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Abstract 

Sunshine is a key ecological factor for plant growth, development, reproduction and their 
community stability. The SOLWEIG model combined with ArcGIS and, AutoCAD software 
as a digital platform was used in this paper, and which focus on sunshine duration simulation 
by these digital technologies. Results show that the maximum sunshine duration is 10 hours, 
the minimum sunshine duration is 0 hours, and the average is about 4 hours in the sample 
points of the study area. The order from high to low is N>D>F>B>E>G>K>C>A>L>M 
(patches of planting area) in sunshine duration, the average highest value is 6 hours and the 
lowest is 1.6 hours for the 11 greening patches in this study. These results also indicate that 
the building height and layout is the major factor of influence in the change of sunshine hours 
when other parameters are stable. On this basis, the research combined with the standard 
system of sunshine requirements of landscape plants, an empirical analysis of plant selection 
and community configuration to show through a case of Tongxiang city in Zhejiang province, 
China. The value of this research is to provide a theoretical method for plant selection and 
community configuration in urban built-up areas. 
Keywords: Solar radiation, SOWEIG model, GIS (geographic information systems), 
Landscape plant, Plant community 

1. Introduction 

Sunshine is an indispensable ecological factor for the photosynthesis of all green plants, 
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therefore, it is equally important for the landscape plants. Specifically, the effect of sunshine 
on plants is mainly to determine their normal growth, development, reproduction and 
community stability (Teramura & Sullivan, 1994, Roderick, Farquhar et al., 2001). In general, 
when plants are selected for landscape construction, ecology or species protection in different 
areas, the basic ecological niche of the plants should meet as much as possible according to 
the local ecological conditions (de Siqueira, Durigan et al., 2009, Nagaraju, Gudasalamani et 
al., 2013). This is also the basic reflection of the "right tree, right place" in the ideal of plant 
cultivation (Li & Hao, 2008). In the field of modern city research and practice, especially 
under the premise of satisfying the housing space and traffic function requirements, the solar 
radiation and hydrological environment are showing a diversified trend. Therefore, the 
necessary ecological factors in the life process of plants are all affected to varying degrees. In 
addition, the ambient temperature, sunshine conditions (Bourbia & Awbi, 2004, Ahmed, 
Ossen et al., 2014), and the nature of soil (Jim, 1998; Negre, Zancolo et al., 2006), has also 
changed significantly. 
In urban residential areas, building materials, height and pattern are the main factors that 
change the distribution of solar radiation. Related studies pay more attention to the problems 
of pollution, ventilation, and UHI (urban heat island) in cities (Shashua-Bar, Tzamir et al., 
2004, Hang, Li et al., 2012, Ng & Chau, 2014), the impact of the changed sunshine on urban 
plants is less likely to discuss. The main reason for this phenomenon is that the hard 
landscapes, such as buildings, roads, squares and other infrastructures are generally the main 
body of construction in the process of urban planning. The landscape plant is often placed as 
an embellishment in the last link. In recent years, the active role played by landscape plants in 
cities has received increasing attention (Rai & Panda, 2013, Zhang, Lv et al., 2013). To 
ensure the survival of urban plants and maximize their ecological benefits in the city, the 
analysis of sunshine is particularly critical, especially in the selection of the best planting site 
for plant species. 
As early as the 20th century, Chinese scholars have explored the impact of architecture on 
sunlight, and the research results have been used in the selection and application of landscape 
plants (Shao & Zhou, 1996). However, this research is limited by the performance of 
computers and lack of digital technology, there are no reports on the related application in the 
field of practice. Nowadays, advances in computers have greatly promoted the development 
of related digital software, and can meet the needs of research and practice for sunshine 
simulation. The digital simulation method is efficient and accurate compared to the 
experience-based methods, which can overcome the limitations of traditional methods, have 
become, and has become the first choice for the related simulation in architecture design and 
urban design (Besserud & Hussey, 2011, Maestre, Pérez-Lombard et al., 2013).  
In recent years, china’s software industry has developed rapidly, such as Sunlight, FastSun, 
SUN and other sunshine analysis software can better simulate the solar radiation, however, 
most of these are secondary development based on the AutoCAD platform. In the latest 
version of the ArcGIS system (ESRI), the Solar Analyst module is integrated in the spatial 
analysis toolbox, which can perform quantitative simulation of solar radiation based on the 
functional relationship of factors, such as altitude, latitude, slope, aspect, and viewshed in the 
study area (Fu & Rich, 1999).  
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Another digital model also performed well, like SOLWEIG model, this model from the urban 
climate group of Gothenburg University and is a program written in the Java and MATLAB 
language (Lindberg, 2008). By comparison, it has better stability (Hämmerle, Gál et al., 2011, 
Kántor & Unger, 2011), and has been successfully applied to the related research of urban 
environmental heat radiation (Lindberg, Holmer et al., 2008, Lindberg & Grimmond, 2011, 
Lindberg & Grimmond, 2011). 
In this study, we adopted the SOLWEIG model as the technical platform, and established a 
standard system for plant selection based on existing research results. A residential area as a 
case verification in Tongxiang, Zhejiang Province China. The SOLWEIG model was used for 
quantitative evaluation of sunshine duration, and the spatial distribution and comparison 
relationship of sunshine hours were obtained. Accordingly, this research combined with 
sunshine requirements of landscape plant, and then gives reasonable suggestions for plant 
selection and community configuration. 

2. Methodology 

2.1 Technology Platform 

The SOLWEIG model as a mainly technology platform for solar simulation, and the 
AutoCAD and ArcGIS software are also used in data processing and conversion. 

2.2 Parameter Settings 

In order to make the simulation results more accurate, we set relevant parameters according 
to the geographic location and site scale of the study area. The specific information is as 
follows (Table 1). 
 
Table 1. Parameter settings for SOLWEIG model 

No. Name Value No. Name Value 

1 Height 3 Meter 8 Time interval image/5min and /30min

2 Time 04/16/2014 9 Grid and intersection 3M*3M; 978 

3 Longitude E 120.55° 10 Number of samples 356 

4 Latitude N 30.5° 11 Grid size of building 0.1*0.1 

5 Altitude 50 Meter 12 Number of building grid 994596 

6 UTC +8 13 Building height N*3.3M 

7 Terrain 0 Meter    

 

2.2.1 Sun Altitude Angle and Sunshine Duration 

Solar altitude is the angle of the sun relative to the earth’s horizon, it determines the distance 
that solar radiation travels through the atmosphere. The solar altitude angle can be calculated 
by the following formula: 
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In the formula,  refers to the altitude angle of the sun;  is the geographic latitude of 

the sun irradiation point;  is the latitude of the solar north-south tropic line. The study 

area is located in Tongxiang, Zhejiang Province, with a geographic latitude of 30°28'-30°47' 

north latitude.  is used as the calculation parameter now. Therefore, the solar height 

angles of the summer solstice, spring (autumn) equinox and the winter solstice is 83°, 59.5° 
and 36° in Tongxiang City, respectively. As SOLWEIG, the system automatically generates 
the solar altitude angle and calculates the sunshine hours based on the input of the simulation 
date. 

2.2.2 Altitude and Sunshine Duration 

Altitude has a certain influence on the sunshine duration, mainly reflected in the early sunrise 
and the late sunset. The main reason for this phenomenon is the refraction caused by the 
penetration of solar radiation into the atmosphere, and the light quality is mainly long-wave 
light such as red light or infrared light. Although this part of the solar radiation has small 
energy, it is of great significance for the photosynthesis of landscape plants. Therefore, it is 
also an important parameter. In the study, the altitude of Tongxiang City is set to 50 meters. 
The reason why the simulated height affects the sunshine hours is that the shadow area 
formed by the building will decrease as the simulated height increases. For the selection and 
configuration of landscape plants in the study area, trees and shrubs can play a more 
important ecological value, and the economic cost is also high. The simulation of site 
conditions in this study focused on trees and shrubs. Therefore, the simulation point is set at a 
height of 3 meters above the ground. 

2.2.3 Time Interval and Grid 

SOLWEIG model is mainly used to simulate DEM-based sunshine hours, shadows and an 
average heat radiation. The spatial distribution of sunshine hours can be directly simulated, 
but the simulation of points needs to be generated separately. The simulation interval and the 
number of building DEM grids have a great influence on the running speed of the model. 
Improper setting will cause the running time to be too long or even crash. In this study, the 
above influencing factors were tested and compared several times before use. 
The results of preliminary experiments show that: time interval (≥1h), the simulation results 
cannot meet accuracy requirements for practice. The time interval is too small (<5min), 
although it is beneficial to practical application, but the software’s running speed and data 
acquisition efficiency are limited. The simulation of the total sunshine hours in the study area 
adopted a resolution of one image every 5 minutes, which is used to analyze the spatial 
distribution of sunshine hours. Considering the speed of operation and the sensitivity of 
plants to sunshine hours for a single sample point, the study adopted a resolution of one 
image every 30 minutes. For the setting of simulated sample points, a 3M*3M grid is used to 
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cover the planting area, and the sample points are selected from the intersections of the grids. 

2.3 Selection Rules and Basis for Landscape Plants 

In this study, the data on the sunshine demand and ecological habits of the plants are based on 
two Chinese monographs in botany (Bao, 2003, Zhuo & Chen, 2004). 

2.3.1 Sunshine Hours and Landscape Plants 

The effect of sunshine hours on plants mainly to adjust their photoperiod, and the mismatch 
of sunshine hours will lead to changes in the flowering period of plants (Jackson, 2009, Lee, 
Roh et al., 2013). For flowering plants, it can be divided into Long-day plants, Short-day 
plants, and Day-neutral plants based on their differences in the requirements of sunshine time 
(Whiting, 2011, Yeang, 2013). However, the requirements of long-day and short-day plants 
on the sunshine duration are not absolute, and the photoperiod can be broken by a certain 
number of hours of illumination or shading (Shin, Kang et al., 2008, Yeang, 2013) 

2.3.2 Sunlight Intensity and Landscape Plants 

Sunlight intensity affects the photosynthesis rate of landscape plants. The sunlight intensity 
needs to reach its Light Compensation Point (LCP) to accumulate dry matter. The 
photosynthesis rate increases with the increase in sunlight intensity until it reaches its Light 
Saturation Point (LSP) stops. Therefore, the landscape plant can be divided into the 
heliophilic plants, shade-tolerant plants and shade-loving plants based on the requirements of 
landscape plants for light intensity (Wei & Huang, 2015). 
In this study, we selected the following plant species and summarized them according to their 
requirements for sunshine conditions. Details are shown in Table 2. 
 
Table 2. Landscape plants and sunshine adaptability (Bao, 2003, Zhuo & Chen, 2004) 

Sunshine conditions 
Layer and scientific name 

Hours (direct 
radiation) 

Intensity (total 
radiation) 

Full Partial No Max Medium Min

Trees Ginkgo biloba L.  
  

 
 

  

Taxus chinensis (Pilger) 
Rehd  

 
  

  
 

Pinus thunbergii Parl  
  

 
 

  

Ficus benjamina L.  
  

 
 

  

Magnolia grandiflora L  
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Koelreuteria paniculata 
Laxm.    

 
 

  

Acacia farnesiana (L.) Willd. 
  

 
 

  

Hibiscus syriacus Linn.  
  

 
 

  

Taxodium distichum (L.) 
Rich.   

  
 

  

Shrubs Euonymus japonicus L.  
  

 
 

  

Monstera deliciosa Liebm.   
  

  
 

Fatsia japonica (Thunb.) 
Decne. et Planch  

 
  

  
 

Loropetalum chinense 
var.rubrum    

 
 

  

(Malus Halliana Koehne) 
Begonia  

  
 

  

Camellia japonica L.   
 

   
 

Michelia figo (Lour.) Spreng.  
 

   
 

Lagerstroemia indica L. 
  

 
 

  

Chrysalidocarpus lutescens 
H. Wendl.  

 
 

   
 

Vines 
 

Caulis Mucunae  
  

 
 

  

(Ficus pumila Linn.   
  

  
 

Hedera 
nepalensisvar.sinensis    

 
 

  

Wisteria sinnsis  
  

 
 

  

Morden cvs.of Chlimbers and 
Ramblers.    
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Parthenocisus tricuspidata  
   

 
  

Vitis vinifera L.  
 

  
 

  

Trachelospermum 
jasminoides    

 
 

  

Campsis grandiflora 
(Thunb.) Schum.   

 
 

  

Ground 
covers 

Oxalis corymbosa DC.  
  

  
 

 

Zephyranthes candida  
  

  
  

Orychophragmus violaceus   
  

  
 

Ophiopogon bodinieri  
   

 
  

Acorus tatarinowii    
 

  
 

Zoysia japonica Steud.  
  

 
 

  

Zoysia matrella (L. ) Merr.   
  

  
 

Lycoris radiate   
  

  
 

Dichondra repens Forst.   
  

  
 

 

2.4 Research Process and Steps 

This research requires a variety of digital software to process the data, format conversion and 
data statistics. It mainly includes the establishment of building database, sample grid settings 
and statistics, drawing of the planting area and the establishment of planting database, sample 
points setting and the establishment of databases, and the simulation of sunshine hours. The 
process and steps are as follows. 

2.4.1 Processing of Building Data 

According to the preliminary master plan (.dwg format), the vector data of building plan are 
established through ArcGIS (ESRI), and complete the corresponding attributes based on the 
floor height and the number of individual buildings. Due to the analytical needs of the 
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SOLWEIG model, it is necessary to convert the data format of building from the vector into 
raster. In this study, the raster size of the building is set to 0.1*0.1, and the floor height is used 
as the DEM (digital elevation model) value of the building. 

2.4.2 Sample Grid Settings and Statistics 

The SOLWEIG model simulates the sunshine hours with 2.5D characteristics of spatial 
distribution, and the system cannot be divided and displayed according to grades. Therefore, 
it needs to be processed in the ArcGIS software environment. In this study, the grid spacing is 
set to 3M*3M, and there is a total of 978 grid intersections distributed in the planting areas. 

2.4.3 Planting Area Extraction and the Establishment of a Plant Database 

This study adopted editing function of ArcGIS to sketch a file in the catalog according to the 
overall plan of study area, due to the large number of sample points, the planting area is 
divided into A, B, C, D, E, F, G, K, L, M and N, a total of 11 planting patches was established. 
At the same time, each sample point is numbered in ArcGIS, this information is recorded, 
such as the sunshine hours, relative coordinates, height from the ground, time interval and 
simulation date.  

2.4.4 Sample Point Setting 

In order to facilitate the simulation, statistics, calculation, and to guide practice, 356 
intersection points of the grid are selected as the simulation samples in this study, these points 
come from 978 intersections based on the method of interval selection. 

2.4.5 Simulation of Sunshine Hours 

We use the SOWEIG model to simulate the sunshine duration, parameter setting adopted the 
values in Table 1. 

3. Results of Sunshine Simulation and Planting Strategies 

3.1 Analysis of Sunshine Hours 

3.1.1 Spatial Distribution 

The format of building data was transformed in the toolbox of ArcGIS, and then the data is 
loaded into the SOLWEIG model, set the model parameters according to the values in Table 1. 
The spatial distribution pattern of sunshine duration in the study area is as follows. 
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Figure 1. Spatial distribution of sunshine hours 

 
The simulation results (Figure 1) show that planting areas with insufficient sunshine hours 
are mainly concentrated in the area enclosed by block 1 and 3, and block 3 and 5. The north 
side of block 15, 16, and 17 is also an area with less sunshine. Block 1 and 2 have sufficient 
sunshine hours due to no construction on the south side. The south side of block 9 is far away 
from block 7 and this building is lower. Therefore, it has a larger sunshine area and sufficient 
sunshine hours. 
Comprehensive analysis shows that when the latitude, longitude, simulation time, and altitude 
of the study area are constant, the sunshine hours of the regional Micro-environment are only 
affected by the height of the building, the spacing, and the building layout. By reducing the 
height and enclosure of the building, increase building spacing, the sunshine hours of the 
Micro-environment can be effectively increased. Instead, the sunshine hours will be reduced. 
This study did not consider the influence of terrain factors on the sunshine duration, and 
future studies will further explore this content.  

3.1.2 Comparative Analysis 

In order to select plant species and design plant communities for planting areas, the study 
calculated the values and specific distribution of sunshine hours at 356 sample points (Figure 
2), and compared the average sunshine hours in different planting areas, which is A, B, C, D, 
E, F, G, K, L, M and N, respectively (Figure 2). 
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Figure 2. Comparative analysis of sunshine hours (Left. comparison of sunshine hours in 356 

sample points; and Right. comparison of average sunshine hours in different planting area) 
 
The result shows (Figure 2) that the highest value of sunshine hours in the study area reaches 
10.5 hours, and the lowest is 0 hours. The sunshine hours vary greatly with the location of the 
sample points. 
Comprehensive analysis shows that the number of samples with high sunshine hours in the 
study area is relatively small, while the proportion of samples with medium sunshine hours, 
insufficient sunshine hours and serious shortages is larger. It can be seen that the buildings 
have a greater impact on the spatial changes of sunshine hours. Under the premise of 
diversified sunshine radiation, when selecting plant species, we should pay more attention to 
their adaptability to sunshine. 
 

 
Figure 3. Distribution of planting site in the residential area 
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The average sunshine hours of planting area from A to N is 2.7 hours, 4.6 hours, 2.8 hours, 
5.9 hours, 4.4 hours, 5.3 hours, 3.6 hours, 3.2 hours, 1.8 hours, 1.6 hours and 6.0 hours, 
respectively. The sunshine hours of the 11 planting sites are sorted from high to low: 
N>D>F>B>E>G>K>C>A>L>M (Figure 3). 

3.2 Plant Selection and Community Configuration 

3.2.1 Selection of Key Tree Species and Backbone Tree Species 

The core and base tree species can be used for street greening and viewing. The planting 
strategy can be solitary planting, opposite planting, row planting, cluster planting or group 
planting. These tree species reflect local climate conditions, regional culture and 
characteristics. As the key plant species, most of them are trees, so there should not be too 
many species, 3-5 species are more suitable. 
Suitable tree species in deciduous plant can be selected: Ginkgo biloba L., Liquidambar 
formosana Hance, Koelreuteria paniculata Laxm., Liriodendron chinensis (Hemsl). arg, Acer 
buergerianum. 
Evergreen trees can be selected: Cinnamomum camphora (L.) presl, Pinus thunbergii Parl., 
Michelia chapensis, Magnolia grandiflora, Elaeocarpus decipiens Hemsl., Osmanthus 
fragrans. 

3.2.2 Vertical Structure Design for Trees, Shrubs, and Ground Cover Plants 

To select suitable trees, shrubs, and ground covers for the construction of vertical structures, 
is an important design strategy for planting in landscape architecture, which can maximize 
ecological value and artistic effects. According to the climate conditions of Tongxiang City, 
Zhejiang Province, combined with simulation results of the sunshine hours in this study, the 
following species combination is provided as a vertical structure design. The details are as 
follows (in the form of tree - shrub - ground cover): 
 Ginkgo biloba L. + Cinnamomum camphora (L.) presl + Pinus thunbergii Parl. —— 
Viburnum macrocephalum + Rhododendron Simsii Planch. + Aucuba japonica var.variegata 
D'Om-Brain —— Ophiopogon bodinieri. 
 Cinnamomum camphora (L.) presl + Michelia alba DC. —— Pittosporum tobira + 
Gardenia jasminoides Ellis + Amygdalus triloba (Lindl.) Ricker —— Oxalis corymbosa DC. 
  Pinus massoniana Lamb + Quercus variabilis Bl. + Liquidambar formosana Hance 
—— Kerria japonica. + Swida alba Opiz —— Iris tectorum Maxim. 
 Osmanthus fragrans + Michelia chapensis —— Aucuba japonica var. variegata 
D'Om-Brain + Rhododendron mucronatum (Blume)G.Don + Rhododendron pulchrum Sweet 
—— Acorus tatarinowii. 
 Koelreuteria paniculata Laxm. + Albizia julibrissin Durazz. —— Gardenia jasminoides 
Ellis + Hypericum monogynum L. —— Farfugium japonicum (L. f.) Kitam. 
 Acer buergerianum + Liquidambar formosana Hance + Sapium sebiferum (L.) Roxb. 
—— Hydrangea macrophylla + Viburnum macrocephalum —— Reineckia carnea (Andr.) 
Kunth) Lucky Grass. 
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 Osmanthus fragrans + Michelia maudiaeDunn —— Mahonia bealei + Nandina 
domestica —— Nandina domestica. 

4. Conclusions 

The principle of “right tree, right place” has long been recognized in the cultivation practice 
of landscape plants. Sunshine is one of the most important ecological factors, compared to 
other factors, such as temperature, moisture and nutrition, it is relatively stable in the same 
location. Therefore, researchers and practitioners in the field of landscape architecture can 
select appropriate plant types based on the sunshine data provided by the meteorological 
department. However, few studies have explored the microenvironmental state of the planting 
area, despite the great difference in sunshine due to the diversity of buildings and topography. 
This study adopted SOLWEIG model combined with the ArcGIS and AutoCAD software, to 
simulate the sunshine hours for the planting area. Then, suitable plant species and 
communities are provided according to the sunshine conditions of the planting area, thereby 
realizing the ideal of “right tree, right place” on the technical level. 
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