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Abstract
The ecosystem pattern of the Yangtze River Basin is complex, with ecologi-
cal environment changes resulting from land use changes driven by multiple
socio-economic, policy, and natural factors. This study analyzes the ecosystem
pattern and evolution characteristics of the Yangtze River Basin from 2000 to
2015, as well as the contributions of major driving forces to ecosystem changes.
Over the 15-year period, approximately 64,000 km² of ecosystem types under-
went changes, with urban areas increasing by 67.5%, farmland decreasing by
7.5%, and forests increasing by 2.1%. Dramatic ecosystem changes were con-
centrated in the downstream region, as well as in large cities, urban agglomera-
tions, and Grain for Green Program areas in the middle and upper reaches. The
degree of landscape fragmentation and landscape diversity of the ecosystem in-
creased. The ecosystem patterns and compositions differed significantly among
the upper, middle, and lower reaches. Over the 15-year period, forests increased
significantly in both the upper and lower reaches, urban areas expanded signif-
icantly and farmland and wetlands decreased significantly in the lower reaches,
while wetlands increased most significantly in the upper reaches. Urbanization
was the primary driving force for ecosystem pattern evolution, with a contribu-
tion rate of 48.0% to ecosystem changes, reaching as high as 64.5% in the lower
Yangtze River. Ecological protection and restoration projects were the second
driving force, with a contribution rate of 32.8% to ecosystem changes, reaching
as high as 47.8% in the upper reaches. The contribution rates of water resource
development and agricultural development were 8.5% and 9.9%, respectively.
Additionally, climate change has led to the expansion of plateau lake areas. To
protect the sustainable development of the Yangtze River Basin ecosystem, it
is necessary to delineate ecological protection red lines, rationally plan land use
in the urbanization process, protect high-quality farmland, and prohibit the
development of important wetlands.
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Abstract

The natural environment varies significantly among the upper, middle, and
lower reaches of the Yangtze River Basin, with distinct regional topography
and climatic conditions and unbalanced economic development. The impacts of
various socioeconomic factors, policies, and natural factors on land use stimu-
late changes in the ecological environment. Knowledge of ecosystem patterns,
characteristics, and driving forces is fundamental for studying ecosystem ser-
vices, ecological environmental problems, and ecological risk assessments. This
study analyzes ecosystem patterns, changing characteristics, and primary driv-
ing forces from 2000 to 2015 in the Yangtze River Basin. During this 15-year
period, approximately 6.4 × 10� km² of ecosystems changed, including a 67.5%
increase in urban land, a 2.1% increase in forest, and a 7.5% reduction in crop-
lands. These dramatic changes were concentrated in the lower reaches, major
cities in the upper and middle reaches, urban agglomerations, and reforested
cropland areas. Ecosystem patterns and compositions differed among the up-
per, middle, and lower reaches. Forests and wetlands in the upper reach and
urban land in the lower reach increased significantly, whereas croplands and wet-
lands in the lower reach decreased substantially. Analysis of landscape patterns
revealed that the degree of landscape fragmentation and landscape diversity
increased. Between 2000 and 2015, ecosystem pattern changes in the Yangtze
River Basin were influenced by urbanization, ecological conservation and restora-
tion, water resource development, agricultural development, geological hazards,
and climate change. The contributions of primary driving forces to ecosystem
changes varied across reaches. Urbanization was the most important driving
force, with a contribution rate of 48.0% and up to 64.5% in the lower reach.
Ecological conservation projects were the second most important driving force,
with a contribution rate of 32.8% and up to 47.8% in the upper reach. Water
resource development and agricultural development contributed 8.5% and 9.9%,
respectively. Additionally, the area of plateau lakes increased due to climate
change. To sustainably protect the ecosystem in the Yangtze River Basin, it
is necessary to design ecological conservation redlines, conduct reasonable land
use planning in urbanization, conserve high-quality cropland, and prohibit de-
velopment on important wetlands.
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Introduction

The Yangtze River is China’s largest river and a strategic water source for
national water resource allocation projects including the South-to-North Water
Diversion Project. It connects eastern, central, and western China and features
diverse ecological environments, making it one of the world’s most biodiverse
regions and one of 35 priority conservation areas for the World Wide Fund for
Nature. The Yangtze River Economic Belt has the world’s largest population
and most complete urban system of any mega-watershed economic zone, with its
population and GDP exceeding 40% and 45% of the national total, respectively.
It constitutes an important component of China’s ecological security strategy
pattern.

The natural environment of the Yangtze River Basin is complex, with obvious
natural differentiation among the upper, middle, and lower reaches. Topogra-
phy, landforms, and climatic conditions vary significantly across regions, and
national economic development is unbalanced. The distribution and changes of
ecosystems show significant spatial regional differences. Overexploitation and
disorderly development of resources and energy have caused severe ecosystem
degradation in some areas of the Yangtze River Basin. As China’s urbaniza-
tion accelerates, most provinces and cities in the Yangtze River Basin have land
development intensity far exceeding the national average. However, ecological
protection and restoration projects such as the Yangtze River Basin shelterbelt
system construction project, natural forest protection program, and Grain-for-
Green program have promoted vegetation restoration in the basin.

Socioeconomic factors, policy factors, and natural factors affecting land use
changes in the Yangtze River Basin are numerous and complex. Revealing the
evolution characteristics and driving forces of ecosystem patterns is fundamen-
tal for studying ecosystem services, environmental problems, and ecological risk
assessment in the basin. International research has primarily focused on us-
ing remote sensing to obtain spatial distribution changes of land use, scenario
simulation, and relationships with socioeconomic factors, as well as impacts of
land use change on ecosystem services. Domestic studies have mainly explored
ecosystem pattern changes or single ecosystem evolution at small and medium
scales, such as in the Yangtze River source region, Taihu Lake Basin, Chaohu
Lake Basin, and Yangtze River Delta region. This study analyzes the spatial
distribution, composition, and change characteristics of ecosystems in the entire
Yangtze River Basin to reveal ecosystem pattern evolution and driving forces.

Data Sources and Research Methods

Ecosystem classification data were obtained from the National Ecological En-
vironment Ten-Year Change (2000-2010) and Five-Year Change (2010-2015)
Remote Sensing Survey and Assessment Projects supported by the Chinese
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Academy of Sciences and Ministry of Environmental Protection. The 30-meter
resolution land cover datasets were derived from domestic environmental disas-
ter satellites (HJ-1A/B) and American Landsat OLI imagery. Supported by a
large sample library from ground survey plots, object-oriented multi-scale seg-
mentation and decision tree classification methods were used to classify ecosys-
tems into eight major categories: forest, shrub, grassland, wetland, cropland,
urban land, glacier/permanent snow, and bare land. Based on the ecosystem
composition characteristics of the Yangtze River Basin, these were reclassified
into 6 secondary subclasses and 19 tertiary subclasses.

ArcGIS 10.3 was used for spatial data cutting, analysis, and statistics. ENVI 4.8
change detection modules calculated ecosystem transfer spatial distribution and
area composition. The study area was divided into 10 km × 10 km grids to calcu-
late the proportion of ecosystem change area within each grid, showing hotspot
regions of ecosystem change. Fragstats 4.2 landscape pattern analysis software
calculated global and class-level landscape indices, including mean patch size
(MPS), number of patches (NP), patch density (PD), edge density (ED), and
Shannon diversity index (SHDI) to assess changes in landscape fragmentation
and diversity.

The contribution rates of driving forces to ecosystem changes were determined
by calculating the area of ecosystem transformation under each driver, including
urbanization occupying cropland and natural ecosystems; ecological protection
and restoration policies; water resource development; agricultural development;
and geological hazards and climate change. The proportion of ecosystem change
under each driver to the total change area yielded the contribution rates.

Ecosystem Pattern Characteristics of the Yangtze River Basin

The Yangtze River Basin contains diverse ecosystem types. Forest ecosystem
has the largest area, accounting for 34.2% of the total basin area, followed by
cropland at 28.7%. Wetland ecosystem accounts for 8.9%, grassland and shrub
7.5%, and urban ecosystem 3.7%. These four ecosystem types occupy 89.6% of
the total basin area.

Among forest ecosystems, coniferous forest has the largest area (64.6% of total
forest area), followed by broadleaf forest and mixed coniferous-broadleaf forest.
Shrub ecosystem is dominated by broadleaf shrub (97.7%). Grassland ecosystem
consists mainly of meadow and sparse grassland (65.2%). Wetland ecosystem
includes lakes, reservoirs, ponds, and rivers with approximately equal total areas.
In cropland ecosystem, paddy fields and dry land account for 97.2%. In urban
ecosystem, construction land accounts for 83.8%.

The upper reach of the Yangtze River is extremely rich in natural resources,
with large areas of forest, grassland, and wetland. Coniferous forest is most
widely distributed in the upper reach, which also contains 59.9% of broadleaf
shrub, 99.5% of coniferous shrub, and 63.5% of the basin’s grassland (meadow
and sparse grassland). The upper reach has the most marshes, accounting for
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86.1% of the basin’s total marsh area, and contains 94.7% of the basin’s
glaciers/permanent snow and bare land. Urban ecosystem in the upper reach
accounts for only 19.8% of the basin’s total urban area.

The middle reach has the largest areas of forest, cropland, and urban land.
It contains 56.6% of the basin’s mixed coniferous-broadleaf forest, 57.8% of
broadleaf forest, and 53.8% of rivers. Paddy fields in the middle reach account
for 52.3% of the basin’s total paddy field area, and the middle reach contains
the largest construction and transportation land areas.

The lower reach accounts for only 6.9% of the basin’s total area but contains
35.5% of the basin’s urban land. Construction land accounts for 92.3% of urban
area, and lakes and reservoirs/ponds account for 73.6% of wetland area. The
lower reach has the largest urban green space (39.1% of basin total) and the
most intensive cropland distribution, with paddy fields accounting for 93.8% of
cropland area.

Ecosystem Pattern Change Characteristics

From 2000 to 2015, forest and urban areas in the Yangtze River Basin increased
significantly while cropland area decreased substantially. Urban area increased
by 67.5%, forest by 2.1%, and wetland and bare land increased slightly, while
cropland decreased by 7.5% and grassland and glacier/permanent snow de-
creased. The dominant transformation was cropland to urban land, followed
by cropland to forest and cropland to grassland. Approximately 6.4 × 10� km²
of ecosystems changed during this period.

In urban ecosystems, construction land increased most (105.1%), followed by
transportation land (196.6%) and mining sites (65.0%), while urban green space
increased by 61.9%. In cropland ecosystems, dry land and paddy field decreased
by 11.4% and 5.1%, respectively. In wetland ecosystems, marshes decreased
while lakes and reservoirs/ponds increased.

In the upper reach, forest and wetland increased overall while cropland and
glacier/permanent snow decreased. Broadleaf and coniferous forests increased,
and wetlands increased mainly in reservoirs/ponds and lakes. Although urban-
ization level is relatively low in the upper reach, construction and transportation
land increased by 28.5% and 62.2%, respectively, and mining sites increased by
12.3%.

In the middle reach, cropland decreased overall by 6.0%, with dry land decreas-
ing most. Urban and wetland areas increased overall, with construction land,
transportation land, and urban green space increasing by 71.2%, 97.9%, and
10.9%, respectively.

In the lower reach, urban and forest areas increased significantly while cropland
decreased substantially. Urban growth was fastest (104.5% increase), with con-
struction land, transportation land, and urban green space increasing by 47.8%,
18.4%, and 23.8%, respectively. Cropland decreased fastest (15.3% for paddy
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fields, 3.4% for dry land). Dramatic ecosystem changes concentrated in the
lower reach and large cities like Wuhan and Changsha in the middle and upper
reaches.

Landscape pattern analysis shows that at the landscape level, mean patch size
decreased, patch density and edge density increased, and Shannon diversity
index rose, indicating enhanced overall landscape fragmentation and increased
diversity. At the class level, mean patch sizes of cropland and glacier/permanent
snow decreased, while patch density and edge density of all ecosystem types
increased, indicating enhanced landscape fragmentation.

Drivers of Ecosystem Pattern Changes

Ecosystem pattern changes in the Yangtze River Basin were primarily driven
by urbanization, ecological conservation and restoration, water resource devel-
opment, agricultural development, geological hazards, and climate change.

Urbanization was the most important driving force, contributing 48.0% to
ecosystem changes and up to 64.5% in the lower reach. Due to accelerated
urbanization, large areas of cropland were converted to urban land, and
grassland and wetland were also occupied. The area of ecosystem change
caused by urbanization reached 2.86 × 10� km², with the largest transformation
being cropland to construction land (590.9 km²).

Ecological conservation and restoration projects were the second most important
driving force, contributing 32.8% overall and up to 47.8% in the upper reach.
The Yangtze River Basin implemented policies including Grain-for-Green, nat-
ural forest protection, and lake restoration, resulting in forest restoration and
grassland and wetland recovery. The total change area reached approximately
1.95 × 10� km², with the largest transformation being cropland to forest (501.2
km²).

Water resource development contributed 8.5% to ecosystem changes. Water
projects caused increases in lake and river surface areas, with large areas of
cropland flooded by reservoirs in the South-to-North Water Diversion source re-
gion. Agricultural development contributed 9.9%, with cropland expansion oc-
cupying wetland, shrub, and grassland. Although total cropland area decreased
sharply, local agricultural development still encroached on natural ecosystems,
with 465.5 km² of wetland occupied by cropland.

Geological hazards such as the 2008 Wenchuan earthquake and 2013 Ya’an
earthquake damaged natural habitats and cropland in seismic areas, causing
185.5 km² of ecosystem degradation. Climate change contributed to ecosystem
changes in the upper reach, with global warming causing glacier and permanent
snow melt (228.3 km² changed to bare land or lakes).

The contribution of each driving force varied significantly across reaches. In
the upper reach, ecological conservation and restoration was the primary driver
(42.0% of basin total forest recovery and 43.6% of grassland recovery). In the
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middle reach, urban expansion was the primary driver, with urban-occupied
wetland and cropland accounting for 45.9% and 29.8% of basin totals, respec-
tively. In the lower reach, urbanization contributed most to ecosystem changes
(49.6% of basin total), followed by water resource development and agricultural
development, with wetland and cropland occupation accounting for 48.3% and
79.7% of basin totals, respectively.

Conclusions and Discussion

This study reveals the spatial distribution, composition, and changes of ecosys-
tems in the Yangtze River Basin, showing that forest and urban areas increased
while cropland decreased. Natural ecosystems increased in the upper reach,
while urban and cropland change rates were highest in the lower reach. Dra-
matic ecosystem changes concentrated in the lower reach and large cities like
Wuhan and Changsha in the middle and upper reaches.

Urbanization is the primary driving force of ecosystem change in the Yangtze
River Basin, causing severe cropland reduction. Although urbanization pro-
motes rural population transfer to cities, reducing human pressure on fragile
ecosystems and facilitating ecological protection and restoration, it also en-
croaches on natural habitats. The Yangtze River Economic Belt’s urbanization
will further accelerate according to development plans, requiring reasonable land
use planning and implementation of ecological conservation redlines.

China’s ecological conservation and restoration projects are also important driv-
ing forces, contributing over 30% to ecosystem changes with significant effects.
However, human activity interference has enhanced natural habitat fragmen-
tation, requiring improved connectivity maintenance. Wetland area increased
overall due to climate change and water project construction, yet wetland loss
from urbanization and agricultural development remains severe, particularly
marsh and lake loss in the lower reach, which accounts for 71.4% of basin to-
tal wetland loss. This leads to biodiversity loss and weakened flood regulation
capacity, necessitating ecological redlines for wetland protection.

This study macroscopically reveals the overall distribution pattern, evolution
characteristics, and driving forces of ecosystems in the Yangtze River Basin,
which is important for studying ecosystem services, environmental problems,
and ecological risks. Future research should further analyze ecosystem changes
at different spatial scales, investigate the coupling mechanisms among driving
factors, and conduct simulations and predictions of future ecosystem changes.
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