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Impacts of land-use change on ecosystem service value in Changsha, China
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Abstract: Changsha, a typical city in central China, was selected as the study area to assess the variations of ecosystem service value
on the basis of land-use change. The analysis not only included the whole city but also the urban district where the landscape
changed more rapidly in the center of the city. Two LANDSAT TM data sets in 1986 and 2000 and land use data of five urban
districts from 1995 to 2005 were used to estimate the changes in the size of six land use categories. Meanwhile, previously published
value coefficients were used to detect the changes in the value of ecosystem services delivered by each land category. The result
shows that the total value of ecosystem services in Changsha declines from $1 009.28 million per year in 1986 to $938.11 million per
year in 2000. This decline is largely attributable to the increase of construction land, and the conversion from woodland and water
body to cropland to keep the crop production. In the five districts, there is $6.19 million decline in ecosystem service value between
1995 and 2005. Yuelu District has the highest unit ecosystem service value while Yuhua District has the lowest one. This may be
attributed to the greater conversion from cropland and grassland to woodland and water body with the increase of construction land
in Yuelu District. It is suggested that the increase rate of construction land should be controlled rigorously and the area of woodland

and water body should be increased or at least retained in the study area.

Key words: land-use change; urban expansion; city scale; district scale; central China; Changsha

1 Introduction

Land Use and Land Cover Change (LUCC) is a core
joint project of the International Geosphere Biosphere
Programme (IGBP) and International ~Human
Dimensions Program on Global Environmental Change
(IHDP). It has been focused on, because of its
interactions  with climate, ecosystem processes,
biogeochemical cycles, biodiversity and human activities
in recent decades [1-2]. Ecosystem services represent
the benefits that living organisms derive from ecosystem
functions to maintain the Earth’s life support system.
They contribute to human welfare, both directly and
indirectly, and therefore represent part of the total
economic value of the planet [3]. The economic
valuation of ecosystem services has been a hot topic in
ecological economic research. Numerous studies have
been conducted to estimate the ecosystem service value
(ESV) [4-11]. Although many researches have been

undertaken on the assessment of ecosystem service
value, less work has addressed to the application of
results of the evaluation. Changes in land use may
significantly impact ecosystem processes and services,
especially in the urban areas, where the land use is
changed significantly [12—15].

There are some researches on the changes of
ecosystem service value in response to land use/land
cover change. KREUTER et al [16] reported the change
in the ecosystem service value in San Antonio area,
Texas, USA. ZHAO et al [17] investigated the ecosystem
service value assessment of the land use change on
Chongming Island, China. VIGLIZZO and FRANK
[18] analyzed the land use options for Del Plata Basin in
South America based on the ecosystem service provision.
CAI et al [19] studied the variation of ecosystem service
values of Kunshan, China, and considered the relation
between ecosystem service value and GDP. China has
experienced rapid development over last two decades.
Together with the economic development, the land use is
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changed significantly [20], and the population growth
impacts the urban areas increasingly. In China,
researches on the impacts of land-use change on ESV
have been reported of some cities in Eastern China, such
as Shenzhen [21], Chongming Island [17], and of
province scale, such as Jilin Province [22]. However, less
work has been addressed on big cities in central China
which correctly depict the general situation of
urbanization and consequential landscape change in
China. Scientific recommendations for policy were
needed to guide the land use and protect the ecological
environment in these cities.

In this study, Changsha, a typical city in central
China, was chosen as the study area. Changsha is the
capital of Hunan Province, and its rapid economic
development and population growth have significantly
influenced the land use. Geographic Information System
(GIS) techniques were used to determine land use
changes of the entire city from 1986 to 2000, and
particular data of the five urban districts from 1995 to
2005 were used for the detailed analysis. Mathematical
simulations were applied to estimate the economic value
of ecosystem services provided by each biome as a proxy
for each land use category. This study included two
scales to analyze, city level and district level. The city
level scale indicated the whole city, including five
districts, three counties and one city administered by
Changsha, and the district scale just referred the five
districts in the center of Changsha. The five urban
districts have been significantly affected by the policy of
Changsha-Zhuzhou-Xiangtan integration. Thus, the
urban expansion in this area was more noticeable,
aggravating the ecological and environmental problems
in some ways [23]. The three primary objectives of the
study are: 1) to detect the changes of land use within the
entire city between 1986 and 2000, and five urban

districts from 1995 to 2005, 2) to evaluate and analyze
the ecosystem service value, and 3) to discuss the
appropriate spatial scale of analysis for the study of
variations in ecosystem service value in response to
land-use change in urban areas.

2 Experimental

2.1 Study area

Changsha (111°53'—114°15'E, 27°51'-28°40'N) is
situated in the northeast of Hunan Province, China, with
an area around 1.18 million hm? (Fig.1). It is composed
of five districts (Furong District, Yuhua District, Kaifu
District, Tianxin District and Yuelu District, total
5 5634 hm?), three counties (Changsha County, Wang-
cheng County and Ningxiang County) and one city
(Liuyang City). Changsha lies on the transition belt of
Central Hunan Foothill to Dongting Lake Plain, and the
terrain is inclined from south to north with complex
geologic structure. A majority of the soil in the area is
red soil, accounting for more than 70% of the total land
area of the city. Subtropical monsoon humid climate
determines its precipitation, which is about 1 483.6 mm/a
with most occurring from April to July. Xiangjiang River
runs through the city from south to north.

As the capital of Hunan Province, Changsha is the
center of administration, economy, culture and
transportation. With the implementation of rising strategy
in central region of China, Changsha has experienced
rapid  urbanization  process. Its  development
characteristics and land use change provide good
representatives of the central cities in China, since most
of them have experienced the same political and
economic reforms. Especially, on the background of
Changsha-Zhuzhou-Xiangtan  urban  agglomeration
integration, as the center of the three cities, urban sprawl
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Fig.1 Study site location: 1—Kaifu district; 2—Yuelu district; 3—Furong district; 4—Tianxin district; 5—Yuhua district
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in Changsha is significant. There would be great
reference significance to other central cities in China by
researching the variations in ecosystem service value in
response to land-use change in Changsha.

2.2 Data sources

The data used to estimate changes in the size of
various ecosystems of the entire city were extracted from
two cloud-free LANDSAT Thematic Mapper (TM)
images obtained on November 1st, 1986 and April 30th,
2000. The data of the land use change of five urban
districts between 1995 and 2005 were obtained from
Changsha Bureau of Land Resources.

The two scenes of LANDSAT TM images were
interpreted with ERDAS Imagine 8.5 to get the
information of land use by supervised classification.
After the supervised classification of the two data sets
were completed, according to China Land Use/Land
Cover Classification System and some ground-truth
studies, each image was grouped into six land use
categories, including woodland, cropland, grassland,
water body, construction land and unused land (Table 1).
Based on National 1:250 000 Basic Terrain Database,
ERDAS Imagines were used to adjust geometric
correction of the two TM images, and the vector files
were obtained, then the areas were calculated by
ARCGIS 8.1.

2.3 Methods of analysis
2.3.1 Relative change rate of land use
For the land use changes of five urban districts, the
relative change rate was considered, which can reflect
the differences of the land use change among different
districts:
R:|Kb—Ka|/Ka )
|C, - C,|/C,
where R is the relative change rate of land use; K is the
area of one land use category in a certain district; C is the
area of this land use category in the total districts; ‘a’ and
‘b’ represent the initial and end of the study periods,
respectively. If R is greater than 1, changes of a
certain land use category in this district are greater than

the total area, and it is the hot area of this category
change, and vice versa.
2.3.2 Assignment of ecosystem service value

Among the studies of estimating the value of
ecosystem services, results from COSTANZA et al [3]
are the most notable. They presented a model for placing
an economic value on different biomes and the services.
Based on their model, the economic values of 17
ecosystem services for 16 biomes were estimated, and
most of the values are outside the market. Although some
methodological troubles and uncertainties have been
found, they do represent the most comprehensive set of
first-approximations available for quantifying the change
in the value of services provided by a wide array of
ecosystems [16], and such data are the best information
available for our purpose.

Ecosystem service value was assigned based on the
most representative biome as a proxy for each land use
category, as listed in Table 1. The following equation was
used to calculate the ecosystem service value [3]:

E=Y(4k-V,) @)
k

where F is the estimated ecosystem service value; A is
the area; V; is the value coefficient for land use category
k.

In order to detect how the land-use change
influences the ecosystem service value, gain and loss of
ESV analyses were considered:

Gmn =(Vn _Vm)XAmn (3)

where G, is the gain and loss of ESV after initial land
use category m is converted to category n at the end of
study periods, V,, and V, present the value coefficients
for land use category m and n, respectively, and 4, is
the change area from land use category m to n.

Science biomes used as proxies for the land use
categories are not perfect matches in every case, there
are uncertainties of the value coefficients. Sensitivity
analyses were conducted to test the change in total
ecosystem service value per unit change in a value
coefficient. In each analysis, the coefficient of sensitivity
(S) was calculated as [16]

Table 1 Biome equivalents of six land-use categories in Changsha, and corresponding ecosystem service value coefficients (VC)

Ecosystem service value

Land use category Composition Equivalent biome coefficient/($-hm 2a ')
Woodland Forest land, open forest land and shrub land Forest 969
Cropland Paddy field, glebe field and vegetable field Cropland 92
Grassland Moderate coverage grassland and high coverage grassland ~ Grass/rangelands 232
Water body Rivers, land reservoirs fishery and lakes Lakes/rivers 8498
Construction land Residential, commercial and transportation Urban 0
Unused land Mostly bare soil Desert 0




J. Cent. South Univ. Technol. (2011) 18: 420—428

423

(E;-E)IE

= T 4
Vi =Va) Vi @

where S is the coefficient of sensitivity; £ is the
estimated ecosystem service value; V is the value
coefficient; i and j represent the initial and adjusted
values, respectively; k represents the land use category.
The relatively low coefficient of sensitivity reflects the
area and/or the value coefficients associated with these
land use categories are relatively small, and this
ecosystem value estimate is reasonably robust [16—17].

3 Results and discussion

3.1 Changes of land use
3.1.1 Land-use change at city scale

By comparing the two classification maps, the
conversion matrix of land-use change of Changsha city
from 1986 to 2000 was got. According to the result from
Table 2, the woodland category dominated within the

entire city with the proportion of 72.03% in 1986 and
65.20% in 2000. Area of construction land, cropland,
water body and unused land increased, while woodland
and grassland decreased. The most affected category was
construction land, which broadened in area from
9497 hm? in 1986 to 29 877 hm® in 2000. The change
rate reached 214.59% and the effective annual rate was
8.53%. The grassland category, decreased from
26 525 hm” in 1986 to 5 691 hm” in 2000, with a change
rate of —78.54% and an estimated annual rate of
—10.41%.

The increase of construction land was mostly
converted from woodland and cropland. This was caused
by the urban sprawl and concentration of housing as the
population also increased significantly during 14 years.
One part of cropland changed to construction land while
large part was changed from woodland, which may be
associated with the clearing of woodland for crop
production. So, the cropland category was increased with
an estimated annual rate of 1.80%. The grassland was

Table 2 Estimated area of each land-use category in Changsha, and conversion matrix of land-use change from 1986 to 2000

1986 2000 1986 total/hm”
Woodland Cropland Grassland ~ Water body ~ Construction land Unused land (Proportion/%)
Woodland/hm? 685 643 146 953 4185 4275 8305 4275
853 637
T/% 17.21 0.49 0.50 0.97 0.50
’ (72.03)
Fl% 41.79 84.61 23.33 27.80 61.77
Cropland/hm? 60 038 195 477 288 5261 12 466 520
/% 2191 0.11 1.92 4.55 0.19 274050
0 . . . . . (23 12)
Fl% 7.77 5.06 28.71 41.72 7.51
Grassland/hm® 23429 2034 973 57 33 0
T/% 88.33 7.67 0.21 0.12 0 26525
0 . . . . (224)
Fi% 3.03 0.58 0.31 0.11 0
Water body/hrn2 2025 6558 35 7627 816 680
17 741
T/% 11.41 36.97 0.20 4.60 3.83
’ (1.50)
Fi% 0.26 1.87 0.62 2.73 9.83
Construction land(ha) 963 57 1 316 8151 9
9497
T'% 10.14 0.60 0.01 3.33 0.09
(0.80)
Fl% 0.12 0.02 0.02 1.72 0.13
Unused land/hm” 575 549 210 788 105 1437
3 664
T'% 15.69 14.98 5.73 21.51 2.87
0.31)
Fl% 0.07 0.16 3.69 430 0.35
2000 total/hm? 772 673 351 627 5691 18 324 29 877 6921 1185 113
(Proportion/%) (65.20) (29.67) (0.48) (1.55) (2.52) (0.58)
Change rate/% —9.48 28.31 —78.54 3.92 214.59 88.89 —
Annual change rate/% -0.71 1.80 —10.41 0.23 8.53 4.63 —

T—Proportion of certain land-use category converting to other categories; F—Proportion of certain land use category converting from other categories. For
example, there are 146 953 hm? converted form woodland to cropland, so 7=(146 953/853 637)x100%~17.21%, meaning 17.21% of woodland area in 1986 is
changed to cropland; F=(146 953/351 627)x100%=~41.79%, meaning area converted from woodland occupies about 41.79% of cropland area in 2000
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mostly converted to woodland. The small increase of
water body was mainly due to the conversion from
cropland and woodland. More than 60% of unused land
was converted to other five categories; meanwhile,
4 275 hm? woodland was changed to unused land mainly
because of the soil and water loss after slashing woods,
so bare soil almost increased by 4.63% per year.
Although there were other land use categories converted
to woodland, it was too small to offset the decrease of it,
and woodland was decreased by 0.71% per year.
3.1.2 Land-use change at district scale

The construction land category dominated almost
all the districts in 1995 and 2005 (Fig.2). The woodland
category mostly distributed in Yuelu District and Kaifu
District, a little in Furong District and Tianxin District,
especially Furong District only 0.39% in 1995 and
0.65% in 2005. The changes in the five districts of the
six land use categories are presented in Table 3.
Woodland, cropland, water body and unused land were
decreased. The loss of cropland reached 3 302.29 hm?,
with the annual change rate of —2.33%. Grassland and
construction land were increased, and the latter was
increased by 5 518.76 hm? in ten years. Influenced by the
initial area, the grassland category had the highest
change rate of 310.15%, and the construction land
category was increased by 28.62% approximately
between 1995 and 2005.

In the five urban districts, the increase of
construction land category mostly came from cropland.
Significantly, unlike the whole city, these districts have
not enough woodland to offset the cropland, so a large
decrease of cropland and woodland appeared. The
unused land was decreased by about 0.88% per year
during ten years, and most of it was converted to
construction land.

The relative change rates of land use categories in
each district were calculated using Eq.(1), as shown in
Table 4. According to the results, the hot change areas of
cropland distributed in Furong, Yuhua, Yuelu and Tianxin
districts, and the variation range in Kaifu District was
lower than the total area. The reason is that the
government has implemented some policies of cropland
protection in this district. Relative change rates of
construction land in Yuhua and Yuelu districts were
greater than 1, which indicated that construction land
category in Yuhua District and Yuelu District was
changed greatly. The government of Changsha City
moved to Yuelu District in 2001, and according to the
master plan of Changsha, Yuelu District will be built into
the university town and the high-tech industrial
development zones. These all accelerated the urban
construction. As the join part of Changsha-Zhuzhou-
Xiangtan area, the variation of construction land
category in Yuhua District was greatly influenced by the
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Fig.2 Size and contribution of six land use categories in each district

Table 3 Area of each land use category in five districts and changes in land use from 1995 to 2005

Land use category Area in 1995/hm> Area in 2005/hm”>  Changed area/hm’ Changing rate/%  Annual changing rate/%
Woodland 10 115.52 8578.61 —1536.91 —-15.19 —-1.63
Cropland 15 696.50 12 394.21 -3302.29 —21.04 -2.33
Grassland 1.97 8.08 6.11 310.15 15.16

Water body 8544.48 8027.35 —517.13 —6.05 —-0.62

Constructionland 19 282,18 24.800.94 5518.76 28.62 2.55

Unused land 1993.43 1 824.89 —168.54 —8.45 —0.88
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integration of the three cities. With the quickening of the
economic integration process, the construction speed of
Yuhua District became more and more rapid. The relative
change rate of woodland in Furong District was about
4.489, much greater than other districts.

Land-use change in urban areas is governed by
complex factors, such as policy, economic development
and population growth. Especially, socio-economic
policy strongly affects urban expansion. Since the policy
of Changsha-Zhuzhou-Xiangtan integration has been
implemented from 1990s, Changsha strongly
influenced by it, especially the five urban districts.
Changsha-Zhuzhou-Xiangtan urban agglomeration plays

1S

an important role in central China. It improves the
economic integration, which has attracted extensive
attention from Pearl River Delta area and Hong Kong.
By the end of 2005, these three cities have integrated on
electric power, transportation, finance and environmental
protection. Just because of this, landscape in the five
urban districts was changed rapidly, and as the join part
of the three cities, land-use changes in Yuhua District
became more noticeable.

3.2 Estimation of changes in ecosystem services
3.2.1 ESV of whole city

Based on the ecosystem service value coefficients
reported by COSTANZA et al [3] and areas of land use
categories, ecosystem services values were obtained by
Eq.(2). The total ecosystem service value of Changsha
was about $1 009.28 million in 1986 and $938.11 million
in 2000. There was $71.17 million net decline in
ecosystem service value from 1986 to 2000. Woodland

category contributed almost about 80% to the total ESV
because of its large value coefficient and large area
(about 81.95% in 1986 and 78.81% in 2000). Since water
body has the highest value coefficient, although the
proportion of its area was smaller than that of the
cropland, its ESV was much higher. The ESV of
woodland was $150.76 million in 1986 and $155.72
million in 2000, while that of cropland was $25.21
million and $32.34 million 1986 and 2000,
respectively. Grassland generated little (about 0.61% in
1986 and 0.14% in 2000) services value because of its
small area.

Construction land and unused land were assigned no
ecosystem service value. This may underestimate their
actual ecological derived from plants in
residential etc. However, we can detect how the urban
sprawl influenced the ecosystem service value more
obviously. Using the conversion matrix of land-use
change from 1986 to 2000 and Eq.(3), the gain and loss
of ESV were calculated (Table 5). Converting to
construction land caused about $16.12 million loss of
ESV, and converting from woodland and water body to
cropland lost almost $184.24 million. So, the main
reasons of the decrease of ESV in Changsha are the
increase of construction land, and the conversion from
woodland and water body to cropland to keep the crop
production. The increase of ESV (about $124.17 million)
caused by cropland, grassland, construction land and
unused land converting to ‘more’ value category than
itself could not offset the decrease of ESV (about
$195.34 million) caused by the variations of woodland
and water body. So, woodland and water body are the

in

values

Table 4 Relative change rates of six land use categories in each district

District Woodland Cropland Grassland Water body Construction land Unused land
Furong 44890 2.501 8 — 1.690 6 0.6917 4.6126
Yuhua 1.5810 1.1657 1.731 4 2.496 4 1.2835 1.068 0
Kaifu 0.718 0 0.4322 0.184 6 0.568 4 0.8158 0.476 4
Tianxin 23141 1.5012 — 1.9721 0.768 3 1.2713
Yuelu 0.991 8 1.1499 — 0.008 4 1.3672 0.298 7

Table 5 Composition and changes of ecosystem service value in Changsha from 1986 to 2000 (10°$)

Land-use category Woodland Cropland Grassland Water body Construction land ~ Unused land Total
Woodland 0 —128.88 —3.08 32.19 —8.05 —4.14 —111.96
Cropland 52.65 0 0.04 44.22 -1.15 —0.05 95.71
Grassland 17.27 —-0.28 0 0.47 0.01 0 17.47

Water body -15.25 —55.13 -0.29 0 —6.93 —5.78 —83.38

Construction land 0.93 0.005 0.00 2.69 0 0 3.63

Unused land 0.56 0.05 0.05 6.70 0 0 7.36
Total 56.16 —184.24 -3.61 86.27 —16.12 -9.97 =71.17
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keys to maintain ecosystem service value in the study
area.
3.2.2 ESV of five districts

The ecosystem service values of five urban districts
in Changsha were calculated, as listed in Table 6.
Different from the whole city, it was the water body
category not the woodland that contributed most in the
urban areas. This is because Xiangjiang River runs
through the urban area, and the value coefficient of water
body is the highest. There was about $6.19 million net
decline in ecosystem services value between 1995 and
2005 in the five districts. ESV of the land use categories
decreased, except the grassland. The loss of ESV caused
by water body was the most, which reached
$4.39 million, more than 70% of the total loss. The
increase of ESV of grassland was only about $1 417, and
it was too small to offset the decrease of ESV.

ESV of all five districts was decreased. Yuhua
District was decreased most rapidly, with the annual
change rate of —1.78%, and Tianxin took the second
place, Yuelu was the slowest. From the above analyses of
land use conversions, variations of each land use
category in Kaifu District were at lower level, so the loss
of ESV in this district was not large, with an estimated
annual change rate of only —0.48%. The unit ESV was
calculated for comparison, as there were different total

ESV of each district because of their different areas.
Yuelu District had the highest ecosystem service value
per unit both in 1995 and 2005 because of its large
woodland area. It is noteworthy that although
construction land changed greatly in both Yuhua District
and Yuelu District, the change rate of Yuhua was much
higher than Yuelu District. This may be explained by the
fact that there was a greater conversion from cropland
and grassland to woodland and water body which were
ecologically ‘more’ valuable when they were converted
to construction land in Yuelu District. If we pay attention
to adjusting the land use structure, the decrease of
ecosystem services value can be mitigated.

3.3 Ecosystem service sensitivity analyses

By using Eq.(4), the effects of 50% adjustment in
value coefficient to estimated total ecosystem service
values were calculated (Table 7). The coefficient of
sensitivity was less than 1.00 in all cases, indicating that
the total ecosystem values estimated in the study were
relatively inelastic with respect to the ecosystem service
coefficients. For the whole city, the coefficient of
sensitivity for cropland, grassland and water body was
near 0, while that for woodland was relatively higher,
0.80—0.82, may be due to its large area in the whole city
and relatively high value coefficient. For the five districts,

Table 6 Composition and changes of ecosystem service value in five urban districts from 1995 to 2005 (10°$)

Land-use Furong Yuhua Kaifu Tianxin Yuelu Total
categories 1995 2005 1995 2005 1995 2005 1995 2005 1995 2005 1995 2005
Woodland ~ 0.16 027 1379 1048 4693  41.81 4.84 304 3230 2743 98.02 83.13
Cropland  0.69 033  3.67 277 506  4.60 1.35 0.93 3.67 278 1444 1140
Grassland  0.00 0.00  0.002 0.0l 0003 0.001 0.00 0.00 0.00  0.007  0.005 0.02
Waterbody  63.52 57.02 10231 86.86 246.00 237.54 11418  100.56  200.09 200.19 726.11 682.16
Total 6437 57.62 11977 100.11 297.99 28395 12038  104.62 236.06 23042 838.57 776.71
Change of ESV  —6.75 ~19.66 ~14.04 ~15.76 ~5.64 ~61.86
Annf:;/c;]ange ~1.10 ~1.78 -0.48 ~1.39 ~0.24 ~0.76
UnitESV  0.015 0.013 0.010 0009 0016 0.015 0016 0014 0017 0017 0017 0.015

Construction land and unused land are assumed to have ecosystem service value of zero, so they are not listed

Table 7 Percentage change in estimated total ecosystem service value and coefficient of sensitivity resulting from adjustment of

ecosystem valuation coefficients

Whole city Five districts
Land-use category 1986 2000 1995 2005
Change rate/%  CS Change rate/%  CS Change rate/%  CS Change rate/% CS
Woodland VC+50% +40.98 0.82 +39.91 0.80 +5.84 0.12 +5.35 0.11
Cropland VC+50% +1.25 0.01 +1.72 0.03 +0.86 0.02 +0.73 0.01
Grassland VC£50% +0.30 0.00 +0.07 0.00 +0.00 0.00 +0.00 0.00
Water body VC£50% +7.47 0.04 +8.30 0.17 +43.29 0.87 +43.91 0.88

CS—-Coefficient of sensitivity
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because of the large area of water body and its highest
value coefficient, the coefficient of sensitivity was much
higher than other three categories, ranging from 0.87 to
0.88. The coefficient of sensitivity close to 0 reflected
that the ecosystem value estimation was reasonably
robust, while the coefficient of sensitivity close to 1.00
for an assumed ecosystem service suggested that the
assumed value coefficient for the ecosystem service
should be treated with caution. The results emphasized
that the value coefficient of woodland at the city scale
and that of water body at the district scale should be
treated more carefully.

The results from the two scale analyses are different,
indicating that the spatial scale may affect the outcome
of this kind of study. The appropriate spatial scale is
important and should be taken into account in the
estimation of ecosystem service value in city areas where
there are more spatial pattern fragments. For the research
with city as the study area, the broader scale analysis
may reflect the overall trend of the wvariations in
ecosystem service value in response to land-use change,
and the smaller scale analysis could be more helpful to
concrete policy recommendations as the administrative
power is relatively concentrated in these areas.
Suggestions are put forward that for this kind of study in
urbanization areas, with reliable and available land use
data, practical significance of policy making should be
taken into account in appropriate scale selection.

The investigation provides a case study of changes
in ecosystem service value in cities in central China. The
other analogous cities could select the appropriate spatial
scale to analyze land-use change on ecosystem service
value according to their actual situations. With the
increasing pressure on land in urban areas, it is important
to find the balance of economic benefit and ecological
benefit in land use. The consideration of ecosystem
service value in the design of sustainable land use
strategies in China is still not a priority for policymakers.
In order to mitigate the decline of ecosystem service
value in Changsha, the government can focus on the
economic benefits and the values of ecosystem services
as well in land use planning. It is imperative to control
the increase rate of construction land category strictly
and make great effect to retain and increase the areas of
woodland and water body which provide a greater level
of ecosystem services. For the five districts, it is
important to adjust the land use structure when the
construction land has increased rapidly, especially in the
Yuhua District. To achieve this, more detailed studies of
how to find the optimal balance between economy and
ecology in land use policy should be done.

4 Conclusions

1) The total annual ecosystem service value in
Changsha declined from $1 009.28 million in 1986 to
$938.11 million in 2000. This decline is largely
attributable to the increase of construction land and the
conversion from woodland and water body to cropland.
Construction land occupied the cropland, and woodland
and water body were converted to cropland to keep the
crop production.

2) In the five urban districts, there was $6.19
million decline in ecosystem service value between 1995
and 2005. Yuelu District had the highest unit ecosystem
service value because of its large area of woodland, with
an annual change rate of —0.24%; while Yuhua District
had the lowest unit ecosystem service value and the
annual decline rate reached —1.78%. This may be
attributed mainly to the fact that with the increase of
construction land in Yuelu District, there was a greater
conversion from cropland and grassland to woodland and
water body.

3) If there was a concomitant increase in size of
other land use types which provided a greater level of
ecosystem services, the downtrend of ecosystem service
value in cities may be mitigated, just like the Yuelu
District in this study.
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