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Masayuki Araxi : The Study on the Estimation of Vertical
Change of Light Intensity in the Stand of

Deciduous Broadleaved tree
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QOutline of the used model stands.
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Seasonal changes of leaf weight and RLI in the Befula stand.
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Seasonal changes of leaf weight and RLI in the Fagus stand.
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WL H BT EDD, BEROHERIEESP SBHLOOLVALS, R « FFOL{LPL®ULUDIS
BEBERCE DRALBAERGHZ, 2hoDC &R, A—0ERMBEERETTREICENT, BILEH
BURERIL BB EMNE H0B0R0MUD I & s 5 F, i—BBROERAE X4 TRV LOBBAT LS B,

HEoBHIZLD, BRFEORLYIC, BRGHETREY 2 EHONEENE BT 25 Slla s
LT, BOEBONXEERE Ty RRH L, Ts TR K DEESIL S,

_ BANAEEOTEICEY ANOLRE QuwO)
Ts ) =g i nsmo ERICE T 280 B E (wo) (1

3-2 HFEFINOERHHES

T ICHRERBNEC U, EROERBERSE—» DO, & ICERERE S KR AT
T, EDJ 7 X F —HHUDIN ZR0 000, ORI UKICENT, BEO—E% Fig. 3 (A) -
(B) @&, BRI Bi By B B OBKREIEFTIAEHRTUDNS, COHFRIISHS
N1 DDWHERBTH 245, DB TH] &8T5, By BXU B HHEKMFEOREDORIEL, B
REBEDI0~20% ORE LT3, AIEDOEANR, Bi=B,=1.0m, B,=0.2m & L7, THbBHEH
Wicid, ERFAERNEEEOKTNMENTIELEZ2BEOENESUNE, FERBOBEELNEE
CHROWEBELT S, £ LT, AEMED»S Table 2 thOBHZA LARBER AR CEIKRD B, 272
L, & i sin (L;—90%) 1€ L AF L THRD T 3, sin(L;—90)D 5 H L,—90° 13, 7KFHA 90° & #l
E LIt D DRIET, &K1 cos Ly iKBE LW, ROBKEATRICT 2700 ORFEEROE,

D&z Fig. 3 (B) O LB EWFAIC Ly, BHEHFMIC ' THEL, Fig. 3 (C) &2 IH
Bl 2O T, ABOES B REOEIICE LWV, 18 Ly BERNICHEET AEBOFEETH 5,
Fi, ABOESI B 12 Table 2 KEHEHEERLEBY, EOBEFRNOHSFRETH S, THbB,
EORL LB, 55VRBENTEDESTH S, Leh-T, HORESRKBALEIA—TH 3

A
v )
( i
TN
[T
(A) (B) tc)
Fig. 3. 4 7E=F LB 2EBAIEEOERNK

Schematic diagram explaining the basic concept of the “sub-model”.
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Table 2. + 7 £ F v th © A F O E #
Definition of terms used in the sub-model.

= E L E Bify

Symbol Definition Unit

Bw FHOE width of the box (m)

Bl Mok length of the box (m)

Bh OEZ height of the box (m)

*L, BhoEDSEIHE total leaf area in the box (cm?2)
*L, p FHER mean leaf length in the box (cm)
*Ly ” SRR mean leaf width in the box (cm)
*Ly ” e EEMEA mean inclination angle of leaves in the box %)
*Lip ” LI ERE mean light transmission coefficient of leaves in the box | (%)
*S, FhoHOAFWER total basal area of stems in the box (cm?)
*S, v HOSFHEEEE total area of branch shadow in the box (cm?3)
K fEOEX height of the bar=|sin (L;—90) |X L, (cm)

ny FEPOEEF OO HER vertical numbers of the bar in the box=B/h’ )

7ng n IKSER B OB horizontal numbers of the bar in the box=By/L,, )

N n SEEEHK total numbers of the bar in the box=n;Xng )

A ABEOEmME bottom area of the bar=B;X L, (cm?)

A, BEhOEOREERE projected leaf area per one bar=(cos (L;—90)) X (Lo/N) |(cm?)

A, v BOMEE basal area of stems per one bar=S;/n; (cm2)

A 7 BOREmEE area of branch shadow per one bar=S;/N (cm?)

2, ABOKRIZIIRCLICRL D, 127K, BOSBBEIC W BXY Ly 2V BEBRBERT 5,

FNICRABHSRS S 0), ABSLDIERIDE NS, —HILLT, A1 RICERIKEDY
TohcBHeoMRN%Z Fig. 3 (C) WRli, MK, £051K0%E, BOo—&, Bo—Bisfd
Tz, THSRABDEIMICHT 2 EXEMTHD, EXEHOFMER Table 2 KR, ABOD
R s hkE, BERHET 285, # - BERBHETAHS, BXUShIIAEEST 28BS
BTx2, TLTC, ABRES M 88Oy, BEHUALZRATIESORIERFEOT ZABER
IHET B EEL, BERETIBHCOVTIE, BONRBEBR L, 1B LOBEEHONESHBERIC
BTBEELI, ¥, B HERET2ESORE, TERHKIEZELED, S5, ERRIHETIXE
I, HIRICEHSIWIERLE, TOXROBELORICIORDOND EER T,

Lic#i-T, ABL1A% BBT 2 AitBRO RAXEBRI HT S R, THLLA#SLD HEERE
4Ts' (%) LThiT, 4Ty ZABOEERE A, EOREERE 4, ROWEREE 4, BOREER
% Ay, BEONBRES L, & LIBRE, (2) RATRETED, KL, BEDEMEZL 100% &L, Ly
REARTRLT B,

4T (%)= (A—A;—AS—A,,LX 100+ (AsX Lyy)

7e77L, ERARHELUIEREETIRSEEMHT IR B TE, KRS O—BABOERICE
EFT5, COBRBAOISIKBMEALTELT IR, DX, ANICRAEYR n BRLSER - T
50T, BHLOXERETS (%) it (3) ATERATES, £ LT T RESEBOXREBROH
EETH B,
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Ts' (%) =(Algé?')"1 K100 eeeeeereeeeeeemeeenen e (3)

(2)+(3) KEHTEFNVERL, RbOHFEROERZ Table 2 TR LY, O HTEFNVICE
0 AERNSEZNE, BEQSQUWES ZoPEULTHNEENI LI, BROLIKBOESEE
RERHIR/NEALE Lich, BXUR - KX 2EREZR L SBRANICER S, 727 L OER
AVIRED 50 FRBIRROEBOTH 5,

(1) FAKBOT, BB - BB LTH S,

(2) WEEHEsE2RET 502, ENERETABOERICEET 3,

(3) BOTEANHRESTIEIMREL, EERSEZREFNE UTAV 3,

(4) ABOEHR, TbbROAHEO FEICET 2REFADKBESHIZ—HTH 5.

(5) TECEDERSNAEIEET 2,

(6) ZEONBBE Ly BONNEITRE SN2 555nm OB TRESE L,

CNODIREL KUEHRBRO EBY, TORYUMNERI NI, Licd-T, ERNICEEINL
e, b (1)-(2) DHTH 5, '

3-3 HHEBOEESROSEELIC A ERHVIEHR

3-3-1 RAMIER

ABOEMICHT 2 ERMTE 2 A« A, - Ay OBFHMED, EEE 4 28875 Béiid, (2) &
KB 2HTH 1 EBABZRTZY, (2) ROFEARTERY, TOLIBEAR, ABOETRIC
HUEBOESELETICEREVET S, i, (2) REBOTERO AR ENHRIEIRRY
EbhThiin, ULhL, EIBBRBICENBBENTE, TO2o0ENERTEACLIZEHATH
B, Lich->T, BEAMICZEHD THEORBICHET 2 HENS 5,

D 3 RTEMNEHTERRT, FICHRIIET » GOOBBDIDHOUD 20 15 ST & /o, B4 OEDIFHIE
Bl & H D TR DGR ODUDED [t BNTRIAINTH BT &Y, HOBREFAOKEEBERR®
BV CBT M ADEILERZ T, UL, HEOHEMEEICBNT, Fig. 4 (a) KRTXH>LED
FERRETTAPIREELZOTH S ), BEORBMIEIZ Fig. 4 (b) ICRLAALD KNEEZ
BB, TNEERT 2EENTER BV, $8b5, EERREL Fig. 4 (b) ITRT X3 A8/N
OBEEBROFEABESWT A & LI,

3-3-2 HoREERIEZOTE

—r9ici3, 4 DERE LOEICL VERSNAEZOEEHHBNDITOER, H50iddbnin
HHBEL - THBEINTVELEEIONS, Ll, CAIKETIEABRMBEHYD, DToHse
FNMCEBY I 2=V a Vo, BORBEMBIZ A CE-TI{AEINZCEEWLIHIT LI,

!

Fig. 4, BEoAHHBOEAR

Schematic diagram of distance between leaves.

{b)
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O EFVIIHOLREERE LA DDT, (A)
ARBEE Fo—S2@8T 555D 3, EEo '

=5 AAEERT 5ROME il ‘ 1@:@5 ;_ﬁ_
BES P ORHINIBMBEOAEICELNLEL 'w? _LLW
TSN, LT, BELOMERICEZLE A S
BEOHEE, §TRLLNEESHEREL, EH (8)
FREC X - TR Lo StlBRE, AMHLEEE A_'__\A B -
D—RIEBNTREEFMCBH L TN B2 L, r
B LUARERRROABO LEICE LN LI i | X
B3 & D, K to—AE2ERT 3hmE Fig. 5. f#BEE DL BiEEIC
& Wi, TILB, BEESHETRIV, F B@Téfﬁ-ﬁ

Schematic diagram of a simulation

o, BOLOMERAHRESRICHMER DD T for variation of light intensity on

the bottom plane of a bar.
Note : A : edge of surface plane of the bar
B: ”
a: edge of bottom plane of the bar
b: ”
A’ : point on the surface plane of the bar

AIZNND DT, AEBEERE» OEHEIC—RIH
BEEROXSBREINZHEEEE LI,
3-3-2-1 ¥Iav—¥vavoki:

e " AL B’ : ”
FBICR, ERICL>TARFOHE, 18D Pp : projection point of light
T 1WBE Y MTOLND, T, BAHITER Pd : detection point of light

RERBETH 2, LichoT, YIial—vavid Fig. 5 (A) DXHIE, RAEOHIICIEN Ly 0%
VOWKELSERESH O U TONBAERE LI, THhs, ARRARERET 2EETIC OV TT
ALV, DFR, ABO FEICBEFRICE LOEREORERET 54 Pp 50, EEICREHFAH
SEA SN ROBEREATEANET 2 H Pe H 5L L, Pol3HBERLE a 55 b ¥ TORH
ERETHALED I, —H, Ppld A’ »o B ITOHBEL BHTLIALRD, TOERBE, P
RABKE LD A 25 BOFHAAL DRFINBRICL > TREIN KT TUEL, 4 p5 A KLU
B»5 B D@L O BRH SN L - THREINZ LD TH B,

DX, Pp o a3 Pe A BETANLDOWEWE Lpg 13, FRICK-T Py W Py DELEICHB L
KHOHN, TOMEE1.0EHD, Lpg i3 Py & Py [EOESE Dpa BHINT 2 IC0NRET 50,
ZDOBfKkiE (4) RCHETX 3,

Lpa=1/(Dpalh)¥Xa e (4)
WBRDEIZHES I & X1 ¢ ICEDKBBRR L, 25T, MEXOBESE10EH T, £LT, A
ERELO—S4 88 2RREATMER, PR35 NEREESHRET P 2BHIETRDE
Lps 2B LTHY, ZO®IMEE Pq DT <TDARDOTTY, ER LOZMBONBRELERD:,

HER, TRTOHHEBICONT, ab - ABR] - A’A 25U BB O VWITh%ED Im i
B"EL, PaBLU P, OBHHERROLENS lem OBAKDOVTIT-k, A’A KU BB’ [iE#%
1m CEELALEER, A XVEFBIU BIDEHFOERD S b, HRICEELEZ 2823 K
B> THE, @HECEE L/ ZAESD ERmEL (LJN) IR Ly, TRUTRD 2, FIZHE,
OBHTEGEN B ZRLEY T AV BERE 1 By 2R0EE L3 11.80cm T, Ly 12 0.69
cm TH 72, Rkkic, BEETH ==/ +HERMHE 6 BB T L #84.95cm T, L 1 1.15em
TH -7
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36, 3-3-2-2 2
Yialb—va VORR, TRLEARERK
——~_~ B BRBENHO —HIE LT, FIHD 79 e
ORE I 0E% Fig. 6 0 LBIC, BE K O
5o oo BEETBRICRLE, ML b, RohREHLe
B BEOBTREOHEICL 5, LROFICE
W LRI BRI TH B T LT O KB
] B T, FTRICBOTRAORENMEIEALED S
50 100 g, S¥IC, RBESHICEY SERBEE

fiz & Position(cm)
. , HEIC BT 570, SREICET 2EBREE
Fig. 6. AEERICBT 2 LMEER O]
Two cases of variation of light intensity RozE, EBROHTI0.067T, TBRDHT
on the bottom plane of a bar. 0.091 &% -7z,

—7%, T9BD>E53BIEVTR, L/ B L LOE DT, COBFEFVEZOEIRANTRRE
DERBEENRDSNE, TOD53EICONT, HBENMHOY I 2 b— ¥ 3 YETOEEREERD
R, HB/ME0.006, FEIGME0.104, BAME0.258 Tho7o BRD 26 BICBWTIR LY B L KDEL
HESNKOT, L' % L TRUEBETSA N3 ROERERARAKSHERBTRETZ40ELT,
LA EFNEBEEUHE Uiz, ZORE, 266BICE) 2XHFHHIZ0.153BETH B :dbh o1,

3-3-2-8 & =

Hloksy, BORCRHINWIABER LICET 3 MREOERE, EHREBTRELIER0.25
BENTT, ¥ENK0I0BEEATIN LB -, COMEBHENREERFnsuONHI
KB 2R—HLOXBEERELE LT, $ULADITNWETH S,

TRHL, BORESHAOREBMBIEIRNOES M TH3EBELTS, COBERIEEHKALD
DTEHRVWENWAXD, L1l d, W PEEBEUBLRT IROFDERECESLENV>TEUXAR

w
H

HEXIME  Light intensity

o)

Ve

8t 3-3-3 EoKkxdL W OBRK
ge a HBOEDAHHR & EROMEE TS 57
. = i . ,,’ %, M OWENZELEECBRES, EER,
m 3 / BEB XUBMIC X > TERICREBHEREND 5
£ 2% J rw, (Lix Lot X0 EFRIC =708k
e °/,’ ° BicE -THEBE LI, BECE, W BEUE
2 2t C FREODREERD, FHLTHEL EOBOE
s DOfEERY, Fig. 7 B0, HEORHS
g, BRI S WM TEEICHI D 0%
EREOES Bcb b bTHRTS 5, THEbD, KL
Modified leaf length (cm) WA BHORBIIE B BELRBCERbI 5,

Fig. 7. &/BIcBU 2ERLE 1 OBF - e
Relationship between leaf length Fig. 8 iz &5 # v/ SERIKICONT BRI

and %/, in the whole species. X - TV E—0BHRERTH, mEORIE
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RIXEOYIFETH D, BEMIE 2 REBBIGELILT 12}

NWBT EMbot, LichisT, KEQELE ;
TARES 5 ERICE - T3, b, THbS 'or o 47
HEOEEHH ORBERIMEIICEL 182 &0 29l ?f
ABo Fh, EFREOLEOMMEID ' D s Y
WM K&V E o, BRL EEEA L 45 6
oM, —HOBEMESEET 5LLE, £ 5 0/ "
VI AVADFE, BERRELSBBLONTEY ﬂ§4- /
2R DEBEMEB -2 S EMR5DTH b, ¢ }p
PLEDET &5, g EEOBICE DIBEEN i
TeRDBENE R EEREBNTORT S, & ) ) ) . L
DIRBHMHIE S 4172 £ > TEL, &z 4 &6 8 0
EHEOER
3-4 HTETFIERICAVILEE - &40 Modified leaf length (cm)
85 Fig. 8. v 7h v EEKIKET 3RS
341 BOLDIL M MRS # B3R
Relationship between leaf length
BAERBTRBVOTE, REOEPS 5 SEE and 4’, in the Betula stand.

INBHOLEER, TORHARICLDENL R0
uNBOUS B DEEA 6 OB SN D BOLRE Lo 3, XEFS REINS HOLRESE Lz & LIcH
&, (5) RTkpoh s,
Lo=1/3XLzxX(1+2sin6) = e, (5)

LizhisT, BEROREBA IOV TREEOLAABESHNHETE S, Lhl, RALUTOH2
FUCERET 5K, 20A% LD TOTURNICHIES 2 S ROEHHMZ A LIOEDAHETS 2.
BB & Sic, i DED 3 KT HRRSKFYSEE, RET I EHEHOMNBE XUREIR
EHONLN, —F, EOMERLL BHS, ENFNLOERICE > TER - i - BEAINARTH
2%, EEORREROMEEMIBTCHERITEN, i, RBOX D IRITKHEENEL &b, FEK
HOBBRREXREREOD TINS5,

TRbb, EBREUTORSICET 2RO NBARRESNERD BT L3, BEDECAXRHE
W EREEIE, TORELIFEA LT,

3-4-2 ABERICE T ZRMESTO—E

ZOHTEFMCBOTIR, ABRNOECEENMERFELTHRZNIY, HNIKERZ - THEEA8E
NOENERZONEL TSR THEETIIILBALBCDEBZ 0L BB, FHVBBE Ty
REDOBBE Ly THE LD, THDD, ABSLOEBERE AT O N+ELSRHID OXBEE
RTY 2R 211, ABEEICET 2 XRESHI—-RTHILERD S, COREOZUBEERE
HICEEAT 31213, O THBRSEEREOLBES —ELRHEDOL ETTOLESD 54, ThIEBLER
TMETH B, 22T, YIab—YaVEFAMLEoT, COEFNMCRE, MBOEOEBHREEEZD
EBLERLceF vBEOEEHLE, THbE, AEEMICEY 2RBEOERR, ERRKTERER
L7<BA 0 1BEE, BEOKRPICBY 2ERIDDN, Ldi-T, COFREORYHIIEMIIC
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IR EBEBLTIND,

3-4-3 RabtogERE

ZOHTEFAMRBOTR, RERICLZBERROBMEZR L TNV, TOEHIZXIPH S, 1
i, FRO LS IKEEORKHROMEEHPBRAFMCENH5THD, 201, BOLICLAEHEA
DEMZIERIE KRB 5 Th %, 328, BAOEETH 24, Lid 2 >ORBALMEICI

HANRAELS L TS 7 V2 ERL, DTOX S ZREULKE, RERROMMIBEICDITN
TEWbh o5 TH B,

BAEF L, PTEFVICHIALC EETRICIERT & TH 200, ABEFHLLRHEINZE
SARMEL, BADEREAEYREE 100% & Lic, ¥/, ARG TREEEZET 2HIOKE I3A%D
F TR (Lo/N) KB LV EL, BORMEE Rel (%) TERLI, kKL, TTTRW: KEHE
13, BOBRAMERESERHNTRESNKHERTE 5100, ERESDEITY TR, ERMRETRE
cHILSE OB EE L ARMETH S, —, FIKK - TRA Ut R LF & X O
KIS DT, FEED S BARER IS RADLKICHT 2HREL g L Lk, ok, RERIIE
HC U TR b ST 20BAIE Ak E {, MOBGI/NENOD 33, ZOXEEREXROETTH
BICETAEEREE Y &L, T3&, ABNTRET 3OS b, AHEERICHSHE RL (%)
B6)RTHBIONE, LT, (6)RXiF(2) R, 4TFIEMEINLAHTHARAENEEDTH 5,

RL (%) =(LoJN) X Rel X BXYXI00  covervvreremmminniniinniinn, (6)

9BDS BT, & BEA T B MIER L34, THbLY IV HERELIG - ~v/+
BEAREIE - T2/ FHEERESBICONT Rel ZREL, BBIUV 7% 1L0ERELT RL OHEE
B otee TOME, BHSICEY S 4T ORINRER, ¥4 Y HBEKOHTO.05%, ~v/+
BRI T0.03%, ==/ FHEKTO.10% EEEHCDI0, 4Ts % n TRFELTRDI Ts' ITH
WTH, NBBROPMEER ¥ 74 v/ EEK0.09% « ~ v/ FHEHK0.18% T H 0, A d#OK
ORFREBAH 143 LBERES O T/ FERRICH 5 TH 4.08% &AW, TOT &R ZHERD
FRE, ABCHOETONLEER (LJdN) 5, ABROEERE A ik~ Hriohsnciicdss
EBAL b,

—J, BZLOEBEELLC LBHBOXIIK, Tk - TREINIKDO T~ THARERICEES
ETAHCEERKT 8, ChRBEECZECOBTL, T4bb, REPDED b Ekas e E
B, BET Mo - TEHEREINAEAKRD, ABRERKIET 2, OB, Ricr %
1.0&LTh, EOREHE Rel 20 EEDRNFESFELOLND 0, CONDOBERIBEEC ERS
NAETHASRDDEELD EbDHTHE,

BHIL, BERKTYTE2DODORAELS RODONL6DTH S, 12, HBOMETERHEINE
{183 &T, MRMEECREIZREMETTH2LTH 5,

TRbL, EHEMEO 3 RTINS AHESKRHIHE, s 8L Y OBARET A LI TERL
25, BOBOMNLOXDREDINSNEELEL TX,

LtcedioT, BWED RL BHEROREEI DI SITMIVHEELZDT, +7E2FVIENT RL D
HEBBLUTELZZANRNWEEFZI,
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3-5 H7EFIOIBRAIBE

OV T EFVORENAER, EXSETI3EMOCETMBEICHT 2EOREMBOHAGZFEMLIC
tiEH B, ERLHATI2EMOERERD 28, EOEEFAOCRBHRRBMN L TREZIRB CLELD,
BEQEIE A LEDICER, FIBOLBYTHZ, BEOESE W L LEEE, TRl LT
BBEHIE, AEMICRKEFROFERTHIEL LK, ks, Y7271 ELTES
Uiz TSR] Bidtic, hNEE] 855, coBizsnTiR, mofslErsRMTscLick-T, ¥
7T OBERIEREARCT 3 SRR, ARREROCEBERN L, TRICESILS, EBON
FEEICHET AEOFEEMERE L,

3-5-1 EONFBEL LIUR - KiIck 2 8E02%

T EF VBN TEEOXRAEBRERD 5L, WICEELE DL (2)(3) THB, LiL,
LT TREORFBEEL LUR - RICX 2L BEBONBRRICEL 2HBEH B0, (7)+(8)
REME-7o, MREDB - BIXZEEBEZEERINTE LT, (7)) AXBOTREORBRELEES
NTNIE,

4TS = (A—-Ajl) X100

4 TS,(Q) = (A_AL) X 1(32“‘ (Al X Ltr)

LRI 2B DOEHIZ Table 2 LREILTH 3,

TFERRD 3 DDBALICDNT, (2) RiCE - TRD L FLERONEERE, +10bh bEDBEM
BRUR K BENREEZERUIEBESE 4Ty LT, Table 3 0B FBRItRELY:, —F, (7) Riz
Lo teBE, BIU (8) Rick-7fé&%, OB Table 3 D2 - BIRITR Lz, 3FDS B
T, 4Ts' @ BPRLENMEZRTCLRYURTH AN, 3BEOPLOTNMEILI 572, LihioT, B
1EfEoEEIR (7) RGEAVETEA I, TUbLDE, ERONOBEBRIZ, Z0XbHTHELD
B HEOREEBITREL TV S LS iz,

3-5-2 WAERBOKEHHEOFENCE T 20K

HEEBLT 3709, CCTREORBREL XUR « BICK 22 ME L, BRI 7 F Rk
D—WOBICDWTEHE LB LI,

Table 3. fiDHHIC L 2WAHERBONBARHETER
4T by the other calculation method.

= 5 Height (cm)
100~~120 . 60~-80 20~-40
4Ty (% 99, 9056 98,4548 93. 1220
4T, (%) 99, 8915 98, 4174 92, 8634
4T @ (%) 99, 9070 98, 5258 93. 3822
L, ) 61.0000 314, 0000 1412, 0000
4T (%) 99,9815 98, 4174 92, 8634
4T (%) 99.9815 99, 4174 92. 8634
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35-2-1 /M f &

P, HOURRERNORIER L, TRTC Ltk -7, 1 ROERSET 2 EHOKEISEERIICK
HoNd, 2EIK, TOERFE N THRUBOEFBREZRDLT L5, 1HOELETEH BRI
ETELM, TORIPHREVZ S, NMEDEEEE 4’ R oV 1 HOXORFEERE A/ L LT,
(7) RefRA LT, ZORR, PNHOKBBEE 4Ts'w & Table 3 ITRT LT, ERLBDOA
BOBBRME AT w &, AL A BRIV A & A/ BRESEBZ L PPOOTEACALEE >,
3-5-2-2 T B %

EHEER, AROEBOEE M TEEFAKOADE T2HETH 0L, COBAOHR, #
1.0m-E1LOm- FI A cmDOREIEZFEO>HDEN D, LicdioT, FHICRZBKOENEDYTS
N5, FHO EORET A7, FHAANO o BREAEGHEL A LT, (7)) RKk-TFFE O
ERE A Tgm ZRkdDBE, Table 3 DEBY 4Tswy 2 AUENSLNI,
3-5-2-3 # %

INFEEE « SERRE S b ICABEL 2K RAUERABEZ A0 L3, 32DFEOEN (7) RKEF 34F
AR LEBRFAIVKTRTIDEPOHEETH 200, MROTETH2, T748b5, 320KKREL
DT, EELTCECHMOMENEROERRERET 2LV IFHICILD, ELLET 2 HAr2R
DOKRESEFEL, TOEEARICHT 2EOREEHDOLEERDTNEDTH S, Leh-T, thE
THBOBED 2, 4T 2ABEHID O ERFHEMEB/NT a0, ELLIEBS 2D ONE
WEHEEMBTH %0
INEER1IROERSET 2EMOREILZEERDZFETH LKFR, 320FEDS bTHLE
M- BETH D, FRENENICRNTHRIELTET, ARERROERTALBERRIEES L TITE
TWBHEEBOZ LS, 2hitdhbbod, ¥7E27fvd LTABEEZERELAERR, DToLs
DThHb, THHLE, ABEOBARABERICEY 2XBEDO—RESFHIEO X KBS EF itk »
THEBCGERT & fcds, Bk BLONMIEOBS, 4Ty Z~+FLTTY LLTINC EOIEHABR
REEHOLTH B, 28 h, FREOCESIKE, EOKEFAOHGERREETFT VLT 346END 5, L
BU, STRRERIICES B OE—2 G L 53 LABACE N TS, RROMERICL 3RHHMO
EE, BROYVI 2 V—va VERICED—BILT 24EERE S, NNHEBICENTD, ERHBERSEOE
B, PROWY>EFABEMEL D, T, NMERRBSEBPOERERENELT 205, BRI
BERBTERAET 22RARLTHRTNEEONTOEWIRELOER LS 5,

3-5-3 WHWEFOEEFHOSHICE T Mok
ek, EBRERITICBOTR, ~EOBEEEIX - TBURS 2T FEs—BcAVLh, ¢
DHTEFNVDOEDI, HEOES b FEBEMHTCE - TELAIEIZTFHEERO AT, 2Dkd,
FTEFNCK > TR ERE Ty (W HEEHTZ) &, L0 —RBHRSEICK - 12EER
BT o (BEREEHTE) EERBRLUTENEND S, €T, REKBNTE A BREEEE
DAFTMATH B EATEH LI, TBAETIE, FREEHNTS 20cm LI —EffzH> fHick
DEMESET->TNEH, ChRIBOX I 2HERD ONLNT L5 £T ZRIRINIESFERET
b5, KEWBZEIZ M OESEF >ABOKEHAOESE, THHLLEBTH 5,

EIEREICE N TH, Table 2 D k' DTOHIC2WT, A’ % k7 KBRLICBGEHEL, TOKE
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Table 4. Ts"” 72 & © B i€ X 3 % 1k
Relationship between #’/ and T's”/, and others.

n T gty TLBy, TTyr, | TLBao
(cm) ¢ () (%) A
20 40, 3472 40, 5350 0.9981 40, 4580
10 49,1116 49, 3752 0, 9962 49,1876

S5 52,0680 52.5299 0,9925 52, 1359

2,5 53,0382 53. 9069 0,9851 53. 1037

1,25 52,8761 54,5538 0.9704 52,9390
0, 6250 51, 6059 54,8677 0.9416 51,6634
0. 3125 48, 7308 55,0224 0. 8867 48,7884
0. 1563 43, 2679 55,0992 0, 7862 43, 3190
0.0781 34, 0390 55,1374 0.6181 34, 0804
0.0391 21,0448 55, 1565 0. 3820 21,0698

% (2)+(3) RRALT T wrn E UTee —, B OEIEROCHRETELOOT, A7 %20
cm 5 0.0391em T 20+ 10+ 5 ORI 12 FDEH S B HBAICONT, 79 BEHRITHE
HEET -1,

3-5-3-1 Ts & Ts" ' DHEK

7RIS 6 BOEA%E Table 4 KFIRLIEBY, T wn B KIDELNTEDT, 7 IKHK
BESEET 2D DOTHE~N, & 2 HEICBVT, ERO LEBEEAE Ts icBbED Ty
MHHER U BEOEESNE, SHEE—ELLBS, A ED 20 - 10----0.0391 (cm) DIEI, 9-5+
8e7+10+1693+4-8 (BH) Thotoo T8bB, A7 #0.625cm DA ICHERNISEBEHEOD,
AERBVCE, BIUMBICASOVEMSEBELTOEC &S, 0.625cm ASREEERERLILL &
bINTHA S, —F, HEECEORENERD o/ FEKICEN TR, HESGD, EEREIEC
201¢1+41+0:0:0+0+0 (BE) TH-7 DT, —KA' OBHEMEIZ25cm THssELIoN
feo 2T, {HOBMELONT, A—0FETREMBERRT 2L, 2@BICET52Nni, 1.25cm
BXU0.625cm Eiote, L L, IO 5SHEICENTE, =3/ 3+EUKOESE FERBICRT
L, 102422420141+0-0-0 (BE) &L73KI, EhDTH-RAHEDE D EHEDER
RARARETH -7,

THRDDL, 2ME - 2BNEBELTEERERE v ENEET2L3EL MY, BES LIS BEE
DEFEREL SNIZN,

3-5-3-2 »" OEIED Ts" wr ELOERER

T R A ICROENT B8, 2L OBITHENTIE Table 4 OB LFER, BAEAET LR
HRRSEMARZRT, MOBICE T, »7 OBMICRED Ty’ on BAID REINY 3088 S icidiz
B—EM&EE 2 L7, NEBEAZERT. ~HOBIKBNTIR A OFELICX ST, BiC—EEETT.
ZZT, @3>0 xS SFHEA, &ICRAMEBEERT ZERICONTEE LR, 7, HLERD
RFEBRMEERNI TR 200#ER, T72bb (9) - 10) RHWTEBEEZ 2, (9) RFwEE
RICE 38N B IVELFBRT 2HERD SOT, BIHCLDEHAEE - TBINZLHS, B
baEY, ZOAMNEZL BNBER Trpan &, THEBOXEBRLKO-HTH I, TOEBRIKE
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Vo (10) RZBICKZEHE ZRET B30T, CORM 5 ERBEE Tran OFEIT HEHINS
Vo 727U, (9) - (10) 2 Ts v O B 1T X BELD BEBHO bR L bDT, (2)+(3)
Kb B b O TR,

*_ A % A% * n
Trea') (%)={[(A Ak = A ):*100+(Al +L”)]/100} 3><100-"(9>

Trah = {[%L@O_O] /100}"s .............................. 10)

CCTREMEERO Y, LR THOIEDER n5=20/h", A= (La/ng)X|cos (L;—90) |, A*=
Splng, AF=S,, A*=10000 ® &S iCEHRINIK,

BIGlEE B % 20cm 205 0.0391cm B TEAIIBRRCET Z 798D Teea') BXU Tra) %
LI, TOHR, Tisa 3B OBDICHNENT S E, TDZEIZ Table 4 iIC141ZRL
fe kD RPGRER &2 5 BEDED, 2 KELTY, —EEERTBEAGBHEILEN birof, THD
B, Ts"qn OBSIBB L IINTRREEZBET 2 ILBHRECIHARERTH -/,

—F, B OEMCHT S Tran OELRTSTORICENT, BECECZSN—HIHBERD &
Hote, 2O LR, (10) RDOH v IHNOEL ns OIIT L TARETH 2 bbb dd, hy 2%k
ny TRFFLT Trony ELTHBT LD, BROCLLHEBTES,

DEK, ZOXHICHEREE 2ODORAT THET S LORFEEHED 572D, Trswn & Trar)
ERUIELH, TRTOBIBNT 208 T w) CERELVEENE 7, THbS, Tisa’
XTrpas BT wn EEENCELOADOTREOLY, A/ A X0SOOLT/NSOVETHET EH
5, ERNIBELVEN S TELZRIIRD,

BT, Ts'an BIEERD 2 E—EEE%E R Teswn EBHEERE R Tron OBIKELN
TEMD, Tsw OB T 2EGERMS ZREEF T 2LEMRCR G585 &R, RO
CETHDB, T UTEKMER Tiswh & Tray DN VARIDERINI BOTH 305, REN
RHEDTRIENVEVZ KD, BT, BAES Ts IKIENEWVIBRRES o1,

3-5-3-3 EEHEKBY BHEEHE

BHEBIUE B TLiC, Ts wn OBMNFAOEERYD, Z0EE Ts OB FHOEIICK
EeT, Ts& Ts" o HOBBEREERD, BOoNBERELDTEL, W HiCk - HENRE
BR T & Ts o0 TRBICRD BRI Db ErTH 0T AL S -k, 22T, EER
KEOWTR A KCEDEBEBRELLOT, MBIEIZ ZOBRKEEEEHL, » BiCH17 5H%E R
Ltco ZOKE, FoBBICEVTS, BEERCEY 2BRAHEBEREOEI VY Bt 28580 K
SNz Edbhroti, UL, EOEWR, T/ F L/ F e VFH N IHIT eV ) FTH
v 1F T ¢« 7 AFOEEEGROEIC, 0.0018 ¢ 0.0149 + 0.0394 * 0.0123 « 0.0709 « 0.0190 + 0. 1802 -
0.1908 TH B H 5, EbH TN,

3-5-3-4 % 24

PR VERERST AFRRVEX—-BNTRIRLOT, IEEHV N TERBELXEET 2FEI
P> TERBERS LEBSK ST 3 EEOEEEROMELRRAT Ui, 183k, BEOIEZRMEDOTIESH,
SOATHNTELLIC, BRHESEDOTIREY, 22T, BEEKICENTI 20cm o 5IHKERT
SfE A ZREEE Ui,




IR A OINREEEICET 2HTR GrAD — 57 —

HEEHORE, » BICk - o ERROMTEE, 30bh bENANE & EBHOEBRKE, BERE
k- BGLERE, $30RELIBAEVI LMD, LbL, BRHBHEEEEZLS A7 H
BEBLUBALICL DRI B0, Bl £ ORERTAS L 270 —H, Ts WL TRGED Ts" arn
EEZ 3 K OEESHICHT AEAP b, Bl b ORERTALD T, 5T, k' OEALITH
5 Ts" an OEMERICE, £ OBABRKESHRT 24, RAEEEAS 1 Cb—ERIEDS
nigp -7,

TRbhE, HHE L ORERBRNABEIC Ko TR ATET HET LB bk, MFIKBNT,
Traws 05 B OBLICH L TIHEBAERT L0, BBl L ORESNTELOTREVHPLELS
n&kde L, b OBRDICED Trpan ORFHRIZ, EEH DILEEBROBAE ~N+REOER
EOBOBMEIINTG Y ACKVETEHDTH S, THbH, ChikL - REERELHEANITSDOT
RIEW, —H, BOED 220 Tepw) DENIH HEVR0.ZHELUTICRE-7c 2LEH-T, TTIC
PORUZEEHTECEE L, WERETEAMENS b OFTERE I, TOMBRILBOLTS, HE -
JBAL - INHDOERICED b BEAEML, BASKBNEEEFL LI ENTER LT,

Plhokdic, BERZEO EH OSBRI L TS HERINELOTREREY, BEZRRNCRDBELT
b, BBEMEEHE - BLCKDELT 5%, TOREIRUETH -7, K, ¥ 2ERLT BN
X33, A BEOBEHAOSHHBORRETHZC L, B -EEFELTRLICEDS, BE
B RICIs ) 2 HE— MR - RPN HELNIL D,

4. B FTEFINOKREE

4-1 FEHEEEONH

B L EHEEROMEMEE, UToishzhehbs - B - BE LTy 7=F v ORIEICAN
SEBEROEE Lic, MAOERB, THHLLHTLOERE L X AERAOSHETRENMEIC, ERIN
Y OHRLOBLBEEHAOESRERL CRKOLRERTH 5, HCLOEES Li- EE L - ¥
Ly « EDHFEBE L, W EOFERIZ, WEMEEFEHLTRDL, BCLOBNERAIE S, BT
D& IR, HWHEEREFANTHE L ROLERFRCEEFNOESRERLT, £BO%R
HERFRER . COBCE—HACR—BRICRO - ARBERERUCAEMELL, 512 0.2m
TRUTEBMLOBNERSEEE Uit HCLOBOEERFEHATE S OFRIE, ZBOARE
OHET E TREIFIDRICTY, SoNfEELEERRICTRUBORES Ut 2LT, FHEEAR
O cos T UTHBEBMEE Lic, 727KL, RORFEERO BIMEERMNOYEL HROBFKIKL-T
HREOBMEEX DEOLOT, BHICIEREHETEL, KSOBRE TS SERET O HERS
5, L L, BIB0EED Sy PERONEERICHR 2 FEIL Lo THEASEDHDTHEIVOT, TZOH
BRERU,

ZOXRBCLTRDI1HAE LT, THRUA Y FERKICET 2 EBREEROME%: Table 5 TR
L7,

4-2 RFBE Ts OHERR

Table 5 ZHIR Lick 573 EHHABROEEY 7EFVICRAL, #H - BN L BHEBOXS
BEREEE Ty 2EE LI, £OE%, Table 6 IOEEBROENME Ts EXFHUTRLI, 7L,
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Table 5. ¥ #H # = o — #f
Values of foliage-factor, for an example.
W om | BB [Eummbcses RE | mEs | %R | e osRem B
Species eight | RLI Ts L, Igi L, Ly, L., S; S
(em) %) (%) | (em® | (°) | (em) | (em) | (B) | (em?) | gy
100~120 99. 98 99. 98 369. 48 81.0 3. 80 2, 20 14,25 0. 094 1,380
80~100 95, 70 95,72 1350.09 82.7 4,78 2,68 14,25 0,651 33.920
7 F 60~ 80 74, 40 77,74 2530, 42 72, 4 4, 34 2,42 6. 85 1,988 77,980
Fagus 40~ 60 41.60] 55,91 9446, 21 80. 6 5. 38 2,77 6.73 5.342 231,190
20~ 40 10, 104 24, 28| 15975, 22| 81.2 5,91 2, 89 7.27] 10,670 339, 460
O~ 20 4, 40 43, 56| 6424, 87 96,1 5. 26 2,53 B.43| 18,779 96.560
180~-200 99. 90| 99. 90| 216. 30| 20.0 11,55 5.08 5. 60 0. 054 0. 347
160~180 94, 10 94, 20| 3789, 52 20, 0 11, 55 5. 08 5. 60 0, 475 43,792
140~160 43. 20 45,90 7978.68 55. 2 10, 43 4,39 6. 22 1,376 147,105
120~140 20, 50 47.50 16356, 16 51,2 9,07 3.92 5. 60 3. 131| 265,147
NV /& | 100~120 5.10 24,90] 15883, 48 60, 4 8,77 3. 64 5. 83 5,282 361,791
Alnus 80~100 0. 96| 18,80, 8008, 40 69.0 8. 39 3. 52 7.30 7.631| 405, 407
60~ 80 1.56 99,99 3582, 19 63. 2 7. 84 3.33 9.49| 10, 351} 334, 254
40~ 60 1.08 69,20 1172,91 59,3 6, 90 2,75 11,67] 12,805 322,049
20~ 40 0. 40 37. 00| 167, 26| 59.3 6, 28 2,30 15.03| 16,898 246,761
0~ 20 0. 32 80. 00 49, 19, 59.3 4,27 2. 13 15,20, 25,539 92,988
Table 6. ¥ EEONHEEERAEERR &L ERBEORE
Calculated results of Ts’ compared to Tg.
B 5 VZ?J‘/N%W?JI? /R | 2 FlaFr a2 2F T F
Height etula Acer Styrax Celtis Quercus Alnus Q. act. Fagus
(cm) | Ts|Ts | Ts|Ts'| Ts|Ts'| Ts|Ts' | Ts|Ts' | Ts|Ts'| Ts |Ts'| Ts|Ts'
360~-380 | 99.9 99.7
340~-360 | 99.9| 97. 4
320~340 | 99,9 96.6
300~320 | 99, 3} 86.5
280~-300 | 83. 3 76. 5
260~-280 | 83.6f 66,4 99.9| 99.1
240~-260 | 78.8| 53.5 99,7| 97.9 99,9 98.3
220~240 | 39.0; 46.1| 99,9 98.4| 95,6| 84,4 97.7] 86,9
200~-220 | 53,4} 34,5| 98,6| 96.9| 79.6| 50.5 92,7 65.3
180~200 | 59, 3] 36.0| 92, 1| 92. 4] 54.6| 26,9| 99.9| 94, 8| 69.7| 35.7| 99.9] 99, 3|
160~180 | 53,2 50,0 74, 3| 84.0| 39.4| 19.0] 99.9| 81, 8| 68.8| 16.9 94.2| 87,7 99.9| 94,6
140~160 | 29, 2| 64. 2] 39.5| 66.8| 27,0 24, 6] 91,2 70.6| 53.2] 21,5 45,9 49, 8| 96. 3} 87,8
120~140 | 56,7, 73.6| 44,2 57,2 4.5| 18,4] 69,7| 42,0] 35,1| 22, 4| 47,5} 22,0 70,0| 63.5
100~120 | 99.9| 87.0| 19.6| 29.8| 85,0 48,3 51.3[ 50, 3| 12, 1| 13,8} 24,9 20, 6| 34.9| 12,5 99.9| 96.9
80~100 46,1 24, 1| 64.7| 71.5| 56, 3] 36, 6| 20, 4| 62,5 18,8 45.7[ 21,2 9.7| 95.7| 88,6
60~ 80 18,9 48.5] 99.9 90, 2 52,5 59, 9 99.9 71.3; 14,5| 25, 1) 77.7) 78.9
40~ 60 85.0| 78,6 89.0| 71, § 67,3| 87.8| 47.2] 83.7| 55.9| 39.7
20~ 40 64,7 94.9 99.9 85,5 37.0| 95.4| 52.9| 92, 5| 24, 3} 20.7
0~ 20 81,8 93.7 80,0[ 96.4 43.6| 51.3

Note : Biffy Unit (%)
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100} o Table 7. T & Ts' FEEGRKICE S
S 7T IVOHEERE
/’ Accuracy of the sub-model shown
2 by correlation-coefficient between
,,’ Tg and T¥'.
rs
8 W RGN | Rk
= 50| o /,’ Species r S. L.
= /’/ o - + Fagus 0.964 0.1
,/ I o ) F Styrax 0. 881 0.1
,,3’ T/ % Celtis 0,858 0.5
el P hEF  Acer 0. 846 0.1
l 5% 2% Betula 0,769 0.5
SLO IOB a F 5 Quercus 0, 653 10
Ts (%) 7 % ¥ Q. act 0.790 2.5
Fig. 9. 7FBEMHICET 2 T & Ny E Alms 0. 647 5
Tg DRI Note : S. L.=Significant level (%).

Correspondence of Ts’ and T's in
the Fagus stand.

Table 6 ® Tg HICEWNT, HEBLSMCH 99.9% 2R TEN4EH 2, HERIE, CO4BO Tsi
HE L1009 2#EZ fo. COXIUETREBFREIVELNHERR, HTHSLVEAT HOFEK
kD, ELAi LTRIESNE L ETH B, LbL, EFVEERT HIEE0S &I 3MBANIKRMCE
NWTRELONLD, LctioT, CO4ED Ts i3BMEMA L 99.9% (CBH# LI, Fig. 9 &7 +#EH
HOBAEPIRLIcE DI, Ts & T REMEL LI HBL TV S, HEOBELAHBERMICL T
Rg& Table 7 D&BVTHE, TH-HE, THEREKRKITEBNTHERENSRLEL, 3F7BI0N
V7 EFBERKEBOTEND, 20BAKBOTOREHERER 10% 1ITE L),

SFIC, HMERESEENESHEShHESS 2 LoRRR, BTokikkEzonl, +7=
FURRALLERFEROMIE, WEBOFEHMTHY, TNTORSICBVTEEE - BEZOF =
v 7 BEUOREBAIEORERL EE2—UHT > TORE, Lich-T, MBBREHET 5,85 A -2 —
BYTRWVEERGLZ b EEL O, 12720, COXSRREBEAELZRELTORNF -2 —Ick
> TEFNORIEET - LERR, EFRSIMESARTRURBERELVEbIENE E, BEOERRZ—
MICREEEASATOELE, ISR TRY 72T VOBBRBROVIZENE UL TH 3,

4-3 & kS

4-3-1 BHFERCEREIEEILIER

BEOEBO—-PEEENSINI T LORRARB, DToXSKBEBHE SN, 2L, EEAHICS
FARDIEE, BRAMEBECET 2mBIIBE L,

EZ&EIC;\%O\TH, ﬁ@j(% g28)55)58)60)75)121)185)199) . Egmlmzsv)nss) . %ﬁ}ﬁ@;}%;ﬁzmzmamss) . ﬁfﬁﬁsm
0L 2 OIE L, BAIC K > T—RIICHE S W 319980, ARBICENTE, WERRRLEOS,
EEHEICHS T 2O TH S SW0m98D, Lip L, BAM « AKEE bICEREMICRY 3 RECK
U TIREIIEEZELN 22, Lo T, RERCBOTRRBESRHICE -T, ERDOVMD
WO o FERYIOL8 + PEHEIMNG o S ID19WIDUD EEEIC LT Do LD IRITT T OWS
BB EEE IR T & 21019080 s, &I, WERICED THEME RN, HREDD
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THRECLRIETE2DT, REDRELBNEE® L33, 3, BESKHFKIVEREERIDM &
SUVEOEEBRICEND 5100, REOAS SWOBLED Iz 2@t 45, Lal, RERICIKELY
cFEAMVOREL S ZICE K, TOBERERIOPTH 5, —F, BT EE D CEELESOBE,
BRCHBELKE TEELTOLAEOHRIL LALIEL, KBABEEHORHTHE LS DTS 3,
$hb B, ARORF/O-BICRFEZEVREER, & HEULRRIRELS T TREOIHES
DOEBHNE LY TS H 22 &, KBEOBOERREL LABRELIAOEL VRTINS
BC &, BEEEZ BRI,

4-3-2 fAEOEI W

SHBOA TIBICEBY 2ABOES B ORXMEIR 11.52cm T, H/MEIZ 0.14cm, SEHfHEIL 3.25
cm TH -7, —H, FHEOBENDOEER S 7105 BEAEASIC LA 2F0 T35, Lidis
T, TOBRAKBY 2EOBEEHAOFENTREHRI (1) NTHEASHS DIZRELTVL S LD
Z&5, 8L, DI LAl 2A0 788k 3 FEEEMBY T, EBRE Df &75,

DI=Df{(LAI=-1) e an

Df BEBEKICOX 1 2OHETH B, Df SEHBOFE W 2B LIz, TOMROENE,
BRE g A (cm) : DI (em) DIEICRT &, 257 :3.29:22.05, T/4 :0.43:56.55, 7'
0.81:45.98, v/ + :531:42.37 Th1c, THDE, A EREWNSL, &L KREROFES
CEESNAEBHER DI ST 5L, EPNE—FEHIESEEZEZLNEHT, EFICNSWEEE S,
4-3-3 F7EFVOHEHE

Table 6 DEB D, Ts & Ts' HOZEORIMEMN OB LETH B TIBI T EH D, 20%L L
0% LUTOBER1I6BH -7 CNOHEERENKEVEONER, SHELbI~TBICMRONL,
R ME LRI, BEERDBEENOTERELZS T LI ABENRER LD TEA D,
TRICHBELLERR, TsEZOLOBDRAMBEMISHEINTEY, ERIBELILDTDH
5

TN LTS, Ty i24Ts 2 TRFELTRDONEZ KIETH S, TLT, m OEERIRIC
B AEE@EIE, T/ %:69.1, 7F:127.1, ~v/F:4.9, aF35 167, /% :50.9, ¥YIHV
8.8, VRF 12,8 MUAIF 0.8 ThHoto, TF T/ FREKFEETHENEICBNTESY
ENAREL, YIHVN PUHDFREFEEETNINTER, BRTHZ, 1B, TIERTHLN
tom OBKEIZ 42T, B/MER LT Choto, Fle, FEMEILOEHEL S SCEH L TRD
Nt o 323 TH ot BRAK, mE23LL 4T 2989796 () L LBEEC BT E TS
3, FEFEIEIC62.8+49.6+39.1(%) &35, $1bb, 4T WhTHhORERENS S & Ts' 2
L&k T 5, 20z Eds, #Mic bnohst 27 BUAOBIREBNTE, Ts & Ts' OEBPLOOT
ATy OWER BEIL, mMBECIKREN 73«2/ % 20/ 3 BEHRKICBOTIR OO THEX
Qb tEZ b, 27BICICBF B 4T OHEFEERLOVTS, LEO m % 23 LEN K
HELOERTIE, HELLOEMN2~IBEETH & AHIEET,

5. HER:ERERORFR

AETIR, RECRIBELEFNCEREEFVOBRERD 1 > TH 3 HER & RERMOER
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REED, BRTIEOIE, L ICEER - EE Table 8. I MAHEIEICE T 5 BB R

DOEFRICREHZELH 2D T, HHEICRIIT Coefficient of variation for I.

KR8 Atk 2XTH 5, EHEEF £ o #i i o
Species Range Mean

DT A= — CRED HEREEZRANTY
e ol B
RRMGRE Ho20, So S OEERMLLE 54 v Betula | 0.041~0.226 | 0.155
BEICRESH 7, THbb, 2o 220ERR a3 4+ 5 Quercus| 0.204~0.308 | 0.258
20 Tid, BIBREDLDHEREER 1, . j Zég' zfgziié gjz
1%, ERREEDZOOTR, —RYICHEA Ny ) % Alnus | 0,141~0.462 | 0.325
T ZERRICESY 3720, BEEAIEOIEY T / # Celtis | 0.256~0.492 | 0.354
ZfT=12,
51 ¥ @ A

Y, FHEEA L FNob LS - BECEANER [ KB 3RREEL /), BEIE
i 3 MR —1F LT EBRK 2R, BT Lic B L REHEO 5 50 B/ME « BAME - FhEE
Table 8 IZ5RTHS, ZEIFERIT 0.04~0. 60 DEIFA & BIAR & O EER L,

5-1-1 S ES M

DFEIT, I OEEMRERN, 37 5EEKORE, BRIk I oREEESfR, Fig
10 ik No. 1 OHIZRT EED, VTHOERICBNTHOHYWAELEDERTH >/, TOFEE
i, 27 IBERCTRERMVECERI CLEEEMMBELLC &S, THROHARKCIZ DD LHR
I,

BEOLRARSMRT 54, LRARIBOMREEFEORMALD 120, HFEOL - hETRER
EORBREIELE S, 2T, LRERBEMBIWICEC 3720, HERIBERC I/ v—7%2ET 5
D, —F, LRERCH - TH-sDOBOBRERHRIET T 59, 0K, EHACIBEDOE K
BRET ZEINTPEER GO NS B, EOMEBERENT S, THbD, EEABIREHRDO S v-F
WA EET 3 EFC, BOBOSRBNEMNERT, Thd, Lo AERsHERL, 000l
ONEBBMNICL - TRRIFRELEZ 6N,

L L, 34 7EEKOB&ICENTS, & No. 1~3 ORIEEZE—1E Lo EEEES i Fig. 11
DEBDT, BRERSAYE UTRASEFEOERLIE -7z, 708, 1980FICRAELEE 8m D
FIROEEABENTIL, TRTOEEK  BAICBOTERIARDTH - o —F, EEMRHSEX
TH o127 RFBERIMKICK 1T 2 MBS Fig. 12 0:30 7T, §BELBEUREHESGHHTS
otz BHIC, NV /FRICE T 2HEMEESIE Fig. 13 O LB 0 PMEERSHRER LS

BlEoX Sk, e 0B EAMICBERESAS VY, FESRR—BICERSHH LB, Lichs
->T, BIFEMETZEHBEICE > THRIELTIO &L,

5-1-2 @ & R

AR, vIAavy BERCEY 2 B EOTFEEEA & MGHEDHMAE, Fig. 14 icfik No. 3
ZHAET, Ak No. 4 2=AHITELTRLEED, BOBOBEIEE LoERBHRERD, W
FHRETHCHHLTOS, 202 LR, OTNTOMBERBNTRETH -, T0bb5, B#fioy
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F 1 VSRS o 7 R0 N ERRIC, EEAOREIHT 22 LEMZR @ Lo ERX TEUT X,
BREZYPHKENS EWVA B,

Ledi-T, ERBEERIAKCOOTO I OFEELBOREGEA L L L, BRECHLIETR
INTREERN T - 1288, —HICEBHEEZEH Lk 2@%0 I 25 L 2RpBbH 5, BRER
RIEDHERT Table 9 ©EHHT, FORMICHEOTEHHMTICE » THIE LcBRROF RIS
WkEEER Lo, %70, EURBIGRO 14113 Fig. 15 DEBDTH %,

5-1-3 % 4

Fig. 15 IR L-EHOESd, TMEE S Fig. 14 0¥ 7 H Y BEIKICE ) 2 EROES &KX
DEATH-T. COEEER, FEAOBERGSHBICXDBESLDT, Y78y " EIRERET
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Relative frequency distribution of I of the No. 1
plant in the Quercus stand, for a case.
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Relative frequency distribution of I in the
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Relative frequency distribution of I in the @. act. stand.
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Relative frequency distribution of
I in the Alnus stand.
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Separation of regressive relations between L; and RLI.
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REBCBOTHENE L, EHAOBALIDRPPELLITH T,
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Fig. 17 R7+B LU Y3 A Vv ORZERT LD, BEOETEHENEENENIHBLEN T
AEELE DB, H51iE, Table 11 KhhiF2:80, RECEBLZYTERNREDT/FDL
SRPAEH D, choddid, EBLENTSE
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Regressive relations between L; and RLIL

Table 9. B A AN MEM O @& KX

Regressions between L; and RLI.

2 m m & Rk
Species Regressions Sig. level
e i S Styrax L;=-—-13, 344 log RLI+113, 585 0.1%
LRl 2 d Acer L;= 14,849 log RL1+4133.072 0.1%
DA VA Betula L;= 13,677 log RL1I+128, 201 0.1%
a + 5 Quercus L;= —5.641 log RLI+ 68,217 5%
7 % F Q. act. L;=—13,145 log RLI+ 86,126 2.5%
7 > Fagus L;=—10.884 log RLI+ 100, 560 1%
NV F Alnus L;= —8.261 log RLI+ 65,182 0.1%
r / * Celtis L;=—21.135 log RLI+110, 386 0.1%
Table 10. FEEB JCERBEFICE Y 2EHHREK
Coefficient of variation for L and W.
- ¥ kK L xE B W
Species # [ 5 # i B
Range Mean Range Mean
r /J * Celtis 0, 249~0, 390 0, 325 0, 268~0, 449 0. 363
NV ) F Alnus 0. 209~0, 347 0. 260 0. 210~0, 356 0. 266
a + 3 Quercus 0.090~0, 445 0,303 0. 104~0, 524 0. 340
rO AT Acer 0. 263~0, 550 0, 357 0. 254~0,721 0. 394
7 a Fagus 0. 100~0, 355 0, 226 0, 178~-0, 394 0. 265
DA VEA Betula 0, 103~0, 345 0,218 0. 145~0, 370 0. 254
7 % ¥ Q. act. 0.221~0, 789 0. 657 0, 222~0, 421 0.276
=T/ F Styrax 0, 156~0C, 439 0. 268 0, 221~0, 353 0. 268
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Table11. #E & i B E M © & & X
Regressions between L; and RLI.
# & & =R 7 K
Species Regressions Sig. level
o/ % Styrax L;= 0.397 log RLI+ 4.434 10%
P HITFT Acer L;= 0.544 log RLI+ 3,013 0.1%
5 Hh s Betula L;= 1.267 log RLI+ 6.833 0.1%
a F 3 Quercus L;= 0.605 log RLI+ 6,437 2,5%
7 % ¥ Q. act L;——0.841 log RLI+11, 268 1%
7 + Fagus L;=—1,699 log RLI+ 7.658 0.1%
NV F Alnus L;= 2,234 log RLI+ 6,940 0.1%
r J # Celtis L;= 0.000 log RLI+ 4,213 not sig.
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20 30f
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— 10
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L 20
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10 10
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Fig. 16. > 7 71 v/ SBEIMRICE T 2 BER OB
Relative frequency distribution of L in the Befula stand.
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Table 12 EMB Lt H B EM o @K X

Regressions between L, and RLIL

B (5] % R ARk
Species Regressions Sig. level
a7 * Siyrax Ly,= 0.338 log RLI+2, 384 0.5%
ryHTF Acer L,= 0,851 log RLI+3.188 0.1%
VIR UN Betula Ly 1,308 log RLI+5, 485 0.1%
a + 35 Quercus Ly= 0.150 log RLI+2, 557 20%
7 X ¥ Q. act, L,,=—0.229 log RLI+3. 383 not sig.
7 +  Fagus L,=—0.225 log RLI+2, 877 20%
NV F Alnus L,= 1,007 log RLI+2,898 0.1%
 /J % Celtis Ly= 0,000 log RLI+2, 147 not sig.
\°
~—
o
77+ Fagus S
{3
5100 10 510 10?
y 10
° < —~
o — o £
o 82
o _—0 5
o /
" & 4
° >35> Betula "
510" 10° s10° 10 510 10°
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Fig. 7. R HAMHEER O @ FE &K

Regressive relations between L; and RLL
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—o ° ° “12 g
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f st °1 -
o 12@
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— , . e
10 s-10" 10° 510 10’ s10' 102
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Fig. 18, B & A WEM © 17 B

Regressive relations between L., and RLI.

EREVLSSORTELTVS D, MERICEDLTEEREOET 2R LTV 3, XAR ELEENLE
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DEREL 10% BETOEROKEEHL, 100% TOEENS10% TOZNLDEL L ABEEZRERT
HET 2ebicRkdl, BEL  EEEQINCRTE, bYyAZT 172.8° YIHVNI656.6° AV
/¥ 141L3° TH ot ERBAEL LERAKIORTE, ~v /%1124, 535751116, PUAT
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BRSOV LR, RoEEEOR L@ EREt00, TOREREAZEATIC EICLBXY HED,
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Regressive relations between L; and RLI.
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Table 13. EOXBEEHER L HMHEBMO HER
Regressions between L;, and RLIL

L) i) = it & BERKHE

Species Regressions Sig. level
s R 3 Styrax log L;»=—0.177 log RLI+0.988 0.1%
roATT Acer log L,,=—0,046 log RLI+40.943 10%
VI Hh N Betula log L;,=—0.121 log RLI+1.021 5%
a > 3 Quercus log L;,=—0,029 log RLI+0. 911 5%
7 2 ¥ Q. act. log L;y=—0.098 log RLI+1.051 0.5%
7 +  Fagus log L;y=—0.072 log RLI+0, 955 5%
NV ) x Alnus log Ly,= —0.046 log RLI+0. 836 20%
Tz /J # Celtis log Ly=—0.155 log RLI+1.175 20%

EEH L CERBONRBREME Lir & L,

BTED Ly LHHRE © EREFKIZ, 160% Fig. 19 K/RLc &6D, MUMERRTIMT
3, FOMBICBNTH LETEENRENVY, BERIMUTOEBDEEZ SN,

NY 7 FEOHE, EORBERIEROEMICAVAMIETT 3%, Ld-T, —RICERTIR
b HPBEBBRICERSREVEERICBNT, EONXBERILERBKEVDOTHES D, COEBICL
0 3/ TREBREISMEND, Ly SHSHEORICEWTORBRNEILT 52 &3 Table 13 D& B
DHALHTH 2,

54 B E®DN

5-4-1 EH S A

EEBOEESFR, —BICH~TRBEBOTRAEERT, ZLT, EREEREELY FhkkE-
TBMASRI 2 >hiiR L, THCH->TREET 5, —F, HENRER— B EEHSTREICES
—BREBERERT, COD, BOERHR L, LESEEOEKIE, 7 XFBIVY T H v MEHK

DFi% Fig. 20-21 IKRTEBY, LBLORAERREEZ TREEM ELOER, 20 3RY6GHE
OEMENL S, 2L T, BREEBREBUTOSHSKSNVTRARNENHEBERENLE, COC &3,

1D 6 BEOBEMIC DOV THRABTH -7,

BREERERBL LOBMICENT, EEOERE BEMICHIEEGREND 2 C L EBEBENICHE L
X3, Ll, ERTORIKROERSY, HIOoNAEROBE:ARTHGEGREET 1 C &
2, ESROXMGEREMBEMCGEALZOENZ LS, T48bb, WELICKERA v M 2D THERE
BEERMLIERDP S, v b EEBOFMMSTHMCORYT 2 &BEHEIN T B, LT,
v MCE - TEAONEREES FEOEBIKL - TRELLBEOETERELFEL EZL T, E
EOMIGEBRIAETH I LPERTE S,

D, L, SAANEECHEANERD>SEE, IIVIHRIOSER~RATLRE THHLBEK
EEREREOIENIME SR~

B 1 OLBHHER, BRAEBREBICENTERSHOBRND Ts EBHET 2L TH 5, Fistid
YIAYRBIUAY ) FEBHO 2R TH 255, AL BRARXBRFEMLCET 2 BEBE 2D
BTHENTH 2700, BHUM Ts HEOFFIBENDOTHS D,

F20{BHHER, UTOLBIRARERREBSEESE L —E0BRER DL L TH %, HER
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Regressive relations between L, and
RLI in the Q. act. stand.
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Regressive relations between L, and
RLI in the Betula stand,
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Relation between distribution rate of

Lg and LAL

) FREERR (12) XK

Note : Distribution rate of L, = (total leaf area
of lower strata than the stratum having
the maximum L,)/(total leaf area of
all the strata)

Bisficethd 5 &, Fig. 22 0 & B DHNRH 2 ICE IHEBOBRBAE T oML, HANIEBET
EhOTHRGEUTEZ L Ebbhot, 2D LR, EEMBSOKRMZEEAEREERBOME M
FHZEL B AL E2EHT 20T, SEBE LAENREREVI LD,

5-4-2 BRRKERREEOME

DEnk S, BRERRERCREHBEOBMMICILET 2WHENS D, SEFHE L—E0BRND
Bébbrot, £LT, RAEBREBAHICLT L LENHEOHRANE(T 20T, COHE
DOHBREHEEWH ST 2BELD b, Lo CHGSHEHOERALMOEFBR LW, SEHEET L
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AR ENEHOTHZY, HEFEGNBHEETVICHAIADDETH 26END 5,

TR, BENKUTOL S icikdic, RABRFEROEMBEMIERKICLDRIL T B,
SHICE Y 2 BRAERMERIL, MAERE23.5% 2 FHE -7 ROOBAKIERT L &b o1,
SHAMBIN LIS - 2D, BRAEBFRERBMACERE(MOWIBNLE»STH 50, 55 2RI TR
BLHBD2EOREN23.5% UTTH -1,

i L, BARERREEOMEL—EDREMBICHIET 22 &1, FIROEETREABOERBE D
CHETEZ0, TOREERMBIVEZITEENS S, T/, BEEEZEIERELLAE,»LRE
FREIGONIWEELD 5, ISR, DTOHGRMEI N5, T7b5, EROEAE
BALOEEES X RO BINOWFICHE L e EZHle S, ORI ATt Ui kEliciz{td 2
BEHLIVS OB EET H20rd LGN, WIhikEX, HECHIKET 3 ERBEOW DT EN
i, CCTRRE0% 2b- TRAERREESURET200L47 L,

5-4-3 [H & X

EWAERENEER, TROSETOEDSHERLBORMRERORRR, FROZEERICHK -
T, ZHEL S 20% DL LORAERET FERN $30REDERE T hUToHRAERFT 2EHER
D22E LI, —F, BBRTIHEHEETNVE, LBIOIEHEEHFEZED S KIEREN TS
¥, TRRIEEBRETZ, 2LT, R0 XKBAERBONEERICELLIEBOEER LY T
REV, Lich->T, Lo CHNREMOBRICNTIRRAROYTIEADIE, &K@tk 24N
2ERTIHLEND B,

T, HEME 20% Pl EoBMIcB LT3, 8HE D 4 O0NT Ly B XUHEMRBE RLI %
Table 14 OEFED & 5 ICEEERET - Bic L TR EYS TEb i, ¥3H VABERKIZONT

Table 14. BOEHER I AMNEEMoEGAR
Regressions between L, and RLI.

. R R 8 K
Species Regressions Sig. level
D) * Styrax a"l'=0.166X2+2.320X+11.131 0.1%
Lo’ =725, 493 RL1+ 669, 041
roHTF Acer o =—124, 136 RLI+ 13606, 484 1%
L) = ”
5%V Betula Loi—15.922 X +105,211 0.1%
Ly’ =523, 749 RLI+550, 726
a + 3 Quercus a‘l'=0. 140 X242, 150 X +11,434 0.1%
L,/ =625, 000 RLI+ 4420. 000
7 x ¥ Q. act. Ly =—238,509 RLI+24563. 475 0.5%
Ly’ =991, 680 RLI—40, 300
7 +  Fagus Lﬁ:o, 281 X242, 605 X 410, 200 10%
L, =277,327 RLI14+5204, 66
NV Alnus Lo =—161,59 RLI+417338, 337 0.5%
L, =713.560 RLI—164, 870
T, % Celtis ﬁ;alwxuaﬁmx+me 2.5%
La" = ”

Note : X=log (cos (RLI—10.01))2
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i3, FEOBEEHAT B U TERRES TS, BVOIMETH S I HZF « /X & -
NV FOEREBRIKICOVTR, Lo & RLUKK LTS &S LOBEBRREL TIDL, Thd ORE,
Table 14 O X 5 CERRDOEELIIBOAKEICE U, 7270, COEREIRTHEBOBREL OB
BERIS DT, BRSO TR, Fkic RLI-10.01 20T HEBELE FOREL DR b
DITT E, EHEOREIC OV TREREROEREHFONRENS B,

—7, HXRBE19.9% DUTFoOfMEI>NTE, =/ 3hERE COBERKICS, Ly & RLIKKELT
LEE LOERRELTRD L, £LT, ThoOEBRIIAENMKE 20% K0T L~hEE2RET 3
HERERD B XD ICREEED I, Lied->T, LOBEMKICET 2EARNICHHEENED ST,
stze 121L, T/ FERKICONTRARBI>OERBREHER L,

PED LS icED ERROHESHE, Fig. 20+ 21 0 &k DHEMREE 202 RCEOTE->TH B,
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ERARBAOER LICEY 2B80EREARME S 13, LE» S TR > BEENERT, LT,
ZOBMER L L@ O TRICH -» Tl 2BREORICIE, BEENTEEBERKIZLL, L, Fig.
23 WHIRT2EED, LORBEICBONTS MED MICEPIRANEERN 5 b, £L
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Regressive relations between S; and RLI.
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Table 15. EORMERSIHELHAYREMOBRRX
Regressions between S; and RLIL

) i) = o x ERKHE

Species Regressions Sig. level
I 7 & Styrax Se= —5.195 log RLI+10.710 0.1%
FOAH T Acer Ss= —4.451 log RLI+ 8.902 0.1%
¥5 % vs%  Betula Sy= —6.717 log RLI+13.838 0.1%
= Quercus Ss= —6.239 log RLI+13,922 0.1%
7 R F Q. act. Ss= —6.106 log RLI+ 12,855 0.1%
7 * Fagus Sg= 12,658 log RLI+25, 493 0.1%
NV I E Alnus Sg= —7.636 log RLI+ 15,272 0.1%
Tz / % Celtis Ss= —8.016 log RLI+16,032 0.1%

BTEVKEITE LK,

5-5-2 % %=

Ss ICRBOAMRELBEENTERARBZSZVIC LD ST, BRNOFELEN *bDTHVC E
DORAR, BToLSicEA SN, £F, HBLOFICE~22, HBRENTLREL:OMICEEN
BHEABGIRED, LU, BICK > TEHPICEHSNEIELTO 231, RO RETRIEBISHE
BCELICRR—ETH 2U9R00, e, BEOLEER, TRLEEED L H~OBEITHED,
BEBEITEOTHEOF, EHBICENTHOME, TRECEOTHOMESREC 5, $1bb5, &
BB 2BERFCERICL - TRESNLCE, BIUVEREOTHERTH 27 0BEERBORN
CR—EDENREFRISZT Lipb, RELBOREICKH L THENSRREREE LT3 T &5l
T& 5,

LTAHT, KEBRLE»POHBICH - THIHET 505, /34 F72F AW THHINBZK DT, BIEE
B oty 3 FtED ORI UTHRAL 1 5,

TROLE, EEOER LICEY 2RNHRAIEE BRE L ORICI, 25« BahilBics W\ o iEm
HMIGBENRB 2 LVEA LS, METHE, EBLOBEHFAONBHAERENBETI(RETEZE
HA XD,

5-6 RRIC & B EAREMR

5-6-1 TEZELE LTEER

Sy, TUHLBCLOKEDOEEREEEO A3 EL HERERO BVRBEHR, Fig. 24 K HRLIZE
Y, FEELLEBH LOATHD OERTRINGS, EREBTRIICHE LR OBEICET %,
TIbE, S ORKENTBICHERT 24, BAEERTEMSBAERGEEL ART AN T/
FHENTH o7z, P HZTFREAHBORBHRTE, BAEEREED 1B TOBMIC Sy ORXM
BHBE L, MOBHKICENTR, 2ZETIRERLL, Thd, S ORAXEE: SAERFEEORE
AT 5C EDRERR%RBT 5,

VFRRLTD, S ORAERBLUTRAERERBRIV 1 >TOEIC HERT 3 & AT, Bl
FHCBRAERFERIR, FENEEE LT, HAKE23.5% 2 TH- cBOORBICHET 5L LD
T, BLRZD1IDOTOBMKEY 2 REMER< I, COMEIE, 120f84FBRNTI0ELUTTH -
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S
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Fig. 24. BoRBEmEAEL Fig. 25, v/ $ERMKICE T 3 s oRHnE(L
M RS o R 1R Productive structure of the Alnus stand.
. . Note : L : Z£ leaf, S: & stem, B:{f branch, R: i root
Regressive relations between Y Es (em), X §: BEE (2/02md)
Sp and RLIL Y axis=height (cm), X axis=standing crop
(/0.2 m*)

foo WiC, COBELIEDETI0% LITORESHET 2Hb 20t &t ote, LT, S OBA
B ERED 10% = FEl - = RPDBICHRT 2D EHE Ui,

PIEDT &5, HHREN10% DI EB XU TOHBICHT, BOBORKEE#M FOEHRER AU TR
Wiz, 72120, T/ FERRCOWTE, HKESMENER P 5B BEICER T 2 8Tk o 228 bhs
WENTH 570, 2RESEBELT1I 2DOBMRAELTRD I, RDNIFREICL 3 REEHOKRER
Table 16 D&B DT, ZORFLITHBNTS 100~10% RERDOERRIIEHLO THOKETERTH -
7o

5-6-2 # &=

BED LRARICHY, BEMS LA CBET 22 BEOHMELENT 2 BRI, S, MBREER
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Table 16. BOKBREERAFEL AAMREROERR
Regressions between S, and RLI.

W& m_ R =R &k
Species Regressions Sig. level
T a7 F Styrax Sy = —4.170RLI+ 426,301 0.1%
Sp’= 24,767 RLI+ 136.928
POATT Acer Sp = —4.686 RLI+ 481,628 0.1%
Sp’=38.865 RLI+ 46,114
VIR Betula Sp = —9.275 RLI41051, 405 0.1%
Sy’= 37.753RLI+ 581.124 10%
= S Quercus Sp =—11,401 RLI+ 1178, 903 0.1%
Sy’= 67.857 RLI+ 385.429
7 x F Q. act. Sy = —6.001 RLI+ 672,010 0.1%
Sy’= 39.783 RLI+ 214,176
7 F  Fagus Sy = —3.751 RLI+ 378,035 0.1%
Sp’= 43.565 RLI— 95.127
NV ) F Alnus Sp = —3.734 RLI+ 380,023 0.1%
Sy’= 25.742RLI+ 85,265
r /J * Celtis Sp = —0.151 RLI?4 15.637 RLI —31,732 0.5%

TRNEEAEEREELD 1 BETCHERT 2FEEZZER L, T0bb, ~v/ 8K 814
6§ ~11 AORiC 5EDORSY V7Y VI ET -1 DT, £OEERBICEND BHE(LEH~I,

%9, Fig. 25 oI CRENRTREICSFEELLY, DRIEELTHREVWI ERbIS, D
X¥it, BREROEHNEREZ6-79-10. 11 § DI, 92+88+ 216« 211 + 167 (g/m?) TH 72,
TRbL, HEIERALSHKEICEEL, I~10 A0 1 LAMMEREEL T, TDI9+10HiK>
WTi, TS ic BEIKED BREEA SN, COMICEE 20cm OLEEENHBICE phbd
T, e, MYV YSRBEERETH 200, BERKNTEHOY Y IAUNBEELTH SIS
pbhod, LEOLIIKERFESEUL TN, 351, BHEOEBMNNOESEE, EEH SR
9A 108 & B LTRTE, 1.9:1.3, 6.5:6,0, 11.8:11.9, 16.1:16.2, 18.1:17.8,. 15.6:
17.4, 14.9:14.5, 10.9:10.4, 4.1:4.5 (%) L VEAEER, HHTEEELL LV -TLN,

—%, ROz LI EBROVTLRAKTH 2, 98L 10 BB 2EROES LA LRORALFEL
HRMEICE - TRTE, 0.3:1.6, 7.7:7.0, 18.8:14.8, 30.4:25.2, 24.8:27.2, 12.0:17.7, 4.5
15.1, 1.4:1.1 (%) &12h, b TELULTHEZ Edbhot, WHUARSED, K& ER
OmMEES, LLoBABUBSRLUBETZ60TH %, LL, COMOLEERREST,
B ORMKIME, TROBHMEER 1BNRE - THE0TH S, Lch-T, B - BREEHTR
L BBLRE, s TULL - BELGEEERE OO LAHCBH TS, LT,

DEEZ, BRERRARLE Sy ORKESHET 3BMOTHICOWTEL S, TTHRETIEOH
BOWBREE~ 5, BRIFOMERIEL, tok, BESOSHARET 2 CEIHH, BETHEE
FEOBUERIC K 2 BECEOEREICERSHA SN MM, KO5HA®~1hHW ThH 2,
—, NV FERRKOES, BBOBLRIRDOL 51210 A~11 Aichd TRZ 307, AEOKE
BEETAHME LS LA~ 2»ATH 5, HMBEIDEVHERORRETIRERST 2EHE, UT0
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EBDEEZONG, WEDHAZZ 2L, FTBORESEOMESETHSC LIk, BADRKR
AEBNBBLT 5, 75&, BARESHENT 20T, BEEREEERED 2, 2L T, BEEOHFIL
EROSHEREOROTFERNEBETHEZ L SIEZET, BETHERSOLEERBIEL>TZDB
ORENESIETT 23 TR, BOAFEOTREREV. T1bb, BOEMIISEK L - THEY
KEHEINEY, BOoFRItHREOBRRMENTSEELVI S, Thl, S OEAENHERT 2B
MBBEAEEREBELD—RIZTATE 2 LORRTH %,

6. HEEBAABRHETEETI

6-1 ETIOWK

COETFIVR, BEETEDCARIIIC L - TENBEROMERET 5L, BIUHS « 43T
R BRELY TEFAVCE ST, BOEBONRBEAREHET S L0 OEBRINTV S, EFVKC
B AWEOBEE 7 —F +— FTRT & Fig. 26 DEBVTH B, 9, HELOESRER 100%
ThalcwH, BILEELEHNTIHEIR 0% TH B, T, EFFHERNBEEICE L TEDOEDEET
AHREERL LoD THAERAHIKE-T, BIBRNOSBERDELHET 5, ThoOHEOKRE
I > TH 1 BONERE Ts 5tk T 543, CORAHNEELEE UHEHELTRIC LIt b D8,
HTEFNTH B, RICE1BOREBBE Ts' 80.9 TH-7c:ThiT, B 1EOEEIKEET 3D
MR, ENEE10% 0 0.9 AN T 20T, AMRENS £783, &K, HEHEERTTIH
Tir, HEIVRBEINRBESH TCEBEETEINELEHNT 2, HNEROED MK, B
DEFEDBRRAZGELULTHRBT 2L B0EBOH LMD S, UL, TOBEOEMEE 0% 13, BA
SHEEIBRELIIEDS, ThEDRB3DICHBZNDT, =FVvEHREEED 50BOHNIZ EED 2 %
74 —ICR B,
BlLEOERRB2BOLHEE—OETH 51D, F2EIZIBIRERIOE L7185, F2EOE
BHENIAGEE 0% K Ui E 27, 20Ty RBIBOMHELEIRILE, COEERIC
0.8:93L, F2BERICEY ZEMHEERL, 90% D0.80FFET LT END, 72% &5, UTH
BRICRBEOFHENGZ, BRARGLEO®E, 2474 —kKE2, ROEBEHOHT, BHEOCHME, BOE
HiCB U 2REOHE, OHIINV—TEERT 5,

6-2 EF N OB

6-2-1 H & ¥ B

ZDEFNMTE-T, REMOENBEL#EL, TOHELHE~, THhbb, (2)+(3) ATHR
ANfeH T E=F B LU Table 9~16 O TRE W 7T BOERREE A, Fig 26 WRIhAFHRE
FIEICH - T, FREORI LT HENEEOREEILE Y 2 - X, £FL, EOEEDR
REGOBBIBRTERERDS 28, BEBSATERTREFERTODOT, 2 TREEOBERK
BELBRICL B HERERV, T8bD5, RiEH ZBBKOEREN 120cm TH-7c &1, B
6 BOERMH FICRESEELTOENDT 500, 6HOBIONT T ##ELL KAT, BE
THUTHE I N EBESE Y 120cm T8 - 2B AT, SHHREORTE RIS ¥/,

V3al—va VORBERLENEICHELXRT Fig. 27-28 IRL, ZOEFLOBE, ZEOR
Eo#Ei Fig. 26 D&EBDARGETT O 00, TRELRESREMT 2, Thlkbhdrbbd, 7
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HWEEDORE
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RLI on the stand
RLI=100%
(start)

ZoRBLEmICH T 3ARE
RLI on the surface
of next stratum

Y
ZNMADEHERMOMER
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Characteristics of B\ . R
partial-foliage in
the stratum

Regressions

Y
EFORBONEBE

Light-transmission- $TETN
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stratum
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Y
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@
(end)

Fig. 26. XBEHEEFT VB 2#MEFEDO 70—

Flow chart of “Light intensity estimation model”.
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Fig. 27. =F Ik ZHPINHRECHEERR (—ID)
Simulated results of RLI by the model.

Table 17. E# « HEEH SRR O EFR
Bk eF vOIEERE
Accuracy of the model shown by

correlation coefficients between
estimated and measured RLI.
R | BREKHEE
Species r Sig. level
(%)
FUAh T Acer 0.913 0.1
7 + Fagus 0.997 0.1
N/ F Alnus 0. 947 0.5
¥ 5 Hh vs3  Betula 0.986 0.1
a F 7 Quercus 0.975 0.1
7 2 ¥ Q. act. 0.987 0.1
T = 7 & Styrax 0.988 0.1
* /J F Celtis 0.981 0.1

50 100

TR BN T, RN R EE & e R
BEEDENRIO% LIEKBEBR ihot, V7
BV JRE 2T F O EZERKITENT
&, Z10% Lo BERE1TH-7, Uichs
- T, CTNHRAEEDHEENTOIILEVA L
5, 3F FHTIEH10% Ll LD Bl 2T,

I F Y/ FHRTRIDTH -7, MEEWE
BELEO YA FHRIEEOTIR6BSH -7,
WHERELEBATBEUTHRET 5700, £l
JRUEE & HEE R & O OAEBRIE S Ui, #
B2 Table 17 0 &0, FOWMEICBNTHHE
BRI EOLDTHEVKEOFRHERY T &0
b o i,
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50
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50

HxRE#MEM Est. RLI(%)

6-2-2 HoOLEmE

s A
Betula
50 100 50 1o‘o
HXIRBRIEA{E Mea. RLI (%)
Fig. 28. =FMic X AHAEBEOHERR BRI
Simulated results of RLI by the model.
10
CDEFLOEHRLE LT, BZEOERNE 2
cer
EROMBAMEETE 20, ERERZELKE Celtis :’
° ’
BThHAIDH, C Cfﬁﬁﬁﬁmﬁiﬁﬁlc ,” ° Betula
’ -
DOTHE L, EFMICk - THERELE sl .~ =" ouercus

B OEEMMEE A L OhS EEOHEEM
LU, ERfEICH X, ZOEIZ Fig.
29 DEBOT, B|OHED fThN BB
BED,

ZDZ EDORERBHDOID, GO Lo
Table 14 iR U ERRD 5 HE LIEE
L, BAD 2HBOBOEREINTRD
tz, WbhEFFNERLSEELBELOE

EmEMAIEHEEE Est LAl (ha/ha)

-
I3 © "o
Q. act.

s
,’ Alnus -~

o
Styrax

5 10

EEIEIEEHERE Mea. LAl (ha/ha)
Fig. 29. =7 vk 2 EFROMEELRE
Simulated total leaf area of the stand
by the model.
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EEE LIz, TOEREDBEKIZONTS, BE20% LTOBICEVWTREL, HLEOBHTHhIS
sle LT, ZOAFEEREFRPSROLMGETRETECME LS, BoNIEIRAME
KEDLDTES B o7, Uledi-T, BOHER, RE20% DT 20EROBAERRT2ELC
SIRATEEVZL D,

UL, Lo &BREET 28EEELEASMIcEEEE, WEOMORRRRRETEN
VOT, BREEICS > TR ERRS—RICROEREICIIL 205, EEAIT Table 14 IR L ERR
PERATAECEIR UL,

6-2-3 fhoBERDHEEHE

EFNVICEZHRABEDO Y I 2 V-V YOR, fiORBOETMRBRMEDE,IC, FEROMELHERET
%3, BlZIE, THERKOE 1B B 2HEEMRIT L0 79.1°, L/ 4.26cm, L, :2.43cm, L,
16.47% LHEE Sz, Table 5 LB 2L, EHEAIKIINZ ©, ERICIIK S5mm 0, HEEiCE
9 2mm @O, ZUTEDOHERRICIIITEBOEEN, BOBOS 12 b5,

ZOEHUEAMELETEOXROBELEME  SERLE b IKHE—IKRET 200, TRICRTHE
MER (RD) ZVic,

SR
RD () =g+ i) 1z < 1%

BOBOOHE - BER B CLic, RD2RbIMREDS L, BEO RKE - B/ME - VHEE
Table 18 iT7R L1z, XBBERD RD REOHBEIREONTH RSV, FEHRRIB LA XS LERIcE
WTRBBEOGNVEREBS Y, HRAOHESN RTHECLicd s, RD oRAMEI A&
B0, ERMEE LTRFEIEE ZRLCOLOESEE B0cpoTh 3, SEECELD RD 0F
BEEZESICFHHEC L > THRIELE» S Yl 2L, HEBENRLED - ERREEATH -
oo CO¥E, RD OFIHEIX8.3% Th 505, FHENSEEAMETS 3 90° 2 AV TENME « #EH
MOZEREETT 2L, HERZEIVHE LA Ehl, COFERKI-THRELLEEREZR, EE
OEA 6mm B, EFOBA4mm BELANIN:, BBEBRICET 2 RD BELHOEERLE
B3, HAEBEMEIHEAN S e, FEMSEERED 1.5% IKE 2E -1,

Table 18. MHHERICKL 2 KBERICET 5 €7 VOHEERE
Accuracy of the model for the foliage-factors by the relative variation.
5 - HEELEEA Ly HEEE L/ HEETEIE Ly EERMBER L,

Species w3y @ B |V om | (FE| 8 A | P
Range |Mean| Range |Mean| Range |Mean| Range |Mean

T/ % Celtis 37.1~9,3 | 18.9 | 10,5~0.7 3.
x o ) % Styrax | 43.1~7.6 | 16,7 | 83.1~1,6 | 21,
7 + Fagus 11.7~2,4 | 5.4 | 25,4~1,0 | &,
2+ 5 Quercus| 17.5~0.8 | 8.5 | 17,7~0.7
FYhTF  Acer 37.1~ 0 (12,0 34,5~4,1 | 14,
NV I F Alwus 16,5~0,2 | 6.9 | 57.8~2.0 | 14,
7 X F Q. act. | 17.1~3.7 9.6 | 12,3~2.5 5.
¥ F 1% Betula 11, 6~1, 6 511 23, 1~1.4 9.

Note : Hifir Unit (%)

10,6~ 0 4.4 51,7~0,4 | 27,6
80.5~2.8 | 19.2| 53.2~4,7 | 21.3

9.9~2,0 8.0 4,4~2.2 3.1
17,2~ 0 8.7 | 22.1~0,3 8.9
49,5~1.7 | 23.2| 49.3~4,3 | 17,3
41,9~3.4 | 16,0 | 78.9~0,5 | 28,4
23,2~0,3 | 11,9 32,8~ 0 }13.2
32,1~1.5 [ 13,9 | 64.2~1,0 | 21.9

0o Ul N 0N Oy =N
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6-3 FEDEFNIRARM v
ENBEROS ANBEBOTEET X 20T, TROBECEFEOMFRM R, EXNCREDR
VARAVDONBEAREICRESNS, LL, TRESOVTRBEERSOD TR, EnEET 3k
RACOTHRECERRLLEFEORASE, THHOLRAREREDRA VA VOXBEARELDELL
B, BETIE, BREMETLEOHRILEISEOFRIEEBLITICIES &, HAEET 50N,
BT 50T, CORFARELEDHE LV ANVICE T 2XEMESRELNL XS, $70bb, BAKELS
LT, EPERELD 2RNOU 53 TH 2EBETHROEMBEEE BT X0, KL, MERNIIK
REBRTHROZHERZRELVLOT, ETRORELELDTENETS 2EEE T OREMEE BN 2 HE:
BEZOND, ThEFE1OFEERT 5,

B 1OFEREANAODEBNEFETH B, COFEERARS»ORB-TEBLELbOLLT,
BOBLZOFENELOND, LFREDOEBD, HOAFIBOFREL Z2OBRET 2EOHRILES
FMEE D7 v R, METHEELKOBRN T VACREEIND, LT, 34 F ey pnnmndgy
RIEEHRANT, HBLIEBOEEELEREDCRER H2VWIAEER/EEOHLIBEOHMBICET 2E
EECORLERAT L LoD, EOEFORRAREERD I ENTEX D,

BI30HER, B1OFEERELLLHOT, JVEBICAETE 2HEHENBECERE FTORE
ERAIEZHETH 5, EFEETOREMEARRON B, EELD THCH 2EXPIBROHTH
B2, HERALKROES, AGEAMELBRVRY, TOERIHRKEMBEICHIZDEOCEERTW
I LD OLNTNERLTH B,

BLOFER, RAREERELLTEL, ROEELPORDLIETEH0TH L, THLE, —i
IR ERRBRECE BT - e~ EJICIRT p10N0 DT, 7 A5 LEESNIOREED, 55
PULDELONA—EEICETILE%2b-T, ThI D TRIRBESEEFELENLUKT 0TS 3,

ETAT, BLBBEBUHEIOHELBVTH, LEMKROMKEHENBEREFNNELDTRONZZ L
REMS, BEMATIRARELZEETENRD, BL4OHESBELIHFIETH 2, HECEOEERK
BHESHEELTH ST, T FONTEIVEENS, 530RPTOKS SEET 2REACRHE
BERICH > T, RAKFICHNEN,

LT, OISV 2ab—v s VEBOTHE SN I BORELBERECFET 5 BOHIC—H I &
éf&%@mbtocm%?wm%ﬁﬁﬁﬁmtw@%?wﬁ&%c&%%i5a,cmf&msmr
i, EEINLEBENEEOHLER—RT 210, RIEENEOZ XS,

6-4 #% i
BEEBALBREEEFT VICONT, TOMREMESL 8 O HAEROAEMICL » TRIE L, £
ORE, COEFNVREBMICE T 2HNBEOEENE « #HEEBORBREROBEREKEN ELDTH
TEPD, BUTEENENC L, BERANEHERIKAHEBENT Ebhotc, —F, BEHEICHES
THEINLEEM - BE - EiE - LOXBBRRL LOEHHFBERICHN TS, HEFEREA LTS
BT lkbbbot, XL, BBOWEEEHOAETH 2HIEERR, SULBOHEIL -
tzo COERIIR, TEHICEOTREROBMMAE/LOEREANSE VT &, 3LXUSBMNOERRLE
BREMOMBICETIARROBEUNE R THBIECEN TR Lich 3, 9%, SBLOER
Fi & BREMOBRERE~ERER S WL, ERRsHEET S, EERitEoBEbmETE X 5,
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ERBOEFORRARKMEOED P BEEOBERNBHESEL bh 50, BRATRENAELSZ
NOOHEREENHEELL SO IY, CCTRESERNTH IEBESIVRBRICLBCLLEL
7oo Wk, EFAMRIAMEEHEEAEIMBEEILRLT, COEFVRBBIEENCET 3 LBROBRBED
BEAADI DDA LT, HEFHRELUTHHERTRETHSC LERR LI,

—F, TOET NV, BEREL CEREERNOMEEMHEL, BERED S WS REOILEBREME T
L, TEOREEMHLRD 2HEITIE T3, THh5, BERWICEREMHICT 4 —F/ Ny 7 &hiZ
BOEBORERXESEREEINTY . COAD, BEOHEETF VR LLIDEFTVERTT 24
WTHIDT, COEFNEHBENETVEMBIFTTHRELIZNBNTHS D,

7. ETILO—HE REEEH

BIBEICEBNT, ZOEFVRBENORREREBABEEREL Y 1av— 750805, EEFRE
LTHERATHETEEHR L, Lich-T, ROBELE LT, ZOEFVBEERSITEBOTHEAR
TEBXI—BILT Z20BENH 2, KL, CITHRTIEENRSG SR, ATHER SN THMARBENST
DNBERTH->T, 77 A2 —HHEBRET 2LDTEHEOHTIZRN,

-1 B OF K

ERFERNORERGIE, NEEMICH L TERNIZEC 230 Th 210, EFEA LERNERRKD
2ERZRNT, BRERERNTID, BEITNE, FENKCRBEOIFMSERLE LI, —
F, BNOEIOBTREMBOMENTEII, Tk, REICEFELTKEERIVDT, EEHD
HESTERL, T4bBE, TO2ERK2VTR AENIZ3RTOEMPOREE LT MBI ETH
3, ERUADERDGEIBNTS, BERBEERCTIBCEHOMEBEREZLELT 229, BX
CEIEIC B U BEREE \R/NCIE TEI20 ), HOBEZRCHSEECESMBED 20cm L0 5 BE
BEAROTHE - B LT& 7,

—F, —BEICERIN T ABEKIRZ0.5~2m TH b, 2T, TOEFNMZ 20cm PIANOBER
ZBALEAK S REAMELLNT LA EAT 2 4EHS 2,

7-1-1 FEHERRB LUEE

=7, BREREEHTREMONBROBHEEZT -2, BatEICAVWBEER, HEM 20cm
TIHOhT VR &, —BICEBEN120cm BEL BROEMRS E S5 &b, 20 40cm & L
. BEEELS 2BET - OBNETRMELAIL, 40cm BOBRERREE Lz, 2&iC, bL0E

Table 19. BO¥ERmE & HAMREMOERR (40cm &)

Re-calculated regressions between L, and RLI.

it poiy Species EI - Regressions
=/ F Styrax L,=—352,63RLI+ 35891, 93
rUHTT Acer Lg=-—215,59 RLI+23207, 30
a2 F F Quercus Lg=—342, 67 RLI+35606. 46
7 R F Q. act. o=—338. 40RLI+ 34785, 24
7 + Fagus Lg=—189,59 RLI+19863. 33
~nv ) F Alnus Lo=—276.21 RLI1+29997,13
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Rt 3 Eiss 156 X OEBES, 40cm 00
BEOBNEERICR S 4, WEOMOERE [ Aﬁ
Ficiz, EhoL 3HELEKRE, Table 19 £
AT EEM LOESRASETED LN, 2O
R XUHSOAER & RER O ERRE
BOT, BENOAE S 3 HSREREE
Lteo 186Nl R E ARk LTRb 1
EBRRRIR, B R BEAEORIT, b
UATFT 10.997:0.1%, 3F 5 :0.997 : 0.1%,
72X :0.878:10%, 7+ :0.968:5%, v

7% :0.925:5%ChH-t, THbDL, HEEHE 50 100
X PRAEEBIE  Mea. RLI(%)

o
o]

AEXFREHETE Est. RLI (%)

Quercus

HENENZ XD, #L T, =23/F«a2F 5K

Fig. 30. 40cm/gic & % s ER
TIT B o 2ERMA & HEEORGERIZ, Fig. B
30 KRT BEED, EbLDTRIFTCH-72, Estimated results RLI by the

stratum of 40 cm.

TO2REIBNTR, T UABEENENED
DPREENE LS TH B, B, ~v/ FEERCEOTIZBREE BTN 7o DEEBEIED - 7
28, HSREOERIME S HEBONHEGR, BEEY 20cm 0BACBI22nE bbb THRMUL,

7-1-2 #% Eo}

B LBt R ORERENE O T &, BIUBEMENBAIEN TS, ERMELEEZEOTIS
By, BEREEZ 20cm CRELLBEOENEEULLZENS, ZoEFVE, REIWEBEE
KBOTDHRILT 25D TRIENT Ebh o7, Bnlicd, BEEIBAERRSENBEEORE
REDHBEFKL, EFVEBREELLOT—ROICRIT S L3, BHOAMLZ{BELHTSH 2,

7-2 EREBREOBERIEO—L

LT, BIHEOSHBOBBMKIUACE 28O 5 2OBREKOBER VT, ERBERORER
BC2WT, R - fHEE - BHELEEERL, Bl

7-2-1 EMEA LA REER o BR RS
BEEARHEDONRBEICHEST 500, SRS IUEBERKEBESLEEZ 230TH 5, flZ
i, 4 AFEOBENERER, BHEE LISNWRD®WBD, miEs - h ZBOENRE S 518080135
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Seasonal variation of regressive relations
between L; and RLI in the Fagus stand.
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Change of L; to stratum height and season in the Fagus stand.
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Change of L; in each individual to stratum height in the Befula stand.
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The Study on the Estimation of Vertical Change of Light Intensity

in the Stand of Deciduous Broadleaved tree

Masayuki Araxi®

Summary

1. Introduction

The relationships between the light conditions in a plant community and the many factors
indicating characteristics of foliage of the community (foliage-factor), for example, inclination
angle of leaf, leaf size, leaf area, and light-transmission coefficient of a single leaf have been
analyzed in many model stand of deciduous broadleaved tree species by the author. From
these analyses, it can be said that the values of foliage-factors vary with change of light in-
tensity and that the light conditions in a community are formed under the synthetic effect
of the foliage-factors. Thus, an “action-reaction system” is formed between the foliage-factors
and the light climate in the community. On the other hand, production models and light-
penetration models of the plant community have been made by many workers from various
points of view, It seems that these previous models are not satisfactorily applied to a real
plant community as estimation techniques because they are based on mathematical description
and theoretical analyses of the phenomena in a plant community. The essential reason for
this is that the community has been dealt with as a uniform body vertically in these models.
Therefore, it is necessary to apply a stratification tecnique to the foliage in the analysis of
light in the community. The author had studied the “action” mechanism between the relative
light intensity (RLI) and the response of each foliage factor by the stratification technique,
and got a new basic concept for clarifying the “reaction” mechanism between the charac-
teristics of foliage and the RLI. With a partial layer of foliage being called a “stratum?”,

the light-transmission coefficient of the stratom forms the concept.
2. Light transmission coefficient of a stratum

The light-transmission coefficient of a stratum (Tg) is defined as the ratio of light intensity
at the surface plane to that on the bottom plane of the stratum. These values can then be
calculated from the RLI measured at the height of every boundary plane among the strata.
Two considerations are employed in the analysis. Tg is decided by the characteristics of the
foliage-factor. The vertical profile of light intensity in the community is formed by the
cumulative effect of the T's. Then, to learn the profiles of the RLI in the community, T’ is
estimated from the foliage-factors. Here, T'g’ is defined as the estimated value of Tg.

3. Basic concept of sub-model

In highly congested stands of deciduous broadleaved trees, cluster of leaves do not form.
In these stands, when the foliage is partitioned by unit boxes the material contained in a box

is a separated partial layer of foliage. Here, the box has three dimensions, width (By),
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length (B;), and height (B,). They were established as follows : B, and B; are 3~5 times
of the planting distance of individuals, and Bj, is 10~20 percent of the foliage-depth. This
is necessary so that there is a sufficient number of leaves for their measured values to be
treated statistically. However, B, must be established like there is no marked vertical varia-
tion in values of foliage-factor in a box.

Additionally, each value in the box is calculated from the measured values of foliage-
factor, as follows : total leaf area (L,), mean leaf length (L;), mean leaf width (L,), mean
inclination angle of leaves (L;), mean light-transmission coefficient of single leaf (L;,), total
basal area of stems (S;) and total area of branch shadow (S;).

Then, it is considered that the space in a box is a collection of the partial-spaces which
are utilized or occupied by single leaf or leaves, and this is applied to the analysis. The
height of a partial-space is named #’, and calculated as multiple of L; and sin-L;. That is
either the upward projecting or hanging length of a leaf in a vertical direction. Namely,
the &’ is the theoretical minimum one among ways of getting vertical length or thickness of
partial-space. There are another two ways to decide horizontal size of the partial-space,
neverthless length and width of the partial-space were decided B; and L, in this study. Be-
cause this way shortened to bar method is more advantageous than the another ways in the
collecting of data and in proving the adequacy of the equation, as discussed in the latter.
Then, since the three dimensions of the bar are decided in this way, the number of bars in
the box and leaf area assigned per a bar can be estimated. Consequently, the size of each
box is same for all strata, but the size of each bar is different in each box varying with the
size and inclination of leaves in the box. Since, there are many bars in each box, there are
a part of leaf, stem, and branch in a bar. They are shading materials to the light illumina-
ting the bottom plane of the bar. The calculation method for the shaded area by them are
defined as follows : projected leaf area per a bar (A;=cos L;X Ly/N), basal area of stems per
a bar (A;=S;/ny), and area of branch shadow per a bar (A4,=S3/N). Here, n; shows vertical
number of bars in a box (=By/h’), nz does horizontal number in a box (=B,/L,) and N does
total number of bars in a box (=#n;X#nz), and 4 indicates the basal area of the bar (=B;X Ly,).

The light illuminating the top surface plane of the bar is separated into three parts. The
first is the light illuminating the leaves, the second, the stems and branches and the third,
the bottom plane of the bar directly. Here, the light intensity of each part at the bottom
plane of the bar is based on the assumption that, under the first part the intensity of light
is equal to the light-transmission coefficient of a single leaf, that under the second part no
light penetrates, and that under the third part light penetrates without diminution. It is as-
sumed that the amount of light can be assessed by the product of intensity of the light and
the area illuminated by the light.

Consequently, when the ratio of total amount of light for the three parts to the amount
of light illuminating top surface plane of the bar is calculated, it is the light-transmission
coefficient per single bar. Here, the coefficient is designated as 4 Ts’ (%), and the RLI on
the top surface plane of the bar is assumed to be 100 percent. Similarly, the light-transmission
coefficient of a single leaf (L:,) is expressed as a percent. Then, 4 T’ is calculated as

_(A—A—A;—Ap) X100+ (A; X Asr)
A

The light-transmission coefficient of the box or partial-foliage, T's’ (%), is calculated by the

next formula because the number of bars to the number of #; is accumulating in the box.

a47Ts
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100

This Ts' means the estimated value of the light-transmission coefficient of a partial-foliage.

Ty = (" TS’)"‘ %100

4. Assumptions and conditions of the sub-model

In making the sub-model the following four assumptions and two conditions were employed.

(1) Leaves, stems, and branches are dispersed uniformly in the box.

(2) The light illuminating the part non-occupied by leaves, stems and branches reaches
to the bottom plane of the bar without diminution.

(3) In the sub-model, the vertical flux of light is treated as the representative case.

(4) Distribution of light intensity at the top surface of the next lower bar is assumed
to be uniform. In other words, the intensity of light at the top surface plane of each
bar does no vary horizontally,

(5) Reflected light is omitted.

(6) The light-transmission coefficient of a single leaf is indicated by the coefficient for
a light of 555nm in wave lenght, measured by spectro-photometer.

These assumptions and conditions were proved adequate by the numerical discussions.

Namely, the assumption set a priori were only two as (1)~(2).
5. Stands used for test of the sub-model and model

The logical composition and accuracy of the sub-model were tested with the data from
eight model stands of deciduous broadleaved tree using a unit box having three dimensions,
B;=10m,B,,=1.0m, and B;=02m. Model stands were highly congested pure communities
made by transplanting tree saplings of eight species as follows : Acer Buergeriana, Alnus
japonica, Betula platyphylla, Celtis sinensis, Quercus actissima, Quercus serrata, and Styrax
japonica. Transplating was conducted in eight 8 mxX 8 m plots, and saplings were transplanted
20 cm distant from each other. Sampling was done at August or September of 1981, retarding
one or two years from the transplanting. On the sampling occasion, 1 mX1m sampling plots
were established at the center of each stand. Fifty measurements for RLI were made from
10:00 a. m. to 02:00 p. m. under overcast skies on every boundary plane of the strata by a
relative-illuminometer. After the measurement of the RLI, all 25 individuals were sampled.
The trees were alloted for each measurement of foliage-factor, dry-weight, and leaf area.

6. Results of the test

With the data from 79 strata of eight model stands, 7's’ of each stratum was estimated
respectively. When the degree of correspondence between T's and Ts” can be assessed by cor-
relation coefficient, it can be said that the accuracy of the estimation is very high, because
the correlation coefficents are calculated 0.8 in average of all the stands. When the difference
between Tg and T’ in name D. T, (%) and is calculated by next formula, the distribution
of D. T. was as follows : there were 10 strata showing more than 30% of D. T., and 16 strata
showing 20~30% of D. T., among the total 79 strata.

D. T.={Ts-T¢"|

Location of the strata showing much D. T. was limited to the center or lower part of the
foliage in all the species. The reason for this was the fact that the value of Ts in the lower
strata were less accurate, because T'g was calculated as the ratio of two small value of RLI.



—114— HEDBREHARE $£3395

On the other hand, the accuracy of estimation is evaluated highly, because in the 53 strata
the D. T. was calculated as less than 209 and in 33 strata as less than 10% in the total 79

strata.
7. Discussions on logical composition of sub-model

The skeleton and feature of the sub-model were considered as follows : the skeleton for
the partial-space assigned per each leaf was done by setting the extremely thin layer named
as bar in foliage, and the relation between the bottom area of the space and the projected
area of leaves, stems, and branches were estimated. This matter was explained by the results
of comparative calculations. There are two other methods to calculate the 4 Ts’. In the first
method, the volume and shape of the partial-space occupied by a single leaf is calculated
directly, by dividing the volume of the box by the number of leaves in the box. This was
termed the sub-box method. By using this sub-box instead of the bar in the calculation, 4 Tg’,
being same as the value by the bar method, can be estimated. But this method is inferior
in practical use because it needs additional data, such as number of leaves. To obtain this,
the census of leaves is necessary instead of a sample. In the second method, a plate having
three dimensions, B;X By, X 4’, is established as the partial space. This space is occupied by
many leaves. This way was termed the plate-method. By using this plate in the calculation,
the same 4 T’ can be estimated. Because in principle, it is the same as the bar method, but
it was found to be a little inferjor to the bar-method in proving the adequacy of combining
equations in the sub-model.

Namely, estimation of the partial-space occupied by each leaf and its bottom area is the
logical skeleton of this sub-model, under the assumption that light penetration into the com-

munity is affected mainly by the space around the leaves.
8. Basic concept of the model

The basic concept of the model to estimate the vertical profile of light intensity in the
stand is as follows. When the concept of partial-foliage is applied to the foliage layer of the
stand, it can be considered that the light intensity at each height is decided to be the ac-
cumulated effect of Tg of each partial-foliage. Here, the reason why the value of Tg are
different in each stratum is that the characteristics of partial-foliage differ from each other.
And at the same time, the characteristics of partial-foliage are decided by the light intensity
in the stratum. From another point of view, it can be said that these considerations written
here are the explanation for the action-reaction system formed between foliage and light
climate in the community.

Therefore, there are two components in this model. One of them is the sub-model to
estimate the T'g’ of partial-foliage. The other is the regressions between foliage-factor and
RL], to estimate the value of each foliage-factor. The flow of estimation in this model is as
follows. Light intensity on the first stratum is 1009 in RLI, because there is no material to
intercept the light in the upper part of the first stratum. Each value of foliage-factor under
the condition of 100% light is estimated by the regressions. The value of T/, which is de-
cided by the synthetic effect of foliage-factor, is estimated by the sub-model. When the value
of T¢' is assumed to be 0.9, the intensity of light which reaches the bottom plane of the first
stratum become 90% in RLI, multiplying 100% by 0.9. Next, the number of estimated strata
(one, in this case) is compared with the number of strata being set in the real stand. Namely,
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by comparing the two numbers, the condition that whether there is a part of foliage under
the stratum or not, can be estimated. The number of strata set in the stand is five to ten,
because the depth of stratum is set 10~209% of the foliage depth as in the former part.

Here, as a matter of course, one is less than from five to ten. Consequently, the flow of
estimation returns to the estimation of the second stratum. The intensity of light illuminating
the second stratum is 90% in RLI, because the bottom plane of the first stratum is the same
as the surface plane of the second stratum. From the difference in light conditions, the cha-
racteristics of partial-folige in the second stratum they are estimated by the regressions, are
differing from those in the first stratum. Namely, the value of Tg’ in the second stratum is
not equal to that in the first stratum. When the value of Ts’ in the second stratum is esti-
mated as 0.8, the light intensity at the bottom plane of second stratum becomes 72% in RLI,
multiplying 90% by 0.8. The flow of estimation is circulated on the loop until the number of
strata estimated and set are equal.

9. Regressions between foliage-factor and RLI

There are many foliage-factors indicating characteristics of foliage, for instance Lg, L;, Ly,
Ly, Ly, S5, and S;. It may be recognized that each foliage-factor has respondency to light
intensity. The equation to express each relationship between the value of the foliage-factor
and RLI are the regressions. The difference of these regressions among species or stands has
been analyzed by the author. In this study, the coefficient of each regression was decided
using least-squares method. From the resuls, it is clear that each significance level is high,

in general.

10. Test of the model

Estimated values of RLI in each stratum and species were calculated by the model. To
clarify the accuracy of estimation as a whole, correlation coeflicient between estimated and
measured value of RLI were calculated. The coefficients were given in high level of signifi-
cance in each species. On the other hand, it was shown that the estimated values of each

foliage-factor are very close to the measured ones.
11. Discussions

From these simulated results, it is clear that light intensity in the community can be
estimated with very high accuracy by this model. Another feature of this model is that the
value of each foliage-factor can be estimated with. high accuracy. Consequently, it may be
said that this model can be used not only to clarify the action-reaction system in the com-
munity, but to estimate the values of light intensity. It is clear from many numerical dis-
cussions that this model may be applied not only to the model stand but to also the general

stands.



