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Abstract: Landscape services are inevitably interlinked with human wellbeing. It is essential to assess
landscape services and multifunctionality from both supply and demand points of view toward
sustainable landscape management. This study focused on the spatiotemporal variations of the
supply, demand, and budget of landscape services in suburban Shanghai, China, including crop
production, nutrient regulation, air-quality regulation, soil-erosion regulation, water purification,
and recreation and aesthetical value. A new index landscape multifunctionality budget (Bypy) was
developed, integrating the budget status of surplus and deficit with landscape management. Spatial
autocorrelation analysis and regression analysis were conducted to identify spatial agglomeration
and influencing factors of Byp. Pronounced spatiotemporal heterogeneity of landscape services
was observed. Bypr was in surplus status in 2005 and 2010, but turned to deficit in 2015. Landscape
service budgets generally followed the spatial pattern of positive in the west and negative in the
east. Budget deficits covered half of the villages in 2015, which were mainly situated near central
Shanghai with high population density, high average income, and a fragmented and less diverse
landscape pattern. Rapid urban sprawl and the following land-cover changes are the main drivers
for the spatiotemporal variations. Landscape function zoning with effective economic development
and ecological conservation policies can comprehensively improve the competitiveness achieving
sustainable future.

Keywords: landscape services; multifunctionality; supply; demand; budget; spatiotemporal
variations; suburb; landscape management

1. Introduction

Landscape services contributing to human wellbeing in terms of economic, sociocultural, and ecological
benefits [1-4] are vital for achieving self-sustaining human—environmental systems and sustainable
utilization of natural capital [5]. Landscape services are defined as “the goods and services provided by
landscape to satisfy human needs, directly or indirectly” [4,6]. Currently, although the term “landscape
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services” is considered to be generally synonymous with “ecosystem services”, and the two can
substitute for each other in most cases [6-13], we prefer the term “landscape services”, which is more
appropriate and appealing [14,15] in this paper for local actors, as it infers pattern—process interactions
and unites scientific disciplines [4,5,16]. In addition, the term “landscape services” can describe
the various benefits provided by both natural and artificial landscapes, while the term “ecosystem
services” pays more attention to natural systems [17]. For suburban areas with intensive natural
process and human activities, using the term “landscape services” is more suitable for collaborative
decision-making. At any given location, usually more than one landscape service is provided [15].
This refers to the phenomenon of landscape multifunctionality, whereby the landscape actually or
potentially provides multiple material and immaterial goods or services to satisfy social needs [18].
Promoting multifunctionality became an important direction in landscape service research and this
interdisciplinary concept provides a suitable platform in both theory and practice to combine or
disentangle effects of multiple environmental stressors acting on the landscape from a sustainability
perspective [19,20].

Landscape services and landscape multifunctionality exhibit significant spatial and temporal
heterogeneity [21-24]. The importance of assessing and mapping multiple landscape services is
increasingly recognized in recent studies [25-27], as quantitative and visible illustrations are essential
for realizing successful landscape planning and environmental management [6,13,28]. Progress was
made in the evaluation of both landscape services and landscape multifunctionality. Quantification
modeling method plays an important role in the assessment [29]. Models can vary from simple
expert-based scoring systems to complex ecological models which simulate the planetary cycles
of carbon, nitrogen, and water [30]. Some scientists calculated landscape services via indirect
measurements such as net primary productivity (NPP) and normalized difference vegetation index
(NDVI) [31,32]. Geographic information system (GIS) analysis through spatiotemporal indicators
is also very useful to address land diagnosis and assessment, providing a numerical and objective
perspective [33]. Assigning monetary values to landscape services is a hot issue [34-36]. Nevertheless,
Burkhard et al. [37,38] argued that the outcomes of monetary approaches are often disappointing due
to the focus on economics and the lack of appropriate pricing methods, especially for non-marketed
goods and services [39]. Landscape services variations are tightly bound to land use and cover change,
which is driven by the interaction in space and time between biophysical and human dimensions [40],
and consequently impacts landscape services provided to human society. Land use and cover change
analysis is effective for understanding and explaining the causes and consequences of land-use
dynamics and for estimating the related impacts of changes on landscape [41,42]. Approaches including
land-use models, indicator-based methods, and scenario analysis are widely used in the assessment of
land use and cover change and its spatial pattern [43], in order to support the evaluation of landscape
services and to promote landscape planning and policy.

However, the assessment and mapping of landscape services mostly focuses on the supply side
and few studies mapped the demand for landscape services [44,45], which is more difficult than doing
so for supply, despite the widely acknowledged significance of including the demand side or social
preference into the assessment [46—49]. Landscape is the result of and the medium for interaction
between human and nature [50] and landscape services are shaped by both the landscapes and their
users. Inclusion of the demand side in the assessment is assumed to identify the mismatch of landscape
service delivery, enhance the engagement of stakeholders, and increase policy relevance and practical
application of the landscape service concept in operational management [51-54].

Landscape service budgets are computed by subtracting the demand value from the supply
value. The budget surplus and deficit of landscape services can help assess the dependence of a
region on service imports or its potential to export certain goods and services [38,55]. The studies
integrating multifunctionality with budget and further identifying its influencing factors are rather
rare because supply and demand indicators are not directly comparable. Landscape services are driven
by a variety of demographic, economic, cultural, and biophysical processes. Several studies evaluated
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how socioeconomic factors interact with the spatial differences between the supply and demand
separately for multiple ecosystem services [44,56-58]. For a region suffering from a shortage of land
resources, multifunctionality is an objective attribute and determines its development [59], which is
often neglected by policy-makers. Therefore, assessing the uneven spatiotemporal distribution of the
surplus and deficit of landscape multifunctionality budget and identifying the influencing factors are
of great significance to raise awareness and improve decision-making for the allocation of resources
among computing demands. Since the economic reform and opening-up policy was put forward in
the late 1970s, China achieved tremendous development and rapid urbanization, and intensive human
activities associated with significant land-use changes triggered noticeable impacts on landscape
patterns, processes, and functions [60,61]. As the interface between urban settlements and rural
hinterlands, suburban areas are characterized by complex landscape patterns [33,62,63] and multiple
landscape service demands. Shanghai is the chief metropolis in China, and Qingpu is a representative
suburban district where challenges and opportunities are faced as it currently undergoes rapid urban
sprawl. The assessment of landscape service supply, demand, and budget should be included in spatial
planning and landscape decision-making in order to identify priority regions for effective management
actions [64,65].

Burkhard et al. [38] proposed a matrix based on the experience from many case study areas,
linking spatially explicit biophysical landscape units to service supply and demand. The matrices
were used in many cases, including China [58,66-68]. In this paper, we took Qingpu District, suburban
Shanghai as the case study area and applied the adjusted supply—demand matrix from Burkhard et
al. [38] as the basis to conduct the assessment and mapping. The main objectives of this study include
(1) examining the temporal and spatial variations of the supply, demand, and budget of landscape
services and landscape multifunctionality in Qingpu in 2005, 2010, and 2015; (2) on the village level,
from the perspective of the landscape multifunctionality budget, identifying hot and cold spots and
influencing factors to inform landscape function zoning, support further research, and provide an
orientation for landscape management. The workflow of this study is shown in Figure 1.
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Figure 1. Workflow of the study process derived from our own elaboration based on Peng [56].
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2. Materials and Methods

2.1. Study Area

The study was carried out in Qingpu District (included as Supplementary Material), a typical
suburban district located on the west side of Shanghai, bordering Zhejiang Province and Jiangsu
Province. Qingpu extends over approximately 668 km? and is divided into three sub-districts and eight
towns, totally consisting of 185 villages (Dianshan Lake was considered as a village in the analysis).
According to Qingpu Planning and Land Resources Bureau (http://prog.shqp.gov.cn/), Xiayang,
Yingpu, and Xianghuagqiao are three sub-districts in the urban center of Qingpu, with Zhujiajiao,
Liantang, and Jinze on the west wing, and Baihe, Chonggu, Zhaoxiang, Huaxin, and Xujing on the
east wing (Figure 2).

Shanghai is one of the fastest developing cities in the world and the commercial and financial
center of China. As a representative suburban district of the Shanghai metropolis, Qingpu is
experiencing rapid urbanization. In 2015, the resident population of Qingpu was 1.21 million, a 64%
increase from 2005 [69,70]. Urban sprawl significantly changed the land-use and land-cover patterns
in Qingpu, and the demand for landscape services increased. Qingpu has a humid subtropical climate
and most of the region is characterized by low and open terrain. The climate and topography give
advantages to agriculture development, which is important for the urban development of Shanghai.
In 2015, Qingpu’s gross domestic product (GDP) was 87.82 billion yuan, which accounted for 3.5%
of Shanghai’s overall GDP [70,71], while the proportion of Qingpu’s primary industry to Shanghai’s
primary industry was 8.1%. Qingpu has abundant natural and cultural landscapes attracting tourists
from the surrounding cities. Dianshan Lake is the most important water body in this area and is one of
the major drinking water sources for Shanghai as well, and Qingpu implements strict surface water
quality standards. The computing demands for economic development and ecological conservation
make Qingpu a typical suburban district to conduct landscape service research.
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Figure 2. Location of the study area.
2.2. Data Source

The land-cover data in 2005 and 2010 were produced by the Chinese Academy of Sciences
through interpretation of the Landsat thematic mapper (TM) or enhanced TM (ETM) images at a
30-m resolution. The overall accuracy of classification with ground-based survey data was over
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90% [72]. As for 2015, the Landsat image acquired on 3 August 2015 was collected from the Geospatial
Data Cloud Platform [73]. Using ENVI 4.8, the remote-sensing image was interpreted by supervised
classification combined with visual interpretation to produce the land-cover map of Qingpu in 2015
with a pixel size of 30 x 30 m. Land cover in this study was classified into five classes considering
local expert knowledge: forest, grassland, water bodies, arable land, and built-up area. We collected
the field survey data from Qingpu Planning and Land Resources Bureau to evaluate the classification,
and the accuracy was also over 90%. Socioeconomic data on village scale were obtained from Qingpu
Statistical Bureau and Qingpu Agriculture Committee.

2.3. Calculation and Mapping of Landscape Services

Burkhard et al. [37,38] proposed a clear expert-based concept to map ecosystem service supply,
demand, and budget, which is applicable at different scales for various case study regions. In the
evaluation matrices, 44 land-cover types are linked with 29 supplies and 22 demands of landscape
services. The value ranging from 0 to 5 means the relevance of this land cover to provide or require
the corresponding service. According to the biophysical and socioeconomic context of Qingpu,
six highly relevant landscape services were evaluated and mapped: (1) crop production, (2) nutrient
regulation, (3) air-quality regulation, (4) soil-erosion regulation, (5) water purification, and (6) recreation
and aesthetical value, covering production function, ecological function, and aesthetical function
of landscape.

According to the local circumstances of Qingpu, we made an adjustment of the original matrices
(Table 1) with participation of stakeholders and local experts. The entries of the two matrices were
determined following a four-stage process. Firstly, four authors from China Agricultural University
discussed the appropriate extrapolative approaches and decided to assign a score for each entry based
on the original matrices using six steps. (1) The value assigned to forest is the average of broad-leaved
forest, coniferous forest, and mixed forest in CORINE land-cover classes. (2) According to the statistical
yearbook of Qingpu, the proportion of natural grassland to grassland is around 70%, and green
urban area accounts for 30%; therefore, the value assigned to grassland is the area-weighted average
value of natural grassland and green urban area in the original matrices. (3) The value for water
bodies is the average of water bodies and water courses in the original matrices. (4) Non-irrigated
arable land accounts for about 15% of arable land in Qingpu, and permanently irrigated arable land
is 85%; thus, the supply and demand value assigned to arable land is the area-weighted average.
(5) The value assigned to built-up area is the same as continuous urban fabric. (6) The matrices were
finally determined after several rounds of discussions with five researchers from China Agricultural
University and two local technicians in Qingpu, who are familiar with the local conditions. Secondly,
we interviewed five experts with relevant landscape research background from China Agricultural
University to provide updates on the matrix entries independently. Subsequently, two technicians (one
from Qingpu Environmental Protection Bureau and one from Qingpu Agricultural Committee) who are
familiar with local conditions and environmental issues in Qingpu were interviewed. A pre-discussion
with farmers, and rural and urban dwellers was held by the technicians before the interview. They were
given the explanation of each landscape service and were provided with both the original and the
extrapolative matrices; the technicians drew the conclusions from the stakeholders’ opinions for
the collaboration with stakeholders [74] to make the matrices coherent with local circumstances.
The consistent matrices were finally agreed upon after the panel discussions together with four
authors, five researchers from China Agricultural University, and two local technicians in Qingpu.
The matrices corresponding to land cover specific to certain landscape service, obtained from the
extrapolation approach combined with local expert knowledge and stakeholder participation, are the
foundation of the methodology.
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Table 1. Adjusted matrix of the relevance of landscape service supply and demand.

Supply Demand
Water Arable  Built-Up Water Arable  Built-Up
Forest  Grassland Bodies Land Area Forest  Grassland Bodies Land Area

cp 0 0 0 5 0 0 0.3 0 1 5
NR 5 3.8 2 0 0 0 0 0 3 1
AQR 5 0.3 0 0 0 0 0.3 0 1 5
SER 5 41 0 0 0 0 0 0 2 1
WP 5 3.8 1.5 0 0 0 0 0 4.25 1
RAV 5 3 5 1 0 0 1.2 0 0 4

The assessment scale ranges from 0 to 5, which means the relevance from low to high of one land cover to provide
or require the corresponding landscape service. CP is crop production, NR represents nutrient regulation, AQR
means air-quality regulation, SER is soil-erosion regulation, WP stands for water purification, and RAV is recreation
and aesthetical value.

The supply, demand, and budget of single landscape service were calculated with the
following equations:

5
‘21 SXij . A]
]:
L _ 1
Sl At 7 ( )
5
L DXij- 4
D; = A , )
B;=S;-D,, 3)

where i is the landscape service, j is the land-cover type, A, is the area of the jth landscape unit in the
study scale, and Ay is the total area of the study scale; SX;; and DX;; are the values of the supply and
demand of each land-cover type in Table 1.

For the quantification of landscape multifunctionality, in this paper, air-quality regulation, nutrient
regulation, soil-erosion regulation, and water purification were considered as ecological services with
the same weight. Crop production, and recreation and aesthetical value were regarded as a production
service and aesthetical service, respectively. Landscape multifunctionality is the simple unweighted
summation of production service, ecological service, and aesthetical service. We propose an index of
landscape multifunctionality budget (Byppy) that was calculated with the following equations:

Smr1 = Scp + Srav + (SNR + SaQr + Sser + Swp) /4, 4)
Dairr = Dep 4 Drav + (Dnr + Dagr + Dser + Dwp) /4, )
Buprr = Bep + Brav + (BNr + Bagr + Bser + Bwp) /4 = Syrr — Dumrr, (6)

where S, D, and B represent supply, demand, and budget, respectively. MFI is the multifunctionality
index. Other abbreviations were explained above.

The matrices and equations were applied at three different spatial scales: Qingpu District,
300 x 300 m fishnet, and village. (1) To explore the temporal variation of Qingpu, we calculated
the supply, demand, and budget value of each landscape service and landscape multifunctionality
index in the years 2005, 2010, and 2015. (2) A service map is not only the reclassification of the
landscape units according to the matrix, but also a synthetic visualization of the landscape elements.
In order to spatialize the supply, demand, and budget of landscape services and to identify the spatial
heterogeneity in 2015, 300 x 300 m fishnets across the study area were created, and the value of each
fishnet was calculated using the equations above. Each fishnet may contain more than one land-cover
type. Different sizes of the fishnet were tested, ranging from 100 m to 500 m, with increasing steps of
50 m, and 300 m was eventually selected. An increase in the fishnet size decreases the spatial resolution
of the map, while smaller fishnets do not contain enough information for the map. (3) For further
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analysis of the landscape services with other indicators in 2015, Byrr was calculated at the village
level (Dianshan Lake was considered as a village) in Qingpu using the area-weighted method stated
above. All computations were finished through the raster calculator and zonal statistics in the ArcGIS
10.3 software.

2.4. Data Analysis at the Village Level

2.4.1. Spatial Autocorrelation Analysis

To explore the spatial agglomeration of landscape multifunctionality budget in Qingpu, spatial
autocorrelation analysis was carried out. Global spatial autocorrelation reflects the overall clustering
of the data, which can be measured by global Moran’s I tool using the following formula:

It
Tt

wi]-(x,- — f) (x] — Y)

/ @)

n —\2
w;;j Y (% —X)
i=1

Tt
It =

1

]

where 7 is the number of spatial units indexed by i and j, x; and x; are the values of variable x, X is the
mean of x, and wj; is the matrix of spatial weights.

Anselin [75] proposed local indicators of spatial association (LISA) to identify the local patterns
of spatial association (local spatial autocorrelation). Local Moran’s I tool used in this paper is a LISA
that allows for the decomposition of global Moran’s I tool into the contribution of each spatial unit.
The calculation formula is as follows:

__ (xi—%) B
I; Z(xi—f)z/n]zwlj(XZ X). 8)
1

By calculating global Moran’s I and local Moran’s I values with rook contiguity as spatial weights
in the Geoda 1.12 software, spatial agglomeration and hot and cold spots of By were identified.
Only when the element had a high (low) value and was also surrounded by elements with similar high
(low) values, it was deemed a statistically significant hot (cold) spot.

2.4.2. Regression Analysis of Landscape Multifunctionality with Other Indicators

The relationships between Bypy and other indicators in 2015 were modeled using linear regression
analysis with the SPSS 20.0 software. Three landscape metrics and seven socioeconomic indicators
(Table 2) were selected and the villages were taken as the observations. Landscape metrics were
computed with the land-cover map by the moving window method in the Fragstats 4.2 software,
and the window size was 500 x 500 m. This window size was appropriate because it minimized data
redundancy and could indicate a suitable distance to reflect distinctive spatial signatures of landscape
patterns without missing important details in Qingpu compared with sizes of 100 m, 300 m, 1000 m,
and 2000 m that were also considered.
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Table 2. List of landscape metrics and socioeconomic indicators for the regression analysis.

Criteria Variables Unit
Landscape metrics Edge density (ED) m/ha
Shannon’s diversity index (SHDI) -
Contagion index (CONTAG) %
Socioeconomic indicators Population density (PopDen) Persons/km?
Distance to the city center of Shanghai (DisSH) m
Distance to the center of Qingpu (DisQP) m
Per capita annual income (AI) Yuan
Per household arable land area (ALA) m? /household
Per household labor force (LF) #
Average duration of education per household (Edu) Year

3. Results

3.1. Temporal Variations of Landscape Services from 2005 to 2015

The supply, demand, and budget of landscape services in Qingpu from 2005 to 2015 are shown
in Table 3. In 2005, 2010, and 2015, the supply of crop production was much higher than the
other five landscape services, and air-quality regulation was the lowest ranking among the services.
Crop production supply decreased by 22%, while the supply of air-quality regulation and soil-erosion
regulation more than doubled during the decade. Continuous increases were also observed in nutrient
regulation (45%) and water purification (83%). The supply of recreation and aesthetical value climbed
from 2005 to 2010, but dropped from 2010 to 2015, with a slight decrement by 1.8% in the decade.
The gap between the supply of crop production and that of the other five landscape services narrowed
in 2015.

The demands for six landscape services in 2005, 2010, and 2015 were relatively equal compared
to the supply side. The demand for crop production and air-quality regulation increased by 28%,
and significant growth existed in the demand for recreation and aesthetical value (62%) in the ten
years. Meanwhile, there was a constant reduction in the demand for nutrient regulation, soil-erosion
regulation, and water purification, reducing by 14%, 11%, and 16%, respectively.

Although the budgets of nutrient regulation, soil-erosion regulation, and water purification
increased by 29%, 28%, and 25%, respectively, these services were still in deficit status during
the decade. Moreover, the budget of air-quality regulation declined by 18%. The budgets of crop
production and recreation and aesthetical value also tightened.

As for landscape multifunctionality, the supply fell by 10%, and contrarily, the demand gradually
rose by 18% from 2005 to 2015. Consequently, the supply of landscape multifunctionality exceeded the
demand in 2005 and 2010, whereas the budget surplus turned to budget deficit in 2015.

Table 3. Temporal variations of landscape service supply, demand, and budget.

Supply Demand Budget
2005 2010 2015 2005 2010 2015 2005 2010 2015

CcpP 3.0232 2.5793 2.3585 1.5001 1.7047 1.9216 1.5232 0.8746 0.4369
NR 0.3975 0.5713 0.5752 1.9928 1.7849 1.7046 —1.5953 —1.2136 —1.1294
AQR 0.1651 0.3298 0.3388 1.5001 1.7047 1.9216 —-1.3349 13749 —1.5828
SER 0.1794 0.3585 0.3687 1.3882 1.269 1.2329 —-1.2087 —09105 —0.8642
wp 0.2372 0.4182 0.4342 2.7486 2.4297 2.2943 —-2.5114 -2.0115 -1.86
RAV 1.6796 1.7349 1.6499 0.7199 0.9583 1.1675 0.9597 0.7765 0.4824
MFI 4.9477 4.7336 4.4377 4.1274 4.4601 4.8774 0.8203 0.2734 —0.4397

3.2. Spatial Distribution of Landscape Services in 2015

Figure 3 demonstrates the spatial distribution of the supply, demand, and budget of the six
landscape services, which were characterized by pronounced spatial heterogeneity in 2015. Generally,
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the landscape service supply was higher on the west wing than that on the east wing. The supply of
the four ecological services followed a similar spatial pattern, whereby an abundant supply of nutrient
regulation, air-quality regulation, soil-erosion regulation, and water purification was observed in
the forest located on the southeast side of Dianshan Lake. Crop production was provided relatively
equally across Qingpu, except that lower values existed in the waters, the center of Qingpu, and the
regions close to Shanghai central city. Recreation and aesthetical value was mainly produced by the
west wing on account of the biophysical context; however, the difference between the east and the
west was not as striking as the ecological services.
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(b) DEMAND N
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(c) BUDGET N
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Figure 3. The (a) supply, (b) demand, and (c) budget of the six landscape services of Qingpu in 2015.

Demand for landscape services exhibited quite different characteristics from the supply, whereby
higher values were mainly located in the east than in the west. Spatial consistency existed in the pair of
crop production and air-quality regulation because of the demand matrix. Crop production, air-quality
regulation, and recreation and aesthetical value were required the most in the urban area of Qingpu
and the regions close to central Shanghai, whereas the regions with a large amount of arable land
represented a higher demand for nutrient regulation, soil-erosion regulation, and water purification.

The imbalance of supply and demand of landscape services was extensively observed in Qingpu.
Budget surpluses of landscape services, except for crop production, were observed mainly in the west
wing, especially Dianshan Lake and its surrounding forest. High-value regions of crop production
budget could be found mainly to the west and north of Qingpu. Budget deficits of nutrient regulation,
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soil-erosion regulation, and water purification covered a large area across Qingpu. In addition,
the budgets of crop production, air-quality regulation, and recreation and aesthetical value were
particularly tight in the center of Qingpu and the region adjacent to central Shanghai.

3.3. Spatiotemporal Variations of Landscape Multifunctionality Budget

The results of spatiotemporal variations of landscape multifunctionality budget are presented at
the village level in Figure 4. There was an obvious difference in Byjr; between the east and the west
wing. Villages with deficits of By gathered on the east wing, whereas budget surplus existed mainly
on the west wing. During the decade, the regions with limited budget expanded continuously as the
percentage of villages suffering from the budget deficit of landscape multifunctionality in 2005, 2010,
and 2015 was 32%, 45%, and 50%, respectively. The landscape multifunctionality budget shrank in
85% of villages in the ten years, while improvement could be observed mostly around Dianshan Lake.

Budget changes
2005 2010 2015 from 2005 to 2015

Legend

I Budget deficit

I Budget surplus
[ Increase

048 16 [ ] Remain unchanged
——— km [ Decrease

Figure 4. Landscape multifunctionality budget of villages in Qingpu and the changes from 2005 to 2015.

Table 4 illustrates the spatial agglomeration of By in Qingpu. Gradually increasing Moran’s
I scores and Z-scores revealed that the spatial agglomeration of landscape multifunctionality was
constantly enhanced from 2005 to 2015, that is to say, the differentiation between the east wing and the
west wing became more obvious. The hot and cold spots of the landscape multifunctionality budget in
2015 are shown in Figure 5. Dianshan Lake and its neighboring villages covered by dense forest were
regarded as hotspots, and unsurprisingly, cold spots of villages were observed in the center of Qingpu
and near Shanghai central city.

|:| Not significant

I High-High
B Low-Low
[ I Low-High
0-3:— km [ THigh-Low

Figure 5. Local Moran’s I cluster map of the landscape multifunctionality budget of Qingpu in 2015.
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Table 4. Global Moran’s I (p < 0.001) values and their Z-scores of landscape multifunctionality budget
index (BMFI)-

Year 2005 2010 2015
Moran’s I 0.5410 0.5952 0.6335
Z-score 12.4286 13.2448 13.8583

3.4. Influencing Factors Associated with Landscape Multifunctionality Budget

Table 5 shows the regression results. The tolerance values and variance inflation factors (VIFs)
indicated the absence of multi-collinearity among the explanatory variables. F (19.3964) and Sig.
(0.0000) reflect the statistical significance and reasonability of this regression. There were significant
relationships between Bypr and two landscape metrics and three socioeconomic indicators.

Shannon’s diversity index (SHDI) reflects the landscape structure to show the diversity and
proportion of landscape units. Contagion index (CONTAG) measures the landscape textures to indicate
the tendency of patch types being spatially aggregated [76]. These two indicators were prominently
positively associated with Byr;. SHDI had a strong impact on the landscape multifunctionality
budget, but the role of CONTAG was more trivial than other explanatory variables. Byr; showed
an evident decreasing trend as population density and per capita annual income increased (negative
relationships), indicating that multifunctionality budget decreased in villages with higher values
for these two socioeconomic factors. Distance to the center of Shanghai had a significantly positive
effect on Bypy, that is to say, the closer to the city center of Shanghai, the more negative the landscape
multifunctionality budget.

Table 5. Results of the linear regression analysis.

Explanatory Variables Coefficient t-Value p-Value Tolerance VIF
Constant —1.0958 —5.3911 0.0000
ED —0.6410 —1.2786 0.2025 0.1672 5.9797
SHDI 1.0847 * 2.0155 0.0451 0.1451 6.8929
CONTAG 0.5528 * 2.4571 0.0149 0.8303 1.2044
PopDen —0.9615 ** —4.3066 0.0000 0.8431 1.1862
DisSH 1.0477 ** 2.6453 0.0088 0.2679 3.7330
DisQP —0.2980 —0.9825 0.3078 0.4887 2.0463
Al —0.9510 ** —3.5220 0.0006 0.5764 1.7348
ALA 0.0421 0.1080 0.9141 0.2824 3.5414
LF —0.2312 —0.9554 0.3406 0.8743 1.1437
Edu —0.4811 —1.5490 0.1231 0.4357 2.2954
R? 0.5052
Adjusted R? 0.4791
F 19.3964
Sig. 0.0000

See Table 2 for the definition of explanatory variables. * p < 0.05; ** p < 0.01.

4. Discussion

4.1. Understanding Landscape Service Budget

Landscape service budget represents the excess supply—demand that remains in each part of the
landscape after the potential service supply meets the maximum possible potential demand that it can
reach [77]. The landscape multifunctionality budget comprehensively evaluates the supply—demand
excess of the combination of the functions or services that landscapes can offer. By analyzing the status
of budget surplus or deficit, we can clearly understand the complex relationship between human and
environment, which, to some extent, reflects landscape sustainability [2,78].
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The results showed that there were significant spatial and temporal variations of landscape service
budget in Qingpu due to land cover and the underlying socio-ecological conditions. The temporal
variations in Qingpu (Table 3) demonstrated that the budget of ecological services except air-quality
regulation improved, which can be attributed to the substantial increase in forest area near Dianshan
Lake and the decrease in arable land. Forest landscapes are acknowledged as the key landscape type
for ecological sustainability [56]. Urban sprawl mainly proceeded via the occupation of arable land in
the studied decade with arable land area dwindling by 22%. In spite of the improvement, the budgets
of ecological services were still in deficit status, which was caused by heavy urban sprawl with built-up
area increasing from about 119 km? in 2005 to 198 km? in 2015. The rising population pressures led to
the high demand for multiple landscape services and decreased the budget.

Furthermore, the results showed that there were significant east-west differentiations of landscape
multifunctionality budget, whereby hotspots aggregated in the west wing and cold spots gathered
in the center and the east wing near central Shanghai. In the east wing, the adjacency to central
Shanghai is conducive to rapid urban sprawl and land-use change. Much arable land was converted to
built-up areas around the existing urbanized area, resulting in the convenience of transportation and
infrastructure, the development of economics, the attraction of population, and a higher income than
that engaged in agriculture in rural area. Meanwhile, the landscape patterns in these urban fringes
became more fragmented and less diverse because of the staggered distribution of multiple land uses.
Thus, these densely populated regions represent high levels of human activities, where a high budget
deficit, as well as a low diversity of landscape services, preponderate. The west wing of Qingpu is
dominated by a larger proportion of natural landscapes with low-intensity human activities, exhibiting
diverse landscape units and aggregated landscape patterns, generating a high multifunctionality
budget. However, the population density and average income were relatively low in these regions.

The landscape multifunctionality budget, as a comprehensive index integrating the supply—demand
relationships of multiple landscape services, can be very useful for decision-makers and local
stakeholders for the spatial and temporal comparison of landscape service status in suburban regions.
Identifying the budget surplus or deficit status can help assess the dependence of a region on landscape
services or its potential for exporting certain goods and services. Quantification of the service budget
is essential for making the best possible use of available potential landscape service supply in meeting
the needs of various possible beneficiaries across the landscape [77] for the better development of
suburban areas.

4.2. Landscape Function Zoning and Policy Implications

The development of a district is of great relevance in the biophysical and socioeconomic context;
thus, optimal landscape stewardship should be launched in light of local circumstances with the joint
consideration of all the objectives. Landscape function zoning was conducted via cluster analysis
based on the budget of six landscape services, the population density, and the per capita annual income
of each village. Villages of Qingpu (including Dianshan Lake) were divided into four functional
zones: urban development area, rural development area, agricultural production area, and ecological
conservation area (Figure 6).

The urban development area is mainly located on the east wing near central Shanghai and
the center of Qingpu, which are cold spots of the landscape multifunctionality budget. Overall
mismatches of landscape services exist in this area, whereby the supply cannot meet the demand
of the large population in these villages. Meanwhile, this area is the most economically developed
area in Qingpu with the highest urbanization level and average income. The center of Qingpu is
the political and cultural center where the district government and administrative departments are
situated, and the east wing under the economic radiation of Shanghai central city contributes greatly
to the improvement of the socioeconomic competitiveness of Qingpu. With workers commuting
to central Shanghai every day, the urban development area also relieves the population pressure
of Shanghai central city. The regional superiority offers the urban development area advantages
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to promote the secondary and tertiary industry. Transportation, education, medicine, and other
public services and infrastructures should be enhanced. However, urban construction relies much
on land inputs which decrease landscape services; therefore, it is urgent to negotiate the relationship
between urban development and ecological protection, and to accelerate the industrial upgrading to
achieve environmentally friendly and resource-saving development. Promoting built-up land use more
efficiently and intensively will be a good strategy, and urban green design should gain more attention.

The agricultural production area is widely distributed in Qingpu, mainly in the west and north
parts (Liantang, Zhujiajiao, and Baihe). Preserving arable land in suburbs plays an important role in
guaranteeing food security [79] for the sustained growth of population of Qingpu and even Shanghai.
Maintaining the agricultural landscape’s sustainability in suburban areas is a priority [80]. Effective
measures should be taken to prevent agricultural pollution and maintain soil quality, such as the
limitation of the use of fertilizer and pesticides and the enlargement of the utilization of green manure.
Additionally, farmland transfer policy applied in this area proved to be effective in improving the
living conditions of rural households [81]. Professional farmers rent farmland from others to realize
the appropriate scale of management and engage their labor forces in farming activities, while laborers
of other households can be involved in off-farm employment.

Agricultural producton area m—— Urban development area
s Egological conservation area Rural development area

Legend

I:' Agricultural production area
D Urban development area

U Ecological conservation area
0 3 ] 12
[ M [ rural development area

Figure 6. Landscape function zoning at the village level in Qingpu. The diagram shows average values
of each indicator in different areas, where B means budget and explanations of other terms can be
found in Table 2. Values are standardized by Z-score and are displayed on a scale from —1.5 to 1.5.

The ecological conservation area covers Dianshan Lake and neighboring villages dominated
by forest. This area comprises hotspots of the landscape multifunctionality budget and shows
by far the strongest function of air-quality regulation, nutrient regulation, soil-erosion regulation,
water purification, and recreation and aesthetical value; however, the living standard in these villages
is relatively low. Conservation of the forest and waters is directly related to the sustainability of
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Qingpu and it is crucial to improve the awareness of stakeholders. Dianshan Lake is one of the main
drinking water sources for the huge population in Shanghai; thus, it is a matter of vital importance that
it be protected. Low-impact eco-tourism should be encouraged to meet the huge increasing demand
of recreation and leisure activities of urban dwellers. In this area, the proportion of non-ecological
land use should be restricted, and ecological land protection policies in China, such as setting the
“ecological control line” [82] should also be implemented, coupled with sustainable utilization and
management of natural capitals, resulting in a win-win development in terms of the ecology and
economy. Meanwhile, the establishment of eco-compensation mechanisms is also an urgent task to
balance the interests of stakeholders.

The rural development area covers the center villages of Jinze, Liantang, and Zhujiajiao on
the west wing and Baihe in the north of Qingpu. These villages have slightly higher landscape
service supply than the urban developing area, and moderate demand. The rural development
area provides residential space for rural inhabitants; however, the average income is relatively low.
Public infrastructures should be constructed to improve the living conditions and convenience of rural
residents. For the west wing, these villages can take advantage of the adjacency to Dianshan Lake to
develop eco-resorts, as people prefer to travel to more natural habitats that surround areas of water [83].
The restriction of the expansion scale of built-up areas should be an essential management task in this
region; therefore, large-scale construction and industry with high-level environment pollution should
be controlled.

4.3. Limitations, Uncertainties, and Contributions of the Research

Our research applied an effective framework for assessing landscape services and developed Bypr
to conduct further analysis identifying the hot and cold spots and influencing factors, and informed
landscape function zoning strategies. However, there are still limitations and uncertainties in this
study. Firstly, although the supply and demand matrices were adjusted according to the local situation,
the framework cannot completely avoid the subjectivity of an expert scoring method. The supply
and demand are reflected by spatially explicit data instead of primary data due to the limitation of
data accessibility. On the one hand, the same land-cover type may have different capacity to supply
landscape services. For example, some of the natural forests were changed to artificial forests for
years and it is likely that the services provided by artificial forests are much lower than those by
natural forests [66]. On the other hand, the demand for landscape services is not calculated based on
the stakeholder survey [74] or participatory mapping techniques [84]. Secondly, for the selection of
landscape services, this study mainly consists of the six representative services, but cannot reflect all
the landscape services, and ignored services such as residential space will be evaluated in the future.
Additionally, different weights of landscape service for calculating the multifunctionality will also
generate uncertainties in the results.

Despite the limitations and uncertainties, there are still some contributions. This paper presented
a comprehensive index called the landscape multifunctionality budget (Byrr), enabled the direct
comparison of multiple landscape service supplies and demands, and innovatively integrated
the concept of budget surplus and deficit with multiple landscape services. As a representative
suburban area in Shanghai metropolis, the typical role of Qingpu in suburban development has
some reference value for the agricultural and socioeconomic development of many regions in the
context of rapid urbanization. However, researches taking Qingpu as a case study area are rather
rare [81,85]. This paper enriches the existing research about landscape services in suburban regions,
synthesizes hotspots and influencing factor identification into the landscape multifunctionality budget,
and further informs landscape function zoning at the village level, coordinating economy and ecology.
For other data-scarce suburban regions like Qingpu in an international context, the semi-quantitative
assessment of landscape services using expert knowledge combined with the local situation can be
applied because of its dimensionless format [33], and it is easier to obtain than observed results by
fieldwork. This framework could simplify the complexity involved in the diagnosis of landscape
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service supply—demand mismatches and the identification of spatial agglomeration and influencing
factors in the rapid urbanization process, providing valuable information and laying the foundation
for further researches.

5. Conclusions

This paper applied a comprehensive framework for assessing and mapping the temporal and
spatial variations of landscape service supply, demand, and budget, and conducted further analysis
from the integrative perspective of the landscape multifunctionality budget for the identification of
hot and cold spots, and influencing factors. This paper preliminarily identified the surplus and deficit
of landscape services and landscape multifunctionlity, supporting further research and providing
an orientation for landscape management. We demonstrated that the supply and demand matrices
proposed by Burkhard et al. [38] are effective for assessing landscape services in a suburban area,
and that the landscape multifunctionality budget is a useful tool for aggregating multiple landscape
service supplies and demands. The results indicate that land-cover change and the underlying
socioeconomic conditions caused by rapid urban sprawl are the main drivers of the temporal and
spatial variations of landscape services and landscape multifunctionality budget. During the decade,
the rapid expansion of built-up areas proceeded with the decrement of arable land, while forest
area increased near Dianshan Lake. Consequently, ecological services except air-quality regulation
performed better in 2015 at the cost of crop production, and the recreation and aesthetical value
weakened. Landscape service budgets generally follow the spatial pattern of positive in the west
and negative in the east. The budget deficit of nutrient regulation, soil-erosion regulation, and water
purification was widely distributed across Qingpu. The landscape multifunctionality budget of Qingpu
was in surplus status in 2005 and 2010, but turned to deficit status in 2015 due to urban expansion.
Budget deficit covered half of the villages in 2015, which were mainly situated in the east wing. Villages
near central Shanghai, on the one hand, can benefit from urbanization to improve average income;
however, on the other hand, they cope with population pressure and suffer from fragmented and less
diverse landscape patterns, resulting in a negative trend in the landscape multifunctional budget.

Suburban areas like Qingpu District, due to specific location, are often an arena of complex
and sometimes contradicting demands and are increasingly demanding multifunctional landscape.
Qingpu is coping and will increasingly have to cope with population growth. In this urbanizing
process, considering regional conditions, the imbalance between the west wing and the east wing can
also be regarded as a harmonious status from a holistic perspective. According to the budget status of
surplus and deficit, city planners and policy-makers should focus on ecological conservation in the
west wing and economic development in the east wing, taking advantage of the neighboring Shanghai
central city. We suggest context-specific landscape function zoning as an effective way to achieve the
win-win development of ecology and economics and to improve the comprehensive competitiveness of
Qingpu achieving a sustainable future. The research still calls for improvements, such as quantitative
modeling of landscape service supply, and the detailed calculation of landscape service demand,
which will be conducted in future work. Moreover, scenario analysis with the land-use model will be
applied to explore alternative land-use patterns for optimal landscape services and higher landscape
multifunctionality budgets, further supporting practical landscape planning.

Supplementary Materials: GIS delimitations and subunits of study area are available online at http://www.
mdpi.com/2071-1050/10/10/3752/s1.
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