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Computed Effects of Tree Crown Shape and Canopy Structure
on Light Environment in an Isolated Tree Crown Possessed
Almost Identical Leaf Area, Volume and Land Area Occupied
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Summary

Six hundreds forty modelled crowns with wide-spanned canopy structures were constructed in a
computer memory by combining different and simple 32 solid bodies with 20 species of procedures for
decreasing the volume. These modelled-crowns were forced to possess almost identical volumes of leaf
canopy (VLCs), land areas occupied by leaf canopy (AOLCs) and leaf area indices per AOLC (LAlcs)
and to have leaf canopy thickness less than 3.15m. The daily means of photosynthetic photon flux
density (PPFD) on leaf surfaces (DMPPFDs), the hourly means (HMPPFDs) and their variances of
the isolated modelled crowns under a bright sky or an overcast sky in the end of July were estimated
by the simulation model (Yamamoto, 1988) using several parameters of an apple ‘Fuji’.

1. The means of AOLCs, LAIcs and VLCs of the 640 modelled crowns were 5.02m’* 3.176 and 6.302m’,
respectively, and their coefficients of variation (CVs) were about 3%. The CVs of another biomet-
rical data were above 20%, and that of the unavailable volumes (UVs), the mean layer thickness (LTs)
and the mean cavity thickness (CTs) were especially large. The CVs of DMPPFDs were 7.35% under
a bright sky and 7.60% under an overcast sky. Therefore, the potential to improve the light environment
in an isolated crown without changes of AOLC, LAlc and VLC was recognized.

2. The DMPPFDs of the 640 modelled-crowns under the 2 skies possessed highly positive correlations
against the volumes of solid bodies before the decreasing procedure (VOLUMEs) and the UVs (r=0.6934***
and r=0.6167""* under a bright sky, or r=0.6310"** and r=0.7464""* under an overcast sky, respectively).
The all HMPPFDs possessed negative correlations against the LT values of the vertical direction under
the 2 skies. The HMPPFDs possessed negative correlations against the LT values of the east-west direc-
tion and the south-north one at all hours under the overcast sky, and only in the morning and evening
under the bright sky. The similar analyses against the CT values showed almost opposite correlations.
The external surface areas (Ss) of the east direction or the west possessed positive correlations
against the all HMPPFDs under an overcast sky, but only in the morning and evening under a bright sky.

3. Effective improvements of light environment were found in some solid bodies such as a cube, an
elliptic cylinder or a hemisphere + a circular cylinder. These cubic bodies have larger volumes to be
inscribed in a rectangular parallelepiped and capacity to have larger UVs and more scattered leaf
layers in the all directions by combining procedures for decreasing volume. Some species of procedures
for decreasing the volumes such as empty, removal of 2 horizontal slices, radiated random-removals
(upper) + removal of 2 horizontal slices (lower), removal of 3 inverted-pyramidal layers made the LTs
large and the CTs small and improved the light environments.

key wards : tree crown shape, canopy structure, light environment, isolated crown, analysis by computer
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LHEEETIVOBMBLRERZ U TICRT. §2bb,
3R ) vy FOREEHERT A LAk 70y 7 O
WESZEEICS 2, ZHCIY—II9HT 2587
Yo%, )y FOoRAEOT7TOY JiHHD—2H»
LEEOASFAE (BE) L HfA2HE LI FITERSA
4, SHFEROEENTE L, ZOXRERTY v
F4&EBT A8, Ao 7Oy 7 295, kX
fﬁ%%ﬁ&&%@ﬁ%@ﬁ%kfuyﬁ1@@§ﬁk
DEEACTEILENICE TN L ERZFHE TN,
DOFRFTHEOR I - 7- REEERER T RO A Z & 2°
TXA., 22T, ®EERICLY, LEOEIIIBTS
B SR  CICHEREERIET 2. 7)) vy Fo Lk
HBL4 flimoeTco7ay 7#wE»5 A5 R LT
Y (LEREFUAFAEE FAEETDL) L85
HRERDETIZOWTZOFEZ RV RT. BRI
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bRV (51%F).

Table 1. Diurnal data of direct solar PPFD at horizontal
plane (TLI,unit:#mol - m™ - sec’') on a clear
sunny day and that of diffusive solar PPFD (SLI)
on a typically clouded day in the end of July
which were used in the present estimations.

Hour time Bright sky* Overcast sky’

of a day TLI SLI TLI SLI
6a. m. 178.9 135.6 80.1 80.1
7a. m. 573.4 246.1 270.3 270.3
8a. m. 835.1 300.9 370.2 370.2
9a. m. 1149.6 383.4 365.3 365.3
10a. m. 1457.8 475.1 444.9 4449
1la. m. 1783.7 452.5 650.3 650.3
12a. m. 1940.7 446.8 725.0 725.0
lp. m. 1802.7 467.8 650.3 650.3
2p. m. 1405.4 462.9 4449 4449
3p. m. 1011.8 416.9 365.3 365.3
4p. m. 700.7 346.3 370.2 370.2
S p. m. 398.7 256.9 270.3 270.3
6p. m. 165.9 125.0 80.1 80.1

* Observed data at Tsurucka on July 22 in 1985.
" Modified data as a perfect overcast sky from observed
data of several clouded days in the end of July in 1985.
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Table 2. Parameters used in the present estimations. These
parameters are quoted from the previous paper
(Yamamoto et al., 1990). The explanations of
these parameters refer to the paper.

Parameters in sky hemisphere sections

Division number in altitude angle 6
Division number in azimuth angle 8
Division number of a side of a cubic grid 21

Parameters of Beta function® in leaf inclina-

tion angle of an apple cv. Fuji in summer

Mean angle 47.7°
Parameter A 3.42
Parameter v 3.04
Paramerters for calculation of extinction
coefficients for parallel beams of stems of
an apple cv. Fuji in summer
Parameter A 0.0293
Parameter R, 0.260
Parameter R. 0.279
Parameter Rs 0.211
Parameter R. 0.137
Parameter Rs 0.097
Parameter Rs 0.023

Paramerters for calculation of extinction
coefficients for transported and reflected

beams of leaves of an apple cv. Fuji in summer

Parameter D, 0
Parameter D, 0.0002733
Parameter D; 0
Parameter D. 0.1708
Parameter Ds 1.989
Parameter Ds -1.302

* Leaf inclination angles were produced and extinction
coefficients for parallel beams of leaves were calcu-
lated from the function.
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Fig. 1. Computer-graphic outputs of an appearance of the 24 solid bodies which are made of cubic
blocks and used in the present estimations.

2:Flat spheroid. 3:Slender spheroid. 4:Circular cone. 6:Body of revolution with a parabola.

8:Circular cylinder. 9:Truncated sphere. 10:Truncated flat spheroid. 11:Truncated slender spheroid.

12:Truncated body of revolution with a parabola. 14:Truncated circular cone. 16:Spherical crown.

17:Slender hemispheroid (upper)

+ flat hemispheroid (lower). 19:Cask. 20:Secter of a sphere.

21:Crooked secter of a sphere. 22:Hemisphere (upper) + circular cylinder (lower). 23:Hemisphere
(upper) + body of revolution with a parabola (lower). 24:Inverted sector of a sphere. 25:Cir-
cular cone(upper) + circular cylinder (lower). 26:Circular cone (upper) + inverted circular cone

(lower). 27:Circular cone (upper

+ body of revolution with a parabola. 30:Inverted pyramid.

31:Elliptic cylinder. 32:Pyramid (upper) + inverted pyramid (lower).

Another 8 bodies are not shown in the figure. 1:Sphere. 5, 7,
4, 6, 12, 14, 17 and 27, respectively. 29:Cube.

13, 15, 18 and 28:Invertion of

17
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Table 3. Twenty species of procedures for decreasing
volume of a solid body.

Abbre. Contents of the procedures

>

Empty

Removal of horizontal slices
Radiated random-removals
Horizontal random-removals
Inverted depression

“V?” form cut in E-W direction
“V” form cut in S-N direction
Depression

Sloped-cut southwards®

“L” form cut southwards®

D

C

E

J

“V 7 form cuts in S-N direction

+ + +

B
B
B
B +
Multi

Multi
Clustery layers

“V?7” form cuts in E-W direction

Removal of 2 inverted-pyramidal layers

Removal of 2 pyramidal layers

Hn WO "WOoOZErFRa—-I0oHHEHUOW

Removal of 3 inverted-pyramidal layers

* A horizontal ring-layer of a block thick was added
at central periphery in order to maintain the AOLC
value.

TWE T VY LAIRE, Q), BN LANAHIRKD 2B %
ERTHE (R), NA#HRKO2 BxELThE (S) B
L OB L7zumsEko3 B EQTHRE (T) THo
7o, Bk (1) & ERO0MEEORREIE L HAED
FEFVEIEOINMIZES L O Eo 7a 7 4 —
Va2 FITR L7,

Wiz hko—ER, 728 21, KEPE=AFE DK
FAOLCO HEEA S, WHEAIZVLCO BiZEDLH KX
CHENZZ, Tho % Bk AEHBA0E O E 7R OLAL,
AOLCHB L UVLCOEEMREIL 3 iz &% (5
45R), RFFFEMROFGE W TETVERETH
BERR L7, BEMBIZEEII-HET, OUEE %25
TeELBAEEIEAREECH 2 LItk B, F,
IR EVILFE, HDVITNSVUAEHELR & ofE 4
DOHIRFTEEDO B 2 AL TZD 7720, M —3
TVLCEDSTFHMEL ) 2T EEN/2b OAE L/ (B4R
OMax. &£Min. #28M8). 72, BREIRAGEDT & ]
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Table 4. Means, ranges, standard deviations (SDs) and coefficients of variations (CVs) of several biometrical data,
means of daily distribution of PPFD on leaf surface (DMPPFDs), standard deviations of daily distributions
of the PPFD (DPPFDsos) and means of hourly distribution of the PPFD (HMPPFDs) under a bright sky
or an overcast sky of the 640 modelled-crowns.

Items Abbre. Mean Max. Min. SD CV Unit
Land area occupied by leaf canopy AOLC 6.302 6.547 6.062 0.182 2.88 m’
Leaf area index per AOLC LAIc 3.176 3.950 3.075 0.100 3.14
Volume of leaf canopy VLC 5.020 5.565 4.564 - 0.165 3.35 m’
Leaf canopy thickness LCT 238.4 315.0 90.0 62.18 26.08 cm
Internal unavailable volume 1Iov 1.43 11.39 0 1.467 102.58 m’
External unavailable volume EUV 2.32 9.51 0 1.614 69.56 m’
Total unavailable volume IUV+EUV 3.75 12.14 0.0 2.225 59.33 m’
Original volume of solid body VOLUME 9.70 16.58 6.44 2.319 23.90 m’
Upward-outside surface area Sy 3.383 6.502 0 1.793 53.00 m’
Downward-outside surface area So 3.919 6.502 0 2.089 53.30 m’
Eastern-outside surface area Se 3.223 7.7117 0.402 0.776 24.07 m’
Western-outside surface area Sw 3.209 7.117 1.917 0.751 23.40 m’
Southern-outside surface area Ss 3.032 7.717 0.382 0.964 31.79 m’
Northern-outside surface area S 3.480 7.117 0.382 0.925 26.58 m’
Total-outside surface area Sr 20.294 41.422 8.910 4.296 21.21 m’
Mean layer thickness(vertical®) LTy 66.95 104.4 38.7 18.68 27.90 cm
Mean cavity thickness(vertical) CTy 66.52 240.0 26.5 30.86 46.39 cm
Mean layer thickness(EW-direc.”) LTew 17.7 268.3 39.1 57.38 48.75 cm
Mean cavity thickness(EW-direc.) CTew 119.9 277.4 5.3 59.61 49.711 cm
Mean layer thickness(SN-direc.*) LTsx 109.3 268.3 39.2 49.95 45.61 cm
Mean cavity thickness(SN-direc.) CTsx 110.9 257.6 33.1 53.03 47.81 cm
Mean layer thickness{ 3-direc.”) LTu 98.0 210.3 39.0 35.04 35.75 cm
Mean cavity thickness(3-direc.”) CTx 9.1 240.0 30.8 40.15 40.50 cm
(PPFD on leaf surface under a bright sky)
Mean of daily distribution DMPPFD, 260.1 375.2 221.6 19.13 7.35 v
SD of daily distribution DPPFDso.» 305.1 380.2 239.9 12.79 4.19 ’
HMPPFD at 8 a. m. HMPPFDS8, 234.9 372.8 192.5 22.22 9.45 ¥
HMPPFD at 10 a. m. HMPPFDI10, 368.4 548.3 307.6 29.02 7.87 v
HMPPFD at 12 a. m. HMPPFDI12, 451.6 587.0 359.9 29.29 6.48 v
HMPPFD at 2 p. m. HMPPFDI14, 352.6 522.7 294.0 28.00 7.93 N
HMPPFD at 4 p. m. HMPPFDI6, 200.5 311.5 167.0 18.16 9.05 “
(PPFD on leaf surface under an overcast sky)
Mean of daily distribution DMPPFD, 138.1 198.9 118.6 10.57 7.65 N
SD of daily distribution DPPFDs» o 129.6 147.8 112.2 5.80 447 Y
HMPPFD at 8 a. m. HMPPFDS8, 130.7 190.3 18.1 11.15 8.53 v
HMPPFD at 10 a. m. HMPPFDI10, 157.3 228.3 134.7 12.19 7.74 Y
HMPPFD at 12 a. m. HMPPFDI12, 256.1 372.6 219.7 20.37 7.91 v
HMPPFD at 2 p. m. HMPPFDI14, 157.5 312.5 134.9 13.64 8.66 Y
HMPPFD at 4 p. m. HMPPFDI16, 120.2 174.9 103.1 9.29 7.72 ¢

* Measured in vertical direction.

* Measured in east-west direction.

* Measured in south-north direction.
* (LTv+LTew+LTsn)/ 3.

¢ (CTV+CTEW+CTS!)/3-

-1

® gmol - m™ - sec”.
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CT) OEBMEDOFMIL0mA H5315mTH V) (& 4 &),
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2. EEPPFDOERLT & B DR

£ F7IVEHE O DMPPFD & £ E % OHMPPFD & @
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Table 6. Coefficients of correlation between the DMPPFD
and the several HMPPFDs under a bright sky
of the 640 modelled-crowns or that an overcast
sky. Abbreviations refer to Table 4.

A Dbright sky An overcast sky

HMPPFD8 r =0.8859"""* r =0.9036"""

HMPPFDI10 r =0.9707"*" r =0.9721"""

HMPPFDI12 r =0.8802"*" r =0.9505"""

HMPPFDI14 r =0.9561""" r =0.8340""*

HMPPFDI6 r =0.9089*"* r =0.9609""*
*P<0.001.

Table 6. Coefficients of correlation between the DMPPFDs
of the 2 skies and that between the HMPPFDs
of the 640 modelled-crowns. Abbreviations refer

to Table 4.
DMPPFD r =0.9290"""*
HMPPFD8 r =0.8982"""
HMPPFDI0 r =0.8882"""
HMPPFDI12 r =0.7617"**
HMPPFDI14 r =0.7540"**
HMPPFDI16 r =0.9548"""
*P<0.001.
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I EOESTRT2, 31, 22, 11, 8, 3, 16, 1,
19, 9 TKkEd o7z M, 0B OAEMRAR S EID
MPPFDDFHME (F32EH 5% 5 7 Vv— T F3YME, L
T, ZV—TFEELET) LDPPFDso @ 7L — 7F
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FDso D7 NV — TEHEOGAEI Lk o 72 (53K
BIUE4K).
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ZNHEEDPRE L PDOEDOFTHAIVNE N EHAFRT
H5H (FF - K+, 1973). 2 TREHIZDMPPFD ®
95 EA7200% B ¥ T3 X U'DPPFDs» DE AT R2200%
HECOETVEIRED ) bh5ET 2 LD 2RVHIT,
S5, INHLROMRBEICEBELZZDDIZK - 72,
NEEFVEEORETRTE, 1A, 3A, 13A, 16A,
17A, 24A, 25A, 16C, 17C, 22C, 1D, 3D, 11D, 16D,
14E, 6H, 15H, 8K, 11K, 1L, 3L, 14L, 16L, 22L, 7
M, U4R, 8T B L U4T Th - 7:. DMPPFDE % L7
100 B FTIZLBEIid, 7A, 13A, 14A, 22C, 3D,
11D, 3K, 11K, 3L, 14L, 22L, 3T B X V14T TH o
2. Lo L, EEFVEREDDPPFDs, DL BRI
RKAELERAT, #N2N, 419%E4.4T%THY, DM
PPFDOFNL W /NEDo/zZ bh s (8 4%), DPP
FDso DFFICHF D &ESbN W THRILE ERET WV
BIREICHE S BB RT 2 O E RS HH LD EE
AbNa.
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Fig. 3. Comparisons of means (closed bars) of DMPPFDs of 20 modelled-crowns of each group of a
same solid body and that of DPPFDsos (open bars) under a bright sky (upper part) or an
overcast sky (lower part). Vertical lines indicate 1/2 values of their standard deviations. Numerals
indicate the species of solid bodies and refer to Fig. 1.
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MIZHBWIEOHME» RO N (BTFR). EOHE
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o EEZLNL. LML, HIBAFEOEVOBES
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EDMPPFDB L & B G OHMPPFD & @ B2 13/ K
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3) PHEREOEE . REEREHFE L T
WIZHEET 24 OERBDELOSRIIEHTH 5.
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%% (Monsi + Saeki, 1953). L7, EBOE X
DB BT FHEYT 51213, EROESEEIT2H
MEZHHREL, TNEFUDTTCELOSH % ART
HONEE L, KETIZY ) v Fo L TFHA, B
M3 L OB AMICE L7270y 6B EAICERE s
TERLCERBEN (v y) Oy, £EEYL,
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Table 7. Coefficients of correlation between several biometrical data, the DMPPFDs and the several HMPPFDs of
the 640 modelled-crowns. Abbreviations refer to Table 4.

LCT UV EUV IUV+EUV VOLUME Sy S Se Sw S

DMPPFD, 01253 04305 04506  0.6167 06934  -0.0063 00381 01510  0.1735°  0.1930
HMPPFDS, 01700 05937  0.5528  0.7925 06266 -0.1232 01353 03548  0.3615  0.25767
HMPPFD10,  -0.2523 03460  0.3580 04878  0.6761  0.0653  0.0080 00383  0.069%  0.1524
HMPPFDI2,  -0.4087  0.28% 02624 03774 06020 01851 -0.0427 00288 00074  0.0477
HMPPFD4, -0.2381 03492  0.3460 04813 06612  0.0646 00245 00400 00699  0.1428
HMPPFD16, 01321 05741 05377 07686  0.6198 -0.0835 01577 03376  0.3427  0.2494
DMPPFDo 0.0600 05450 0533 07464 06310 -0.0523 01305  0.2995 03147  0.2530
HMPPFD8, 00349 05153 04988 07016  0.6116 -0.0452 00984 02732 02840  0.2273
HMPPFDI0,  0.0544 05636  0.5355 07601  0.6527  -0.0380 01276 03030  0.3212  0.2513
HMPPFDIZ, 00295  0.5459 05131 07321  0.6056 -0.0507 01367 02858 03033  0.2272
HMPPFD14, 00661 04799 04560 06472  0.5606 -0.0681  0.118  0259% 02732  0.2341
HMPPFD16,  0.0492 05425 05417 07507  0.6490  -0.0400  0.1163 0279 02963  0.2310

Sw LTy CTy LTew  CTew  LTsw  CTsw S CTx LTu
DMPPFD, 0564  -0.3416  0.3430  0.1015 02338 -0.1076  0.2608  0.1472 03184  -0.1674
HMPPFD8,  0.3%6 -04722 02712 -0.378 -0.003l -0.3015 01087 02527  0.1158  -0.4280
HMPPFDI10, 00713 -0.2650 (03543 00387  0.3338 00112 03149 0103  03%6  -0.0312
HMPPFD12,  0.027 -0.1970 03001 00640 03239  0.1042 03793  0.0836 04041  0.0494
HMPPFD14,  0.0784 -02663 03473  0.0279 03183  -0.015 03038 01095 03802  -0.039
HMPPFD16, 03140 -04629  0.2749 -0.3309  0.0250  -0.2747  0.1206 02704 01359  -0.3934
DMPPFDo 0.2055 -0.4511 02798 -0.2758  0.0871 -02711 01260 02590 01703  -0.3595
HMPPFD8, 02712  -04085 02774 -0.2507  0.0921 -0.2293  0.13%0 02280  0.1778  -0.3231
HMPPF10, 0.3059 -0.4552 02908 -0.2841  0.0843 -0.2705 01359 02686  0.1760  -0.3645
HMPPFD12 02939 -04298 03111  -0.2588  0.0985 -0.2397 01513 02520 ~ 01950 -0.3315
HMPPFD4,  0.2434 -0.3678  0.2760 -0.2212 0075  -0.2214 01085 02160  0.1559  -0.2913
HMPPFDI6,  0.2867 -0.4560 02793 -0.2835 00771  -0.2684 01296  0.2456 01668  -0.3633
* Significant levels. P<0.1%, P< 1% and P<5%.
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