
Ekoloji 28(108): 907-912 (2019) 

907 

Canopy Layout of Ecological Garden Plant Community Based 

on GIS Technology 
Yifei Xu*, Shengbin Chen 
School of Gardening, Hunan Polytechnic of Environment and Biology, Hengyang 421005, China 
*Email: xuyifei0129@126.com

Canopy is an important medium for physiological activities of plant communities. The study of canopy structure is 

important for explaining and estimating the growth vigor and ecological benefits of plant communities. The more 

common community types in Wuhan garden were selected as research objects, and the canopy structure of plant 

community was quantitatively studied based on GIS technology. The results show that there are some differences 

between the canopy structure characteristics of different tree species: Gap Fraction varies from 6.5% to 39.5%; 

leaf area index ranges from 1.50 to 3.65. 

Ecological garden; Canopy structure; GIS technology; Canopy porosity. 

1 INTRODUCTION 
As an important component of the urban green space system, plant communities play a key role in the ecological 
benefits and service functions of green spaces. The rationality of the community structure directly affects the 
effectiveness of its play. The canopy structure is a key part of plants using energy such as light energy for energy 
conversion (Gaviao et al. 2017, Tecchio et al. 2017). It has an important impact on ecosystem material and energy 
exchange and climate change. It is the most active and direct interaction between plant communities and the 
environment (Ebrahimi et al. 2017). The canopy structure not only determines the ability of plant communities to 
intercept light, but also directly or indirectly affects the habitats of the community such as the forest light 
environment, wind environment, temperature and humidity, soil environment and distribution and composition of 
understory plants. Therefore, research on the canopy structure of plant communities is conducive to the 
understanding of plant community ecological processes, providing a scientific basis for plant landscape design 
and community construction (Guner et al. 2016, Uzun and Donmez 2016, Guner et al. 2016). 
Gang Yang, Huai Chen, Song Cheng, Hui Yu published an article in the journal Ekoloji’s 2012 Issue 84 entitled 
“Interactive Effects of Canopy Gap, Liming and Understory Control on Aboveground Growth of Yellow Birch 
and Sugar Maple Seedlings”. This paper studies the effects of different plants on environmental changes, uses the 
game mode to analyze the influence of different environments on the canopy of plant communities, measures the 
canopy gap, and analyzes the differences between the canopy structure features, which has a good research 
significance. 
On the basis of this paper, the canopy layout of common plant communities in Wuhan Park Greenland was 
studied. The semi-GIS technology was used to quantitatively analyze the canopy structure characteristics of the 
surveyed plant communities, which was used to evaluate the ecological benefits and functions of the community 
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and the community complex. The construction of the layer structure provides the basic support and reference 
(Farahmandkia et al. 2017, Gasparic et al. 2017). 

2 IDEA DESCRIPTION 
2.1 GIS technology 
The rapid acquisition of canopy structure parameters is the premise of the research. At present, the methods for 
measuring canopy structure are mainly ground measurement and estimation, and most of them are descriptive 
research, which is easy to be interfered by human factors. With the deepening of quantitative research, the 
emergence of some new technologies such as laser, GIS technology, hemispherical photography technology, and 
fractal methods have greatly promoted the development of research on the characteristics of canopy structure in 
communities [3].Among them, GIS technology helps to explain the characteristics of the vertical hierarchical 
structure of plant communities and the growth and distribution patterns of understory plants, and provides 
important reference value for scientific and rational plant allocation. As a close-range remote sensing 
measurement method, GIS technology has the following advantages: First, image acquisition is direct and 
convenient, which is conducive to field work. Secondly, the obtained image is intuitive and the information 
expression is clear and clear, which is conducive to analyzing the sky and background conditions. And the canopy 
space environment. This paper extracts the canopy structure characteristic parameters of plant communities in the 
plot by sample survey and combined with hemisphere images. On the basis of a 10 m×10 m square, a hemisphere 
image of the canopy of the plant community was obtained using a Nikon camera with a Stigma fisheye lens (8 
mm, F3.5), and each sample was repeated three times. The time for taking pictures should be chosen in the 
morning or afternoon without direct sunlight. Specific operation: Fix the camera with the bracket, about 1.6m 
away from the ground, keep it level and ensure that there is no occlusion in the camera’s field of view. At the 
same time, use the compass to determine the north and south position of the lens, and shoot the canopy image 
from bottom to top as shown in Figure 1. Show. 

Figure 1 Take images from bottom to top 
2.2GIS data processing 
GIS data is vector data. Its structure is to accurately represent geographical entities such as points, lines and 
polygons by recording coordinates. The coordinate space is set to be continuous, allowing precise definition of 
arbitrary position, length and area. Vector data is a conceptual model of geographic features. Under the vector 
model, geographic features are represented as geometric forms such as points, lines, and faces. The advantage of 
vector data is that the data structure is compact and the redundancy is low, which is beneficial to network and 
retrieval analysis. The graphics display quality is good and the precision is high. The disadvantage of vector data 
is that the data structure is complex and the polygon overlay analysis is difficult. The vector structure is more 
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efficient for the search of topological relations. The network information can only be fully described by vectors, 
and the precision is high. The obtained plant canopy images were processed using a Gap Light Analyzer (GLA 
version 2.0). GLA can not only estimate the coverage of plant communities, but also estimate parameters such as 
leaf area index, direct illumination, and scattered radiation. The leaf area index is closely related to the 
classification threshold of the image. The threshold is mainly affected by solar radiation. It is also related to the 
position, orientation, time and topography of the sample. Therefore, when acquiring the hemisphere image, 
attention should be paid to the above factors. consider. First, enter the basic conditions of the sample, such as the 
geographical environment, the zenith angle is set to 9°, and the azimuth is 36°.Secondly, according to the weather 
conditions, the threshold is determined. Due to the influence of factors such as shooting time and weather, the 
threshold of the obtained hemisphere image is different. According to different weather conditions, different 
optimal thresholds are selected. The optimal threshold of sunny day is 149. The best threshold for the day is 118. 
Provides a convenient means for hemispherical image processing, also automatically determined by Side Look. 
Finally, run the model with a fixed threshold, obtain parameters related to the canopy structure, and then save the 
processed image. 

3 RESULTS 
3.1 Sorting and Classification of Canopy Voids in Plant Communities 
The plant community composed of different species has different canopy porosity and understory light 
environment. The analysis and comparison of canopy porosity of different types of plant communities provide the 
basis and reference for the establishment of plant community complex structure (Fig. 2). There is a certain 
difference in the porosity of plant communities in the surveyed samples. The variation of void fraction ranges 
from 6.5% to 39.5%, with an average of 19.8%. The size of plant community voids has an important impact on 
the heterogeneity of the undergrowth light environment, reflecting the light interception ability of different plant 
communities and the undergrowth light environment, which determines the hierarchical structure of the plant 
community under the forest (sub-arbor layer, shrub layer, Light interception of herb layer, etc.).With the increase 
of the void fraction, it shows that the light environment under the forest community is weakened. By sorting the 
different types of plant community porosity, the largest to the smallest are: Acacia community (39.5), willow 
community (33.3), black carp community (31.0), cedar community (26.9), and privet community (26.8). ), alfalfa 
community (26.1), Pushu community (25.8), Chongyang wood community (24.9), eucalyptus community (23.1), 
camphor community (22.0), Du Ying community (21.4), Platanus community (19.9), cedar Community (19.6), 
Thousand-headed hawksbill community (18.5), Green Tung tree community (17.8), Camptotheca acuminata 
community (17.6), Metasequoia community (17.5), Eucalyptus community (16.5), Liriodendron community 
(16.4), and sorghum community ( 14.6), Ginkgo biloba community (13.9), Fengyang community (13.5), Sapindus 
community (13.2), Taxodium chinensis community (12.5), Magnolia community (7.7), Liquidambar formosana 
(7.6), Magnolia community (6.5 ).The combing and classification of different types of plant community voids can 
be divided into four categories. Class I: voidage > 30: acacia community, willow community, blackbird 
community; Class II: 20<void degree<30: cedar community, privet community, carp community, Phyllostachys 
pubescens, Chongyang wood community, eucalyptus community, camphor community, Du Ying community 
Class III: 10<void degree<20: Platanus sylvestris community, cedar community, Thousand-headed hawksbill 
community, Qingtong community, Camptotheca acuminata, Metasequoia community, Eucalyptus community, 
Liriodendron community, Chinese sturgeon community, Ginkgo biloba community, Fengyang community , the 
Sapindus community, the cedar community; Class IV: 10<voidality: Magnolia community, Liquidambar 
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formosana, Magnolia grandiflora community. The results show that the canopy structure of different species has 
different effects on the community light environment (such as absorption, reflection and projection of light 
radiation), which leads to differences in plant community development, regeneration, species distribution and 
composition. Therefore, in the process of plant community construction, according to different functions and 
green land types, the diversity and diversity community structure can be selected to meet the needs of light 
radiation at each level. 

Figure 2 Plant community complex structure 
3.2 Comparison of canopy porosity of plant communities with different diameters 
Taking the camphor tree, the privet community, the Sapindus community and the Metasequoia community as 
examples, the diameter gradients of 10, 16, and 26 cm were set to compare the variation of plant community 
voids with different diameter gradients. Under different gradients, the average canopy porosity of the camphor 
tree was 27.8, 18.5, and 14.7, respectively； The mean porosity of the canopy community of the female genus 
was 26.8, 24.7, and 15.9, respectively; The average canopy porosity of the Sapindus community was 23.3, 16.5, 
and 13.2, respectively； The mean porosity of the canopy community was 35.6, 27.8, and 17.5, respectively. It 
can be seen that under the condition that the total radiation level outside the plant community is similar or little 
changed, the direct and scattering of the forest decreases with the increase of the DBH, and the canopy porosity of 
the plant community decreases with the increase of the DBH (Fig. 3). 

Figure 3 plant community canopy 
4 DISCUSS 
In recent years, domestic and foreign scholars have tried to use canopy analyzers to study the canopy structure 
and light environment characteristics of forest woodland, protective green land, fruit tree crops, etc., and then 
obtain quantitative data of relevant indicators. I found that using the canopy analyzer and its analysis software 
WinScanopy For Hemispherical Image Analysis to photograph and analyze the rich and diverse garden plant 
community canopy in urban park green space is rare in China, especially the lack of more than 20 different cities. 
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Systematic research and analysis of the canopy structure of garden plant communities. It can be seen that my 
experiment is pioneering and exploratory to a certain extent. There may be some shortcomings in the processing 
and analysis of the data in this introductory study. It is necessary to further strengthen and deepen the research 
into the mechanism. 
The method is convenient, rapid and accurate, and has good effects and powerful functions, which is helpful for 
quantitative observation of the spatial structure of the ecological garden plant community. To lay the foundation 
for the quantitative study of canopy structure of garden plant communities, especially to provide basic data for the 
study of ecological service functions such as carbon fixation and oxygen absorption of ecological garden plant 
communities. This study can visually quantify some canopy structural indicators that affect the ecological service 
functions of urban plant communities, thus providing high-quality templates and references for building artificial 
plant communities with higher ecological service capabilities. The instrument and analysis software will be paid 
more and more attention in the scientific and rational research field of plant material selection and combination 
and garden plant configuration and landscaping design, and evaluation of the growth ecology of different types of 
garden plant communities (such as photosynthesis, etc.) And comparative research shows strong potential, worth 
promoting 

5 CONCLUSIONS 
The construction of plant communities depends to a large extent on the organization of the canopy structure. The 
canopy is not only the embodiment of the landscape of the community, but also an important place for the 
physiological and ecological processes of the plant community. The canopy structure characteristics of plant 
communities such as canopy porosity and leaf area index determine the light environmental characteristics of 
plant communities and the development of understory plants. This paper provides a scientific basis for 
constructing the stability and diversity of the community complex structure by quantitatively studying the canopy 
structure of different types of plant communities. 
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