
Chapter 17
Policy Impacts on Land Degradation: Evidence
Revealed by Remote Sensing in Western Ordos,
China

Weicheng Wu and Eddy De Pauw

Abstract This paper presents a multi-temporal monitoring and assessment of
biomass dynamics in response to land cover change in Western Ordos, one of the
most important dry areas in China, aiming to reveal the impacts of governmental
land management policies on the biomass production of the rangeland ecosystem
and on land degradation. Multi-temporal Landsat images (MSS 1978, 1979; TM
1987, 1989, 1991, 2006 and 2007; ETM+ 1999, 2001, 2002, 2004) were used
in this research. An integrated processing algorithm, indicator differencing and-
thresholding and post-classification differencing, was applied to reveal the land
biophysical change and rangeland degradation, and a relevant biomass estimation
model was developed for the rangeland ecosystem based on other researchers’ work.
Meteorological data since the 1960s were incorporated in the analysis to avoid
false signals of degradation, as could arise from normal climatic variability. The
results show that to some extent land management policies have been instrumen-
tal in the protection and recovery of grasslands biomass production. On the other
hand, in the non-controlled and weakly monitored zones land degradation, in the
form of biomass loss due to desert extension, vegetation degradation, salinisation
and water-table decline has continued. This could be attributed to a combination
of both natural and human factors, such as lack of protection against strong winds,
collective grazing in the permitted rotation areas and previously controlled zones,
and over-pumping for agricultural and sand control activities. From this case study,
it seems that the effectiveness and rationality of land use policy depend on whether
it can coincide with the interests of the local people while conserving the envi-
ronment. Where there is a conflict between economic viability and environmental
sustainability, land degradation is inevitable.
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17.1 Introduction

Since they can directly and indirectly influence land resources exploitation, creation
of market and economic opportunities and the impact of policies on the ecosystem
degradation has been increasingly recognized as some of the main social drivers.
Although a certain number of researches have dealt with human-environmental
interaction by linking land use change revealed by remote sensing with human activ-
ity (Serneels and Lambin, 2001; Veldkamp et al., 2001; Verburg et al., 2002; Wu
et al., 2002; Wu, 2003b; Xie et al., 2005), few analyses have focused specifically on
the impacts of policies on land degradation. The objective of this paper is to conduct
a study, taking the Western Ordos Region in China as an example, to monitor the
biophysical response of ecosystems to the implementation of different land policies
through remote sensing using vegetation indices trajectories and biomass dynamics.

As a part of the Ordos Plateau and bordering the Loess Plateau on the south,
the Ordos region is administratively located in Inner Mongolia and adjacent
with Shaanxi Province on the southeast and Ningxia Province on the southwest
(Fig. 17.1). The region is mainly sandy rangeland interleaved with desert patches

Fig. 17.1 Location of the Ordos Region and its administrative units. Note: The basic administra-
tive unit shown in this figure in Inner Mongolia is Banner, which is equivalent to County in other
provinces
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and locally some pieces of cropland, and thus named the Mu Us Sandy Land. The
field investigations by Huang and Zhang (2006) identified as the main herbaceous
and shrub species in this sandy land Artemisia ordosica, Stipa bungeana, Juniperus
vulgaris, and Caragana intermedia.

The average annual precipitation is around 279 mm in the Banner Otog, of which
85% is concentrated in the period June–September. The wind blows mainly from
the northwest (230 days) and its speed exceeds 17 ms–1 during more than 40 days
per year. The highly concentrated rainfall and strong winds provoke soil erosion
and water loss by runoff. Due to an abundant good-quality coal resource under the
Plateau, as well as natural gas and oil reserves, Ordos has become in recent years
one of the national energy bases under the mid-to-long term national strategy “To
Develop the West”. The fossil fuel exploitation driven by this development, com-
bined with long-time human activities in grazing, deforestation and land reclamation
for agriculture driven by a number of different local and national policies, together
with medicinal herbs and fuel wood collection, have caused significant land use
change and land degradation (Jiang et al., 1995; Zhang and Wang, 2001; Wu et al.,
2005; Xu, 2006).

Among hundreds of national and local government policies, those related to,
or having influenced land use and management in Western Ordos are listed in
Table 17.1. Going back to their implementation dates, multi-temporal satellite
images were acquired for revealing land cover change and land degradation and
projecting biomass dynamics in time to understand the biophysical response of the
rangeland ecosystem to the implementation of these policies. The images dated

Table 17.1 Multi-temporal satellite images used in this study

Captors Scene
Acquisition
dates

Spatial
resolution

Mean
haze

Policy implementation
period

Landsat 5 TM
Landsat 5 TM
Landsat 5 TM
Landsat 7 ETM+
Landsat 7 ETM+
Landsat 7 ETM+
Landsat 5 TM
Landsat 5 TM
Landsat 5 TM
Landsat 3 MSS
Landsat 3 MSS

Path-Row:
129-33

2007 Aug 10
2007 July 09
2006 Aug 07
2004 Aug 25
2002 Aug 20
1999 Aug 12
1991 Aug 30
1989 Sep 17
1987 Sep 20
1979 Oct 09
1978 Aug 21

30 m
30 m
30 m
30 m
30 m
30 m
30 m
30 m
30 m
56 m
56 m

28.90
30.07
35.28
13.18
13.78
31.06
27.87
38.11
28.24

13.13

Period 3: 2000–2001,
“Herbs collection
forbidden” and
“Grazing-forbidden
and -rotation
policy”

Period 2: 1987–1988,
Deng’s “Open and
reform” and
“Legalization of the
private economy”

Period 1: 1979–1985,
Nationwide
implementation of
Deng’s “Household
land tenure policy”
and issues of the
Decree of Grassland

Note: the haze values in digital count (DC) derived from the 4th Tasseled Cap feature are used for
atmospheric correction.
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1978, 1987, 1999 are considered to represent the initial state of the land at the begin-
ning of each policy implementation period, and those of 2007 as representing the
current state (see Table 17.1).

17.2 Data and Methods

17.2.1 Data

Multi-temporal Landsat images and the initial implementation dates of different
policies concerning land use and management were compiled (Table 17.1) as well
as meteorological data, especially monthly and annual rainfall from 1960 to 2007
(station locations shown in Fig. 17.1).

17.2.2 Method for Biophysical Change Extraction

Among a number of available change detection approaches, the post-classification
differencing (Wu, 2008) and indicator differencing-and-thresholding algorithms
were selected. Image pre-processing included image-to-image rectification (RMS
error of 0.23–0.58 pixels), atmospheric correction using the COST model (Chavez,
1996; Wu, 2003b), transformation of the Enhanced Vegetation Index (EVI) devel-
oped by Huete et al. (1994) and the Normalized Difference Vegetation Index (NDVI)
proposed by Rouse (1973) and Tucker (1979). After pre-processing a differencing
and thresholding technique was applied to the EVI for the periods 1987–1999 and
1999–2007, and a post-classification differencing for the period 1978–1987 (overall
classification accuracy >95%). For more details on this change detection technique
is referred to (Wu et al., 2008). Here the emphasis is laid on the approaches for
grassland biomass estimation.

17.2.3 Biomass Estimation Models

To project the biomass dynamics in response to land use change and land degra-
dation in time, it is necessary to build up first biomass estimation models for the
corresponding land use/cover type, in this case, rangeland interleaved with desert
patches and croplands. In order to select an appropriate model, a comprehensive
review was undertaken of the available estimation approaches, which is summarized
in the following paragraphs.

Since 1980s a number of researchers have undertaken remote sensing-based
biomass estimation for rangeland, grassland and savannah in different regions, such
as Sahelian Africa (Tucker et al., 1983, 1985; Devineau et al., 1986; Justice and
Hiernaux, 1986; Prince and Tucker, 1986, Diallo et al., 1991; Prince, 1991; Wylie
et al., 1991 and 1995; Bénié et al., 2005), the grasslands in North America (Everitt
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et al., 1989; Merrill et al., 1993; Todd et al., 1998; Reeves, 2001; Reeves et al., 2001;
Wylie et al., 2002; Butterfield and Malmstrom, 2004), in South America (Flombaum
and Sala, 2007), in Inner Mongolia in China, and in Mongolia (Xiao et al., 1997,
Kawamura et al., 2003; Akiyama et al., 2005; Kawamura et al., 2005; Akiyama and
Kawamura, 2007; Ichiroku et al., 2008).

Tucker et al. (1985) found a strong correlation between the integrated satellite
data (e.g.�NDVI) of the growing season and end-of-season aboveground herba-
ceous biomass for the Western Sahelian region where tree cover is less than
10%. Based on field measurements Devineau et al. (1986) obtained a non-linear
relationship between herbaceous grassland biomass and NDVI, in the form B =
0.00216 NDVI1.7 (t ha–1, R2 = 0.927), where NDVI is in fact NDVI × 100.
Bénié et al. (2005) applied this equation to investigate the spatial-temporal dynam-
ics of the herbaceous biomass in Burkina Faso. Buerkert et al. (1995) noticed
that weed biomass is linearly correlated with NDVI in Niger in the form of B =
1.0417NDVI-0.2177 (t ha–1, R2 = 0.777).

Todd et al. (1998) used Tasseled Cap features (Greenness, Brightness and
Wetness), NDVI and TM band 3 (Red) to investigate the above-ground biomass
of the short-grass steppe of Eastern Colorado. They found that all of these indica-
tors are well correlated to standing biomass (R2 = 0.62–0.67) for grazed grassland
but that the Red indicator is more responsive (R2 = 0.70) than other indicators
for ungrazed grassland. Frank and Karn (2003) obtained non-linear relationships
between grassland biomass and NDVI in the Northern Great Plain in the form of
B = 2.698 + 3,709.449 NDVI3 (kg ha–1, R2 = 0.83, p ≤ 0.05) and found that NDVI
has good potential for use in predicting biomass and canopy CO2 flux rates for
grassland. Butterfield and Malmstrom (2004) also reported that NDVI was strongly
correlated with above-ground green biomass of grasslands in California throughout
the growing season (R2 = 0.78) and that a single NDVI-biomass function may be
applied to the grasslands up to the period of peak greenness.

While quantifying herbaceous biomass in rangeland ecosystems in western North
Dakota, Reeves (2001) worked out the relationship between biomass and NDVI,

resulting into the equation B = NDVI (65.0112)+
(∑

P(0.9) − (∑
Th

)2 (0.0013)
)

,

where B is the estimated biomass within each Thiessen polygon, NDVI is the
average NDVI for a given polygon,

∑
P is the summation of precipitation from 1

January to the date of ground sampling, and
∑

Th is the summation of thermal time
(TAVGdaily – 0) from 1 January to the date of ground sampling where TAVGdaily
is the daily average temperature. Reeves (2001) considered that the relationship
between grassland biomass and LAI is strongest when the biomass is at its peak
in July (R2 = 0.78).

Yu et al. (2004) analysed the relationship between above-ground net primary
production and annual rainfall in Inner Mongolia, China and found that peak above-
ground biomass (PAB) is positively correlated with the annual rainfall (PAB =
0.5515Rainfall-25.631, R2 = 0.684), in which the slope exceeds those obtained
from other dry regions in Africa and South America implying a higher rain-use
efficiency in Inner Mongolia. Kawamura et al. (2003) conducted biomass estima-
tion in the same area employing AVHRR NDVI and later these authors (Kawamura
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et al., 2005) used MODIS vegetation indices to undertake a similar study by estab-
lishing both linear and exponential relationships. For the live and total biomass
(including live and dead), these relationships are summarized in the regression equa-
tions of Table 17.2. It is clear from their study that for both live and total biomass
MODIS NDVI and EVI are of higher predictive power than the same indices derived
from AVHRR, and that NDVI gives a better result than EVI. Akiyama et al. (2005)
obtained a similar level of correlation between the live biomass and MODIS EVI in
the same region, with equation B = 18.722 exp (5.698EVI) (R2 = 0.744).

Table 17.2 Regression analysis results between biomass and vegetation indices (After Kawamura
et al., 2005)

Coefficient of
determination

Explanatory
variable Function type a b R 2

Average error
(g m–2)a

Total biomass
(dry matter
g m–2)
n = 30

AVHRR-NDVI Linear
Exponential

–58.23
11.13

571.37
6.07

0.53
0.64

± 54.24
± 36.65

MODIS-NDVI Linear
Exponential

–160.02
16.31

628.08
4.26

0.75
0.83

± 40.08
± 33.16

MODIS-EVI Linear
Exponential

–87.01
24.56

797.67
5.71

0.69
0.77

± 44.24
± 38.28

Live biomass
(dry matter
in g m–2)
n = 30

AVHRR-NDVI Linear
Exponential

–47.74
11.13

454.43
6.07

0.54
0.64

± 42.97
± 36.65

MODIS-NDVI Linear
Exponential

–127.00
12.15

495.98
4.36

0.74
0.83

± 32.31
± 25.70

MODIS-EVI Linear
Exponential

–73.39
18.35

644.10
5.86

0.71
0.80

± 33.75
± 28.48

Note: Linear-type: B = a + bX; Exponential-type: B = a∗Exp (bX); aAverage error is calculated
from the original “error sum of squares” by Kawamura et al. (2005).

Among the above mentioned models, the exponential one derived from MODIS
NDVI for total biomass, by Kawamura et al. (2005) in Inner Mongolia, B = 16.31
exp(4.26∗NDVI) (R2 = 0.83) produced the best fit with the field biomass data mea-
sured in Ordos: (1) desert steppe for the period 2002–2005 (9.5–175.1 g m–2 with a
mean of 56.6 g m–2) by Ma et al. (2008); (2) shrub-grassland within a range of 28–
236 g m–2 in Mu Us Sandy Land in 2006 by Cheng et al. (2007); (3) 50–100 g m–2

in the Banners of Otog and Otog Front in the period July–August 2007 by the local
government1; and 68–195 g m–2 (mainly 124–140 g m–2) in the enclosed grasslands
in the north Yanchi near Sanduandi of Otog Front by Shen et al. (2007). In addition,
Hu et al. (2007) investigated the spatio-temporal dynamics of aboveground net pri-
mary productivity (ANNP) in Inner Mongolia and reported the ANNP varying from
28.53 to 157.78 g m–2 a in the western part of the Mu Us Sandy Land. Hence this
model was selected for estimating the rangeland biomass for all other observation
years.

1Ordos Weather Bureau, 2008: http://www.imwb.gov.cn/qxinfo/stinfo/200803/773.html
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17.3 Results

The land degradation detection and multi-temporal biomass estimation results are
shown in Figs. 17.2 and 17.3. Several types of degradation were observed. The first
one is the southeasterly expansion of desert patches, especially in the non-controlled
zones, at a rate of 11–21 m year–1. In more detail, deserts and small patches
of sand dunes expanded depending on location by 120–240 m, 90–180 m, and
60–150 m, or 240–570 m in total, in the periods 1978–1987, 1987–1999 and
1999–2007 (Fig. 17.2) and swallowed the grassland on their southeast margins
where there were not enough shrubs (e.g., Caragana Korshinskii Kom and Salix
gracilior) to block sand movement. This extension is a result of wind blowing from
northwest, which occurs about 230 days per year. The second type is vegetation

Fig. 17.2 Land degradation in the Western Ordos (modified from Wu et al., 2008). Note: this
Figure shows (1) desert patches extending to the southeast (see the up-left zoom) along the dom-
inant wind direction from NW to SE and (2) grassland in degradation in the observed periods
1978–1987, 1987–1999 and 1999–2007. Sites A, B, C and D were selected to check and calibrate
the relationship between the biophysical feature changes (e.g., NDVI and biomass) and the annual
rainfall variation. According to our previous work (Wu et al., 2008), Site A experienced degrada-
tion in 1978–1989 but controlled in 1991–1999 and again degradation after 2002; Sites B and C
are protected or enclosed areas from grazing, no evident degradation was observed; site D suffered
degradation in 1987–1999 but recovered after 2002. Zooms Z1, Z2 and Z3 are examples showing
vegetation cover degradation around water points/settlements and Z4 a recovery (see Wu et al.,
2008 for detail)
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Fig. 17.3 Multi-temporal biomass dynamics in the Western Ordos

degradation around water ponds/settlements (with patch diameter varying from 300
to 1,600 m) and in some permitted rotation grassland, of which a part had previ-
ously been controlled. This kind of degradation is not stationary: in one period it
was observed in one place, and in another period in another place.

While discerning vegetation degradation in some places, we also observed sig-
nificant increase in vegetation vigor and cover (see Wu et al., 2008), especially in
the recent decade. This greening trend is attributed to the conversion from grass-
land to agricultural land (including farmland, plantations of economic plants such
as ephedra, licorice, etc.), and from natural grassland into pasture/forage land irri-
gated with underground water. Sand control in the sandy land and desert patches,
by planting grasses, shrubs and trees in a grid pattern, has also increased the green-
ness of land cover. This practice has to some extent restored a number of degraded
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patches around water ponds/settlements, although the greenness in these patches
has not yet reached the same level as the surrounding grassland after 20–30 years
recovery.

In order to uncover the spatio-temporal variability of the biophysical features
related to these land cover changes, and to understand the importance of human
intervention in provoking land degradation, four typical sites, marked A, B, C and D
(see Figs. 17.2 and 17.3 for locations), were extracted for checking biomass dynam-
ics against annual rainfall (Fig. 17.4). Of these, sites A and D suffered degradation,
whereas B and C experienced no significant change (see note of Fig. 17.2).

Fig. 17.4 Temporal biomass dynamics in the observed sites. Note: Left side graphs show biomass
dynamics against annual rainfall in the Sites A, B, C and D, right side ones reveal their relationships
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It was found that the average biomass production sensed by satellites in the sites
A and D is not well correlated to their annual rainfall (A1 and D1 in Fig. 17.4, R2 =
0.007–0.324). However, in the enclosed or protected sites B and C a strong positive
relationship exists between biomass density and the annual rainfall (B1 and C1 in
Fig. 17.4) with R2 values of 0.555–0.724, which are close to the correlation (R2 =
0.684) obtained by Yu et al. (2004) in Inner Mongolia.

17.4 Discussion and Conclusions

Land degradation as influenced by unfavourable land cover changes, is a compli-
cated phenomenon related to both natural and human factors. After weighing the
importance of the two groups of factors, Zhu and Liu (1989) concluded that the
anthropogenic factors account for 94.5% of the responsibility in provoking deserti-
fication in China. It is thus essential to analyse the impacts of human activities on
the environmental change and land degradation.

Heretofore, recognized human factors include overgrazing, population growth,
land reclamation, institutional weaknesses, irrational policies, land tenure, mar-
ket economy, water overuse, over-collection of fuelwood, over-excavation of wild
medicinal and edible herbs, exploitation of fossil fuel (coal, oil and gas), over-
hunting, culture and lack of education (Jiang et al., 1995; Erdunzhav, 2002; Enkhee,
2003; Wu, 2003a; Gai, 2007). However, not all of these socio-economic and cultural
factors had the same importance in effecting land degradation in history. Policies are
the underlying forces driving other kinds of socio-economic activities (proximate
causes) which directly lead to land use change, development of market economy
and new enterprises, and exploitation of natural resources in Ordos (Wu et al.,
2008).

In the past centuries, land reclamation from grassland for agriculture was,
despite unsuccessful outcomes, undertaken again and again, driven by different
national policies such as “Consolidating the frontier with immigrants from the
interior of the country for reclamation” in Dynasty Qing and “Giving prominence to
agricultural food production” in the period 1956–1974. Of little productivity under
the semi-arid and arid climate conditions, rainfed cropland was, after 2–3 years
of use (Enkhee, 2003; Wu, 2003a), often abandoned and exposed to soil ero-
sion and desertification. New land reclamation was conducted elsewhere for food
production. These practices constituted a vicious cycle “Reclamation-Cultivation-
Abandonment-Reclamation” leading to land degradation in the rangelands (Wu,
2003a). As Enkhee (2003) analysed, land reclamation, regardless of natural con-
ditions, might have been the major cause producing the initial state of the Hobq
Desert in the north and the desert patches in the Mu Us Sandy Land (see the up-left
zoom in Fig. 17.2 and the patches with biomass density < 0.3 t ha–1 in Fig. 17.4) in
the south in Ordos since the Dynasty Tang (A.D. 618–907). Unfortunately, neither
remote sensing images nor maps are available to back up this kind of historical land
degradation analysis.
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In the recent decades the impacts of policies can be analysed in a more tangible
way. In the period 1979–1984, Deng’s policy “Household responsibility for agri-
cultural production” and the promulgation of the “Decree of Grassland” in 1985
had greatly aroused the enthusiasm of peasants and raised the agricultural produc-
tion, but left the grassland in a situation “collective grassland and private cattle”
which lasts up to today. To gain more personal profits and income, each herdsman
had an incentive to raise as many animals as possible on the public land, inevitably
leading to a Chinese variant of “the Tragedy of the Commons” (Hardin, 1968) and
the “institutional defect” (Erdunzhav, 2002), which is the direct consequence of
“indefinite land property” (Gai, 2007). During this period, land degradation, despite
its localized character, occurred throughout the study area (1978–1987 VGT-D in
Fig. 17.2).

In 1987–1988, under the development strategy “Invigorating the domestic econ-
omy and opening to the outside world”, Deng’s “Open and reform” policy, and the
decree on “Legalization of the private economy”, hundreds of rural enterprises and
companies were established in Ordos, based on the region’s agricultural and pastoral
products like food, wool and natural resources (coal, oil, gas, medicinal and edible
wild herbs). Widespread collection of herbs for providing materials to these enter-
prises and for increasing family income induced local people to overturn the fragile
sandy soils in search for licorice roots (Glycyrrhiza uralensis) and Nostoc com-
mune var. Flagelliforme, leading to a large reduction in biomass production in some
areas and land degradation (e.g., see 1987–1999VGT-D and Site D in Fig. 17.2 and
Fig. 17.4d). One bright spot during this period was the spontaneous establishment
of an ecological construction enterprise – a non-governmental sand-control team –
composed of the local peasants and shepherds. The objective of this team was to
combat desertification by planting ephedra, licorice, Hedysarumleave, Caragana
korshinski, Artemisia sphaerocephala and Artemisia ordosica, sea-buckthorn, etc.,
in a grid pattern to restore the degraded land and protect the sandy land from degen-
eration, and simultaneously bring economic benefits for the local people. No doubt
this activity has greatly produced positive impacts on the environment, as evidenced
by the biomass increase in the period of 1989–1999 in Site A (Fig. 17.4a).

After 1999, with the inauguration of the national middle-to-long term strategy
“To Develop the West” in 1999, Ordos has become one of the National Energy
Bases, thanks to its abundant fossil fuel resources. With the exploitation of coal,
oil and natural gas and overuse of water in mining and agriculture, new forms
of land degradation took place, particularly oil pollution, cropland destruction,
water-table decline.2 Aware of this serious land degradation, the central government
promulgated a national order to “Forbid collection of herbs in grasslands” in 2000.
Complementing this national policy, the local governments of Otog and Otog Front
implemented a “Grazing-forbidden and -rotation policy with a subsidy system” in
2001 to treat grazing differently in different zones. The policies were implemented
by closure of large pieces of grassland for recovery and by conversion of parts of

2http://yudefu186.bokee.com/viewdiary.15081810.html



230 W. Wu and E. De Pauw

highly productive grassland into pastures, cultivated with some aridity- and cold-
resistant forage grasses such as alfalfa (Medicago sativa) and Astragalus adsurgens
for animal breeding. As a result the previously open grazing became indoor dry-
lot feeding. With the added boost of favourable rains biomass has since increased
(e.g., Fig. 17.4). An interesting fact is that with the implementation of these poli-
cies, not only the vegetation vigour and biomass but also the cattle numbers have
increased. This has led to an improvement of household income of the local peoples
and their livelihood. The average per capita income of the rural people has increased
by 60.9 and 119.1% respectively in the Banners Otog and Otog Front from 2000 to
2005 (Wu et al., 2008). However in areas where communal grazing was permit-
ted or in the protected zones where surveillance was less effective, the grasslands
have suffered even more grave destruction due to overgrazing (1999–2007 VGT-D
in Fig. 17.2 and Fig. 17.4a), although the annual rainfall was normal in 2007.

In summary, the impacts of policy are complex and often entail positive and neg-
ative aspects, in terms of whether the policy can bring profits to the herdsmen and
farmers while protecting grassland from degradation. The evidence from Ordos sug-
gests that if there is a contradiction, land degeneration is unavoidable. The impact
assessment should be dialectically conducted from multiple dimensions, although it
is difficult to unravel the effects of overlapping policies.

This study attempted to assess the impacts of policy from a viewpoint of bio-
physical change, as revealed by remote sensing in the Western Ordos rangeland.
Despite its immaturity this technology provides interesting possibilities to look into
the interaction between changes in socio-economic activities, especially those that
are policy-driven, and the ecological system. In the absence of human intervention,
biomass productivity is completely associated with the natural conditions, such as
rainfall, temperature and radiation. When there is human intervention, this produc-
tivity is not any more related only to natural conditions but also to land use practices
and exploitation of land resources. This difference makes it possible to discern the
contribution of human impact on the rangeland productivity. This is one of the
advantages that remote sensing technology has brought us. Another fact revealed
in this case study is that it is possible for decision-makers to work out sustainable
grazing and rangeland use policy by controlling grazing intensity through carrying
capacity analysis based on biomass productivity estimation.

Land degradation is not an irreversible biophysical degeneration. It is produced
by implementation of unwise policies (e.g., land reclamation in the early of 1970s
Zhang and Wang, 2001; Enkhee, 2003; Wu, 2003a) or by exploitative activities
under rational policies (e.g., overgrazing in the permitted areas under the “graz-
ing forbidden and rotation” policy; overuse of underground water for planting trees
on the sand dunes to combat desertification). At the same time land degradation
can also be mitigated and reversed by reasonable execution of rational policies. For
example, the legalization of the private economy in 1988 not only promoted land
degradation but also gave rise to the sand control enterprise in the region, which con-
tributed significantly to the ecological recovery of the region. Similarly the “grazing
forbidden” policy implemented with subsidies to herdsmen has truly restored and
protected some grassland.
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