBEICH-o T 2D, RO
FNEFLZEIHEFDLODRAEMN I X TZIEZDOMD
R 1 L EDE D,

COHEBEICEMDS T, RAMMSIE LR L, 22
T, BB XUCHEFEX O EREM ZEHAMNICH D
WMT B8, BHA15 (1940) 4F 10 H I M B R R
HA (BMEDHE 875 NHEI N, 5, ¥
3 HICHE E NI ARMEHNIE QGEHESE 66 5) ICH
. RMRHREMT . ARMRRE T R HE
N, AM., BMEOERZIXXTIHFIHICE > (b
1989),

RMBRERE . BRI 16 (1941) FORIE (R
HoREE 321 ) TMZER (RIERD AT, [ 18
(1943) FONIE (EBMHEERE 469 5) THIMKME
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OHMEDIR SNz, TS LT, WMEN4
FER X3 &7 D, R OPREICHEE L. RSz ik
LTI 2 TR NIz, MOREDLRICHDH
MR E Nz, $HEERSIM ORI, T, Kb, £z
BIEK D | Wiz 5Nz, Z0%. WRD AR
WO AMOREREHEL < 7m> TE DT A 19 (1944)
FETH, BEXRSEILICET 25 R (BEaSRm
825 5) WA EN, DWICHE 20 4 8 ARKIRAM A 72
(Lt 1989),

—JF. I FIZ BV TEEEMOHiIKZ X5  Hiln
5. WA 14 (1939) 5 R HARSHERS N ED 5
N, KMOFFRIGERE T, BFEA19 (1944) 4E 8
A0 E NI BN B ARG ES 532 %5 TEEY O
fafEE ], [ 533 5 [TESRY BRI E OEAR | (Y
2 1944) VLN E T L bk olz, TNIREKDIH
BHURREYRL E 2 EL TNz, TS DK
SRR RAER 2 Y U, RS DYV SR MERE S
58855712355 (A 1948 -9 AGHFE) (Y
23 1944) I EIN TV B, [EEYERERIRORA
WCRENTHFRIGE LY T% B Z N ZF 1N Table
5. 61TRS o 1937 ARk T A M SR e AT LRI S 102
% (Table 3) &LEHTZELITFDED THD,

« RNA YRR A b E O EFEBTEDHIGRE Nz,
Lo S D2 MEETRD L LITEEERSIT 1.4 ~ 1.6 5,
IRERT 25 ko7 (D25 TRV E
i)

* Table 5 ITWFACH L TWOARWLD, FHEB DB DIARK
DHFEICTTIE foo DHBITE L. MR 13,0 M
U 1/Af, &I o Tz, EDBMDIBEN 121, TH -
oo, BSIECOBEXID E/NEIER>T05,
cHEHEOAZIC X D0~ 10" 47,70 ~90°1d fi &
10 ~ 70° IFEHMMTEDMEZ VD T L L E N,
CEROHFRISNEEED SN, A ZLAMMEL.
AEHRERIGNHEELT S L. =100 DEEE
fi=/(0.0071 ). A>100 D ¥ & & £=0.37/(A
No*Ic kv EHT 2, £z, NEEYRETED
HA] LABIEHREIN TV S TARERREY O
JEEFRMFERSG ) T, HLEZLELT, 1<20
DLEEF = ELTIVERBEEINT VS,
HEEMOY VT REBNED N, 2L, B
BEIFFRILIEDE D LI EE>TWVW5,

4. FEURIE T D TP E DR
(B3 21 ~ 24 (1946 ~ 1949) 4E)

BT ORART 21 (1946) 4 5 ALK, HARSEES (B
22 ST AN 5 HABREEBRICHFIL TV S)
DK IEREHEZ B 23T §RIRE P oD i IRE H A A R R A 2R
532, 533 SAVEME SN, ZTORE., WEREHE
T, BRI 22 (1947) 4F3 A, T EAEUEGR A S E

DBV T ZDUIEREN AR E Nz, TD%. HAR
FUERAS - AR 3001 TRV ORERIE & LT, B
23 (1948) 4 H30OHICH T - BRHEERE 15
ELTHERINZ, AFEEORERRIE, BB X
URHO 2 AR TOHFBISNTERRICEZ ST L TH
% (Table 7). UM&., ERIRFHAREERKSE 335 &
—RElE BB & N YL A TR R D R ARG )
JEH, ZTNFNEMB X UCEHOFRIGHE L > T
W53 FHEBOEMO £ ZER<), 2D EIZDNT.,
WAAD 23 (1948) 12 A 30 HIC HABE AN S FEAT
INTe THARBERIAS - B 3001 BERY) O REEETHE
fRat] (HAREEEZEE 1948) Tk, NP E®D 5Nz
2 DDOHIKG [HEls B ABHERIRGSS 532, 533 %5] TR
HICTEZEAMEICHEHYT28D 1 ATEDBA BN,
B EICN L TIEZDIRNIOA%Z 2 5L TRH—DFF
KIGHETHMETZC L EhoTWV5, THUXEHM
EICHT 2HBICNEE ~BRICEMREICNTSZN
D2fFICL>THBdIc, HHELZDOKI RAEI
KXot DT, FARIHE 2 AR TORAEFICIIE
bRV EHALTWS, £, BEWHFAISE
KOWTI, 7V —7HEICHETZERNMTELTE
0. THERDBEEYNE DRI NENZEDREMN S 7
V=TI HRUTRREEZE Ckholzbwns T eh
L0t NFEOMEZZDEERRAT R L& Lz >
TEMMEICHT2HFRFICNERZSHBOMIRICE DR
RHEEEBZRELDTHS| £HB,

DUFIC TSR ORISR BRI IS > T 3FRIN
NEDOFEFIEICOWTORMZ RS, MRS
FICOWTWRY Fo kS Icat#fiantnsd, 35 M
FFAIS IS B IR A (LEBIRREE & IR 2Rt L T 2%,
RNT, BHEICEIZAFBEXCT H<Y DR
MO ERM « IFIC DOV THREIWICEER TR & Bbh
B2 R M DR D FIRME & LT, AFEHE 250
kgf/em®, AFHNF 350 kgflem®. 7 71 i 350 kgf/
em’, 7 IOV I 450 kgf/em® EAEL TWVWB, RAH
N EEHR I 2 0 M DA R 72 [ 46 0.6, HIlF 0.5 &3 %,
DRI PRI PR FE 72 W ) 1 OB IERRE D 2/3 £ %, Ti%
DB RN Z W O A FEREIE 250X 0.6 X2/3=
100 kgflem® & 75 %, [FFRICEIHE T %5 & AFT 120
kgf/em®. 7 71V S 140 kgf/em®. 7 2= Vg 150
kgf/lem® £75 %, THNHDOEIFWVTNE 1937 R T
R SRYNRE R T R OFF RIS IO 1.7 fEmitk &7z -
TWVW5H, RBEOMTULEREDHBNZ VIGEE
ENTHASLDORMBMNSE, 1.7220ICHOHEL T,
FHFFAISTER., BRI AE. 974b5 1937 4F
il 7 b A SR A A T LR D EF RIS 1 D 2 5 DA =
EHLTW3,

LT AT, HEEMOD £1E, TR (1937 ) DFAL
HNEIZHLTERFLTWS (BIZIERAFFT—>5, &
NE-—6, b/ F%HE 97 keflem™, TN, HEK
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T E DORIM G & FFARIC T EDZEE 5

DAY WIS T /NG BR A D 5 SR &b Tz il 72 S i &
LTWBH, T OfREIZHEL T = o (T
h1944) WX nE, BEMEHTZIESTHIEAME
BEROBOH) H20~30cm DEDICED L, &
AWTED 0 cm ORZHEGKER (AL 5 L CTH ABIHRIE D 1/4
FBELCKTIZEVWIEEEzEEBLLEDTHS, X
FRERD S JERETRE D 250, 350 kgf/em® FLJE D R IR
FEDORAFBEXIUCT Y ORAMMBEIZZNEN 15,
21 kgf/em® & UTzo RITH AWHZ IS 1 ZETE dhAg hS i 1
THETHEHMTHSM., ez AT, WEIEEED
23 FHRINEL LD X e, UEXD, AFBXUTT
=Y OFRHOFFETAWISIEE L TZENZEN 10,
14 kgf/em® ZE\ N Tz, Jad5, RIS K 2 58 E O T iE
AW TR BRI DEVWESD, TOREBIEZ TV
Vo iz, JREBHICOVWTIR, FHIBELTE/NS &
MOBHNENZ TS, fLIFEZ TR,

HIEB DD OIARICEHL TE. FTEEMEMOLL
BIRE S 72 $HE AT /710 0D 1/8 & L TW B, 00 K #is
TEbBEDVABDEZEIEZ D 50%FEED |7 7x RA
H, DOAHDHFECNEZIEHDZND 1/5 EED
Too sz & LT, [0 0AREE NSz
ETHROFER 15 DffiZ@EYICHEL TRV & LTE
0., fRFICIE BN EN R I N TV S,

JEJRIC B U Tl ek oo i e SRk a1 7 RIS
EHENTWIE P=4f, (1 —0.020/d)) IcDWVT,
ME AL (£ Vd) OREVHIPHTRERGMEE E2
TERTTIAMENT Wz, ZTDke, EBEICHHAT
SMENIREMTH 2. EFMEIIMROLICD S T L&
AEETH 5, WEE MRz % €Y Tl REED
RETH 2R EDEMITIMA T, TNE DD
A D/INEWIEPERIP & A DR E Wi EIPE T3 R
5T ELERUT, HEYMESREOEAR] ICH
WE N/ DL UFAmEEIG T ERICSEE N,

MY ORIEFTE ) PMERE Nz D L IZIEFRREHO
WA 22 (1947) 11 A 28 H. %D [KREMEREHR
W) OniE x5 TRKGEFH R A, SiMEE. W
arzy— e Lo TREEMGEBRE)
NEENZE T, HAEEZEMSHRENTL (HAE
A2 1947) T OJEENFBCY DRGSR 2D
EHEZTIUF#H =R, RHIAHBE. FEREREYE
W EE—ETH > To TARKGGERI RN (ZEFMEED
WEFI 19 4E 8 - 9 AGOES TARGEEY OISR (&
FELY 1944) BEMH LMIEL7ZEDTH- N, W
HE LU TEHHAD MNEEYOMEFIE) LRETH D,
B RICD [T OB H ARSI 3001 #EY
DOREEFRICE DV TED BN E O T—RAEEE
MIORERIRICENT %) il Twa, 7z L.
D DIAFHOFRISIIE G THEYORIEFF ) DR
TIREIN TV ENGTHHENT VS (Table 8), Z
D% WEF1 24 (1949) £ 3 H 10 HIC IRKEEFHEHIYE -
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FIfESE] (HARRBEY S 1949) A3 X ORISR
SRR OME R AN L THY L TRITEN TV
M. FRICNEREFEIN TR,

5. JERIEHETE & A O HAS MBS O fillsE & Sk
(Bif1 25 ~ 36 (1950 ~ 1961) 4E)

A1 25 (1950) 4E5 A 24 H, B 201 BTk D
FRERBLUEIE DS RIE S Nz, TS & D A i SR i
BB 7R 5 e FEWTHAE 11 H 16 HIC I3 AR A e
HEHET A ED SN, ZOH 89 Zicid TAKER B
He) L [E URFPRIS T EDRE Nz,

SIMBISICBI L Tld. AHKEE. FA AR E# BRI
BEIEE N7, AMBIRBUE ML THO S h T
Tz WA 23 (1948) 4F 8 HICHIE T N5 ERBMmE
WAL GEAE 210 5) KDV T, BES ANtk
FAMBIUSHE BRREERE 2395) AHlEIn. N
R —HHEINTWVS (LH 1989), & SICHHA 25
(1950) £5 H 11 H, HHEE 175 51K 0. BMIE
BREDRIE SN, Wb IASETH D, ZLT
CHCHDIIH LVEKZERT 522 L hZYTHS
EDYIEN S, FAMBISHEZ —HBRIE Lz LT, 1
128 (1953) 4F 11 A 10 H. AMOHAREMKER (2
MEHRE 769 5) DNEFichHlEES NG, 72720, W
HEW A IS I o o fhiE, FHABONE X IHEAZD
TNEHCTH 5,

L TAT. HMOHEAREMEE TIEREENHNWS
NTWiz, LA L, FIREEOREICXD, FilOMHE
WNH % EDERVTHI 34 (1959) 41 H 1 HLRER
HIFTARNTA=MVECKSRThE RS RNT &I
Tolz, 2L, AMBGRE, SUEMEXEBM. SUER
RBIct BB, FEROYHIAMENEZE I N, R
BNCHART 36 (1961) 1 A 1 HE THIEMEH TN T
Wit Flcc iz, FEHmOZELELICEE
TOoTHAEFBEELRELLHLTVRICEMD ST K
ENENTWZRIEEH D, B33 (1958) £ XKD,
WP T B ORISR & U T TARM BIREAS L 7
Hel BRXUBRBMWKEOHMMEEE LT IEMHYE
HRGRAE ) Hrud b D BETEgES TN, B35
(1960) 7 H 30 HEMA H/RE 694 51T KD,
Tl FAM O HAR BRI D EIE E Nz (R 1960, K
MBIREER N Z B 1960) o #7278 M O H A R
DS EERBA OMREIZ, BB, OXEE, CEAKED
3EHETHZMN, OXMELZLFEEDAELEDMICK
DLTVEORRMTHo Tz, TORITDOWVT, M
(1960) WL FDOXSICMFTHL TV B, LA IE—
FRINS/NILR D S B ENE D, DED A RAKRD
KUK SHMEND BBV, B TTEH 5
B0, BIEORNICOVWTH D ER D EITS T &
BEY TR, MEMNICEREZIZHLEENICBVLTE
K3ENTVEIDNERETHHETANE, TNEN



6 PABCE AL

WKKDOWTHEBICH LR ERDZIT> TS, §4&bD

B, DRFBEAEMO—RINET VWS T IcELEB
WCHIORIBRIZ SRS T [ER k%@f?%ﬁ%
Dt TcidEL] fioRglkicksctsr il
BUTHB L IR0 B> TRAFICE B LS5 IHEL
TWa, LMALENELEDAICDNTIE., F DR
HiEDBHTLFEADZN L AMERIEZITS T
WG TH 572, [EROBERIC X % FEE 7z 8 Uil
BAZENTVS, ZOMAFITDONTELFELAIE,
DEDALODOVEML THEN ZENTWVS |,

—J7 T O, HARBFEZEE AMBIEOSRIEZEH
L. BAI33 (1958) 411 Al T A=t )Vik e dEgEE
Ta—)VEAE] I TAMBRRENEZEAESR] Z8&T.
A BRI RE R O A E LT OB R
FERIT T, BERORERZKMER S 5E2T.
P - BEt - Bk afro TVt (RMBEBRNIZES
1960)

T BT, FARISHEICDOVWTE HABEEZE DA
RSN TREDTON Tz, T O IEA134(1959)
E12 H 4 H, BUREE 344 SEEIMEL R T RO %
WIET 2B KO, BEREMEL T TN 89 SRDFFA
ISHEOYIEN TNz, ThE Table 9IC/RT, K
TRAWEAIE, TNE TIIEFIER 3 BHERE LR 3
MR CHh > 7o b DM, BIHEM 2 BIRERE. JL 5 2 &
FEANCTEfcSNhzC & TH B, Thbb, HERT
BN R ATIYOHFRISHENRKELZD,
TAhRY, v/ FEOBMEHICHMAT NI, JAEER
T, 7V, 5, TFOMFEGI5RD OFFRISE
MRELIZD, WITYFOHFRIGHENNE LR
i OBER K — SNz, H DT & 5[E D OFF
BIGTEEREL E> T,

FZD2EHLOEAI36 (1961) £, HAMHYE
R XD URKEREFHHYE - FfEdi) (HARREES
1961) MFEITENT, HABEAZZ, CNEXT. B
122 (1947) T URMERFHERINED &2, 202 F1%
I TARREEET RN - RS ZFITLTWIEMN, £
D%, MEREARTOHELSIT DR D FREEN B DO RET
WEL RO —IARERE TN DO & DT
WHWBRHEETROMEZ R TV TRETENREINS L
DEZVDICH A I, WEEEHE R 5 UIC B E I
095 EHENAFENER I N TE ] (1961 4ERK TR
REE R TR « [EfED 0 728, #ilzic iz TEF
BHME | VD TEREHREE  ICD TR LD TH B,

1961 R TARKEERRFTEIME « [AIfERR) ICRdik S Nz
TRICIEB KUY > J1%R807% Table 10 ~ 13 IZ7R”7,
TARMEERLEHRYE - R M2 D 2 FERfICE T Nz
RS HETE T T 50 89 S RE L x5 05id. TARK
WREETEIME - RS T, AMER OGS LE HT
EUT. MEHAMZ WS & T RS
D2 FRITHT, ZNFNICHT ZMERE - FFRIS

HEg - Y7 RBERG2oNCc L TH B, HidE
MEEM S PR E OREHAM (2721, AR
R KD THERE T HEE T JASS1IT KT HI DRl
EZiE LN a5k, ERFhEH I EE e
DHEIE FAARM (TR E R GFTFHYE - [FfREE) 1T, TH
ICHRIE R K THIMED K E  MEE RSN &E#R
INTWVB) EENTW5B, 2L, EEEM OFF
BISTEZEHIEROMHME A MO ESNTED,
INERIEYOBFHE LTHAINZEENDirn e
WOMBHTRZELONTWVS, —. Y27 HREE B
S ORI IREBPEEN TV S, Thld, AR
PR OENFHENHERT R O TEE RN E
EHOTVWB T eERD, GHNERGZHEL TV
ZEVHHMICE B (il 1962), iz, IARKEREGH
ﬁﬁ FfAEEE) Cld. EEERIERMEL T T 5 89 Skl fd

KA T, R NEBXOCY Y 7 REICTER V&
77/ﬁ BiEhTWwa,

T CHEERME T T 89 5k & TR E KGR UE -
H%ﬁj@&m®mm;ow\ﬁﬁﬁL AT HITE - )
Rt OB X UZIL (1962) OMEGITIA > THED
T % HEARMICIE TRMERGHHYE - FfRE IO
TORIKTH M, HFEFAELMEIT D 89 kb Mk
EZHlZEEDNS,

9 BEREDEME S N2 EI2DW T, i, T
FE OBIEDAR KX O L FRBHENOBEDXSDED
TIhRENT &R ERERELEVY - TEHIER, L3
BN EZN TN 2 FEICTEM Lz, SUEDHHIE
FELTTODHHECIH -T2 T. FRILNEOETIX
RERMNCAZ YO A R E WS HEAD S, KA&IHE
7z ME LIz EHALTWS, TARRGERHRYE - [
s 1Ci&, MEERERSS Z O BRI THrbn
TR EBREE RICE SO THOELABLEREETH
5L DHEND B,

BV THAICTEREDRIMTH 20, WHDICHR
ISHEFEDITT — % L 75 o T2 R GSARM O g F 7%
Table 14 IZ/RT . TNHEZHWVWTETFRSIIEDOREE
RZRTELUTDOXIICKE S,

f=oFX2/3X €))
=B Xsf )
CTTT. o FMHARFAICE. f BEMEFEISTTE.

of: MR SRM Dy (MG E A1 K L CTid Table 14
DRARMEAME, LA ER IS U T Table 14 O
M EED) . o RIS KB EBURE. B BEHIFFAIGN
ORI TIEICRNT2HFETHSZ (2T TDa,
B 1 BT/RUZHMFEARAGRE o . REBEB L
35875 5),

THL oFX2/31&, JEAE - BFIC B W T ELBIRR .
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T E DORIM G & FFARIC T EDZEE 7

FIED « BAMICHB W TIIZIFWERE D 2/3 % Ek
T2 EEZDEE. EROFRISHEDE Z L FKET
HB, 2L, BAW T ZREEZMESI G, F
ZIBSIKERFLTES T LELT WD, XKiT, RiE
1 &K BRI 0 1 ki kos k, ZZNZFNEHIICE DD D,
HEHICEZE 0, MfEOHEFMICLZ2EDE LT, kb
ARG ERUTOLSICEEI NS,

o =l X few X kg (3)

kia ko ke OEHIAHBES ORBRICKZEDTH
5ELTWVWS (b 1971, #EEMO 1. THFICDOWVT
DEDOEZEED S E Table 15 5%,

EMHAGHE fI2DVTiE, MREMDO 7Y —F
MR & Z DOF I & DI MG 0.5 ~ 0.6, HilF 0.4
~05, 518D 0.6 ~07 L TWV3, REMDOEEE
FUHHRELEEZ, BRBIEEEZEICHLT0.5, I4bb
FEBIRRIE IS ISR LT 0.75 £/, T’ & BT
LTBZEO05ELTVE, TORIIDOWTEIL (1962)
Z. TRDEDRRNETXICEKTZENDHS] LRELT
W5,

FERBLME R AT IS 13 70 < URMEE RR AT RME - [ fi
) DRITRENTVEY VT REOBIEE KELE
b oTo, [HERUETITE M OMIE T mOY > TR L
MREENTWERD > T FiRHETIEFENEIC R S -
THEHE L TE A HTOY T HRBDBEET N TV 5,

6. Bk D A A 2 H B O filE & Sk
(W3R 36 ~ 48 (1961 ~ 1973) 4E)

M O HAR RIS E, BR35 (1960) Fic. #Hilz
WKEENE D> THIE S Nz, BHA136 (1961) 46
H 15 HEME ERE 620 5. HHA140 (1965) F3 H
26 HEMEERE 406 512X b —HREE Nz, A
40 (1965) FDWIEIK. B DE K 72 R I HEE T
b7z, JAS RETHHIE (AN IAS Y — 7 Z2XKRT
572D —EDOHMERTED, TORBEITHE LI TH
WK U CREZITV, BREZZ =TI &2
HERMIC K > TIAS ¥ — 7 % KR BHIEE) ZfifEr
TRHEEHELLEZEDOTED D, RO L
U C— i LWEIBRIced S iz (iR 1965),

Ihilc, TRBEMTHZ TEM W) & THAE
FESTH 2 T8k WM OBKE L TH—REDH
WKHEENT WD, 5%, JAS & LIGHIEIC K
BRSO R I S e R X RS OO P 7 S it
K2 LEiCEbREERZEDEZELEZREDT NS
(A 1968). WEFI42 (1967) 4£ 12 H 8 H. BMEE
NES 1840 5 CTHIM O HARMBIEIEFEL TN, HH
51841 5. 3 1842 FIC X D EM D H AR EIEIRE &
O HAREKEEDX D L THIES N, Mo A
FEEMRBIRS 1. A O H RIS D 5 B ORI OB
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ZRARMICHERLTEO., ROV TIE, i
AARMT & o THM I N 28BEEARN Ty
Te, AR T, BHEER. JLAZERZ RT3, [EFEM
EWAMORAEEHZZT R Lo URA
1968),

TN THERT 47 (1972) EIZiE. SBEmD B OFEHAS
FEITH L, FE, WdE, FEOFEICAIL T,
S O HA RS REICSUE S Nz (R 47 4
10 A 14 HEME 5RE 1892 5). EHRMEIELLT
DED TH 5,

- PHEER O BIM TR AEM & LT TE 5 &
INTHRIETH N D DFERAF T2 U, TR, 155, 2 5
D3EHRE Uiz, FEBRU 1 Hi, @9
i1 T35 89 SRDFFHICNEICHET %,

- SR ER O H TR FEBRFE TIRELDE T, gD
FoONBENWBENLDSD, LHiED S5 DOHRE
(i, L/, NI 7)) ZEINFIHE LTER
IRTED XS LTz,

- KIS RIS DWW T D i ML 2 R B 2k o
LAVT w T2K0 0 RIS Y LEVEDIER
Gt gTr L L Lk,

c NLHzigE 2 L7z 5 DR RZ Lizd DITH LTk,
FHEEBHC OV T EKRK15% LT, ILRERICOW
TIF 13% LN EHEL T,

TN, MEDOROZEE, Hio e iEDZE
B RRHEE 7 DR & T AR IR O E OB NS T
bhiz Rt 1972, 1973),

LT AT, CEABEICOVTRLFEBA LLE
DADORNENTOH, MEABRE S OBk R
MOREMICEIFEHENRSNR VL E WV S RERICHE
DE, OUZAFEDLFEEBMA, LEDAOXRSDHIFRE
NTW3 (RIT 1973), TOWIEDSH 45 ELFE L
TEHETIE, BREEEXNTHRAKRRIEL, ZNH0
RN SEFEMENZLED AOWIENED TITONT
W, DA ELEDMICHERTEDEVWAS S C
ELEMEINTED, HBEOIRNLIZPOPRE-TE
&5 ThHs,

¥ WIERTO R TIE, HiOERB X UHIZLLOM
EICBOTHRTHEL, BN, TP TVHEIC DN T,
ZORMUZED 1.5 5 (MmcEELZEDICH >
T 2065 LLTHBEINRTVEDN, MEARES
OB RMNSAEZHE NS DOIEH S HENICD F
DENZENETANE, TORDOBEIC DOV TIETAX
THIR L. FMEIc kB T & E Ntz (RT 1973).

T, AR LXK S IR 36 (1961) i HARRHE
e URKSEREHEYE - RS Z R L Thiehs,
Z OUWETRADY 12 FE % O IEFT 48 (1973) F 4 HicHl &
Nic (HABEE2 1973), THEFIC, 1961 FFD



8 PABCE AL

UET LU, SRR O R0 AE 2 L BT % 70 B I
B S THEE I E R OBLEFYE | 5 XU THEE M
BIO HA KBRS ) OFIEICHADA, £z, BE
< Ot JIREIC BT 2 (e DR, W IBEIC 51 % iR
BSOEEMEORBRENMEE > TED T, ek,
fFERAICINER S N T W7z THEBRARM R ERGHRE ) =
FRLU TR LD, B E O 72 o fig
HERL, ZRIDODVTOMHLARTEHE LT
(1973 4FRR TARKEIEERFTHIHE - RIARRH ) P S0) £ D TH -
Too BIMICEET 2B Tl FRISHEBXUTY VT
FRELDSFIER IS A T )V — ZAEIME N g 2 sE
sV, e, i (1973) BIKOIG I HERK D
he D ZITWD D, A E DRGSR O FK X
FECDVTHFH LTV,

7. PEHIRE T3E D A4 — 7 kit 5 Bl ol
(W31 49 ~ 52 (1974 ~ 1977) 4E)

WAFD 49 (1974) 4, FRAVE O BIM HAKIC K & Riinit
MBHINT, PHIBE L4 —T b TH %, BEHI49
7 H 27 HERESERE 1019 51 &k b, e T
DOFMBEEENIE SNz ZTNICHTID 7 H 8 HITIE,
PR 5 7R ES 600 5 THURHEE T35 M5 A 8 O H A2
MIREDHIEI N TV S, TNE THMEE TR, Y
IRF DRI UETL SR 38 5% (CRETR MR U MEIEL) 1IcHD
WTHSEREDRERGZ TERENTOVEDN, Eid
BORIC K D Fiffi RN RE N, RN TIEE L TR
5N T Licixo Tz, FHHEE Tk OBl EHES D 458
WWHAY —NA T+ —BEHGEFITD [ HHEOHH
(1986) IZEEL W,

Fithi e 2 @ o 2 HR Tk, M TEICHY SN
BEMBICOVTOIRIGHEIRESN TN S
Teo —75. EEREOHERINFEEZ AT, BHI49 ~
50 (1974 ~1975) FIchF CTHREFEMERE oY
7 & DUNBIE{EE O TILEORMTE) ZEMELE, C
O7uY T WMERENE BRI
2 — & ORICHIZEBFEIC T 3 Bt M TTh N, [H
ra—NIOMNIBEEEEERES (BREE: BILK
BRGIRZEIR) HPRES N, BZRAROBANZ
WFFERAFED D STz, R 49 (1974) FREIC, FFE
IS ERE OB B X UOREMHOFELNEOR
EMTON, FRMROFRICHEMERE N, £
DRKFIEHFEF 50 (1975) 3 HICRE S (RREEE
WFEAT 1975) E LTD ELHENTVE . ATV
J Mk THREBIOXKE, hFFIZBT 3 KMD
MR OMER B X UAREZBERMENM L 72 HEM-FIR
DFERGAERDAER NS | FHEE LS FH 8 BRI
R HER IR T 2 I8 EFRX D E T EETH A
IEEZALNS] LOREZRG. LUFD 6 DDOFIHIC
K OIFEICTEDORELZEDREN T E NI,

@  HERGIAM OFREAE F &2 A, KE, HFZD
BRMSEDH L, BKEZEDRHEEITL,
B C L IcEI UL,

@ HEWXoyEeTERIRCESMmELa ek
MK BRI RE 0 &I EE®REVWDRES) &
BWHLU, HTFORKRBOERI S DRET
HBHTEBRDE,

® BRFEE O F &5, TIER DI K %5
Bt a ZF % T I &> T, MR T RS
F U BRI R SIS I g % iR & & D JE
HEIRRT F o BED B,

@ EWHFRICHEOREIZRERE FaZzd i
LTRDE ST, EMFAICTEDRED
T2 DI T — 2T A ARBERZSFLT TR
TR EHRYE - FRR) ICAHABND KT, AM
D) —=TWREZHNBZRENH D, ZOMIX
BVEBXUHENEOHIZER RN 5I1FIF 5/8 D
MERT, i, EEORH L5 HE LT,
PEREBIN TR L EREER L, T
DOffiz 1.5 L, 8 TARMOBREREE DX
LOEICKBMIZE 4/5 LA T, EH EOEWY
FRISE ) B 5RD S,

LF=4/5XFX o X5/8X1/1.5=1/3,F a (4)

® FHFARHEORLEROXSICT S, A,
7B S O RHAR OIS T RIS AR M O D EIHEE
. BMICO> TEMOLRZE 2121
LEBIRE 2 AT 208N %, T, —
IR D 7/10 L END, T, AM D5k
EHMEDIESDEIC K ZREBEEMROLS
FIRRIC 4/5 L H B, —T7. K6 AT B O ki ks
I X BEBFEBIEN 1.1 TH B DT, HIGH
KT BHRIEIE F) BXRRTEXORKRD S
TENTES,

sF=4/5XFX a X7/10X 11/10 = 2/3,Fa  (5)

4) KBXU (5) X SEMFFAISIE (F)
BEWHFRIGNE (F) OIEIF2M5ICk%,
® HAWOEGEHOIETZZEELT, THIC
1/1.5 72 CCEZHTT %,

2T, W Xor ) —To%E 58 (0.625) &,
KETI/16 D 1EBL (9/16X11/10=0.619) & LT
FONTVBHEDICHY T2 BN, D1 EIE
LOEZFTICOWTEIL (1977¢) &, 7 AV hH%
ETEd < Newlin D& EMN S, £ 10 FEOREFEEMIC
WIS D7) — TR, AREHE K ER A D il fef B
D916 (K56%) THaEIDBOLNTE, LHLK
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T E DORIM G & FFARIC T EDZEE 9

MO RERKHGRED 10 ER-EMb 2 X5 525
ZBDIFVEXY—mE D LT EHEZMN 1950 FRUTA -
TH<EHbNHL (8 9/16 B 10% 727 v TE N
72DTHB] EHALTWS, £, (5) ROE WM
B O HRBEIRF AN & 2 B RE 11710 W&, AEAE S SR IR
BB S ORRICE X I ZBEOEH L L BEbh b,

T, O SO@ODFIEIC & > THAISTERIEH
TN SHICHRALEEEL THFEBIOCHERR (F
A UFEATH—) Shxevonik, ch
7 Table 16 IR 9,

INSDRREEEZ T, WAIS24E7H 12 HER
BETRE 1017 BICK D EROWENEE N, SRO
FHECRBEESNEERAKRZH#RETE LRI TE R
Mo tehd, [HEDBR] OO YSIEERIC DV TR
MLTVWBETE, BT ol OFRLNEEZNISHDH
AB LYV TRBEROEENMBIR SN TS, &5,
WS ROFIEIC XD, LIRTORAMNEAEZ E D e 5R1E
JFEIL X Nz,

Ko, PRfEE TR THMEZED Iz TEESHL
JEE R (R PeAEE T TR E A E ) (s
RN R B RS 1974) WS IFD 49 (1974) 4EICHilE
TN, W52 (1977) F 8 H 1 HICHETR (FEE4mEk
INEERR RS 1977) DHIRE Nz HIICIEEFERIS
HNEMTERIN TV >h, WETHR TR RSV #E
O THEPSIM | B XU 2 R OFRICENRE
NTWVW3, TNSEOMEIE Table 16 LIZIXEMTSH %D
S-P-F & W Cedar BE £ 5N, fHIX W Cedar DE D
EFRALTWS,

& T AT, PEHLEE TIEF A DR RIS TS D% E D
o 7B 49 ~ 52 (1974 ~ 1977) EEHDHL N D
PRI RV, I3AD 50 (1975) 4FEFITO TREHHRE T
& Z OEATHMEDF ) GEHS-#1H 1975) Ik B &,
PrAHEE TiE M O HARBMBISIC K 208D 5 B,
ST [ARHKESERRETHHLE - [FIfEET) OBIZEM 15, S
A HNEOHFRCNENMIFATE: N THED (&
FRAEDL T T ORFAICITE S [FME) . HER OB DFF
RISNEEZBHLTWEEDEEbNS, &, #EE
B TR <Y, XA 2SO BERE. SIS 1
BEARAZAF, RAVHEEOHHERZIEL T3,

8. THH EREHE | 12 X 2 JFAIS g0 YUl
(I3F1 55 ~ 63 (1980 ~ 1988) 4F)

FEFT 56 (1981) . AMOHRISNEDKELEH
ENTe, FIFED 7 H 14 H, BT 196 51T K D @R
BT RN Db THiMERRE ] ANdEXh, B4
6 A1 BICHifTENTz, TOME. AMOFAISEL
KiEIC RE XNz (Table 17), A E LTIE, $HE
BB 2 D 4 BEICE > T=T &, THIY., 7
XY, b/ F VH XAV, BN XA A
FIVOD fLMEL TR D, MOFRISHTE SRR E R
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HICEBIC K> BT ENS, £z, MEHE
KXo TEMDOREM 7z RD B L &R EICHELR
SEUE L LT, AR OM K 8D S L i T 2
95 ZRICEE DIAE NI (8K 1982), MRIGHIZE DfE I —
HEMFFAIC N ED 3G EHFRISTED 1.5 %)
EEoT WD, Tabb, MERERE L VWS & DR ME
AR DR R L B RREEZ RV EOREERS &
FUCEMEEEZTVR VS TEEZEKLTWVS (&
A 1982),

A OFFEIS T ENZE TR S NTARIUT DWTI T o
YN—TZVVZT)UTHA —RKERERREDO TN
T—) OREMEIIZEE 1985) ICidENTwd, bk
RIS T OBEFENTERIBIS OV THBICHIFAT 3 &
VRO E TR KRB PLE R0, KEME
I B 72 i < B R D HARARM 2 D2 B N U RIE
2T XD TRERGSEIIES] DR S Nz, 1981 4F
I 1 EOMEENEIN TS, ZLTHEERE
Ik ML ERE) EICHEINEHEEE LD
O (5 4 N—Z V=TV THARl Lo
72o

FRISHEORH TG, RARMTIEIRERDT e
ZH o> TWIERV, FRICTIEDILT — X &% - Ik
BEDFIERE A% Table 18 ([T ¢ NN—T Y7V
YUHAR] ©0F£10.10) KR, TNHOMEIE, BLE
DF—XR7zd I, il & OBHED RS D2 )55
HEBICANTHBEINTEDTHD, T T2
HOF—REE TF 4 N—T V2TV TEHR]
KBV TEE 103 TELARMOMENMHEE] L L TR
ENTVBEN, HAKRMINTH iR TO THAD
A ORMTHERERZER 1966) ICK2BDELED
Nz (—fid TET3 M AM LNV R T v 7 (K
RT3 AMTENY RT Y JHRERTEZ 1982) I &
%), T OFIRHAEBEMEICH L TIES DX DHEE4/5 (IE
oz iRET 5 EEHMBRL 12%EE) ZRLEBZ L
&> T, MREM OB F ZFE L TWV5,

KA X DI R B o l2 DWW T, 1961 £/ (1973
ERRE M) o TARE S BIME - MR %
MM oMEREESNEE LT S &0 EH
0.63 = 0.62, #1157 0.43 = 0.45 L TEILLTWVWS (T
D o DfEEAIZ BT % 1988 ER TARE SRR UE -
W) ER—EN, ZOE®RN 540 NN—T Y
7V VAL TIEREIC X BIREGREL TARRER
FRIME - MRS TlRREIRE SN TV R), Fie, B
ABICDWVWTIE, EkiG a1 T glEHEEMES Y
HEUTEmREMDME FIC13.5PFLENT N
W7 N—Z =7 VTRl TlE, MhH
DENTRBEOLERMELTCa® 050 L, THIC
BOXEEMESIBEELTFIIUISERLE TV,
TR TIEDRFH % Table 19 (57 4 VN—TZ V=
TVYTHAR] O 10.11) IIRT,
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LT AT, EROHEIUETLITT T 89 5558 4 HB
KUE S HIOREINTW2D DIAR & HIEOFRISH
JERARBATIC K O —HHAIBRE N7zh, BERSS (1980)
F12H 1 H, BREERE 1799 5ARM DD DIAHRK
O A O JBE J D BT 2506 1 5% 72 78 8 % 1S & D pilig
ED S NTz (Table 20), TAREEFLFHRYE « [H MK
CIFEZTD ., PEROEROD DIARDHFRILSTE T EF
ERORIEDENTED, ZOMEE—RIT L D 1/5
(LEEHEOILOZOMINSICHHT 5 DIARZETE
W&o THEm I LoXEZET 2 BFho kO
ICBWTIZ 1/4) THob DM, LERSZ &0 Tk
RS CICHFRISTIENED SNz, TOREOH DA
BOHFRICNEREDORBE T — R ixolcDM, it
5 (e - i 1982) bS5 (BHREAMKERARS
19731 K % AR R T % (FhH 1993), 7z72 L.
P E T & OBFERETH o T2V A, XAV Ok
fERE L EIFO/MBRIZO DIARICB O TEHKAE TN,
M UCRHFAISIE LR > T,

FRERDOBIRDOFTFITEX. AMEL LN
100 L& 100 KD KZWIEAO 2 BETEIENS
FENTWEMN, 1230, 30<A=100, A>100D
3DDGEETHERNERTZ k>, V=30T
& fim=fin 30<A =100 Tl fi=fe (1.3—0.011), A >
100 TiX A=03£/(A/100)°> &N, TTTARER
ME. AREMMOEBROFBEIGNIETHZ, Th
5DFHEROBRICOWTIX, %D TARFEFH .
EfEi) (AAEEE 2SS 1988) O TEEL L i E n
TW5,

9. HAMIC X B58ET— 2 DA
(1 62 ~ 63 (1987 ~ 1988) 4£)

AT 62 (1987) F10 A 6 H., B 348 S X D4t
PILHE L T D D SUE & fz (Table 21), TDHIT,
f=HhTHOTEDD =061 ICEHEI N, TODRHIC
DWTELIATA 5. TR /NG BR 0 5 5 R T U
BREZ FET2L] F>FR,>F. ThH312D, >6H>1
LB A f=r>L L LT 2MTHE EHEL
TVW3ONMEEE L TETFONS, RiLfrbNns X
N5 > Te HAM ORI RN B, fi=f OBR
BEZYUTHBDEIEFTVRIEY, BLAL<AHETARET
55, (hH 1982)] . IZLOBMICONTITD
NI R SN IR DR ERERFE R 5, EEZ o &
58] 0o 0 0=1:2:3DBFEMPREDENT NS,
1937 B LI fi=f L LTCWEHEIIEZ Cich b, T
CLIE-TLDEZER2MNTHZ EEZ TV (F
H 1993) | LR EEIN TV,

e (1993) X, fiARIET NZBWICOWVWTLLT
DESICRFLTNVWDB, TRHRRMOMEIZ. 0v> 0>
o LT TE O R FUNABRIA DG G L R > T3
TN B, REEDORFHIHEE TNTWVS 5th

IN—t v RZANVEDLLEEE D &, M Efi: 51580
=1.00: 0.84: 0.64 DEE5NTz, TOHEEZE LICLT,
1987 TG [5R D FFAIS T E DM, #iF D ZnDF)
60BICHEESNIZDTH S |,

Flz, TO1ERICHRE Nz TARKEERE R -
FIfEs) (HAREERYES 1988) BEX U 1995 ik TARHE
W R G FHE - [ (HAREREY 2 1995) ORM O
AR SIEDIEICEE U Tl 1988 AR IMAKEE R 5 e -
FfRFE OFLH & IZIEFER) TIEFTL £=0.6f & L
THED. ROX SRR ENT VS, [FFAELE
DISHEE, —HEORAMDGI5E D RO Rx
SEIC, FAMTIENEIC—EDHEREMNFTHEEL
Teo [Fl—REHID X FIEMM OIS - HE5 158 O G5k DRS
B, 5th percentile fETHR % &, #t5[5E D 58 & il 8
JED 0.64 5L 7> TWicizsh, Tz T0.60 & L,
AF 2 G OEIHEM 1V EHOFTASL R O IS 1B FTA T
ISTIED 0.6 f5& UTe (FEHF : IRFGERIBRHYE - [H
fREl) CIREHES ML TR EN TV B D, 1995 4F
IR TAREIMEERE R HIE - MR TR EHER TV BB
EENTWD), #iFEqlkD OHRERZTT> Tk
WEHEER I, 1L, NI E CHRZEH LD, &
R T EOFRIIRD IS IEIZ, WEREND RO M
WNTHZ T EZME LT, NEHOFAEFIED IS E
EEICEL

BIEHIT, DRGSR AINE - ML) WDRITE N
BRICOVLTE, ITEZITROEIIKHEINT VS,
Mt XCHZIU % & WER, EERAMLNSE T N,
ZTNEZT TREBAE, 3 BEAGESFOBREL R
TEHHEOFENICWE A LS8 DORB Y, Thzn]
BEICT B 72ICIE. up to date REI AR Z B2 H M
TELREEMEEENDG, COBMIIDE, TR
HE - [ OUUEIREED E L, EDHATARM -
M DRI E LM - BT ORGHE 2 g%
T2 [FHERE] OFIT2E A28 >7zDT
H5 1,

TARM G EAYE - [T Tr=0.6 L LIz L
L@ THEN, AFETE T OMICH 7272 EHE A
ML OB B, KD TARRHERFHHRUE « [ ARG
VRPEHIEL I T & B B E, T3 O HA MR
R 1 HAH Y O E A A & RS O SR
DR EFR T TN L THBH, HEMEMOHFR
ISR T R i T D ZFNEE—~TH o7, L
MUEMNS, SO [RKEEHTE - RS T
FEARNICHER O TARREERZEHRIME - FfEE) & FIER.
R F/NRBIRIC K B HEREZR—Z L LTWVE E
DD, BREDOENVIMEERRY - KZ2&GETITbNs
DT RRM DO AR DORE R 2 H 7 I D An, &
EHALIEAT D ORI E & 13 875 2 BHRETE 2 3% 0E
LTW5 (Table 22 ~24), §xbb, VAV, 7
o YhH I (sl TE-EY) i, hoxvE
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VHEFER SV EAAREA T VIS, BiEE T,
BEZNE (HirHTREAho<Y e LT HEMHY)
LTV,

£/, TNETRAC KD EBEFEE X, HlcKS
ko ALBC KB ko HEHELEOBEFNC K S k, DRI «
=Xk Xk EENTEIEN, SEHBIE, HRLUN
AR DBEIEIC NI 2 RHAM O@BED ., Ixbbig
JEILE T BT LICEZATNEEEINT VS, il
MOMIRER ol TF 40 VNN—T =7 ) VT FAR]
WWRENZED LU T, i, L. BAMTEN
F140.45, 0.62, 0.50 TH 5, LM EMDalZZN
F10.56, 0.75, 0.50 £ 5 TW5B, oF IZHERFHMD
RHFEREIC R 9 5 B UER i O 15D E D%
a5 (FEEMEZHE) ZRLEZEDTHEH, TA
W D _ERHREE R 13 R S H DBRIE F D& LT 4/5 %
FUTICHEREADOEIMZINS C 2IC K> THA
FAWILNEZ B EME0EILTWVWS, KD
MHEICEA T OFFRISEX. ® DAR L 2
DEZER L. MIRICET 280 AR GEEETREL
THHREBICR U TR IERKKRT 2 HFiEEZRHALT
W3,

Y > FAZRE (Table 25) WP L T, SR o Kt Ff
BEM2ohb4oictmlizc ic k., —HOEE
THMNEEI N, £l AMOMMEICEAFROY
VBB ek TARKSEREETBIME - Ml T
AN R E SN T W Tedy, fRAE T R B
J7E=100: 10: 4 ~ 5 DEFRN S, —HHHE S DY >
TRED 125 LixoTz, 2720, TOfEIE TGS
HLUTRHEHATEZHD, ®OIAHDOENOIREICHN
BORWEUTHENVELTWVWS, E5IC, BANHIERZ
BUIFHEBRICHE D ZVY VT HREBD 1/15 L ENnTz,

& T AT IRMGERHRBME - RS DRITENK
WA OMEAT 63 (1988) 4 11 Hicidk, 7 ¢ >3 —
IUVZTVYTHAR] D, BEHEMEL S H R
oM EEEF 2 T Lz b, E4% TRERE®
RHAR T A UN—TZ VTV TOTXRTY) OKE
FEEWTFE2 1988) WD THITEN TV %,

10. EF 5k 0O R3S B8R O HAS R BLRS O il
(H3F1 63 ~F)k 4 (1988 ~ 1992) 4F)

1980 FAZ YA 5 1990 AR D WIEH, FHHTREE
EHLFHIE 160 HAZBA, XEREIEFICTHENRZEL
TWize —F, RIS TH > 7z N LHREFE,
S5EENZUMMEHRINCH AT Z2H0ENH D L,
DT LAy MEFIS K O EE - EREMNMREE X N7z
M ORI L B T b MEWEEOEEEIC
PEOARMEEEHFER X D ORI ETHEZ L
OREMNMER SN Tz (58 1991, Z T THE TP
T, ThHOEITHEYNTHIG L. A OAFE « i
WOEHLEAM MEEORE R EZ R T 2800 5.
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BT OIS 2 RARNC RE I 72, WM BEZROR
HWEND LS TR R] ZREL. FTLOE
WM EEORESEETRR LU, ZLT () AA
FE - AMEit >y 2 —IcfE I Nz TEERAAM M
RERMiZ A (BAER: KEMEIEKPEE) <6
W, BRI 63 (1988) 47 AHM 5 PRIt (1989) 46
HE CRMBIASUIIE 2 Z M U, [TH LR B O
HOFIEDONWT (HARMEE - KMEiffitz > 2% — 1989a
WKHTD) OLR—bEEDF LDz (FI 1989, Z
ONEIZ, OHEBIREORE., O TiEoHEl, M
Fib., @HIEX 7 OWRE(L, @iRESERX ) DA,
OKWIHAE R B ENORIED 5 HmzHm e Lz
DTHolce THITED . H LB B D T7 1Ak
EENTze O~@DDONE (I 1989, 1991, HARFE -
AME A > X — 1989a, b) ZHET B ELITDXS
IZ7% %,

@ F&RRHIS
BT QWM B 5 BRI S BURS 2 357
T8, REENX S OHMELDTE, RSO R
EDBAFEZRITS T Lic kD, RKEBREY ORE
RAHNTEN DT W E TR T U WS AR O 28]
X5,

@ ~HEoREl
HEHESTIE DFE Z 2D, B U EM B T,
Wrimi~ti (JE&, 1) IOV TRHEETEET %,
Fio. BATONENE (HARSTEC N 2 55A
72) BRATAMOBHEL TVWBEH, FHrLLE
MBI TIE TSI ZAM - <A FA[E L HET %,

® HEX
BT ORIEM OERER R Z RSO, B LM
TITHIEH & RFZIEM 2 BRI X7 U, REZEEM
KOWVWTENTZEDEZRRT %, WIEFRRITE
FEHIIC 4 ERFEICXK 29 5 (EERE: HIE SNz H
FTIZEARINC 15%., 20%. 25% DHZ M EHE N H
JeNni),

@ SREEERX D
PERDFEMXIEE L U TR G OREDN 508
ELEHCTERELZEDTHEHH, Hi L
R Tk, WM omENEL X O SEMICIRRET
Bz, L UTHERKMOMET— 2 5EHRX
7T B,

INHOEFZEEZ T EK3IA99DET A 31 H.
BEMOKESR SR 143 51T & 0 SFEE RS R E F A D
HABRMBRE D EIE SNz, TORKIE, RO
Wil E B ICET A0 LTO THEEH
) 2R RELIZEDTHoTz, TDizeD, HiEkKD
BURF D H A BEAREAS & JERS S F UM 72 1 5 & U 72 B
ELTHFERE LT,
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HF (1991 12 K 2 Bl m oW 258 IS AR
BORA Y b 2Rd ELLFDEY TH S,

c HESHESEMIC DOV TR, E9FEELTHL
P EREZ R L T 2 I E NS D (H
FEREEM) &, T & UTIEMiMERER LT L T 55
DICHHT 580 (LREKEM) &icnidbh,
IR0 MRERRE L T HEMICMHEHENZ E DI,
BVHFHEREEZ R E LTI EINE LD
CEDLBENTWVS, T-HEBEMIZ. ROTOW
MSEIC KOS LS 2T 5T,
* RACTHRFE SR IE 3 BERRIX > & Uy 1 i3 H AR
RO LRSS OIRIE 2, 2 HIX A E S O
MG CRFEFIELHETT O 89 2D AM OFFEIL
JIEISERD omEZHZE LTW5a, 3 H]iEY
RFOBFRFEZEEL T, 2OMENMEL T,
e LTHYWONE XS ICLTIELLEDHE
BITHEHDN T, 28D 70 %R E DIREICH N T 5
EDREEINTVE, TNHEDT LB, 2k
DR 1.00 &3, BFEHRDOREDBFRIE.
1A 2 8% : 3 #=1.25:1.00: 0.70 £/ %,

DLED 2 iz Eiglic, AR TR, B RO
WHEITLIHTLEEZLNTVAHE, L&, MHEOWER,
#, FEERIER ZICDWT, SR 0 IR E % 2%
. FOFERICEHE T 2RAMOUERRZ Y TIED,
BREMOHBEABEZRDZ L LB, BHERICET S
FABRR D BEIE D S HFHI T BRAE (5% TRRfE) 22K,
TNEZOHFEFROMEIREIHI Y T 2 FUEM (H AR
RO RMHFAGTED 35 L& 3 )iEMN
EontTna,

PLEDIICOWTEHE (2016) (& BT o ] BR i £
FeZz IHSIM O B A MEIRS & Feig U, TIH JAS O%F-1-
2HELHIAS D1+ 2 - 3DOHIBENIEF ICHLIL T
WADIE, HrIAS D2 HOHEZIHIAS O 1 FICRE
I XD, THITH JAS FERDOBEOMFRZ, 14k :
28k 3#%=1.25:1.00: 0.70 I 5 KD IT. EAMDHE
T — 2 ERDENERELENBTHo T, LT
MESR) Zo & ozblrTcidaEVy] LTV,

—HT, HiORETTLMELDOMICIIBHEICKST
FUBBRAHZTH A5 &DIREE. FAM DML
BOMERNMSTXTOBBEICH L TITEA LENT &
EHIH LTz B2, s 2 Hiftbb o HiAH
BGREIE, 7HARYRAISIIYTR06EETH- -
M, AFRE /FTIER01~02BEICTER, (F
H 1993), AEMKICBIT BRI TO/MBET—E
THO., BMEICHT ZHOBENKE DU -
o TWVaEHNEI NG, 2D, HIRILOZED
INEVWAFRE /) FTRIAAICEITH T 5 Hifkho
FHENLLEH L Ro TV EEbNn s,

R R X Ui DWW TE, UM O Y > S %
e TEE & OMICIEDHBEI S Z s, S
Y OREENE L TEMOMEZHETSEDTH
%o MY > FREGN 40 tt/em® BLED 6 RO 55>
THED., ABITED DN JETHMT Y > 7 iREx
HIE Uy 20 tfem® T & OHIREMED F# (ES0 ~ E150)
THERRTBHEELTWVD, 2L, BHEHRKS X
NIZWMTH > TE BHEHERX I R O ZFEREEM O
3MoOREE BB QMEERTNE RS RV, ik,
AT, 3R OEBREREMNR T SN, FIKE
15% LUK 7% D15, 20% LA T %2 D20, 25% LA K 7% D25
EERRTBEEDSNTZ,

ETHICHBFDIRME LT, T19904F 6 HOHKEY)
ZERICBII B HAEEICHEIET S JAS B O E R
HEAEIE, RAEOEEE S FORIZOHFEL LT
O—X7 v FENTz, FRCHEER SOV, WS KW
KA. MSR [Machine Stress Rated] BIFF55 D%
M < EEREN T Wz ) (BMUKEEBTHB R 1992)
EHBH KD, EHEBEHIEHARKERFEN & E> Tz,
HRMEYI RS I KU 1 [BIIAS FliRA I BN T,
HFREXOFI (T4 H—=YaArh) M, KkEKD
MSR # DO HAR BB ZHIE L, 2X4 FEFOHE
HAMICHERHTES LI LTIELLEDEFENRIN
Teo TNEZITTEMKESRZ. BNNORET — %
BRUHENEORKEZ N L, ZORHR, HuEEET
RGBS 72 TIREM O B AR CERK3 45 H 27
HEMKESETRE 701 5) BIUBEMIC X 5T
JIERIK o 72 AT 5 MR RE TR A UM O H AR AR
K CERC3 45 A 27 HEMKESS/RE 702 5) D
ICHIEEINE T L ehxote, £, MEDOFEILT
FIZDOWTI, a4 (1992) £ 4 H 7 HERE (TG
FEE 120 SR EF B AR SR E @ TR T
HEORMMEEDERICOVWT Ik FESI N,

11, FHEERS O R3S B D HA B2 MR IS G L Tz
PRI INEDFE CT-pk 4 ~ 8 (1992 ~ 1996) 4F)
FER 3 (1991) FlonfmE N, [T H 31 HNFT

i1 T E LT U Tz B AR OO A 35 H A D H AR R R AR I

RLUT, ¥4 (1992) 1 H 31 H. BB EERS

16 SAEREFTREFRBERETFN L LT MEHESD

& A OB N DOWT ) B E N, Chidét

BERG D R FH UM O H AR BB ICE ST 5 7RI

J5 7 SR UEE H T 5 89 S5 1 THODARIEEABR DR R

ELTEDONTZHIEE LTHRO |- THELLA R

ELTBD, HREFFCNEOBMEZEDEDT

& o7z (Table 26, 27),
ChICELTER (2012) BUTFDOXSIKFFL T

%o [ABREDIRET N E . HHEHRX 080 (F

MGG, CREMEER ) . BB X o BRI LT

HEREDNSZNEFNER LICHRISHERRESN
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TR THd, TNET. AMOFEISTIEIIBFTC
EATHR SN BRI K B RS RABRAE A D BRI S N
REINTOVED, A—BETH-> TEMBAICEIST
E&D IND KM DFREEEIC B DV 72 FFA IS T EE D

RESNT-CT LREHNENETH >z, TOBERIC
EEDZ { O FRER IR R TAM 7 E%hoh
KEIRIEBRE D B i & . MR SERMIC K %ol
JERABMFENE S NI R, 2 OMET — 2 NERHS
NTVWIENREEHEN > EEES>ETE
AN

DLED X Sic, BIEER O RS S D H A AR S
DfilE & ZNICH < FFRSTTEDOFREE. HHAE DR
MIRRBIC BV TIERICRKREREIUITH 72T &N S
MDA B,

HRISTEDFEIC DN T, B At b g
TuY s b UHAEBERM O Wi5H 52 %
3 F ﬁh%?%ﬁm%%JC¥m4$3ﬂ)(@ 8s)
1992) ICKBHRN—FHHHAEINTVD, ThEHE
DL (2000a), T SHICHFOERESEIC LT, Y
I H AR X 57 A & B R X 57 A DT A S )
[EDRE 2T B,

£ 9 HHER X 9 8 OFF RIS E D EARWNE 25

. THEE S O HARBRMEIRIC X D HERR T E N
%kﬁ@@ﬁﬁ%m;%ﬁﬁ@?@s%m%ﬁﬁab
HBRINEZRET S LENTWVW5BE, BARNIC
E%&$%@%ﬁ@%7—»bt%@@s%?@ﬁ(%
5% FRRAEDOMEN) MR NEORHIEREL I
720 5% FREfEIZ. ASTM D2915 (ASTM 1990) ¥ &
U7 a i EzD TARM OB SR 7% (2] 1
IRENTZSTET, T5%SHEKED 5% FEMHE LT
B0

MG 1ICDW TR, PR BERY S IZEH
MGG 1T O EE & S EThs T Lhbho
Telz, WSS 1 05 E = P RS T 11 ol
FBEEOEE Uz, LHRGERICDWTIE, LM
H1BXT 1 O AR DR 2 FfEMGSEH 1 02N
E R U TR R, CHEREIE T O #h TSR E = 0.8 X H S
EH I OHIF®REE Lz, S5IKMEOT—205
PP R 035 ) OD FE fig o 15 = 0.8 X R A% 335 FH oD il L i 8
R FH OO [ A iR BT = RS ] O JE R, SR
DGR =0.6 X i F 5@ E DRGNS N,

MEEE (BRHFARISHED 34 LT LD
BREEL®H DL Table 28 755, Thbb, FHMW
WIEHE O IT OMRIEE 2 REREIC X DRD, i
MEEREZM T Z T 2 EEaMBEHEINTWS T
LEns,

RN AR S5 A X 53 A D FFR I T E D AR FE 2 )5
. TREEORMEMZ A3 2 REEHBEMIC DOV T, HE
I X © MOE [Modulus Of Elasticity] & MOR [Modulus
Of Rupture] DOBIFRZRKD. T XD BEMAICHIE L
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TeMOE I L CREDHFRIGNEZ DT A 5] £ X
NTV3, FIHRBROAERE. B7amEEO TR
DM TR X 07 (D) ) IcEdifiEnizs oz H0n5
ttb\x¢\k/$\ﬁ77/\«47/%®%i
OB DN TSR T — 2D FHEL Tz iz o,
CNZITICHRINEZED T VD, TxbbE, £7
B L DOHEEBT—RICXDRD SN MOR D 5%
TR & MOE & DBFRL 5 % E KD MOE(E70 7% &)
ICH# 9 % MOR 23R, MREREZEHET 2, W
THEDOT—ZIC X B 51E D5EE =0.6 X fillF58E, [T
MRS = 0.8 X {i PR E O BIRA . WA Rl DR H
INB, RIKINTEAED LD 5 AT A EE DY
N, TOMRIFAICNEDNFELEN S,

ZO%., 8 (1996) 45 H 23 HTIF #EREAE
FEH 195 SR A TR EEREHEEE [#HER O
REE FH B OEHR T DWW T ) IS & b, SR O RS
R DOFFRIS T EDBIND 75 E Nz (Table 29, 30),
EHEHINTZNRIE, BN, 7AY, ZTVYIY - bR
VOB, VEISIUNE T T VIHTR
ZH . HREHRX D3 HOBNTH %,

INSEERMOIMITIHABRIC KD T —XIcH DX
EENTz, ZTO/HE., BEHSERX 7 8H 1. Table 28
DETRLELSIIC, 3OO TIIHE - &
FEOMHABEBRNE THREZR T A>Tz, FRMAFD
BRSSOV TS, HHEER O RS SR O H A R
BRI E DO THIOFE 217 - Fefi Tzl 7 — 2 2 FHwv
THBRISHENHMGEE N, ZOMBREELZLEIN
72o

BRI D 8IR 1Z, vX, TAhARY, TV .
k R=VIZDWT D MOE & MOR & DRFEMRD 5N
JefE R, 7ARYBIUTIYRY « B RIVERAT
VEDOBHERIC, LN A T Y HEORBRRICH 21
BATE Nz,

ETATTOM, A48 (1973) FICHITEN T
To TRMEEREFHHIUE - [MERNL A, Fpk 7 (1995) 4
1 H 25 H. DREMERGHTE - FfRE) &S 07%2
DTRITESNT VD, THIEIEA 63 (1988) 4D K
MG FTRRYE - [T TRAELICE > TV S
FrHFIC T 2 ONEZ MG L, #iaEEZ
BMULEEDTH S, FAISSTERRICOVWTIE IR
MG R AE - [FfRE) ZBEE L T\,

12. ILAEE O PERERLE (L & JEHEE)E D E
CERK 10 ~ 20 (1998 ~ 2008) 4F)

SERR 10 (1998) fF6 A 12 H. @EREMEL D %
YUET %A GEEE 100 5) I K b @SRRI A2
WIS EOE S Nz, TAUIEBFT 25 (1950) 4RI SR
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3T THIAT E N, HREBLUEH 2 Iic DV T
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Rlagg) MedicdulE I Nz CEEK 12 44 H 26 A
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FRAEL TR OME AT ETED, TOFRKEDOR
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T ASE A R 1024 Bk D, B 0IARE XU
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MELT TV, iz, HERIE S keffem® THEAEZ I
TV, HUERE XM, 915R 0. BT, B DIAH
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FLOFFARIS T E B K CHMEREIC DN TR T 80E
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DIELENT W, BIZE, e /FBXUTAHTIVIE,
N5 D5 MEGE O FEHEMHIC STV Hem-Tam O fof 2 i
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DEFKx Table 38 IZ/RT

14. BbHIC
BHiE 39 (1906) M5 FH 27 (2015) FFXTD 109
EMICD 2, BOEOBM B X CHRISITE -
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TV, dFRISEOMIEIRA Ll ZE DRz 5] Xk
WTETED, FRICHREE o IR AR HE AR 5 533
5B KO T YL TR OFF RIS I ED . HK
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ELTRLTWR ECAEEL, M, BLzEE
DERMER, HAREZENERET 2V T —hAT
A, ENEERERTY VALY g Vi, Ak
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Table 1. AM DL HEE GPAIIIE) (1913 4F)

Table 2. KM DFFAISSINE (1920 4F)

LARIG)1E (kgflem®)

A (kgffem®)

el Se JoJo bR Jo S o S
o XYL ALY 50 (700) 55 (800) 5 XV 75 7.5
e /F, BN 40 (550) 50 (700) i A S VAN %= A 4 65 6.5
LIS 35 (5000 45 (650) B 2 It~y ol 50 5
% TYF. TV 65 (900) 70 (1000) % TYF. TV 90 9

KIE 248 5 F st Rae il 2ees 142 56
T 1y INOBEIZHERTOM (b/in’)

Table 3. KM DFFAIGI1E (1937 4F)

RIE 94 11 H 9 H i Syt AR 102 5

Table 5. KM DFFAISSINE (1944 4F)

PRI SIE (kgffem®)

PRI (kgffem®)

Riffe . — Kiffe —
fe So fo S fe Sofo S
v /% TARY, yaxy, v /&, TARY, vaxy,
g A ATV 80 90 9 o U 160 180 14
% b\, N1k 70 80 8 % [<UA 140 160 12
I 2F, V<Y, FRYY, b LI ENE RN N E NN
L. AARE, ALV 60 0 7 V. hITY 120 140 10
TR TIHY 90 125 14 TR 180 250 28
%y 80 110 12 gy 160 220 24
LI DR N 70 95 10 LI DR N e 140 190 20

FAFD 12 4F 6 H 21 H Tt EEynEaEs TS 102 2%

WAHT 19 4E 8 9 H ks HAKRAERIRES 533 5 THESEY) SIS Rt o
DEA |

Table 4. THERFIAFEFEAM M1 1C KB ARMO5EE L BRI X BFFHFISNEDERE (1938 47)

1 il 111 v \ VI VIl VIII 1X X X1 XI1I X111
Wi#E R JEfE (kgflem®) iy (kgffem®) AW (kgflem?) TR DL HEAINYAEXD)E4

TREE GREE/6.5 RAEE HRIE/8 R SREE/R VIIV VIIV  VIVV IX/V

YNg (HUF) 0.33 340 52 470 59 49 6.1 1.38 0.144 1.13 0.117

2F 0.39 400 62 580 73 52 6.5 1.45 0.130 1.18 0.105

YAV 0.41 460 71 590 74 59 7.4 1.28 0.128 1.04 0.104

o A 0.41 370 57 580 73 63 7.9 1.57 0.170 1.28 0.139
g kR 0.47 430 66 690 86 71 8.9 1.60 0.165 1.39 0.135
3 0.43 450 69 640 80 65 8.1 1.42 0.144 1.16 0.117

e DA 0.43 380 58 600 75 72 9.0 1.58 0.190 1.29 0.155
= v /¥ 0.46 520 80 800 100 72 9.0 1.54 0.138 125 0.112
v Aoy 0.47 370 57 630 79 69 8.6 1.70 0.186 1.39 0.151

i T A 0.53 520 80 730 91 82 10.2 1.40 0.158 1.14 0.128
VA 0.52 550 85 750 94 83 10.4 1.36 0.151 1.11 0.122

ray 0.54 440 68 700 88 76 9.5 1.59 0.173 1.29 0.140

I 0.61 640 99 830 104 90 112 1.30 0.141 1.05 0.113

F — — — — — — — 1.47 0.155 1.20 0.126

7Y 0.50 350 54 580 73 64 8.0 1.66 0.183 135 0.148

P 7 0.71 490 75 950 119 98 123 1.94 0.200 1.59 0.164
A v 0.68 530 82 870 109 97 12.1 1.64 0.183 133 0.148
A RFT (TXFF) 080 460 71 790 99 79 9.9 1.72 0.172 1.39 0.140
ot THAY 1.06 510 79 1110 139 120 15.0 2.18 0.235 1.76 0.190
VSHY 0.99 640 99 1180 147 123 15.4 1.84 0.192 1.48 0.156

SF — — — — — — — 1.83 0.194 1.48 0.158

FRI, SR AR D RFZSES T REIC T C . R A iSO, 8, 11-20.

Table 6. KM DY > Z1Z5 (1944 4F)

Kiffe Y U RE (kgflem®)
THAHRY, vaxy, IH 90000
v /&, RRxV, ATV 80000
AX, EI, LN, YRV 70000

HAAD 19 42 8 1 9 H s HAERMERRAR S 533 5 Tpmsst

DA

KA ees 55 17 % 155, 2018
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Table 7. K DIFFEIIINE (1948 4F)

Table 8. AM OWHEIC A DFFAISIINE (1947 4F)

. EWFFESIE (keffem®) Rt AR DA IS ST AR
fe Sofo £ FHLERt 1/5f. 1/6f. 1/8f.

v/ F TARY, sERY, JRIRERS 1/3f; 1/4f; 1/5f.
g VA RARY o ! :
LN, NA b 70 80 6 Hiy ke = ; Lf
B Z2¥ 23 2%V, FRvU. - ’ 1

NIV, AL RE, v P 0 > a<d
n A 90 125 14 WAFD 22 4F 11 H 28 H TARKEES R ARUE
T ryvF 80 110 12
LI DR NS 70 95 10

TAFI 23 4 4 H 30 H HAGEEEHIRS - 2258 3001 TR O ML TR
o EHPRIS I G EITFAIS T E OBUED 2 £,

Table 9. KM DFFAISIINE (1959 4F)

Table 10. ¥@ERSEM OZFFIGTIEE (1961 45)

EHRFAICIE (kef/cm®)

BHRFAICE (kgf/em®)

it il fE
fe fofo £ fe fofo £
THIY, 7Oy, ATV, TARY, Ay, A
g BN B/ F VA RATYL 80 90 7 I I3V, BN B /F 80 90 7
HANAL ﬂ VH, XAV, X1
B 28 €3, zU=vl bR o S & AF EI, LIV,
V. NARAF, XAV I RRIY AALZF AN 60 70 5
% Hy 90 130 14 AVH AT I—R*
W rYE 2V F5. T 70 100 10 | Ay ‘ % 130 14
— ————— R DN N N =
WAR1 34 42 12 H 4 H BESREMEIAAGT T D5 89 56 om0 70 100 10
L RIIRPAIS 1 RIIRTAIS T EORUAD 2 15, fif rehy
U ST 70 90 6

Table 11. L#hiEH (BHERD ORFAILIE (1961 4F)

1961 £ERR TAMEGRGHIHE - [fFRL
HRATN— A& 1973 4RI TRKEEREETBYE - AR cinE
jhjto
T AR O AT (U HLE 0.3 DUT 7213 T DE 6mm DL E)
W LTI RFL DD 70% 72 & %
F 7. FYFIIOV T FFEENE Imm DL EDOED LT 2,
SHIRFAICT I RIIFFAIS T OBUED 2 5,

Table 12. ) VAR DFTFFIGIIE (1961 1)

S EWIFAIE (kgffom®) ftfe TR D ARG IE R RN ST
fo Sofs f BT IRAS 0.2/ 0.16f; 0.125f;
TARY, vaxy, A JEHERS 0.33f 0.25f: 0.2f;
RS B NI P A N N 100 120 9 AR i EXIER
£33 VH, ALY, RAL .
S N NS S kA -
M FREY RAZAF, X 80 90 7 * iv
AV, AT N—RA* a<d

1961 4R IARREERRG HRHE -« [RIfFRL

FRT I — A& 1973 IR TARKEERRFHARYE - FIffR) T
Nz,

T FHIRPAIS 213 RIRFAIC) ) E ORUED 2 15,
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Table 13. ROV > F1RE (1961 4) (HI: 10°kgflem®)

Kiffe Ey E.

BT TARY, savy. ATV BN B/ F UH XAV Ak 90 25

BOH UM AF B3 TUTY FEYYL ATAE, AAUAL AT V=R 70 '

% i 13 Hy 100 ,
w7 % nE 79, +5, 7+, ¥+, 7€MV 30

miFE > 70 3

v % L 7AY. Z7axy, HIY, AN, BEJF UH, XLV, AA L 100 X
okt I AF, I, VYRV, FRIY, RAAFE, RAVH, AT )—2F 80
(7. I\ NI N N e G s = NV 90

B g S 80 4

1961 4Ffije TAMEERBIE - AR

KR T N— AE 1973 4ERR TARRESEREHRYE - R TBmE Nz,

W ARE O RAF (KHZLLE 0.3 LU F 7213 FHFEEE omm L) 1SR U T ERELDED 70% 7% & %,
F I TFYFOWTEFIERE tImm L EOEDET S,

Table 14. MER S AR DL (HAfT: kgflem®)
féffe JEAREE 5 |G HhF s AR X IREK 10°
) F. F Fy F E, E.
| THIY, vaxy, ATV, BIN 350 ~ 450 700 ~ 1000 650 ~850 70 ~80(90) 65~ 80
i v UH AR A ~ 550 ~ 1300 ~ 1100 ~ 110 ~120  25~4
i1
T AF, EI, YTV, FRRY, XA 250~ 350 500 ~ 700 450 ~ 650 50 ~70~  55(50)~ ~6
AF, RAVH ~ 450 ~ 1000 ~ 850 90 70 ~ 100
L B 450 ~ 600 950 ~ 1500 900 ~ 1200 80 ~ 100 ~ 80 ~ 100
- ~ 750 ~ 2000 ~ 1500 130 ~ 140 3~5
2y _ 300 ~ 450 600 ~ 1000 500 ~ 800 60 ~ 80 ~ 60 ~ 80 ~7
1 =7 1.° ~
% W70 F77F TR TERY s (500) ~ 1600 ~ 1000 100 ~ 120
. 300 ~ 400 600 ~ 1100 450 ~ 750 50 ~ 70 ~ 55 ~ 80 3~4
m =9 ~ 500 ~ 1300 ~ 1000 90 ~ 120 ~ 6

1961 R IAME SRR ATHAE - [fFR
TE: MO, RRARAE i~ B~ b B e
71y INDOFAIE 1973 4R TARKESERGHRUE - FfES 1L 5.

Table 15. FFEIGIEOTI Tk CHAT: kgflem®)
ke K ke a 2/3a oF 2/3 aF o OHUE)
. 350 147 160 (1%
L] 0.7 0.9 1.0 0.63 0.42 o
s 0 250 105 120 (11 %D
N ) 4 2 2
(H5) A% 0.7 0.95 1.0 0.67 0.445 328 1(5)2 1(6)8
650 190 180
. 5 . . . 4 2
e, =il 0.5 0.95 0.9 0.43 0.29 450 130 140
Q) 850 320 240
( ) ik 0.6 0.98 0.95 0.56 0.37 €50 240 o
. 1 1
il 0.45 0.95 0.9 0.385 0.26 Zgg 128 128
el 1000 310 240
% 0.5 0.98 0.95 0.47 0.31 200 220 150
1/3.5 X 70 13 14
j:[z‘%
[EpLEl
1/3.5 X 50 10 10
Ik _ — — 1 2/3
it 4 1/3.5 X 90 17 18
’ 1/3.5 X 70 13 14

1961 4EhR TARGER BN - Wi

of  BITRFA IS 1

oF: SRR AN DR

o R K B ARIRIRE

ki ko ks TOENMR, ALEF, WRHEOBRHC & 2 IR EREL

FMFR AW EiRS 25 17 % 155, 2018
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Table 16. MEHIEE TIERSHIM OFFRICIESR (1975 4F) Table 17. AMDFFFICIIE (1980 4F)
o ) __
QP kefem ) s WA I Crghom)
LT - iyl St L hh_f
Vi b £ o S (jlos) TAHIY, 7axy, XAV 75 95 3
1R 95 120 8 30 110 w I ANAY 65 85 7
Fi 24 75 100 8 30 100 B £, TVVY, BEYY, A
DFirlL  3#% 45 55 8 30 90 =RV AF ARARAF RT 60 75 6
OVANSZYaY 85 75 8 30 90 IW—A
& AU 70 40 8 30 90 % hHy 90 130 14
I %&*4 U7¢ 45 20 8 30 90 B 2V, 75, T rvE 70 100 10
3 90 130 7 25 100 ———
o1 0 110 7 25 100 WA 55 45 7 1 14 H SRR T 7428 89 5%
o4 6 9 7 25 90 T FARF IS 1S RIIRPAIC S OFUED 2 £,
Hem-Tam 3/} 40 50 7 25 80
aYALSYvar 75 70 7 25 80
ARV HE—R 60 40 7 25 80 . .
dA—F4VF1 40 20 7 25 80 Table 18. ﬂ!ﬁﬁ()ﬁ’]‘ﬁi‘ffyﬁﬁi@%@ﬁﬁﬁ (HAA - kgf/cmz)
R 90 120 7 25 90 - R TR Ay T
B 1R 80 100 7 25 90 : MEX mE M
24 65 9 7 25 80 Ty, Tawy. N
Hem-Fir 3% 40 50 7 25 70 I <y 450 800 90
AVARTT¥ar 75 65 7 25 70 RSN N YEN
AR VE—R 60 35 7 25 70 st T ~re 425 750 80
== T
1% 65 95 6 20 85 T TVNY, REVY,
i oy 0 75 € 20 75 IV RV, AF XA ZAF, 350 650 70
S S-P-F 3 30 45 6 20 70 x?“;b—x
, AYARSIYEY 60 6 6 20 70 % I Ay 550 1100 160
| ARVE—E 50 35 6 20 70 B o 2u,F50 TF v E S 430 850 110
%&TﬂT{ 321$ 2 ;g Q 1985 4 154 Y N—TY V=7 1) Y H#Ak] % 10.10
LAk 65 90 6 20 80
R 2 4% 55 75 6 20 70 peoers -
WCedsr 3% W a6 a0 6 Table 19. FFAISJIEDORHIL CHA? - keflem?)
aVARSZTEY 60 55 6 20 65 JEfE © f=oF X a X2/3X1/2(a =0.62)
& AL 0 30 6 20 65 oF . LT o/
=74V 30 15 620 65 1% 360 744 N 75
AR 49 SRR A HANHA 7 1Y = 7 b /N EOHi i T DO BRE A 340 70.3 - 70
e B EERS i3 : ga‘vl\ i3 Pa %O _" :
PR RIS S BRI RIS ORUED 2 1 L 10 66.1 N 65
\E: 280 57.9 - 60
HEY @ p=oF X a X2/3X1/2(a =0.45)
oF o G NE) ifo
1 640 96 - 95
5o 600 90 - 90
o 111 %8 560 84 — 85
v % 520 78 - 75
FAM L fi=oFX a X2/3X1/2X1/1.5(a =0.5)
o s b0 s
1% 70 7.78 - 8
5o 65 7.22 - 7
(g 65 7.22 - 7
v £ 55 6.11 — 6

1985 4F T ¢ NN—Z =7 U 7FAR) £ 10.11

o BIHRFRIS SR

o TR SA DR FRBELC W9 2 HAEGRATICIE 5 D T {REK
4/5 e T8 D

o RISIC X A RIRE
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Table 20. KD VARDFFRIGHEE (1980 4F)

Table 21. AMDFFEIGIE (1987 45)

] EHIRFRIS
FifE (kgf/cm®)
TAHY, Ay, XAV 30
B ATV, BN, B/ F XA 25
B UH NAUH, EI, VYTV, bR
B 2w ~owv, 22 RrzE 27 20
—2
% b 40
B 20, 75, TF rrE 35

AR 5S4 12 A 1 H #REERE 1799 5 AMOD 0 IAFH KT
JERiAE D S DFF RIS S 7 52 8D % 1
e ARSI B BRI I OBUED 2 £5,

Table 22. ¥ ERGEM OFFRIDIIE (1988 4)

fitA

EWRFAIS /1 (kgflem®)

fe Je Jo s

TARY, 7avy, XAV T5 60 95

8
HIY, N B /SF XA 70 55 90 7
7

§+ W > J W >
i V. RNAVT]

65 50 85

B EI. TVYSY, PRV AN
VY, AF XL ZAF, AT 60 45 75 6

I— A
% b 90 80 130 14
g 2V, S5, T rvF 70 60 100 10

WAFT 62 4510 A 6 H EFEELUEL A1 775 89 2%
T EHIPRIS S BEIAGFAIEIE O BUED 2 £5,

foff

EWRFAISE (kgflem®)

fe S Jo S

I XAxv, ViihI<w 75 55 95 8

$ I e, e /F, ~qe 70 55 90 7
B TARY, Jaxy, ATV, VA XAVA 65 50 85 7
IV 3, V<Y, PRIV, Rowy, AF, XARF, AT)IL—R 60 45 75 6
[t W4 90 80 130 14
I AN i NI A i & sV <4 NV 70 60 100 10
B g 5oy 70 50 90 6

1988 4R TARRE S AT AR YE « [RIfRA

1 KEZEEEE 0.3 DL O ZFICH U TR DD 70% 72 & %,
T, TFYFIEOOTEHIFEERE lmm L EDOEDET B,
THHEPARIS T E I BB IEOBUED 2 £5,

Table 23. LARGEHM GHERD OFFAIS)1)E (1988 4F)

EHRFAICE (kef/cm®)

ke fe fi Jo £

I XA, ViElhosy 90 65 120 10
BT e, e JF AAE 85 65 110 9
B TARY, Jaxy, ATV, VA RXAVA 80 60 105 9
WVH I, YV, PRIV, R, AFX XA AF, AT )—X 75 55 95 7

1988 4R IARKESRTRRRHE - [RIAFRL
IE: FRPAIS T I RIFTAIS IS ORED 2 5,

Table 24. AP OEHEC A T DFFAEIS)1NE (1988 4F)

EIEPARISIE (keffom®)

AFR Ry ARG

Tef (1) 3AT) éﬁii@}[ﬁﬁ!ﬂﬁ
eI =
T Ay, Vilihoswy 30 95
% IR N, B JF ~fb 25 9.0
B _IE 7ARY, Zaxy, ATV, VA RAVA 25 8.0
IV T3, VYV, PRIV, R, AF, RAZAFE, AT )—R 20 7.5
1 A 40 18
O JVU.FI. TS FYFE TERY 35 14
B g 5o 30 14
1988 i TARRESE AT HRARYE - [RIfRa
e BHHIPRIS S B A E O BUED 2 £5,
I TIRAEIC & % 55K
fiffe PR AR (D DIAR) RS
F ) 1.00 0.80
JRBERS 1.00 0.75
WA R b
ke = e
E | }i
a<d
IN AN

WFSEATITZ e 55 17 & 1 %5, 2018
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Table 25. A OMEHE/ DY > F1RE0 (1988 45)

(BN 10°kgf/em®)

E,
BT EREH  FRE
I RNA<xy, VoY 100 110
N ENG S 90 100
B T ARy, saxY, ATV VH ANAVH 80 90
IV 3, V<Y, PRIV, R=oxY, AF, RAZRF, A )—2X 70 80
e UV AT 100 110
¥ E sV, FI. T FvF TENY 80 90
B g 5o 70 80

1988 4ERR TAKEER MRARYE - [AIfRE
T SEZLEEE 0.3 LR DX FITH L TR ERLDED 70% % & %,
FI. TFYFIOWTEHIERE Imm L EOEDET S,

Table 26. [ &1 55k D REE B O HA MBS H B
WX B DIFRILIE (1992 4F)

Table 27. [ S5k D REE BB D A BIS) BEHRS
WX B DFRILIIE (1992 4F)

EMFrAISIE (keffeom’)

EMFrRISIE (kgffom’)

i X5 A ipad E2%4
i 7 Iz I 3 : £ [ £
iy 1% 90 65 110 E50 — — —
A2 FHREH 2#) 60 45 75 E70 30 20 35
Z AR 1 #% 90 55 90 RNARY, Vo<, E 55 40 70
BT 60 35 60 A I E110 80 60 100
ey 1R 75 60 95 EI30 105 80 130
Sy TR 2% 65 50 85 EI50 130 95 165
2Rk —] % 75 45 75 E50 35 25 45
=T 65 40 65 E70 55 40 70
ey 1R 95 70 120 s E90 80 60 100
i Sy R 2 80 60 105 AIIV. BI/F EI110 100 75 130
= ~ fh L% 95 55 95 EI30 125 95 155
YT w0 50 80 EIS0 145 110 185
vy 1R 100 75 125 E50 60 45 75
vx PRI 2 4% 90 65 115 E70 75 55 95
iy 1% 100 60 100 . E90 90 70 115
LA 2 90 55 90 AF E110 105 80 135
PR 1 70 50 85 EI130 120 90 155
P TEREEM — o 70 50 85 EI50 140 105 175
Z HE b —L W 70 40 70 SERC4 T H 31 B BRA R 16 SERA TR RS
TEV W 10 40 70 AR
o 1% 70 50 90 T BRSO I BRSO D 2 5,
) RSN — s 0 < o FHESURAEE HTA5 89 ST K Do
AF 14k 70 40 70
M
Y T 40 65
P4 AR H 31 B R ERRE 16 SHEREETR AR Table 28. &K ORI 96 O HAS RIS H 815
AREEA WX 53 BRA D RARLEEE D LB %

PRI S BRI AIESE O BED 2 £5,
So (R EEL A TS 89 SRIC K B,
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il 558D R
FHfd F 0.6F 0.8F
ZfE 0.8F" 0.48F” 0.8F

MRREZF &5 5,

D AT 3K 0.75F, N3 FRIE 0.7F, TYVRY - R RV
3 i 0.5F

D HS5Y 3fIE 045F, BN3HRIZ 042F, VXY - FR¥Y
W3 HkiE 0.3F
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Table 29. [EHHERFOREIE B O HIASEABIG ) HBLSHRIX B OFFFIS S (1996 4F)
EWIRFAISE (kgflem®)

EWFFAISIE (kgflem®)

AN % | AN %
Riffe 2% £ I I I fef e X5 Hk I I I

1 4% 90 65 110 1% 100 75 125

FRERSEM 2 #% 55 40 65 MG 2 % 90 65 115

e 3% 35 25 45 3% 75 55 95

TARY 1 %% 90 50 90 e/% 1% 100 60 100
JRERGEM 2 /) 55 30 55 CREREEM 2 #) 90 55 90

3 35 20 35 3 75 45 75

1 #% 90 65 110 1% 70 50 85

PRS2 4] 60 45 75 FHFRMSIERH 2 % 70 50 85

NP 3% 45 35 55 TN 3k 55 40 70
ks 1%k 90 55 90 AT 1% 70 40 70
JAERGEM 2 /) 60 35 60 CRERGEM 2 /) 70 40 70

3% 45 25 45 3% 55 35 55

1 #% 75 60 95 1 90 65 115

FRfERGSER, 2 8 65 50 85 FRfiRGER, 2 /) 75 55 95

Sy 3 % 60 45 75 YVASSVN 3 % 45 35 55
1% 75 45 75 kR 1% 90 55 90

JREREM 2 /) 65 40 65 CRERGEM 2 /) 75 45 75

3% 60 35 55 3 45 15 25

1 #% 95 70 120 1 #% 70 50 90

FFRERGGA 2 6k 80 60 105 ARG, 2 8k 65 50 85

. - 3% 75 55 90 . 3K 60 45 75
AITVARTIY 14 95 55 95 AF 1% 70 40 70
CRERGIEM 2 % 80 50 30 JAERGEM 2 /) 65 40 65

3% 75 45 75 3% 60 35 60

1% 90 70 115 K 8 4E S H 23 H HEREA(HIEFEES 195 S A 1B dEfRE
FRFEMEIEM 2% 90 70 115 HE@EE
3 75 55 95 T FHHEPRIS I B BRI IE O BUED 2 £5,

en % %0 55 9 £ RS T 2 89 4600 K B
CRERGEM 2 Bk 90 55 90
3 % 75 40 65

Table 30. &34 Dk F b O HAS EEARBIRS ) B bk S
WX B DRI IIE (1996 45)
EMrAIeE (kgffem’)

fifA i

fe f Jo
E50 — - —
ATy g, 4 o0 N
ZVAATRT, XA E110 80 60 100
A, TYY, PRV
EI30 105 80 130
EI50 130 95 165
E50 35 25 45
E70 55 40 70
s . E9% 80 60 100
ATV EIECRN b 100 75 130
EI30 125 95 155
EI50 145 110 185
E50 60 45 75
E70 75 55 95
. E90 90 70 115
AF E110 105 80 135
EI130 120 90 155
EI150 140 105 175
SERK 8 4E S H 23 H AR A IR AR 195 Bl A R EER
AR EE

T RIS L RIRFAIC S ORUED 2 15,
S SRR T A5 89 SRIC K B
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Table 31. FEHIEE LiLHGEHI B OFFR)IS1E (1997 4F)
ENAG

I i HRS - S5 _ Ggfem)
/3 S S A
ek 87 81 122 8
n 1#% 74 55 82 8
IR 1 65 49 T2 8
D Fir-L 3% 37 28 42 8
aVANTI7vaY 72 37 55 8
CREREHA AR R—R 59 21 31 8
s1 =747+ 38 10 14 8
R 61 45 98 7
1% 51 28 61 7
M 2 % 42 22 45 7
Hem-Tam 3 ik 24 12 28 7
OVANI gy 47 15 33 7
JAEREEM A2 Z—R 33 9 18 7
=747+ 24 4 9 7
Tk 80 75 115 7
- 1#% 69 49 78 7
RN 2 % 63 41 69 7
Hem-Fir 3% 36 24 40 7
aVANSZYaY 61 31 52 7
RN A2 Z—R 56 17 29 7
=747+ 36 8 14 7
FERR 69 56 102 6
1% 61 40 74 6
R 2% 58 37 72 6
SII  S-P-F 3% 34 22 42 6
OVANT 7Y 62 28 54 6
CRERSHM AR R—R 53 16 30 6
=747+ 34 7 14 6
ek 51 47 79 6
1% 42 33 57 6
TRERHIM 2 ik 33 33 55 6
W Cedar 3% 19 20 32 6
VAT ZTaY 38 23 39 6
CREREIM AR R—R 29 14 22 6
1—7 )74 19 6 11 6

SERK 9 45 A 30 H EERRAHIEFE 255 S E R R RERR R
TR STERIECAY 104, 203, 204, 404 DEE,
THAFPRIS ] G BIARFAIS 1 OFUED 2 5,

104, 203, 204, 404 DADSHERL DS
FidoRoF i, TERRXB X GO U T FDO#EIC
B 2BEAEF I L T %,

REERZEN JIE ] E1be2) iiil5a AT
106 206 406 0.96 0.84 0.84
208 408 0.93 0.75 075 100
210 091 0.68 0.68
212 0.89 0.63 0.63
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Table 32. [BFEERF OGS HIBIM 0O LIASEAA RS H RIS 50 8 O JEHERE S (2000 45) & JEAEGIPEGREL (2002 4F)
FOERIE (N/mm) | BERERE (Nmm) TEERE (N R ERE (Nimm)

it KXo Hk . r R F R — fétd Xy FR . n R F R —
1f% 270 204 336 18 306 228 384
FRERGER 2 168 126 204 FAREREEAT 2 8% 270 204 342
o . 3 114 9.0 144 3% 234 174 288
I 1f% 270 162 264 2410065 e/¥ 1% 306 186 306 21 1.0 8.5
CREREER 28 168 102 168 CREREER 28 270 162 270
3 114 72 114 3% 234 138 234
1f% 270 204 342 1#% 210 156 264
FREREER 28 180 13.8 228 FFRERGEM 28 210 156 264
N 3f% 13.8 108 174 . 3% 174 132 216
AR 1#% 270 162 27.0 24 12085 AT 1#% 210 126 21.0 21 95 65
CFEREERS 28 18.0 10.8 18.0 CREREER 28 210 12,6 21.0
3% 138 84 138 3% 174 102 174 Ey D
1% 234 180 294 1% 27.0 204 342 1/15
FRERGEM 28k 204 156 258 FREREEA 2 22.8 174 282
. 3%k 186 13.8 234 ED IYIV., 3% 13.8 108 174
7= 1#% 234 144 234 2 95 60 s N4 1# 270 162 27.0 L8 10075
CREREER 28 204 126 204 CREREEM 28 228 13.8 228
3% 186 108 174 3 13.8 54 9.0
1f 288 21.6 36.0 1f% 216 162 27.0
FRERESA 24k 252 186 312 RERGSEM 24 204 156 258
LAY 3f% 222 168 276 . 3% 18.0 138 222
Vi eV 1#% 288 174 288 2 13090 AF 1% 216 132 216 L8 7045
CRERESER 24 252 150 252 CHREREER 24 204 12,6 204
3f 222 132 222 3% 18.0 10.8 18.0

1#% 282 21.0 348
FRERSSEHR 24k 276 21.0 34.8
<A 3{&& 234 18.0 294 21 00 75
1#% 282 168 282
JHEREIER 28 276 168 276
3% 234 126 204
SERE 12 4R 5 H 31 HASRE SRS 1452 5
T FEEIEARENE 2002 RRR TRBEIREERGHIE - [ ICK %,
E. GXZNZNEETmOmrk R B AWEREL IRTD 0. 0.05 1 ZFNZNERKEE 75%ICFB1F 5 50, 5% NAUFFATRRUE,

Table 33. [BFEERF OGS HIBIBE OO LIASEEIA RS 1 BEAR SR X 50 b O JEHERE S (2000 4F) & FEHEGIPEIREL (2002 45)

. seqp FHERE (N/mm’) FAEPEREL (kKN/mm”)
F. F, Fy F Ey Eoos Go
E50 - - - - -
THYY SNV ATVEA 0 D0 s s
IV, NLVH, TRV, b ' ' : ' '
e E110 24.6 18.6 30.6 10.8 9.8
E130 31.8 24.0 39.6 12.7 11.8
E150 39.0 29.4 48.6 14.7 13.7
E50 11.4 8.4 13.8 49 3.9
E70 18.0 13.2 222 6.9 5.9
- N E90 24.6 18.6 30.6 R &1 8.8 7.8
ATV BIFEA E110 31.2 23.4 384 E & [ 10.8 9.8 Eo D 1715
E130 37.8 28.2 46.8 12.7 11.8
E150 44.4 33.0 55.2 14.7 13.7
E50 19.2 14.4 24.0 49 3.9
E70 234 17.4 29.4 6.9 5.9
2 E90 28.2 21.0 34.8 8.8 7.8
E110 324 24.6 40.8 10.8 9.8
E130 37.2 27.6 46.2 12.7 11.8
E150 414 31.2 51.6 14.7 13.7

SRR 12 4F 5 H 31 HEEER A SR 1452 5
TE: FMESME(R RS 2002 FERR TAREIRGERGHEYE « [ 1<K B,
E. GIRZZNZFNHHET M OMMERE, B AWTHIERE. TED 0. 0.05 1 ZNFIUSIUKIEE 75%12351F % 50, 5% FMUFFATRSE,
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Table 34. FHHHBE T35RSE H B DL SR (2000 45) & SEAEGIPEAREL (2002 4F)

P E OB HUE & FFRICT L DZE
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Kiffe /N FUEFRE (N/mm’) FAEGEREL (KN/mm®)
g MR K ik F. F £ F, Eo
Tl 25.8 24.0 36.0 12.6
1% 222 16.2 24.6 11.7
T 2 % 19.2 15.0 21.6 10.7
D Fir-L 3k 11.4 8.4 12.6 24 95
aAVANT I aY 21.6 11.4 16.2 10.0
i AR VA —R 17.4 6.6 9.6 9.1
sl e At 114 3.0 42 8.5
Tl 18.0 13.8 29.4 8.2
1% 15.0 8.4 18.0 7.5
i 2 % 12.6 6.6 13.8 7.5
Hem-Tam 3% 7.2 3.6 8.4 2.1 6.2
aAVANS T3V 14.4 4.8 10.2 6.9
CFE AR VR —R 11.4 3.0 5.4 6.2
dI—74UT 4 7.2 1.2 3.0 5.5
Tk 24.0 222 34.2 10.6
1% 20.4 15.0 23.4 9.8
T 2 ik 18.6 12.6 20.4 9.1
Hem-Fir 3% 10.8 72 12.0 2.1 8.1
aAVANS gV 19.8 9.6 15.6 9.9
i AZVR—R 16.8 5.4 9.0 9.0
dI—T 4T+ 10.8 2.4 42 8.4
Tk 20.4 16.8 30.0 10.5
TS 1 ff& 18.0 12.0 222 10.0
2 #l 17.4 11.4 21.6 9.6
SII S-P-F 3% 10.2 6.6 12.6 1.8 9.3
aAVANT T ay 18.6 8.4 16.2 9.8
Jf ARVE—FR 15.6 48 9.0 8.9
dI—74 )T« 10.2 2.4 42 8.3
Tk 15.0 14.4 23.4 75
1% 12.6 10.2 16.8 6.9
T 2 % 10.2 10.2 16.2 6.9
W Cedar 3% 6.0 6.0 9.6 1.8 6.2
aAVANTI T ay 11.4 7.2 12.0 6.2
i AR VA —R 9.0 42 6.6 55
d1—74)T 4 6.0 1.8 3.6 5.5

SERK 12 45 5 H 31 HERRRE SRS 1452 %5
BRI 104, 203, 204, 404 DG, TN DT Table 31 DIREUCHES o

FEEGIPEGRENS 2002 Rl TARETRGEREHHIUE - [ 1IC K 2,

EZHEHET ORI TRTFD 0 I3AFIEUKHE 75%1C 51 % 50% FAIFFARRYMA,

Table 35. MG O RLUERES (2000 4E) & KEUESPEAREL (2002 4F)

FHEGRE (N/mm’)

HEERIEARE (N/mm®)

i e F. F; Fy F Cl *E Ey Eoos Gy
THIY, ravy, NAX RAIY, ZTVHATIY 100 6.5
222 177 282 24
v 7728 LS. EJF, AAL 90 60
HIY, BN B/ F AN THARY, 7avy, hIX
207 162 267 2.1 . o~ . .
prsy 1E BHERE W, WA, AL VA 8053
VA, RNAVH 192 147 252 2.1 T3, VY., FEREY, 5D
T3, VYV, R RV, NIV, AF, XA ZXF, 70 45 1‘}15
NIV, AF, XA ZXF, 177 135 222 18 AT I— A
AT W—Z H 10.0 6.5
g Y 27.0 24.0 384 42 7V, FI. T Y E
I HER gV, FI,. T, rvE 210 18.0 294 3.0 IS TE LY 8.0 33
59 7.0 4.5

SERK 12 45 5 H 31 HERRRE SRS 1452 %5

TE: SRR CRES 2002 4R TAEURGISRE TR - ARG 12X %

E. GI3TNZHEHA mOBEREL B ANBIMEREL FFD 0, 0.05 13ZNZTNEHIKIEE 75%I1CI1) 5 50, 5% FRFFARSMA,
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Table 36. RE D& AR DHIETRIEE (2001 4F)

a HHERIX B BERERR I  BUb . I
foifd TR (Nimnr)
THARY, TAY, XAV 9.0
HIIV. BN, B EF RS 7.8

FIER R, RAUH, B, VSV, b
R, R, AF, XA XF, 6.0

AT I— R
h 12.0
D NEE NS N T 103
b PEfHEE T iA3E F 4
By -7 Kiffe S (Nimnr)
SI D Fir-L 9.0
Hem-Tam 7.8
Hem-Fir 6.0
SIT S-P-F 6.0
W Cedar 6.0

SERK 13 4F 6 H 12 HIE A EE &R 1024 5

Table 37. FEHIRE TIEHGE N B 6 X OFHHHEE CIEREE N 72 THES M OSBRI (2015 47) & SBERPECREL (2002 4)

. FEHERRE (N/mm®) SRR RRAL (N/mm’) ) FUERE (N/mm®)
)(/\ S i >(/\ 5
i X9 B4 R — £ i X5 R T E—
Rl 258 240 36.0 12.6 R 241 262 39.0
1 %% 222 162 24.6 11.7 1% 207 16.1 244
gt 2 192 150 21.6 10.7 T 2 % 187 119 185
. 34k 114 84 126 9.5 3% 107 68 106
D Fir-L aVANSZoay 216 14 162 10.0 SYp aUANS7vaY 199 89 139 F
i ARVA—R 174 66 9.6 9.1 CFE AZRVRA—R 165 50 7.8
dI—714UT 4 114 30 42 8.5 d—7T14UT 4 107 23 3.7
Te TR T2 TREE R 174 66 9.6 9.2 7o TR 72 THEE R 165 50 78
R 180 13.8 294 8.2 R 249 206 33.6
1 Hk 150 84 18.0 7.5 1 7% 21.1 141 237
T 2% 126 66 138 75 Tl 2 182 125 222
— 3k 72 36 84 )1 6.2 isI 3 % 106 73 129 -
em-tam aAVARSHYaY 144 48 102 6.9 aAVARSHYaY 198 95 169
i ARVR—R 114 30 54 6.2 ZFE AR R—R 160 53 93
d—T4UT 4 72 12 3.0 5.5 d—T4UT 4 106 25 44
7o TR 72 THEE R 114 30 54 6.2 To TR 72 THRE R 160 53 93
R 240 222 342 10.6 R 157 160 284
1) 204 150 234 9.8 1% 157 122 204
Tl 2 18.6 126 204 9.1 il 2 157 122 195
Hom.Fi 3k 108 72 120 1 8.1 Is1 3k 9.1 7.1 113 I
em-tr aAVARSHYaY 198 96 156 9.9 aAVARSZYaY 157 93 148
i AR VE—R 168 54 9.0 9.0 A ARVE—R 138 51 82
I—74V7+« 108 24 42 8.4 I—74VT+« 9.1 24 39
Jo TR 72 THREH 168 54 9.0 9.9 Te TR THREM 138 51 82
Rk 204 16.8 30.0 10.5 Rk 209 169 225
1k 18.0 120 222 10.0 ) 1k 183 113 16.1
i 2% 174 114 216 9.6 il 2 170 9.7 155
3 102 66 126 9.3 3k 98 57 11.8
S-P-F aVALT7¥aY 186 84 162 18 9.8 st aAVANT Y3y 179 14 65 21
R ARVHE R 156 48 9.0 8.9 b ARVE—R 149 41 65
I-54V7+« 102 24 42 8.3 I-54V7+« 98 19 3.1
Te TR T2 THEEH 156 48 9.0 8.9 7o TR T THEER 149 41 65
R 150 144 234 7.5
1% 126 102 168 6.9
R
2 102 102 162 6.9 B . .
34 60 60 96 62 ERDS O DS & )
W Cedar : AT DEE : - - 1.8 . LRl ROBMIC, SHERRB XTI OFEICIE T T FD
- X; 7\7 F/f' - 191(;‘ Z; 162~60 2? RITBF BTN T 5,
VA —R . . . . - - - -
EREEy 60 18 36 55 EREC JEfE 5IED ey A
7o TR 72 THEE M 90 42 6.6 5.5 ;gg ig; 206 306 406 gzg 232 gi:
TR 27 4 8 A 4 FIESOBA SRS 910 5 i 210 091 068 oe8 1.00
FEAEGPER I 2002 FRR TREIMHGERE S HIYE - AR 1IC X 2. e 0‘ % 0‘ 3 o' 0
EEHEHEST [ OPERE, RO 0 IIMSHUKYE 75%1C 351 % 50% FIFFARR S, : : :

e STERIECAY 104, 203, 204, 304, 404 O (RRHEE TyEME S H 84
SHERIECAY 2030 204 DG (RUHHEE TIERGE H 72 THES R
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History of sawn lumber standards and allowable stresses in Japan

Hirofumi IDO"*

Abstract

Nationwide standards about sawn lumber and allowable stresses have improved since the Meiji era in Japan. These
standards and allowable stresses were inherited through a large number of establishments and amendments. However,
the background and basis of values in many standards and allowable stresses remain unclear or unknown. This paper
aims to discuss the history and basis of sawn lumber standards and allowable stresses in Japan.

Key words: standard, sawn lumber, allowable stress, history
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Chemical characterization and efficient extraction of
condensed tannin from the bark of juvenile Salix species

Rei MAKINO"" and Koh HASHIDA"

Abstract

Short-rotation harvesting of Salix species has been studied for potential biomass resources because of their great
bud flush. The chemical characteristics and extractability of bark extractives, especially condensed tannin, from 1-2-
and 3-5-year-old Salix pet-susu and Salix sachalinensis trees were investigated. Among the results, the yields of 70%
acetone aqueous extractives from the bark of S. pet-susu and S. sachalinensis were 29.0% and 25.8% (based on oven
dried bark), respectively; and the tannin polymer contents of the extractives of S. pet-susu and S. sachalinensis were
43.4% and 39.4% (based on 70% acetone aqueous extractives), respectively. The chemical characteristics of the
tannin polymers were determined by “C-NMR, Py-GC/MS, and GPC analyses, and the tannins of S. pet-susu and S.
sachalinensis consisted mainly of procyanidin and prodelphinidin. The approximate degree of polymerization was
calculated as 6 (S. pet-susu) and 5 (S. sachalinensis). From the results of total extractives with water extraction at
various temperatures, and with organic solvent extraction, the highest yields of total extractives and total polyphenols
were obtained with 100 °C water extraction. On the other hand, those of total flavanols were observed with 70%
acetone extraction. In order to consider an alternative treatment for debarking and grinding treatment, crush treatment
was conducted, and the results indicated that such treatment raised the yields of total extractives, total polyphenols,
and total flavanols to those from powder form. Additionally, it is evident that a 2-hour extraction time was the most
effective to obtain condensed tannin from the crushed sample of S. sachalinensis and a 1-hour extraction time was
adequate in the case of S. pet-susu. Based on the results, we conclude that short-rotation harvested Salix trees are

potentially valuable natural resources for useful chemicals, especially condensed tannin.

Key words: bark, condensed tannin, juvenile Salix species, crush pretreatment

1. Introduction

Salices are fast growing tree species, with advantages for
biomass production because of their great bud flush. Recently,
short-rotation harvesting of Salix species has been investigated
for potential biomass resources, such as fuel wood materials and
raw materials for pulp and bioethanol production (Willebrand
et al. 1993, Kopp et al. 2001, Sassner et al. 2008). In Japan,
short-rotation plantation has been carried out using Salix pet-
susu and Salix sachalinensis in Hokkaido and the harvesting
is performed in 3 years cycle (Utsugi et al. 2015). Since Salix
pet-susu and Salix sachalinensis are widely distributed from
upstream to downstream along the river in Hokkaido, the short-
rotation plantation is possible to be carried out in various site
locations. For efficiency concerning cultivation, these tree
species are harvested in less than 5 years, and the standard
felling age in Hokkaido is politically set to 5 years (Hokkaido
government 2017). Therefore, it is important to make clear
the characteristics of juvenile Salix species for usage of these
species in Hokkaido (Orihashi et al. 2014).

Received 8 June 2017, Accepted 2 October 2017

The bark of the Salix species is well known to contain
a variety of useful compounds, including salicin, salicylates,
polyphenols, and cinnamic acid derivatives (Pearl and Darling
1970, Kammerer et al. 2005, Forster et al. 2010). Some Salix
species such as Salix rorida contain rich amounts of condensed
tannin in the bark (Ohara and Yanagi 1995). Condensed tannin
has various useful properties, such as antioxidant activity
(Rice-Evans et al. 1996, Yokozawa et al. 1998, Kahkonen et
al. 1999), antiherbivore activity (Ayres et al. 1997), antifeedant
activity (Ohmura et al. 2000) and antimicrobial activity
(Scalbert 1991). Little study has been done on bark extractives
from juvenile trees, including short-rotation Salix species.
Therefore, it is important to characterize bark extractives from
juvenile trees of the Salix species, with an eye to promoting the
utilization of extractives with high added value. In this study,
the amounts and chemical characteristics of bark extractives (in
particular, condensed tannin) of juvenile Salix species, and the
extractability of condensed tannins under various conditions,

were investigated.

1) Department of Forest Resource Chemistry, Forestry and Forest Products Research Institute (FFPRI)
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2. Materials and methods
2.1 Plant materials
Bark samples were collected from Salix pet-susu and Salix
sachalinensis grown in Hokkaido. Branches of these Salix
trees were separated into 1-2-year-old and 3-5-year-old groups.
The bark samples were air-dried, ground in a cutting mill, and

passed through a 2 mm mesh.

2.2 Extraction and purification of condensed tannin
polymers

Condensed tannin polymers were prepared according to
Ohara et al. (1994). Milled samples (10 g) were extracted four
times with 200 ml of 70% acetone aqueous solution at room
temperature for 6-12 hours, and the extractives were recovered
by centrifugation. Then, acetone was removed on a rotary
evaporator, and the solutions were freeze-dried to produce the
corresponding 70% acetone extractives.

The portion of 70% acetone extractives was dissolved
in water and extracted successively with n-hexane and ethyl
acetate (EtOAc). The EtOAc-soluble fractions were dried on a
rotary evaporator to yield EtOAc extractives. The water-soluble
portion was freeze-dried, then dissolved in 50% methanol
aqueous solution, and applied to a Sephadex LH20 column.
The column was eluted with 50% methanol aqueous solution
until the eluate was colorless, and then eluted with 50% acetone
aqueous solution. The 50% acetone eluate was evaporated and

freeze-dried to obtain tannin polymers (Fig. 1).

2.3 Characterization of condensed tannin polymers

“C-NMR spectra "C-NMR spectra were recorded on an
ALPHA-500 spectrometer (JEOL, Japan) using acetone-ds-D>O
(9/1, v/v) as a solvent.

Pyrolysis-GC/MS analysis (Py-GC/MS) Py-GC/MS
analysis was performed with a Curie-point pyrolyzer (JHP-3,
Japan Analytical Industry, Japan). Py temperature: 500°C; time:
4 s. The pyrolyzer was interfaced (interface temperature 270°C)
with a GC/MS system consisting of a Shimadzu GC-17A and

70% Acetone extractives

n-Hexane extraction

QP5000 (Shimadzu, Japan) operating under the conditions as
reported by Ohara et al. (2003). The molar ratios of pyrogallol
type B-ring to catechol type B-ring was calculated according to
the following equation:

Pyrogallol/catechol=[pyrogallol yield (mol)+5-
methypyrogallol yield (mol)]/[catechol yield (mol)+4-
methylcatechol yield (mol)]

Gel permeation chromatography (GPC) analysis
Condensed tannin polymers were acetylated with pyridine-
acetic anhydride (1/1, v/v) at room temperature. The average
molecular weights of the acetyl derivatives were measured
by GPC analysis. GPC analysis was performed with a LC-VP
HPLC system (Shimadzu, Japan). Analysis conditions: column,
Shodex KF-802, KF-803, KF804 column (i.d. 8 mm x 300
mm, Showa denko, Japan); column temperature, 40 °C; mobile
phase, THF; flow rate, | ml min"; detection, UV absorbance at

280 nm; molecular weight standards, polystyrenes.

2.4 Water extraction

Milled samples (1 g) were extracted with 200 ml of water
at 25, 50, 80, and 100 °C, in a reflux condenser for three hours.
The extractives were then recovered by filtration through a 1G3
glass filter. The total amount of extractives was determined by
weighing the freeze-dried filtrate. The filtrate was used as the
test solution for quantitative analyses of total polyphenols and

total flavanols.

2.5 Organic solvent extraction

Milled samples (1 g) were extracted with 200 ml of 70%
acetone or 50% ethanol aqueous solution at room temperature
for three hours. The extractives were then recovered using the
same procedure as in water extraction, and the filtrate was used

for quantitative analyses.

2.6 Total polyphenols and flavanols in extractives
Total polyphenols and flavanols in the extractives were

determined according to the Folin-Ciocalteu method (Julkunen

Water layer

|EtOAc extraction

EtOAc extractives

n-Hexane extractives

Water layer
I Sephadex LH-20 column chromatography

[
50% MeOH eluate

Fig. 1. Purification of tannin polymers

]
50% Acetone eluate
(Tannin polymers)
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Fig. 2. Untreated, crushed, and ground branch samples of 1-2-year-old Salix species

1985) and the vanillin-HCI method (Broadhurst and Jones
1978), respectively. The calibration curve was determined using
catechin as the standard sample.The experiment was carried out

in duplicate.

2.7 Crush treatment of branch as a pre-treatment for
extraction
The branch samples with bark of 1-2-year-old Salix
species were cut into a 3-cm length chip and then beaten with
a hammer, or ground in a Wiley mill to pass through a 2 mm
pass (Fig. 2). Three grams of the sample were added to 200 ml
of water. Then 100 °C water extraction was performed for three

hours.

3. Results and discussion
3.1 Chemical characteristics of condensed tannin in bark
of Salix pet-susu and Salix sachalinensis
As is seen in Table 1, the yields of 70% acetone aqueous
extractives from the bark of S. pet-susu and S. sachalinensis
were 29.0% and 25.8%, respectively. The yields of 70%
acetone aqueous extractives from benzene extracted barks

of four Japanese Salix species varied between 27.2% and

34.9% (Ohara and Yanagi 1995). In the present study, the 70%
acetone aqueous extractives from juvenile trees of the Salix
species showed a similar range to reported amounts. The tannin
polymer contents of these extractives from S. pet-susu and S.
sachalinensis were 43.4% and 39.4%, respectively. The yields
of EtOAc extractives, which contain mainly low-molecular
weight polyphenols, from S. pet-susu and S. sachalinensis were
15.0% and 16.0%, respectively. The two studied Salix species
contained higher amounts of tannin polymers than the amounts
of low-molecular weight polyphenols. From the results of
50% methanol eluates, S. pet-susu and S. sachalinensis can be
assumed to contain high amounts of sugar and glycosides as
well as the amounts of condensed tannin.

The chemical characteristics of the tannin polymers were
determined by “C-NMR, Py-GC/MS, and GPC analyses, and
these results are listed in Table 2. Through comparison of the
chemical shifts in the "C-NMR spectrum with corresponding
data in the literature (Foo 1984, Ohara et al. 1994, Ohara and
Yanagi 1995), the tannins of S. pet-susu and S. sachalinensis
consisted mainly of procyanidin and prodelphinidin (Fig. 3).
The molar ratios of pyrogallol type B-ring to catechol type
B-ring of S. pet-susu and S. sachalinensis calculated by Py-GC/

Table 1. Yields of 70% acetone extractives from the bark of 3-5-year-old Salix species and fractionation of the extractives

70% Acetone aqueous n-Hexane EtOAc 50% MeOH . b
. . . p b b Tannin polymers
Species extractives extractives extractives eluates
(%)
S. pet-susu 29.0 1.7 15.0 422 43.4
S. sachalinensis 25.8 1.5 16.0 43.6 394

* % based on the oven-dried bark
* % based on the 70% acetone aqueous extractives

Table 2. Abundant structures of condensed tannin polymers, ratio of pyrogallol type B-ring to catechol type B-ring, and

average molecular weight of their acetates

Species Abundant proanthocyanidins® P/C Mn® Mw Mw/Mn
S. pet-susu Procyanidin and prodelphinidin 1.1 3200 8000 2.5
S. sachalinensis Procyanidin and prodelphinidin 0.9 2600 7900 3.0

* Determined by *C-NMR spectroscopy

® [pyrogallol yield (mol)+ 5-methylpyrogallol yield (mol)]/[catechol yield (mol)+ 4-methylcatechol yield (mol)] determined by Py-GC/MS

“ Number-average molecular weight of acetylated tannin polymers
¢ Weight-average molecular weight of acetylated tannin polymers

|Bulletin of FFPRI, Vol.17, No.1, 2018
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Procyanidin :R,=H
Prodelphinidin :R,=OH

*n: the number of repeating unit

Fig. 3. Chemical structure of condensed tannin from bark
of Salix species

MS were 1.1 and 0.9, respectively, indicating that the relative
abundance of pyrogallol type B-ring and catechol-type B-ring
is almost the same. The characteristics of the tannin polymers
obtained by Py-GC/MS were consistent with those obtained by
C-NMR spectroscopy. From the results of GPC analysis of the
acetylated tannins, the approximate degree of polymerization
can be calculated as 6 (S. pet-susu) and 5 (S. sachalinensis).
The dispersivity (Mw/Mn) of S. pet-susu was close to that of S.
sachalinensis, and their Mw/Mn values show a larger molecular

weight distribution than that of Salix rorida (Liu et al 2008).

3.2 Water extraction at various temperatures

In the present extraction conditions (Fig. 4), the yields
of total extractives of S. pet-susu and S. sachalinensis were
similar, at 22.1-33.5%. The yields of total extractives with
water extraction depended on the extraction temperature. The
highest yields of total extractives were obtained with 100
°C water extraction: 33.5% and 30.8% for S. pet-susu and
S. sachalinensis, respectively. In the case of organic solvent
extraction, the yields of total extractives with 70% acetone
were slightly higher than those with 50% ethanol, for both

Salix species. Extraction with 70% acetone was effective

50% Ethanol w 1S, sachalinensis
W S. pet-susu
70% Acetone #
»e W
e #

s0%e #
100°¢ ﬁ

0 10 20 30 40

Yields of total extractives (%)

Fig. 4. Yields of total extractives with water extraction and
organic solvent extraction from bark of 3-5-year-old
Salix species

for obtaining tannin (Ohara et al. 1994), while ethanol is
considered preferable for food utilization due to its safety for
humans. The yields of organic solvent extractives were similar
or less than those of 80 °C water extraction. Therefore, 100 °C
water extraction was found to be most effective for the juvenile
trees of the Salix species.

Like the yields of total extractives, the yields of
polyphenols depended on the extraction temperature (Fig. 5).
The highest yields of total polyphenols were obtained with 100
°C water extraction: 12.4% and 10.7% for S. pet-susu and S.
sachalinensis, respectively. In contrast to the results for total
extractives and total polyphenols, the highest yields of total
flavanols were obtained with 70% acetone extraction: 14.1%
and 12.1% for S. pet-susu and S. sachalinensis, respectively
(Fig. 6). However, the overall extraction results for total
flavanols and total polyphenols were similar to each other.
Therefore, it is suggested that the polyphenols consist mainly
of flavanol units such as condensed tannin. Next, 100°C

water extractives for the two tree-age ranges were examined.

OS. sachalinensis

50% Ethanol
W S. pet-susu

70% Acetone

25°C

—

80°C

100 °C

|

o

5 10 15

Yields of total polyphenols (%)

Fig. 5. Yields of total polyphenols with water extraction and
organic solvent extraction from bark of 3-5-year-old
Salix species

30% Ethanol #

70% Acetone

OS. sachalinensis

WS, pet-susu

100 °C

0 5 10 15
Yields of total flavanols (%)
Fig. 6. Yields of total flavanols with water extraction and
organic solvent extraction from bark of 3-5-year-old
Salix species
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S. pet-susu
Total flavanols

Total polyphenols

1

W 3-5 years old
1-2 years old

Total extractives

Total flavanols @

Total polyphenols \\\\\\ -

(=]
(=]

20 30 40
Yields (%)

S. sachalinensis

_

W 3-5 years old
1-2 years old

Total extractives

(=]

10 20 30 40
Yields (%)

Fig. 7. Yields of total extractives, total polyphenols, and
total flavanols obtained from different tree-age
samples with 100°C hot-water extraction

The results for both species showed that the yields of total
extractives, total polyphenols, and total flavanols were similar

for samples with less than six years of growth (Fig. 7).

3.3 Efficiency of crush treatment for extraction

The extractability of the extractives with crush treatment
was examined. The yields of 100°C water extractives from
untreated, crushed, and ground branch samples are shown in
Fig. 8. The yields of total extractives from ground samples
of S. pet-susu and S. sachalinensis were 11.1% and 14.4%,
respectively; and the yields from untreated samples of the
two species were very low. On the other hand, the yields from
crushed samples were 10% and 12.5%, respectively, indicating
that crush treatment raised the yields of the extractives to levels
near those from powder form. In the same manner, the yields
of total polyphenols and total flavanols from crushed samples
and ground samples were broadly similar for S. pef-susu and S.
sachalinensis. These results demonstrate that crush treatment
has the advantage of obtaining condensed tannin, probably
because the crushing helps the solvent penetrate more easily
into the bark and wood. In addition, the effect of extraction time
was examined for crushed samples (Fig. 9). The yields of total

extractives for both Salix species showed the yields increased
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Fig. 8. Yields of total extractives, total polyphenols, and
total flavanols obtained from untreated, crushed,
and ground branch samples of 1-2-year-old Salix
species with 100°C hot-water extraction

from 1-hour to 2-hour extraction; however, little difference
between 2-hour and 3-hour extraction. Although the yields of
total polyphenols and flavanols for S. sachalinensis showed
a slight increase with 2-hour extraction, those for S. pet-susu
were roughly the same. Therefore, it is evident that a 2-hour
extraction time was the most effective to obtain condensed
tannin for S. sachalinensis and a 1-hour extraction time was
adequate for S. pet-susu.

Based on the results of chemical characterization,
extractives yields, and crush treatment efficiency, we conclude

that short-rotation harvested Salix trees are a potentially
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Fig. 9. Yields of total extractives, total polyphenols, and
total flavanols obtained from crushed branch
samples of 1-2-year-old Salix species with 100°C hot
water extraction for 1, 2, and 3 hours

valuable natural resource for useful chemicals, especially
condensed tannin; and the findings of this study may help to

promote the utilization of high added-value extractives.
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AF L/ FHAKARGEMIE T —2ZH T, 5
BAEWBTEE L ARIMA ETOAF L/ FHIRO H Xkfh
BOTREEZEMTS L 2zHNET 5,

A id 26 Hinh5ix b, B2 HTEMIESRE T—
ZITDOWVWTHENR B, 3 3 i TR T — X DR T
O DB E. STLfREZHNT, AFL /F
HHLR O H RiiAs O 2= Ei 28 B, i 2 8, 9l B2 H).
AHAZEFNC DN T 21T 9 o 8 4 Hi TEIRFRY T —
ZTMOEEETFETH 2 THIRECE L L ARIMA
BZEHCTAFe /FHARMEDO TRZIT5, 55
HiTE L=y T =2 Z2HWTFNZET> TFH
MRET AT =2 RN TTUEEZ T 5, &
%, BoHITEIRARDELDEEREITI,

2. IR R L T — %

RS D NEFE IS HE - T AR S N2 BIERAE D 51| 7% 1 R 4]
EWV S (TN 1989) HAABIGICRET 2R EH B L.
HERFBRICHET Z2RRINEH D, AMFEDOIGE
75 % KA I BMOKER DR — LX—I T, iFH
SHITAINRE NS0T H OARMMRE FHER RO
AREERIMGE TH B BMKES 2017), BERMIC
B, WHMHOEEMAF v otk ME 3.65
~4.0m, B 14 ~2cm. AMBMEEXSKEL, £
EINE M) BN SRE T 5, S 2002 4
1 HDM5 2016 12 HETD 15 ERD 180 HHTH %,
SR HARINC B B Wik AEDE N NE VDT, RE
feedic., ARG EMKEZHWS, OB, 2002
EICEMAETER &AM AMRNRIOKEIC R STzdb &
RAIICRE L CERHICH Tz 5,

3. ERYN T — 2 DR

RiRH T — 2 OZTE., HinAs (BEZHE. L
YR EREW (V1 7)b). FEEHAT)., AHAEH)
M55 (F 1970, N5 2006 55), A H)I3 RN
W LR ERETROEMTH> T, EHHRND S WVIE
WOMCHER ST 2HEOLETH 5, FITIEEZAT
TFELARRIZEEAEHATLES XS GLHLH %,
HERZABIE., RAMWERICK > THREZHOEDHO TL
F. THEZBORTEDTH S, THEREH O I
EN TR AL T 20, —MIIC2FELEEENT
% (Hyndman and Athanasopoulos 2013), Z=HiZF )
I BA. TRZEDIRTISZ—2 2> Tw
%, FHiMENHZHART—2DEEE. HT LICEH)
ORI D2, TOFMZEE., KELFTEHRL.

HERFEHOFHEICEIND>TWVD, RIEZIC,
ARMNZEID D %, WHMZS), FRELES., FHLHT
S LA B VETR, FRAZE#TH> T, VXL
ZHTHSH, —MWICIE, T —2%Zylc, HINZEH)
Z TIC, HREEZ Ccic, ZHMEZHZ ST, AHANZ
#7Zz Elcd i, FTrldhiEE i3 REXTEI T
ENTES

bu%ﬁﬁ : y,:TﬂrCﬁSﬁE,; 36 LAY N y,:Tt+S,+E,,'
€D)

%Yfﬂ Zyt:Tthszszt,' 35%“1\‘4:\ yt:TrXSrXEr (2)

EWGENZRIENEHZON, RKIEERIC
KXBEREZHZDON. THHLDORRYT—2DE
TR E-oTHMUICS WIHEEDND %, HMZELH) & E
REA#HZXAIT 2 eV LWEEICE., THERALH
CEMZEH) Z —FEICEZ B T EHZ L (Hyndman and
Athanasopoulos 2013), KiR%| 7 — X Do fiici, hn
FAD, FEADNE, BRI T — 2 OEHMEICK ST
EBRTEMNTES,

KR T — 2D EOFIEEZ, KEL YT X[HO
X-13ARIMA-SEATS i, HA® EPA {% & DECOMP i,
3—1 /80D TRAMO-SEATS 2 EABEITF 5N 5, K
MATiAS DZZ B Mt DeATHBI & LT =H (1938) &
Link-relatives {72 IV T, 1928 420 5 1933 £ E TD
ARFMiAS DR HIA TR 2z B Ui, 1780 (1981) &
ARAHAS DZE B 73 HTIC 1 EPA 72 FH W Tz, KR (1984)
& AT RV D MEM 7% -V T 8RB« ARBLT
B LIC DWW T ZTIT> Tz AfRIL (2012) EALR
i« 246 (2014) B2 YU R/ I EZHWT, 2H
D RAF & v/ F ALK K R A F, B A
F. =ike 3+ Wbt FRAURE AT 21T o Tz,
B SZAE (2013) IEARMAGAEIC K LT X-13ARIMA-
SEATS 2 W Tt Z o Tcd & #h-37{E (2016)
. AEJITEPUES 2SN B E L 7z DECOMP 2 IV T, 11
DALK & HM T DA AN LT R LY R, EH AR
oy, ZEEIKD RT. EH AR KD & FEHIK D ICEB T
BFLIMEZ 73 HT Ul ARFFEICBW T, Cleveland et
al. (1990) MFIFEL 7z STLIETAF & b/ F ki kD
H RS2 E) %2 53479 %, STL I&. Seasonal and Trend
decomposition using Loess DEME TH %5, BH) 1572
FT&L, IR ZK S Loess ik (RFTHYIC EH
fir TNz FE#1k) (Cleveland 1979) £EAL TV 5,
STL &, DRk & T, PRI A RS O
BRIV T — XD RETEZ L, BEITEGHEO 2R
VOB K > TFEAF L Hm (EER) 28D i
k&9 TE% (Hyndman and Athanasopoulos 2013),
STL & EHZN K - BLH R 75 E D #rid TR0,
ARMAMGHE D HTIC BN TR, BHZIR - SH R G E
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Table 1. STL 5T H IS D i 2 B)

Seasonal component of monthly prices of logs by STL decomposition

BT

1 H 2 H 3H 4 A 5H

7H 8 H 9H 10 H 11 A 12 A

AF 329 213 56 =70 —276
v/ F 883 654 85 —401 —780

—522 —568 —286 50 305 401 368
—1,134 —960 —397 101 589 658 702

12 A A OFHAHOGFNEAMNCA S, 272U, FEMFHZTOREDOEE AT E UL, dilio 12 4 7 OFMEBDEFEHAD

YaMic ks mWEaEhdH %,

DEBIDTNTHAS bk« 3Z{E 2013),

S0 st BT RV T — 2 DN TES (R
Core Team 2016, 3EH « ALRIL 2015), AWFFL T, F
JEEHZFOENED LSRN & & L HEAZES (E
BEHZET) MO ARYEZFT 74V MEE L, In
EXTHRZIT > Tee DROKE RO FHIZEH Table 1
WKREND, AFAKRMBOFHEHZR L L, 7H
D-568 AR T, Z D% LN > T 11 HD 401 [N
REICE>THEO, ZEOIEN 969 MIF L TH o T,
v/ FOHEE. 6 AD-1,134 IDRET, 1 AD 883
MR e %> THEb., ZHDEIE 2,017 ThH -7,
IMEXD ROz, FHEHORIEZDOE XBH TR
N3 GEREXES, N—tvryFr—YTRINBT L
ME),

Xic, HEHAEEER XS, Fig.l DRVIRIE, ThZ
NAF L/ FH R H A O R RS T — 2 OHE
BThHsd, KFOBIE STLIEOD IR THRENER (5
BE#LEE) Thd., COBEMEFHOREIEZ, F
DS EFNCE > TWB DT, FHEDREHEY 72
LTINS, ARLDFHEE. BREHNH S &
FRLTWVWS, AFXDEEE, 2010 A F T FFEHE
MMNARSNZD, 2013 4F 10 A SIHBEREHICK S
BXUOARFEMNE U %, LROEANR OGNS, b
JFDOEEIE. FREROBEPD N TWZA, 2015 4
5 RBOMEMCHIED ok iRA %, AF
e/ FOMEDOLETOEAIVTIFEV, TNiE,
AF e/ FOLEHEBN, AMEEOEZE THEL
TWVW37DTHA I, Fig.l DEWVERIZ loess 1£ T
LU ERERY T — 2 DI TH % (STL 57 fiRfe ml
ZENCH LT loess EZ HWTHMEIL L TE M E
THLIMED LRV, TOEMmEIE. 200241 H
M5 2016 4 12 HEZ TOMMEAOEmZRL T\,
AFOEGEE., 2011 FHDTAE T IR > TERED,
ZTDbhe, FTHOHEMARONS, v/ FDEEIE,
RN FHAZERAPRENZ D, FEEOREEITRES
MEHGIMICED > TV,

Fig.1 DFRDFRTRE N7z STL ik & % iz
Bk, HOMOFHICEZEAED & > LI WHE
MZERFELTWVDB, TT T, BT - FEHE (1981) I
B, STL ik T Em i LT, JERE
7z oA L THiz (Table 2)o 1 DDBNLRDABET
OHIMZE 1 DOFAMEEZ D, AFMIgE FFA 10
AAPS2AHFET CEHI8AH) OEXICKD,
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Fig. 1. AF & &/ F UK il O i 22 8)
Trend movement of monthly prices of sugi and
hinoki logs

Table 2. AF & &/ FJIRMiFE OIEAH)
Cyclical movements of monthly prices of sugi and
hinoki logs

e LRGN ED) EBEOTEE E

~
W e T A& UD G (D
AF 1 2002.9 2003.7 2005.9 10 26 36
2 2005.9 2007.5 2009.7 20 26 46
3 2009.7 2011.5 2013.1 22 20 42
4 2013.1 2014.7 2016.3 18 20 38
3 =) 18 23 41
v/ F 2003.1 2003.9 2005.11 8 26 34

2005.11 2006.11 2009.9 12 34 46
2009.9 2010.11 2012.11 14 30 36
2012.11 2014.1 2015.11 14 22 36

o1y 12 28 38

Blw (| —

TN 20 AN S 26 AET CEE23AA) O
EXICkD 1 D0FEN 36 HAN S 46 HAET (F
Har HA) 1RO . 3ENDAFEOET LE-> TV,
v/ F0GEEEk. FREANSAHAANS 14 hHET CF
Hi2hA) OEXICED, TREAMN 2 AANS 34 4
HET CEFE287A) OETIKAD., 1 DO
3ENL4ELT ST VD, FEITHRICK S & 1950
M5 1979 X TIEIERAT O HIZIZIE 3 F/ T,
SO EDBEEEH - T (B F-2EH 1981) DITxf LT,
2002 FEMN S 2016 FEXTOMTIE, 3FEND 4FETH-
Too 17X (1981) ERFOEKENNICIZ, Z DN
L, BEREHICEELI ZZEANSZ T & 2ERHL
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Fig. 2. STL {5 T 7c ABUNZAE) (AL : FD: () AF 5 (b)
/¥

Irregular component of monthly prices of logs by
STL decomposition (Yen): (a) sugi; (b) hinoki

Teo Floo AMEORZER Y, Z<OHEAE. TR
N ERHE O EMs Tz Ebhro Tz,

RRVWNEHORZEDOIBDIE. FHAZE TH %,
Fig2 ILZNZTh, AFLb / TOERERLE, —&
BIBED K ENABAIZ S, 2014 44 AN S OWERL
HRICTT T, 20134 10 HHh S5 OB AR TFREIC K
LMMMEOEMBETH S, 20134 10 H, 11 H, 12 HIcH
% AFANAMAS DA HAZEFIE TN, 754 [,
1,494 9, 1,140 TH o7z, &/ FDEHEAEE, 2013
12H. 201441 A, 2 HDZ NN, ZNF N, 3,129
M. 2,940 9, 2,345 I CTH > 7z, b/ FMEIE & L
BT S RMEICKSTD, BEOBIEIY AT AD
FHAETCIZ 572, B9 1 DOREZTVAHAET I,
2003 FFRKDO &/ O @B TH > 7ze TN, EE
O— VB OBERZ NI X 2 FEDOBRIT AR T HEIC X
b/ HEEOERTH S, Fig.2 DRBANZEE O HERE
ERZ e, HARSEEEORI®, Wb 2012 FF
DAk 7% DR O R HRZZE) & BN K & < b o
rLEZOND, ThHOBBHOT%IZ., SXIERD
ZEHE LTIRA S,

4. PIFiL
4.1 I8 FBE (ETS &)
FRECEIEE DR AR GZHERIE., TRl TEIT T &
MWTE5,

J;tﬂ\t:yﬂz\rl+ a (yt—ﬁzm) N
%é({\bi\ yAﬁl\t:ayt""(l*a));t\rl) (3)

A&t O FRE (o) Z2 O FRIE (e
& tHOTHEE (v ) ZHOWTEET 2 5IET
H%. %EZ. WORHME THIEDOREAS Z FHIfE

THb, WTHICLTEH, a1 DHEAE, SHOFMN
AR DOTRE L B0, abd 0 DFEICE,. 5
DOFRENTIADO FHME L 5%, X 3) DBEEIS
IZJEB T UE,

ﬁr+1\r=ayl+a (l—a)yﬂ+a (I_Ot)zy,fﬁ---- (4)

IZ75 > T, BRBOBBZINHEENEDT, a(0<a
<1) DEEHREEMEINTE 2, EHLDFRED EH»
DRENT ENDI D, TOTFEF 1950 FERICHIFEE
N7z H (Brown 1959, Holt 2004, Winters 1960). 1980
R, IREEZEMETIVOEAICK D, ST HES
T7al, KEFH (PHEOFE#MXE) OBR. A
MHIE R R (AIC) KXo TETINVDOERNTES
B EL L DESHMN A 5N (Hyndman et al. 2008), 5
IZ R SRBD forecast 7N - — 2" (version 7.3) (Hyndman
and Khandakar 2008, Hyndman 2016a) O B ¥ T, Kf
RINT — 2 OIBCFIE T DR D0 kol &
51T Excel 2016 THRITHREL 7% > fzo Hyndman and
Athanasopoulos (2013) MEECTFIELEZ ETS 4 (B
T —. AHAZES, T: HZ8), S: FHAH, ETS &
Exponential Smoothing DMEFE) & FKid L. IRREZM T
TIVDETTHET IV ZERRIE LTz, HEHZHNICIE,
AL (N AR ZS) (A, BEEIE R 22 H)
(Ad). FFEMEmZS (M), REREEMZE (M)
EVS e HDDNRE =YD %, FEAICIE, FHi
MLl (N, IEFEHZH (A, REFEHZE (M)
E3DDNRR=VNH %, bET, 15y hOKXD
% % (Hyndman and Athanasopoulos 2013), 77— (E)
EMERDODEEZDON 2 DDINE—=2DH-> T, &
HT30MDETIVICE S, =TT — DRI, KT
B R 5220, LI —OHFHEIEEYuTH BT
B, MTHOETIVICIERKMENZ LV, DED, JMT
HNE. i ZE & FRMEZBHORRICK > TTrbN %,
AICHHET, 15y FOETIVOHNS A VT Y I A
DNEVRBEEETNVEZESIENTE S, TORHE
W&, forecast )Ny r — Y OO ets TITo 1o ¥E
TRRCTF LIS ARIMA ORI T — A EE X BNB D
FERE IR BRI ARIMA A E SN EWIE O
F1£TH 5 (Hyndman and Athanasopoulos 2013),
20024 1 A5 2015 F 9 HX TOART— 22
DI DRGHR A FALKAMAZ D ZEE 1 ETS (M,N,A)
17> CTW% (Michinaka et al. 2016), T — X3k
28 (M), HmZ#d ezl (N, FEZHE N
EFEEHAH (A) Thol, £, €/ FOETIVHE
EDRERIE. ETS (M, Ad, A): BIEL T —, BN
WHAZH), EFHENIZ > TWVD, AFIAMIE
DOFHET VG TR (5) ~ (D 1. B JFAK
flifg D T ME T IVIE R () ~ (11D IR E NS (Hyndman
and Athanasopoulos 2013),
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yi= Uritsea) (1+ &) )
L=l a (Letsin) € (6)
5=Semt Y U+sim) & @)
yi=Ur+ @ bri+sea) (1+ €) (8)
L=l+ @b+ & U+ @ bri+50m) & (9)
b=@bo+ B U+ @bor+sim) & (10)
s=Semt Yy U+ @boitsin) & (1)

T TRy Dt O THMAE. 1, MMEmZEE) DkHE (L
N)V) DETT. b WEIMZF DR E DE I, 5, DA
%@j@%ﬂ%\\ I b‘ﬁﬁ/ﬂﬁ@7}<£\ b b‘ﬁﬁ%ﬁ@ﬁi%x St-m
DHTAEE RIHOTFEIME . m A 1 FERICFTHFH O (T
CTClE. m=12), eMNTT—ThHb, £/, a. B.
y. eld. ThEhn, kg, RKE. FHALH). B
MEFOTFIH/SNTA =2 TH %, —MNiciZ. o< a, B,
y, o<1 ZHET 5, AFMikED THENTIE a=0.9999,
y=10.0001 LHEEE N, & FMAZROTHNICIE a=
0.9999, B=0.1412, y=0.0001. ¢@=0.8007 &HEE X
Nrzo

4.2 ARIMA 3%

ARIMA % L id. BRI BH Y (ARIMA)
ETFNVDT ETH 3, ARIMA EF)ViE. B
(AR). BHIFE (MA)., M1y (D 0ol 3 DO
WERTRRINOZLZH 2K, 1| XKACHWERE (AR
(1)) 1E, TRDOEXIBRETIVTERLTZ %,

yi=ct+ @iyt e, e~WN.(07) (12)

| X ETEEEE (MA (1)) 3. FROKSEHET
JVTHHTE S,

y=p+e+0' e, e~WN (o) (13)
Tz, BRIFETBHICKL BB IEEHE TR T— 2 7%
EEET B0, BEZIDZ I EZMMBERE S5, |1
&2 E
y:'=y:—yr—1 (14)

L0 FHRE

V'=yiviwm (ART—ROLE, m=12) (15)
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& 7% %, Hyndman and Athanasopoulos (2013) (& Z= i
MDD BERYT— 2 LT, ARIMA €7 )V 72 |
DL ICEKH Uiz,

ARIMA (p, d, ¢) (P. D, Q). (16)

(p, d, @) FFEHEBHLUNOELEOBKERTHO ., (P,
D, 0), FFHZBOWMKERTH S, p L PIEIACH
IO XE, d & DIZFITEEDOBEE. ¢ & 0 1FF
RO m FART — 2 DHE 12 TH %.p,
d q, P D, QI THD., WAVWAGHAGDLYE
TENTNDET N EBRZTENTES, BEEEE
EHITESIT AIC BV NEWVETILZERT 5,
ADFRREICE O, AF L/ FAKMEDFERST
EHNROGEAEZEHNTE T, IEERERIITH %M,
1 KRB 2E TIRBATRDEET 2 &0 D I R EE A A
& N7 (Michinaka et al. 2016), ARIMA ED 5 #1 i,
R YV 7 b D forecast 23 77— DEAEL Arima T1T- T2,
2002E 1 AD B 2015 F9 HETOART— X EHW
Tematric &% &, AFFRMAFKIE. ARIMA (2,1, 0)
(2,1, D ITHEH LTV (Michinaka et al. 2016), FE
ZHIMEOHCRIFEZEIZ 2D, ZHiMOE CHFES
& 2D, FHIEBEH BRI 1D, ZNZTNOHE
E/Y 0.457(0.079).0.245(0.085).-0.595(0.145) . —0.441
(0.118).-0.367(0.165) TH > 2o 71 ADHDE T,
PR TH D, TRXTDINT A—RIF 1% DKHET
Bl o T, EFHIME FHIEOLIE ., 1 B ORE
Ao Tz, B TET &, FHET IV,

y=1.457y,1-0.702y, ,+0.245y, 5+0.405y, 1,
~0.590y,13+0.284y,15-0.099y, 15+0.154y, 2
~0.224y,55+0.108y,26-0.038y,2,+0.44 1y, 55—
0.643y, 37+0.310y, 350.108y, 30+ £-0.367 € 1) (17)

Kk o e, TTTHRINESI L,

Vi, Yoo, Yes DIRECDO RN, 1.457-0.702+0.245=
(1+0.457)—(0.457+0.245) +0.245=1

Virzs Virss Viras Vs DIREDOFIA, 0.405-0.590+
0.284-0.099=0

Viaas Vioss Vioes Vior DIRELDFIA, 0.154-0.224+
0.108-0.038=0

Y36y Vi3Ts Vi3 Vi39 DIZRELDHIN,. 0.441-0.643+
0.310-0.108=0

Viels V13, Veasy Vess OIREUDHIAY, 1.457-0.590-0.224
-0.643=0

Y2, YVe1ay Y26y Vi3s DR DRI, —0.702+0.284
+0.108+0.310=0

Viss Veisy Viar, Vizo DIREUDRIN, 0.245-0.099-0.038
-0.108=0
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Ve12, YVe2ar Yese DERELOFIN, 0.405+0.154+0.441=1
1.457y,1=0.702y,2+0.245y, 5=y, 1+0.457 (y, 1=y, 2)—
0.245 (y:—z—ym)

L%, S A OO TG, BB RmHiH Ol
WK LT, miZ AR SETAICHTTOER (%) iE
KOEDED/NIWVIET EH (R S8tk s,
C ORI 5 RGBS L#ERO 5 NS, MmN
ICIHET 2MAZIHNRDENDE T N5,

v/ FAKAMIE DG G, ARIMA (2,1, 1) (0, 1,
DpicHEEE Nz, IEFHEOH ABIFERE 2 D,
BEFIERE 1D, FHIMEOBIFHIEREZT 2D,
FTNFNOHEMIZ, 1.30600.087). —0.398(0.076).
-0.932(0.057). —1.104(0.092). 0.352(0.109) T & -
foo TRTDINT A—RIF 1% OKETHEICK > Tz,
JEEHINE FHEOLH S, | MO EZI -z, B
BATET L, FHET VG, FidDkSiKk->T,

yl:2.306y;—1_1 .704yt72+0.398y;—3+y,—12_2.306y[—13
+1.704y,14-0.398y, 15+ £-0.932 &,—1.104 &, 1,+1.029
81—13+0.352 81—2470.328 Er2s (18)

CTTCHEEIREC LT,

Verr Viar Vis DFREOMA, 2.306-1.704+0.398=1
Verrs Veizs, Veras Yers DREOFIN, 1-2.306+1.704
—-0.398=0

Y=y 12+2.306 (e ye1s) —1.704 (pr 2=y, 14) +0.398 (e 3
Vi)t €70.932 £,1-1.104 £,1,+1.029 £,;+0.352 &,
270.328 €25 (189

(yt 1" Ve 13), (y[ 27 Ve 14), (y, 3 Ve 15) @ﬁ%‘%kt&@*n ﬁ“\
2.306-1.704+0.398=1

EEOTWVBTLETHB, SHOIED FRIMMEIZ. B
BHRFTHERBA O IC T LT, ik 3 47 A OAliFEK
WL ZO 1 FERTOMKEKED EE ERKBMNE T
WCZFDEE) MATMEICES, TORED S, FIN
WCIRET 2 BAZEH 72T T BN RBEAZET (T
DELGEE FEER) BNEDENZT e h 5B,

5. TR EE O FEAM

5.1 RXERREE

Shmueli (2010) &, FHETFIVAFHHEET T IV
WMETIVERIZRZ L ZEMALTVD, THETIVIE,
RSP N R EROMIAE B &3, FRkicmiy ¢,
X&yYy EDOBEMEZEHRL, FHOREICELZEHE
%o TRECTEIEIESS ARIMA 751 B I i 2 % B3,
KRG T — 2 DEB O ER Z AT 2 BEEN TV, X
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Fig. 3. 37 MGE OBEZ
Conceptual diagram of cross validation applied in
the research
He (D) EORVEN L= T TF—=2 A
fOHZEDMMNT A T —2TH %,
(2) Hyndman (2016b) ZZEIAER LTz,

7z. Hyndman (2011) @ FHIET V2K T 528D
ISTA—ZDHEKEORENBRETIEEWVE FIRET
%, 1 DHOMHIE, AR EF IV TN 525 A M7
LTWENWZETHD, &5 1 DOHEEIE. t BETIE,
Y TINWVERN oI REFNE, BB KE S THRE
WNEVERE, BREPEOTH D IRERGZ —ED

HKMETHEANTZTENTE S,

AL T, AF &/ FHIRDH RAMikES 2 55
L UT. REMAE (cross validation) Z177%-> C. {5
BOEIES ARIMA O PRIKE S Z 5T 50 R EM
FRICHTzo TR, WHReholkT—XEZ L —2V 7
7 — & (training data & % (& in-sample data) & 7 &
k57— % (test data & % W& out-of-sample data) 153
J%, L=V 7 7—2BFMETIVOREL NS
A—ZDPREICHOEN, TA LT —2ETHIKEEF
OB FHMEE TN 2EMEE LTlibns,
AWFZE T, 20024E 1 AD 5 2016 4FE 12 HE TD 180
AAOHBOTF—Z2%ZRWVW5, T L AAS
RAAEFTO RO ZRELTVWEDT, 7 X
FF—ZOWMOETE 2 hAERKET D, Tz,
T S 2 A O BTS2 2010 45 1 A A S 2016 4 12 H
FTOTEMAIALT B, AFETIE., FL—=V
TTF—2WEHT 5L, BECEEEOLEGE ARIMA
EOBEEL, D TTMETLVEZBRELTUETS C
9%,

BRMICIZ, 1 DHOTF—%tw Mi&, 20024 1 A
M5 2016FE 11 HETOT—XZ ML —ZV T T7—42
ELL o7z 2016 F 12 HDT—R2%ZT AT —& L
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Fig. 25. AFIAMiAED 12 7 AKOPIEE (en D
Twelve-month-ahead forecast errors of prices of
sugi logs (Yen)
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Actual prices of hinoki logs and their 12-month-
ahead forecasts (Yen)
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REICDOVWTCH LB TH B, T, fREEEIL
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FERAE R G/ S—t > FERAEICH LT, T—XDIE
B2 ER LN VRT A MY w TRREED Y «
Wayy YOS IEMMEE (Wilcoxon signed rank test)
ZRMUTz, ZOFFE, F U, [T PR
e, 1RECTFHIE & ARIMA LD I 5% O EkHE
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Twelve-month-ahead forecast errors of prices of
hinoki logs (Yen)
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Table 3. Horf et Zeiin it

Some descriptive statistics values of absolute errors (Yen) B M
1 2 3 4 5 6 9 12
S ETS 0.25 i 72 194 250 272 188 206 333 500
RN 232 413 515 579 616 665 800 1,018
PR fiE 164 306 408 467 498 461 573 800
0.80 731 %K 332 609 730 870 933 1,000 1,211 1,500
FEUE (R 7 251 391 482 522 576 629 722 791
S ARIMA  |0.25 73ii% 76 158 215 230 236 170 291 474
P fiE 257 418 522 576 636 660 815 1,027
i 171 294 460 486 506 493 633 837
0.80 731 %K 386 604 701 839 937 1,040 1,382 1,615
FEUE(R 22 336 424 471 527 577 656 736 798
H_ETS 0.25 73Nkl 102 222 446 452 442 500 552 461
RRA[(E 369 701 1,001 1,207 1,335 1,436 1,707 1,905
RO fiE 224 484 804 888 922 936 1,116 1,100
0.80 73 (i %X 518 931 1,373 1,683 1,943 2,260 2,505 3,214
FEEE (i 22 459 791 1,042 1,224 1,364 1,476 1,780 2,097
H_ARIMA |0.25 734 136 147 392 487 452 512 544 855
SEEEME 373 678 1,002 1,221 1,352 1,455 1,660 1,851
R fiE 234 494 720 898 1,036 1,107 1,176 1,368
0.80 7%k 519 973 1,443 1,713 1,801 2,047 2,440 2,551
R {2 401 753 1,050 1,225 1,344 1,419 1,595 1,744
) & 5.3.6 M8 ZBIEE S FRIERZE
Bl B | e FHNCIE, BiiTE (Naive method) & W9 fijH L F

—#— RMSE_H_ARIMA

o MAE_M_ETS e -
WAE_H ARk . a
e o -
- T !

P 4 & 8 W w2 : 4 & 8 W @
FHMMOANR FHRMOANR

Fig.29. AF¥ & b /) FOIBOIFHE L ARIMA D PG
(a) RMSE & MAE (I']); (b) MAPE (%)
Forecast errors of prices of sugi and hinoki logs: (a)
RMSE and MAE (Yen); (b) MAPE (%)

EZFMIL &K S, Fig29 (a) IRENzLHic, R
FORBOFEEE L ARIMA 0O RMSE & MAE 5 X U
MAPE D 7R D3V, B/ FOEHEEIE. 6 B HD T
AR % Cld. fRBCEIETE & ARIMA 50 RMSE & MAE
BE U MAPE Wb WEER 2Rz 7HAP B, £<
DLGE T IECEE T X D ARIMA £ D J5 5 RMSE &
MAE 3 & U MAPE WKW CZ £ &2 /R L TW3, MAPE
TiHET % &, AFDHHe /FXOEEMRNT &
Mool (Fig.29 (b)), T D #5 SR A Michinaka et
al. (2016) &3S JFIKIE, ABFZEOFAGIAR < 1374 2
FEBLOREND > AL 58RO TH 5,

WFEND B, HME LI, SHOFNMEE TR T
THADRED THIME L T 5 F 1k TH B, TOFED T
AN RBOMEOENETH D, T TlE. FRECE
1§75 & ARIMA O TGS Z 719 2 72 dic. 88
FHETE L ARIMA 1O 38 72 72 ik O Z8 B4R & LLig
L7zwv,

T3, REERN T — RIS LT, 4 H Ok % 5
H. 4 H, 5l &HVT, ®EIC 12 4 HATOHE &
ERT, ZRNENOEEHEZFE L Tz, FHEOIRIE.
FMFEFAMO MM & W CHMZRE Lz, TOEH)
X, MRS EROGEIET I ADOEICED ., it
MREDEEE <A F ADRICR S, MIEEBEHD
WEEFLy 7L THBE, AFDOHEIE, 1,008
DANFEZTHE D I, 0 FIZTHE DK R 36 [, L5
497 [, TRED 475 B TH S DT, fitgHo0 LF
DEmMND 2 EEZ BN, ./ FOHHFIE, 0 L
BALORE R 33 (Bl A% L FH 438 [, NFEADY 537 [A]
TH2DT, MEN FEROERMNRLENS, Tkt
LT, AFAMitgD ARIMA LD FHIFRZEE., @D Tl
(FZ AD#FE) H 556 1T, WBATH (XA4F A0
) 451 [ET, BbE T, BPFNMOERE K-> Tz,
TRECEEO TRERAZ . @D FHIA 510 BT, @K
T 494 [0 T, FIEDDITMNICE o Tlzdd, 0
WOFRNCIE > e &/ FlikED ARIMA DB H .
WATR 614 [B1 T, WA TR 394 [T, DT
DiER TR o Tz, UL, TRECEEETFNOEGIX.
AT 508 [T @K TR 499 [T, wiEAD
IMCEh o7z, TORERERS &, AW TH- T2
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Table 4. ki S—t > ks
Some descriptive statistics values of absolute percentage errors (%) B M
1 2 3 4 5 6 9 12
S ETS 0.25 %k 0.61 1.57 222 232 1.53 1.64 2.78 3.92
RN 1.87 3.31 4.14 4.66 4.97 5.37 6.49 8.20
PR fiE 1.32 2.58 3.46 3.87 4.18 3.80 4.68 6.81
0.80 731 %K 2.67 471 5.84 7.13 8.11 8.40 10.16 12.84
FEUE (R 7 1.89 2.84 3.47 3.78 426 470 5.42 5.95
S ARIMA  |0.25 73ii% 0.66 130 1.81 1.90 2.06 1.44 235 3.88
P fiE 2.03 3.33 4.19 4.63 5.10 5.29 6.56 8.19
i 1.40 2.49 3.94 430 4.19 3.97 5.36 7.22
0.80 731 %K 3.10 4.90 5.71 6.59 7.63 8.49 11.74 13.39
FEUE(R 22 2.39 3.05 3.40 3.80 4.19 485 5.49 5.84
H_ETS 0.25 3% 0.58 1.13 2.39 2.44 2.27 2.70 2.58 228
RRA[(E 1.80 3.43 493 6.00 6.71 7.28 8.69 9.75
RO fiE 1.19 2.69 4.01 4.60 4.88 5.00 6.00 5.80
0.80 73 (i %X 2.81 4.76 6.76 8.34 9.97 10.75 12.34 17.30
FEEE (i 22 2.01 3.47 470 5.71 6.61 7.38 9.17 10.81
H_ARIMA |0.25 734 0.66 0.84 2.02 2.54 2.40 2.96 3.12 4.46
SEEEME 1.83 3.31 491 6.01 6.71 7.25 8.26 9.16
R fiE 1.24 2.62 3.94 442 5.28 5.29 6.22 7.43
0.80 i % 2.70 4.86 6.72 8.29 10.08 10.44 11.66 12.53
R {2 1.75 325 4.59 539 6.03 6.44 7.44 8.19
a) ¥ b ES¥ 8] A¥ b ESF
il el | T S Lt
A — /—;:‘./”’
| 7 i
ot i /) .-"}r/
{::-"" 7 f'_*'!--_‘_‘* f/
Ll b -‘_‘-T"_:‘H‘ /
.- . et . |
" - " . 4. Il_.'
250 e . - [
. 1,000 . . i
— L - . -+ FHENERER ; -+ FHEHERER
© Emmmaczie e T Ewmmaon e . L EmemmE : L ETBEARE
S0 = ENERI0208 =1, 500 = EEEEI0209 " 205 - BENFARSTHRE 300 - BMSARETHNRE
| B N N B R BN N B B A L. (N N (N N (N B B e o T T T T T T T T T T ™
1T 23 4 5 & T 8 %10 1T 345 ET B B0 2 4 & ] ] LF] ki 4 & ] L] (-]
FHRMDA K FHRMMD AR FHRMDA K FHRMOARE
Fig. 30. MikZ5 B & PIIREAE (e) CE-EEMI ; Hibi: 1D :(a) Fig. 31. ik 25) & %% (MAE): (a) AF; (b)
AF; (b) B /F v /%

Average price changes and average forecast errors
(Yen): (a) sugis; (b) hinoki

B oOT7F—2 T, HBEFHEZEO TH LD, ARIMA
LD TRORBENRKENT &N S,
e, WAOATPRERRKTFHONT Y A2 572
DI, THERE L AFHED VM Z Fig30icx L ®
7zo Fig.30 (a) W/RLiz&k 21ic, AFMEO T T
&, ARIMA 7% & fEECEE e i, B TRIO AN
fi> CTWieh, FBECFIED D Z DRRENNE H >
Tzo ARWFZRICHDNS T — Z DA D2 {KIE 2002 4F 1
AM 520164 12 AXTTH 5 H. 2008 0 5 2009
FEFTOMRGMGEHEN D 2010 FEICEENRE - 2
DT, 2002 5 2016 F X TO M Z 2002 F2 5
2009 FEF T (D &, 2010 ED 5 2016 X T (1%
) L2 DO T, ZTNThOFEELEEE
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Average price changes and mean absolute errors:
(a) sugi; (b) hinoki

FHELE, AFOHEAE. £ TRMmE»HITH
W RBEL 7D, R TRMEAD FRELTED., BRIAT
BN LR LTERC b ol, TO NBEMEN
DM OTF -2 EEDIT -2 THRLNEETIVEH
WT., BIHO ERMEm O IS DWW T TR U 7R R
ARIMA L IEECEFmLE @D Tl Ko7z B/ F
OEEIZ, 2T RO TH > 2, TR
A% D REED LT, BIATIEMAZED REDTE - 72
TEeWMbhoft, AFDEHER T, b/ FHiikgo
ARIMAZEDO Tl @ ADFME R > —TF. B/ F
A% DL O T, HE TR S &/ Fllo
BIEDTHROITNICEZh ol FETHRS L0
KFME x> Tz,
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R, PR A B2 IREBCEIEE & ARIMA £
OO 1 A, 2 A, FLT. RiZIC 12 4H
TR MR (MAE) & &1 72 (Fig.31)s
FERIE. AF PR O FEIIH R AN FRIHE 9 1 H %
T. B/ FTHO M FRZED TR 8 1 H %
T. TNZTNDO N EFHEEI O /NS hofee TOD
BRI, AFOESEEFUMMN o HAX T, B/ F
DLGERXTFNHMA S HHETTIE., BEREHEED
ARIMA £ %, i Z#Ez R<IfA TH O, Hiliky
MEORBW, G TMTFELZEVWA S, 9~10 4 A
DLEICiz s & ARIMA & & A5ECF L O T IS A,
WML LD @SV EIREARWER?Z - T2,

RIZIC, AIGHURAE O Z T IE, FHiZENH %
DT, FHEAFHOERZREL T, HZHGREL T
THZIT> T, TREREZEIE LUz, Bz 5k
Eid. N—=X LR ZEAMED AL L TR A EORHZE
B (Table | ) D T—ZAH OREAMEZFH%T
5FETHD, PIITHEDONTFHZE) T — 2 1E 2002
ENDS 2009 FETOT—XDRIERTH S, BRI
I, BIZIE. 2014 4 5 A OFEBEHSIC s A0S 6 A
NOEMHEEOHEEE T ZIMAT=5, 2014 F 6 HD T
e 7m0, s A S 7 ANORHIZH) E O HEE D &
MA7=H. TADOFHMELIZZ WD 551 THINT
X3, AFRKUE / FOIKMBITH LT, FHIHAR
T & O BT E O iR 2GR Ul A
RiE. Fig3ticmlikoic, AFDOEHIE ARIMA
N CHE RV 1 & B 6 3 B0 0 S I R 2 o
AWML 69METT, &/ FDEEIE-86 MH
5170 ME TTH > Tz, HLMIZ TR R L T 0 D Hook 58
72 & ARIMA ¥ N CHE O E T O A6 5R A2 D 721
FLUT, 94 0ary yORFFSEMBEE (Wilcoxon
signed rank test) ZFAi L7z, ZOREHRIT. AFDEGE.
TARTOTHIAB T, 5% OB FKETHE AR
HMU%hole, ©/F0HEAE, TR 2 HAXT
3 ARIMA 74 T2 G558 15 32 T30 0 S oo 352 5/ )N
T, 5% DERKETHRERAZZMIM UMD, 4 hH
5 I BRI L T O R R A 10 &
WHVE RER 2 U o T,

6.5 %%

JREEZEME TV DE AR AIC EHREFRMED IS, K
MY 7 b ORI & T, BN IEECEIETE & ARIMA
B COHERBIRIT— 2O THNBERI > TE,
AW Tl TBECEMETE L ARIMA RV AF &
t / FHALK DO H XA O T M O &S R LT,
TR E DR 21T o 720 2010 ED 5 2016 FF £ TD
THEMICBWT, BNAOREESE DL (il 21,
HREEERD S ORIE) L ENBEROZE(E (B2,
HEBIHEB O ZETEMTREOR T, £z,
TR O KIS DN T, /ECEETE & ARIMA O

THRIKEENE S 1> M DV THEIANS 21T 5
726

F9. 20134 10 HIcRNERIN, BIE4HICERE
NEHEEBEBIC X DA RFEN, A EEic
bhde /FLAFOMBICKREREEELEZ iz,
COMOAXMIEDTFIE, RENRKEN ST &M
ot TRHBERIERN Y a vy 7 TEELZERZD
Mt DT AL holcT &S, L=V T T —
ZDEEHD 2013 F 10 HH 5 2014 F 1 HE TOMIC
BolzlBas, MRTPHEENREN T, Tz, (i
REEERED S ORIERHAIC I, @DFIA A Ui,
)5, 2012 EBN S EFE TO REKHICB LT, @K
THIMFEE LD, HEBEB K O ENNE o T,
— I MRS 2R IR TR (RS D X7 D B[R A
FEZLNZH, HEBIEBOEED H 2 W OMifSZE
FETEE LTHREMOELHHERICEZ>TWVEEDL
HREINS,

F 7z, Table 3, Table 4, Fig.29 iZ/rLizkoic., ¥
AN E < 75 % L EEDO SRR GEXHE) M
TWL T ELWMBIRINTVS, Thid., TR
EROZEZICBELCEZTHA5, HlaiX, AFM
7z TRlT 5 L EIC, HnERAEZ 80% DR T 500 [
HFAPNICHI Z 720 0UE, 1 A ARETCULY TN X
T, TNICH LT, HiZ 600 HLANICT 2 H 50
B5%LINETNE, 2 HALETOTINCMHZ %, &
5IC, 6%INETNE, 3 HHEETOTINCHZ S
THHA9, DF0D. THKEDOERIZISC THMET
MO E T MIRE %,

30T, BEOEBE L ARIMA D B 5 Ol
ENEOMCDONTIE, —BHICE ATV RE TS
Too AFAMAE T DG, FRECEIEE & ARIMA W
@D RMSE, MAE, MAPE W ZNZNFEIEE & FER
iRz, e/ FOEEE. TR 6 1AL EICE
% & ARIMA 7% RMSE, MAE. MAPE D {58 Fig ik
KXOEF/NEV, ULh L, MxiE R TN S—t >
FEEAICH LT, T3 7Y v ORFSIENRE % 52
iU 7efb &, FRECT e & ARIMA D MIC 5% O

BEKETHERENRD NG - T,

Fig.6. Fig.9. Fig.13, Fig.16 %x LI /R E Nz F il
HERDE, AFOEEL L FOHEE. BECEE
& ARIMA VES, IEOFBZE GADTID. X2EED
A GEATHD HEELTELRTVT DR T
%, CNEFVDIE, BEHBIOMENFAET 5729
THb, THRRZDOMICHENDZ EWVWS T &id. Hi
ORADOFRE (5 —) ICET 2 ERMH LLFHlo
MERR/NNCT DX IbhTniEnT LidE 5%,
THIAM A 14 HOB A, S_ETS. S_ARIMA, H_
ETS. H_ARIMA O HCHBEGRE (€7 vV >) BNZEh
ZM., 0.410, 0.328, 0.498, 0.150 THH. TIF L&
LRV, ZN5 D p-value 1 Z 1ZF 4, 0.000, 0.002,
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0.000, 0.175 TH o7, DE D, S ETS, S ARIMA,
H ETS O PRIFRZICITHCHBENEET 20, H_
ARIMA IZiE. BHOMHBENEFEIIEL TR0 & W S R
EEHNTERVC RS, FRIBAN 2 1 HED
Haid. RO H AHBRED TN Z N, 0.599, 0.529,
0.704, 0.590 1720, MHEABIRM 9 < 7% > 7z, p-value
&2 0.0l KD/NEL, 1%DKHETHEICE - T,
THIABMNELS &5 &, BOMHBEREE 15, —f#
WK HCHBER DX, ETIVICREORMAH
5T R LTW5, FHCTTHIHED 1 1A DEGEIE,
BOEDF AN ETIVIC FRICKMENTES5T, EF
NOREDORMBBZD), HHVIE L —=2 T
&7 X F AR TS Z 8RO MEEICZ LD D > Tz
TEERLTWVD, LAhL, TN EVEICIE,
A, A4 Hz DN bhEEVEET T Lk
PN R S5E0VD T, #EEOHACHBEDET 5Nz,

541, FRERY T — X OMASZEEHD M K -
T, HBHCEFEE L ARIMAE TN, S WAL TOH
HPRITIR AL X O TRIKED ST &b T,
LA U, B ZEHIENEE O IR E L XS &
TRECPIE E ARIMAE TN, e /FD 1, 21
DINOF AR OEEICE > T, fREMNNE LT, 5%
DEREKETHELREDPRD LNz, OGS,
A R U ARIMA T2 & R0 2 £ 3 4 05 3 30 O #e
HNREZOMICH R EZZRIN Liah > e, HNZSH) %
Bl g U 72 F5 80T & ARIMA 1%, BRI ik
THXOZADED & RN EWOR R Z R U 7205,
SEIOTF =2 TEZENDMEETE AL o7z, ZDEIA
i Fig. 1L ITREN TV S K ST, 2002 05 2009 F X
TOMABZE OMEFA 2010 FEN S 2011 FEH T D =25
WKHEHENEL LT e Ebng, Fi, —KIC1 A
AN B2 HAETOEBOFTM TN, FRECFHEIE
X ARIMA (£ X % PHlE., FHOEMZ N EEE
Nz eixrlicky, BMFEHFEE TR D L EE
NEOEHREENEN, 3 HAMEROTFRNICKR S L.
HARHGAELE T E RN TEEN GV EEE 250
TEHRBE NI,

B 500, Fig.l iR LTz K 91T, 2002 LK,
M. BRANOFIH, NA A< ZAFH % EDFEDHL
Kk D, AFIKDMAGIC FEOEHMN RS Nz
TXITHRLT, e/ FAKRDMIEITIE, EHINICHKE
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# (MAPE) ZH W T, Fig29 lZ RENEZFNZTND
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K o0T, /il (2002 ~ 2009 4E) & LEART, % (2010
~ 2016 F) IZHBWTIEMIFSD FEBERDEELHZE D
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Measuring forecasting accuracy for exponential smoothing and
ARIMA models: a case of forecasting monthly prices of
Japanese sugi and hinoki logs

Tetsuya MICHINAKA ", Hiroyasu OKA", Hirofumi KUBOYAMA" and
Nobuyuki YAMAMOTO"

Abstract

Exponential smoothing (ETS) method and autoregressive integrated moving average (ARIMA) models have been
applied to forecasting monthly price of logs, sugi (Japanese cedar, Cryptomeria japonica D. Don) and hinoki (Japanese
cypress, Chamaecyparis obtusa (Sieb. et Zucc.) Endl.). In this research, we evaluated the forecast accuracy of these
two approaches through cross validation. Monthly current price data from January 2002 to December 2016 were used.
The results show that the forecast accuracy of ARIMA models was not statistically significantly different from that
of ETS method at 5% level for the period from January 2010 to December 2016 under all 12 forecast horizons of one
month to 12 months. By comparing with the amount of changes in original prices, it was found that both ETS method
and ARIMA models forecasted with smaller mean absolute errors than mean absolute amount of changes in prices
within 8 months of forecast horizons at 5% level, which showing that ETS method and ARIMA models outperformed
naive method. However, by comparing with seasonally adjusted naive method, ARIMA model showed better forecast
accuracy only for forecast horizons of 1 and 2 months for kinoki at 5% level of statistical significance, while ARIMA
model at other horizons and ETS method did not outperform seasonally adjusted naive method in forecast accuracy.

Key words: price of logs, forecast errors, exponential smoothing, ARIMA models, seasonally adjusted naive method,
cross validation
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Effects of thinning on canopy interception loss, evapotranspiration,
and runoff in a small headwater Chamaecyparis obtusa catchment in

Hitachi Ohta Experimental Watershed in Japan

Tayoko KUBOTA"", Yoshio TSUBOYAMA? and Tatsuhiko NOBUHIRO”

Abstract

The effects of thinning on canopy interception loss, evapotranspiration, and runoff were investigated by a paired
catchment experiment in a small headwater catchment in Japan. A 0.88-ha catchment covered with a Chamaecyparis
obtusa plantation that was planted in 1986 was intensively thinned in March 2009 following a 3-year calibration
period (2006-2008). To avoid disturbing the soil surface, thinning was conducted by forest workers using chainsaws,
and the thinned trees were left on the forest floor where they fell. Thinning removed 50 % of the trees, 30 % of
the timber volume, and 22.5 % of the basal area. Canopy interception loss decreased by 4 % in the first year after
thinning, and it returned gradually to the pre-thinning level for 3 years. The maximum increase in the annual runoff,
147 mm, occurred in the second year after thinning. The mean annual increase in the runoff during the post-thinning
period (2010-2012) was 54 mm, although this was not statistically significant. The mean annual evapotranspiration
significantly reduced by 140 mm, and the reduction was especially large during the growing season. In conclusion,
it seemed that the intensive thinning in a small headwater plantation was effective to increase net precipitation and

stream water for a short period.

Key words: thinning, canopy interception loss, evapotranspiration, runoff, paired catchment experiment

1. Introduction

Devastation of abandoned forests has been a concern
since the late 1990s in Japan (Japanese Forestry Agency 1998).
High stand densities in unmanaged forests may reduce tree
growth and understory vegetation by blocking sunlight, which
may cause surface erosion (Onda et al. 2010). The Japanese
Forestry Agency promotes thinning activities to improve forests
and to meet Japan's commitment to reduce greenhouse gas
emissions under the Kyoto Protocol (Japanese Forestry Agency
2013). Intensive thinning, which removes more than 40 % of
trees, is also promoted to reduce operating cost. Following the
promotion of forest thinning, the effects of thinning on water
yield have recently become a concern in Japan.

The effects of timber harvesting, including thinning, on
water yields in catchments have been examined by a lot of
paired catchment experiments throughout the world (Bosch and
Hewlett 1982, Brown et al. 2005). Although experiments to
determine the effects of clear cutting or partial cutting on water
yield have been conducted in several experimental watersheds
in Japan (Nakano 1971), most studies on the effects of
thinning on hydrological change in Japan focused on plot-scale

investigations of evapotranspiration (Hattori and Chikaarashi

Received 6 March 2017, Accepted 14 December 2017

1988, Murai 1970, Nanko et al. 2015) and on transpiration
(Komatsu et al. 2013, Morikawa et al. 1986). Kubota et al.
(2013) investigated the change of evapotranspiration by
thinning in a basin scale, however they did not describe the
change of canopy water balance or water yield by thinning.
Therefore, to develop a reliable management plan for untended
forests to prevent flooding and increase available water, more
case studies in Japan should focus on the interactions between
various thinning intensities and hydrological changes on
catchment scales.

The objective of this study was to determine the
effects of intensive thinning on canopy interception loss,
evapotranspiration, and runoff in the Chamaecyparis obtusa
small headwater catchment in Japan using a paired catchment

experiment.

2. Methods
2.1 Study area
The Hitachi Ohta Experimental Watershed is located about
140 km northeast of Tokyo (36°34'N and 140°35"E) (Fig.
la). Its altitude ranges from 283 to 341 m. The two catchments,
which are designated HA (control) and HV (thinning), are 0.84

1) Tohoku Research Center, Forestry and Forest Products Research Institute (FFPRI)

2) Principal Research Director, FFPRI
3) Hokkaido Research Center, FFPRI
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HA: control catchment

HWV: thinning catchment

A : 60° V-notch

B : tipping bucket rain gauge
@ :siorage rain gauge

{1 : canopy interception plot, Vi

Fig. 1. Hitachi Ohta Experimental Watershed. (a) Location of study site; (b) control and thinning catchments; (c) canopy
interception plot before thinning; (d) canopy interception plot after thinning.

ha and 0.88 ha, respectively (Fig. 1b).

The surficial geology in the study area is metamorphic,
primarily consisting of schist and amphibolite (Sidle et al. 1995,
Tsuboyama 2006). Soils are clay loam derived from volcanic

ash. Soil pits were excavated to bedrock at total nine sites

within HA and HV, and the mean soil depth was 0.68 + 0.34 m
(Tsuboyama 2006). Mean hillslope gradient in HA and HV was
26.8°+9.9° and 31.1° + 11.1°, respectively.

Chamaecyparis obtusa and Cryptomeria japonica were
artificially planted in catchments HA and HV in 1924 and 1986,

B ORI 55 17 % 1 £, 2018]
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respectively. C. obtusa covered most of the catchment and C.
Jjaponica existed only along streambanks. Hardwood species
(e.g., Quercus serrata) exist at the upstream edge in HV (Fig.
1b). The main understory vegetation in HA contains Hydrangea
hirta, Hydrangea involucrata, and Microlepia marginata
(Kato et al. 1995, Murakami et al. 2000). While there was little
understory vegetation except in HV, although Eurya japonica
and Callicarpa mollis (1-3 m height) were mainly found in
gaps.

There are two major periods of rainfall: a rainy season
in early summer and an autumn typhoon season. Although
sporadic snowfall occurs, there is no persistent snowpack. The
snow is only a minor component of the hydrological budget
(Tsuboyama 2006). The monthly mean air temperature from
2006 to 2012 ranged from 2.0°C in January to 23.6°C in
August, with an annual average of 12.4°C.

Observation period was from 2006 to 2012. We defined
that the pre-thinning period was from 2006 to 2008 and the
post-thinning period was from 2010 to 2012. The year 2009

was eliminated from the analysis due to the thinning year.

2.2 Thinning operation

About half of the trees in HV were thinned mostly on 9
March 2009. To adjust the tree reduction ratio to 50 % of trees
and 30 % of timber volume, a small number of trees were
thinned again on 26 May 2009. Although the trees to be thinned
were randomly selected, relatively smaller trees were removed
(Table 1). All thinning was performed by forest workers using
chainsaws to minimize the disturbance of the soil surface. A
skid trail was not constructed. The thinning timbers were left
randomly where they fell; they were neither arranged to the

contour line nor removed.

2.3 Precipitation and other meteorological observations
Precipitation was measured using a tipping bucket rain

gauge (TE525MM; Campbell Scientific, USA; capacity 0.5

mm of water), with a gauge (RT-5E; Ikeda, Japan; capacity 0.1

Table 1. Canopy structure in the HA control catchment and
the HV thinning catchment.

HV
HA' Pre-thinning®  Post-thinning’
2006-2008 2010-2012

Planted year 1924 1986 1986
Stand density (stem ha ') 783 2229 1132
Basal area (m” ha ') 63 324 25.1
Tree height (m) 18 10.8 12.1
DBH (cm) 32 13.6 16.8
Total volume (m’ ha ") 553 308 218
! Values surveyed in 1993 (Murakami et al. 2000).

* Values surveyed in 2008.
* Values calculated for residual trees.
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mm) as backups, at the meteorological station (MS; Fig. 1b).
Precipitation was logged every 10 min. The MS is an open site
on a ridgetop with a size of approximately 15 m x 7 m. Because
grown trees surround the MS intercept precipitation, a storage
rain gauge was placed in a more open site, RP, to correct
precipitation data (Fig. 1b). This gauge consists of a 0.2-m
diameter polyethylene funnel connected to a 10-L polyethylene
bottle.

2.4 Throughfall, stemflow, and runoff

Throughfall and stemflow were measured approximately
every 10 days at the interception plot VI (20 m x 20 m) (Figs.
1b-1d). Throughfall was collected by two troughs (4 m (L)
x 0.26 m (W) x 0.12 m (H)). Stemflow was collected by a
urethane collar surrounding the tree. Stemflow was measured
on 10 trees before thinning and on five residual trees after
thinning. The collected throughfall and stemflow were directed
into 100-L tanks (one for throughfall and two for stemflow) by
hoses. The water level in the tank was measured every 10 min
by pressure-type water gauges (CS450; Campbell Scientific,
USA) recorded by a data logger (CR10X; Campbell Scientific,
USA), and converted to water head. Streamflow was monitored
using gauging weirs (60°, V-notch) at the outlets of the HV and
HA (Fig. 1b).

2.5 Canopy water balance
To compare the canopy water balance before and after

thinning, the following equation was used:

P=1+T+S (1)

where P is precipitation (mm), / is canopy interception loss

(mm), T is throughfall (mm), and S is stemflow (mm).

2.6 Evapotranspiration
To estimate the variation in evapotranspiration, a short-

term water budget method (Suzuki 1985) was used:

E=P-0=/"p®dt- /" q(t)dt, )

where E is evapotranspiration (mm), p(#) is the precipitation
intensity (mm day ') and ¢(7) is the runoff rate (mm day ).
t is the time in days. ¢, and #, are the first and final days,
respectively, of the hydrologic period used to calculate the
water budget. The procedure described by Suzuki (1985) was
used to determine the hydrologic period to calculate the water
budget. If multiple estimated values were obtained on the same

day, they were averaged.

2.7 Estimation of annual water yield by paired catchment
experiment

Simple linear regression was used to relate annual runoff
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measured in HA and HV during the pre-thinning period 2006-
2008, as follows.

Onv =aQua + b, (3)

where Q is runoff (mm), ¢ and b are empirical coefficients, and
subscripts HA and HV indicate the two catchments. Equation
(3) was used to predict runoff in HV during the post-thinning
period 2010-2012, as if there had been no thinning. The
difference between the predicted value and measured values
was quantified to indicate the magnitude of any response to the

treatment.

3. Results

3.1 Precipitation and runoff during the observation

period

The mean annual precipitation was almost the same
between the pre- and post-thinning periods (Table 2), however
the monthly precipitation pattern differed (Fig. 2a). In 2006,
precipitation was high throughout the year and especially
monthly precipitation in June was high. Precipitation in May
2012, when is the onset of the rainy season, was very high,
although the annual precipitation in 2012 was normal compared
to the average. Variation of runoff corresponded precipitation
well both in HA and HV (Fig. 2b). The effect of thinning on

runoff increase might not appear on monthly runoff pattern.

3.2 Change in canopy interception

Precipitation, throughfall, stemflow, interception loss, and
their ratios to precipitation (7/P, S/P, and I/P, respectively)
during the pre- and post-thinning periods are listed in Table 2.
The mean 7/P ratio was 72 % during the pre-thinning period
and increased to 78 % during the post-thinning period. They
were not significantly different (p=0.07 by Student’s z-test). The
T/P ratio did not return to the pre-thinning level in the third

years from the thinning. The mean S/P ratio was 8 % during
the pre-thinning period and decreased to 4 % during the post-
thinning period. They were significantly different between pre-
and post-thinning periods (p=0.005 by Student’s ¢-test). The I/P
ratio decreased in the first and second year after the thinning
and returned to the pre-thinning level in the third year after the
thinning. The mean /P ratio was 20 % during the pre-thinning
period and decreased to 18 % during the post-thinning period.
They were not significantly different (p=0.3 by Student’s #-test).
The mean interception loss had seemingly nearly unchanged

following the thinning, because the increase in throughfall and

Pre-thinning period h_Th:'I'ﬂll'h,; Foctahinning period
G

w

Pracipitation (mm)

Catchment runcff {mm)

1908 T ] 2008 ) mn 3

Fig. 2. (a) Monthly precipitation and (b) monthly runoff
in the HA control and the HV thinning catchments
during the pre- and post-thinning periods.

Table 2. Change in throughfall, stemflow and canopy interception loss due to thinning in the HV thinning catchment.

P' T s' I T/P S/P P
mm mm mm mm % % %
Pre-thinning
2006 2020 1452 179 389 72 9 19
2007 1571 1095 134 342 70 9 22
2008 1499 1104 113 282 74 8 19
Mean 1697 1217 142 338 72 8 20
Post-thinning
2010 1783 1417 89 277 79 5 16
2011 1500 1181 59 260 79 4 17
2012 1735 1329 54 351 77 3 20
Mean 1672 1309 67 296 78 4 18

' P, T, S, and I represent precipitation rainfall, throughfall, stemflow, and canopy interception loss, respectively. Missing data of throughfall and stem-
flow, were completed using the following regression lines; 7=0.82P-0.85 (+"=0.99, n=316) and S=0.10P-0.28 (+’=0.92, n=280) for the pre-thinning
period (2006-2008); 7=0.83P-0.52 (+’=0.96, n=403) and S=0.06P-0.18 (+’=0.81, ~=381) for the post-thinning period (2010-2012).
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the decrease in stemflow canceled each other in the equation (1).

3.3 Change in evapotranspiration

The monthly mean of daily evapotranspiration in HV was
significantly different between the pre- and the post-thinning
period (p=0.01 by Student’s #-test; Fig. 3). The annual reduction
in evapotranspiration in HV was 140 mm, and especially
large during the growing season (April to October). The total
evapotranspiration during the growing season was 598 mm
during the pre-thinning period and 495 mm during the post-
thinning period. While the monthly evapotranspiration in HA
was not significantly different between the pre- and the post-

thinning period (p=0.1 by Student’s -test).

3.4 Change in runoff
The mean annual runoff increased following the thinning.

The result of the paired catchment experiment was summarized

H
4
E
E
g
" 3
£
.g '
g == b {2006 2008)
1 = HA (2000-2012)
’E =Oi= HV Pre-ihinning (20046.2008)
=1 =@=HV Post.thinning (2010-2012)
ﬂ i ke i i e i i e " ke
1 2 3 4 ] -] T B 8 10 11 12
Month

Fig. 3. Mean daily evapotranspiration in the HA control
and the HV thinning catchments during the pre- and
post-thinning periods.

in Table 3 and shown in Fig. 4. The measured annual runoff
in HV was larger than the runoff predicted by the equation (3)
in the first and especially second year after the thinning, and
returned to the pre-thinning level in the third year after the
thinning. The mean increases in the annual runoff (measured-
predicted runoff) were 93 mm and 54 mm for first 2 years and
during the post-thinning period, respectively. These were not
significant compared with those during the pre-thinning period
(p > 0.05 by Student’s r-test).

4. Discussion
4.1 Effects of thinning on canopy water balance and
evapotranspiration
The annual 7/P did not return to the pre-thinning level in
the third year after the thinning (Table 2). Nobuhiro et al. (2013)

g

g

f in the FW thinning catehment {mm)
- |
g 8

,E.

;
;
= O Pré-hinning pencd (2006-200&)
3 o @ Pistihinning period (2010-2012)
| & Pradctad rundalt (2000 16 2005
T . . A :
400 600 GO0 Too 800 800

Annal runoff in the HA control catchment (mm)

Fig. 4. Relationship between annual runoff for the
HA control and the HV thinning catchments.
The regression line is for the pre-thinning data;
Ouv=1.40us-138.8 (*=0.9).

Table 3. Annual precipitations, runoffs, and runoff rates in the HA control catchment and the HV thinning catchment, and
the effect of thinning on runoff in HV estimated by the paired catchment experiment.

HA control catchment

HYV thinning catchment

Precipitation Runoff Runoff rate Measured runoff Runoff rate Predicted runoff’ Water yield2
(mm) (mm) (%) (mm) (%) (mm) (mm)
Pre-thinning
2006 2020 749 37 971 48 923 48
2007 1571 630 40 674 43 754 -80
2008 1499 455 30 538 36 506 32
Mean 1697 611 36 728 42 728 0
Thinning year
2009 1613 545 34 669 41 727 36
Post-thinning
2010 1783 650 36 821 46 783 38
2011 1500 565 38 809 54 662 147
2012 1735 736 42 880 51 905 -25
Mean 1672 650 39 837 50 783 54

! Predicted runoff is based on a regression equation for the pre-thinning period (2006-2008): Qum=1.40m~139 (+*=0.90).
* Water yield was caluculated by subtracting predicted runoff from measured runoff
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Fig. 5. The relationship between interception loss and (a) the reduction in stem density following
thinning, and (b) the reduction in basal area.

measured the leaf area index (LAI) with a plant canopy analyzer
(LATI 2000, LI-COR, USA), as well as the horizontal canopy
area, several times every month at nine points within the canopy
interception plot VI (Figs. 1b-1d) from 2007 through 2011.
The mean annual LAI was 4.7 during the pre-thinning period.
It decreased to 2.7 in March 2009 after thinning, and recovered
to 3.4 by 2011, but it did not return to the pre-thinning level. In
contrast, the total horizontal area of the canopy in VI was 593
m’ during the pre-thinning period, and it decreased to 364 m’
in March 2009 after thinning. It constantly recovered to 582
m’ by February 2010, and continued to increase to 706 m’ until
August 2011. Thus, the horizontal canopy area quickly returned
to the pre-thinning level, but the total amount of foliage
probably recovered slowly because LAI did not recover to the
pre-thinning level. Therefore, not only the horizontal canopy
closure but also the total amount of foliage has an impact on
throughfall volume.

The relation between the reduction of canopy interception
loss and the reduction of stem density or basal area in the first
year after the thinning in this study was compared to those of
the previous studies in a similar manner to Nanko et al. (2015)
(Fig. 5). The basal area reduction was 22.5 % in this study. This
was relatively small because of poor tree growth in this study
area. The reduction of interception loss related to the reduction
of stem density was average compared with the previous studies
and that related to the reduction of basal area was high in this
study. These were attributed to small reduction of the basal area
in spite of 50 % removal of trees.

Evapotranspiration during the growing season reduced
from 598 mm to 495 mm (a 17 % decrease) due to the thinning
in this study. Morikawa et al. (1986) measured transpiration
before and after thinning in a C. obutusa stand in Japan by the
heat pulse method. They showed that transpiration per a tree

increased following the thinning whereas transpiration of the

stand decreased after thinning during the growing season (April
to September). The reduction of evapotranspiration in HV
following the thinning was likely owed to the reduction of total
transpiration due to the reduction of trees, because the mean
interception loss did not change following to the thinning in this

study.

4.2 Effect of thinning on runoff increase

The famous review of 94 paired catchment experiments by
Bosch and Hewlett (1982) concluded that yield increased with
decreasing forest cover and yield decreased with increasing
forest cover. They suggested that the approximate magnitude of
water yield change could be estimated by the percentage of the
reduction of forest cover. There was, however, no relationship
between the mean annual runoff increases following uniform
thinning and the reductions of basal area (Fig. 6, Table 4),

although the increase was more or less in proportion to the

300
—_ © Douglas fir
£ O Mixed hardwood
L A Pine
'g' 250 o X Eucalyptus
o © Chamaecyparis obtusa
?I? 200 @ This study (C.obutusa)
5 o
c
= 150 %
=]
c
S 100 | &
© A &
S | o A
E 50 e EI
0 o SR — . :

0 10 20 30 40 50 60 70 80 90 100
Reduction in basal area (%)

Fig. 6. Relationship between reduction in basal area and
mean increases in annual runoff following uniform
thinning in previous paired catchment experiment
studies and this study.

FMFR AW EiRS 25 17 % 155, 2018



69

(2107) Te 12 Sun (21) “(+007) & 12 1eAnzQ) (11) (L661) M09S pue yasaT (01) “(100T) AeNoeN
pue due (6) (£661) uewauols (8) (1661) e 19 woa1dny (L) (9861) 13ed (9) (6L61) 'T€ 19 LeH (5) “(€961) 'T& 10 MeyuIdy (1) (T861) NOIMIH puk yosog (€) “(9561) 10uA0y pue uosuyor (z) (2861) 'Te 10 LeH (1)

Thinning effects on runoff increase in Hitachi Ohta

uI | uey) ss9 ‘Wieof J[Is Auojs

(O] IS 43 w [43 19 0L €€ YyL M0 KI01SI9A0 ‘GL6T-L6 1 pue weoy Ke[o Kuojs ‘sjerrojew juosed  OEL 8
(©) 134 194 8Y 139 85 €9 LL L M0 K101S19A0 “0L6T-696 1 Topuro eseq oruesjoa :auid esorspuod 14} L1
VSN ‘Yein Maa1) IoAeog

doop wo g1 ‘[eroreW

judred B19021q WO} PIALIDP WEO[ A[[9ALIS
) (14 G 10A0 o3RI0AR) ()9 0S 67T1 MO POOMINAYS ‘L6 POUIRIP-[[oM SIQJIUOD PIXIW 1Y se[3no 69 I-00
VSN ‘u03210 931D 90LK0)

uoneosrdde oproiqiay Aq doap w [-G/ () S[10S Wweo|
(© 8L 8¢ 68 8¢ LOT Sy geel A Y1a0I5-1opun ‘pauul} ‘0,61 Aouoys 1A103s IopUN POOMPIEY [IIM dul] I SM
VSN Y Hea1) wnpy

mno
() 8 8 € €l 00S1 HEQ WO ¢] 19A0 83213 ‘§S61-LS61 143 €
no

) 4 81 ST 0z €Lvl HEQ W 87 1240 $21) 8S61-LS61 9¢ S

mno doop w ¢ 1-1 ‘weo )[Is A2uo)s
(2] Sv ¥9 4 9¢ 00S1 HEQ Wo ¢y 190 S31) ‘§S61-LS61 ‘d[BYS PUB dUOISPUES SPOOMPIRY PIXIN S1 4
VSN ‘BIUITIIA ISOM ‘MOUID]
(€) 120K 1od W GG paSeroAy Se 600C Furno 9ANI9[S ‘G561 w 9 0} dn weo] Kep> Apues pasyIEaM 6T 154
@ LS Lg 0z 99 19 101 w@ 1002 mo Lrogszopun ‘6p61  A[doop ‘UISLI0 opruei3 spoomprey POXIN 8T 61
VS ‘eurjore)) YuoN ‘eloomo)
(1 181 16 11e CLl £ve 161 09 061¢ MO POOMINAYS ‘L6 SONSE] OIUBD[OA patdj[eun Ly se[Sno( Sl L-VIH
VSN ‘w0810 ‘smaipuy ‘[‘H

ueaw 0ys 0y pig pug S| (%) () (=y)
REBlIEIEIEN | BOIE [BSBq JO uonendroard o Jo uonduosaqg S[10S PUE UONRIOFIA JuIWYNR)
(wwr) Suruury) Surmo[of s1eak Aq sasearour Jjouny uononpay [enuue uBSy vty

*$)99JJ9 SUIUUIY) ULIOJIUN U0 SHUIWLIAAX? Judwiyd)ed paared IpIMPLIOM Jo Alewwins Y “f d[qe],

|Bulletin of FFPRI, Vol.17, No.1, 2018



KUBOTA, T. et al.

70

(2102) "Te 32 Bund (1) “(+007) Te 30 oeAnAZQ (1) “(L661) B09S pue 1osaT (1) ‘(1007) AeyoeA
pue sue (6) (£661) uewouols (8) (1661) 'Te 10 Woaxdny (1) “(98671) I3ed (9) (6L6T) 'Te 10 1reH (S) “(£961) 'Te 10 MequIsy (1) (T861) MAIMIH pue yosod (¢) “(9561) Jour0y pue uosuyor (7) (z861) ‘Te 10 LieH (1)
[SE JIUBD[OA WO PIALIOP WRO[

Apnys Keo ‘ayjoqryduwe pue Is1yos Jo Sunsisuod
SIYL €6 ST- Lyl 8¢ 44 G891 Suruury ‘600¢ orgdrowejow ‘esmnqo suedKosewey) 8870 AH
ISIYOS
Aq SurApIopun ‘wr §°1 03 9°() wolj SuiSuer
(@D 1vT 91 (U143 134 TELl Suruury ‘900z - s[1os josiquie) ‘esmnqo stredfosewreyd €0 SN
ueder
susodop A[joaeid Aweo|
(ownjoA ur) Sumno QuaS00oN pue SISIYIS AB[O SNOIJIUOQIED
(an (1£01 1040 dFeI0AR) € L1 1601 9ALOJIOS [ENPIAIPUL PIBPUEB)S 986 ] ‘pOOMPpIRY pOXIW ‘Y0d3q pu® YBQ  G'LL Im

Koyang, 9sa10,] peideg

Quo0Js pues
$S61 Ul FuIA[10A0 ‘sud| dreys ysim ‘oyueln) ade)
(oD 94 [44 6¢ S 81 LTyl Suruuryy Is| Jaye ULy puz ‘$961 paroyream Aldoop ‘uopejue(d eielpeI Snuld  7'LT 19]A9ISALg
BOLYY YInog
w ()'Z-6°0 ‘suozuoy gg Ae[d 0} weo| Ae[o
(Squow 7§ 19A0 MOPWEAIS [B10) JO UOTBIAID Apues doop SI[I0A0 SUOZIIOY Y WeO[-AB[D
6) A[qpuowr woj jjount A[1eoA 0} palIdAUO0d) Of | 4 0011 SuruuIy) 9AN99[9S ‘6861 -weo[ Mo[[eys ‘so10j paxiw smdAjeong  9'GY qoqIIIM

BI[EISNY UIYINOS ‘JUSUIYDILD }21)) ofeSuemejue],

NENA
(8) 0C 8 9 6 1€ 14 69 0cIl1 Suruury) ‘¢861 onLele pue JsnIoLp onueel smdAjeong 9z T [ISeLIeA
‘sfoAeI3 onrjosid auy pue jsnidLnp
¢L103s1opun sqniys snoj[Aydo1djos
) 991 ¥0€ 6¢C1 Y YL 00¢€I Suruury) ‘6861 poaAea-[[ews yiim snmydLjeonyg 08 ussueH
BIRI)SNY UISISOA

ueaw 0ys 0y pig pug S| (%) () (=y)
SOIUAIOFIY BaIR [BSEq JO uoneydioard 0o Jo uonduoso( S[10S pue UoNeITA ea U oIR)
(wwr) Suruury) Surmo[of s1eak Aq sasearour Jjouny uononpay [enuue uBSy v

*(panunuo0d) $399)J9 SUIUUIY) ULIOJIUN U0 SHUIWLIIAXI Judwiyd)ed paared IPIMPLIOM Jo AlewwIns Y “f d[qe],

B ORI 55 17 % 1 £, 2018]




Thinning effects on runoff increase in Hitachi Ohta 7

severity of the cutting in the mixed hardwood and the pine
forests. Lane and Mackay (2001) concluded that the percentage
of basal area removed was not an indicator of the magnitude
of flow increases, because mean annual runoff increase was
70 mm in the patch cutting conducted at the 22 % reduction
of basal area, while it was 140 mm in the selective thinning
conducted at the 12 % reduction of basal area in eucalyptus
forests in Southern Australia. These were because the rate of
increase in catchment runoff after thinning were attributed to
the regeneration rate and the annual precipitation in addition to
the rates of the reduction of basal area.

In eucalypt plantations, observable runoff increases
following thinning were small due to the high growth rate and
rapidly increasing water consumption predominate (Lane and
Mackay 2001, Lesch and Scott 1997). In oak and beech mixed
hardwood in Turkey, there was not any significant increase
during the later month after cutting because the replenishment
of the understory buffered the effects of reduced crown closure
and in turn the interception and transpiration losses (Ozyuvaci
et al. 2004). In this study the understory species seemingly had
not regenerated vigorously and regeneration had not effect of
the annual runoff increase.

Reinhart et al. (1963) summarized that usually the
results of treatment were more pronounced in well-watered
area, such as the Fernow, Coweeta Hydrologic Laboratory in
North Carolina, and Kamabuchi in Japan, while areas of low
precipitation were likely to show less effect, such as Wagon
Wheel Gap in Colorado and Sierra Ancha Experimental Forest
in Arizona. Stoneman (1993) indicated that the smaller increase
from Yarragil 4L catchment compared to Hansen catchment
was attributed to less rainfall (Table 4). Baker (1986) reported
that the potential for increasing water yield in ponderosa pine
was small because pine forest inherently occurs on drier sites.
On the other hand, the removal of 43 % of the basal area of
0.35-ha C. obtusa plantation forest produced extreme water
yield (241 mm) in Mie prefecture, Japan, where the mean
precipitation is approximately 2000 mm (Dung et al. 2012).
The Authors explained that precipitation occurred during the
growing season might directly contribute to runoff increase.
The removal of 22.5 % of the basal area yielded the maximum
annual runoff increase 147 mm in this study. The thinning in
C. obtusa plantations in areas of high precipitation likely yield
relatively large amount of runoff increase.

Bosch and Hewlett (1982) also concluded that the largest
increase was generally found in the first couple of years
following treatment, and the water yield later diminished as the
forest regrew and leaf area increased. The water yield was large
in the second year (2011) after thinning in this study (Table 3).
Most of the previous experiments reported that forest crown

closure recovered relatively quickly. The crown closure in

|Bulletin of FFPRI, Vol.17, No.1, 2018

this study recovered the pre-thinning level for one year in this
study (Table 3). The canopy interception loss recovered the pre-
thinning level in the third year after thinning. The reduction
of total transpiration in the stand likely has a longer effect on
runoff increase than the reduction of canopy interception loss.
However, the annual runoff returned to the pre-thinning level
simultaneously with the recovery of the canopy interception
loss in this study. In conclusion, it seemed that the intensive
thinning in small C. obtusa headwater plantation was effective

to increase net precipitation and stream water for a short period.
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1.0 mol L™' DEEEET VT LA E AWk E 512
HiE (RAS 1992) IcH#E U THlIE L7z, mABAERT O
Bz owTid, 1ikic DT 4 KETHE L,
HI D Na, K. Ca. Mg %54 2 & ICP 3 m
Hr3EE (Optima8300, PerkinElmer) TE& L7z,

2.6 #REHERT

AF, B/ FENFTNICOWVTARDTIESE LIBAES
A ABOHE. OO REOMEEY X, Btk
HEICEOTTEGTARICE T 2 UHX R OE N E —
TCHCE D7 B AT (one-way ANOVA) 1 X D fifddit Uiz,
WMEICXZ 2P ERETH-HE (p<0.05) Tukey
HSD MEIC K » T D AEZ L EILE LT, 7272
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L.E/FD10%KE 25%KIFMAKIDNE oIz,
EORRGAERDOIW 21T BEIC 10 k2L L HT
1Y)V liz, LT, B/ FOEDLEEH
BIZDOWVTIE, 10% K& 25%KICHED IR LR NTZD,
HIRX & 5%BRICDNT tMEZEIToTce TNHEDETRE
IZIE#REEY 7 & (JMP8.0, SAS Institute) Zf#ifH L7z,

kI T
3 HE EAERRDORERIEL

AFOMHEIF. 5% K & 10% KIZ K & REEIC K
RBUA, 25% X TIEKRENE LI /NE o7 (Fig
Do BHiI3 A% (2016 47 H) O 25% X Tldfthod
PRI LERTH @A RIS/ E D > 72 (p < 0.05)
(Photo 1)s — /5. B/ FDHEIX., 5% K THRAKX &
FRICHELEZDICHR L, 10% K & 25%KTRIFEA
EMMERKREMNREDSNEN> Tz (Fig. 2), BHE3 1A
% (2016 E8 H) Db/ F T, 25%K & 10% XKD
HED, R E 5% KICEXTEHRINE o272 (@
<0.05) (Photo 2),

AF25% XOEKBREIBM2HE (6 H) IT&
100% 72> 7=, 3 A% (7H) IKIEFREMETLT
% &7&0, —EFEHME TR (12 A) 1Zid 58% T.
ADODME DT TREEN Tz, 2, 5% KBXU
10% XOEREE 6 7 H% (10 H) 1C1F 63% £ TIX
NUTeo —H. RIBXIE3 A% (TH) Kid4DoD
WEIX DO TR ELL 79% 2o 7h, 5 h A% (9 H)
IZ75% 75> CRIRIEZEL LA o T, ZDTSD. —
AEMRFTE (12 A) 1@ AF 0L R W IRK A
kbEEM o (Fig. 3),

v FOEFERIE, BRE3 A% BH) hb. 5%IX
> R > 10% K> 25% X Tififis L7Zah - 7z (Fig. 4),

—Cm—25%K == 10%K
s L 5%X oo o@ee NEEX ”,‘Q ....... g
20 '-'OI " L L
—_ ’ /
E ?r
1S =7
i 8 Z
10 .’_.-,' y
a »
: ¥
—
0

4/14 5/14 6/14 7/14 8/14 9/14 10/14 11/14 12/14
i 1 1

BREZ e B
Fig. 1. FUPRXIC I % AF a2 7 F i O ik O FEHFA
1t

BEZ7IVT 7Ny NI I AL (7TH) I
BOTUHKXB THEEAND S T L %R T (Tukey
HSD #iE. p <0.05)
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Photo 1. F2hi3 A% QO164ETH) DAF AV T FHHOMT-.

a. PHHRX | b. 5% X, c. 10% X, d. 25% X

Photo 2. ki3 1 HH% Q0164:8 1)) Ok /7 FarFF Dk T-.

a. PHAX | 0. 5% X, c. 10% X, d. 25% X

20

[ ——25%& == 10%K
= A= 5%X @ FEBR
15
- eed
: -l
{E 10 | /,:‘.. ..... [ YETITr
: e o
T
5 F ":,.
0
5/17  6/17 7/17  8/17  9/17 10/17 11/17 12/17
! i
BB BIE
Fig. 2. %UAKICHEF B /330 FF MO O
1t
g

Bz 7T 77Xy MNIBM3I A% B ) I
BOTUEXETHEEAEND 5 T L Z2/RT (Tukey
HSD &, p<0.05)

RAET

120
100
. 80 |
S
# 60 |
[y
H 40
e 25% X = = 10% X
o | TP S%E  cc@e- RHBX
0 . , . . A . . .
4/14 5/14 6/14 7/14 8/14 9/14 10/14 11/14 12/14
1 i
&= d BAE EfE
Fig. 3. FUBLXIC I % AF a7 F O LERE ORI
21k
%
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120

100

80

60

TR (%)

40 |

e 5% K = = 10% X

20 S%EX  cce@ec REER

0 . . . . . X .
5/17 /17 7/17  8/17  9/17 10/17 1117 12/17
1 1
&= EN

Fig. 4. FUBXICHT B/ F a2 T FHOERBOR
[FE N

—EEMRE TR 12 A) o/ FOEERFEIL, 5%
XA 92% ., MHEAXA 79%. 10% KA 63%. 25% K H
50%72 o7z, B/ FDS%KEMBRDEKRIZ, X
FTRBEREOEN > B (75%) Kb & &>
7zo

32 @EY A X

VT FANOBMEREOMEY A X, AFEDEE
JEWIINE o T=hY (Table 2). B I UL R 72 13 &
Snlxhrole (Fig Do —AEBEMMKTHOMDED
B (20172 H) ORAF, v/ Far 7 FmoOiky
A X% Table 31C/RT o AFD 25% X Tld o LEE X
WCHERTHR TR, Him, M B E, Rz &,

BRUOMAEZENGEIS/NE o7z (p <0.05) (Table
3)o AF DRI EEHIAN D PRIEIK DR B R D E
EINE Mo Tz, TR I IEZBBER DIRERDEWVIC X
BPEEBERAZZALENIZN ST (p=0.10), D HLDHF
DY/ FTIE, 10%XKE 25%XKDMTELE. Hm., H
iR, MR E, B X O ED, MK &
5% XICHERTHERI/INE D o7z (p<0.05) (Table 3),
v/ FOFIRE & TR id, 25% KM LFEX X D
ENE VDD - Tz,

33 FMDILFEME

WA ORI, R DA RN EWIZ E pH
(H,0) BXU pH (KCD HE. CBXUNDEH
BIMEL M Ca BEXU K EHENED > 72 (Table
4), —EEMRKTHOE AN O IO KICBIT S AF
e/ FoEM o %% Table 5I1CR”d, AF., b
JFELBICHHADIKDEGTENEWIZE pH ED
<, C. NGAREBLURHME Mg, Na GHEMEIW
M 2R Uz 23 Ca B XU K SHBICIKDIRS
RICKBHKBIZEVNERO S NEh > 2D, AFOoxt
X O Ca A RBMOUIRICLEREL, &
JFOMBXE LT 5% KD K &H &I
X XD {EKh > 7z,

34 EDOEDIREE
—HEEHRETROEAHOWMOKEORAF L /F

DR D C, N, K. Ca, Mg, P, Na, Fe, Al, B,

Cd. Cr, Cs. Cu, Mn, Mo, Ni, Rb B X U Zn D &

Table3. AFB LT /FarFFHO—LEMNK Y ICE T B0k 1 X

Moo (mm) W& (em)  HEAGZE (o) #RE (o) (#kiZE (9 T/R JEAREE
AF  HfHEX 34 +0.1° 258+ 1.4° 3.19 £ 0.25° 1.60 £ 0.12° 479 £ 0.35° 20=£0.1° 76 £ 3°
5%[X 29 +0.1° 215 + 1.3 2.38 +0.23° 1.17 £ 0.08" 3.55 + 0.30° 20+ 0.1° 73 + 4*
10%[X. 33+0.1° 208 +1.2° 2.56 + 0.36" 1.16 £ 0.16" 3.72 + 0.52° 22 +0.1° 64 £+ 3°
25%[X. 1.9+0.1° 8.1 £0.9° 0.63 £ 0.10° 0.35 £ 0.06° 0.98 £ 0.16° 1.8 £0.1° 41 £3°
v/ F WX 1.8 £0.15° 123+ 1.4 1.03 +0.18" 0.49 £+ 0.07° 1.52 + 0.26" 2.0+ 0.1° 66 + 3
5%[X 1.6 = 0.11° 113 +0.8° 0.71 +0.11° 0.34 + 0.05° 1.06 £ 0.15° 21+0.1° 72 + 3°
10%[X 0.7 £0.04° 42 +04° 0.08 +0.01° 0.05 +0.01° 0.13 +0.01° 1.7 +02" 59 + 4
25%X. 0.7 = 0.06° 2.7 £03° 0.05 = 0.01° 0.03 = 0.01° 0.08 = 0.01° 1.3+0.1° 37 +3°
P AR (n=10) ) -
BT VT 7Ny MIBHEIC OV TUBK M CHEEDNH S T £ 27RY (Tukey HSD BE. p<0.05)o
Table 4. HIARFHIRTIC I 5 HUPLX DK HED L 241
C N Mk Ca ZHE Mg K P Na
pH(H:0) pHKCD gkg ' gkg ' CN cmolc kg ' cmolc kg™’ cmolc kg™ cmolc kg '
0%X 3.4 2.8 447 103 435 3.2 £ 0.0° 83 £ 0.1° 212+ 007" 1.75 £ 0.05°
5%[X 6.5 6.4 235 5.3 442 622 +2.3° 185+ 0.6° 726 +021° 215+ 0.06"
10% X 7.7 7.9 136 3.3 41.6 751 +3.5° 21.8 +0.6° 9.86 +0.31° 225+ 0.08"
25%JX. 8.8 9.0 73 1.5 48.1 98.2 + 2.0° 18.8 +£0.7° 1299 + 0.89"  1.92 + 0.13™

C. N, C/NIZDWTIF 2 KB THlE Uz el

A Ca. Mg, K. NalZ DWW Tk 4 18 THliH U 7z P39 fE - fe s
BxB7IVT7 7Ny MIMX B THEREAEDH S T L 2/RT (Tukey HSD MUE. p<0.05),
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Table 5. AFH XU/ Far 7 FHio—"LEWINE BT 2 FUPX OOk A1k

C N AHE Ca ASHE M S K AZHLME Na

pH(H,0)  pH(KCD gkg™! gkg™! CN c)r;zgl’gcl kg™ c);i%cl kg7g1 c?nfﬁl kg™ ct);i%cl kg '

ZF WX 63 +£01° 57+£01° 473+3* 75£01° 63109 744 +E34° 28803 1.23+0.08 2.66+0.02°
5%K 71101 64+£01° 167E£7 3.0+01° 555+05 39607  9.1+02° 1.021+005 1.04+0.02°
10%X 76+01° 70+£01° 1074 20%+0.1° 524 £1.0° 395+ 14" 7.4+ 03 136 £ 0.03° 0.96 £ 0.02°
25%K 92 +00° 87*X01° 42+1° 08+00" 50705 462+1.7 48+02° 1.52+0.02° 0.58+0.01°
v/F WEKX 50+£01% 42+01° 486 F6° 73 +0.1° 669+ 08 39328 25309 091 002" 3.14 £ 0.06°
5% 72+£01° 65E£01° 1602 27£01° 595£1.0° 424F£09° 109 £ 04" 099 +0.02° 1.19 = 0.04°
10%X 81+01" 7.6+02° 8 +7 16+01° 545+ 1.0° 374+29" 56+04 1.19=+0.05 0.72 + 0.05°
25%KX  94+00° 90+01° 36+1° 07100 53.6F02° 448 +20° 6.0+03 123+0.01° 048+ 0.02°

FEHEHEERGE (n=5)

BRB7IVT 7Ny MISEREICOWTUHK M THEENH S T L Z/RkT (Tukey HSD HE, p<0.05),

HE% Table 6 1IC/R"T o AF Tl BN DBREEIR D
EAERNEHWIZEED Ca, B, Cs. Zn, BXUT RbD
GEEMEM o, LML, N, K. Mg, P, Na, Cr.
Cu. Mo BXUNi OFHEICUWHEDOER X BIERE
SN otce AF25%KIE, HOMHEKX XD & 3D
AlBXUTMn DEERVEREICHL (p<0.05), Fe &
frbtEWEIDAH LNz, iz, AFTERBEIKZ
BEBELEITANTOUHMK THED cd ZH R AIRX X
DEERICEN-E (p<0.05), AFDEDCEHEHR
FAtho 3 IMEKIC LR, 25% K THEICEP > 72h (p
<0.05). NICEZUHXMETEWARD SN > T,
b/ F T BHIAOBBEIKDREGENENIZE Ca,
NaBXUBOEAEENGWVEADHASNTZ, LHL,
K. Mg, P, Mn BXU Zn DEHBICUHOHERE
BRSO NEH>T, B/ FDFe, Al, Cr, Cu ¥
KN OFHREMO 3 WKL, 25% K TH
Motz B/ FOERRDI B, HOIKRLDOD S MR
K& 5%XzliL7z%E. Py By Cs. Mo BX U Rb
DEERPHBEID s K THEREICEM Tz (p<
0.05), b /FDC E&HBITUFX S CTHIAENOIZEE
BoNEM oA, NI 10% X & 25% X T WO
WhHoteo AFEb/FRIEKTZE, B /FITAF
WICHART, BEiED Mn 680 Eh > T,

4. 45 %

Bilthod pH (H,0) &, HiARHEDED KEICIE S% KT
TOLLE, 25% X TE 9.0l ETH D, HIRX O
(63: AF,50:/F) IR LTELLED o
(Table 4, 5), EFHNCIRS U72BABEIRKD pHIZ 11.9 TH
D (Table 1), HEHUIRBEIKDOERGHEZ KM L T & pH
ftLizEEZ25N, ThHRRAF, e/ FaVTFHD
FRMEIHENTH % LRI Nz, BBEKICIE Ca
ERDNEZLFENTEBO (Table 1), HARBHEAT DB
DR Ca B XU K FH R IZRPEIKDIRGH O
MEFRBHLTEE > (Table 4), LML, HWAIED
H O KD IOzl K B8 B i & & ISR
DEGHROBEMEFGFAL TEHE 59 (Table 5), FEDK

SEHRICOEERMAXMEZE A D NEMN o7 (Table
6)o MK IZHT LT WD, —EBFHIMEZICIE
ZOEIDHRE LD EEZDBNS, HAIDED
DX HRX DM Ca BX O Mg FHEIZ. HEABH
Mi& OB LU Tz (Table 4, 5)o N RIS EEA RS il
THBHE—PERENR—=FA4 FBXUITD I THEAL
ENTVE7S, ARETROVOICH L, oL X
BRSNS RBER DR A LTV B e i fHxmic E <,
HIRXIZHANTE R D 72 0 OERENKEZ Wz, K
DOITHEESBOLCTHED D DESERDOLEH)
MRELEOTWVBEEZADNS, £z, MRXIETH
ARKOBRENBVTZDHIREE Z ., Ca® Mg ZFTR
U 2 —hZ B it S Nz, Bt AL E B E
Dize, M SR 2—ERmoRETEhholklz
DI, M Ca BLU Mg BHENEN 272D E L
Nz, o ¢ BX U N OFHE RITE AN ORBEIX
DREFEMENUHEKIZ EFm» o7 (Table 4, 5), T
. PERICIE C ENRBIZEAEEEN RV, &
AEHTHZE— N ERIEEITHD CENEET
728, BBEKDRGHEN NS TEOEHBEDED
ELTRMENEERTHE EZONT, TONT
FREENETHOHYNFHLLT VHEBEEN OR
TRV, BFHIANDBRBEIR DR G R WAL IE
RO N GHBMIWC EA. BEEKDEERNE
WILFRX T O HARD K EMHNC L TV 5 A ReED
BB, Fle, WEHIANOBBIKDESENEOIF &3
P Mg, Na &HEMEWEIMNH S NTH (Table 5),
BN O BBEIK DIRBENE N ERBNOE N E—
MER ChnE 1998) DEEGWMEL 25720, A E
HEhicdh-oketEZ2b6N%,

VT FEBHANDRBEIRDIESN, AF, e/ F
VT FHOREBICRIETHEL, BEICXD R
Too —HEBEMRAE TIREOHR D B A DV THIRX
CEEEOHRITERB X CHEAZEN RS NTZDIE,
AFTRES5%KE10%KTHo>7ZDICHL, ©/FT
Z5%XDOBRTH o7z (Table 3), AF DL, BRI
ZAEZIE L TR TIE 5% K & 10% X IEREIX
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EHEIBEORENAL NI (Fig. 1, 2). —EBH MM
FTREOH DB A TIZ 10% KO E EIEHIEX KD
KA o7z (Table 3), &/ FDHEIE SBXTDH, it
MR EMABETH - Tz, ikl B, MBEKDORES
KXo THEDRENHRR LD EE#EEND T &
T, LAMfIE N, coTehb, Dixltd
ARBO XS ICEBER S 52 2% Tk, iAo
MABEIKIE RIS KB AF, v/ FHORERERN I A
SNV ERHLNE RS Tz, HARBMATOE T
WERRBEIR DR B HF DN EVIE B O L HE Ca B KT
K ZaENEN272h (Table 4), HAROHE O R (B
R 55710 A A% WEE Ot Ca XU KA

BRICKODEBEGRICE DA RENERED SNah >
7z (Table 5),
MRBEIK DR SRV EWVILEXIZ E, AFED Cad

ArEEE->TZE8DD, AF, v /FHEDO Mg, KF
FEXE/FEO Ca BERICEERUIRM A I H 5
N9, IXRTOMETIERVHEES Cr, Cdy Ni &>
7eE&E)E. Fe. Cu. Mn. Zn E W EMEXNEAESE
BIXUAIOBGEENE X ZMANH S NI (Table 6),
HOREREKELIELES T il ay T Es
ELTRBIRZREGTEZHH1E. AF TR 10%E
THHDICH L, B /FTRSBEETH S EHH
EhEmoT,

AF 25% X TR MOMBEKIC LN, ED Cc ZHED
<. Fe. Mn, Zn bt Vo WBLEESBOZH R
Lldilc, RATREVAIDGHEL HWENDSH -
7z (Table 6)o Al (X LB HEAR T CIKIEE D5 S
RIS RICE <A, BRI & Ca* Mg DIKRIY
RIEOREZIHIT 2 ENHENTWVS (Marschner
1995), LA L., fiOMBK & LR, X F 25% K THE
DCal MgZHEIFIKL 2L (Table 6). T/R & &
BN T N SROKENHIENIzDIF TEEM->
7z (Table 3), TDT MDD, 25% X TIE Al D FFE
BELCTWEDIREEZLEND, AFTIEIMEEIKZ
BELEIXRTOUHKX THED Cd 548820 R IHRKX X
DEFRICEN S T, BBKDOESEIG 2 KL T
W2 b} Tldiah -7z (Table 6), ERJETIEDH %M,
Fe. Cu. Mn., Zn &\ o e ENHEICE I HEZEN IS
CICRHETH D, Ni ZRBFUTR TR VDR DRIE
CHERFICINT WD CEEF - /NI 1991) 0 BRBEIK DR
BENGVWIEX TELEREOGHENGX L AN S
ekt o7 T e 5 BBEKDIRGZ D & O LR
RKTOAF, v/ FaryrFHEORENMRICESED
BRI AN DB DIRGIC R D, BIKICEHEN
% Ca, K BXU Mg DHYIENDWRINEMNIENT S T
ENRIAENTEN, XAF, b/ FEDO Mg, KEAR
Rt/ FHED Ca BHRICHZRUHEMZITHA S N
Mo Tz (Table 6)o BBEIRZIRA L TWIRWHIRX T
B ERENAONTZCT N5, HADKEIZIZ T

CBIETHE A EEERICEEN 2 EBPE TR
fete®lc, BHIANOBBEIKDRESIC K 2 HARDKES
KUED Mg, K, CaFAERICHT 2 IR /NE
holceEBZASON, LALENS, AF TR
DRARPEVUHEXIZEED CaGHRITE L &>
7z (Table 6)s MATIEY X—HD Ca GHEMNL /F
WKHRAFTEZ N ERREINTNZ T D (3
Mo bk 1993), AFIE Ca DERENEH VB TH S
AREMED S B0 Z DTz DITHRITEIR DR R A & WL
KTl CalNA 2, ED Ca GHRICKMEI NI
EZHN%,

1D AF, b/ F i, FEHADOBREEIKDREIC
Ko THKRDRENHBX L0 EEEINS T i3k
CELAMHEN, AFTIE25%KX, ©/FTIE10%
X & 25% T, WInERE, HE. ZENNIRXICHXRT
ZLANEholz, 2) BBEHRDEEICK > T, o
pHIZ FR LU, Rk cabB XU Mg AREIZEML.
N. CEAEIEFHD L., BEPODFe. Mn, Zn FDHESE
B AlOGHEEMEEZEERNDH -7, 3) ThHD
TLEEETDHL, HIOMEZKELHES T Li%L
TEEM E UTRIERZRIH T 21Cid. av 7
HINDORBEIK DR G H ((RFEE) O LEEZ XF Tl
10%, ©/FESRICHRET S ENEYTHZ EE
2%htoﬁ%m B Z B HNCIRB Licary 7+

DEZE T Blzdicid, 5|EREHARDKED
Lﬁﬁ%ﬁ?&k%u\ﬂ/Tfm@M%@ﬁkﬁﬁ
Bh S0 EREORINEZNET 545 E. IV T MW
DEEMB XUCZEMHICHET 2 E 56X 55D RET
H3,

a8

KREINA A< AFBFHD S OBRBEIX DFRETIZEH
HILKICBIMEEIC IR > 7o HARD K ERA TEHEA O
M) AL, HHETRICSHIIVWERZE Wz, £z,
FEY) - LEERUR O FH S CIIRA TR, B,
HHEROBMERC IR > 7z, AW (W) BRI -
BRI MNE&ETny 2 7 b TREN
A A AFBEREDLENRIEK TFEOMRE GREE
5 201423) I K DTN, WIED—EBIC MR EWTISE
Frod TRIEFAEN D B WH5EF DT D DOSIRHIE ] I X
BRI Z T T2,

5 Sk

SE B (2011 AFHEHEMOMKI R MEZHIEL
Feffibaze (1) (3% - HiifF 2 - WO —BIE%IC K S
R X Mb. B, 542, 52-55.

A sl FEHAR % Qo) Yuyzs ks [arvs
FHZTEH U7 KT R S EMREA O FGEZE ] D
FHIT. FRMEALETE, 5, 101-105.

X FHE - BA ER Qo1 AFDaY T IO

B ORI 55 17 % 1 £, 2018]



BN DRI G T > T F H ORI RIE I 2 83

A MEDARENE. HABMARREFERT — X —
A %5122 MIHABMERZKRER, 67.
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Effect of woody ash mixing to growing media on the growth and
nutrient condition of containerized Sugi (Cryptomeria japonica)
and Hinoki (Chamaecyparis obtusa) seedlings

Junko NAGAKURA"", Mayumi Y. OGASA?, Tsuyoshi YAMADA" and
Keizo HIRAT"

Abstract

Most of the combustion ash produced from the woody biomass power plant has been considered as industrial
waste. However, ash contains nutrients such as Ca and K and may be reusable as a fertilizer and/or soil material for
cultivating seedlings. To evaluate the feasibility of using ash as container growing media, we measured the growth and
nutrient status of Sugi (Cryptomeria japonica) and Hinoki (Chamaecyparis obtusa) seedlings planted in containers
with different mixing ratios of 0% (as a control), 5%, 10% or 25% of ash application (by volume). Ash application
did not increase the seedling size of both Sugi and Hinoki. The height, diameter, and biomass growth of Sugi treated
with 25% ash application were significantly restricted compared with those of other treatments. In Hinoki, the height,
diameter, and biomass growth were significantly restricted with 10% and 25% ash application. The exchangeable
Mg and Na contents in the growing media at the end of the growing season were lower in the seedlings treated with
a higher ash mixing ratio. Needle Ca content of Sugi was increased with a higher ash mixing ratio, whereas that of
Hinoki was comparable among treatments. No significant difference was observed in needle Mg and K contents of
both Sugi and Hinoki among treatments. These results suggested that ash could be mixed up to 10% and 5% for Sugi
and Hinoki, respectively, into container growing media without restricting seedling growth. It would be necessary to
investigate whether ash-mixed seedlings grow well after planting in a forest.

Key words: biomass combustion ash, containerized seedling, fertilization, hinoki, nutrient absorption, sugi
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Sixty-year stand dynamics of a forest stand damaged by Typhoon
Toyamaru in Higashitaisetsu natural forest, central Hokkaido, Japan

Satoshi ISHIBASHI"", Naoyuki FURUYA", Shozo SASAKI" and
Masayoshi TAKAHASHI”

Abstract

The stand dynamics of a natural coniferous forest during 60 years after severe wind damage in 1954 was examined
in the Higashitaisetsu area, central Hokkaido. This stand had a standing tree density of 1,230 trees/ha, a basal area
of 46.15 m’/ha, and a stand volume of 423.4 m*/ha in 2014, 60 years after the wind damage. The stand volume was
1.8 times greater than before the wind damage. The number of trees increased in the first 37 years after the wind
damage, probably largely due to the growth of advance regeneration; however, subsequently the number of trees
began to decrease, probably due to the competition among trees and the decrease in ingrowth rate. Based on a stand
development stage after a replacing disturbance, we considered that the forest stand was in the stand initiation stage
about 40 years after the wind damage and then moved to the stem exclusion stage.

Key words: natural coniferous forest, regeneration, stand development stage, wind damage
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Retention Experiment for Plantation Forestry in Sorachi,
Hokkaido (REFRESH): A large-scale experiment for
retaining broad-leaved trees in conifer plantations

Yuichi YAMAURA"?", Nobuhiro AKASHI”, Akira UNNO”, Toshiyuki TSUSHIMA?,
Akiko NAGASAKA?”, Yu NAGASAKA? and Kenichi OZAKI”

Abstract

Retention forestry, a part of silvicultural system that retains important forest structures and organisms at harvest
time, is a promising way to conserve biodiversity in managed forests. This harvesting method is being widely adopted
in many countries and tested in field experiments. A large number of conifer plantations in Japan are reaching the
planned harvest age, and their harvest is expected to help meet the domestic demand for wood. On the other hand, the
restoration of conifer plantations to natural broad-leaved forests and the maintenance and enhancement of ecosystem
services other than wood production are required in plantation landscapes. In this context, we launched a large-scale
retention forestry experiment (the REFRESH project) in Sakhalin fir (4bies sachalinensis) plantations in central
Hokkaido, northern Japan. The REFRESH project has six treatments (clear-cutting, three levels of dispersed retention,
aggregated retention with a 0.36 ha intact patch, and gap cutting) and two controls (unharvested natural forest and
unharvested plantation) with three replicates each. In dispersed retention, naturally regenerated broad-leaved trees are
retained at three levels to maintain and restore elements of natural forests. After harvesting, fir seedlings are planted
in the harvested area. We conducted pre- and post-harvest surveys on water and soil conservation; forestry efficiency;
and the diversity of plants, arthropods, and birds. The initial surveys indicate how tree retention provides continuity
in the forest structure in the harvested area, and long-term surveys until the next harvest will reveal the degree of
structural and compositional enrichment of the plantations.

Key words: biodiversity conservation, forestry efficiency, planted forest, retention forestry, water and soil

conservation

1. Introduction

Forests cover 31% of the earth’s land surface (FAO 2015)
and play significant roles in the environment (Perry 1994).
Forests harbor large areas of global biodiversity and provide
various indispensable ecological goods and services, e.g.,
wood fiber, water purification, soil conservation, recreational
locations, carbon storage, and biodiversity conservation (Nelson
et al. 2009, Raudsepp-Hearne et al. 2010). These ecosystem
services undergo change due to anthropogenic activity in
forests (Wilcove et al. 2013, Renard et al. 2015) and are likely
to continue to change in the future (Bateman et al. 2013, Lawler
et al. 2014). Society has therefore increasingly responded to
these changes by various schemes such as sustainable forest
management (Butchart et al. 2010).

In previous decades, planted forests, which are established

through planting or seeding, have increased in area and now

Received 18 August 2017, Accepted 11 October 2017

cover 7% of the world’s forested area (FAO 2015). Half of all
planted forests exist in Asia, particularly in East Asia (FAO
2006), where they are rapidly increasing (FAO 2015). Planted
forests produce 50% of the world’s wood products (FAO
2007) and are likely to increase their dominance in the near
future (FAO 2015). A recently proposed concept of ‘planted
forest” involves fully and partially regenerating planted forests
through planting and seeding; the former indicates a traditional
plantation (FAO 2006), and the latter may be referred to as
a semi-natural plantation. Here, plantations contain forests
planted with native and introduced species, and we focus on the
traditional tree (or forestry) plantation because of its potential
impact on biodiversity and ecosystem services (Carnus et al.
2006, Brockerhoft et al. 2008, Paquette and Messier 2010).
Forest ecosystem services, including biodiversity

conservation, depend greatly on tree species diversity (Gamfeldt
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et al. 2013, Liang et al. 2016) and vertical stratification (Franklin
1988, Hunter 1990). Plantations are typically managed to have
only one or a few tree species, to have simple stand structure,
and to attain high wood productivity by compromising
other ecosystem services (Sedjo and Botkin 1997, Paquette
and Messier 2010). Plantations can dominate the landscape
by replacing the native vegetation and degrading the biota
in the remnants of native vegetation (Lindenmayer et al.
2002, Yamaura et al. 2009); therefore, the reconciliation of
biodiversity conservation in plantation landscapes is currently
a subject of debate (Brockerhoff et al. 2008, Paquette and
Messier 2010, Yamaura et al. 2012).

Japan holds a leading position in this growing era of
plantation forestry, as Japanese plantations occupy the fifth-
largest area (10 million ha) and the second-highest proportion
(42%) of forested area in the world (FAO 2006). Although
plantations are now being actively established around the world,
Japanese plantations are reaching the planned harvest age since
most were established after World War II (WWII) between
1950 and 1980 (Yamaura et al. 2012). In harvesting plantations,
their contribution to meeting the domestic demand for wood is
expected (Forestry Agency 2017), while their restoration and
services other than wood production are also of social concern
(Yamaura et al. 2012). Plantation landscapes are required to be
multifunctional.

Retention forestry is a part of silvicultural system that
retains important forest structures and organisms at harvest time
and is widely practiced in many parts of the world (Gustafsson
et al. 2012, Lindenmayer et al. 2012). It was developed in
North America more than 25 years ago to accommodate the
non-timber values of managed forests (Franklin 1989). We
undertook a large-scale manipulative experiment called the
Retention Experiment for Plantation Forestry in Sorachi,
Hokkaido (REFRESH) to examine the efficacy of retention
forestry in Sakhalin fir (4bies sachalinensis) plantations
in central Hokkaido, northern Japan. We retained naturally
regenerated broad-leaved trees at the final harvest to maintain
and restore biodiversity and ecosystem services, and we planted
fir seedlings in harvested areas with retained broad-leaved trees.
In this paper, we offer an overview of the context, objective,
experimental design, management prescriptions, and prospects
of the REFRESH project.

2. Concepts and practices of retention forestry
Establishing nature reserves is insufficient to conserve
biodiversity in forested landscapes (Franklin 1993, Franklin
and Lindenmayer 2009); thus, biodiversity should be
accommodated in managed forests (Hansen et al. 1991,
Lindenmayer and Franklin 2002). Organisms, organic materials,

and organically generated environmental patterns that persist

through natural disturbances are called “biological legacies” and
play important roles in maintaining and restoring biodiversity
in disturbed areas (Franklin et al. 2000, Turner et al. 2003).
However, few biological legacies can remain in harvested areas
since silvicultural practices (e.g., site preparation, prescribed
burning) simplify the stand structure (Franklin et al. 2000,
2002), especially in plantations. Franklin (1989) proposed an
alternative to the stark choice between wood production (e.g.,
tree farms) and nature reserves to resolve the conflicts between
timber and non-timber products, i.e., intentionally retaining
biological legacies in harvested areas.

In contrast to traditional selective cutting, retention
forestry selects trees (including snags and logs) with more
emphasis on what is retained over the long term than what is
removed (Franklin 1989). Retention forestry is highly adaptable
and has great variations in its application, including the pattern
and amount of retention. The practice includes retaining
single trees (dispersed retention) and/or retaining small intact
forest patches (aggregated retention). The important issues are
therefore what structures to retain, how much of them to retain,
and the spatial pattern of the retention (Franklin et al. 1997).
Retention forestry can also be an effective tool for restoring
impoverished or degraded forests that have few old trees via
the creation of high stumps and the long-term retention of even
comparatively young trees (Gustafsson et al. 2012).

Retention forestry has three major nonexclusive objectives
(Franklin et al. 1997). The first is to lifeboat species and
processes immediately after the harvest by providing habitat
structure, ameliorating microclimates, and providing energetic
substances for non-autotrophic organisms. The second is to
enrich the structural complexity of regenerated forests through
the next rotation. This approach is important when the rotation
is shorter than the period required for some habitat structures
(e.g., large old trees with hollows) to be re-created after the
harvest and their retention dictates their maintenance and
habitat quality in managed forests (Gibbons et al. 2010). The
third is to enhance the connectivity of the harvested landscape.
Dispersal is a fundamental ecological process that is likely
to play an important role in the persistence of biodiversity in
(unharvested) habitat remnants (cf. MacArthur and Wilson
1967, Hanski 1999); indeed, empirical studies showed that the
quality of the surrounding areas (matrix) has a prominent effect
on biodiversity in habitat remnants (Prugh et al. 2008, Watling
etal. 2011).

Retention forestry has attracted the attention of forestry
communities since its advent and is currently practiced on more
than 150 million ha of boreal and temperate forests (Gustafsson
et al. 2012). For example, retention forestry is practiced by all
landowners in Sweden because of a stipulation of the Forestry

Act and requirements for certification (Simonsson et al. 2014).
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Other Fennoscandian countries, Finland and Norway, as well as
Germany and Canada have widely adopted retention harvesting,
which is led by forestry companies and state and federal
agencies (Gustafsson et al. 2012). Certification organizations
such as the Forest Stewardship Council (FSC) play an
important role in the adoption of retention forestry (Gustafsson
et al. 2012); for example, in the United States, FSC certification
holders are required to retain large live trees, decaying trees,
and snags in harvested areas (indicator 6.3.f: FSC-US 2010).
Field experiments to test the effectiveness of retention
forestry are being conducted (Gustafsson et al. 2012,
Lindenmayer et al. 2012, Koivula et al. 2014, Soler et al. 2016).
Recent meta-analyses show that retention forestry is effective
for maintaining the abundance and species richness of forest
species (Fedrowitz et al. 2014) and is more effective than
selective cutting (Mori and Kitagawa 2014). However, they
also show strong geographical biases in studies on retention
forestry. Most studies have been conducted in North America
and northern Europe, and virtually none have been conducted
in Asia. Furthermore, most study sites are naturally regenerated
forests or those with partial plantings. Schieck and Song (2006)
reviewed studies performed in western North America and
found large variations in the effects of tree retention on bird
communities. They supposed that differences in tree species
composition and landscape structure among the studies may
have been the cause of the inconsistent effects, suggesting the

importance of performing studies in East Asian plantations.

3. Retention forestry and plantation

Retention forestry has been developed and basically
practiced outside of tree plantations (intensive management
zones) and strict nature reserves (set-aside lands) (Gustafsson
et al. 2012, Lindenmayer et al. 2012). That is, areas used for
retention forestry are not specialized either for wood production
or biodiversity conservation and are called semi-natural forests
(Lindenmayer et al. 2012) or extensively managed or ecosystem
management zones (Seymour and Hunter 1999, MacLean et al.
2009). These areas are expected to perform multiple ecosystem
services simultaneously, and retention forestry is an important
tool of the sustainable forest management, multiple-use forestry,
or balanced/ecological forestry in them.

Plantations are usually established to produce wood,
and their establishment is promoted as a method to protect
or spare the remaining natural forests (typically old growth)
from harvesting (Brockerhoff et al. 2008, Paquette and
Messier 2010). However, ecosystem services other than
wood production cannot be overlooked in plantations and in
landscapes dominated by plantations (Payn et al. 2015). In such
cases, even landscape-level ecosystem services likely hinge

on the vast plantations and their management rather than on
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tiny remnants of natural forests (cf. Fahrig 2001, Ruffell et
al. 2017). For example, in Japan, the Forestry Agency (2016)
formed a plan that 1/3 of 10 million ha of conifer plantations
is to be restored to mixed forests with broad-leaved trees to
enhance social values.

O'Hara et al. (1994) viewed silvicultural systems that
reconcile timber and non-timber products as a structural
gradient from clear-cut to single-tree selection, and O'Hara and
Ramage (2013) suggested that stands with trees of more than
one age and diverse trees are more resistant to and resilient
against disturbances than even-aged (single-species) stands.
It is also suggested that simple forests specialized for wood
production cannot adapt to changes of environment, including
wood markets (Puettmann et al. 2012, Messier et al. 2015).
These suggestions indicate the possibility that retention forestry
can be applied to plantations; indeed, retaining trees, including
snags, has been suggested as an important method to conserve
biodiversity in plantations (Moore and Allen 1999, Hartley
2002). Because of the increasing dominance of plantations in
the United States, Demarais et al. (2017) recently suggested
that the retention of habitat elements is one of the promising
options for conserving vertebrate diversity in plantations.
Furthermore, the FSC-US requires that in some regions,
biological legacies (live trees and other native vegetation)
be retained within harvested sites larger than specified areas
(e.g., 4 ha in Appalachia, 0.8 ha in the Ozarks, and 8 ha in the
Mississippi alluvial valley region) when even-aged management
(comparable to plantation forestry) is used (indicator 6.3.g.1:
FSC-US 2010).

4. Retention forestry in conifer plantations

Although plantations are established using various
species, coniferous trees are important constituents of such
forests, especially in temperate and boreal regions. In tropical
and subtropical regions, broad-leaved species of Eucalyptus
and Acacia are widely planted, while coniferous species (e.g.,
Pinus) are quite common in Europe and North America (FAO
2006). In Japan, conifer plantations are largely composed of
Japanese cedar (Cryptomeria japonica), Japanese cypress
(Chamaecyparis obtusa), Japanese larch (Larix kaempferi), and
Sakhalin fir were established to meet increased wood demands.
Although these coniferous species are native to Japan and
can form locally dominant forests (e.g., Franklin et al. 1979,
Maeda 1983), they were artificially and widely planted under
intensive silvicultural practices and replaced grasslands and
natural forests (Nagaike and Kamitani 1997, Miyamoto and
Sano 2008). They are structurally and compositionally highly
different from non-planted natural forests composed mainly of
broad-leaved trees (e.g., Nagaike 2002).

Coniferous trees/forests are generally known to harbor
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impoverished plant (Glenn-Lewin 1977, Barbier et al. 2008)
and phytophagous (plant-eating) insect communities (Ozanne
1999, Mizutani and Hijii 2002) compared to broad-leaved trees/
forests, with some exceptions (Barbier et al. 2008). Harris and
Skoog (1980) and Hunter (1990) raised some possible reasons
that coniferous tees/forests have impoverished biota. First,
conifer foliage and trunks are less palatable due to distasteful
chemicals such as terpenes (Langenheim 1994, Trapp and
Croteau 2001). Terpene compositions can affect the diversity
and composition of phytophagous insect communities (Hatcher
1994, Ricklefs 2008), and phytophagous insects are quite
important in forest biodiversity since they are major food
resources for predators at higher trophic levels (Huston and
Wolverton 2009). Second, the difference in branch structures
and lateral branching in broad-leaved trees provide diverse
foraging and nesting habitats, and self-pruning in conifers leads
to fewer opportunities for cavity formation (cf. Kikuchi et al.
2013). Third, the coevolution history of angiosperms (most
broad-leaved trees) means that many plant and animal species
developed together through seed dispersal, pollination, and
herbivory (Regal 1977).

In Japan, conifer plantations occasionally include
naturally regenerated broad-leaved trees that reach the canopy
layers (Yamaura et al. 2008, Yoshii et al. 2015), and thinning
provides an important opportunity for regeneration (Utsugi
et al. 2006, Nonoda et al. 2008, Seiwa et al. 2012). Although
conifer plantations degrade the biota compared to natural
forests, conifer plantations with broad-leaved trees have
diverse bird (Yui and Suzuki 1987, Ohno and Ishida 1997,
Yamaura et al. 2008, Yoshii et al. 2015) and beetle (Ohsawa
2007) communities, which generally is likely to occur (Bibby
et al. 1989, Najera and Simonetti 2010, Lindbladh et al. 2017).
In Sweden, when possible, FSC requires forest managers to
maintain at least 10% of broad-leaved trees in the production
forests during the management prescription (criterion 6.3.8:
FSC Sweden 2010).

Furthermore, some broad-leaved trees in conifer
plantations were presumably retained when the plantations
were established (Yoshida et al. 2005, Ohsawa 2007); for
example, we found large broad-leaved trees in our studied
plantations (Fig. S1). These trees were likely retained due to
the high cutting costs and their low economic value when the
plantations were established. These observations suggest that
retaining broad-leaved trees in conifer plantations has already
been practiced and is technically feasible. Therefore, there are
opportunities to retain broad-leaved trees in conifer plantations
at the final harvest, and this practice is likely to be effective in
maintaining and restoring the diversity of harvested areas.

Notably, retention forestry is easy to understand and can

be applied by foresters owning only small forest parcels. This

advantage is particularly important since 58% of the forests in
Japan are privately owned, and 88% of private foresters own
<10 ha forests (Forestry Agency 2017) for historical reasons
(Akao 2002). It would be more feasible in many cases for
individual owners to retain these small natural features (broad-
leaved trees) in conifer plantations than for aggregated owners
to set aside (spare) some areas from forestry by managing
intensive plantations in the other areas (cf. Hunter et al. 2017).

Although retention forestry is expected to maintain various
ecosystem processes (Franklin et al. 1997, Gustafsson et al.
2012), functionally different broad-leaved trees in conifer
plantations may have disproportionate effects on varied
ecosystem services predicted by their amounts, as in the large
old trees in repeatedly logged areas and in agricultural and
urban landscapes (Lindenmayer 2017). For example, Liang et
al. (2016) showed that tree species richness has concave effects
on forest productivity; that is, increasing species richness has a
greater role when the species richness is low. Bird abundance in
plantations is similarly valued by citizens (Yamaura et al. 2016):
increasing bird abundance entails higher economic values when
the bird abundance is low. Therefore, retaining small amounts
of broad-leaved trees may have significant returns in enhancing
the ecological and social (see below as well) values of conifer
plantations.

Retention forestry in plantations may also be effective
for retaining carbon and alleviating landslides, as suggested
in proposals for reduced impact logging and partial cutting,
respectively (Dhakal and Sidle 2003, Putz et al. 2008). In
landscapes dominated by plantations, other possible benefits
of retention forestry for biodiversity are to capture diverse
environments and spread risks (Gustafsson et al. 2012),
for example, as in the benefits of establishing several small
nature reserves in fragmented landscapes (Tscharntke et al.
2002, McCarthy et al. 2005). Risk spreading is an important
consideration in the land-use specialization of wood production
(e.g., adding other values to plantations) since wood prices can
fluctuate greatly (Lindenmayer and Franklin 2002, Koh et al.
2009).

A final consideration is the social acceptability of clear-
cuts. Although dispersed and aggregated retention can have
contrasting values (Ribe 2005, Ford et al. 2009), citizens
consistently rate harvested areas with retained trees more highly
than clear-cuts as scenic and recreational sites (Brunson and
Shelby 1992, Tonnes et al. 2004, Shelby et al. 2005). The visual
quality of forested landscapes has been overlooked by the
forestry community; however, this social dimension of forest
value greatly affects the social acceptability of harvest practices
(Sheppard et al. 2004). Edwards et al. (2012) showed that
European people prefer forests with large trees and a number of

tree species. Therefore, retained broad-leaved trees in harvested
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areas or, more generally, conifer plantations with broad-leaved
trees may play an important role in the social acceptability of

and public support for plantation forestry in Japan.

5. Experimental outline
5.1 Forests and forestry in Hokkaido

Hokkaido is the second-largest island in Japan and
comprises one of the 47 prefectures in the country. The history
of forestry in Hokkaido started during the Meiji Restoration
(1870s) when exploitative forestry was developed with
land reclamation and with commercial capital from Honshu
island (the largest island in Japan) (Koseki 1962). Hokkaido
had exported large amounts of coniferous and broad-leaved
trees (e.g., Picea jezoensis, Quercus crispula, Tilia japonica,
Kalopanax septemlobus), not only to Honshu island but also to
China, Australia, North America and Europe, especially after
the 1890s (Q. crispula was highly valued in western countries),
and was known as the most important conifer-producing area in
Japan (Hokkaido 1953).

The transition from exploitative to plantation forestry
occurred after WWII (approximately 1950), and artificial
regeneration (establishment of conifer plantations) quickly
increased (Hokkaido 1983). Currently, approximately 71% of
the land in Hokkaido is covered by forests (Forestry Agency
2014). Among the forests, 27% are planted (Fig. 1a), which is

less than the percentage for Japan as a country (41%). However,
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Fig. 1. Forests and forestry in Hokkaido.

the plantation area in Hokkaido is the largest among all the
prefectures in Japan (1,494,000 ha), more than three times
the area in the second-largest prefecture, Iwate (495,000 ha);
indeed, 15% of the Japanese plantations are in Hokkaido, and
Hokkaido has continued to produce the largest quantity of wood
among all the prefectures since WWII (13-26% share of Japan's
wood production from 1952 to 2014: Fig. 1b).

The native broad-leaved and mixed forests in Hokkaido
were actively replaced by conifer plantations from 1950 to
1980 (Fig. 1a), and Sakhalin fir was consistently used as the
main plantation species (Fig. 1¢). Currently, more than half
(52%) of the plantations in Hokkaido are composed of Sakhalin
fir (the second-most-common plantation species is Japanese
larch: 28%), and their age distribution is concentrated in the
35-55-year range (in 2012), as in other Japanese plantations.
Although logs harvested from natural forests dominated until
the 1980s, the volume of logs from plantations has constantly
been increasing and exceeded that from natural forests in 1997
(Fig. 1d). Logs from plantations currently account for >90% of
harvested logs. Since the 2000s, the volume of logs from the
final harvests of plantations has reached that from thinning (Fig.
1d), suggesting that plantations in Hokkaido have entered the
mature stage. Sakhalin fir trees are relatively short-lived (~200
years: Watanabe 1970, Asai et al. 1980), and old Sakhalin fir
plantations are vulnerable to root rot disease (Tokuda 2005,
Tokuda et al. 2007). Tokuda (2011) surveyed the infection

(b) Wood production in Japan and Hokkaido (1952-2014)
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Department (1949-2014).
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rates of fir individuals from root rot disease in 51 Sakhalin fir
plantations (24-72 years old) and found increasing infection
rates in older plantations (the mean infection rate was 14%);
therefore, long-rotation harvesting is not suitable for Sakhalin
fir plantations.

The Hokkaido prefectural government administers
600,000 ha of forests. The main objective of forest management
changed in 2002 from wood production to the maintenance
and enhancement of ecosystem functions of public interest,
such as disaster prevention, water purification, and biodiversity
conservation. Since this policy change, plantations have been
harvested using gap cutting of less than 1 ha, selective cutting,
and long rotation (Tsuchiya 2013). However, these harvesting
methods are somewhat inefficient in wood production compared
to traditional clear-cutting. Thus, a harvesting method that
reconciles wood production and other ecosystem services,

including biodiversity conservation, is urgently needed.

5.2 Study area

Our REFRESH project is being conducted in the
Irumukeppu highland area (ca. 6 km x 12 km, overlapping the
municipalities of Ashibetsu, Fukagawa, and Akabira) in the
Sorachi management district of the Hokkaido prefectural forest
(43°34'37"-39'26"N, 142°05'27"-09'33"E). This area includes
the largest spread of plantations in the prefectural forest, and we
planned to locate the experimental units with replicates there
(Fig. 2). Mt. Irumukeppu (864 m a.s.1.) is in the northern part of
the area, and gentle slopes run eastward and southward from the
mountaintop. According to the climatological normals (1981-
2010) at Ashibetsu (90 m a.s.l.), the monthly mean maximum
and minimum temperatures are 27.1°C (August) and —11.9
°C (January), respectively; the annual precipitation is 1,093
mm, and August has the most precipitation. Snow first falls in
October, is approximately 1.5-2 m in depth during the winter,
and disappears in mid-April to early May. The natural forests
are composed of Tilia japonica, Quercus crispula, and other
broad-leaved tree species, including Acer pictum, Fraxinus
mandshurica and Ulmus davidiana, and Abies sachalinensis.
The high elevation area surrounding Mt. Irumukeppu is
dominated by Betula ermanii. The forest floor is covered by
dwarf bamboos; Sasa senanensis and Sasa kurilensis are major
species at lower- and higher-elevation sites, respectively.
Lowlands surrounding the study area are used as cultivated
land for rice paddies, crops, and pasture. Fish farms exist in the
watershed, and water resources from the study area are utilized
for tap and agricultural water. Many people visit the area to
climb Mt. Irumukeppu for recreation, fish in the streams, and
pick edible plants.

Since a large part of this area (1,930 ha) suffered from

a forest fire (of unknown cause) more than 100 years ago

(in 1911: Hokkaido 1956), artificial reforestation began in
the 1920s. Most plantations were established during 1950-
1970, and the entire planted area was prepared by clearing
underbrush and artificial burning before planting the seedlings.
Plantations (3,481 ha) now make up 59% of the forests (5,884
ha), and 79% of the plantations consist of Sakhalin fir (12%
and 4% consist of Japanese larch and Sakhalin spruce, Picea
glehnii, respectively). Approximately 2,165 ha (62%) of the fir
plantations were planted during 1961-1980 and the number of

mature stands reaching their final harvest age is increasing.

5.3 What to retain?

We will now discuss the three issues of the experiment:
what structures to retain, how much of them to retain, and the
spatial pattern of retention. As described above, we decided
to retain broad-leaved trees to maintain and restore elements
of the original broad-leaved or mixed forests in Hokkaido
(Table 1). We postulated that broad-leaved canopy trees are
particularly in decline for organisms dependent on forests in
the plantation-dominated landscape, so broad-leaved canopy
trees were selected as retained trees. In addition, Sakhalin fir
may not be a suitable retention target for dispersed retention, as
it is more vulnerable to wind damage than broad-leaved trees.
However, we retained Sakhalin firs in the aggregated retention

areas described below.

5.4 Spatial retention pattern

We used dispersed retention for the broad-leaved trees
because broad-leaved trees are usually distributed in a scattered
matter in conifer plantations. Although we acknowledge studies
that simultaneously adopted multiple spatial patterns and the
possible significance of their combinations (Aubry et al. 2009,
Koivula et al. 2014, Lee et al. 2017), we could not adopt both
(dispersed and aggregated) retention types for broad-leaved
trees. Instead, we used aggregated retention for Sakhalin fir
(Table 1). The aim of aggregated retention is to maintain an
intact canopy and forest floor to provide refugia for forest-
floor vegetation. We also established a gap-cutting treatment
in which one-third of the experimental unit was harvested
by cutting 1 ha clear-cut openings. This harvesting method
has been used in the study area since 2002. The dispersed
and aggregated retention areas have contrasting expected
ecosystem services and management issues (Franklin et al.
1997); however, empirical evidence of the relative benefits is
not sufficient or distinct (Fedrowitz et al. 2014). Aggregated
retention likely provides fewer operational constraints (Franklin
et al. 1997); i.e., the harvesting costs are expected to be lower
in those areas than in dispersed retention areas. However, the
effects of dispersed retention are generalized over the total

harvested area, which may be meaningful for the large harvest
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Fig. 2. Study area and experimental units of the REFRESH project.

See Table 1 for the control/treatment abbreviations. Numbers (225-250) represent the
compartment. “PC” denotes the control site without harvesting in the planted stand used for

watershed monitoring only.

areas. In sum, we placed a higher research priority on dispersed
retention. Nevertheless, we established an aggregated retention
treatment because of the likely high acceptance by foresters (cf.
Neyland et al. 2012) and because retention patches of Sakhalin
fir can be established even when few broad-leaved trees are

present in conifer plantations.
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5.5 How much to retain?

The final item of consideration is the amount of retention.
In their meta-analysis, Fedrowitz et al. (2014) found that
retention levels were 2%-88% (mean + SD: 36.4% + 25%),
and a positive relationship existed between the proportion of

retained trees and forest species richness. In contrast, Mori and
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Table 1. Controls and treatments of REFRESH project

Control/treatment Description
Unharvested natural forest (NC) Reference
Unharvested plantation (PC) Control

Clear-cutting (CC)

Small amount of dispersed retention (SS)
Medium amount of dispersed retention (SM)
Large amount of dispersed retention (SL)
Aggregated (or group) retention (GR)

No retained trees

10 broad-leaved trees (/ha) are retained

50 broad-leaved trees (/ha) are retained

100 broad-leaved trees (/ha) are retained

A 0.36 ha (60 m x 60 m square) undisturbed patch composed mostly of

Sakhalin fir is retained at the center of the experimental unit

Gap cutting (or group selection cutting: SC)

1/3 of the experimental unit is harvested by clear-cutting 1 ha openings*

*Only two replications are available.

Kitagawa (2014) observed few effects of retention level on the
species richness of various taxa in a meta-analysis. Gustafsson
et al. (2012) suggested that retention levels of 5-10% are a
strict minimum to achieve the objective of retention forestry,
and Hunter (1990) and Newton (1994) suggested retaining 5-10
snags per ha to maintain populations of cavity users. These
figures (5%-10%, or 5-10 trees/ha) may represent feasible
targets to reconcile production and conservation. From these
suggestions, we adopted three retention levels for dispersed
retention: small, medium, and large amounts of retention
corresponding to 10, 50, and 100 retained trees/ha, respectively
(Table 1). These levels correspond to 2-18% and 1-27%
on a number and basal area basis, respectively (Fig. 3). We
established a 0.36 ha (60 m x 60 m) undisturbed forest patch at
the center of the experimental unit as the aggregated retention
area. The maximum tree height of Sakhalin fir was 28 m in this
region, and the distance from the edge of the retention patch

was more than one tree length at the center.

5.6 Control and replicates

We established three control types: unharvested natural
forest, unharvested plantation, and clear-cutting. The first
control was a natural reference, indicating a possible target
of biodiversity conservation. The latter two controls were
established to directly assess the treatment effects. Following
the terminology of Bennett and Adams (2004), the natural
forest and unharvested plantation controls in our experiment
were a reference and a control, respectively. Replication and
control are the most important features of harvest experiments
to adequately test and infer the treatment effects (Johnson 2002,
Bennett and Adams 2004); in our case, each treatment has three
replicates (first-third set) except gap cutting, which had two
replicates in the second and third sets (Fig. 2).

5.7 Site selection and experimental schedule

We selected experimental units (5-8 ha) from large stands
that had reached harvest age. The experimental units were set
at >5 ha to avoid edge effects and were spaced at least 200 m

apart to prevent a pseudo-replication problem (Hurlbert 1984).
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Fig. 3. (a) Number (/ha) and (b) basal area (m*/ha) of
harvested and retained trees in the 15 major
treatment units.

See Table 1 for unit name abbreviations. Data were
based on a field survey that measured all harvested and
retained trees (> 5 cm DBH) and on Akashi et al. (2017).
Sakhalin fir and broad-leaved trees are shown separately.

However, two pairs of treatments (SM2-SS3 and CC2-SC2; see
Table 1 for the abbreviations of the treatments) had an edge-
to-edge distance of only ~150 m (Fig. 2). Seven experimental
units (CC2, SS2, SM2, SL2, GR3, SS3, and SM3) included
small watersheds to evaluate the effects of retention harvesting
on water quality and quantity and stream macro-invertebrates.
The pre-harvest basal area in each experimental unit was 24-
45 m’/ha (Akashi et al. 2017). Broad-leaved trees occupied 2%-
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Fig. 4. Treatment and experimental schedule for the REFRESH project.

43% of this basal area, and abundant broad-leaved trees were
probably retained at the time of the stand establishment and/or
regenerated (and retained afterward) where planted fir trees had
died due to canker diseases.

We selected the broad-leaved trees to retain 1 year before
harvest. Because most of the naturally regenerated broad-leaved
trees in conifer plantations were early-successional species,
such as birch, late-successional species (e.g., Quercus crispula
and Tilia japonica) were prioritized during the selection of
retained trees. Trees were harvested from spring to summer by
being felled with chain saws, delimbed and cut with harvesters,
and transported using forwarders. The harvested areas were
prepared for tree planting until winter (snowfall). Logging
slash was piled along some of the skidding trails (Fig. S2).
Sakhalin fir seedlings were planted the next spring in rows at 3
m intervals (2,400-2,700 trees/ha), and weeding was conducted
during the summer. Areas 1.5-2 m wide along the planting rows
were weeded (Fig. S2), which is a typical weeding practice
for Sakhalin fir plantations in Hokkaido (in a larch plantation,
the entire area is usually weeded). Weeding is conducted
once or twice annually, depending on the growth of herbs and
shrubs. Tree harvesting occurred during different years for
each replicate (2014 for the first set, 2015 for the second set,
and 2016 for the third set: Fig. 4). We established a staircase
experimental design (Walters et al. 1988) so that each replicate
reflected different starting conditions to control time-treatment
interactions.

We conducted the field survey 1 year before harvest (pre-
harvest sampling). Most field surveys (other than harvesting
efficiency and stream survey) were not conducted during the
harvest year to ensure operational safety. As our experimental
design has replicates and includes pre- and post-harvest
surveys, it was described as multiple samplings before and

after the harvests in more than one harvested and control
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stands design (Bennett and Adams 2004). We aim to continue
the experiment until the next final harvest (50 years). On May
2013, the Hokkaido government, the Hokkaido University
Department of Forest Science, Forestry and Forest Products
Research Institute Hokkaido Research Center, and Hokkaido
Research Organization Forestry Research Institute implemented
the REFRESH project.

6. Field survey

6.1 Biodiversity

Plants build physical habitat structures for organisms.
Evergreen conifers and deciduous broad-leaved trees form quite
different environments under their canopies, which affect the
understory plants (Barbier et al. 2008). We established 20 m x
20 m plots to survey trees with a diameter at breast height >1
cm, with 5 m x 5 m quadrats at the center of each plot to survey
the understory plants. We placed 4-8 plots at 50 m intervals at
every site except the aggregated retention sites. At some sites,
one plot was placed outside the harvest area to examine edge
effects. Five or six plots were placed in the harvest area of the
aggregated retention sites, and nine were arranged to cover the
retention area (60 m x 60 m). Species of vascular plants were
identified for each 1 m x 1 m section of each quadrat. We have
completed pre-harvest surveys for three replicates and will
conduct post-harvest surveys at the same plots every few years.

Arthropods comprise a large proportion of forest
biodiversity. In particular, deadwood-associated (or saploxylic)
species, which play important roles in nutrient cycling, are
sensitive to forest harvesting (Siitonen and Martikainen 1994).
Forest harvesting also changes the soil-litter interface, which
reveals the assemblage structure, abundance, and diversity
of litter-dwelling arthropods (Spence et al. 2008). We have
collected saploxylic arthropods, such as longicorn beetles,

with Malaise traps and litter-dwelling arthropods with pitfall
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traps. We also have surveyed arthropods in tree canopies using
aerial Malaise traps because tree retention provides refugia for
arthropods inhabiting tree canopies.

Birds are dependent on the forest structure and composition
(MacArthur and MacArthur 1961, Brokaw and Lent 1999) and
have long been studied in relation to forestry harvest; indeed,
they were included as a separate taxon in the abovementioned
retention forestry meta-analyses. We have surveyed birds using
the standard census techniques of line census and point count
in all treatment and control stands. The line census covers the
entire area of the stand, and both techniques required visiting
each stand six times during the breeding season per year. We
have completed the pre-harvest surveys for three replicates
and will conduct post-harvest surveys for at least 3 years in the

short term.

6.2 Water and soil conservation

Water and soil conservation are of great concern to
forest managers and citizens, in part because of biodiversity
conservation issues. We established 16 small watershed
monitoring sites (with 6-10 ha areas), including the seven
experimental units described before, and are monitoring water
discharge, water quality, and stream macro-invertebrates. We
also established four water sampling points with 200-1,000 ha
catchment areas to evaluate the downstream effects of forest
practices. The seven experimental units were selected within
the second and third sets because we needed pre-harvest data
for more than 1 year. Continuous water levels have been
recorded using a data logger since the summer of 2013, and
water samples have been collected every 2 weeks and analyzed
for major anions, cations, and dissolved organic carbon.
Hydrological, physical, and biogeochemical changes caused
by harvesting are expected to affect riparian ecosystems. We
have also surveyed streambed conditions (substrates, organic
materials, water velocity, etc.) and macro-invertebrates every
autumn since 2013 to evaluate the effects of the retention

harvest on riparian biota.

6.3 Forestry efficiency

The increase in silvicultural costs for tree retention is
relevant in relation to the feasibility of retention forestry
(Yamaura et al. 2016). Our primary interest at this harvesting
stage is the possible increase in the cost of harvesting
operations. We have surveyed productivity using daily
reports of operations and analyzed production time by video
recording harvesting operations. All tree harvesting occurred
after snowmelt (May) and until September (i.c., the snow-
free season). Most trees were felled manually with chain
saws (partially with a feller buncher) and bunched with a

grapple loader. Then, the trees were processed on a strip road,

loaded on a rubber-track forwarder (without a knuckle-boom
loader), transported, and unloaded and piled at the landings. As
described above, the retained trees were marked using flagging
tape before the harvest, and the operators harvested or retained

trees based on the tape.

7. Discussion
7.1 Development of retention forestry in plantations

REFRESH seeks a way to reconcile wood production,
other ecosystem services and biodiversity conservation in
plantations using a globally featured harvesting practice
- retention forestry (Fig. 5). The issues to resolve before
practicing retention forestry are the services to be maintained,
the types of tree to be retained (e.g., the retention target, its
amount, and its spatial pattern), and whether the opportunity
cost (economic costs required to achieve retention forestry) can
be offset by the benefits. The responses of individual ecosystem
services to the retention level would help identify the adequate
retention level. If there is a clear threshold in the response
form (cf. Ellis and Betts 2011), it would be a candidate for the
possible lower limit of the retention level (Gustafsson et al.
2012).

However, many studies suggest that retention forestry is
not a panacea. For example, species that are highly sensitive
to harvesting would not be conserved even with high retention
levels, and their conservation would require strict uncut reserve
areas (Vanderwel et al. 2007). Mori et al. (2017) recently used
a meta-analysis to show that the effectiveness of retention
forestry can depend on the surrounding landscape structure.
Early-successional species can be effectively conserved in
a harvested area with fewer retained trees (Fedrowitz et al.
2014). Plantation landscapes in varied ecological and social
contexts may require a hybrid of intensive plantations (no
retention), semi-natural plantations (plantations with retained or
regenerated broad-leaved trees), and old-growth natural forests
to enhance multiple ecosystem services (Koh et al. 2009, Butsic
and Kuemmerle 2015, Law et al. 2017, Trivifio et al. 2017).
This idea is parallel to the TRIAD zoning system developed
in North America (Seymour and Hunter 1999, MacLean et al.
2009, Coté et al. 2010).

Nevertheless, we note that retention forestry is adopted
in all managed forests in Sweden, and these forests are mostly
plantations with native tree species (L. Gustafsson, pers.
commu.). This simple adoption of retention forestry would
help increase its feasibility. In addition, although retention
of many trees unlikely contributes to the conservation of
early-successional species (Fedrowitz et al. 2014), Viljur and
Teder (2016) found 81% of regional (=65 species) and 79%
of grassland butterfly species (=26 species) in 35 harvested
areas with dispersed retention (2-10 years old with 0.3-2.5 ha).
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Disperséd retention:-100 trees/ha

Fig. 5. Post-harvest experimental units of the first set.

This result suggests that retention forestry can conserve early-
successional and forest species simultaneously in harvested
areas. Furthermore, Lindbladh et al. (2017) recently showed
that small increases of broad-leaved trees (<15%) in Norway
spruce (Picea abies) production forests increase bird species
richness, indicating the feasibility and benefits of retaining

broad-leaved trees in conifer plantations.

7.2 Prospects of the REFRESH project

The collection of the pre-harvest REFRESH data was
completed in 2015, and the initial post-harvest assessments
will be completed within 2-3 years after the harvest. Future
surveys will be conducted at several 10-year intervals until the
next final harvest to fully understand the potential effects of
retention forestry on the plantations. Initial surveys up to 10
years after the harvest will indicate how tree retention provides
continuity in the forest structure in the harvested area, and long-
term surveys until the next harvest will show how tree retention
increases the structural and compositional complexity and
restores the native biota in the plantations.

In this respect, the continuity of the project is the most
important. Broad-leaved trees are retained in the harvested
area in an isolated manner and will grow in an environment

different from that before harvest. Light conditions will be
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greatly improved, but other physiological pressures will be
stronger, which may lead to the loss of retained trees (McComb
and Lindenmayer 1999, Hamadldinen et al. 2016). Retention
levels at harvest time can be determined by accounting for
the subsequent loss (Gibbons et al. 2010). On the other hand,
trees that survive the stressful period will become irreplaceable
components of the forests - large old trees (Lindenmayer et
al. 2014, Lindenmayer and Laurance 2017), especially in
plantations; retained trees may also increase plant diversity by
increasing seed dispersal by birds (Yoshida et al. 2005). These
expectations can be tested only by future work. The overall
efficacy of the retention method will be revealed when the
plantations mature.

Cooperation among researchers and forest managers is
the core of REFRESH. In this project, forest managers are
the forestry officials of the Hokkaido prefectural government,
and regular contact among researchers and officials will be
indispensable for planning and implementing the project.
REFRESH represents the first opportunity for most of them
to participate in such a large-scale harvest experiment. These
collaborations have presented some challenges because
of different objectives and approaches among researchers
and managers, and some compromises were required in the

number and assignment of experimental units. Fortunately, the
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managers understood the purpose of the experiment and have
been willing to implement rigid treatments in most cases. The
harvest units are larger and the silvicultural practices are more
rigid and systematic than in ordinary implementations. We
believe both researchers and managers will benefit from direct
involvement in the REFRESH project, and the research results
will be transferred directly from researchers to managers.
The researchers understand the constraints under which the
managers must work, and the experiences gained from this
project will help them to understand the information needs of
managers. This sharing of knowledge and the close working
relationships are important for developing new silvicultural

systems in plantations.

7.3 Concluding remarks

Vast plantations in Japan are now maturing and reaching
the planned harvest age. To be socially supported, plantation
landscapes ideally are multifunctional. They are desired to
perform possibly conflicting ecosystem services - producing
wood with economic efficiency and maintaining or enhancing
other ecosystem services via the restoration of conifer
plantations. Given the continuity of plantation forestry, there
are not many options to achieve these objectives, and the
adoption of retention forestry, especially the retention of broad-
leaved trees at the final harvest, is promising. We hope that this
cooperative large-scale replicated and manipulative experiment
can contribute to the world’s knowledge of sustainable forest

management in this plantation era.
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Fig. S1. Post-harvest experimental units.

Abbreviations: SM (medium amount of dispersed retention);
GR (aggregated retention); CC (clear-cutting). Numbers (1 or 2)
in abbreviated names indicate that they are experimental units
of the first or second set, respectively. The last inset figure (d)
indicates the large broad-leaved trees presumed to have been
retained when the first-generation fir plantation was established
(1940-1960).

Fig. S2. Preparation, tree planting, and weeding in the
REFRESH project
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Relationship between landslides and rainfall distribution in the
torrential rain in northern Kyushu in 2017

Wataru MURAKAMI"" and Yukio YASUDA"

Abstract

Many landslides occurred in the torrential rain hit in the northern Kyusyu Island (Fukuoka and Oita Prefectures)
from July 5th to 6th 2017. We investigated the relationship between the distribution of the landslides interpreted by
aerial photographs and the radar rainfall data by the Japan Meteorological Agency. Most of landslides had occurred in

the narrow area (approximately 5 km in length from the north to the south and approximately 15 km from the east to
the west) where total rainfall reached to 500 mm in 12 hours.

Key words: the torrential rain in northern Kyushu in 2017, landslide, rainfall distribution, aerial photograph
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