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Abstract: Bay areas are endowed with unique sea and land resources, location advantages, and high
environmental carrying capacities. The rapid urbanization process has intensified the demand for
limited natural resources, leading to a series of problems in coastal zones such as land use conflicts and
the degradation of ecosystem services. Taking Quanzhou, a bay city in a metropolitan region, as an
example, this paper established an accounting model of ecosystem services supply and consumption
demand based on multisource data (meteorological site data, land use data and statistical data).
We estimated the supply capacity and consumption demand of provisioning services, regulating
services, and cultural services in Quanzhou from 2005 to 2015. In addition, the supply and demand
of ecosystem services were simulated for 2030 under different scenarios. The results showed that the
supply capacity of ecosystem services in Quanzhou was greater than the demand in general, but the
supply-demand difference showed a gradual decrease. The high-value areas of supply capacity were
concentrated in the upstream basin in the non-bay area, while the high-value areas of consumption
demand were located downstream of the river basin in the bay area. The supply-demand difference
in the bay area was negative, indicating that it was in a state of supply-demand imbalance and that
the ecological security was under threat. Among the three simulated scenarios in 2030, the balance
between supply and demand declined compared with the results of 2015, with the most serious
decline in the natural scenario. The method to quantify the evolution of spatial and temporal patterns
in supply and demand of ecosystem services could provide a decision-making reference for natural
resource management in Quanzhou. This is conducive to the improvement and establishment of
urban ecological security research systems, especially in bay areas that are lacking research.

Keywords: bay area; ecosystem services; supply and demand; scenario simulation

1. Introduction

Bay areas are laid out along bay shorelines, and development typically concentrates
along the bay. By virtue of their rich land and sea resources and high environmental
carrying capacities, bay areas have become centers of regional economic and policy activi-
ties [1]. In recent years, accelerated urbanization and economic growth have caused bay
areas to be environmentally fragile and sensitive to human activities, and their ecosystem
service function has gradually deteriorated [2]. Supply and demand are important research
components of ecosystem services. The supply of ecosystem services refers to the ability
of a specific region to provide specific ecosystem goods and services within a period of
time, while the demand for ecosystem services is the ecosystem services that are consumed
or used within a specific time and place [3,4]. In essence, the supply and demand of
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ecosystem services is the interaction between human society and nature [5]. However,
the total value generated by ecosystems, the type of services, and the ecological supply
required by humans often do not exactly match, and they are influenced by a combination
of factors such as the natural environment, population structure, and spatial pattern [6,7].
When the effective supply of ecosystem services is insufficient or overconsumed, the spatial
mismatch between supply and demand is significant [8,9]. This may directly affect human
well-being and threaten regional ecological security to a large extent [10].

Ecosystem services are different from ordinary commodities. It is difficult to achieve
balanced resource allocation through market regulation, thus requiring analysis of the
supply-demand load relationship and spatial linkage of ecosystems [11]. Early studies
focused on the supply side of ecosystem services and have not yet recognized the role of
ecosystem services in human well-being [12–15]. Supply and demand together constitute
the flow of ecosystem services from the natural resource space to human society [4,16].
Without human demand, ecosystem functions and processes will not be able to form ecosys-
tem services [17]. Qualitative and quantitative assessments of the supply and demand for
ecosystem services at a specific spatiotemporal scale can assist decision makers in weighing
the pros and cons, which has become a key concern in coupling ecosystem services to
regional ecological security patterns [18]. The difficulty lies in the complexity and interac-
tion of ecological and economic systems [19], as well as the variability of demand among
regions and groups with different degrees of dependence on natural resources [9].

Humans often change land use functions and patterns to meet development demands
which, in turn, feeds back into ecological processes, such as energy exchange, the water
cycle, and the biochemical cycle, and affects the supply capacity of the ecosystem [20,21].
For example, the degradation of natural forest leads to declines in biodiversity and increases
the potential of natural hazards [22]. In contrast, scientific ecological restoration policies
and land use planning can effectively improve the relationship between the supply and
demand of ecosystem services and promote the sustainable use of natural resources [23–25].
Burkhard et al. [26] proposed the first matrix model of the supply and demand of ecosystem
services assessed by experts based on land use/land cover (LULC) and socioeconomic data.
The different land cover types are linked to their capacities to provide various ecosystem
services and potential demands for the services, assigning scores on a scale of 0–5. A higher
value indicates that a certain landscape has a higher relevant capacity or demand. Naturally,
expert hypothetical judgements from spatial information depend much on experience and
perspective as on which services are supposed to be relevant. However, the spatial visual
assessment of the supply and demand of ecosystem services can be quickly realized by
combining expert knowledge and LULC. This matrix model requires less input data and
shows great potential in identifying a mismatch between supply and demand, which has
been widely applied in cities, watersheds, countries, and at other scales [27–29].

The trade-offs between the supply and demand of ecosystem services have obvious
scale effects. On the basis of analyzing the current problems, it is more important to
ensure that the environmental capacity and supply of the ecosystem can carry the demand
for ecological services by humans’ social and economic activities over a long time [30].
Meanwhile, there are differences between short-term and long-term interests in the demand
for ecosystem services by different stakeholders [31]. Existing studies mostly focus on
static accounting supply and demand and explore the quantitative relationship between
supply and demand only at a certain point in time. There is limited support for long-
term, sustainable supply and resource allocation patterns [32,33]. Scenario simulations
set up various scenarios according to different priority objectives, such as environmental
protection or economic development, which can predict ecosystem service functions and
their interrelationships in different scenarios [34]. This method is helpful for revealing the
impact of land use/cover changes on future ecosystem service functions and overall benefits
through spatiotemporal dynamic simulation to guide supply and demand matching of
ecosystem services and land use management [35,36].
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Most bay areas have become core growth poles of socioeconomic development in
coastal regions, and the expansion of construction continues to change the land use struc-
ture. On the one hand, the population concentration brought by urbanization expands the
demand for gulf ecosystems. On the other hand, the export-oriented economy developed
by ports further aggravates the imbalance between the supply and demand upstream and
downstream of the basin. Exploring regional ecological security from the perspective of
supply and demand of ecosystem services can reflect the carrying capacity of ecosystems
and the impact of human disturbance. This paper examined Quanzhou, a bay city with
a central watershed, as a case study and established an accounting model of ecosystem
services supply and demand based on the land use status. We investigated the provisioning
services, regulation services, and cultural services from 2005 to 2015. Comparing the bay
area with the non-bay area, this thesis also simulated different development scenarios to
explore the spatial and temporal dynamics of supply and demand in 2030. This research
can help realize the systematic regulation of ecological security patterns in this bay area
and provide a decision-making reference for development in similar areas.

2. Materials and Methods
2.1. Study Area

The municipality of Quanzhou is located at a low latitude in the southeast coastal area
of China, and it features a subtropical, maritime monsoon climate with relatively moderate
weather. It is one of the three central cities in the Fujian Province to the south of Fuzhou
City (the capital of Fujian Province), north of Xiamen Special Zone, and west of Taiwan
island (Figure 1). The city borders the sea and rolling mountains, and it covers a land
area of 11,015 km2 (including Jinmen not involved in this study). There are 34 rivers with
watershed areas greater than 100 km2 originating here, with a total length of 1549 km. The
Jinjiang River and Luoyang River converge into the sea at Quanzhou Bay. It has a twisting
coastline of 541 km and active deep-sea ports with abundant coastal resources and higher
environmental carrying capacities.
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Figure 1. Location of the study area.

2.2. Data Sources

In this paper, five types of data sets were applied: land use classification maps, digital
elevation model (DEM) data, demographic data, transportation data, and socioeconomic
data as listed in Table 1.
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Table 1. Summary of the data sets used in this study.

Dataset Types Source Time Period

Land use and cover
(1 km × 1 km)

the Resource and Environmental Science
Data Center of the Chinese Academy of

Sciences (http://www.resdc.cn, accessed on
5 March 2021)

2005; 2010; 2015

Digital elevation
model (30 m × 30 m)

Geospatial Data Cloud
(https://www.gscloud.cn, accessed on

5 March 2021)
-

Transportation data 91 Satellite Image Assistant -

Socioeconomic data
Quanzhou Statistics Yearbook

(http://www.quanzhou.gov.cn, accessed on
12 March 2021)

2006; 2011; 2016

Demographic data Quanzhou Land Use Overall Planning
(2006–2020) -

2.3. Methods
2.3.1. Evaluation Model of Supply Capacity of Ecosystem Services

Ecosystem services are mainly classified into provisioning services, regulation services,
cultural services, and supporting services. As supporting services are the basis and premise
of the first three types of services, and they are not directly related to human well-being, this
paper only evaluated provisioning services, regulation services, and cultural services [37].
On the basis of previous foundations, a quantitative model was developed to measure the
supply capacity of ecosystem services using land use classification maps. The following
formula reflects the spatialization of supply capacity of ecosystem services on a 1 km grid:

Es = ∑n
u=1 ∑6

i=1
Siu
S

(kia + kib + kic) (i = 1, 2, 3, 4, 5, 6) (1)

where Es is the dimensionless evaluation index of the supply capacity of ecosystem services,
and i represents six types of land use including arable land, forest, grassland, water area,
construction land, and unused land. a, b, and c represent provisioning services, regulation
services, and cultural services, respectively. Siu is the area of land use i in cell u, and S
is the total area of the grid cells in the study site. kia is the correlation intensity among
provisioning services and various land use types; analogously, kib is the intensity among
regulating services and land use types, and kic is associated with cultural services. The
specific values are shown in Table 2.

Table 2. The intensity and K value of ecosystem services supply of various land use types.

Land Use

K Value Assignment Based on the Subdivision of Various Land Use Types

Land Cover
(Subdivision)

Provisioning
Services

Regulating
Services

Cultural
Services

Intensity K Intensity K Intensity K

Arable land
Non-irrigated land 21

20
5

5
1

0Irrigated land 18 5 1

Forest
Broadleaf forest 21

21
39

39
10

10Mixed forest 21 39 10
Grassland Natural grassland 30 30 8 8 3 3

Water area
Channel 12

12
10

8
10

10Water area 12 7 9
Construction land Mean value of urban land use 2 2 0 0 0 0

Unused land Unused land 0 0 2 2 0 0

The arable land in Quanzhou is mainly paddy field, and irrigated land accounts for
most of the basic farmland. The research used the average value of irrigated land and

http://www.resdc.cn
https://www.gscloud.cn
http://www.quanzhou.gov.cn
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non-irrigated land to represent the K value of arable land. According to the land use data
and statistical data, forestry resources are concentrated in northwestern Quanzhou, where
forest is the largest land cover type. The K value of forestland depends on the average
value of broadleaf forest and mixed forest, which provide two main kinds of local resources.
Grasslands serve the functions of providing food for livestock and enhancing soil and water
conservation. Given the underdevelopment of animal husbandry in the study area, natural
grassland was selected as a reference for the grassland K value. There are many rivers
and streams in Quanzhou, but lakes occupy only a small area. Therefore, the correlation
coefficient was based on the mean value of the two water types. For construction land, the
K value was based on the average value of 11 secondary types in the land use classification
system. Unused land in Quanzhou only occupies a small space, while saline land occupies
most of the space. Hence, unused land was assigned the value that was assigned to saline
land in the relevant literature.

2.3.2. Evaluation Model of Consumption Demand of Ecosystem Services

Consulting the study by Burkhard and Kroll [4], this paper constructed another
evaluation model to quantify the consumption demand of ecosystem services:

Ed = ∑n
u=1 ∑6

i=1
Siu
S

(dia + dib + dic) (i = 1, 2, 3, 4, 5, 6) (2)

where Ed is the dimensionless evaluation index of the consumption demand of ecosystem
services and dia, dib, and dic are the correlation coefficients among the three kinds of
ecosystem services and various land use types. The other parameters are explained in
Equation (1). The assignment principles are identical to those of the supply capacity of
ecosystem services (Table 3).

Table 3. The intensity and K value of ecosystem services demand of various land use types.

Land Use

K Value Assignment Based on Subdivision of Various Land Use Types

Land Cover
(Subdivision)

Provisioning
Services

Regulating
Services

Cultural
Services

Intensity K Intensity K Intensity K

Arable land
Non-irrigated land 3

6
15

20
0

0Irrigated land 9 25 0

Forest
Broadleaf forest 3

3
0

0
0

0Mixed forest 3 0 0
Grassland Natural grassland 9 9 8 0 0

Water area
Channel 1

1
0 8 0 0

Water area 1 0 0 0
Construction land Mean value of urban land use 43 43 32 32 6 6

Unused land Unused land 0 0 0 32 0 0

2.3.3. Markov–Logistic–CA Model

The Markov model is a trend prediction model used to calculate the land use area
transfer matrix, which assumes that the future state can be simulated by the previous
state [38]. The Markov process is the prediction of land use structural change based on the
land use transfer probability [39]. As in Equation (3):

N(t+1) = Rij × N(t) (3)

where N(t+1) is the state of the land use type at time t + 1 and N(t) is the state at time t.
Then, the driving factors influencing land use change are analyzed using a binary

logistic regression model. At present, the allocation model primarily based on land use
suitability evaluation has become the basis of the spatial prediction model [40]. The logistic
regression algorithm can select a series of explanatory variables (topography, population
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density, distance from cities, accessibility) to describe the potential possibility of land use
change [41,42]. The standard linear regression model is as follows [43]:

Logit(Bi) = ln
(

Bi
1 − Bi

)
= β0 + β1x1 + β2x2 + β3x3 + · · ·+ βnxn (4)

where Bi is the probability of a particular land use type i that appears in each grid, and X is
an independent variable representing various driving forces. The model can be regarded as
an empirical approach to deriving the probability of one land use type converting to another
in the next period of time. It also demonstrates the relationship between observations
and dependent variables. The study used the ROC curve as an indicator to verify the
factors’ significance.

Finally, we ran the CA model to simulate the spatiotemporal dynamic evolution of
land use types. The cellular automata model can map the quantitative predictions of
the Markov model in space, emphasizing the neighborhood interactions among the cells
scattered in the regular grid [44]. Space and time are discrete, while the interaction is local.
The state of each cell at the next moment is jointly determined by itself and its surrounding
neighbor cells [45], following the transition rule corrected by the logistic regression model
for simultaneous updates [46]. The state of the system moves forward in discrete time
steps [47]. It can be expressed as follows [48]:

D(t+1) = f
(

D(t), G
)

(5)

where D is the set of all possible states of the cells, and f is a transition function defining
the rules of the state changing from t to t + 1. G represents the neighbourhood of the cells
as input values for the function f .

2.4. Data Pre-Proceeding

As a basic for research, logistic regression was used to filter the main drivers of land
use change, including slope, distance to coastline, GDP per capita, distance to the center
of city, distance to major roads, and population density. Then combined the suitability
images of spatial distribution probability with Markov transition matrix, we defined the
transformation rules for CA (Figure 2). To confirm the effectiveness of the model, the
simulated LULC map in 2015 was compared with the actual map. The areas of various
land use types in Quanzhou from 2005 to 2015 are listed in Table 4. The kappa coefficient
was 0.9197, indicating that the model was reliable as a predictive tool [38,45]. With respect
to Quanzhou’s planning strategy and ecological security protection, the study set three
kinds of scenarios, including natural scenario, planning scenario, and protection scenario.
Using the LULC map in 2010, the CA–Markov model, available in the IDRISI 7.0 software,
was able to predict the LULC maps in 2030 and corresponding areas of various land use
types (Table 5) in different scenarios.
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Table 4. Land use changes in Quanzhou during 2005–2015.

Year
Area (km2)

Arable Land Forest Grassland Water Construction Land Unused Land

2005 2599 5489 1659 126 972 8
2010 2526 5480 1640 125 1075 9
2015 2475 5482 1634 124 1131 8

Table 5. Land use area in Quanzhou in 2030 under different scenarios.

Scenario
Area (km2)

Arable Land Forest Grassland Water Construction Land Unused Land

Current
situation in

2015
2475 5482 1634 124 1131 8

Natural
scenario in 2030 2266 5040 1480 145 1895 28

Planning
scenario in 2030 2366 5300 1500 141 1519 28

Protective
scenario in 2030 2386 5340 1520 165 1415 28

3. Results
3.1. Evaluation Results of Supply and Demand of Ecosystem Services

Applying Equations (1) and (2), we quantized the supply capacity and consumption
demand of ecosystem services. Supply-demand balance can reflect regional ecological
security to a certain extent. Table 6 shows how these factors changed over time. During
2005–2015, the supply capacity was greater than the consumption demand in any year,
meaning that the supply could meet the demand of consumption and the supply-demand
structure of ecosystem services in Quanzhou was acceptable. The total supply capacity and
difference decreased, while the overall demand increased by 6.8% in 10 years. Specifically,
the supply capacity of all three services continuously decreased. Among the three types of
services, regulating services had the largest gap, which illustrated that they were the most
sustainable. In addition, the difference between the supply and demand of the provisioning
services was the lowest, and it showed the fastest decline. Although in a relatively safe
range, they were the most prone to imbalance.

Table 6. The change in supply and demand of ecosystem services in Quanzhou (dimensionless).

Ecosystem Services 2005 2010 2015

Provisioning
services

Supply capacity 182,752 180,974 179,999
Consumption demand 92,485 96,307 98,729

Supply-demand difference 90,267 84,667 81,720

Regulating
services

Supply capacity 241,488 240,611 240,269
Consumption demand 47,630 50,422 51,892

Supply-demand difference 193,858 190,189 188,377

Cultural
services

Supply capacity 63,726 63,496 63,457
Consumption demand 20,076 20,645 20,975

Supply-demand difference 43,650 42,851 42,482

Total
Supply capacity 487,966 485,081 483,725

Consumption demand 92,485 96,307 98,729
Supply-demand difference 90,267 84,667 81,720

According to the supply and demand of the ecosystem services valuation model, the
types of land use providing services are mainly arable land, forestland, and grassland,
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while the demand for ecosystem services comes primarily from human residential areas.
This reminds us to protect ecological land properly so as to curb this trend that might affect
ecological security in Quanzhou.

3.2. Spatial Pattern of Supply and Demand of Ecosystem Services

We used ArcGIS to realize the spatialization of supply capacity and consumption
demand in Quanzhou based on a 1 km × 1 km raster layer of land use from 2005 to 2015.
The spatial heterogeneity in different years enabled the identification of supply and demand
hotspots of ecosystem services as well as the change features.

Figure 3 demonstrates that there was apparent spatial regularity in the supply and
demand status that was caused by factors of geographical conditions and regional eco-
nomic development differences. The supply capacity of ecosystem services showed a
decreasing trend from northwest to southeast. Concurrently, the high-value areas were
mainly concentrated in the upper reaches of the river basin, including Anxi, Yongchun and
Dehua, mountainous counties just north of Quanzhou. Anxi had the highest forest cover-
age in Quanzhou. Extensive forests and grasslands provided higher ecosystem services,
while less construction land reduced the demand in this region. The low-value areas were
distributed in downstream watersheds, such as Jinjiang, Shishi, Nanan, and a part of the
main urban area.
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The consumption demand was opposite to the supply capacity in the spatial distribu-
tion law. High-value areas of consumption demand were mostly found in the southeast
bay area, where arable land and construction land occupy most of the space and ecological
land is minimal. Drastic changes in land use and continuous reductions in ecological land
were attributed to this area’s in situ urbanization with regional characteristics, further
resulting in a low supply capacity of ecosystem services. The spatial distribution law of
the supply-demand difference was consistent with that of the consumption demand. The
superposition of less supply and more demand made this law more obvious, and even the
gap in some areas was negative.

Table 7 illustrates the contrast of the mean supply and demand of ecosystem services
between bay areas and non-bay areas in 2015. We found that the supply capacity in the bay
area was only approximately half of that in the non-bay area, while the consume demand
was 2.5 times higher in the bay area. The bay area exerted significantly more pressure on
supply and demand. In terms of the difference, the negative value in the bay area indicated
that the supply and demand of ecosystem services was in a state of imbalance, which calls
for sustainable development and signals a threat to ecological security.

Table 7. Contrast of supply and demand of ecosystem services between bay area and non-nay area in
2015 (dimensionless).

Region Supply Capacity Consumption Demand Supply-Demand Difference

Bay area 24.07 31.05 −6.98
Non-bay area 48.79 12.60 36.19

3.3. Analysis of Supply and Demand of Ecosystem Services in Different Scenarios

Currently, we have summarized the reasons for the imbalance between supply and
demand of ecosystem services in Quanzhou. Predicting the situation in the future will help
us deeply examine the spatial pattern to explore how factors influence the balance of supply
and demand of ecosystem services. Meanwhile, scenario simulations can be used to study
alterations in supply and demand under different scenarios to provide a decision-making
reference for regional ecological security protection. This paper predicted LULC changes in
2030 according to trends in the dynamics, and then the supply and demand of ecosystem
services were assessed.

The extent of land area change was limited in the planning scenario in accordance
with the planning objectives. The conversion of forest land, arable land, and grassland
to construction land was reduced by 10% in the protective scenario and the conversion
of water bodies to construction land is prohibited. Overall, Table 8 displays that the total
supply capacity in the natural scenario (478,326) was lower than that in 2015 (483,725),
while an upwards trend was shown in the planning scenario and protection scenario. The
result demonstrated that the protection and planning of ecological security can improve the
supply capacity of ecosystem services. The total consumption demand increased by a large
margin, and the rising range was highest in the natural scenario, which explained why
the human demand for ecological services was increasing. In 2030, the supply-demand
difference declined in the three simulated scenarios. The magnitude of the drop was
greatest in the natural scenario, followed by the planning scenario and the protection
scenario. In terms of provisioning services, the supply and demand in 2030 were higher
than those in 2015, and the difference decreased only in the natural scenario. For regulating
services and cultural services, there were declines in supply capacity and differences and
increases in demand in the future. Among them, the gap in the natural scenario was
the lowest.
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Table 8. Contrast of ecosystem services supply and demand in 2030 under different scenarios
(dimensionless).

Ecosystem Services Current
Situation in 2015

Natural
Scenario in 2030

Planning
Scenario in 2030

Protective
Scenario in 2030

Provisioning
services

Supply capacity 179,999 201,090 208,390 210,270
Consumption demand 98,729 123,666 108,886 105,026

Supply-demand difference 81,270 77,424 99,504 105,254

Regulating
services

Supply capacity 240,269 220,946 231,746 233,726
Consumption demand 51,892 117,800 107,800 105,160

Supply-demand difference 188,377 103,146 123,946 128,566

Cultural services
Supply capacity 63,457 56,290 58,950 59,610

Consumption demand 20,975 23,210 21,090 20,650
Supply-demand difference 42,482 33,080 37,860 38,960

Total
Supply capacity 483,725 478,326 499,086 503,606

Consumption demand 171,146 264,676 237,776 230,836
Supply-demand difference 312,579 213,650 261,310 272,770

4. Discussion
4.1. The Contradiction between Supply and Demand under Rapid Urbanization

The unique resources of bay areas and their complex “human–environment” ecosys-
tems are the basis for their development. The natural and open characteristics of bay areas
have been proven to be of special value in the long-term urban development process [49].
The gathering of labor, capital, technology, and other production factors brings significant
momentum to urbanization. It increases the demand for limited natural resources in coastal
areas. At the same time, rural areas are faced with the challenges of rural–urban migration
and its effect on land transfer [50]. The sharp conflicts in land use may affect frequent mate-
rial exchange, energy flow, and other ecological processes within the watershed, resulting
in a mismatch between the supply and demand of ecosystem services [51], especially at
small and medium scales. Research has been carried out on the value assessment and
functional spatial optimization of ecosystem services in bay areas under rapid urbaniza-
tion [52–54], but few studies have explored the ecosystem response to human activities
from the perspective of supply and demand of ecosystem services.

In general, the supply and demand of ecosystem services in Quanzhou are in surplus.
The provisioning services, regulating services, and cultural services provided by ecosystems
are able to meet local consumption demand. However, the tension between supply and
demand is reflected not only in the total amount but also in the types, values, and diversity
demands in the spatial and temporal distribution of ecosystem services that regions can
provide [15]. During the period from 2005 to 2015, along with the changes in land use
and the transformation of ecological land to construction land, the difference between the
supply and demand of all three ecosystem services showed a decreasing trend with the
most obvious decrease in provisioning services. This warns us of the potential ecological
security risks in the future supply and demand pattern of ecosystem services in Quanzhou.
This is similar to the evolutionary characteristics of ecosystem services supply and demand
in developing countries resulting from massive land development and utilization due to the
fact of urbanization demands [55]. In terms of spatial patterns, the bay area of Quanzhou
corresponds to the offshore area of the lower reaches of the basin, while the non-bay area
corresponds to the inland area of the upper reaches. The supply capacity of ecosystem
services is spatially characterized as low offshore and high inland, while the consumption
demand shows the opposite pattern, creating a state of imbalance between supply and
demand in the bay area as confirmed by Huang et al. [56]. Some studies have indicated
that in bay area basins, the value of ecosystem services tends to be higher in the inland
hinterland than in the lower reaches offshore [57]. The areas where significant changes
occur on a temporal scale are usually concentrated at the sea-land boundary [58]. This
illustrates that the economic activities of stakeholders have become the main factors in the
supply and demand patterns of ecosystem services [59]. The spatial relationship between
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service provision areas and beneficiary areas and the contradiction between supply and
demand are challenges to be faced in the urbanization process.

4.2. Policy Implications for Land Use Management

The mismatch between the supply and demand of ecosystem services is multidimen-
sional, not only in terms of temporal and spatial variability but also in trade-offs between
costs and benefits for stakeholders [60,61]. The negative impacts of a supply-demand
mismatch often have a time-lag effect. Sustainable management of natural resources de-
pends on scientific and reasonable prediction of the spatial distributions and changing
trends of the supply and demand of ecosystem services [62]. The scenario simulation
method provides technical support for dynamic monitoring and early warning of supply
and demand trends as well as a reference for policy on weighing ecological construction
and urbanization expansion.

Among the three scenarios simulated for 2030, the difference between the supply and
demand of ecosystem services in Quanzhou under the natural scenario decreased the most
compared to those in 2015. Although the difference also decreased in the protective scenario
and planning scenario under development target constraints and land use control, the
decline was much smaller than that in the natural scenario, indicating that the imbalance
between the supply and demand of ecosystem services can be reduced through the optimal
allocation of land use [63]. Managers could exercise strict control over the amount of green
space and blue space to maintain the supply of ecosystem services [64], but that may not
necessarily achieve the policy goal of minimizing the imbalance between supply and de-
mand [65]. What we need to recognize is that the complexity of natural-economic ecological
systems poses enormous challenges in trade-offs and synergies between ecosystem services
and human well-being, different types of services and multiple stakeholders.

As key regions in the spatial extent of the blue economy, the utilization and man-
agement of bays is a priority for coastal development [66]. Watersheds with different
dominant land use patterns may respond differently to supply and demand of ecosystem
services. Typically, ecosystem services tend to be provided from the upstream supply areas
of the watershed to the downstream demand areas along hydrologic flow paths. Potential
intervention points can be determined by referring to the simulation results of the supply
and demand relationship of ecosystem services in Quanzhou. According to the objectives
of different decision-making priorities in the region, we should comprehensively consider
the ecological and economic benefits, measures what needs to be adjusted and the aspects
of well-being that need to be improved. It is vital to facilitate hierarchical management.
The core focus in the southeast bay area is limiting the direction and scale of expansion
of construction land instead of the crude land use pattern that grabs important ecological
land such as forests and water bodies. While in the northwest mountainous counties with
higher capacity to supply ecosystem services of Quanzhou, compensation protection zones
and buffer zones should be established to develop an ecological economy and improve the
effective supply and value realization of ecological services from the inland hinterland to
the bay area. At the same time, the government needs to play a leading role in promoting
the interregional flow of supply and demand of ecosystem services on a larger scale. It is
helpful to implement rational resource development, ecological compensation formulations,
and bay protection decisions in a planned and organized manner.

4.3. Limitations and Future Research Direction

This study used an advanced matrix to measure the supply and demand of ecosys-
tem services with reference to the results of a study by German researchers that semi-
quantitatively reflected on the differences in supply and demand among different LULC
types. The choice of regions and the research focus of the experts may have affected the eval-
uation of the results to a certain extent [67,68]. Meanwhile, data without dimensions have
not been able to provide a basis for horizontal comparison between different ecosystem
services. Considering the influence of land classification methods and data accuracy, the
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matrix method based on LULC was not sufficient to fully reflect the internal heterogeneity
of supply and demand of the same land use type. Undeniably, the method still has a certain
applicability in general, especially in areas where data are scarce for quickly identifying key
spatial points and providing useful information for environmental management [69–71].

In addition, this paper only identified and predicted the spatial differences and contra-
dictions between the supply and demand of ecosystem services at the local scale within
a city. However, the supply and demand areas of ecosystem services do not completely
coincide geographically [72]. In fact, only a few ecosystem services are consumed locally
in the supply areas, while most ecosystem services flow between the supply and benefit
areas and are influenced by a variety of human and natural factors, such as water provi-
sioning and cultural services [73], which are remotely coupled. Ecosystem service flows
can dynamically couple ecosystem service supply with human demand and clarify the
impacts of changes in ecosystem services on human well-being [74]. In the future, the
current research system should be improved by combining ecosystem service flows to
analyze the structural match between supply and demand in terms of the flow rate, outflow,
flow direction, and accessibility of different types of ecosystem services. The delivery
pathways and flow processes of ecosystem services from supply areas to beneficiary areas
could be considered, which would reveal the driving mechanisms and causal links between
supply and demand of ecosystem services. Furthermore, the model’s predictive capability
should be enhanced to provide future scenarios with high confidence levels to explore
regional-scale cooperation from the perspective of multiple stakeholders.

5. Conclusions

Using Quanzhou as a case study, this study estimated the supply capacity and con-
sumption demand of three important ecosystem services, provisioning services, regulating
services, and cultural services from 2005 to 2015 with an accounting model based on mul-
tisource data. On this basis, the paper discussed the spatiotemporal dynamic evolution
of the supply and demand of ecosystem services under different scenarios in 2030. We
found that, on the whole, the supply capacity of ecosystem services could meet the de-
mand of consumption and the supply-demand balance was relatively healthy in Quanzhou.
However, the supply-demand difference of the three services showed a downwards trend
(most dramatically in provisioning services). The high-value areas of supply capacity
were concentrated in the upper reaches of the river basin, while the high-value areas of
consumption demand were mostly found in the southeast bay area. The superposition
of less supply and more demand led to an imbalance between supply and demand in
the bay area as well as a threat to the ecological security. Among the three simulated
scenarios in 2030, the supply-demand difference decreased to a certain extent compared
with that in 2015. The magnitude of the drop was greatest in the natural scenario followed
by the planning scenario and the protection scenario. We expect these findings to provide
a decision-making reference for ecological security and natural resource management in
bay areas and to promote the exploration of territorial spatial planning based on ecological
bottom lines.
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