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ABSTRACT

Differences exist in land use/cover pattern and its change between the P. R. China and the USA. In order to describe
those differences, land use changes in representative regions were quantitatively analyzed and compared. Xiamen City,
Changzhutan region and Liupan Mountains regions were selected to represent three different hydrogeomorphic areas of
eastern, central, and western China, respectively, while the Goodwin Creek Experimental Watershed (GCEW) located
in the north-central part of Mississippi in the bluff hills just east of the Mississippi River floodplain was chosen in the
USA. By integrating historical Landsat TM imagery and geographical information system data, the spatiotemporal land
use dynamics and conversion of land use in China and the USA between 1980 and 2010 were explored and compared.
Results indicated an urban sprawl in eastern and central China, which encroached upon large amount of cropland, forest
land and grassland. On the other hand, western China reclaimed cropland from grassland, forest land, which led to se-
vere soil erosion between 1990 and 2000. Goodwin Creek Watershed of the USA converted 73.3% of the lost cropland
into forest land, pasture and idle land, which accounted for about 90% in 2010. Further, counter-urbanization occurs in
the GCEW due to favorable eco-environment for living. Compared with the land dynamic degree of the GCEW, eastern
China is greater than it; western China is smaller than it while central China is almost equal to it. And the land use in-
tensity index of GCEW is smaller than that of China all these years. Eastern China advocated ecological civilization in
2007 to meet the serious challenges of sustainable development. Western China started the Return of Land from Farm-
ing to Forestry and Grassland Project in 2000. The Changzhutan region in central China is served as the resource-saving
and environment-friendly community in 2007, which will be favorable for the sustainable land utilization and protection
of ecology. From the eco-environmental view, China might use the experience of USA for future reference.
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1. Introduction In China, urban areas have substantially increased dur-
ing the last 30 - 40 years, with now nearly half of the
population 665.57 million people, or 49.7% living in ur-
ban areas [5]. The increased urbanization and the intro-

duction of modern and efficient industrial production

Land use/cover change (LUCC) is an important parame-
ter in assessing regional and global environmental changes
[1]. LUCC has been for many decades the subject of in-

tense research in academic circles [2-4]. However, few
studies exist where LUCC’s pattern of distinctly different
geographical areas in terms of size, agricultural practices,
and environmental variables are compared. This paper at-
tempts to demonstrate the usefulness of the dynamic de-
gree concept in describing and quantifying land use changes
in different regions. Four hydrogeomorphic areas were cho-
sen, three similar in size but in different parts of China,
the other much smaller in size but representation of bluff
line watersheds in the USA.
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processes in China, may have increased the short-term
supplies of material goods in the urban ecosystem, but
may also potentially undermine the long-term ecosystem
services at a regional scale [6]. On the other hand, the
USA has been experiencing some degree of suburbaniza-
tion in the last several decades [7]. Clearly, these changes
could impact LUCC values in the two countries. In order
to determine the difference in the future trend of LUCC
between the two countries, this paper will explore and
compare the land use change patterns of several regions
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in China with that of the USA Goodwin Creek Experi-
mental Watershed (GCEW), an ARS benchmark water-
shed, between 1980 and 2010. The results may be useful
in making management decisions for land utilization in
China and the USA.

2. Materials and Methods
2.1. Study Area

2.1.1. Xiamen City

Xiamen City, with an area of 1638 km’, is located in
southeast Fujian province, China, which faces the Taiwan
Straits (Figure 1). The region has a southern subtropical
monsoon humid climate, an annual mean temperature of
20.8°C, and an average annual precipitation of 1144 mm.
The natural vegetation is a south subtropical monsoon
rainforest of Masson Pine (Pinus massoniana Lamb.) and
Taiwan Acacia (Acacia confusa Merr). The area consists
of hilly and flat bottom land, in which over time lateritic
red soils have developed [8]. Xiamen consists of seven
administrative districts with a total population of 1.31
million in 2001. When China began a policy of opening
up to the world in 1978, Xiamen became one of the first
four economic development zones. Since then the econ-
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omy has grown rapidly and represents an example in eas-
tern China for development.

2.1.2. Changzhutan Region

The Changzhutan region is located in the northeast part
of Hunan Province, China, has an area of 28,100 km?,
and consists of the cities of Changsha, Zhuzhou, and
Xiangtan (Figure 2). The Xiangjiang River runs through
this region and the cities are located at the vertices of a
triangle with respect to each other along this river and are
spaced about 45 kilometers from each other. This region
is located in a transition zone in the mid- and south-sub-
tropics and has a subtropical humid climate with mon-
soon periods. The mean annual temperature fluctuates
between 16°C and 18°C and the mean annual precipita-
tion is about 1400 mm. Rainfall is largely concentrated in
the period from April to September, and accounts for
60% to 80% of the annual precipitation. Because the re-
gion has ample rainfall and a lot of sunshine it is favor-
able for crop growth. The geomorphology consists mainly
of mountains, hills, footslopes, and plains [9]. Major
crops are paddy rice, rape, and tea. The landscape is cov-
ered by forest of evergreen and deciduous broad-leave
and mixed evergreen trees in which the Lithocarpus gla-

Fujian Province

Figure 1. Location of Xiamen City in Fujian Province and China.
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Figure 2. Location of Changzhutan region in Hunan Province and China.

ber, Castanopsis sclerophylla + Cyclobalanopsis glauca,
and Cinnamomum camphora species are representative
communities. Cinnamomum camphora, Castanopsis scle-
rophylla, Liquidambar formosana, llex chinensis are com-
monly occurring types of vegetation [10]. A large part of
the evergreen broad leave trees make it one of the most
important forested headwater conservation areas of the
Xiangjiang River basin. The annual runoff volume is
82.65 x 10* m’ and the annual runoff depth is 550 - 850
mm/a. More than 70 rivers and streams make up the river
system and Xiangjiang River is the most important river
in the Changzhutan region. Widely distributed red and
yellow soils (Udic Ferraisols or Luvisols in the Chinese
Soil Taxonomy) cover large areas in the Changzhutan
region. In 2009, its population was 13,300,000 and the

gross domestic product (GDP) was 5.5 x 10'' RMB yuan.

Economic improvement is contributed to urban growth.
It is anticipated that the implemention of the “Dimor-
phous Community” Program will promote social and
economic development of the Changzhutan region.

2.1.3. Liupan Mountains Region

The Liupan Mountains are located in the southern part of
the Ningxia Hui Autonomous Region in China with an
area of 16,775 km” (Figure 3). This region has a temper-
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ate semi-humid climate in the south and a temperate se-
mi-arid climate in the north. The mean annual tempera-
ture fluctuates between 5°C and 8°C, while the annual
precipitation varies between 240 mm and 760 mm that
decreases gradually from the southeast to the north-west.
Because the region is situated in a transition zone be-
tween the humid and arid regions, there exist different
ecosystems and large biodiversities. Vegetation changes
gradually from forest in the southeast to desert in the
northwest. A large part of the deciduous broad-leave for-
ests extends into this mountain range resulting in one of
the most important forested headwater conservation areas
of the Loess Plateau in China. In 2000, the population
was 1,868,528 and the net annual income per farmer was
only 928 yuan (RMB), indicating great difficulties of
providing sufficient food and fiber for the population.
The Liupan Mountains represents an impoverished re-
gion in the western hydrogeomorphic area of China [11,
12].

2.1.4. Goodwin Creek Watershed

GCEW drains a 21.3 km? area in Panola County, Missis-
sippi, USA. The watershed is located in the bluff hills of
the Yazoo River basin of northern Mississippi (Figure 4).
Terrain elevation ranges from 71 to 128 m above mean
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Figure 3. Location of Liupan Mountains region in Ningxia Hui Autonomous Region and China.
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Figure 4. Location of Goodwin Creek in Mississippi State and USA.
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sea level, with an average channel slope of 0.004 in
Goodwin Creek. The watershed is an integral part of the
Coastal Plain Physiographic Province, where the loess-
soil cap overlying interfluve soils thins rapidly from west
to east, and where Holocene alluvial deposits are present
in all valleys. The watershed drains to the west into the
Mississippi alluvial valley via the Yocona River. The
watershed’s climate is humid, hot in the summer and
mild in the winter. The climate exhibits an average an-
nual temperature of approximately 17°C and an average
annual precipitation of approximately 1460 mm [13].

2.2. Data Source and Land Use Classification
System

The land use data of the Chinese regions was partly ob-
tained from the Chinese Resource and Environment Da-
tabase, in which land use maps with scale of 1:100,000
were interpreted from Landsat Thematic Mapper (TM/
ETM) images of 1989/1990, 1995/1996, 1999/2000 and
2007. These images are in this paper denoted as 1990,
1995, 2000 and 2007, respectively. The classification ac-
curacy of the three former data sets was 92.92%, 98.40%,
and 97.45%, respectively [14] and the 2007 data set was
obtained from the interpretation of images and the last
three data sets. Also, other data sets were included such
as DEMs and the boundaries of the administrative re-
gions. The data were assembled into the same coordinate
system and the Albers projection parameter is Krass-
ovsky ellipsoid with central meridian 105°E, 1st standard
parallel 25°N, 2nd standard parallel 47°N, false easting 0,
false northing 0, and 0 latitude of projection’s origin.
According to the land classification system for remote
sensing interpretation, land use in China was divided into
seven classes: cropland, forestland, orchard, grassland,
open water, rural-urban industrial land and unused land
[8,11].

The GCEW data, an ARS benchmark watershed in the
USA, was developed by the USDA/ARS, National Sedi-
mentation Laboratory. The GCEW has been a main re-
search watershed for more than three decades. Data col-
lection has primarily relied on annual field surveys. Ini-
tially, the field boundaries were defined by homogeneous
land use and terrain, and as thus were more difficult to
correctly inventory, especially over time as land use ex-
tents changed. In an effort to create a more accurate his-
toric land use record, georeferenced aerial photographs
have been used to validate the historic field data and to
refine field boundaries. Land use in the GCEW consists
of cropland, forest land, pasture, idle, and residential areas.

2.3. Models

Land use changes can be quantified by the concept of the
land use dynamic degree that is given by the following

Copyright © 2013 SciRes.

mathematically expression [15]:

Sz{Z(Mj/4)}-(l/t)-100%,i¢j (1)
L
where S is the land use dynamic degree during the time
interval ¢ usually covering several years; A4; is the area of
the i-th land use type at the beginning of the monitoring
period; AA4;-; is the area of the i-th type land use
converted into the j-th type land use; and » is the total
number of land use types. The land use dynamic degree
is thus defined as the rate of change of the total land area
that was converted into other types of land use. The dy-
namic degree concept expresses in a comprehensive man-
ner the change in land use for a given region.

Regional differences in land use intensity index were
calculated by using a comprehensive expression, which
is given by Equation (2) [16,17]:

1=100->(G,-C), 2)
i=1
where [ is the land use comprehensive intensity index; G;
is the grade of the i-th land use type; C; is the percentage
of the area of the i-th land use type; and # is the number
of land use grades. In grading land use of this paper, a
grade index system was introduced, in which unused land
was assigned the factor value 1; forest, grassland, orchard,
pasture, idle and water areas, the factor value 2; cropland,
the factor value 3; and rural-urban industrial land and
residential, the factor value 4. Land use can be ranked on
the basis of its importance or value to society [18].
The land use degree change parameter (Al,-,) repre-
sents the change in the land use intensity index and is
given by:

Al =1,-1, 3)

where [, and I, are the land use intensity indices at times
b and a, respectively. If Al,-, > 0, then land use is con-
tinuously developing in the region or if Al,-, < 0, then
the land use intensity is regressing. Thus the land use
comprehensive intensity index reflects both magnitude
and value of land use changes [19].

3. Results
3.1. Temporal Changes of Land Use

3.1.1. Xiamen

The spatiotemporal land use change between 1988 and
2001 in Xiamen is shown in Table 1. Cropland, forest
land, and unused land types decreased while orchard,
rural-urban industrial land, and open water increased
from 1988 to 2001. Rural-urban industrial land had the
largest increased with 10,152 ha. Cropland decreased by
11,305 ha, while forest and unused land reduced by 728
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Table 1. The land use change from 1988 to 2001 in Xiamen.

Land use type 1988 1998 2001 1988-2001
Area (ha) Area (ha) Area (ha) Area (ha)
Cropland 44,898 34,323 33,593 —-11,305
Orchard 23,825 25,345 25,461 1635
Forest land 63,989 63,458 63,261 —728
Rural-urban industrial land 12,159 21,556 22,312 10,152
Open water 11,855 12,694 12,704 849
Unused land 2629 1981 2025 —604

ha and 604 ha, respectively.

3.1.2. Changzhutan Region

The temporal land use changes in the Changzhutan Re-
gion are summarized in Table 2. The data indicate that
rural-urban industrial land and open water areas in-
creased, while forest land, cropland and grassland de-
creased from 1990 to 2007. Rural-urban industrial land
had the largest increase of 46,297 ha, followed by open
water areas with 775 ha. On the other hand, the forest
land area decreased by 22,580 ha, followed by cropland
(21,808 ha) and grassland (5618 ha) due to an apprecia-
ble expansion of urban construction.

The data indicate that urban expansion accounts for
most of the land use/cover changes of forestland, crop-
land, and grassland. The occurrence and distribution of
rural-urban industrial land in the Changzhutan region
changed from 1990 to 2007 as shown in Figure 5. The
sprawling urban city areas, consisting of housing devel-
opment, university expansions, Economic and Techno-
logical Development Zones, and Industry Parks, are dis-
persed among a large number of non-urban cropland and
forestland, which potentially are suited for urban construc-
tion. It is expected that the continued expansion of the
three cities will gradually lead to their consolidation into
a metropolitan area.

3.1.3. Liupan Mountains Region

The temporal changes of land use in the Liupan Moun-
tains region are summarized in Table 3. The data indi-
cate that cropland, forestland, rural-urban industrial land
increased, while grassland and open water areas decreased
from 1990 to 2000. Cropland had the largest increase of
44,185 ha, followed by forest land (9000 ha) and rural-
urban industrial land (1550 ha). On the other hand, the
grassland area decreased by 54,025 ha, and open water
areas decreased by 735 ha due to reclamation of land
from grassland and rivers. Latter decreases suggested
that the environmental quality may adversely be im-
pacted.

Copyright © 2013 SciRes.

3.1.4. Goodwin Creek Watershed

The temporal changes of land use in Goodwin Creek
Watershed are summarized in Table 4 and Figure 6. The
land cover of GCEW is mainly composed of forest land,
pasture and idle land, which accounts for nearly 90% of
the land area in 2010. The data indicate that cropland
area decreased, while forest land and pasture increased
from 1980 to 2010. Forest land had the largest increase
of 276.8 ha, followed by pasture with 73.6 ha. On the
other hand, the cropland area decreased by 403.8 ha.
Kuhnle, et al. [20] described that the effects of land use
change reduced the erosion and transport of sediment in
the channels of the watershed. They suggested that the
regional land resources had been protected and environ-
mental protection had been practiced in the GCEW.

3.2. Conversions of Different Land Use Types

3.2.1. Xiamen Area

In Xiamen, 52.5% of the cropland area lost was con-
verted into rural-urban industrial land, and 27.9% and
16.6% were converted into orchard and open water areas,
respectively. Also, 50.8% of the forest land lost was con-
verted into orchards due to better economic benefits of
fruit production for farmers. For similar reasons, con-
version of some cropland to fishing pond, reservoir and
hydro-technical construction land, led to an increase of
total open water body areas. The increase in rural-urban
industrial land was most noticeable from cropland (Table
5).

3.2.2. Changzhutan Region

Tables 6 and 7 summarize these conversions among land
use types between 1990 and 2000 (early stage) as well as
between 2000 and 2007 (later stage) for the Changzhutan
region, respectively. Table 6 shows that 58.2% of the
lost cropland was converted into rural-urban industrial
land during the early stage. The remaining part of the lost
cropland during the early stage was converted into forest
land (25.8%) and open water area (15.3%). while Table 7
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Table 2. Land use changes in the Changzhutan region between 1990 and 2007.
1990 1995 2000 2007 Land use
Land use type change
Area Percentage Area Percentage Area Percentage Area Percentage 1990-2007
(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha)
Cropland 860,788 30.6 856,549 30.5 855,272 30.5 838,980 29.9 -21807.6
Forestland 1,793,498 63.9 1,794,934 63.9 1,790,600 63.8 1,770,918 63.1 —22579.8
Grassland 44,387 1.6 44,123 1.6 44,513 1.6 38,769 1.4 -5618.0
Rural-urban industrial land 57,823 2.1 62,956 2.2 65,525 2.3 104,120 3.7 46297.1
Open water area 51,333 1.8 49,268 1.8 51,920 1.9 52,108 1.9 775.2
¢ 3
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Figure 5. Urban expansion in Changsha, Zhuzhou and Xiangtan Cities in the Changzhutan region between 1990 and 2007.

Not all study region are shown.

Table 3. Land use changes in the Liupan Mountains region during the period 1990-2000.

1990 1995 2000 Land use change
Land use type
Area Area Area Area
(ha) (ha) (ha) (ha)
Cropland 708260.4 753207.3 7524459 44185.5
Forestland 80750.5 87777.9 89751.3 9000.9
Grassland 851463.8 800222.5 797438.6 —54025.2
Open water area 13713.9 129243 12978.8 -735.2
Rural-urban industrial land 21352.8 21222.5 22902.8 1550.1
Unused land 579.5 766.2 603.4 24.0
Table 4. Land use changes in Goodwin Creek during the period 1980-2010.
Cropland Forest land Pasture Idle Residential”
Year Area  Percentage Area Percentage Area Percentage Area Percentage Area Percentage
(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%)
1980 566.5 26.7 536.2 25.3 818.9 38.6 201.9 9.5 NA NA
1985 414.5 19.5 559.8 26.4 942.1 444 207.1 9.8 NA NA
1990 254.4 12.0 571.7 27.2 1018 47.9 273.4 12.9 NA NA
1995 253.3 11.9 624.3 29.4 1032.6 48.6 2133 10.0 NA NA
2000 179.9 8.5 709.3 334 982.7 46.3 251.7 11.9 NA NA
2005 136.7 6.4 813 38.3 915.2 43.1 197.3 9.3 61.4 2.9
2010 162.7 7.7 813 38.3 892.5 42.0 193.9 9.1 61.4 2.9
"NA is not available; Photographic evidence and past observation indicated a very limited number of housing sites.
Copyright © 2013 SciRes. 1JG
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Figure 6. Net changes of land use in Goodwin Creek Watershed, USA.
Table 5. Land use conversions between 1988 and 2001 in Xiamen.
Land use type Cropland  Orchard  Forestland Rural-urban industrial land Open water Unused land Converted land use
ha ha ha ha ha ha ha
Cropland - 3697 305 6959 2204 82 13,247
Orchard 1018 - 573 2356 268 40 4255
Forestland 240 1219 - 458 56 425 2398
Rural-urban industrial land 0 0 0 - 0 0 0
Open water 169 615 103 1146 - 104 2137
Unused land 87 343 723 12 0 - 1165
Table 6. Land use conversions between 1990 and 2000.
Landusergpe 900 sation CroplandForesiand Grassland (P TR, GO ten e change
ha % ha ha ha ha ha ha ha % ha
Cropland 860,788  30.6 - 1819 50 1081 4104 7054 855,272 304 —5516
Forestland 1,793,498 63.9 1414 - 896 13 3195 5518 1,790,600 63.8 —2898
Grassland 44,387 1.6 15 767 - 6 32 820 44,513 1.6 126
Open water 51,333 1.8 81 2 0 - 430 513 51,920 1.9 587
i rﬁf:gﬂ‘;ﬁ:ﬂ 57823 21 28 32 0 0 - 60 65,524 23 7701
Total area 2,807,830 100 2,807,830 100
Converted land use 1538 2620 946 1100 7761 13965
Table 7. Land use conversions between 2000 and 2007.
Land use type 2000 situation ~ Cropland Forestland Grassland VOVI; teer; Hﬁ‘;ﬁi}zﬁ:ﬁ d CIZEZeur;Zd 2007 situation uiez}l::;e
ha % ha ha ha ha ha ha ha % ha
Cropland 855,272 30.5 - 13,824 718 9409 31,438 55,389 838,980 29.9 -16292
Forestland 1,790,600 63.8 20,430 - 1049 4413 17,711 43,603 1,773,945 63.2 —16655
Grassland 44,513 1.6 1855 5724 - 215 407 8201 38,769 1.4 —5744
Open water 51,920 1.8 7900 3993 663 - 2091 14,647 52,108 1.9 188
Hﬁ‘l‘;;lnzﬁ:rf q 65524 23 8912 3407 27 798 - 13,144 104028 37 38503
Total area 2,807,830 100 2,807,830 100
Converted land use 39,097 26,948 2457 14,835 51,647

Copyright © 2013 SciRes.
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shows that about 56.8% of the cropland lost during the
later stage was converted into rural-urban industrial land.
The remaining lost cropland was converted into forest
land (25.0%) and open water area (17.0%). However, the
cropland areas which was converted into rural-urban in-
dustrial land during the later stage is 5.5 times that of the
early stage which suggests that cropland loss accelerated
over time. About 57.9% and 40.6% of the lost forestland
was converted into rural-urban industrial land in the early
stage (Table 6) and in the later stage (Table 7), respec-
tively. Like for cropland, a large part of the forestland
was also converted into rural-urban industrial land. These
changes may have been influenced by policies of re-
gional economic development, industrialization, and ur-
banization.

3.2.3. Liupan Mountains Region

Land conversions in the Liupan Mountains region were
common among the various land use types in the study
area. Table 8 summarizes these conversions between
1990 and 2000. Table 8 also shows that about 55% of
the lost cropland was converted into forestland. The re-
maining lost cropland was converted into grassland (28.6%)
and rural-urban industrial land (13.7%). Of the lost for-
estland, 65% were converted into cropland. Nevertheless,
overall there was a net increase in forestland. However,
the decrease in grassland was most notable. The con-
verted acreage went into other land use types, particu-
larly into cropland. Of the lost grassland, 49.4% were
converted into cropland. Also, 64.3% of the lost open
water areas were converted into cropland, the rest be-
came grassland. It was a common phenomenon that peo-
ple reclaimed land of riparian areas and lakes for agri-
cultural production. Urbanization took place to a very

limited degree. Only a small percentage of cropland and
grassland were converted into rural-urban industrial land

[11].

3.2.4. Goodwin Creek Watershed

Table 9 summarizes the land conversions among land
use types between 1980 and 2010 in the GCEW. Table 9
shows that 73.3% of the lost cropland was converted into
forest land, pasture and idle land. However, no forest
land was converted into cropland. Also, the area of con-
version into cropland from pasture (14.2 ha) and idle
land (5.3 ha) was much less. One may conclude that ap-
preciable conversions occurred among cropland and for-
est land, pasture and idle during this time period. These
changes may have been influenced by sustainable land
utilization and environmental protection.

3.3. Dynamics of Land Use

To better understand the dynamics of land use changes,
the land use dynamic degree was calculated for the
GCEW with Equation (1). Figure 7 shows a comparison
of the land use dynamic degree of GCEW with those of
the three typical regions in eastern, central, and western
China during the period from 1980 to 2010. The land use
dynamic degree of GCEW in the USA is similar to that
of the Changzhutan region in central China, which in
turn is lower than that of Xiamen City in southeastern
China and higher than that of the Liupan Mountains re-
gion in northwestern China (Figure 7). Thus, the land
use dynamic degree of the GCEW is moderate. From the
view point of the land use dynamic degree, GCEW ex-
perienced unusual changes, which reflected the restora-
tion in land utilization and eco-environment.

Table 8. Land use conversions between 1990 and 2000 in the Liupan Mountains region.

Cropland Forestland Grass land Rural-urban industrial land Open water Unused land Converted land use

Land use type
ha ha ha ha ha ha ha
Cropland - 5171 2699 1291 238 24 9423
Forestland 162 - 88 0 0 0 250
Grass land 52,605 4066 - 259 335 0 57,265
Rural-urban industrial land 0 0 0 - 0 0 0
Open water 841 13 454 - 0 1308
Unused land 0 0 0 0 - 0

Table 9. Land use conversions between 1980 and 2010 in Goodwin Creek Experimental Watershed.

Cropland Forestland Pasture Idle Residential Converted land use
Land use type
ha ha ha ha ha ha
Cropland - 150.0 215.0 50.5 7.8 4233
Forestland 0 - 1.4 53 13.9 20.6
Pasture 14.2 53.5 - 89.5 17.2 174.4
Idle 53 93.9 31.6 - 22.6 153.4

Copyright © 2013 SciRes.
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3.4. Regional Differences in Change of Land Use
Degree

Table 10 summarizes the land use intensity index I and
the change in the land use intensity index Al for GCEW
and typical region in China from 1980 to 2010. A com-
parison of Al-values for different regions indicates that
Xiamen City holds the largest value of 256.7 - 263.7 fol-
lowed by the Liupanshan Mountain region with a value
of 240. The Changzhutan region ranks third with the
value level 230 and GCEW has an /-value below 210.
The large /-value in Xiamen was attributed to the rela-
tively favorable physical geography, opened-up policy,
and large population density that favored tertiary industry
and tourism activity through farmland conversion into
urban land. The Liupanshan Mountain region has a larger
land use degree since in that region much more forest
land and grassland were converted into cropland which
has a higher grade value. In the Changzhutan region,
where urbanization and economic development was less
than in Xiamen, a substantial acreage of cropland and

forest land were converted into urban-industrial land. As
for GCEW, forest land, pasture, and idle land accounted
for about 90% of the whole watershed area, thus produc-
ing the smallest land use degree value. All Al-values are
greater than zero, therefore, the land use is continuously
developing in the four regions. The A/-values decreased
from 201.8 to 196.6 for GCEW during 1995 and 2000
due to cropland conversion into forestland, pasture and
idle land (Table 10). The conservation plan adopted in
the GCEW increased protection of land resources and
environmental systems, which led to reduced soil erosion
[20]. The Al-value increased from 196.6 to 204.3 for
GCEW during 2000 and 2010 due to newly built homes
(Table 4). Residents live in small homesteads in the
GCEW, that otherwise is still dominated by fields and
forest. In this situation, one can still enjoy urban life-
styles including commuting to nearby towns. This phe-
nomenon has been called “counter-urbanization”, which
is a striking pattern of geographically de-concentrated
population in some parts of the USA.

12

Land use dynamic degree (%)
[=)}

Goodwin Creek Watershed ~Changzhutanregion

(the U.S.) (Central China)

T

Xiamen City of Fujian Province Liupan Mountainsregion

(Southeastern China) (Northwestern China)

Figure 7. Land use dynamic degrees of Goodwin Creek Watershed from 1980 to 2010 as well as represented region of east,

middle and west part of China from 1990 to 2007.

Table 10. Land use intensity index (1) and its change (Al) for Goodwin Creek Watershed and China from 1980 to 2010.

Item Year Goodwin Creek Watershed Changzhutan region Xiamen Liupanshan region
1980 169.5
1988 256.7

1
1990 199.1 234.8 244.8
1995 201.8 235.0
2000 196.6 235.1 248.0
2001 263.7
2007 237.3
2010 204.3

Al 34.8 2.5 7 32

Copyright © 2013 SciRes.
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4. Conclusion

This study has quantitatively and comparatively analyzed
the spatiotemporal changes of land use in three water-
sheds in China and one watershed in USA, using spatio-
temporal models, GIS and remote sensing tools. GCEW
was found to have experienced moderate changes in the
period from 1980-2010. Cropland decreased by 403.8 ha
while forestland and pastures increased by 276.8 ha and
73.6 ha, respectively. At present, GCEW is mainly com-
posed of forestland, pasture, and idle land, which ac-
counted for about 90% of the total land. About 73.3% of
the lost cropland was converted into forestland, pasture
and idle land, which enhances the eco-environmental sus-
tainability. Meanwhile residential areas developed due to
counter-urbanization in GCEW from 2000 to 2010. The
characteristic process of LUCC in GCEW has been that
cropland is converted into idle land, then to pasture, back
to idle land or directly to forest. Compared with China,
the land use dynamic degree of GCEW is moderate and
the land use intensity index is smaller. While fast urba-
nization has happened in eastern and central China,
where much cropland, forest land are converted into ur-
ban land, orchard and open water area for more eco-
nomic benefits. However, urban and economic develop-
ment also caused damages to natural resources and eco-
environment. In western China, grassland conversion to
cropland was the principal change in land use during the
1990-2000 period. Ecological protection was adversely
impacted by the conversion of forestland and grassland
into cropland facilitating soil erosion in the region. For-
tunately, the Changzhutan region is serving as the re-
source-saving and environment-friendly community in
2007. Also, western China practiced Returning Land for
Farming to Forestry Project in 2000, which will impact
the sustainable urban development and will protect the
ecology.
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