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Research on the Greening Rate and Spatial Differences
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ABSTRACT

Residential green spaces are one of the most frequently
used urban green space types. Aiming at filling a gap

in the existing greening indicators with considerations

on the spatial differences of residential green spaces,

as well as to inform the improvement of urban green
space service, three greening indicators, i.e. residential
unit’s green coverage rate, green view index, and park
ratio within a 500 m service radius, are proposed in this
paper. This study selects 14,196 residential units in built
area of Shenzhen City in 2017 to measure the greening
rate and the geographic spatial factors of the units upon
multi-sourced geographic databases such as land cover
maps and street view images. The research reveals that:
1) the three indicators can all independently measure

the greening rate within or around residential units; 2)
the studied residential units are low in residential unit’s
green coverage rate and park ratio within a 500 m service
radius, but high in green view index; 3) there are significant
disparities of the greening rate and the surrounding
parks in 500 m service radius among the studied units,
and among different housing property rights, showing a
disequilibrium in green space service; and 4) the greening
rate of residential units is mainly impacted by factors such
as development intensity, types of housing property right,
altitude, and location. In conclusion, it is suggested that
urban green space layout should prioritize improving the
spatial distribution and layout of residential green spaces,
especially for the socially vulnerable population. Finally,
the study points out that the park ratio within a 500 m
service radius can be adopted as a supplement to existing
greening indicators for residential areas.
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1 Introduction

Collectively, urban green space refers to all kinds of individual green spaces that
are mostly covered by Vegetation and contribute to local ecology, recreation,
landscape, and protection'] wherein the ecological benefits include carbon
sequestration, air purification, Urban Heat Island Effect mitigation, and filtration
and reduction of stormwater runoff”"’!, As a critical component to the urban
landscape, urban green spaces have proven their benefits to people’s physical and
mental health, as well as social activities'""”’. Green spaces within and around
residential areas could encourage residents to visit for the opportunities of social
cohesion and physical exercise, so as to alleviate residents’ psychological pressure
and reduce obesity, violence, and crimes®"”). To facilitate the promotion of people’s
well-being, research on the equality of residential green space service is expected.

Existing indicators, e.g. urban green rate, urban green coverage rate, and the
per capita green area of the park, are primarily used to quantitatively assess the
overall amount of urban green spaces'™ with little consideration on the spatial
pattern relationship between green spaces and residential areas—especially to the
vulnerable groups who live in the areas lacking green spaces”™'*. China’s increase
in urban property rights of houses—including commercial housing with varied
living densities, dormitories, affordable housing, and urban villages—have resulted
in the diversity of urban green space creation. However, no corresponding changes
do the two-dimensional indicators bring to assesses three-dimensional spatial
morphology and landscape effect. Given that visual perception contributes to
about 80% ~ 90% of the information a person receives from the environment'"”,
streetscapes and the trees within residential areas are the mostly frequent objects
of visual perception'®’. The visibility and Living Vegetation Volume of residential
green spaces can be improved by adding more small-scale green spaces and
vertical greenery!'”). Therefore, the evaluation of visual greening (including street
greening, and trees, lawn, and other greenery within residential areas) can indicate
the greening rate of urban spaces. However, systematic research on the three-
dimensional distribution of the greening of urban residential areas is still absent"*),
Green view index"”, an indicator of the greening rate of urban spaces, can be
used in such research, which is also promoted by the increase of data availability
as well as the advance of computer image-processing capability™*"!. A further
exploration on how to increase the accuracy in measuring the spatial differences
of residential green spaces can inform the improvement of the city’s green space
service.

In response, the study is carried out in the residential neighborhoods (residential
unit hereafter) in built areas of Shenzhen City, to verify the research method that
measures the greening rate and spatial difference of residential units to inform
the improvement of the city’s green space service via three greening indicators, i.e.
residential unit’s green coverage rate, green view index, and park ratio within a
500 m service radius, through statistical analyses upon multi-source geographic

databases such as land cover maps and street view images.
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@) Land plot is the basic unit in urban land management with clear ownership and

land use category (Source: Ref. [25]).
(2 Data source: Shenzhen Municipal Bureau of Planning and Natural Resources.
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2 Data Source and Research Method

2.1 Study Object and Sample Selection

This paper focuses on Shenzhen, a Chinese Garden City, where the built area
boasted 362.67 km* green space” with a green rate of 39.2%, a green coverage
rate of 45.1%, and 16.45 m” per capita green area of the park”’, according to the
statistics of 2016. Compared with the nationwide data at that time, the last three

1231 Apparently, the

indicators were 36.34%, 40%, and 13.16 m?, respectively'**
greening level of built areas in Shenzhen has been relatively high.

The research selected all kinds of residential units—which refer to the land
plot” covering residential buildings in the general survey map of urban land use—in

261281 According to the Land Use Survey®

built area of Shenzhen as study samples
offered by Shenzhen Municipal Bureau of Planning and Natural Resources in 20135,
the city accommodated 19,575 residential units. Shenzhen Building Survey® in 2014
reported that the property rights of residential buildings were commercial housing
(affordable housing included), farmer housing (urban village and housing with
limited property right included), dormitories (part of housing with limited property
right included), and other housing. This research measures the land area, building
covering area of all buildings, total floor area of each residential unit, and calculates
indicators such as Floor Area Ratio (FAR) and Building Density (BD). The research
identifies the building density levels of the residential units by FAR median (2.0), and
divides commercial housing into high-density ones (FAR > 2.0) and low-density ones

(FAR < 2.0).

2.2 Calculation of Greening Indicators

According to the existing evaluation methods, this paper puts forward three
greening indicators to measure the greening rate and spatial difference of the
residential units, namely green coverage rate (GCR), green view index (GVI), and
park ratio within a 500 m service radius (PRS).

(1) Green coverage rate

Based on the land cover map of Shenzhen from 2017 high-resolution
multispectral panchromatic SPOT-5 image®”, GCR is the ratio of the vertical
projection area of all vegetation (VPA) within the residential unit (RUA) by

ArcGIS.”® The calculation formula is:
GCR = VPA/RUA x 100% (1)

(2) Green view index

GVTI is generated via Tencent Street View, which covers the most comprehensive
streetscape data of Chinese cities in an immediate update compared with other
street view providers such as Baidu and AutoNavi”". During May to June 2017, the
authors fetched all the street data of Shenzhen (captured from January 2013 to May
2017) and gained 1,167,200 street view images from 291,800 sampling points in

total. The GVI of a sampling point is the mean greenery ratio in street view images
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taken from 4 directions, i.e. front, back, left, and right along the road (GA) to the
total area of the images (IA)*". The GVI of a residential unit adopts the mean value
of all sampling points within the unit and main surrounding roads/paths (in the
100 m buffer zone around the unit)®. Particularly, if the buffer zones of two adjacent
residential units intersect, the sampling points in the overlapping areas will not be

calculated repeatedly. The formula shows below:
GVI = GA/IA x 100% (2)

(3) Park ratio within a 500 m service radius

Combining the green space accessibility and urban green rate””, this study
employs PRS to quantify the park service of each residential unit. It is the ratio of
the area of all kinds of parks (including urban parks and community parks)® within
a 500 m buffer zone around the unit (PA) to the total area of the buffer zone (BA).

The calculation formula is as follow:
PRS = PA/BA x 100% (3)

2.3 Database Establishment and Statistical Analysis

This research establishes a database about the 19,575 studied residential units
via ArcGIS. To avoid the deviation caused by the residential units of a smaller size
or of inadequate GVI sampling points, the research eliminates the ones of a land
area less than 2,000 m’, or total floor area less than 1,000 m?, or GVI sampling
points less than 10”". 14,196 residential units are obtained for statistical analysis,
and the three indicators of each unit as well as the corresponding mean value
and standard deviation (SD) are calculated. For examining the geographic spatial
factors influencing the greening rate of units, a total of 14 independent variables
are adopted for the linear regression analysis in accordance with relevant

studies?!?*

and data availability. The types of independent variables (including
properties, locations, and surrounding environments of residential units) are taken
as dichotomous variables encoded by dummy variables, and classified into 14
categories, namely land area, building quantity, BD, FAR, commercial housing (yes/
no), dormitory (yes/no), farmer housing (yes/no), other housing (yes/no), within
Shenzhen Pass® (yes/no), distance from CBD, amount of bus lines, on mountain
foot (yes/no), in waterfront (yes/no), and altitude. The dependent variables are

GCR, GVI, and PRS.

(3 According to Shenzhen Urban Planning Standards and Guidelines (2013), the width of urban roads in
Shenzhen is 12 ~ 80 m, which can be fully covered by the 100 m buffer zones in the research.

@) The parks in this research include all the green space types defined in Shenzhen Urban Planning Standard
and Guidelines (2013). Considering the local conditions of land use reality, Park Land and Square is
subcategorized into Parks and Squares, wherein the former is divided into Urban Parks (including general
parks and special parks) and Community Parks (including commons and belt parks).

(B “Within Shenzhen Pass” refers to the former special economic zones of Shenzhen, namely District of
Futian, Luohu, Nanshan, and Yantian.
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® The green rate in built area of Shenzhen is calculated as the ratio of the park area
to the build-up area, according to the data of Land Use Survey in 2015.

(7) The average GVI of the roads in built area adopts the average GVI of all the
sampling points on roads.

@ As the buffer zone of one residential unit which may be also a part of another
neighboring unit, the data of the three spatial distribution maps visualize the units
themselves only.
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3 Analysis on Greening Rate and Spatial Difference of Residential Units

3.1 Analysis on Greening Rate and Spatial Difference

The results show that there are slight positive correlations between the three
greening indicators (p < 0.01). The correlation coefficient between GCR and GVI,
GCR and PRS, and GVI and PRS is 0.24, 0.02, and 0.19, respectively.

Showing in Table 1, the average GCR of the studied residential units is only
32.7%, sharply lower than the green coverage rate (45.1%)"*’'; the average PRS
is just 8.6%, also lower than the green rate (18.6%) in built areas of Shenzhen;
the average GVI (30.5%) is roughly equal to that of the roads in built areas of
Shenzhen (31.5%)®, which is much higher than 25%, a standard for pleasant visual

1331 The results indicate

perception and mental status suggested by related studies
that the general greening rate of the residential units and the 500 m service radius
are relatively low, but the roads within and around the units relatively high.

In contrast, GCR (13.7%) and PRS (11.8%) have a relatively large SD, while
GVI (8.4%) owns a relatively small one. The high mean absolute deviation value
of GCR and PRS of each unit indicate a disequilibrium distribution of the greening
among varied units, as the same as the surrounding parks in 500 m service radius;
and the low mean absolute deviation value of GVI see a slight difference among the
roads within and around the units. This study quantifies and visualizes the spatial

distribution of GCL, GVI, and PRS by the natural breaks in ArcGIS® (Fig. 1 ~ 3).

3.2 Comparison on the Greening Rate of Different Housing Property Rights in the
Residential Units

Variance analysis evidences the significant differences in the greening rate of
different property rights of houses (p < 0.05). The three indicators of low-density
commercial housing and other housing are relatively higher, suggesting that the
two types of housings have the highest greening rate. Remarkably, the PRS of high-
density commercial housing is lower than the low-density one. The greening rate of
farmer housing and dormitory, where a large number of vulnerable population live,
is the lowest (Fig. 4). Social justice emphasizes that basic public services of socially
vulnerable groups should be guaranteed”"**. The poor GCR and PRS indicate the
deficiency in the spatial equality and social justice of green space distribution in

built areas of Shenzhen.

3.3 The Impact Factors of Greening Rate

In SPSS 17.0, three linear regression models are established. The Q-Q plot test
results show the dependent variables conform to normal distribution. Since the
values of variance inflation factors (VIF) of all the variables are smaller than 3,
multi-collinearity does not exist. The R values of GCR, GVI, and PRS are 0.318,
0.195, and 0.152 respectively, proving the explanatory effectiveness of the models,
whereas GCR the strongest.

The results show that most variables are in a same positive/negative correlation

with each other (Table 2). Among the high significance (sig. < 0.001), regression
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(a =-0.067); and GVI strongly correlates with building quantity (a = -0.073)
and dormitory (yes/no) (a = -0.088)—The data prove that the residential units of
non-commercial housing, larger land area, or farther away from CBD have a lower
GCR; and the ones of larger building quantity or in type of dormitory have a lower
GVI. Moreover, land area (a = 0.049) and distance from CBD (a = 0.188) both are
verified significant impact on PRS, revealing that the residential units of larger land
area and farther distance from CBD are surrounded with more parks. Overall, the
greening rate of residential units is influenced by many factors such as development

intensity, property rights of houses, altitude, and location.

4 Discussions

4.1 Analysis on the Factors Influencing the Greening Rate and Spatial Difference of
Residential Units

In sum, research results demonstrate that GCR and PRS of the studied residential
units are both relatively low while higher in GVI, and GCL and PRS are in greater
disequilibrium distribution as well.

The mean GCR is only 32.7%, greatly lower than the green coverage rate in
built areas of Shenzhen. A possible reason might be that the land of arbor projection,
roof garden, and grass planting tiles were counted as part of green coverage area,
leading to a higher result than the stipulated green space ratio of neighborhoods by
the Standard for Urban Residential Area Planning and Design which excludes such
land uses. According to regression analysis results, the significant spatial difference
of GCR is mainly caused by factors such as development intensity, within Shenzhen
Pass (yes/no), commercial housing (yes/no), altitude, land area, and distance
from CBD. This is maybe because of the green space ratio of neighborhoods
required by the Standard for Urban Residential Area Planning and Design which
merely cover the minimum GCR of commercial housing™®'. Another reason
might be that there are more commercial housings within Shenzhen Pass built
during the earlier urbanization, but farmer housings and dormitories are more

built in other districts of the city””.
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Table 2: Regression model results on variables and significance
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0 1= = _ ~ —
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(Yes = 1, No = 0] Foalue 510.7 265.5 196.2

iE
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NOTE

*means p < 0.01; ** means p < 0.001.
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The GVI indicator used in this study aims at measuring the road greening rate

of residential units. Generally, the higher the GVI value, the higher the construction

and maintenance level of urban road greening”’. Road greening is usually

invested, constructed, and maintained at a unified standard by municipal or district

governments— This could somehow explain why GVI is of a higher yet less spatial

disequilibrium distribution. The GVI findings suggest that the studied residential

units have a higher road greening rate, and the differences across them are small.

Meanwhile, GCR results evidence that the greening rate of residential units is

generally low, yet the difference between each other is significant. In other words,

the research findings imply that some residential units may have a high greening

rate of roads but of a low greening level in general, which is possibly resulted from

the diversity of green space patterns: For example, the green space beside residential

building, sub-community green space, and roof garden within commercial housing

and other housing largely contribute to the high overall greening rate, together with
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high greening rate of road”*"*”\. Although dormitory and farmer housing have a
higher road greening rate due to the well growth of trees, they often lack of other
types of green spaces that lead to a low overall greening rate'”.

Compared with that the green rate of built areas in Shenzhen is 18.6% and
the 500 m service radius of park green space covers 97.3% of residential units
and 90.9% of total residential area®, the mean PRS of the studied residential
units is only 8.6% with a large SD, indicating a considerable disequilibrium in
green scape distribution that lacks effective regulation (especially that closely
related with residential units)"*’.. This is probably because existing planning
standards mainly focus on the control of the total amount of urban green spaces.
This finding reveals that the construction of community-scale green spaces is
insufficient in the creation of smaller green spaces in residential units, and for

socially vulnerable groups less benefited from the park space distribution.

4.2 Causalities of Greening Rate Differences of Residential Units Among Varied
Housing Property Rights

The research finds out that low-density commercial housing and other housing
enjoy the highest greening rate. It may be because that the former was built in
the city’s earlier urbanization and often have superior location conditions, and
the latter was built on non-agricultural land (e.g. public cemeteris) where often
sit in sound ecological environment. The lower PRS of high-density commercial
housing than that of low-density one may attribute to the disparity in real estate
development upon the affordability and usage demands of consumer groups. The
consumers for high-density commercial housing are mainly the ones with a medium
affordability, and their basic service demands such a traffic accessibility should be
guaranteed; the low-density one serves those with a relatively high affordability
and needs for quality living environment and recreational opportunities'*'**),
In contrast, the greening rate of farmer housing and dormitory is unsatisfactory,
especially in GCR. It probably because the two types of housings are often densely
built with few green spaces'**. The lower GVI may be due to that the land property
right of both housings and surrounding land plots are owned by different investors
that is difficult to form public green space systems in the residential units*.
Besides, such housings often accommodate vulnerable groups, and developers
invest more in infrastructure and public service facilities, rather than environmental
and recreational uses'*. According to the research findings, future residential
construction of Shenzhen should prioritize improving the greening of high-density
commercial housing (such as high-density commercial housing) and residential

areas for vulnerable groups (such as farmer housing and dormitory).

(@ The proportion of the residential units covered by the 500 m service radius of park is calculated as the
ratio of the unit number within the 500 m buffer zone around parks to the total amount of units. The
residential unit area ratio is the ratio of unit land area within 500 m buffer zone around parks to total land
area of units.
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4.3 Innovation on the Supply Level Index of Parks Around Residential Units and
Related Suggestions

Existing studies evaluate park supply by indicators such as urban green rate
and per capita green area of the park!¥’""*”, The Evaluation Standard for Urban
Landscaping and Greening (GB/T 50563-2010) also includes the indicator
coverage ratio of park service radius (500 m), and expects a full coverage of
residential land in the 500 m service radius of parks. In fact, the three indicators
are used to measure the overall service level of urban green space, but failed to
assess the green space accessibility to specific residential areas, i.e. the spatial
relations between residential units and surrounding green spaces!*°/1°!,

Combining with urban green rate and green space accessibility, this research
proposes and calculates PRS, which measures the spatial distribution difference of
parks around residential units, and also the overall green rate of residential units
together with GCR and GVI. In addition, this research suggests that the greening
level of different housing types should be improved upon their specific spatial
characteristics and housing property rights. For instance, the PRS of high-density
commercial housing can be improved by adding small-scale green spaces and
increasing roof gardens on low-rise podium buildings; For farmer housing and
dormitory, it can be taken into account to plant more arbors and increase vertical

greening based on existing infrastructure such as streets, so as to improve GVI.

4.4 Research Limitation

The findings of this research need to be further verified because the data
used were collected in different years (such as Building Survey in 2014, Land
Use Survey in 2015, and street view of Shenzhen in 2017), which would cause

unavoidable inaccuracy in the calculation of FAR, BD, GVI, etc.

5 Conclusions

This research examines the residential units of built areas in Shenzhen to
establish a greening database integrating multi-source geographic data. According
to existing evaluation methods, this research proposes three greening indicators,
i.e. residential unit’s green coverage rate, green view index, and park ratio within a
500 m service radius, to delve into the greening rate and spatial difference among
the studied residential units, as well as the service justice of the city’s green spaces.

1) There are slight positive correlations between residential unit’s green
coverage rate, green view index, and park ratio within a 500 m service radius,
meaning that they can all independently measure the greening rate within or
around residential units. Overall, the studied residential units in Shenzhen are low
in green coverage rate, and park ratio within a 500 m service radius but high in
green view index.

2) There are spatial disparities in greening rate of residential units, showing the
disequilibrium in green space service. There are slight differences among the roads

within and around the units, while a significant disparity in spatial distribution
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among varied units, as the same as the surrounding parks in 500 m service
radius; The greening rate varies largely between different housing property rights,

wherein low-density commercial housing and other housing see the highest rate
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while farmer housing and dormitory the lowest. The conclusions explain that the

improvement in the fairness and justice of green space service—as a public goods—

and dormitory.

location.

is expected, particularly for the socially vulnerable groups living in farmer housing

3) Geographic spatial factors influencing residential unit greening rate mainly

include development intensity, types of housing property right, altitude, and

And 4) park ratio within a 500 m service radius, proposed in this research

as a supplement to existing greening indicator system for measuring the qualit
pPp g8 g Y g q y

of residential areas, may provide more targeted guidance to future planning and
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