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X RE O EMED, REOWETELNICHKENBECZIE-FH LWz Ehb,
COHEL X D AFATHRONREL THCHIBTESL EE 2 ko 6FEEND 68 4%
TO S KGRI HBEAENREOEELLEHEL, MBI Xs2EBY ALz AL
TOEBVTHole (1) HENHFHT AU OBRME,D, BEAEMRE GHE 1
W EBNTAB I ONBEERNCET TS, FAESSoh, X VERETER
Lo (2) BAgAEL, HRBEOREZ(MIBBE COARET LBRER TORPeH
ETE BRI, MBXELDCONEEE TOReHRETNEL D Lo, (8) 404
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HASHIMOTO, Ryoji & SUZAKI, Tamio : Studies on the photosynthetic produc-
tion processes in a sugi (Cryptomeria japonica D.DON) plantation (III)
Relative light intensity in the tree crown J. Jap. For. Soc. 65:327~334,
1983 A method of estimating relative light intensity in tree crowns using
stand data, such as the three-dimensional arrangement of each crown and the spatial
Here the
coordinate system in space is introduced. This method is considered to be useful
because the estimated values at the bottom of the crowns almost agreed with the
measured ones on the stand floor. Estimations at various heights in the crowns
were made for five different-aged stands ranging from 6 to 68 years old in order
to see the changes with stand age. (1) At the stage before canopy closure the
relative light intensity (logarithms) in the crown almost linearly decreased with
decreases in the height above ground. The decrease became steeper as closure was
approached. (2) At the stage after closure the vertical decrease in relative
light intensity was composed of steep and gradual slopes, the former being in
the upper part of the crown exposed to sunlight, and the latter being in the
lower part .shaded. The gradual slope became more apparent as the stand aged.
(3) After 40 years the relative light intensity at the same height varied
remarkably with the individual trees. The patterns of the vertical changes seemed
to depend on tree heights, especially in the stand approaching yield age.

density of all components forming the crown as inputs, is shown.
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#1. WEMKS OB E
General description of the sample plots
Average
Slope Plot Average Stand
Staréd exSISé)xfre inclination area : d.b. h. htl.'eit density
ag P (degree) (ha) (cm) ?;rgl) (No. /ha)
6 E 3 o008 5.5 3.8 2,600
11 SW 2 0.012 7.9 6.5 4,300
20 N 3 0.045 12.6 110 2,400
43 E 11 0. 380 24.3 . 19.5 940
68 SE 2

0. 339 27.5 - 20.8 690
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DHELTH B o EMIC B T—E DR TR FRic o7
T5 57 DK Q (=1~57) REDE, Py bk
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F-2. 43 FERDGE BT HBEERO—I
A part of the data of the tree crowns in the
43-year-old stand

No‘.’ a b ¢ ZD (Q)
261 49.30 11.56 27.2 17.4 2.1
262° 4881 10.53 17.0 15.0 1.4
263 48.07 6.90 24.5 14.0 2.1
264 47.01 0.80 21.9 13.8 175
265  46.87 —0.52 23.2 15.0 1.75
266  46.41 -2.88 22.2 12.7 175
267 45.89 —5.32 12.1, 8.6 1.4
268  45.78 —7.09 20.6 10.5 1.75
269 45.50 —8.92 229 5.1 2.1 -
270  47.45 —9.05 20.2 5.2 2.1

" No. REAEEOHROBLER, a, b, c%ijﬁm]}ii"ﬁ@ @ ¥, 2z B,
ZD BHTERO 2 BE, REMTEOER, 2% XFGRIEDERE
FhTHE, ® RXNesW, DU L DD 3thFRENSE LEHTER
BT3B EEMEE,

No. represents the number ass1gned to each tree. ‘@, b,
and ¢ show 2, y and z coordinates of the tree top
'respectwely ZD: 'z coordinates of ‘the bottom of the

_crown, 7#,: The radius of the lower part of the crown
shaded, 2p%: The coeficient of Eq. (8), DU: The
spatial denvsxtry of the area of all components forming the

. upper part -of the crown exposed to sunlight, DD: The
spatial density of the area of all components formmg

" the lower part of-the crown shaded = :

2 p*q=—0.61

DU=2.50 (m?/m?3)
DD=1.01 (m2/m3)
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30 No. 261
The longitudinal The cross
section section
Pt (z=17.4) Qi (i=1v57)
f The part of the s st >
crown exposed to Qss-s7
25 sunlight Qso-s4
\ Qua-uo
z Qsy—uz
(m)
Q2s-33
L Qie—2u
201 The part of Qo-15
the crown Q
. shaded *—8
17.4mm Qi-s
Pp
! 1 | 1 !
N 2 1 0 1 2
5= Radius (m)
L1 I S
32 1 6 1 2 3
Radius (m)
X-1. # % ¥ m K (No.261)
The longitudinal and cross sections of the tree crown (No.261)
P BB EN, Pp EEETO SO
P.: The tree top, P,: The center of the bottom of the tree crown
The estimations of relative light intensities were made for Q; ({=1~57).

#-3. Qus kT B F*(04,0;) HERE F-4. QU=1~57) wxF5 I/I, BEE
Calculated values of F*(d4,0;) on Qgs shown Calculated values of I./I, on Q; (i=1~57)
in Fig. 1 i I./1, i I/I
s Angle of N N 1 0.117 :

Azuﬁn{uth jncidoence (NN , kgl SU: kgl SD, F('* (3,;5’ 03'_‘)) 5 0. 059 51 0. 186
F; o. = = m3/m’
Rad)  (Rad) (m) (m) 3 0.048 52 0.197
4 0.172 53 0.217
0 0. 1309 1 0.24 3.53 3.51 5 0.113 54 0.235
0 0. 3927 2 0. 40 5.03 5.41 6 0. 064 55 0.214
0 0. 6545 2 0.00 2,57 1.95 7 0.044 56 0. 207
0 0.9163 2 1.01 0. 80 1.96 8 0. 047 57 0. 201
0 1. 1781 7 10,23 3.62 11.13 9 0.214
0 1. 4399 2 0.00 4.88 0.63 10 0.184 Ic/Iy: 0.155
54978  0.1309 1 0.00 1.05 0.91 FRBOFEC X% LEbhb, BREELDOFSHMR
5.4978  0.3927 3 3.38 6.33 13.65 . o . .
5. 4978 0. 6545 5 6.20 6.86 17.75 Bz, 0.155 ThHoteo LLEOFIRTHM LR TOME
5. 4978 0.9163 6 2.38 7.22 8.05 NN BEYROE, BERENRE BEEZEL
5. 4978 1. 1781 8 9.38 9.79 12.73 s '
g ) - )
54978  1.4399 1 4.06 22,87 434 KONTHB C EMTE Do

N ks BET 2 MER GIAFE)o SUn SDy 3% hE hiGH
B, BEHTEEEET S ER,

N: The number of tree crowns in which light traverses,
SU,: The passlength of light traversing in the upper
part of the crown exposed to sunlight, SD,: The pass-
length of light traversing in the lower part of the crown
shaded

720 Qs AL 5 EHUT, oW TWHEADOROBEL B
BB, 0KkEWE 10 AU EeETHEELD
Bo (6) RX VWRDI Qos D Io/Iy 1%, 0.217 THo
o TOXORLTHEBE KR © 57 8T L/, xiE
L, Fhoo—8x -4 TF LD TR LI KA TD
IJI, 3k D OFECEELTWASY, ZhIiTEHEOH

BRI IRE DS EY 5 G TH Y bl b, INE
H#Ho 11 E4 L 68 FEEMT TR ERE O %
WIROSHGICLBEETH & & L, LHERKMNE
FHRETRS EELLNLDT, 11 F 4L KRG THEE
LOw 6L4EEE 20 KD, 68 EAEKSD L DK
43 AT ER Lico (6) R o T Lo/l R 5T HE T
BEE, 46 L 40 12 ¥ 0B ERAELN TR /4,
712 L Lico ¥, K-1 wRLizk o chigimE R
BWT, BTRESMTS X OREEELEDDLY, £
DOEOBTF OIEE, 0.25~1.05m OHFE T BETEOE
RRIBUTHEHEED . 1AL DE 5~9 hTOEX
DEHHEMNBELRD, BEE Y R,
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*5 BEMREORKRE
The crown form. and the spatial density of the area of all
components forming the crown
Number of Average
Stand sample . :
age - trees L LU . LD -7y LU/7y 2 p%q DU DD
) No.) ~(m) (m) - (m) (m) .  (m¥m% = (m?¥m?)
6 4 3.30 3.30 U 1.13 2,90 -0.35 . 137 ~
11 5 471 3.68 ) 1.04. 1.09 3.38 ~0.33 o L34 © 1,19
20 9 5.87 4.31 L1566 118 3.52 -=0.30 2.34 1.39
43 5 8.27 4.81 Co847 1.64 2.90 —-0.61 2.50 To01
|p/4l
68 8 8.89 4.91 -3 9" 1.88 2.63 0.44 3.58 1.06

7o 2%, DU, DD koWwTiiE-2 OREER, 6 FEEKS TREREORENED bRt o 20T 7o (LHTERD LEL T T
Ly, LU & LD QB#EsE LEsEs. 1p/d CBMEoRRERLTEY, (10 REEH,

See the explanations of 7y,

2%, DU, and DD in Table 2. The cylindrical-shaped part of the crown shaded was

not noticed in the 6-year-old-stand, and 7, in this stand represents the radius of the bottom of the crown.
L: The crown length, LU: The length of the upper part of the crown exposed to sunlight, LD: The length of the
lower part of the crown shaded, |p/g|: The coefficient of Eq. (10)

&:éf,ﬁﬁﬁﬁomﬁﬁﬁm,%%oﬁﬁﬁﬁ&
RIE—ET 5 LELbRBo 11, 43, 68 & & KGOk
PRABXFRBE o 52 30 fE 1, 0.094, 0.097, 0.119 TH-
oo ThB DK I B BT RO MR RE O EE
BET RAIhTHEY, &K SBSWTHEERRE
—HLTWbB, TDZ Ehb, AFATHORIEAMELR
%Fm,uiﬂnﬁﬁﬁ%1+ﬁum%<%6&%xa
Nbo

IV. #R & EE

1. BEREOHR
ARETHRE L5 HKED 5, FASERTD 6 44
Mo TILEEEE BB EROERETH - o2y, RS
BOWKTH B MO 4 RGCiBRIL B B 5 LIk
& BT & THBE (BB »bkoTuhice B
Bisix 11, 20, 43 4 4 Ko cHpE, 68 FAKS
THSEFEROWEBLRL, BEEIR 4 M5 L ARGk
THolzo

BEY, MRk 24 REEREERE, BEHE
DFEREE F LD TRLIZDNE-S T h bo D
CONTHTIREL 0 ), BERPEEOERNHLT
WS DR DB BB E R 2EBIRE CE - e
(LUr) 13, BEEOLENLEREEDLL, REWS
ERSITRE, NIV EKRE b B ThHL T &
BINT S, RIS 6~20 SEAE DRI TR, 20 AR
TR DEAER R LIco —7, 2% & |p/dl 1%, B
B B B 5 X I O REE & 5B A DHIRE
EHLITRETHLH, (8), AN A2 bbnbX5K
[20%] & 1p/g) N IEER S R OERHIETH B
ZEERTe i X 2GR OMROWR S 2% &
BLTHD & (6~43 FHEMKSGD, Lhix LU[ry THIcH

£-6. HEROWEER (Dv), 5 (H), KTE
(H) B IOBEHEESOEX (Hy

General description of the sample trees

Stand

. D H,
age No. (cm) (m) (m) (m)
6 107 - 6.0 4.7 - 0.16
: 122 4.1 3.5 — 0.16
123 4.7 4.0 — 0.16
11 37 7.1 5.7 1.97 1.35
42 8.0 7.0 3.49 1.34
43 9.2 6.5 2.93 1.44
20 48 15.0 13.5 9.0 6.6
58 12.0 11.8 7.2 6.5
63 12.0 10.5 6.0 5.1
64 13.0 11.5 7.0 6.1
101 1.0 12.0 7.5 5.9
103 9.0 9.0 4.5 4.4
43 205 27.6 21.0 16.0 13.0
236 22.2 22.4 17.4 13.1
349 28,4 22,8 16.5 13.0
350 25,6 21.9 15.5 1.0
351 29,5 23.7 17.8 14.0
352 15.4 19.3 16.5 13.0
68 73 35.2 25.6 20.2 15.4
74 29,2 22.6 17.2 12.9
86 48.4 27.9 21.9 7.9
88" 26.6 19.4 13.4 1.4
99 22.3 18.3 12.3 11.4
100 27.6 21.3 15.3 9.0
102 20.3 16.8 12.8 10.8
117 44.6 25.4 19.4 10.1

Dy: The diameter at breast height, H;: The tree height,
H,: The height to the bottom of the upper part of the
crown exposed to sunlight, Hg: The height to the bot-
tom of the crown

FLIL—HELTB, ThBbDZ &b, BEEOH
Wi, EELCH ALK TR ERN U RE L - Tk
D, LEWRRSLHREBEL LD X517 BD, HKENE
HIRELD EBORREZ 32X 5%, KRIZ, 2BEH
BEECOWTTHBA, chIHBTRR Y, BT C
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A00 [} o
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ol "e 4 O o No. 123
B 3 A a O .
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) o no .
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£ . A% 4 O
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= A -
0.1 = L4 A A & No. 37
. - . :
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0 5 10 15
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A b © e O
. A0 R
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The 68-year-old stand A No. 102
0.01 ! ! ! 1 J
7 10 15 20 25 30
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Relative light intﬁensity
(=]
-
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Fil [ ] A
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-
% ® No. 350
o A& No. 205
A No. 352
The  43-year-old stand
0.01 ! 1 ‘ 1
10 15 20 25
Height above ground, m
(B)
T
1.0m ree tops

- Suppressed Dominant
- trees trées
0.01 I I L 1 !
7 10 15 20 25 30
Height above ground, m

X-2. bR RUT B BN AR IR
Relative light intensities in the tree crowns of five different aged stands
(D) 1% (C) BN R LD
(D) Illustrated, (C) Schematic

ARSI ONER TS B A RBDDh, L
L, BEETEdE VBT —EDEERT X5 TH
-0771’_’0

Lo AT, BERAHENBERYRET IR, REXK
KI5 EIROBEE & BRBCB T 5 LBERREE S
FEDTEIPRLIL BV AR TIEER (EE»DL
BETEx25WRX) LB BB EREYERAAELLD
T, ZIAROBFEHIOWTIL, 20%¢ 55\ |pld %
5250 L THEED, 6~43 EEKS T, F—HE1
BWTHRERTHN 202 EXOREIROAES (B
BEEDHVIIER) EoMic—EERIED bR
Do leDT, REROFHEL EULRCE Lo Th
DK TIE, BEBCRT5LBEEREBECOWTD,
B CHEE» D RERCELFEEL EURCE 2 fo —
75, 68 EEMS T, 19/ ZEEOBGARTHEL,

SREEEEELHEEROKRX WATEWESR & 5H
BB DT, ThbDZ Ea2ERBLTEILRKDOET
e B ERBEBEZRDI(S,

2. BIEAMENBE
BREAENBELHET R I TL, AEXOH
RN ETHYARDEPHALEEORL L H D% 3~
SEKBALKN, thbHWRLT->IRDOWEER, #&
B ¥uE-6 IR Lo

M-2 11, # T NESREDEREEIE R DTH
Bo (A) X 6, 11, 20 FFEAEMKS, (B) 1k 43 4 4 ¥
45, (C) & (D) it 68 FEEMRGEDWTHRLT WS,
GEEER IV 11 FAEKS TR, WEERTRZRON
TR B EIERT TR0t ET 2 25,
SRICERIETER L, HBECETIL, 64
ARG TERHTH D, 11 EAE RS TATH oo &
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L, 6 FEERS TIRBRESINL LICREBIZE I T
5 EMHEBROIAR X BEROHELZITIL L,
11 EARSTRBEL S LBEESBVIELIES
CETHEWEHELENTHLDEE LD,

20 EAKS TR, HENBE O ETHABE TEHTHS
BRI BBEAN D 2 Do & ik, FD T
B0 X 5o ORI 72 5 LIS BIE O 2B EEEE
ENEETEC < bR EL R Y, BE TEH TR
WHEPIRE LR kbl tErbhbo ¥, &
DG TIE, HEGREQETHRLME 11 EAEKSIE <
BRI DS TH B, THEBRESTHiThbh
BIEHAOELNTH holez itk b EBbhbo

43 AT, 3 BERBEE TPPLRET
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DEED X 5 R BEE 2R T IO D5
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 ®T. HENENEEOBEZEL
The vertical decrease in relative light intensity
in the tree crowns :

Average
Stand : . s .
age Relative light intensity
- RLI, RLI; M, My
6 0.319 — 0.129 —

11 0. 207 0. 096 0.187 0.241
20 0.174 0.122 0.160 0. 084
43 0.171 0.128 0. 149 0 030
68 0.178 0.123 0.130 0. 034

M,={og RLI,—log RLI)/LU
My=(log RLI,—log RLIs)/LD

RLI, RLI, RLIj 3rhFhiiEHEE, BREES, HEsEgoms
Pyl

LU & LD 3 Z2h FThEHMER LEHER

RLI,: Relative light intensity at the bottom of the upper
part of the crown exposed to sunlight, RLI4: Relative
light intensity at the bottom of the crown, RLI Relative
light intensity at the tree top, LU: The length of the
upper part of the crown exposed to sunlight, LD: The
length of the lower part of the crown shaded

BREPERREOEEE/L, BEOERKELFE
BB L THB LT, ERoBEL DB %
WA HRFEHMEOR LB L REL ST TELBT LN
TE D, BT 5 TORB T, BN RE
HEBEN TR O CISERICETL, Mg
BB o TARBETERTLIICRS, TORBET
12, AR X 5 RAERK & bR 5 BV OBREOET
NRELSFBLTCN D, ABELUETE, HMRECEE
Tz, KBS O TEEETOARET L&
FCOBPNRETECHBR SRS X5y, BEE
TORCHIRETHLIE W B LT {Bo Lichio
T, ZOBRETCIBRBEOHRRENBEE nEEIRZ R
LT\Wbo Lk, AHETIE, BREAENBEOHES
ErRTE Ebi, AF AT % BEAE RE
OEELZHLMNCTH T ENTE

BbO, ZOBEOBRTHAHETIS ZHE X
Tl W SRR EERTERBEIICEL BLBELD
Fho i, TOWFRIZIEF 54 E£ER IV 55 FED
BRI BEHPEENTE (A Tiibh, HE
PR IREE DEM B B e » TIXEIL R ARG B v
&—0 ACOS-900 ALz & MR LTH <,
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