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Abstract: With its ecological, economic, and social benefits, urban green space (UGS) plays an
important role in urban planning. Accordingly, it is also an important indicator in the evaluation of
urban liveability. However, the extraction and statistical analysis of UGS are difficult because urban
land use involves complex types and UGS exhibits fragmented distribution and common vegetation
extraction models such as the NDVI model and pixel bipartite model. In addition, there are few
studies that analyze UGS in Hangzhou with a pixel decomposition model. Therefore, applying the
mixed pixel decomposition model with GF-1 data, the following three objectives were set in this study:
(1) analyzing the temporal changes of UGS in Shangcheng District, Hangzhou from 2018 to 2020;
(2) analyzing the spatial distribution characteristics of UGS in the six main urban areas of Hangzhou
in 2020; (3) analyzing the rationality and influencing factors of UGS distribution in Hangzhou. In
Shangcheng District, the overall UGS area increased from 2018 to 2020 due to the increase in forest
area rather than grassland area. As for the main built-up area in Hangzhou, medium and high
coverage of UGS were primarily observed, with an overall high level of greening and a relatively
uniform vegetation cover. Only a few areas showed very low UGS coverage. Some differences were
observed among administrative regions under the influence of topography, but the overall coverage
is high. At the same time, the distribution of UGS in Hangzhou is closely related to policy guidance,
the needs of urban residents, and the requirements of economic development. This research not only
can provide a new way to analyze UGS features in Hangzhou but also provides scientific guidance
for governments in urban planning.

Keywords: urban green space; rationality; mixed pixel decomposition; GF-1

1. Introduction

Urban green space (UGS) refers to the natural environment connected with human
activities in an urban context, which is beneficial to human health, ecosystem protection,
as well as economic development [1,2]. It includes land used for greening within the
scope of urban construction land, areas that play a positive role in the urban ecological
environment, landscape structure, and life of residents, as well as areas that have a better
green environment in addition to urban construction land [3].

Green space system planning is one of the most basic and important aspects of urban
planning [4]. A green space provides not only leisure and exercise facilities for urban
residents, but also ecological, economic, and social benefits that cannot be underestimated.
UGS is an essential component of the urban complex ecosystem, and its system structure
and function are conducive to improving environmental quality, beautifying the landscape,
and maintaining urban ecological balance [5]. At the same time, UGS has the direct
economic output of producing seedlings and other greening products; there are also indirect
economic benefits associated with reducing urban losses, such as the energy-saving effect of
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green space on shading and wind protection, prevention of pollution through water storage
and soil conservation, and safety protection [6]. The social benefits of UGS are reflected in
that it can beautify the urban landscape and afford spiritual pleasure; meanwhile, residents
can relax and release mental stress through activities in the green space [7,8].

UGS provides numerous environmental and social benefits for human beings, but
with the acceleration of urbanization and population growth, the uneven distribution of
UGS poses a challenge to urban sustainable development [9]. As the administrative center
of Zhejiang Province, Hangzhou has experienced early and rapid urbanization. To improve
the life quality of urban residents in the process of urbanization, relevant administrative
departments are also paying close attention to the planning and maintenance of UGS. It
mainly includes park green space (such as the West Lake and Xixi wetland), urban forest
green space (such as Hangzhou Botanical Garden, Banshan National Forest), community
greening, highway greening, and so on. Moreover, Hangzhou is also one of the most
suitable cities for living in China and is developing rapidly, with a constantly expanding
urban area. For residents and construction planners, it is important to determine whether
green space area, green space distribution, and green space service, which are closely
related to daily human life, can match the city status of Hangzhou and be coordinated with
its economic development. Therefore, accurate and efficient extraction of UGS location,
area, coverage, service area, and other parameters are helpful for accurately assessing the
rationality of UGS distribution and improving urban ecological construction planning.

With progresses in research, remote sensing methods for green space extraction are
increasingly being developed, and the efficiency of the intermediate process and accuracy
of results are continuously being improved. Commonly used remote sensing methods of
green space extraction include artificial statistics, traditional classification, vegetation index
extraction, and mixed pixel decomposition.

Combining manual interpretation with ground survey results, Liu, Zhang and Li [10]
analyzed the green space information during two periods in Harbin using ArcGIS software.
Yao, Wu, and Kang [11] performed false color synthesis based on the combination of 3, 4,
and 7 bands of TM data, through which they extracted UGS information using supervised
classification. Jin and Jing [12] combined ISODATA unsupervised classification and GIS
spatial analysis to analyze the service area of green space distribution and put forward
reasonable planning suggestions. Based on object information extraction, Chen, Zhao, and
Chen [13] comprehensively and quickly grasped the total amount and distribution of UGS
in a study area using the NDVI model. To improve the accuracy of vegetation recognition,
Liang et al. [14] modified the Gram–Schmidt fusion algorithm by using the idea of mixed
pixel decomposition and solved the issues of serious mixing and scattered distribution
of UGS pixels by improving the spatial resolution of spectral data. Tian [15] obtained
accurate information on UGS coverage from remote sensing data based on the principle
of linear mixed spectral model and used MODIS time series to obtain the interannual
variation of UGS coverage, through which the change of UGS cover could be effectively
monitored periodically.

Tigges, Lakes, and Hostert [16] used the support vector machine method to classify
eight common tree genera in Berlin, Germany and used time series analysis to evaluate the
necessity of UGS in urban residential life and urban ecosystem services. Huang et al. [17]
used NDVI to obtain an urban land cover map and combined it with gridded population
data to calculate the accessibility and accessibility of UGS. Tooke et al. [18] used a method
based on spectral decomposition and statistical development decision trees to classify the
species and status characteristics of UGS, and this method realizes the accurate separation
of trees and surface cover vegetation. Rougier et al. [19] proposed an active learning
algorithm that combines active learning and hierarchical strategy for extracting UGS,
and the results showed that this method is as effective as the classical stratified random
sampling algorithm.

As one of the fastest-growing cities in China, issues in Hangzhou have implications for
China’s rapid economic development. Specifically, it remains unclear whether Hangzhou’s
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current UGS coverage matches economic development, and whether its spatial structure
is reasonable. To address these issues, this study takes the main urban area of Hangzhou
as an example to analyze its UGS coverage and spatial distribution. To this end, the
PMS data of the GF-1 satellite, with spatial resolutions of 8 m in the multi-spectral band
and 2 m in the panchromatic band, were used. The main objectives were as follows:
(1) analyzing the temporal changes of UGS in Shangcheng District, Hangzhou from 2018
to 2020; (2) analyzing the spatial distribution characteristics of UGS in the six main urban
areas of Hangzhou in 2020; (3) analyzing the rationality and influencing factors of UGS
distribution in Hangzhou. A full understanding of the characteristics of UGS can guide
relevant administrative departments in planning urban green space, which can make the
UGS level of Hangzhou match the urban social and economic development better.

2. Materials and Methods
2.1. Study Area

This study focused on the main area of Hangzhou (119◦10′′ E–120◦38′′ E, 29◦35′′ N–
30◦34′′ N), the capital of Zhejiang Province. Hangzhou is the center of the province in terms
of economy, culture, and education, with 10 districts, 2 counties, and a county-level city
under its jurisdiction. Hangzhou is located on the southern edge of the Yangtze River Delta
and the Qiantang River basin, with a complex and diverse topography. The western part of
Hangzhou has a primarily hilly topography, with Tianmu Mountain as the main mountain
range, whereas the eastern part belongs to the northern Zhejiang plain. With a flat terrain
and a dense river network, Hangzhou has been given the title “water village”. The selected
six districts in this study are regarded as the main built-up area of Hangzhou with a long
history of development; most districts are located north of the Qiantang River except the
Binjiang District.

The main built-up area studied in Hangzhou contains six districts: Shangcheng District,
Xiacheng District, Xihu District, Gongshu District, Jianggan District, and Binjiang District.
Figure 1 shows the specific study area. Among them, Shangcheng District has a long history
and has been the core of Hangzhou since ancient times, as Hangzhou Municipal People’s
Government is located there. With an area of 26.06 km2, the population of Shangcheng
District was up to 350 thousand at the end of 2020. Therefore, this research took Shangcheng
District as an example to explore the temporal changes in UGS in Hangzhou.
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Figure 1. Study area.

2.2. Data

In this study, GF-1 data were used. The GF-1 satellite, launched on 26 April 2013,
is the first satellite in the major space-based system of the Chinese high-resolution Earth
observation system. It offers key advantages, such as high spatial resolution, and multi-
spectral and wide coverage optical remote sensing. The GF-1 satellite is equipped with a
WFV sensor (spatial resolution of 16 m) and PMS sensor (spatial resolution of 8 m in the
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multi-spectral band and 2 m in the panchromatic band). Table 1 shows the main parameters
of the GF-1 satellite.

Table 1. Main Parameters of GF-1.

Sensor Band
Number

Wavelength
(µm)

Spatial
Resolution (m)

Width
(km)

Side Pendulum
Angle

Revisit
Cycle

PMS

1 0.45–0.90 2

60 ±35◦ 4 Days
2 0.45–0.52

8
3 0.52–0.59
4 0.63–0.69
5 0.77–0.89

The PMS data of the GF-1 satellite of Shangcheng district from 2018 and 2020 were
used to analyze the temporal change of the core area of Hangzhou, while the other three
images covering the six districts in 2020 were used for the analysis over the entire study
area. All the selected images have low cloud cover and good imaging conditions, which
meet the requirements of the research.

The statistics used for verification are from the “Statistical Yearbook of Shangcheng
District in 2018”. The green area and green space coverage of the entire district by the
end of 2018 are given in Chapter 9, “Urban Construction, Environmental Protection and
Production Safety”. The data can be used as an index to examine the accuracy of the results
of green space extraction.

2.3. Data Pre-Processing

For image pre-processing, radiometric calibration, atmospheric correction, orthorec-
tification, and data fusion were mainly applied. To obtain a multispectral image of high
spatial resolution (2 m), the panchromatic (PAN) images were fused with the multispectral
(MS) images using the Pansharpening tool in ENVI.

To improve accuracy and analyzability, the normalized difference water index (NDWI)
was used to extract and mask water bodies in the study area. NDWI is a normalized ratio
index established on the basis of the spectral reflectance characteristics of water bodies in
the near-infrared and green bands. In theory, NDWI > 0 indicates water or snow cover on
the ground. Therefore, NDWI can be used to extract water body information using a value
of 0. The results of masking are shown in Figures 2 and 3. Through masking, water bodies,
including the Qiantang River and the West Lakes, could be removed clearly, thus showing
satisfactory performance.
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2.4. Method

Pixels in remote sensing images mostly comprise several types of ground features
but rarely comprise uniform features. Therefore, the mixed spectral information of pixels
often has a certain impact on the accuracy of image interpretation [20]. Mixed pixel
decomposition is an extraction method for estimating the percentage of typical objects in
each pixel based on the pixel value of each pixel in each band. This technique can reduce the
problem of misclassification. There are many models of mixed pixel decomposition, such
as the linear model, probability model, geometrical optics model, and random geometric
model. Among them, the linear decomposition model has the advantages of simple working
principles and convenient operation. It is one of the most widely used and most extensively
developed mixed pixel decomposition models at present.

A linear spectral mixed pixel decomposition model was used in this research. In this
model, the spectrum of each pixel is a linear combination of the characteristic spectrums of
its endmember components and their corresponding abundances. The abundance of an
endmember is the ratio of the endmember’s photometric vector to the overall spectrum [21].
The linear-spectral-mixed-pixel may be represented using Formula (1):

S =
n

∑
i=1

aiXi + W (1)

where S refers to the m-dimension spectral vector of mixed pixels, m is the number of
bands in the spectral cube, Xi refers to one of the endmembers, and ai is its abundance
value. W denotes the observation error. The constraints are as follows: ∑n

i=1 ai = 1 and
0 ≤ ai ≤ 1.

Using these two constraints, the fully constrained least square method can be used for
linear mixed pixel decomposition. In this study, the external extension tool FCLS Spectral
Unmixing of ENVI 5.3 (U.S) software was used for image processing.

To improve the accuracy of mixed pixel decomposition, certain principles need to
be followed in the selection of endmembers. Methods of obtaining endmembers include
the acquisition of endmembers from the existing spectral information database of ground
objects, direct selection of endmembers from the image, and combination of the two [22].
In mixed pixel decomposition, the number of selected endmembers does not usually
exceed “band number + 1”. As GF-1 data have four multi-spectral bands, the number of
endmembers cannot exceed 5.

The following four endmembers were selected directly from the image: forest, grass-
land, bare land, and urban land (including roads and building areas). The sum of forest
and grassland were regarded as UGS.
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3. Results
3.1. Extraction of UGS of Shangcheng District

To explore the temporal change of urban green space in Shangcheng District, the
mixed pixel decomposition model was used to extract UGS from the remote sensing images
of Shangcheng District in 2018 and 2020. The extraction results are shown in Figure 4:

Sustainability 2023, 15, 12027  6  of  18 
 

where  S  refers to the m-dimension spectral vector of mixed pixels, m is the number of 

bands in the spectral cube, 𝑋𝑖  refers to one of the endmembers, and  𝑎𝑖  is its abundance 
value. 𝑊  denotes the observation error. The constraints are as follows: ∑ 𝑎𝑖 1 and 
0 𝑎𝑖 1. 

Using these two constraints, the fully constrained least square method can be used 

for linear mixed pixel decomposition. In this study, the external extension tool FCLS Spec-

tral Unmixing of ENVI 5.3 (U.S) software was used for image processing. 

To improve the accuracy of mixed pixel decomposition, certain principles need to be 

followed in the selection of endmembers. Methods of obtaining endmembers include the 

acquisition of endmembers from the existing spectral information database of ground ob-

jects, direct selection of endmembers from the image, and combination of the two [22]. In 

mixed pixel decomposition, the number of selected endmembers does not usually exceed 

“band number + 1”. As GF-1 data have four multi-spectral bands, the number of endmem-

bers cannot exceed 5. 

The following four endmembers were selected directly from the image: forest, grass-

land, bare land, and urban land (including roads and building areas). The sum of forest 

and grassland were regarded as UGS. 

3. Results 

3.1. Extraction of UGS of Shangcheng District 

To explore  the  temporal change of urban green space  in Shangcheng District,  the 

mixed pixel decomposition model was used to extract UGS from the remote sensing im-

ages of Shangcheng District in 2018 and 2020. The extraction results are shown in Figure 

4: 

 

Figure 4. The green space distribution of Shangcheng District in 2018 and 2020: (a-1) forest, 2018; (a-

2) grassland, 2018; (a-3) UGS, 2018; (b-1) forest, 2020; (b-2) grassland, 2020; (b-3) UGS, 2020. 

According to Figure 4, there are some interesting findings: (1) the forest is concen-

trated in the western part of the district; (2) the grassland is generally concentrated in the 

built-up area, such as along the street or in public parks, and most of them showed linear 

or blocky features in Figure 4. As for the temporal change, it is clear that the area of grass-

land presents a decrease  from 2018  to 2020, which may be due  to urban construction. 

Overall, the total UGS area (including the forest area and grassland area) increased from 

2018 to 2020. 

   

Figure 4. The green space distribution of Shangcheng District in 2018 and 2020: (a-1) forest, 2018;
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According to Figure 4, there are some interesting findings: (1) the forest is concentrated
in the western part of the district; (2) the grassland is generally concentrated in the built-up
area, such as along the street or in public parks, and most of them showed linear or blocky
features in Figure 4. As for the temporal change, it is clear that the area of grassland presents
a decrease from 2018 to 2020, which may be due to urban construction. Overall, the total
UGS area (including the forest area and grassland area) increased from 2018 to 2020.

3.2. Extraction of UGS of the Main Urban Area of Hangzhou
3.2.1. Special Distribution of UGS in Hangzhou

Based on the masked images, the mixed pixel decomposition model was used with four
endmembers to extract the UGS: forest, grassland, bare land, and urban land. The extraction
results are shown in Figure 5 and the overall UGS distribution is shown in Figure 6.

First, it can be seen that the urbanization development of Hangzhou has been of quite
a high level, as shown in Figure 5d, and almost all the land had been used for urban
construction except for the mountain areas (mainly located at the west of the area).

When it turns to the UGS, the level of UGS (including forest and grassland) coverage
is high, and the main forms of urban greening are as follows. (1) Blocky green space: this
pattern mainly appears in residential areas, close to buildings or even on the roof of build-
ings. (2) Linear green space: this pattern mainly appears along roads or rivers and canals,
and can be easily distinguished from the surrounding objects in the image. (3) Natural
green space: this type occurs as natural or artificial forest reserves, and mountains, such as
the West Lake and Xixi Wetland.

As for the distribution of UGS, the areas with high UGS coverage appear in the west
and north of the region, which is more likely natural green space. In the center of the region,
the UGS is mainly blocky green space and linear green space.
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3.2.2. Special Distribution of UGS in Each District

The results of mixed pixel decomposition were clipped according to different adminis-
trative regions to obtain the greening conditions of each district. The results are presented
in Figure 7, and the distribution of UGS in each district is shown in Figure 8.
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Figure 7. The results of mixed pixel decomposition in each district: (a-1) forest, Shangcheng;
(a-2) grassland, Shangcheng; (b-1) forest, Xiacheng; (b-2) grassland, Xiacheng; (c-1) forest, Jiang-
gan; (c-2) grassland, Jianggan; (d-1) forest, Gongshu; (d-2) grassland, Gongshu; (e-1) forest, Xihu;
(e-2) grassland, Xihu; (f-1) forest, Binjiang; (f-2) grassland, Binjiang.

Sustainability 2023, 15, 12027  9  of  18 
 

 

Figure 7. The results of mixed pixel decomposition in each district: (a-1) forest, Shangcheng; (a-2) 

grassland, Shangcheng; (b-1) forest, Xiacheng; (b-2) grassland, Xiacheng; (c-1) forest, Jianggan; (c-2) 

grassland, Jianggan; (d-1) forest, Gongshu; (d-2) grassland, Gongshu; (e-1) forest, Xihu; (e-2) grass-

land, Xihu; (f-1) forest, Binjiang; (f-2) grassland, Binjiang. 

 

Figure 8. The distribution of UGS in each district: (a) Shangcheng; (b) Xiacheng; (c) Jianggan; (d) 

Gongshu; (e) Xihu; (f) Binjiang. 

Due to natural green space (such as mountains), the UGS coverage in Xihu, Shang-

cheng, and Gongshu District are extremely high. Meanwhile, linear UGS can be observed 

in Shangcheng District and Xiacheng District, indicating the high level of street greening 

and road greening. This also confirms the high level of urbanization in these two districts. 

Finally, the coverage of forest is higher than that of grassland according to Figure 7, which 

indicates that urban greening in Hangzhou is primarily achieved by planting trees rather 

than turfing. 

   

Figure 8. The distribution of UGS in each district: (a) Shangcheng; (b) Xiacheng; (c) Jianggan;
(d) Gongshu; (e) Xihu; (f) Binjiang.

Due to natural green space (such as mountains), the UGS coverage in Xihu, Shangcheng,
and Gongshu District are extremely high. Meanwhile, linear UGS can be observed in
Shangcheng District and Xiacheng District, indicating the high level of street greening
and road greening. This also confirms the high level of urbanization in these two districts.
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Finally, the coverage of forest is higher than that of grassland according to Figure 7, which
indicates that urban greening in Hangzhou is primarily achieved by planting trees rather
than turfing.

4. Discussion
4.1. Accuracy Analysis

The accuracy was analyzed mainly based on the green spaces extracted from the
Shangcheng District in 2018. First, the calculation results are compared with the statistical
results. Second, different samples are selected, and multiple extracts are used to analyze
the differences in different results. Finally, the results are compared with the penetration
NDVI and pixel bipartite model.

4.1.1. Comparison with Statistical Yearbook

In mixed pixel decomposition model, because forest and grassland were used as
endmembers and the UGS coverage refers to the vertical projection area of all forest and
grassland in the area, it is necessary to calculate the sum of forest area and grassland area
when calculating the UGS area. The calculated forest area was 6.52 km2, the grassland area
was 2.96 km2, and therefore, the total green space area was 9.48 km2. Accordingly, the
coverage percentage of UGS was 36.38%.

In this study, as good-quality images were used and the spatial resolution was as
high as 2 meters after image fusion, image quality did not strongly affect the results of the
three green space extraction methods. According to the data provided in the “Statistical
Yearbook of Shangcheng District in 2018”, by the end of 2018, the green space coverage rate
of the whole district was 35.04%. It can be regarded that the result calculated by mixed
pixel decomposition model is quite close to the statistical data.

4.1.2. Stability Analysis

To verify the stability of the results obtained using the mixed pixel decomposition
model, it was repeatedly implemented for Shangcheng District using several groups of
endmembers. The calculated results are shown in Table 2.

Table 2. Stability analysis of the mixed pixel decomposition model.

NO. Forest Area (km2) Grassland Area (km2) UGS Area (km2) Percentage of UGS (%)

1 6.53 2.96 9.48 36.38
2 7.78 1.80 9.58 36.76
3 6.36 2.54 8.9 34.15
4 6.32 2.92 9.24 35.46
5 6.12 2.37 8.49 32.58
6 7.38 1.96 9.34 35.84

The analysis of green space extraction with different groups of endmembers showed
that the results are stable and close to the yearbook data. Therefore, the mixed pixel
decomposition model can be selected to extract and analyze UGS in the built-up area
of Hangzhou.

4.1.3. Comparison of Different Methods

Apart from the mixed pixel decomposition model, several models were taken into
consideration in some research. As these models work on different principles, their accuracy
also varies for different research objects. To analyze the effectiveness of the mixed pixel
decomposition model, this research compared the result from this model with that from
Normalized Difference Vegetation Index (NDVI) model and pixel bipartite model with the
remote sensing image of Shangcheng District.
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1. Normalized Difference Vegetation Index (NDVI) model

In the field of remote sensing, vegetation indexes are commonly used for calculating
regional vegetation coverage and distribution. According to the unique spectral char-
acteristics of vegetation, all kinds of vegetation indexes can be obtained by combining
the visible and near-infrared bands of remote sensing images [23]. The most commonly
used vegetation indexes include RVI, NDVI, PVI, and DVI. Among them, the most widely
used index is NDVI, which is calculated by the difference in reflection values between the
near-infrared band (NIR) and the red band (R) divided by the sum of the two. The formula
is as follows:

NDVI =
(NIR− R)
(NIR + R)

(2)

In this study, the NDVI model was used to extract the UGS. The NIR and R bands of
GF-1 data correspond to the fourth and third bands of the data. Figure 9 shows the result
of the NDVI calculation.
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The results of NDVI are graded at intervals of 0.3, and pixels with higher NDVI values
appear brighter in the image. According to the specific conditions of the study area, the
threshold for segmentation when calculating the green space area was set as 0.3, and pixels
with NDVI values greater than 0.3 were considered to be areas with good vegetation cover.
The calculation result of the green space area was 12.39 km2. Using these data to divide the
total urban area above, the vegetation coverage proportion was 47.54%.

As the NDVI index is the most common model to analyze the coverage of UGS,
varieties of researchers used it to explore the distribution of green space, but there were
some shortcomings as well. Li et al. pointed out that the major confusions of the NDVI
model were between urban areas and dry land, and between water and green land [24]. In
addition, the NDVI model requires a higher resolution of images because it is calculated
from pixel to pixel [25].

2. Pixel Bipartite Model

The pixel bipartite model is a vegetation coverage estimation model based on the as-
sumption that a pixel is composed of soil and vegetation. In other words, pixel information
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collected by a sensor can be expressed as the sum of the information contributed by the
green vegetation component and the soil component [26]. Therefore, the proportion of
vegetation can be expressed by the following model:

fg =
(S− SO)(
Sg − So

) (3)

In this model, fg is the vegetation coverage, Sg is the pixel information value of pure
vegetation coverage, So is the pixel information value of pure soil coverage, and S is the
pixel information value of mixed pixels.

As NDVI can reflect the growth and coverage of vegetation in different periods, the
calculated value of NDVI can be used as the pixel information value in the above formula.
Accordingly, the following models can be obtained:

fg =
(NDVI − NDVIs)

(NDVIv − NDVIs)
(4)

In this model, NDVIs represents the pixel value of bare land without vegetation
coverage, and NDVIv represents the pixel value of complete vegetation coverage.

In theory, the numerical value of NDVIs should be close to 0, and the value of NDVIv
is close to 1. However, in the actual experimental process, affected by image quality and the
complexity of land cover, the theoretical value cannot be obtained. Therefore, it is necessary
to determine the confidence interval through statistical analysis, and then determine the
specific values of the two components [27].

In this study, NDVI values of 5% and 95% in the NDVI frequency statistics table of the
image were used as the values of NDVIs and NDVIv, respectively. The results are shown
in Figure 10.
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Through the calculation of NDVI, green space coverage could be obtained using the
pixel bipartite model, and the green space coverage could be divided into five categories:
(1) 0–0.2: very low coverage; (2) 0.2–0.4: low coverage; (3) 0.4–0.6: medium coverage;
(4) 0.6–0.8: medium-high coverage; (5) 0.8–1: high coverage.

The processing results of the pixel bipartite model and mixed pixel decomposition
model both refer to the percentage of green space in each pixel. Therefore, the green
space area is the sum of the coefficients of all pixels multiplied by the number of pixels.
The coefficient value of each pixel and the number of pixels were calculated by using the
statistical tool in ENVI software and then processed in Excel. Using the pixel bipartite
model, the green space area was 11.89 km2 and the UGS coverage was 45.63%.

As for other research which applied the pixel bipartite model, Liu and Li applied the
pixel bipartite model with NDVI index in Henan City to extract the UGS, and they pointed
out that the analysis would be quicker and more user-friendly by using the pixel bipartite
model than by applying NDVI model only [28]. On the other hand, the pixel bipartite
model can sometimes be subjective because the threshold is determined by the researcher.
For instance, Zhu [29] selected 0.5% of the cumulative pixel value as pure non-vegetation
pixel value, and 99.5% as pure vegetation pixel value, while Yin and Wang selected the
pixel value of 1 as pure vegetation pixel and the pixel value of 0 as pure bare land [30]. It
can be concluded that the mixed pixel decomposition model performed best among these
three methods, with the smallest difference from the value given by statistical yearbook.

4.2. Analysis of Temporal Changes of UGS in Shangcheng District

Table 3 shows the comparison of the distribution of UGS in 2018 and 2020 in the
Shangcheng District. The results show that the overall UGS area increased over two years,
from 9.48 km2 to 10.34 km2. On the other hand, this change is caused by the increase
in forest area rather than grassland area, as the area of grassland decreased by around
0.55 km2 in the period while the forest area increased by 1.41 km2 in total. This may be
because the government’s decision on greening during this period is more about restoring
forests than laying artificial lawns.

Table 3. The temporal changes of UGS in Shangcheng District.

Forest Grassland UGS

Area
(km2)

Percentage
(%)

Area
(km2)

Percentage
(%)

Area
(km2)

Percentage
(%)

2018 6.52 25.02 2.96 11.36 9.48 36.38
2020 7.93 30.43 2.41 9.25 10.34 39.68

4.3. Analysis of Spatial Distribution of UGS in the Main Urban Area of Hangzhou
4.3.1. Special Distribution of UGS in the Main Urban Area in Hangzhou

To analyze the current situations of UGS in the built-up areas of Hangzhou in further
detail, the abundance value of the results was divided into five grades using the natural
breakpoint method with an interval of 0.2. (1) 0–0.2: very low coverage; (2) 0.2–0.4: low
coverage; (3) 0.4–0.6: medium coverage; (4) 0.6–0.8: medium high coverage; (5) 0.8–1: high
coverage. According to the statistical results of forest area and grassland area, the UGS area
(the sum of forest area and grassland area), the percentage of forest (the ratio of forest area
to total area), and the percentage of UGS (the ratio of UGS area to total area) can be further
calculated. The calculation results are shown in Table 4.

Overall, the percentage of forest of the main built-up urban areas is 30.95%, and the
percentage of UGS is 49.57%. The level of UGS in the area is relatively high. Among
them, high-coverage areas account for the largest proportion of the total study area, with a
percentage of forest of 14.18% and a percentage of UGS of 22.12%; in contrast, very-low-
coverage areas accounted for the lowest proportion, with a UGS area of approximately
14.17 km2, accounting for only 2.01% of the whole study area. The western part of the study
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area is mountainous, with the widest and densest green space coverage; the central part is
urban land, with medium forest and grassland coverage. Nevertheless, the distribution is
very uniform, and only few areas are without UGS coverage.

Table 4. Statistics of five grades of UGS.

Grade Forest (km2)
Grassland

(km2) UGS (km2)
Percentage

of Forest (%)
Percentage
of UGS (%)

Very low
(0–0.2) 7.17 7.00 14.17 1.02 2.01

Low
(0.2–0.4) 25.59 18.49 44.06 3.62 6.24

Medium
(0.4–0.6) 40.34 24.50 64.84 5.71 9.18

Medium high
(0.6–0.8) 45.34 25.41 70.75 6.42 10.02

High
(0.8–1) 100.15 56.06 156.21 14.18 22.12

Total 218.59 131.46 350.05 30.95 49.56

4.3.2. Special Distribution of UGS in Each District

The UGS of each district can be obtained using the statistical tool ENVI. The statistics
are shown in Table 5:

Table 5. Statistics of the special distribution of UGS in each district.

Grade
Xihu Xiacheng Shangcheng Jianggan Gongshu Binjiang

(km2) (%) (km2) (%) (km2) (%) (km2) (%) (km2) (%) (km2) (%)

Very low
(0–0.2) 6.01 1.94 0.64 2.18 0.46 1.77 4.13 2.07 1.64 2.37 1.30 1.80

Low
(0.2–0.4) 19.65 6.35 1.96 6.68 1.57 6.02 12.03 6.02 4.84 6.99 4.01 5.55

Medium
(0.4–0.6) 30.21 9.76 2.56 8.73 2.27 8.71 17.33 8.67 6.78 9.79 5.68 7.86

Medium high
(0.6–0.8) 36.54 11.81 2.20 7.50 2.21 8.48 17.46 8.73 6.98 10.08 5.36 7.42

High
(0.8–1) 107.05 34.60 2.14 7.30 3.83 14.70 25.23 12.62 9.91 14.31 8.11 11.23

Total 199.46 64.46 9.5 32.39 10.34 39.68 76.18 38.09 30.15 43.54 24.46 33.87

The results of analysis and calculation show that the UGS area of Xihu District is
199.46 km2, with a coverage rate of 64.46%, which is the highest among the six adminis-
trative regions, followed by Gongshu District and Shangcheng District, with a percentage
of 43.54% and 39.68%, respectively. Xiacheng District shows the lowest UGS cover in
the study area, accounting for only 32.39% of the total area. Moreover, as Xihu District
and Shangcheng District include mountains, high-coverage areas in these three districts
account for the largest proportion of the five levels of coverage, reaching 34.60% and 25.23%,
respectively; Xiacheng and Binjiang districts mainly show medium-coverage areas, with
little difference among the areas of medium, medium-high, and high coverage. Areas with
very low UGS distribution in the six administrative regions all account for a very small
proportion, accounting for not more than 2.37% of the total area of each district.

4.4. Analysis of Temporal Changes of UGS in Shangcheng District

The spatial distribution of green space in the main urban areas of Hangzhou shows
the characteristics of medium and high coverage, uniform UGS distribution, and few areas
with very low coverage. Except for the mountains with extremely high UGS coverage,
there is little difference between the percentage of forest and that of grassland in different
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administrative regions. This characteristic is mainly attributable to policy, resident demand,
economic development, and other factors.

4.4.1. Policy

Policy orientation is one of the important reasons for the change in urban land use,
and the UGS planning of Hangzhou is inseparable from the guidance and support of
relevant policies. As early as 2005, Xi Jinping, then secretary of the Zhejiang Provincial CPC
Committee, put forward the ecological concept that “green water and green mountains are
golden mountains and silver mountains”, which means that green land can be regarded
as a treasure for humans. Accordingly, the Hangzhou government carried out a series of
actions to protect the existing green space and increase UGS.

In 2019, the Hangzhou government formally issued the “Hangzhou High-level Land
Greening and Beautification Action Plan (2019–2022)” (hereinafter referred to as the “Plan”),
which revolves around rural revitalization and is based on the existing advantages of
regional resources. The aim was to achieve the goal of stabilizing the city’s forest coverage
at 67% by 2022. One of the important tasks of the plan was to implement the national forest
city creation action, vigorously implement the “urban greening and splendor” activity and
create a national forest urban agglomeration.

The Hangzhou government makes numerous efforts towards the development of
UGS. Relevant policies and the planning of key areas are one of important reasons for
Hangzhou’s excellent greening and good ecological environment.

4.4.2. Resident Demand

Hangzhou is one of the happiest cities in China, and the happiness primarily stems
from residents being able to access the convenience and beauty of life on a daily basis [31].
UGS is one of the important links to happiness in urban residents [32]. The significance
of UGS for residents is not only in improving the living environment but also in residents
being able to feel physical and mental comfort and release pressure in beautiful community
parks and scenic natural spots [33].

At present, the development of the city is not only in the development of the economy
and urbanization but also in the improvement of people’s quality of life. Accordingly, the
importance of UGS is becoming increasingly more prominent. Driven by the demand of
residents and the joint efforts of the government and organizations, Hangzhou now offers
not only residential parks of different sizes in rural areas but also areas that provide rest
and a better green environment for residents in the city center.

4.4.3. Economic Development

UGS plays active and passive roles in promoting regional economic development, and
the active role is mainly reflected in the direct economic output of nurseries. Xiaoshan
District, as a major producer of seedlings in Hangzhou, has the largest seedling market in
Hangzhou. Zhejiang (China) Flower and Tree City, located in Xiaoshan District, plays an
important role in the Chinese seedling industry, and its products are sold to 31 provinces,
municipalities, and autonomous regions in the United Nations. They are also exported to
several global regions including the European Union, the United States, South Korea, and
Japan. Therefore, in areas with seedling cultivation plans, the UGS distribution is not only
reflected in the greening of living areas but also planned to provide economic benefits.

At the same time, the indirect economic output of UGS plays a very distinct role in
tourism. Hangzhou, located in southern China, is a typical water town with beautiful
scenery, and its beautiful natural scenery attracts countless tourists every year. Among
them, the most famous West Lake Scenic spot, with plants and landscapes, supplemented
by a variety of antique pavilions, is a favorable site for tourists and residents to relax and
enjoy nature. Xixi Wetland is the first national 5A scenic spot in China, with a wide variety
of plants, and its unique wetland ecology and water environment have played an important
role in promoting Hangzhou’s tourism economy.
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4.5. Strengths, Limitations, and Future Study

First, few studies have applied the mixed decomposition model to Hangzhou City;
therefore, this research proposes a new way to analyze and discuss the overall UGS level
in Hangzhou. The results also showed better accuracy by using the mixed decomposition
model than other models such as the NDVI index and pixel bipartite model. In addition,
this study can provide scientific help for the government to plan UGS in Hangzhou in the
future. Finally, this paper endeavoured to use economic and social factors to explain the
temporal and spatial changes of UGS in Hangzhou, which is also a major innovation

On the other hand, there are some limitations as well. First, when discussing the
temporal changes in UGS in Shangcheng District, this paper only selected two time periods
in 2018 and 2020 for comparison. To some extent, the paper only discussed the changed
values, and it is difficult to describe the change trend. Meanwhile, the research only selected
the main built-up area in Hangzhou rather than the whole of Hangzhou, and it may be
not comprehensive for the discussion of the whole UGS feature in Hangzhou City. As for
future study, it will be meaningful to describe the change trends of UGS with more data in
different periods. In addition, how to improve the accuracy of the extraction results is also
important to explore.

5. Conclusions

This study focuses on the UGS distribution in the main built-up area in Hangzhou
using the mixed pixel decomposition model. Firstly, the research analyzed the temporal
changes of UGS in Shangcheng District, Hangzhou from 2018 to 2020, and the results show
that the overall UGS area increased in this period with the effort of increasing the area of
forest. Second, the research analyzed the spatial characteristics of UGS in the main built-up
area in Hangzhou from two aspects. Generally, the UGS distribution in Hangzhou is at
a medium-high level, with some highlighted areas in natural mountains, which are also
recognized as national nature reserves. As for the UGS distribution in each district, it
is clear that Xihu District shows the highest coverage of UGS, over half of the region is
covered by forest or grassland. Xiacheng District and Binjiang District did not perform
well in UGS construction; more space was planned for artificial construction. Third, the
research compared the stability and accuracy of the mixed pixel decomposition model with
the other two models (NDVI model and pixel bipartite model).

Finally, the paper discusses the influencing factors of green space distribution in
Hangzhou from three aspects: policy orientation, resident demand, and economic develop-
ment demand. The policy guidance of the government and the living needs of residents
are key drivers of the uniform distribution of UGS in Hangzhou. Under the promotion
of related policies, relevant departments gradually improve the green space planning of
Hangzhou, protect the original green space, and reasonably increase infrastructure such
as residential parks. Considering the direct or indirect economic benefits of UGS, more
large-scale green space will be formed in some areas of Hangzhou (such as the seedling
planting base in Xiaoshan District and the West Lake Scenic spot in the Xihu District). These
areas may have a higher degree of green coverage and single land-use planning.

To conclude, this study contributes to judging the rationality of urban green space
distribution, and more research can be carried out to further improve the accuracy of green
space extraction.
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