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Theoretical research on a mode for predicting the shadow boundary of an individual

conical crown on a dope

ZHANGLd , YU Hai-Ye  , YANG Hao- Yu, ZHANG Zhi-Fing  ( Key Laboratory for Terrain-Machine Bionics Enginesring o MOE, Schod
o Bidogical and Agricultural Engineering , Jilin University, Changchun 130022, China) . Acta Ecologica Sinica,2006,26(10) :3317 3323.

Abgract : Tree-shading could represent <lar radiation i ntercepted by the tree crown. Undergory light environment a < had a close
relaion with tree-shading. The conica crown was sud ed because it wasfamiliar and its shadow , whether on aflat plane or dope,
was nore conplex than other crown prdfiles. The shadow prdfile of an individud conicd crown on a dope was an dlipse or a
closed curve conmposed of an dlipse and its two tangents, which depended on the reaionship between the solar dtitude ( hs) and
the base ange (A) o the cone. In the rectangular plane coordinate sysem ,a theoretical node was developed , which took tree
heignt (H) , height below branch ( h) , crown radius(r) , longtude (A) , laitude (¢) , height ( ht) , dope@) , apect (B) ,
date (d) andtime (t) into acoount to describe the shadow boundary of anindividud conica crown on the dope. The nodd was
based on geometrical optics theory and the corresponding and imitati ng principle between shadows on aflat plane and a dope. In
the smulation teg , the results o Spearman and Kendall” s taurb tes showed dl correlations between measured and cdculated
vaues of boundaries were not less than 0. 928 and were sgnificant a the 0.01 level (2-tailed) from 8:00 to 14:00. The nodd ,
therdfore, was suitalle to describe the shadow boundary of an individud ocone, and the nore the actud prdfile of the crown
resembled a cone, the nore accurate the Smulaed results. Furthernore , this node was practicaly used to forecad the variabe
scae o tree-shading of an individud tree gpecies, Pinus sylvestris, in which the shadow o the crown aways lied , from 8:00 to
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14:00 on May 12" Theoretically , this scale reached 0. 69H on the east sSde of the tree , 1. 18H on the west , 0. 2H on the outh
and 0. 4H on the rorth. The result was in accordance with the gpparent notion rues o the sun and the corrdaion was Q 983
between observations and cdcuaions, though it was different from exiging ressarch. There were two possble reasons for this
dfference. One was that two scadles were in different time ans repectively. The other reaon was thet this paper was based on
the gpparent notion ruesof the sun and did not condder any apectsd plant ecology. Advantages and limitations of the nodd are
liged which define how to use this nodd well with interrelated research.

Key words:dope; conicd crown; the correponding and imitating principle ; shadow boundary ; nodd
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