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Abstract - Under the guidance of " resilient city" theory, urban green space has become a key issue for urban air environment 
improvement .This paper examines the effects of green space layout on urban climate and environment, by simulating oxygen 
concentration, velocity and temperature field through GIS-CDF method, a new method for urban green space planning. Based on 
the characteristics of climate environment and the principle of landscape ecology, it proposes the strategy of green space layout 
optimization, in which a 1,005 ha of green spaces are suggested to be reconstructed as oxygen source regions and ventilation paths. 
By contracting the analysis result, the simulation results show that compared with the current green space pattern, a new green 
space plan can effectively improve the microclimate environment of the city. This study reveals the possible influence mechanism of 
green space layout on urban climate environment. 
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I. INTRODUCTION 

 
Rapid urbanization has resulted in ecological 

environmental problems, and many unsustainable 
trajectories have been recorded (Club of Rome, 1972), 
which have been paid attention by human society. 
Especially, experiencing more than 30 year’s economic 
development, China improved GDP growth by 
urbanization but neglected the negative effects of 
environmental pollution. The Club of Rome is a global 
think tank: https://en.wikipedia.org/wiki/Think_tank that 
deals with a variety of international issues, including the 
world economic system, https://en.wikipedia.org 
/wiki/Climate_change, and environmental degradation. It 
raised considerable public attention in 1972 with its report 
The Limits to Growth, see  https://en.wikipedia.org/wiki 
/The_Limits_to_Growth. 

The continuous ‘haze’ pervaded on most Chinese 
cities arises government’s attention, and how to improve 
urban environment become another important issue while 
pursuing economic development.  China National 
Development and Reform Commission issued ‘notice on 
the development of climate adaptation oriented city 
construction’ on August 2016, proposing that by 2020 the 
selected pilot cities will introduce ‘adaptation to climate 
change’ to economic and social development plan, urban 
planning and industrial development planning. On the 
basis of the features of urban climate environment, the 
concept of resilient city refers to a full consideration of 
city form, land use layout, spatial structure and 
organization form of building group. Optimizing the 
factors of spatial form to adjust the comprehensive design 
process of urban climate environment, aimed at changing 
urban climate environment.  

The urban green space system planning, as one of the 

most important special planning, is recommended by 
some urban specialist to be able to play roles of coping 
with clime risk and decreasing heat island effect. 
Generally, urban green space takes effects of fixing 
carbon, releasing oxygen, adsorbing pollutant particles 
PM2.5, as well as changing the urban micro climate so as 
to improve ecological environment (Barbosa et al., 2007).   
Air ducts in a city should be settled combining with urban 
green space system, and a large pieces of green space 
shuold be created or retained as the source of oxygen 
under the dominant wind direction of the city (Wong et al., 
2010). If the location of oxygen source and urban 
ventilation path can be coordinated correctly, a coupling 
effect of urban green space system and wind will help to 
effectively improve oxygen concentration (Feng, 2010).  
Recently, some scholars have focused on the researches of 
the micro climate environmental effects of urban green 
space, which are generally composed of three types:  
urban thermal environmental improved by green space 
based on remote sensing technology,  the relationship 
between vegetation index and urban micro climate 
environment, as well as  the thermal environment effect of 
urban green space based on air duct system (Yan, 2010; 
Zhang et al., 2006; Shao et al., 2004; Liu et al., 2013; 
Luan et al., 2014; Wang et al., 2014; Miao et al., 2013; 
Zhou et al., 2011; Li, 2008).  The existing research 
outcomes have three main deficiencies, namely, the lack 
of appropriate technical tools to provide a simple and 
accurate method of fulfilling 3-D climate and 
environment simulation and deepening the study of the 
relationship between landscape, structure and function;  
rarely integrated use of the concept of resilient city and 
the principle of landscape ecology to establish and 
optimize effective green space network planning, as well 
as the lack of the attention to the oxygen concentration 
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field simulation rather than only focusing on wind speed 
field and pollutant dispersion field.    

Under the guidance of the concept ‘Resilient City’, the 
climate environment that our research focuses on include 
wind environment, temperature filed and oxygen 
concentration field. Our study first analyzes the 
relationship between climate environment and green 
space layout, and proposes a land scape planning structure 
of urban green space system based on climate fixture and 
landscape ecological principles. Finally, we also try to test 
the rationality of sample planning scheme. Additionally, 
we emphasize on the prognosis and evaluation of the 
planning scheme for exploring the inner action 
mechanism between climate environment and urban green 
space layout, in order to plan a more resilient city.      

 
 

 

II. RESEARCH AREA 
 

Hengyang county, located in Hunan province of South 
Central China (see figure 1), is selected as the survey 
region of our research. Its four seasons are distinct with an 
annual average temperature of 18.0  and an average 
annual rainfall of 1329.4mm. Northerly winds and 
southerly winds prevail in winter and summer respectively, 
and the northeasterly winds with an average speed of 2m/s 
and a maximum speed of 18.7m/s prevail in the whole 
year. By 2013, the county had built an area of 16.9km2, 
with nearly 157 thousands of residents living there. 
Residential land in it accounts for about 35.1% of 
construction land, and industrial land accounts for nearly 
23.4%. The main forms of land use of Hengyang county 
include residential and industrial land. Green space covers 
an area of 579.97hm2, and the per capita area of parks is 
8.34m2.

    

 
Figure 1. Area bitmap 

Source: Drawn by authors. 
 
 

III. GIS-CFD METHOD 
 
A. Data Collection  
 

The land use data is mainly collected from 'Hengyang 
County Master Plan (2006-2020) (revised in 2013)'. The 
'Special Plan of Hengyang Country Greenbelt System 
(revised in 2014) ' offers information and data of urban 
greenbelt. We collect some construction information from 
the present map of city center of Hengyang county and 
field survey. The information of maps was completed 
through actual mapping survey by urban planning and 

design institution cooperated with some research groups. 
By using some software such as Auto CAD, Arcgis, our 
research extracts the images and information of buildings, 
roads, water, mountains, as well as Google satellite 
images (200m height) and topographic map (1:1000) 
(2014), which will be calibrated. Additionally, we also 
collect meteorological data (2000-2014) of Hengyang 
county from weather station, concerning temperature, 
wind speed and atmospheric humidity. Field 
measurements of oxygen concentration, wind speed and 
temperature were carried out from 1st to 3rd  October, 2016, 
with a testing time between 9:00am to 9:00pm. We set 30 
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testing points from a height of above 1.5 meters around 
Hengyang county, respectively located in commercial 
region (10 points), urban green region (10 points) and 
urban roads (10 points). Oxygen concentration samples 
were measured by methane oxygen two parameters 
measuring device, while wind speed (a range between 0.1 
to 30.0m/s) were measured by thermal anemometer 
device, while temperature measurement were by 8818 
temperature recorder. 

 
B. CDF Simulation 
 
B1. Establishment of City Digital Module 
 

The most important step of initial simulation is to 
convert complex city space to digital model by CFD (Yu 
and Zhang, 2007). Our analysis and investigation show 
that the urban digital modeling is originated from different 
parts of urban plot divided by the boundaries based on 
building density, FAR, building height, natural water 
system, main urban roads, as well as urban ventilation 
path. The main urban elements we set in our study include 
urban green space, urban building and impervious city 
surface. With the effects of cooling, humidifying and wind 
speed increasing, urban green space can be seen as 
'oxygen bar' which provides a large number of fresh 

oxygen source; urban building is regarded as energy 
consumption model, as the sources of oxygen absorption 
and heat release, which can change the rate and direction 
of winds; impervious urban surface includes buildings, 
roads and underlying surface of concrete, etc., with a 
effect of warming.  

 As shown in Figure 2, the urban green space model of 
Hengyang county is established by Hengyang topographic 
map (1:1000) and Gambit of CFD. The CFD simulation 
model can be assumed to establish a large scale of 3D 
geometry space-----a model with size of 
4,920*2,467*400m3. Being considered of wide range of 
simulation and the limit of PC simulation capacity, inner 
urban region is divided with main roads, secondary roads 
and green belt, and taking into account of building height, 
building density and green space layout, the part of land is 
merged into a whole, while the green space is separated as 
independent surface, and finish the simulation of the 
impact on urban climate environment by parameter setting. 
The initial setup condition variables of CDF model 
include wind speed, wind direction and temperature, etc., 
setting up both inlet and outlet in the corresponding 
position of the space, attached with relevant parameters 
(density, specific heat, thermal conductivity) and 
turbulence model, in order for achieve the purpose of 
simulating natural climate conditions.  

 

 
Figure 2. Model of Hengyang County. 

Source: Drawn by authors 
 

B2.Setting City Boundary and Initial Conditions 
 

After a city model creation, inputting some initial city 
simulation parameters covering longitude, latitude, season, 
month, temperature and wind speed. The set of wind 
speed will follow a mode of wind speed exponential index 
rate, and it can be expressed as Formula (1).  
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Where 1u is average wind speed at a known height of Z1; 

u is average wind speed at a calculated height of Z; and m 
is stability parameter. 
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According to wind resistance design specification and 
related researches, three types of land surface roughness 
have specific index (m), generally being set as 0.25, 
which is the value area of a medium sized city in which 
the heights of most buildings are more than 20m. Wind 
speed setting refers to the data collected from Hengyang 
weather station (2000-2015). The date of simulation is 
October 1, 2016. The average wind speed from weather 
station is tested in a height of more than 10m, thus we 
make a correction to the power function of ground wind 
speed within a height of 1.5m.  City average wind speed is 
2.0m/s, with a maximum of 18.7m/s, the temperature is 
295K, and a main wind direction of north east measured 
in the surveying day is going to be used. 
 
B3.  CFD Simulation Process  

 
CFD simulation is composed of three steps, meshing, 

model calculation and model convergence respectively. 

As air flow filed has the characteristics of turbulent 
viscosity, we thus choose turbulence model as the basic 
numerical analysis, and the higher order of the model, the 
higher accuracy of its prediction, resulting in an increase 
of the amount of calculation in turn. According to our 
required precision and usable computer resources, an 
optimal configuration for grid is going to be done through 
heterogeneous division of partly increasing grid density, 
and the number of grid in this study is divided into 
2,912,658.  

After meshing, the next step is to calculate this model. 
Due to the features of the non-compression and turbulent 
viscosity, air flow filed is usually non-isothermal, and the 
basic control will observe the momentum conservation 
formula (2) and energy conservation formula (3). The last 
step is the model convergence, in which the mathematical 
equations and parameters among systematic variables 
should be set up with repeating simulation and speeding 
up convergence.  
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(2) 

Where Fi is the mass force acting on the mass flow on a micro sphere; P is the surface force acting on the unit volume; μ is 
dynamic viscosity coefficient; λ is swelling viscosity coefficient (second viscosity coefficient), (Stokes hypothesis: λ=-2/3μ) 
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e: internal energy per unit fluid; mji: viscous stress tensor; Q: external heat of a unit mass fluid in a unit time; qi: 
heat per unit area 

 

 
 
IV. SIMULATION AND ANALYSIS OF GREEN SPACE 

LAYOUT 
 
A. Numerical Simulation of the Urban Climate 

Environment 
 

Figure 3 shows the oxygen concentration levels 
dispersed in a height of 1.5m off the ground. It is 
originated from urban green space and then spread into 
the air. Under the effects of dominated wind direction and 
ventilation path, oxygen concentration will decrease 
gradually with wind speed increased. Additionally, urban 
underlying surface have influence on the dispersion of 
oxygen concentration. Some impervious surfaces such as 
buildings and roads negatively affect the diffusion of 
oxygen concentration. In the case of Hengyang county, 
there are three parks and one reservoir located in the 
external regions, the dispersion of oxygen is consequently 
high enough, and especially due to the high vegetation 
coverage in Tiger Mountain Park, the oxygen 
concentration reach the peak. In Xidu old city region, in 
comparison, high population density and FAR cause the 
lack of green space and poor air quality, which make an 
increase of green space seems imperative. 

The horizontal diffusion condition of urban wind 

speed at a height of 1.5m is shown in Figure 2. Three 
parks respectively named Mizi, Qingshuilong and 
Yingmutang are located in external Hengyang county, 
which have open space, active airflow, and relative higher 
wind speed. When a north wind with speed reach a speed 
of 7m/s blow the city, urban wind speed deceases to less 
than an average urban wind speed of 2m/s, affected by the 
construction layout. A wind speed of only 1m/s exist in 
urban old region with high density of buildings, showing 
a poor wind environment in old region of Hengyang 
county, but the formation of ventilated corridor along the 
Yuan river is conducive to the diffusion of oxygen, as well 
as improves the micro climate environment of city old 
regions.  

In the case of the temperature filed at 1.5m height, 
because of high building density, lack of green space, the 
surface temperature is relatively high; while the green and 
open space , the surface temperature is relatively low, 
green space has an important significance effect to 
alleviate urban heat island. At the same time, under the 
influence of the dominant wind, the heat has the tendency 
of outward radiation. However, in the current mode of 
green layout, The overall temperature is relatively high, 
the heat island phenomenon is serious, green ecological 
environment effect is not well reflected. 
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It can be seen through comprehensive simulation that 
the impact factors of urban microclimate environment 
include urban green space layout, urban building height 
and urban construction density. Hengyang county has not 
formed the system-oriented ventilated corridor, and its 
urban air quality is poor especially in Xidu old region. In 
comparison, the city air quality in Yingnan new town and 
external region is better because of the improvement of 

urban micro climate by a large number of farmland, 
mountains and the flowing Yuan river.  By CFD 
simulation technology, we can thus discuss and analyze 
the influence mechanism of urban green space layout on 
urban climate environment, and accordingly put forward a 
strategy for urban optimization layout, in order to provide 
scientific basis for urban planning development. 

 

 
 

 
 

 
Figure 3. Oxygen concentration, velocity and   plane simulation in the case of urban green space pattern. 

Source: Drawn by authors
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B. Validation   
  

Some scholars have made validation to the simulation 
results of temperature filed, wind field and pollutant 
diffusion field (Zhou et al., 2014). Our research mainly 
validates the correlation between simulated results and 
filed monitoring data (see Figure 4), and their relationship 

can be expressed as 'y = 1.17 + 0.98 x ';R2(L) =0.684, 
with a measurement error of 8% between simulation of 
oxygen concentration and filed measurement, as well as 
an accuracy of 92%, which can be obviously seen that 
CFD model used in simulation of oxygen is accurate and 
reliable.  

 

  

Figure 4.Comparison between the numerical oxygen simulation and the field measurement 
Source: Drawn by authors 

 
C. Green Space Planning 
 

By the simulation and analysis of urban climate 
environment, we found that the green space of Hengyang 
county is insufficient, resulting in relative poor air quality. 
The green space layout based on climate characteristics 
will play an important role in increasing oxygen 
concentration and improving air quality. The Huxingshan 
park located in the southwest corner of Hengyang county 
covers an area of 44.3 hm2, and is the source of the 
oxygen released from mountain vegetation is dispersed 
into the air. Yuan river and its surrounding green space is 
the important ventilated path which introduces winds into 
the city, and thus need to be kept clear by increasing 
ecological corridor width, opening a 'wind-oxygen' 
corridor, as well as increasing green patch area. It is 
suggested to plan an ecological green space with smooth 
connection and balanced pattern, by introducing park, 
forest and farmland located in urban periphery into inner 
urban ecological environment. Additionally, making a 
perfect urban green space system network through 
combining city park green space, protective greenbelt and 
attached green space together based on the characteristics 
of county layout. The wedge green space located in the 
south eastern city will become ventilation path and the 
source of oxygen, through which the nature can be 
brought into the city.    

A ecological network system is going to constructed 
from macro regional scale. The mountain, farmland, 
highway, green belt of two sides of high-pressure corridor 
will provide ventilation path and oxygen source, keeping 

the continuity and connectivity of urban green space, 
making the city into the nature environment, and creating 
a harmonious and coexisting ecological environment 
network. As essential ecological element, Zhengshui river 
is planned as the primary ecological corridor, along which 
the ribbon park and green space are disposed to connect 
four reservoirs for strengthening its roles of ecological 
landscape zone, public leisure zone, and the green 
ecological corridor connecting inner and external urban 
spaces. The green wedge of  Jiangshanjiaoye park and 
Lianglitang park form a ventilation corridor, in which 
dense shelter forest will not be allowed to be grown. To 
promote air circulation along the highways between 
different urban regions,  other ventilation paths are 
suggested to be connected by spreading the protective 
green space of high pressure corridor,  Huai-shao railway 
and Chengnan road. Feng (2010)’s research shows that 
large area of green space is beneficial to improve 
ecological benefits in the case of the same rate of green 
space. Accordingly, our suggested planning is to expand 
the area of green land, open up the large type of 
ventilation corridor with in the city, and form a 
continuous ecological network together with large area of 
green space, effectively ameliorating urban oxygen 
environment.  

From intermediate perspective, we emphasize to build 
a ‘patch-corridor-stroma’ system. According to the 
principle of landscape ecology, park patch, green belt and 
green ring can form a diversified city landscape structure, 
as shown in Figure 4, road greening is the main part of 
urban green space system planning. 20-40 meters wide 
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green belt is arranged on both sides of urban roads will 
promote city ventilation and oxygen diffusion. Hengyang 
county area has a large number of industrial zones 
concentrated, and air pollution has been a serious 
problems. Therefore, it is necessary to build isolation zone 
(green space) between industrial and other city regions, 
not only for providing oxygen sources but improving air 
quality as well.  In addition, Rowntree et al find that when 
the city green rate is below 40%, the internal structure and 
spatial layout of green space system is a decisive factor 
affecting the ecological environment benefits, so we 
should optimize its internal structure and maintain 
diversity of green space system.  

From the microscopic scale, our planning scheme aims 
at greening the old urban region, expanding the area of 
oxygen source and maintaining the continuity of 
ecological corridor. According to the ecological principles 
of centralization and decentralization, greening the old 
urban region aims for making citizens having green sight 
within the range of 500m by positively carrying out the 
construction of roadside green space, community park, as 
well as waterfront greenbelt. In addition, internal walls of 
government buildings are suggested to be removed for 
building a more open green space. Buildings in urban old 
region are so intensive that the air quality in it is poor. We 
thus propose to open up the internal air circulation for 

connecting tiny spots of green series, while taking a 3D 
greening form including balcony greening, roof greening, 
and wall greening. 

To sum up, our research has built an optimization 
scheme of urban green space and landscape structure, 
together with the landscape ecology principles and 
Hengyang's future development pattern. A spatial 
structure of 'one-ring two-core, two-river two-axe, three-
wedge penetration' is formed, where 'one-ring' is the 
layout of protected green belt with a width of 10¬200m, 
along the Huai-Shao-Heng railway and outside of 
Chengnan road; 'two-core' means two ecological cores 
named Zhongzhou park and Qingshuilong park; 'two-
river' refers to Zhengshui river and the artificial canal 
built along Yingmu pond pool and Lianglitang reservoir; 
'two-axe' concerns two green axis called Haiying green 
road and Hongshan green road; 'three-wedge' is regarded 
as three ecological parks called Jiangshan country, 
Huxing mountain country, and Lianglitang. Besides, other 
green space within the city should play roles in optimizing 
its spatial layout pattern, coordinating the relationship 
between city landscape and city development, building 
impeccable urban green network system, improving urban 
ventilation environment, as well as fulfilling the 
ecological benefits of green space.    

 

 

Figure 5. Structure of green space system planning 
Source: Drawn by authors 
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D. Rationality Analysis of Planning Scheme 
 

In order to investigate the effective mechanisms of 
green space on urban distribution, we propose to plan 11 
comprehensive parks with a total area of 630ha, 59 street 
green space, community parks and ribbon parks with a 
total area of 874.04ha, 10 production-oriented green space 
with area of 130.63ha, 10 protected green belts with 
10~80m in width on both sides of high pressure corridors, 
highways and general roads, as well as affiliated green 
land with an area of 14,509.34m2. The planning and 
design of green space forms a spatial layout model of 

point-line-plane; three wedge-shaped green spaces are 
formed in city periphery, and green belt and community 
parks are arranged in the city interior, and massive 
protective green space is increased, which obviously 
increase larger area of oxygen diffusion than the present 
situation, so as to significantly improve urban wind speed, 
and simultaneously to make urban ventilation more 
smooth. The average cooling rate near the city park is 
0.96 centigrade. Compared with the status of green space 
layout (Figure 6), the increase in green space is improving 
urban climate environment significantly. 

  

 
 

 
 

 
Figure 6.Plane and section analysis on the diffusion simulation of oxygen concentration ,velocity and  temperature under the influence of planning urban 

green space pattern 
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V. CONCLUSION AND DISCUSSION 
 

The comprehensive application of CFD model, GIS 
technology and landscape ecology theory is a method 
innovation in urban green space special planning, and 
meanwhile scientifically interprets the development 
concept of 'resilient city'. In this study, we established a 
comprehensive urban green space network planning 
program and versified its rationality, by which it is found 
that the planning scheme will effectively improve the 
urban ventilation，oxygen environment, as well as heat 
environment.  

It is a new idea to apply CFD numerical simulation 
technology and the numerical calculation of 
hydrodynamics in exploring the relationship between 
urban green space layout and urban climate. We model the 
city digital map, divide the grid, establish the turbulence 
model for the fluid in urban space, set the initial boundary 
condition, and simulate the oxygen concentration field, 
wind speed field and temperature field. According to the 
simulation results, the program optimization design and 
reasonable verification has been done so as to better guide 
the urban planning and design. What's more, we finish a 
data measure in the case area, and the correlation analysis 
results of up-to-92% relevance between oxygen 
concentration simulation and measured value show an 
effective CFD numerical simulation. 

Combined with the principle of landscape ecology, 
this paper finally puts forward an overall aims for 
Hengyang county by 2020, namely, developing green 
space in an area of 1,005ha as the oxygen source and 
ventilation path. At the regional scale, we propose a 
construction of three-green-wedge and urban green ring, 
and building a large scale of regional ecological network; 
at the urban scale, strengthening the system organization 
of 'plaque-corridor-matrix', increasing the continuity of 
wind path; lastly in the neighborhood scale, opening up 
enclosure space with greening and building an internal 
microcirculation system for different urban zones. The 
results show that urban climate environment can be 
improved significantly by increasing green space in the 
scientific and suitable location. 

Our research focuses on the simulation of oxygen 
diffusion mode by the use of CFD model, so as to study 
on the optimization of green space layout based on 
oxygen concentration, temperature and urban ventilation 
path. However, the limited simulation capacity of 
computer makes our research only working on those 
urban green patches which reach a certain scale, 
unfortunately ignoring the influence of urban micro green 
space on oxygen concentration diffusion. In addition, our 
research can be also done on the basis of variety of 
influencing factors (i.e. PM2.5 and dispersion of air 
pollutants), so as to make a further guide of urban green 

space planning, and the existing limitations of this study 
need to be resolved with the accumulation of related study 
experiences in the future. 
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