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Dynamic emulation of the effects from individual tree to lower
solar radiation distribution
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Abstract; [Objective] The study was to simulate the condition of light climate and research the func-
tion that umbrage hazard in shelter forest. [Method) Based on the calculation of apparent trajectory of so-
lar motion in the experimental area,and using quote ellipsoid distribution and the Monsi model, the radia-
tion values of 36 experimental sites by light quantum mater were measured and statistics of daily solar radi-
ation distribution from the values were calculated. Then the crown projection model was built,and the light
climate condition in forest was simulated. [Result] The trajectory of umbrage motion shaped a butterfly arc
belt. The situations of outside and inner arc belt were influenced by height of tree (H) and the height be-
low branch respectively. In the area of 1. 0 X H(in east and west of tree) and 0. 6 X H (in north of tree).,
transmittancy was below 90 % ,which meant umbrage hazard effect happened in this area. Additionally,the
effect was stronger at bottom of the tree. The umbrage hazard area in the east and west of the tree was big-
gest,and smallest in the south. [Conclusion) The shelter forest should be planted as much as possible toward
east-west,and keep a certain distance between crops and forest when the shelter forest is north-south direction.
Therefore, the umbrage hazard will be decreased in the north to the tropic of cancer. Cutting out the below bran-

ches of the existing shelter forest suitably and timely can reduce the area of umbrage.
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Table 1 Example of solar altitude in experimental area
w(®) 3"
H 9 2% /min K ; . WHARE  RHRS NED BTl . . Lo
b Wy ETE min  H K B /() L H R W H R4 frfﬁ ﬂg”fﬂ F /() sing o/ ()
ate - Time  Apparentsolar Day Morrow Declination Revised .
Teilchron . . Hour angle S L . Declination
difference time declination  declination  difference value
H4H 032D 11,23 11.15 —11.5 0.790 5215
— — 2 —
Vernal equinox 12.08 8 12.00 0 0.1 0.3 0.4 0. 0.02 0. 806 53.69
2 H(06-22) 12:23 11.22 —9.5 . ; . 0.965 74.72
— 2 2
Summer solstice 12.01 1 12.00 0 23.4 23.4 0 0.2 23.4 0.975 77.11
B4y H09-21) 1323 11:30 =17.5 _ 0y 0.809 53.95
Autumnal equinox  11:53 7 12.00 0 ! 0.6 0.4 0.2 0.92 0.815 54.63
A% H(12-22) 14,23 11:25 —8.75 0.496 29.74
S : : _ _ —9
Winter solstice 11.58 2 12.00 0 23.4 23.4 0 0.2 23.4 0.505 30. 31

T B VTR A BB T 2 B TT R R [ 2 T (2 A

Note: The revised values are the sum of annual revised value,longitudinal revised value and temporal revised value.
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Table 2 Example of sunrise and sundown time-table in experimental area

IR ) %4 H (03-21) HEH(06-22) k43 B (09-21) A FH(12-22)
Time Vernal equinox Summer solstice Autumnal equinox Winter solstice
H 44 Sunrise 06:03 04:46 05:47 07:07
H % Sundown 18.12 19.17 17.59 16.49
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Fig. 1

Tllustration of apparent trajectory of solar
motion in experimental area

a. Vernal equinox(03-21) ;b. Summer solstice(06-22) ;

c. Autumnal equinox(09-21) ;d. Winter solstice(12-22)
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Fig. 2 Tllustration of tree crown of Populus tomentosa Carr.
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Fig. 3 Emulation scheme of tree crown projection

of Populus tomentosa Carr.
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Table 3 Daily variation of reflectivity and transmittancy from single leaf of Populus tomentosa Carr. (2007-08-21) %

| % B O % o % 7 It %
T Time Re%eg:liivity Tranésr;fiincy I Time Re%egc{fv‘ily TrarllasrgnTifancy
09:00 14.9 10.4 13:00 11.5 6.7
10:00 12.8 8.2 14.00 13.0 8.4
11.00 11.2 6.5 15:00 14.7 10.3
12.00 9.7 5.4 16:00 16.1 11.1
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Fig. 4 Tllustration of umbrage annual move track

from isolated tree
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