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ABSTRACT

Land use/land cover change (LUCC) modifies surface albedo,
sources and sinks of carbon, precipitation recycling, ecosystem services
as well as vulnerability of places and people to natural hazards, social-
economic and political perturbations. Human beings are transforming
significant portions of the earth’s land surface, which has been of central
concern to the international research community for most of the past
century. The conversion of natural forest biomass and grassland to
agricultural activities plays a significant role in global climate change,
while the loss of agricultural land as results of urban sprawl brings more
concern about global food security. This work aims to improve the
understanding of LUCC dynamics, to explore activities and factors that
control LUCC processes at various regions, and ultimately, to build
integrated ecological model as reference to future policy designs and
practices.

Case studies are carried out in the Liupan Mountains region and
Xiamen City. As an ecology fragile area, the Liupan Mountains region is
chosen to be a representive case to study the consequences of
agricultural activities on a primary grassland landscape. In contrast,
Xiamen City is a rather developed area, which is selected to be a case for
studying the change of agricultural landscape in highly urbanized areas.
The Liupan Mountains region is located in the southern part of Ningxia
Hui Autonomous Region, China, with an area of 16,775 km?, and
consists of Guyuan, Jingyuan, Pengyang, Xiji, and Longde and Haiyuan
counties. These Liupan mountains form an important divide between
landforms and bio-geographic zones in China. This region has a
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temperate semi-humid climate in the south and a temperate semi-arid
climate in the north. The mean annual temperature fluctuates between
5°C and 8°C, while the mean precipitation varies between 240 mm and
760mm and decreases gradually from the southeast to the northwest.
Because the region is situated in a transition zone between 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-leaved forests extends in
this mountain range making it one of the most important forested
headwater conservation areas of the Loess Plateau. More than 60 rivers
and streams make up the river system in the mountainous region. In
2000, its population was 1,868,528, and the net annual income per
farmer was only 928 yuan (RMB), indicating that it was still difficult to
provide sufficient food and fiber for the population. In 2005, the
Government of Ningxia Hui Autonomous Region designated the Liupan
Mountains and surrounding areas to be a “Large Liupan Eco-economy
Circle” (LLEC) . In this area, green shelter belts will be established that
will promote social and economic development of the southern Ningxia.
However, Xiamen, with an area of 1,638 km?, is located in the southeastern
part of Fujian Province, facing the Taiwan Straits. It has a southem
subtropical monsoon climate, annual mean temperature of 20.8°C, and
annual precipitation of 1,143.5 mm. The natural vegetation is a south-
subtropical monsoon rainforest, but most has been destroyed by human
activities. Masson Pine (Pinus massoniana Lamb.) and Taiwan Acacia
(Acacia confusa Merr.) are planted in the upland and bottom flat land,
under which a lateritic red soil has developed over time. In 2001,

Xiamen consisted of seven administrative districts including Siming
district, Kaiyuan district, Gulangyu district, Huli district, Jimei district,
Xinglin district, Tongan district, and had a total population of 1.312,7
million. Because of its advantageous location, Xiamen became one of
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the first four special economic zones in China, when the country began a
policy to open up to the world. The economy has developed quickly. The
ecological environment also changed, especially agricultural fields that
were converted to industrial and commercial use.

In order to determine future trend of economic development and the
performance of LLEC model, romote sensing (RS) technique,
geographical information system (GIS), Geo-informatic TuPu and
spatial modeling method are applied to measure the magnitude and rate
of land use/land cover change based on three time period TM image and
field works. A regression and model method is developed to explore the
main driving force of LUCC in the two hot-spots. And, effects of LUCC
as well as coupling of LUCC and soil erosion were evaluated across
space and over time. Moreover, comparative analysis was conducted
between the Liupan Mountains region and Xiamen City. Finally, I
compared the three ecological models of agriculture in the Shanghuang
village of the Liupan Mountains region (ASCF Model), southeastern
Fujian Province (UCCO Model) and Japan (MIDORI Model) . And I
propose suitable and comprehensive measures for the sustainable
development, which will be of most importance to decision-making of
land utilization of the two regions.

Results indicated that cropland, forestland, and urban areas have
increased by 44, 186 ha, 9,001 ha and 1,550 ha, respectively while the
grassland area has appreciably decreased by 54,025 ha in the typical
study time period of 1900 to 2000. The decrease in grassland was most
notable. Of the grassland lost, 49.4% was converted into cropland. The
largest annual land conversion rate in the study area was less than 2%.
These changes are attributed to industrial and agricultural development
and population growth. Land use change was closely related with the
increase of the population, economy condition such as investment in
fixed assets and industrial structure adjustment, technology as well as
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policy. In particular, cropland change was correlated closely with total
population, economic condition (well-off conditions of local farmer
population ) as well as technology development ( agriculture
machinerization, irrigation facility and fertilization level) . Moreover,
in view of land use change in future, supposing the national policy on
land is the same as before, cropland will increase greatly. From an effect
perspective, the area and percentage of the most suitable cropland, forest
land and grassland decreased while that of unsuitable increased between
1990 and 2000. In process of conversion of grassland into cropland, the
ratios of unsuitable and the third class in converted cropland were very
high. Although the NDVI partially tended to ascend during the similar
time period of 1987 to 2001, the percentage of poor and bad vegetation
condition still accounted for 80%. Also vegetation cover degree
decreased and sloping cropland extended. In 2000 the soil erosion
affected area was 1,260,787 ha which is 75.2% of the total area in the
Liupan Mountains region. Soil erosion by water was the dominant mode
of soil loss, while soil erosion by wind was only present on a relatively
small area (2.16%) . Soil erosion in the Liupan Mountains region
increased between the late 1980’s and 2000, both in terms of acreage and
severity. Moderate, severe, and very severe eroded areas accounted for
60.7% of the total area. The lightly eroded area decreased, while the
moderately eroded area increased by 368,817 ha or 22% followed by
severe erosion with 146,552 ha or 8.7%, and very severe erosion by
970678 ha or 5.8%. Soil loss decreased in Pengyang and Xiji Counties,

but increased in Haiyuan, Guyuan, Jingyuan, and Longde Counties
between 1986 and 2000. Soil erosion was severe on grassland with a

moderate or low grass cover and on dryland. Approximately 90% of

sloping cropland was less than 15°. Human activities, the cultivation of
steep slopes and overgrazing of pastures were the main reasons for the
increase in erosion severity.
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In Xiamen City, however, cropland decreased remarkably by nearly
11,305 ha, while the areas of rural-urban construction and water body
increased by 10,152 ha and 849 ha from 1988 to 2001, respectively.
During the same time period, 52.5% of the lost cropland was converted
into rural-urban construction land. Rapid urbanization contributed to a
great change in the rate of cropland land use during these years. Huli and
Xinglin district experienced the greatest dynamic degree of land use
change due to the development of industry and fast rate of urbanization.
The construction of sea-filling and land-reclamation contributed to a
water body decrease and sea ecology environment destruction. The land
use changes in Xiamen City have been driven by urbanization and
industrialization, infrastructure and policy factors,

From the comparison between LUCC of Liupan Mountains region
and Xiamen City, the former was in the start phase of economy
development and its output structure mainly depended upon agriculture
so that its land use change degree was less. While the latter was in the
later phase of industrilization in which economy increase method was
high technology industry and service so that its land use change degree
was high. The output of Xiamen City increased quickly and urbanization
standard and land concentralization were both higher which led to higher
land use dynamic degree and land use intensity. In the comparison
between population driving force of LUCC, the moderate and highly
populated regions (>20 persons/ km?) contained larger cropland area
and higher cropland percentage whether in Liupanshan Region or in
Xiamen City. But there are some differences in trend of cropland change
between the two regions. In Liupan Mountains region it showed positive
correlation between high population density and rapid gain of cropland
which suggests the cropland demand increases with population. While it
showed negative correlation in Xiamen City which reflects that
urbanization will speed up with the population growth, which made the
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cropland decreases. Under-populated region ( <5 persons/km?) had
widespread forests in Liupan Mountains region in which a further
increase of forest land would have been difficult to achieve. While
forests was casier to be destroyed in the populous region (> 100
persons’km®) in Liupan Mountains region. Thus, the largest net increase
of forest land presented to the medium population density class (20 to 50
persons’/km?) in Liupan Mountains region. While forestry distribution in
Xiamen City concentrated on the under-populated region and the
populous region. The Liupan Mountains region should use referential
experiences in Xiamen economic development.

Comparative study among different ecological agriculture model
e.g. Agriculture-Stock breeding-Courtyard-Firedamp model ( ASCF
Model) in Loess Plateau, United Farmer Household- Cultivated land-
Orchard establishment model (UCCO Model) in southeastern Fujian
Province and “MIDORI” (“Mi” is “Mizu” in Japanese, which means
water; “Do” is “Tsuti” in Japanese, which means soil and agricultural
land; “Ri” is “Sato” in Japanese, which means agricultural and rural
area. “ MIDORI” means greenery homeland with harmonious
ecological relationship between land and water) ecological model in
Japan. Some common and differentia were analyzed. The intersections
are: A. reasonable land utilization and high efficiency of material and
energy flow in courtyard farming; B. Eco-environment protection is on
the prior consideration and resource is made most use of; C. Intensive
farming for land production raised; D. Agricultural management in
favorable size based upon farmer household. While some differences are
as follows: A. Different phase; B. Different task; C. Different condition
of area. The references of the “MIDORI” model are as follows. (1)
scientific protection of land resources; (2) soil and water resource is
made most use of; (3) effective rural-urban interaction; (4) sightseeing
agriculture development. These ecological models are the direction of



ABSTRACTY |xiv

development for reasonable land utilization and ecology protection as
well as harmonious relationship between human and land resource. At
present, subsidy policy of returning land for cropland to forest and grass
land is favorable chance to agriculture structure regulation in the Liupan
Mountains region, which could make the agricultural labors transfer to
other industries and promote the urbanization. To improve the eco-
economic conditions in the Liupan Mountains region, population
control , urbanization and development of an ecological friendly
agriculture were suggested.
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