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Abstract

Recently designated as a new special economic zone in China, Zhoushan Archipelago is going through a rapid
land use change that is expected to have significant impacts on ecosystem services. However, there is no baseline
of ecosystem service value (ESV) of the Zhoushan Archipelago up to date, making it impossible to assess any
impacts of land use changes. In this study, we adopted the concept of “equivalent value per unit area of ecosystem
services in China” and computed the ESV for 2006, 2012, and 2020 of a representative district, Dinghai, on the
Zhoushan Archipelago. We then analyzed the spatial and temporal patterns of land use changes and their impacts
on ESV. The results indicated that the ESV of Dinghai District declined by 59.3 M Chinese yuan (9.5 M US dollars)
from 2006 to 2012 and would further decrease by an additional 30.9 M yuan (55 M US dollars) by 2020 according
to its planned land uses. These declines in ESV were primarily due to increases in buildup areas and losses in
wetland, farmland, and water areas. The results imply that more attention should be paid to controlling urban
growth and protecting coastal wetlands in order to preserve valuable ecosystem services of the Archipelago.
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Introduction
Assessing ecosystem service values (ESV) is on the fron-
tier of international research. It integrates the disciplines
of ecology, economics, sociology, geography, and others
(e.g., Speziale and Geneletti 2014 and Wang et al. 2015).
Its concept was first introduced by Westman (1977) and
subsequently modified by Daily (1977), Costanza et al.
(1997b)), and Xie et al. (2001). These studies asserted
that the structure, process, and function of ecosystems
directly or indirectly provide life support (raw materials,
etc.) and services (habitat, etc.), including ecological ser-
vices necessary to human life and biodiversity.

Land use directly affects ecosystem services through
interactions between ecological processes and human ac-
tivities (e.g., Zhao et al. 2000 and Zhou et al. 2004). By
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changing the types of land cover, land use can affect the
physical structure, ecological process, and function of an
ecosystem. Therefore, one direct approach to estimating
ESV is based on land use, as it reveals the ecological sig-
nificance of ecosystem service value from the aspects of
human activities and management. Previous studies have
made extensive and in-depth efforts to quantify ESV
across spatial and temporal scales (Costanza et al. 1997a;
Mann et al. 2013; Pattanayak 2004; Turner et al. 2000),
where ESV were assigned according to land use types
based on, for example, expert surveys on the perceived
values of different land uses and land cover types (e.g.,
Xie et al. 2008).

Most of these previous studies focused on terrestrial
ecosystems. Few have paid attention to ecosystem ser-
vices and their value for island ecosystems (Moberg and
Ronnbdck 2003; Kumar et al. 2008; Brenner et al. 2010;
Badola et al. 2012). Islands are defined as “lands isolated
by surrounding water and with a high proportion of
coast to hinterland” (Millennium Ecosystem Assessment

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13717-017-0095-3&domain=pdf
mailto:changweij@zju.edu.cn
mailto:jacobchee@zju.edu.cn
http://creativecommons.org/licenses/by/4.0/

Shao et al. Ecological Processes (2017) 6:27

2003). They have characteristics of both land and
aquatic systems but are unique in many ways. Due to
the special geographical environment, island ecosystems
are very fragile and particularly vulnerable to distur-
bances (e.g., Shi et al. 2009). It has been speculated that
rapid developments on islands may prove disastrous for
valuable ecosystem services. However, to date, there is
no existing baseline ESV of island ecosystems against
which the impacts of land use change could be assessed.

As China’s first prefecture-level island city, Zhoushan
is undergoing rapid land use change. This is the result of
its designation in 2011 as a new, special economic zone
by the State Council of China’s Central Government, the
fourth state-level economic reform pioneer zone after
Pudong District in Shanghai, Binhai District in Tianjin,
and Liangjiang District in Chongqing. How these on-
going land use changes affect the island’s ESV remains
unclear. Therefore, it is of great importance to evaluate
the ESV of Zhoushan Archipelago to gain a better un-
derstanding of its changing trajectory and to improve
land use planning to ensure sustainable long-term devel-
opment. To this extent, limited research has been con-
ducted to assess ESV of island ecosystems (Zhao et al.
2016 and Zhao et al. 2014) using, for example, land use
information derived from Landsat-type images. Due to
its complexity and spatial variability, a better spatial
resolution analysis of ESV is needed in order to better
understand the consequences of land use planning on
ESV. In this study, we used high-resolution land use data
obtained from the Zhoushan Land Department to
capture the island’s spatial variability and geographic
characteristics for improved ESV estimation and ana-
lysis. We chose to focus on the largest district, Dinghai,
on the Zhoushan Archipelago where the most rapid
changes in land use have occurred since 2006.

The objective of this research is simply to assess
spatio-temporal changes in ecosystem services values
resulting from land use changes in the past and in the
future. The questions to be addressed are to what extent
have the land use changes on Zhoushan Archipelago af-
fected its ESV from 2006 to 2012 and what are their fu-
ture trajectories for 2020? The analyses of the dynamic
spatial and temporal changes in ESV could shed some
light on how land use change and land use planning
could impact ecosystem service values of island ecosys-
tems, thus providing a better understanding of the eco-
logical implications of land use changes on islands.

Methods
Study area
Located at the intersection of the Yangtze River Estuary
and Hangzhou Bay of China, Dinghai District (lat. 29°
55'N-30° 15'N, long. 121° 38'E-122° 15'E) is the eco-
nomic and political center of the Zhoushan Archipelago
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(Fig. 1). It consists of 142 islands and covers a total of
1444 km? land area. Surrounded by the East China Sea,
Dinghai District has a monsoon subtropical marine cli-
mate with a mean annual temperature of about 17 °C
and an annual rainfall of approximately 1400 mm. Char-
acterized by a mild climate, Dinghai District is biologic-
ally rich and highly suitable for agriculture and fisheries
production. The district is hilly and thus quite spatially
heterogeneous in land use and land cover.

Dinghai District has experienced rapid economic de-
velopment and urbanization over the past three decades.
Its gross domestic product (GDP) increased from 13.95
billion Chinese yuan in 2006 to 45.02 billion Chinese
yuan in 2015. During this same time period, its land use
changed significantly (Chen et al. 2009).

Data description

The data used in this study include grain yield, GDP, tour-
ist number, population, national grain purchase price,
urban green space rate, and land use data (Table 1) from a
variety of data sources, including the Dinghai District
Bureau of Statistics, China Grain Yearbook, Zhoushan
City Statistics, and the Zhoushan Land Department. Data
on land use was obtained from the Zhoushan Land
Department and was initially in vector format with de-
tailed land use class information (Table 2). The 2006 land
use data was an outcome of the Second National Land
Survey in China carried out in 2005-2006, which included
land use types, location, extent, area, and distribution. The
procedure was in accordance with standard land survey
techniques, using a combination of orthophotos and satel-
lite images obtained from a variety of sources including
Landsat, SPOT, and Chinese satellites. The survey was
carried out at the county level to derive land use maps at
a 1:10,000 scale. The land use data from 2012 was the out-
come of the Annual Land Use Change Survey, carried out
by the Zhoushan Land Department using the same pro-
cedure as the Second National Land Survey above. The
2020 data was acquired from the Zhoushan Land
Department’s Land Use Planning.

Due to the administrative boundary changes that have
occurred over the past two decades, this study focused
on the common geographic area, or overlap areas, of the
Dinghai District to compare ESV across time periods
from 2006 to 2012 and to determine the changes
expected by 2020. Furthermore, according to the
characteristics of Dinghai District, land use types were
divided into eight classes: farmland, orchard, forest,
grassland, water, construction land, tidal marsh, and
others (Table 2).

Land use change analysis
The total area of each of the eight land use classes was
calculated from land use vector maps for 2006 and 2012.
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Fig. 1 The study area of Dinghai District in the Zhoushan Archipelago, Zhejiang Province, China
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Table 1 Socioeconomic variables and data sources

Data

Data sources

Grain yield, GDP, tourist
number, and population

National grain purchase price
Urban green space rate

Land use data

Dinghai District Bureau of Statistics

China Grain Yearbook (2014)
Zhoushan Municipal Bureau of Statistics

Zhoushan Land Department

This allowed us to quantify land use changes using the
single land use type dynamic index (Lc). Lc refers to the
quantity of change for a specific land use type over a
specific time period. It is a quantitative indicator of the
land use change rate and has a positive effect on the
forecasting of future land use change. The equation to
calculate a single land use type dynamic index (Liu et al.
2002) is given as:
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Table 4 Adjusted ecosystem service value coefficient (VC)

Land use Classes Value coefficient Coefficient adjustments® Reference
Farmland Croplands (upland and paddy included) VCarnland VCarmland This study
Orchards Fruit trees and berries VCorehard VCoorest + Voarmiand)/2 (Feng et al. 2014)
Forest Natural forest and plantations VCorest VCiorest This study
Grassland Grassland VCyrassland VCyrassland/2 This study
Water Reservoir, pond, river VCyater VCiver/lake This study

Construction land City, towns, villages, agricultural facilities,

and highways

Tidal marsh Marshes in coastal zones
Others Mining, salt extraction facilities, scenic
spots, and unused land
U,-u 1
L= % — % 100% (1)
u, T

where L. represents the dynamic index of a certain land
use type, U, and U, are the areas of land use types at
the beginning (U,) and end (U,) of the study period, re-
spectively, and T refers to the study period (years).

Ecosystem service values

We made some further adjustments to adapt the equiva-
lent ecosystems proposed by Xie et al. (2008) to our
study area (Tables 3 and 4). First, the construction land
category in our study included some urban green space.
According to Hu (2013), the ESV of construction land is
obtained by that of urban green space multiplied by the
percentage of green space within the urban land, or
34.83% for the Dinghai District. Second, in accordance
with Feng et al. (2014) and Xu et al. (2008), we adjusted
the orchard and other land use type’s coefficients as
shown in Table 4. Finally, based on the fact that there
was no ideal grassland in the study area, we adjusted the
grassland coefficient values to be half of that of mainland
grassland. The tidal marsh belonged to the coastal wet-
land, and therefore, its coefficient was set for a wetland
as in Xie et al. (2008).

(HU et al. 2013)

\/Cconstruct‘\on land

(O-Svcforest + 0-4\/Cgrassland
+0.1 vcnver/\ake)ao~3483

Ncgrass\and + vcdesert)/z
\/vaetlamd

°The adjustments of the coefficient were all based on “equivalent value per
unit area of ecosystem services in China,” proposed by Xie et al. (2008)

vcothers (XU et al. 2008)

\/Ctldal marsh This study

Based on the parameters proposed by Costanza et al.
(1997), Xie et al. (2008) extracted the “equivalent value
per unit area of ecosystem services in China” by survey-
ing more than 200 Chinese ecologists. The factor of
average natural food production of farmland without
labor input per hectare per year was set at 1.0, and other
coefficients were adjusted accordingly according to its
land uses. By localizing natural grain production, the
equivalent value factor was applied to different regions
in China (Xie et al. 2003). In this approach, the natural
ecosystem is proposed to represent one seventh of the
actual food production. From 2006 to 2015, the average
actual grain production in Dinghai district was 4826 kg/
ha, and the average price for grain (mainly composed of
paddy, wheat, maize) was 2.1 Chinese yuan/kg (1
Chinese yuan =$0.16 USD) (Wang et al. 2014). One
equivalent factor of the ESV is therefore 1447.8 Chinese
yuan (1.0*4826*2.1/7). The ESV of each land use type in
Dinghai District per unit area was then adjusted and
tabulated as shown in Table 5.

Calculation of ecosystem service values
The ESV of Dinghai District for each of the three time
periods (i.e., 2006, 2012, and the planned year 2020) was

Table 3 Equivalent ecosystem service value per unit area in China based on the research by Xie et al. (2008)

Forest Grassland Farmland Wetland Water Desert
Providing services Food production 033 043 1.00 036 0.53 0.02
Raw material 298 0.36 0.39 0.24 035 0.04
Regulating services Gas regulation 432 1.50 0.72 241 0.51 0.06
Climate regulation 4.07 1.56 097 13.55 2.06 0.13
Hydrological regulation 4.09 1.52 0.77 1344 18.77 0.07
Waste treatment 1.72 1.32 1.39 14.40 14.85 0.26
Supporting services Soil maintenance 4.02 2.24 147 1.99 041 0.17
Biodiversity maintenance 451 1.87 1.02 3.69 343 040
Cultural services Providing aesthetic landscape 2.08 0.87 0.17 4.69 444 0.24
Total 28.12 11.67 79 54.77 4535 1.39
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Table 5 Adjusted ESV per unit area of different land use in Dinghai District (Chinese Yuan*ha '*y™')

Farmland Orchard  Forest  Grassland Water ~ Construction land  Others  Tidal marsh

Providing services ~ Food production 14478 962.8 4778 3113 7673 10.1 3258 5212

Raw material 564.6 24395 43144 260.6 506.7 202 289.6 3475
Regulating services  Gas regulation 10424 36485 62545 10859 7384 14175 11293 3489.2

Climate regulation 1404.4 36485 58925 11293 29825 1444.7 12234 19617.7

Hydrological regulation 11148 35182 59215 1100.3 271752 22843 11510 194584

Waste treatment 20124 22513 24902 9555 214998 14488 11438 208483
Supporting services  Soil maintenance 21283 39742 58202 16215 5936 1486.1 1744.6 2881.1

Biodiversity maintenance 1476.8 40032 65296 1353.7 4966.0 1687.3 16433 53424
Cultural services Providing aesthetic landscape 246.1 16288 30114 13537 64282 22390 8035 6790.2
determined using the method described below (Costanza  Results

et al. 1997b), which has been applied and proven feasible
in previous studies (e.g., Li et al. 2010; Estoque and
Murayama 2013).

ESV, = ZAkVCkf (2)
f

ESVy = ZAkVCkf (3)
k

ESV =) ) AVCy
kT

where ESVy, ESVj; and ESV refer to the ESV of land use
type k, service function f, and the total ecosystem ser-
vices value, respectively, (in the unit of Chinese yuan).
Ay is the area of land use type k (ha), and VCys is the
value coefficient for land use type k with ecological ser-
vice function type f.

Since the land use types used in the original studies
did not exactly match the land use types of Dinghai Dis-
trict, there were uncertainties in the value coefficients.
Thus, additional sensitivity analysis was needed to verify
the changes in the ESV for a given change in coefficient.
In this study, the coefficient of sensitivity (CS) was
calculated using the standard economic concept of elas-
ticity as provided below (Kreuter et al. 2001):

(4)

_ ESV,-ESV,/ESV;

CS =
VCix—-VCi/VCi

(5)
where ESV refers to the estimated ecosystem service
values, VC refers to the value coefficient, i and j repre-
sent the initial and the adjusted values, and & is the land
use type. If CS > 1, then the estimated ecosystem value is
elastic with respect to that coefficient, but if CS < 1, then
the estimated ecosystem value is considered to be inelas-
tic. The greater the proportional change in ESV relative
to the proportional change in the valuation coefficient,
the more critical it is to use an accurate ecosystem value
coefficient.

Land use changes
Comparing the land use data of 2006, 2012, and the
planned 2020 (Fig. 2; Table 6), there was an obvious
change in land use from 2006 to 2012. It was closely re-
lated to the setting up of the Zhoushan Archipelago as a
new special economic zone and the rapid development
and urbanization in the Dinghai District. From 2006 to
2012, the amount of construction land represented the
largest increase, while the area of farmland saw the lar-
gest decrease. Due to the fact that the total amount of
farmland was high, its dynamic index was not very large.
The area of tidal marsh also decreased, and most of the
farmland and tidal marshes were transformed into con-
struction land. The total area of grassland was reduced,
and the absolute value of its dynamic index was the lar-
gest among all land use types because of the relatively
small abundance. The “others” land use category rose
with the exception of the total area of orchard and water
surface areas, which saw decreases. Finally, the amount
of forest increased and was the minimum absolute value
of the dynamic index. This is mainly because it repre-
sented the largest proportion of land use in the study
area (nearly 41%) and was also a stable land use type.

The pie chart of land use transition in our study area
is shown in Figs. 3 and 4. Most of the lost farmland was
converted into construction land (Fig. 3) Similarly, the
total water areas, comprised of tidal marsh and others,
transitioned to urban lands. This was a result of growing
urban sprawl and the fast development of the economy.
Meanwhile, most of the orchards and grasslands were
changed to forests, which was closely related to the pol-
icies of returning farmland to forest, and grassland
reclamation. During the period of 2006 to the planning
year 2020, we forecasted that more farmland would be
transformed into construction land, as would the water
and forest areas.

In general from 2006 to 2012, the total area of con-
struction land, forest, and the ‘other’s category increased,
while the total area of farmland, orchard, water,
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Fig. 2 Land use maps of Dinghai District in 2006, 2012, and 2020
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grassland, and tidal marsh decreased, with construction
land as the most rapidly expanding land use type. From
2006 to the planned year 2020, the total area of con-
struction land and orchards increased while others land
types decreased. Among the land types, the construction
land grew the fastest while farmland area was reduced
the most. In terms of the dominant land use and land
cover type, the total area of forest was the largest, ac-
counting for over 40% of the study area, followed by
farmland and construction land, while grassland was the
smallest.

Changes in ecosystem service values

The ESV of each land use type (Table 7) and ecosystem
service function (Table 8) were calculated using the
value coefficients (Table 5) and the equations (Eqgs. 2—4)
as detailed by Costanza (1997). As shown in Table 9, the

Table 6 Changes in total land use area and dynamic index (D)

ESV of 2006, 2012, and the planned year 2020 were
1642.1, 1582.8, and 1552.0 million Chinese yuan, re-
spectively. Compared to 2006, the ESV in 2012 declined
by 59.3 million Chinese yuan, and that of the planned
year 2020 declined by 90.2 million Chinese Yuan. In
terms of land use type, more than 55% of the total ESV
values were in the forest, followed by farmland, water
and tidal marsh, and grasslands. This confirms that for-
ests play a very important role in ecological services.
From 2006 to 2012, the ESV values of tidal marsh and
water were greatly reduced, whereas those of construc-
tion land significantly increased. This was primarily be-
cause of the reduction in the total area of tidal marsh
and water areas, as well as the fact that their value coef-
ficients were relatively large even though the construc-
tion land area expanded the most during this time
period. In 2012, construction land comprised 18.3% of

Land use 2006 2012 2020 2006-2012 2012-2020 2006-2020

Area (ha) Area (ha) Area (ha) Area (ha) DI (%) Area (ha) DI (%) Area (ha) DI (%)
Farmland 16147.76 14399.99 14611.77 —1747.76 -1.80 211.78 0.18 —1535.99 -0.68
Orchard 1074.99 1051.25 1392.08 -23.75 -037 340.83 4.05 317.09 2.11
Forest 23309.50 23696.07 22651.10 386.57 028 —1044.97 -0.55 —65840 -0.20
Grassland 1079.19 539.71 976.77 —53948 -833 437.06 10.12 -10242 -068
Water 2581.26 2235.89 2042.89 —345.37 -223 —193.00 -1.08 —538.37 -1.49
Construction 735899 10247.90 10606.86 288891 6.54 35896 044 3247.87 3.15
Others 1962.47 2141.24 1947.97 178.77 1.52 -193.27 -1.13 -14.50 —-0.05
Tidal marsh 244562 1647.73 1730.34 —797.89 -544 82.62 0.63 —715.28 -2.09
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all land use types, yet its ESV was only 7.8%. This means
that the total ESV would decrease with the growth of
construction land. From 2006 to the planned year 2020,
the ESV of the construction and orchard land use types
increased while others were all reduced.

In respect to the ecosystem functions listed in
Table 8, the primary functions were hydrological
regulation, maintaining biodiversity, waste treatment,
and climate regulation, which accounted for more
than 55% of total ESV. Food production’s ESV values
were the lowest among all land uses. This is primarily
due to the large value coefficients of water, tidal
marsh, and forest, which play important roles in
hydrological regulation, waste-water treatment, and
climate regulation.

Spatial distribution of ESV

The spatial distribution of the ESV of the Dinghai
District in 2006, 2012, and the planned year 2020 is il-
lustrated in Fig. 5. Areas with high service values over
40,000 Chinese yuan per ha per year were mainly located
in the center and coastal zones of the island, even
though the forest, water, and tidal marsh were the dom-
inant land use types. Areas with service values of
20,000-40,000 Chinese yuan per ha per year were scat-
tered throughout the District, as seen for the orchard
land use type. Areas with low service values less than
10,000 Chinese yuan per ha per year, such as the con-
struction and “others” land use categories, were located
near the coastlines. This is indicative of urbanization
and ocean reclamation.
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Fig. 4 Land use transition pie chart from 2006 to planning year 2020
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Table 7 Changes in ecosystem service values in the Dinghai District (unit; million Chinese yuan/year)
Land use 2006 2012 2020 Changes in ESV

ESV ESV (%) ESV ESV (%) ESV ESV (%) 2006-2012 2012-2020 2006-2020
Farmland 184.7 11.25 164.7 1041 167.1 10.77 -20.0 24 -176
Orchard 28.0 1.71 274 173 36.3 234 -06 89 83
Forest 949.0 57.79 964.7 60.95 9222 5942 157 —42.5 —26.8
Grassland 99 0.60 50 0.31 9.0 0.58 -49 4.0 -09
Water 169.5 10.32 146.8 9.27 134.1 8.64 —22.7 -12.7 —353
Construction 88.6 539 1234 7.79 127.7 823 348 43 39.1
Others 18.6 1.13 20.2 1.28 184 1.19 1.7 -1.8 —0.1
Tidal marsh 193.9 1181 130.7 825 1372 884 —63.3 6.6 -56.7
Total 1642.1 100 1582.8 100 15520 100 -593 -309 -90.2

Ecosystem sensitivity analysis

In order for the results to be reliable, the sensitivity of
ESV to changes in the value coefficients must be rela-
tively low (CS<1). The percentage change in the esti-
mated total ESV and the corresponding coefficient of
sensitivity (CS), resulting from a 50% adjustment in the
service value coefficient (VC), indicated that the total
ESV values were relatively inelastic with respect to
changes in the value coefficients (Table 9). The coeffi-
cient of sensitivity for the forest land use type was 0.61,
the highest among all land uses, due to its relatively
large area and high value coefficient. Overall, the sensi-
tivity analysis indicated that the ESV estimation in the
study area was robust despite uncertainties in the value
coefficients.

Discussion

Due to the fact that the ESV of forests planted for 1 year
and virgin forests is different, this paper ignored these
differences in land use types. As discussed in previous
research, these results are coarse considering the devia-
tions and uncertainties caused by the complex, dynamic,
and nonlinear interactions among different ecosystem

components (Limburg et al. 2002; Turner et al. 2003)
and the limitations of economic valuation (Costanza et
al. 1997b). However, it is important to recognize that ac-
curate coefficients are often less critical for time series
because coefficients tend to affect estimates of direc-
tional change. This study primarily focused on changes
in ecosystem services over time. The coefficient of sensi-
tivity in this study was less than 1 for a variety of land
use types, suggesting validity of the response of ESV to
land use change and planning.

As demonstrated in Table 6, construction land would
have used 78% of its planned quota in 6 years, implying
that the plan was unreasonable and/or would not meet
development needs. From 2006 to 2012, most of the lost
farmlands were replaced by construction land. In line
with the idea that urbanization is becoming an import-
ant factor in land use change (Olaniyi et al. 2012), the
impervious surface area (ISA) on the Zhoushan
Archipelago increased significantly from 2006 to 2011
(Zhang et al. 2013) as a result of urban construction and
the development of transportation infrastructure. Zhang
et al. (2014) examined the coastline changes of the
Zhoushan Archipelago and found noteworthy seaward

Table 8 Values of ecosystem service functions (unit; million Chinese yuan/year)

2006 2012 2020
ESV ESV (%) ESV ESV (%) ESV ESV (%)
Providing services Food production 399 243 36.7 232 36.8 237
Raw material 1155 7.03 1156 7.30 1120 7.22
Regulating services Gas regulation 190.8 11.62 192.0 1213 187.8 12.10
Climate regulation 2339 14.24 220.7 13.94 2179 14.04
Hydrological regulation 297.8 18.13 2794 17.65 2720 1753
Waste treatment 2134 12.99 190.6 12.04 187.5 12.08
Supporting services Soil maintenance 199.0 12.12 198.7 12.55 1954 12.59
Biodiversity maintenance 2233 13.60 2216 14.00 2169 13.97
Cultural services Aesthetic landscape 1286 7.83 127.6 8.06 125.6 8.09
Total 1642.1 100 1582.8 100 15520 100
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Table 9 Percentage changes in estimated ESV and CS resulting
from a 50% adjustment in VC

Change of value 2006 2012 2020
coefficient % s % cs % s
Farmland VC + 50% 562 01125 520 01041 538 0.1077
Orchard VC + 50% 085 00171 087 00173 117 00234
Forest VC +50% 2889 05779 3047 06095 29.71 0.5942
Grassland VC + 50% 030 00060 0.6 00031 029 00058
Water VC £ 50% 516 0.1032 464 00927 432 0.0864
Construction VC£50% 270 00539 390 00779 411 00823
Others VC + 50% 056 00113 064 00128 059 00119
Tidal marsh VC £ 50% 590 0.1181 413 00825 442 0.0884

expansion during the past four decades. This suggests
that local governments should strictly implement the
principle of “Farmland Requisition-Compensation
Balance” as stated in the “General Land Use Planning in
Dinghai District of Zhoushan City (2006—-2020).”

The farmland of the Zhoushan Archipelago is very
limited, and according to the “Overall Planning of
Zhoushan Archipelago New Area (city), Zhejiang (2012—
2030),” the construction land and the farmland in the
New Area are highly colocated spatially. We can predict
that with the rapid development of the Zhoushan
Archipelago, the conflicts between development and
ecological protection will continue to intensify. Accord-
ingly, the government should adjust land use planning
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to ease the competition for green space. The amount of
construction land area per capita found in a 2006 study
was 197.1 m?*/person (the population then was 0.3733
million); by 2012, the construction land area per capita
had grown to 268.8 m?/person (the population was
0.3812 million). This means that the government should
improve construction land use intensity rather than
expanding construction area. Furthermore, the govern-
ment would benefit to pay more attention to the con-
struction of urban and public green to improve the ESV
of construction land, and realize the coordinated devel-
opment of land use demand and ecological protection.
As a special marine ecosystem, the Dinghai District
has unique characteristics from the perspective of eco-
logical processes, structure, and functions. As in the case
study by Zhao et al. (2004), which pointed out that the
wetlands and tidal flats of Chongming Island are valu-
able yet rapidly decreasing land resources due to large-
scale ocean reclamation activities, this study suggests
that the Zhoushan Archipelago is facing the same prob-
lem: its tidal marsh is declining quickly. The reclaimed
areas have mostly been used for road construction,
urban buildings, and basic infrastructures, reducing the
buffer between land and ocean. Reclamation of these
sensitive buffer zones or shores significantly altered the
ecological properties and shortened the distance be-
tween human dwellings and marine systems, and thus
their associated ESV. What is more, ocean and coastal
tourism mounts significant pressure for the local

2020

Fig. 5 Spatial distribution of the ESV values in the Dinghai District in 2006, 2012, and the planned year 2020
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environment (Hall 2001), as the tourist numbers of
Dinghai District increased from 2.01 million in 2006 to
5.45 million in 2012. Management strategies for coastal
and ocean tourism need to be developed.

Quantifying services provided by land use in the form
of money is the direct embodiment of the optimization
of regional land resources. From 2006 to 2012, the ESV
of forest, construction land, and the others category in-
creased, among which the construction land increased
the most. From 2006 to 2020, only orchard and con-
struction land ESV grew, while the others land types de-
creased, especially the water, forest and tidal marsh.
Generally speaking, from 2006 to 2012, the total ESV de-
clined a lot, and when it comes to the planned year
2020, the total ESV further decreased. Therefore, the
government of Dinghai District should give more con-
sideration to ecological protection, especially in the for-
est, tidal marsh, farmland, and water areas that have a
large impact on the total ESV values. We suggest that
better controlling urban growth would ensure greater
ecological sustainability.

Based on the analysis of the composition of ecosystem
service functions, it was clear that the contributions to
the total ESV were (from high to low) hydrological regu-
lation, climate regulation, biodiversity, soil conservation,
greenhouse gas regulation, waste treatment, aesthetic
landscape provision, raw material supplies, and food
production. Because of the accelerated urbanization,
with the exception of a slight increase in ESV from
greenhouse gas regulations and raw material supplies, all
other service functions were reduced from 2006 to 2012.
The results from this study suggested that the Zhoushan
Archipelago is facing the mounting pressure of rapid
urbanization, similar to the case study in Xiamen, a
coastal city in China (Lin et al. 2013). Integrating trad-
itional knowledge and scientific knowledge for coastal
management can be used to alleviate this pressure
(Cicin-Sain 1993; Abreu et al. 2017).

Conclusions

By quantitatively analyzing the impacts of land use
change on ESV in the Dinghai District of Zhoushan
Archipelago from 2006 to 2012 and the planned year
2020, the following conclusions were reached: (1) from
2006 to 2012, there were significant changes in land use
in the district, especially in the construction land, farm-
land, and tidal marsh categories. Furthermore, most of
the farmland and tidal marsh were replaced by construc-
tion land of low ecological values; (2) The total ESV of
the district decreased significantly due to land use
changes by 59.3 M from 2006 to 2012 and by an add-
itional 30.9 M Chinese yuan by year 2020; (3) In terms
of dominance, more than 55% of the total ESV was com-
prised of forest, followed by farmland, water, and tidal

Page 10 of 11

marsh with grassland being the least; (4) The ecosystem
service functions of the Dinghai District were mainly re-
lated to hydrological regulation, biodiversity, waste treat-
ment, and climate regulation, contributing more than
55% of the total ESV, with food production as the least
significant contributor.

In conclusion, the planned land use by 2020 seems un-
sustainable for the Zhoushan Archipelago, and the local
government may need to adjust the current plan to re-
duce the conflict over space by strictly implementing the
Farmland Requisition-Compensation Balance policy and
improving land use efficiency. At the same time, the
government should also give more considerations to
ecological protection, especially the forest, tidal marsh,
farmland, and water surface areas because of their large
impacts on the total ESV.
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