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Abstract The Chinese Loess Plateau is suffering from

severe soil erosion. The eco-environmental changes of the

plateau are believed to have an important influence on

global eco-environmental sustainability; hence, this prob-

lem has attracted considerable attention from scientists

around the world. This study has two purposes; application

of remote sensing (RS) and geographic information system

(GIS) techniques in the dynamic analysis of eco-environ-

mental changes in the semiarid zone; and using the

Longdong region of the Chinese Loess Plateau as an

example, to make dynamic analysis of the eco-environ-

mental changes of the region during the 1986–2004 period

and identify controlling factors. Landsat Thematic Mapper

(TM) data at a spatial resolution of 30 m were used for

analysis. Two training areas were selected in Jingning and

Qingcheng counties for analysis using 10-m resolution

SPOT and Landsat TM data. The satellite RS images were

obtained from the Institute of Remote Sensing Application

(IRSA), Chinese Academy of Sciences (CAS). Each ima-

ges was rectified by Albers Equal Area Conic projection

based on 1:50,000 scale topographic maps after spectrum

preparation of the images. To make the precision within 1

or 2 pixels, the accurate coordinative control points of the

two systems were identified. Then the interpretation key

was established based on the land use/cover survey in the

study area. The images were classified into six primary

environmental types (farmland, forest, grassland, water,

construction area, and desert) and 25 sub-types using a

visual image interactive interpretation method to obtain

vector and attribute data. The resultant accuracy of the land

use/cover classification reached 95%. Finally, the trans-

formation areas and ratios of various eco-environmental

types in the region were calculated to obtain the transition

matrixes of eco-environmental types in the two training

areas, Jingning and Qingcheng. This study demonstrates

that satellite RS and GIS techniques are effective tools

to monitor and analyze the eco-environmental changes in

the semiarid region. Visual image interactive interpretation

based on GIS technique provides comprehensive informa-

tion on the direction, rate, and location of eco-environ-

mental changes. The transition matrix model can be used

to precisely analyze the variation and rates of the eco-

environmental types and their spatial distribution. Great

land use changes have taken place Longdong during the

1986–2004 period. These eco-environmental changes

were driven by natural and human factors. Natural factors

influencing the Longdong region of the Chinese Loess

Plateau mainly include temperature, water condition,

terrain, soil, and erosion; while human activities include

over-cultivation, overgrazing, and fuelwood cutting. As

viewed from the extent and severity of the influences,

human activities play a very important role in altering the

eco-environment of the semiarid region. The study results

indicate a need for future research and observation in the

semiarid region.
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Introduction

The Chinese Loess Plateau has a fragile ecosystem (Fu

et al. 2000, 2006) and monsoon climate (Xu 1994; Zhang

and Liu 2005). At present, more than 60% of the plateau’s

land is undergoing severe soil erosion, with an average

annual soil loss of 2,000–2,500 t km–2 (Tang et al. 1993).

The fragile ecosystem has a very low resistance to natural

disasters, such as soil erosion, vegetation degeneration and

desertification. Once damaged, it is very difficult to restore

(Meng 1997; Li et al. 2001; Zhao et al. 2004).

Human demand on the region’s resources and environ-

ment system are increasing. Therefore, the studies of the

relationship between human activities and natural systems

are needed to for scientific and rational development pro-

grams to better manage and use natural resources. En-

hanced public awareness of eco-environmental protection

is essential (Chen et al. 2001; Apan et al. 2002; Chen 2002;

Li et al. 2004; Yadav and Gupta 2006).

In recent years, great changes have taken place in the

Longdong region. Better study methods of eco-environ-

mental change in the semiarid region may help reduce

natural disasters such as drought, vegetation degradation,

severe soil erosion, and desertification (Zhu 1992; Wang

et al. 2001; Huang et al. 2005; Li and Shao 2006).

Materials and method

Study area

The Longdong region is located in the northwestern part

of the Chinese Loess Plateau, between 35�15¢–37�10¢N
and 106�20¢–108�45¢E (Fig. 1), and covers an area of

38,297.6 km2. Lying between Ziwuling Mountain and

Liupanshan Mountain, it has a temperate semiarid climate.

Annual precipitation is 450–600 mm and decreases from

south to north, from east to west, and from mountainous

areas to river valley regions due to the influence of the East

Asian monsoon and the topography, but the annual evapo-

ration varies from 1,500 to 3,000 mm (Committee of

Qingyang’s Chorography 1997; Committee of Pingliang’s

Chorography 1998). The region’s terrain is complex, its

northern part is hilly, the southern part has loess ravine

landforms, the eastern part is the Ziwuling Mountains, and

western part is earthy-rocky mountain terrain. The Jingning

training area is located in the third hill region of the loess

plateau, with a land area of 297.93 km2, while the Qingch-

eng training area lies in the second hill region of the loess

plateau, with a land area of 420.43 km2. Main soil types are

loessial soil (accounting for 62.8%), Heilu soil (accounting

for 17.2%), entisol and sierozem. Natural vegetation is

sparse and only a few areas are covered by natural forest.

Owing to dense ravines and fragmentized landform, gully

erosion, gravity, and engineering-induced erosion are pre-

valent; this has long been a main ecological problem of the

region.

Data

Using geographic information system (GIS) software, dy-

namic data reflecting the eco-environmental changes, such

as vegetation degeneration, soil erosion and loess land form

evolution, can be extracted from satellite images (Turner

1989; Wang and Feng 1991; Germino et al. 2001; Ayad

2005). The satellite remote sensing (RS) images used were

provided by the Institute of Remote Sensing Application

(IRSA), Chinese Academy of Sciences (CAS) and con-

sisted of 30-m resolution Landsat Thematic Mapper (TM)

data (1986 and 2000) composed of band 4, 3, and 2; 10-m

Fig. 1 Location of the study

area and annual precipitation
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resolution SPOT and TM fusion images (1998 and 2004)

composed of band 4, 3, and 2 (Dong et al. 1997; Li et al.

2002; Kamel et al. 2006). These space and spectral infor-

mation met the demand of this study (Wang and Feng

1991; Wang et al. 2003). The TM images taken in two time

intervals (1986 and 2000) cover 15 counties in the Long-

dong region (Fig. 1); while the SPOT and TM fusion

images (1998 and 2004) cover the two training areas

(Fig. 1). Other data used include 1:50,000 scale topo-

graphic maps of the region and climate data recorded at ten

weather stations (Jingning, Pingliang, Zhenyuan, Qingy-

ang, Qingcheng, Huachi, Huanxian, Zhengning, Chongxin,

and Changwu) from 1960 to 2004.

Method

Data processing

Data processing is very important for obtaining accurate

data (Baret and Guyot 1991; Brivio et al. 2001; Bricaud

et al. 2002; Qin et al. 2006; Masoud and Koike 2006). To

identify ground control points, all of the images were en-

hanced by linear contrast stretching and histogram equal-

ization methods. Each of these images was rectified by

Albers Equal Area Conic projection based on 1:50,000

scale topographic maps. To keep the precision within 1 or

2 pixels, the accurate corresponding points on the images

and the 1:50,000 scale topographic maps were identified to

conduct geometric rectification. In the geometric rectifi-

cation of these images, the quadratic polynomial model,

principal component transformation model and nearest

neighbor resampling model were used so that the original

brightness values of pixels were kept unchanged (Wang

and Feng 1991; Wang et al. 2003; Li et al. 2004). The

resultant root-mean-squared errors (RMS) was 0.73 pixel

(18.6 m) for 1986 TM images, 0.58 pixel (17.4 m) for the

2000 images, 0.46 pixel (4.6 m) for the 1998 SPOT and

TM fusion images, and 0.51 pixel (5.1 m) for the 2004

images.

Data extraction

To obtain accurate information on the eco-environmental

types and their spatial distribution, an understanding of

spectrum and radiation information and geometric features,

and to establish an unified classification system with local

variance is needed (Carper et al. 1990; Chavez et al. 1991;

Bocco et al. 2001). Vegetation communities, ground slope,

microtopographic conditions and other environmental fac-

tors must be investigated.

Based on land use/cover types, the interpretation key for

images was developed for this study. All images were

classified into six primary environmental types (farmland,

forest, grassland, water, construction area, and desert) and

25 sub-types. The primary environmental types were

developed based on their regional characteristics, and the

principles utilized are: spatial heterogeneity, joint features

of regionalization and classification, coordination of dom-

inant factors, and comprehensive factors. The sub-types

were developed based on the differences of land use/cover

types, vegetation coverage, and underlying layers. Farm-

lands were classified into sub-types based on cultivating

conditions, forestlands based on forest coverage, grasslands

based on grass coverage, water areas based on water bod-

ies. Construction areas were classified into urban areas,

rural residential areas, industrial, and traffic construction

areas. When the vegetation coverage of a vacant land tract

dropped to 5% or less, it was classified as desert.

The man–machine interactive interpretation method was

used to obtain the vector and attribute data. This research

employed the Grid and ArcTools module of Arc/Info

Version 7 and ERDAS IMAGINE Version 8.5. The dem-

onstrated results showed that the classification accuracy

approached 95%.

In the extraction process, the minimum patches of

undeveloped land were maintained to 3 · 3 pixels. The

minimum patches of strip residential areas were maintained

to 2 · 4 pixels. The narrowest valley width was controlled

at 2 pixels. Linear objects (roads and rivers) were con-

trolled at a minimum of 2 pixels. All other features were

controlled at 5 · 5 pixels.

Estimation of data accuracy

A field check was carried out to verify data accuracy of

various eco-environmental types in July 2000. The GVG

system (Car GPS combined with digital Video system and

GIS) was adopted to obtain the ground truth data along the

intersected linear routes in the typical loess plateau areas

(plateau, the second hill region, the third hill region, and

the forth hill region of the Chinese Loess Plateau). About

30,243 photographs were obtained. Then superposition

analysis was conducted on the interpreted results and the

error matrix established. The total error (vector and attri-

bution data from TM images) approximated to 5% and

interpretation accuracy of the eco-environment-related data

was 95%. In 2004, the same methods were adopted to

obtain 2,152 photographs in the two training areas in

Jingning County and Qingcheng County and the error

matrix established. The total error (vector and attribution

data from SPOT and TM fusion images) approximated to

2.5% and the total interpretation accuracy was 97.5%.

Therefore, the total interpretation accuracy in this study

approached 95%.
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Results

Distribution of various eco-environmental types

The Longdong region of the Chinese Loess Plateau has a

typical loess terrain (Wang et al. 2001; Zhang et al. 2004;

Kimura et al. 2005). Grassland and farmland are the largest

and two most widely distributed types in the study area.

Grasslands mainly occur on mountain tops, hills, tableland

slopes, gully floors, and gully heads. Farmlands are mainly

distributed in the piedmont belts in basins, alluvial and

deluvial plains, loess plains, hilly valleys terraces, and

shoaly lands. Natural forests mainly occur in the Ziwuling

and Liupan mountain areas, on the west slope of Long

Mountain, and on other mountains in Kongtong, Mawu,

Machuan, Huating, and Chongxin. Artificially established

forests mostly occur on the residual loess plain, weir and

mound slopes, and both sides of canals and roads. Shrub

forests and sparse forests are generally distributed at the

gully heads and ravine areas. Construction lands are

dominated by dwelling land in countryside and are scat-

tered on loess plain, loess slopes, gully areas, weirs, mesa

and both sides of roads.

Eco-environmental changes during the 1986–2004

period

Considerable changes have taken place in the eco-envi-

ronment in the region during the 14-year period from 1986

to 2000 (Table 1, Fig. 2). Farmland decreased from

16,353.36 Km2 in 1986 to 16,275.37 Km2 in 2000, a de-

crease of 77.98 Km2, or a mean annual decrease ate of

0.03%. Forest land decreased by 188.79 km2; this is

equivalent to 4.58% of the total forest land area in 1986.

Grassland area increased by 213.13 km2, accounting for

1.25% of the total grassland area in 1986. Construction

area increased about 57.57 km2, a mean annual increase

rate of 0.76%. Water body area decreased about 2%. Desert

area decreased about 6.6%.

The analytical results of the eco-environmental changes

at subtype level are presented in Table 2. Hilly dryland,

plain dryland, shrub forest and sparse forest decreased by

23.90, 49.08, 102.8, and 97.84 km2, respectively, while the

areas of thick grassland and moderate grassland increased

by 62.47 and 156.85 km2, respectively.

A transition matrix can give the information on eco-

logical types and their variation direction (Li et al. 2001,

2004; Liu et al. 2002). Tables 3 and 4 represent the dy-

namic transition matrixes of eco-environmental types ex-

tracted from the SPOT and TM fusion images (1986 and

2004) in the two training areas, Jingning and Qingcheng.

Where artificial ecological rehabilitation projects were

implemented, local vegetation was being restored and the

eco-environment was improved. As can be seen in Tables 3

Table 1 The eco-environment changes of the primary types

Farmland Forestland Grassland Water area Construction area Desert

1986 (km2) 16,353.36 4,119.02 17,115.30 157.03 540.08 12.83

2000 (km2) 16,275.37 3,930.23 17,328.43 153.89 597.65 12.03

Area change (km2) –77.98 –188.79 213.13 –3.14 57.57 –0.79

Percent (%) –0.48 –4.58 1.25 –2.00 10.66 –6.19

Dynamic rate (%) –0.03 –0.33 0.09 –0.14 0.76 –0.44

Fig. 2 Area changes of the primary eco-environment types

Table 2 The eco-environment changes of the sub-types (km2)

1986 2000 Area change

Monotonic dryland 955.54 950.56 –4.98

Hilly dryland 11,914.34 11,890.44 –23.9

Plain dryland 3,460.49 3,411.41 –49.08

Steep dryland 15.6 15.68 0.08

Arbor forest 595.05 594.35 –0.7

Shrub forest 1,952.64 1,849.8 –102.84

Sparse forest 1,515.6 1,417.76 –97.84

Other forest 55.72 68.33 12.6

Thick grassland 2,158 2,220.47 62.47

Moderate grassland 13,018.48 13,175.33 156.85

Thin grassland 1,938.81 1,932.62 –6.19
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and 4, the total forest land transformed from farmland was

28.07 km2, total grassland transformed from farmland was

3.12 and 0.56 km2 of farmland was transformed into resi-

dential land due to population growth. On the other hand,

about 3.09 km2 of forest land and 1.75 km2 of grassland

were transformed into farmland and 0.49 km2 of forest

land was transformed into grassland. Patches of trees,

shrubs, and economic forests were enlarged, and the

farmlands transformed from forest land and grassland were

mostly built into terraced fields (Figs. 3, 4).

Analysis of eco-environmental changes

The transformations from forest land into grassland and

from farmland into mid- to low-coverage grassland due to

tree drying up and farmland abandonment were of the most

striking changes in the eco-environmental types and af-

fected a total area of 281.4 km2. The third important

change manifested as the variation of the second class of

grasslands, i.e., high-coverage grassland changed into mid-

to low-coverage grassland. All three show that the eco-

environmental in the Longdong region has deteriorated.

Table 3 The dynamic transition matrixes of ecological types in Jingning training area (km2)

1998 2004 1998 total

Farmland Forestland Grassland Water area Construction area Desert

Farmland 201.59 6.96 2.96 0.00 0.56 0.03 212.1

Forestland 0.04 14.80 0.00 0.00 0.05 0.00 14.89

Grassland 0.06 2.54 43.31 0.08 0.00 0.00 45.99

Water area 0.00 0.00 0.00 3.94 0.00 0.00 3.94

Construction area 0.00 0.00 0.00 0.00 14.74 0.00 14.74

Desert 0.32 0.03 0.00 0.03 0.00 5.89 6.27

2004 total 202.01 24.33 46.27 4.05 15.35 5.92

Table 4 The dynamic transition matrixes of ecological types in Qingcheng training area (km2)

1998 2004 1998 total

Farmland Forestland Grassland Water area Construction area Desert

Farmland 223.99 21.11 0.16 0.00 0.00 0.00 245.26

Forestland 3.05 33.10 0.49 0.00 0.00 0.00 36.64

Grassland 1.69 0.00 104.72 0.00 0.00 0.00 106.41

Water area 0.00 0.00 0.00 1.86 0.00 0.00 1.86

Construction area 0.00 0.00 0.00 0.00 7.49 0.00 7.49

Desert 0.00 0.00 0.00 0.00 0.00 22.77 22.77

2004 total 228.73 54.21 105.37 1.86 7.49 22.77

Fig. 3 Area changes of the environment types in Jingning training

area

Fig. 4 Area changes of the environment types in Qingcheng training

area
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Water erosion created a deeply dissected terrain, with

undercutting and lateral erosion and associated soil loss.

Gully head erosion accelerated the development of den-

dritic erosion gullies in the region (Shi et al. 2002). For

example, at the Dongzhi loess plateau, the head of ravines

moved forward with a distance of 18 m during the moni-

toring period, that is, 1 m per year. Other factors that

contributed to the rapid gully erosion are: vegetation deg-

radation, flood washing, gravitational erosion, underground

erosion, landslide, and irrational farming activities. See

Fig. 5 for the gully erosions reflected by SPOT + TM

images. Relatively perfect loess plain surface without

undercutting only occupied 30–40% of the area, while

residual loess plain surface accounted for 10–20% (Wei

and Gao 1992; Liu et al. 1995; Dai and Wen 2000). The

soil erosion rates in Jingning training area in 1998 and

2004 were calculated using the Revised Universal Soil

Loss Equation (RUSLE) (Renard and Freimund 1994;

Onori et al. 2006). The results showed that some 237 km2

of land suffered from severe erosion in 2004. Severely and

very severely eroded land (38% of the region’s area) pro-

duced 76.6% of erosion sediments. The erosion modulus

was larger than 15,000 t km–2 a–1, as the ground slope was

larger than 25�. Of all the land use/cover types, farmland

had the largest soil erosion rate (Table 5). Table 6 shows

that human land reclamation activities can significantly

exacerbate soil erosion (Tang et al. 1994).

In recent years with the implementation of ecological

rehabilitation, eco-environmental conditions in the region

exhibited some favorable changes. As can be seen from the

transition matrix, some land use/cover types have changed

from farmland into forest land and high-coverage grass-

land, or changed from grassland in to forest land, and from

sloping farmland into terrace fields, with a total area of

79.48 km2 reclaimed. The calculated results by RUSLE

showed that the mean erosion modulus in the Jingning

training area during the 6-year period from 1998 to 2004

decreased from 9,559.42 to 9,340.3 t km–2 a–1 and the

erosion area decreased by 11.62%. The soil erosion

severity changed from slight and moderate degrees to

weak. Although the region’s ecosystem exhibited some

encouraging changed, on the whole, the ecological resto-

ration process is not significant on a large scale. Much

more restoration is needed.

The climatic background of the eco-environmental

changes

From the end of the nineteenth century to the early twen-

tieth century, the climate in the Longdong region experi-

enced a persistent relatively warm-dry period and reached a

peak in the 1940s (Deng 2000), and then entered a rela-

tively cold-humid period. The minimum annual tempera-

Fig. 5 Gully erosions visible

on SPOT and TM fusion images

Table 5 Water erosion states of different land use/cover types in

Jingning in 2004

Average erosion

modulus (t km–2 a–1)

Maximum erosion

modulus (t km–2 a–1)

Farmland 16,672 88,179

Grassland 6,079 25,383

Water area 1,091 3,703

Desert 6,394 26,423

Sparse forest 787 4,582

Shrubbery forest 663 1,826

Economic forest 13,112 69,026

Residential area 6,642 37,487

Industrial land and

traffic area

7,318 37,427
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ture and the maximum annual precipitation recorded since

the Xifeng weather station was established occurred in the

mid-1960s, being 7.19�C and 805.2 mm, respectively.

From the end of 1960s onwards, the climate exhibited an

obvious warming and aridification tendency.

As can be seen in Table 7 and Fig. 6, the air temperature

in the Longdong region in the 15-year period since 1960

continuously increased at a rate higher than the global

warming level (IPCC 2001). The mean annual temperature-

rising values in the 1976–1990 period and 1991–2004

period were higher than those in the 1960–1975 period and

1976–1990, respectively. Annual precipitation in the re-

gion significantly decreased during the same time period.

Mean annual precipitation values in the 1976–1990 period

and 1991–2004 period were smaller than those in the

1960–1975 period and 1976–1990 period, respectively

(Table 7; Fig. 7). In the whole Longdong Loess Plateau,

precipitation increased from its center to the borders. The

increased temperature and decreased precipitation accel-

erated eco-environmental degradation such as aridification,

vegetation degradation, soil erosion, moving sand

encroachment and desertification (Xu 2005).

Driving factors of eco-environmental changes

Eco-environmental changes, are affected by landform, soil,

climate, and water conditions, as well population and

socioeconomic development. The continuously increasing

temperature and decreased precipitation (Table 7, Figs. 6,

Table 6 Water erosion of forest, forest to farmland and forest to bareland in Ziwuling Mountain region from 1989 to 1991

Land use types Observation

time

Observation

times

Length

(m)

Slope

(�)

Area

(m2)

Erosion modulus

(t km–2 a–1)

Mound slope Forest 1989–1991 22 80.2 14–32 965.8 1.29

Forest to farmland 1990–1991 22 99.2 14–32 1,144.3 9,703.7

Forest to bareland 1990–1991 22 86.3 5–34 995.2 10,324.5

Ravine slope Forest 1989–1991 28 38.2 37–42 253.5 14.41

Forest to farmland 1990–1991 24 41.0 38–41 406.5 13,179.35

Forest to bareland 1990–1991 24 48.8 37–42 243.8 21,774.12

Table 7 Temperature and precipitation at ten stations

1961–1975 1976–1990 1991–2004

Average annual

temperature (�C)

Average annual

precipitation (mm)

Average annual

temperature (�C)

Average annual

precipitation (mm)

Average annual

temperature (�C)

Average annual

precipitation (mm)

Jingning 7.10 491.4 7.06 449.6 8.03 402.8

Pingliang 8.50 547.1 8.67 495.5 9.38 481.4

Zhenyuan 8.91 568.7 9.47 492.8 10.20 463.6

Qingyang 8.17 597.7 8.45 548.3 9.35 514.8

Qingcheng 9.30 562.6 9.58 507.4 10.08 499.2

Huachi 7.89 504.6 8.21 491.4 8.80 476.4

Huanxian 8.12 466.0 8.66 430.7 9.35 415.4

Zhengning 8.21 645.7 8.40 625.5 9.49 593.7

Chongxin 9.66 580.6 9.83 515.5 10.43 476.1

Changwu 9.08 611.0 8.99 594.5 9.54 548.7

Fig. 6 Annual temperature at ten stations
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7), together with severe soil erosion, have led to ecological

deterioration in the study area. Drought, vegetation deg-

radation, soil erosion, topographic dissection, moving sand

encroachment, and densification are increasingly exacer-

bated.

Rapid population growth (Table 8), intensified devel-

opment of agriculture and animal husbandry. Severe

deforestation and overgrazing of grassland led to the

desertification of impoverished land (Wang et al. 2006).

Unmonitored water resource allocation altered the local

hydrological balance and engineering construction de-

stroyed land vegetation (Wang et al. 2006). All these

processed increased regional environmental deterioration.

With the implementation of ecological restoration projects,

some changes favorable to the eco-environment also oc-

curred. Some farmlands were transformed into forest land

and grassland, grasslands were transformed into forest

land, and sloping croplands were transformed into terrace

fields. When surface vegetation is restored to some degree,

erosion intensity of heavy rain is reduced, soil loss is de-

creased, and a reversing trend occurs.

The combined actions of natural factors and human

activities work together to control the regional ecological

landscape.

Discussion and conclusions

The use of satellite RS and GIS techniques to detect and

analysis the eco-environmental change in the Longdong

region was generally successful. The man-machine inter-

active interpretation method coupled with GIS technique

has demonstrated its ability to provide comprehensive

information on eco-environmental changes. The transition

matrix of eco-environmental changes proved useful in

monitoring and analyzing the dynamic eco-environmental

directional changes in the semiarid area of the Chinese

Loess Plateau.

Under the effects of regional warming and decreased

precipitation, the region’s eco-environment has been get-

ting worse since the mid-1980s. Environmental aridifica-

tion and vegetation degradation have been exacerbated.

Already broken terrain became even more fragmentized

due to water erosion- induced dissection and gulling. The

arid-climate boundary moved southward, and land desert-

ification increased. Due to lack of environmental aware-

ness, seeking instant benefits, developing economy at the

expanse of the environment, uncontrolled removal of

vegetation in the economic construction, over-cutting, and

over-reclamation, the erosion of loose loessial soil in the

region accelerated.

It is important to weigh the contradictions between re-

source use and the harmonious development of society and

environment to protect the function of the regional eco-

system. Restoration of the ecosystem and elimination of

poverty in the region with such a fragile ecosystem are a

long-term process. Some plans to solve the conflicts may

inhibit the region’s economic development in a short per-

iod of time or even cause rebound of poverty, but consid-

ered from a long-term point of view, preserving the

regional ecosystem and maintaining its functions are the

only sure foundation for the region’s long-term sustainable

development.

Following implementation of ecological rehabilitation

projects, including reestablishing vegetation, and building

terrace fields in Jingning County and Qingcheng County,

local eco-environmental conditions were preliminarily

improved, vegetation restored, water erosion, and gravita-

tional erosion were brought under control. To encourage

prevention and amelioration, public awareness of eco-

environment conservation must be increased, proper man-

agement plans developed, wise use of natural resources

increased, and eco-engineering analysis used to decrease

land use disasters. Scientific monitoring and forecasting

systems for eco-environmental planning, dynamic analysis,

and environmental protection should be encouraged to find

methods for restoration of ecosystems in the semiarid re-

gion.

Fig. 7 Annual precipitation at ten stations

Table 8 Human activities and socioeconomic developed level

Total

population

(104)

Density of

population

(per km2)

Rural

population

(104)

Urban

population

(104)

1984 369.45 96.43 349.85 19.60

2004 479.08 125.05 418.44 61.18

Change 109.63 28.62 68.59 41.58

Percent (%) 29.67 29.68 19.61 212.14
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