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Abstract As an important component of sustainable
development in mountain areas, evaluation for sustain-
able land use is always one of the hotpots of researches
on sustainable development. Traditional evaluation for
sustainable land use mainly focuses on the sustainability
of land use model and biological production on
temporal scale, and overlooks the effects of land use
patterns on the sustainability, while landscape ecology
can be a good help to realize the spatial analysis of
sustainable land use. In this study, a synthetic evaluation
indexes system for sustainable land use was constructed
through the application of landscape metrics. Taking
Yongsheng County of Yunnan Province, China as a case
study, a series of quantitative evaluation were conducted
in 1996, 1999 and 2001, to monitor the temporal
dynamics of regional land use sustainability. Two
indicators, contributing amount of indexes, and obstacle
amount of indexes, were also set up to ascertain the
significance of all the evaluation indexes to the
evaluation results. The results showed that, in the study
phases, the land use sustainability of the whole county
had been low with a stable but great spatial difference,
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and great changes took place in regional land use system
in 1999 with the deviation from the aim of sustainable
land use. It also showed that, the most important indexes
contributing for the land use sustainability in the study
period, were the indexes of population density and land
use degree, followed by the index of landscape diversity
and cropping index. And the most important indexes
counteracting the land use sustainability were the
indexes of per unit area total production value of
industry and agriculture, per unit area yield of cereal
crops, landscape fragmentation, followed by the indexes
of per unit area yield of economic crops and fertilizer
consume per unit area.

Keywords Evaluation for sustainable land use -
Contributing amount of indexes - Obstacle amount
of indexes - Mountain areas - Northwestern Yunnan
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Introduction

As an important basis of sustainable development,
sustainable land use is always one of the key topics of
researchers, policy-makers and the publics. With the
definition of the criteria and standards of sustainable
land use, evaluation for sustainable land use (ESLU)
is the core of researches on sustainable land use.
However, in the last decades, the researches on ESLU
developed slowly, with an extensive basis on the five
principles of sustainable land use proposed by FAO
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(1993). It is in great need of other related disciplines
to deepen the evaluation.

The sustainability of land use implies not only the
sustainability of land use model and biological
production on the temporal scale, but also includes
the optimization of land use patterns on the spatial
scale. However, traditional ESLU focusing on the
social, economic or ecological benefits of regional land
use, all can be categorized as the research on the
temporal scale, lacking of the analysis of effects of
spatial patterns on the land use sustainability (Peng
et al. 2003). Taking spatial heterogeneity and ecolog-
ical holism as its theoretical cores, landscape ecology
can be a great help to a synthetic ESLU on the
temporal and spatial scales, with a strong function in
the analysis of the spatial patterns of regional land use
(Peng et al. 2006; Wang and Yang 1999). However,
although there were some researches that explored the
combination between landscape ecology and sustain-
able land use or land management (Ericksen et al.

2002; Gulinck et al. 2001; Piorr 2003; Qiu and Fu
2000), or made a further discussion on the landscape
sustainability or sustainable landscape (Antrop 2006;
Botequillha and Ahern 2002; Paoletti 1999; Haines-
Young 2000), few were conducted directly for ESLU
in the view of landscape ecology, and only Peng et al.
(2006) proposed a framework of landscape ecological
evaluation for sustainable land use with the division of
land use sustainability into such three aspects as
landscape productivity, landscape threatening and land-
scape stability. But their study just proved the feasibility
of the framework in measuring spatial differences of
regional land use sustainability without testifying the
ability in quantifying temporal dynamics of sustainable
land use, and could not display the fundamental factors
determining regional land use sustainability.

Therefore, with a case study in Yongsheng County
of northwestern Yunnan Province, China, the objec-
tives of the study reported in this paper are: (1) to
understand the temporal dynamics and spatial differ-
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Fig. 1 The study area in Yongsheng County, northwest Yunnan Province, China
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ences of regional land use sustainability with the
application of the framework of landscape productiv-
ity, landscape threatening, and landscape stability;
(2) to ascertain the significance of all the evaluation
indexes to the evaluation results through the intro-
duction of two indicators, the contributing amount of
indexes, and the obstacle amount of indexes; and
(3) to make a conclusion on the evaluation indexes for
sustainable land use with the comparison between this
case study in mountain areas and that in coastal areas
conducted by Peng et al. (2006).

Materials and methods
The study area

The study area, Yongsheng County in the northwest of
Yunnan Province, China, locates between the longitude
100°22"-101°11" east and between latitude 25°59'-27°
04’ north, with Yangtze River flowing through the
county (Fig. 1). The total area is 4,950 km* with
92.42% mountainous area. Yongsheng County has a
low latitude and plateau monsoonal climate with
clearly demarcated four seasons, drought in winter
and spring while moisture in summer and autumn.

As the study area is located at the transition zone
extending from the low altitude of Yunnan Plateau to
the high altitude of Qinghai — Tibet Plateau, the
natural conditions are quite poor with rugged terrain,
lean soil, heavy water and soil erosion, low average
annual precipitation about 1,000 mm, low average
annual temperature between 7.9 and 10.5°C, and
deficiency of light and heat resources. In a word, the

eco-environment of the study area is fragile.

The agricultural development in the study area has a
certain foundations, but the second industry and the
third industry have been stagnant for a few years. Until
the end of 2001, the gross population of the whole
county was 380,394, including 93% agricultural popu-
lation and 30.49% minority population, which were
major in Hui ethnic group, Yi ethnic group and etc.
There are 6 towns and 12 villages in the whole county,
that is, Yongbei, Jinguan, Liangguan, Qina, Renhe, and
Chenghai towns, and Taoyuan, Pianjiao, Taiji, Shunz-
hou, Bangiao, Songping, Guanghua, Liude, Dongshan,
Yangping, Daan and Dongfeng villages.

Evaluation indexes for sustainable land use

The sustainability of land use not only depends on the
stabilization of land use patterns and the optimization
of biological and non-biological productions from
land use, but also is driven by human demands, which
result in the pressure on regional land use. Generally
speaking, the higher human demands for regional
land use are, the higher the aim of sustainable land
use is, and the lower the feasibility of sustainable land
use is. Therefore, based on the method of Analytical
Hierarchy Process (AHP), applying the theories of
landscape ecology, the indexes system for evaluating
regional sustainable land use can be constructed from
three aspects: Landscape productivity, Landscape
threatening and Landscape stability (Peng et al.
2006), as shown in Table 1. It’s hoped the indexes
system will help to discover the distance between the
aim of sustainable land use and the status quo of
current land use, and the ability of achieving the

Table 1 The indexes for

evaluating sustainable land Evaluation rule (weight)

Evaluation indexes (weight)

use based on the method of

AHP Landscape threatening

(0.35)

Landscape productivity
(0.40)

Landscape stability (0.25)

Population density x; (0.125)
Land use degree x5 (0.125)
Cropping index x5 (0.100)
Total production value of industry and agriculture per x4 (0.125)
unit area
Yield of cereal crops per unit area x5 (0.125)
Yield of economic crops per unit area x6 (0.075)
Fertilizer consume per unit area x7 (0.075)
Landscape diversity xg (0.100)
Landscape fragmentation Xo (0.075)
Landscape contagion x10 (0.0375)
Landscape fractal dimension x11 (0.0375)
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sustainability aim in the temporal scale of human
generation.

Landscape productivity reflects the capacity of
land production, including biological productivity,
economic benefits and potential yield of land use.
The higher landscape productivity is, the more land
production is, and the higher the possibility to realize
sustainable land use is. As the cereal crops and
economic crops are planted widely in mountain areas
of Northwestern Yunnan Province, two indexes, yield
of cereal crops per unit area and yield of economic
crops per unit area, are chosen to measure the
biological productivity of regional land use. Due to
the poor natural conditions and infertile soil, the index
of fertilizer consume per unit area is chosen to weigh
the potential yield of regional land use. As a rule, the
index of total production value of industry and
agriculture per unit area is chosen to weigh the
economic benefits of regional land use.

Landscape threatening is the pressure imposed on
land use through human activities, which reflects human
demands for land use. The more human demands from
land use, the greater the pressure on land use is, the
higher the aim of sustainable land use is, and the more
difficulties there are to realize sustainable land use.
Three indexes are chosen to evaluate landscape threat-
ening, that is, population density, land use degree, and
cropping index. The higher the value of the three
indexes is, the higher the extent of landscape threatening
is. Reflecting the degree of human land use, the index of
land use degree is the area-weighted mean of grading
index of different land use types in the whole area, and
the grading index of unused land is 1, with forest land,
grassland and water body 2, farmland and garden 3, and
constructing land 4 (Liu 1992).

Landscape stability means the ability of keeping
the stability of landscape patterns and functions. The
higher landscape stability is, the stronger landscape
resistance against external disturbance is, the stronger
landscape resilience to ecological balance after dis-
turbances is, and the more possibility there is to
maintain spatial patterns and landscape functions.
Generally speaking, in medium developed agricultural
landscapes, the increase of landscape heterogeneity is
good for the maintenance of landscape stability.
According to landscape ecology, landscape patterns
determine landscape functions. Four landscape metrics,
that is, landscape diversity, landscape fragmentation,
landscape contagion and landscape fractal dimension,
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are chosen to measure the stability of landscape
patterns. The bigger landscape diversity and landscape
fractal dimension is, the stronger landscape stability is,
while landscape fragmentation and landscape conta-
gion are on the contrary. Definitions and more
explanations on these metrics were given by Fu
(1995), and Gustafson (1998).

According to AHP, four judgment matrixes with the
level from 1 to 9, are constructed to calculate the weight
of indexes, including the rule layer and index layer
(Table 1). All the weights pass the consistency test.

Contributing amount of indexes and obstacle amount
of indexes

The indexes system can realize the spatial comparison
of land use sustainability between different spatial units
and the temporal comparison between different periods
of the same spatial unit. However, the indexes system
cannot display the significance of indexes to the
evaluation results. Therefore, two indicators, the con-
tributing amount of indexes and the obstacle amount of
indexes, are introduced (Peng et al. 2001). The mean-
ings of the two indexes are as follows:

Ci = (4; x W,-)/Z(A,»x W;) x 100%
i=1

P; = (100 — 4;) x W;y [(100 — Ai) x W] x 100%

i=1

where C; is the contributing degree of index i to the
evaluation results, P; is the limiting degree of index i
to the results, A4; is the standardization value of index
i, W; is the weight of index i, and # is the number of
indexes. The determination of contributing factors
and obstacle factors to the sustainability of regional
land use may be realized through the ordering of C;
and P,.

Source data and data processing

The data for this study are derived from two sources.
On one hand, the values of six indexes, namely total
production value of industry and agriculture per unit
area, yield of cereal crops per unit area, yield of
economic crops per unit area, fertilizer consume per
unit area, population density and cropping index can be
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found or calculated through Statistics Yearbook of
Yongsheng County in 1996, 1999 and 2001. On the
other hand, the values of the other five indexes, that
is, land use degree, landscape diversity, landscape
fragmentation, landscape contagion, and landscape
fractal dimension are calculated through remote
sensed images with the aid of landscape analysis
software FRAGSTATS. Based on ERDAS 8.4 soft-
ware, three LANDSAT-TM images (orbit 131/41 and
131/42, resolution 30 m) of February 1996, April
1999 and April 2001, are interpreted with the
reference to field reconnaissance in July, 1999 and
2001, and land use map of Yongsheng County in
2000 (scale 1:75,000). As a result, six land use types
are classified, that is, paddy field, dry land, forest
land, shrubby grassland, water body and urban land.
The method of maximum difference normalization
is introduced to carry out non-dimensional quantities
of original data. Data standardization of all the
indexes is as follows:
Xij = (X — Ximin) / (Limax — Xjmin)
where Xj; is the original value of index j of evaluation
unit 7, Xl; is the normalized value of Xj;, and Xj.x and
Ximin are the maximum and minimum of index j

J
among all the evaluation units, respectively.

Results

Spatial difference of the sustainability of regional
land use

Through the results of sustainable land use evaluation
for all the 18 towns and villages of Yongsheng
County in 1996, 1999 and 2001 as shown in Table 2,
it could be concluded that, land use sustainability of
the whole county in the study periods was relatively
low, and behaved a trend of descending with a narrow
range. Meanwhile, in the study period, the sustain-
ability of land use of the county showed a high and
stable spatial difference in the 18 towns and villages,
as the maximum among the evaluation values of all
the towns and villages was always about 1.5 times of
the minimum.

Applying the statistic analysis software SPSS11.0
for windows, a hierarchical cluster analysis of
evaluation values of all the 18 towns and villages in
1996, 1999, and 2001 was conducted. According to
the cluster method of between-groups linkage, when
3.5 was taken as the squared Euclidean distance, all
the 18 samples could be classified into five types
(Fig. 2): (1) Towns I with the highest land use
sustainability, including Chenghai town, Taiji village
and Taoyuan village; (2) Towns II with higher land

Table 2 The evaluation

results for sustainable land Evaluation unit

Evaluation value in

Evaluation value in Evaluation value in

use in Yongsheng County in 1996 1999 2001

1996, 1999 and 2001
Yongsheng 49.44 51.30 49.25
County
Yongbei Town 43.78 42.44 39.08
Renhe Town 51.58 52.24 53.62
Qina Town 54.51 51.96 52.13
Liangguan Town 49.85 48.87 46.82
Jinguan Town 50.00 47.50 38.49
Chenghai Town 63.30 65.19 60.96
Pianjiao Village 54.57 53.66 53.71
Taiji Village 58.83 59.89 57.54
Taoyuan Village 58.82 60.96 59.62
Shunzhou Village  43.80 44.99 46.14
Bangiao Village 47.26 44.37 46.45
Yangpin Village 44.48 49.25 43.28
Liude Village 44.88 43.48 40.23
Dongshan Village  40.50 41.90 43.36
Dongfeng Village  46.67 48.24 42.87
Daan Village 44.41 45.59 41.57
Songpin Village 42.13 44.50 41.53
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use sustainability, including Renhe town, Qina town
and Pianjiao village; (3) Towns III with moderate land
use sustainability, including Liangguan town, Shunz-
hou village, Bangiao village, Yangpin village and
Dongfeng village; (4) Towns IV with fluctuant and
moderate land use sustainability, including Jinguan
town and Guanghua village; (5) Towns V with lower
land use sustainability, including Yongbei town,
Liude village, Dongshan village, Daan village and
Songpin village.

According to the difference of the dynamics of land
use sustainability in the study period, all the 18 towns
and villages could be classified into four types (Fig. 3):
(1) Towns A with continual descending of land use
sustainability, including Yongbei town, Liangguan
town, Jinguan town and Liude village, which mainly
resulted from the continual increasing of the values of
landscape threatening indexes, such as the index of
land use degree; (2) Towns B with continual
ascending of land use sustainability, including Renhe
town, Shunzhou village, Dongshan village and
Guanghua village, which was mainly due to the
continual increasing of the values of landscape

Fig. 2 Regional difference of land use sustainability in
Yongsheng County during 1996-2001
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Fig. 3 Regional difference of the change of land use
sustainability in Yongsheng County during 1996-2001

productivity indexes, such as the indexes of yield of
economic crops per unit area and yield of cereal crops
per unit area; (3) Towns C with ascending following
descending of land use sustainability, including Qina
town, Pianjiao village and Bangiao village, which was
mainly because of the change of the values of
landscape productivity indexes, such as the index of
yield of cereal crops per unit area; (4) Towns D with
descending following ascending of land use sustain-
ability, including Chenghai town, Taiji village,
Taoyuan village, Yangpin village, Dongfeng village,
Daan village and Songping village, which mainly
resulted from the change of both landscape produc-
tivity indexes and landscape stability indexes, such as
the indexes of yield of economic crops per unit area
and landscape fractal dimension.

It was remarkable that, from 1996 to 2001, there
were 13 towns and villages occupying 69.13% area
and 76.96% population of the whole county, that had
a decline of land use sustainability; while from 1996
to 1999, there were 11 towns and villages occupying
67.77% area and 47.45% population of the whole
county, that had an increase of land use sustainability.
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Therefore, it could be concluded that, regional land
use system changed greatly in 1999, which deviated
from the aim of sustainable land use.

Contributing indexes and obstacle indexes
of sustainable land use

Setting no less than 10% as the standard, according to
the contributing amount and obstacle amount of the
11 evaluation indexes, the dominant contributing
indexes and obstacle indexes of all the 18 towns and
villages were ascertained, respectively. As shown in
Table 3, it could be found that: (1) The dominant
contributing indexes changed little from 1996 to
2001, because there were 13 towns and villages
without the change of the primary contributing index,
and the first two contributing indexes didn’t change in
all the towns and villages; (2) The dominant obstacle
indexes also changed little from 1996 to 2000, as
there were 12 towns and villages without the change
of the primary obstacle index, and the first two
obstacle indexes didn’t change in 11 towns and
villages; (3) It was the index of population density

and land use degree that were the most important
contributing indexes to sustainable land use in the
study period, followed by the index of landscape
diversity and cropping index; and (4) Total production
value of industry and agriculture per unit area, yield of
cereal crops per unit area and landscape fragmentation
were the most important obstacle indexes, followed by
the indexes of yield of economic crops per unit area
and fertilizer consume per unit area.

Through the analysis of the contributing amount
and obstacle amount of evaluation indexes for
sustainable land use, it could be concluded that,
although land use systems of the 18 towns and
villages in Yongsheng County have changed in
different ways during the study periods, the contrib-
uting amount and obstacle amount of evaluation
indexes to the evaluation results of land use sustain-
ability in each town or village, were relatively stable.
Actions could be taken on the selected dominant
contributing indexes and obstacle indexes, so as to
optimize spatial patterns and to perfect landscape
functions of regional land use systems. Generally
speaking, there were mainly two ways to enhance
regional land use sustainability. One was to increase

Table 3 The dominant contributing indexes and obstacle indexes for evaluating sustainable land use in Yongsheng County

Towns (T)/ The dominant contributing indexes

The dominant obstacle indexes

Villages (V)

1996 1999 2001 1996 1999 2001
Yongbei T Xg, X2, X4, X5, X1 Xg, X4, X2, X5, X1 X8, X4, X5, X1 X1, X3, X5, X9, X, X4, X7 X3, X1, X5, X2, Xg, X9, X4, X7 X2, X1, X3, X9, X5, X4
Renhe T X1, X3, X5, Xg X1, X2, X5 X1, X3, X5, Xg X4, X9, X3 X4, X9, X3, Xg X4, X3, Xo
Qina T X5, Xg, X1, X2 X5, Xg, X X5, Xg, X1, X7, X2 X4, X9, X2, X3, X1 Xg, X3, X2, X9, X X3, X4, X2, X9, X
Liangguan T xs, X4, Xg, Xp X4, X5, Xg X4, X5, X3 X1, X, X3, X9 X1, X2, X3, X9, X¢ X1, X2, X3, X9, X¢
Jinguan T X5, X4, X8, X2 X5, X4, Xg X5, X8, X4 X1, X3, X2, X7 X1, X2, X3, X7 X2, X1, X3, Xg, X9
Chenghai Vx5, X5, X1, Xg, X3 X5, X1, Xg, X2, X3 X5, Xg, X1, X2, X3 X4, X9, X7 X4, Xo X4, X9, Xg
Pianjiao V. xy, X2, X5, Xg, X3 X1, Xg, X5, X3, X3 X1, Xg, X5, X3, Xo X4, Xo, X7 X4, X9, X2 X4, X2, Xo
Taiji V Xo, X1, X5, X6 X1, X2, X5, Xg, Xg X|, X2, X5, X3 X4, X9, Xg, X7, X3 X4, Xog, X3 X4, X9, X5, Xg
Taoyuan Y X1, X5, X3, X2, Xg X5, X1, X3, Xg, Xg X5, X1, X3, X8, X7, Xg X4, X9, X2 X4, X2, X9, X7 X4, X2, X9
Shenzhou V X1, X3, Xg, X2 X1, X3, X2, Xg X1, X2, X3, X8 X4, X5, Xg, X9, X7, X2 X5, X4, X9, X7, Xg X4, X5, X9, Xg, X7
Banqiao \% X1, X2, X3, X5, Xg X1, X2, Xg, X3 X1, X2, Xg X4, X5, Xg, X9, X7 X4, X5, X6, X9, X7 X4, X5, X6, X3
Yangpin A\ X1, X2, X3, Xg X1, X2, X3, Xg X2, X1, X3 X5, X4, X6, X7, X9 Xg, X5, X6, X7, X9 X5, X4, X7, X6, X8
Liude V X1, X2, X3, Xg§ X, X2, X3, X3 X|, X2, Xg, X3 X4, X5, X7, Xg X4, X5, X9, X7 Xy, X5, Xg, Xog
Dongshan A\ X1, X2, Xo X1, X2, X9, X3 X1, X2, X3, X9 X5, X4, X8, X7, X3 X4, X5, X8, X7, Xg X4, X5, X8, X7, Xg
Dongfeng \% X1, X2, X3, Xg X1, X2, X3 X1, X2, X3, Xg X4, X5, X7 X4, X5, X7, X8 X4, X5, X7
Daan V X1, X2, Xg, X3 X1, X2, X8, X3 X1, X2, Xg, X3 X4, X5, X7, Xg X4, X5, X9, X7 X4, X5, X9, X7
Songpin V. x5, x; X1, X, Xg X1, X3, Xg X4, X5, X7, X3, Xg X4, X5, X7, X3, X¢ X4, X5, X3, X7
Guanghua \'% X1, X2, Xg X1, X2, Xg, X5 X1, X8, X6y X2, X5 X4, X5, X3, X7, Xg, X9 X4, X3, X6, X9, X5, X7 X4, X3, X5, X2, X9

Indexes with the contributing amount or obstacle amount of no less than 10% are listed. The order of indexes in the table indicates the

magnitude of the contributing or obstacle amount of indexes, and indexes with higher contributing or obstacle amount rank first.
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the contributing amount of indexes, such as limiting
population growth, controlling the construction in the
towns and villages, regulating cropping index, and
enhancing landscape diversity. And the other was to
decrease the obstacle amount of indexes, such as
increasing landscape productivity, and decreasing
landscape fragmentation.

Discussion
Selection of evaluation indexes

The evaluation indexs system for regional sustainable
land use is the core of researches on the evaluation for
sustainable land use (Chen 2001; Chen and Zhang
2001). As there are too many indexes that can indicate
the sustainability of land use, and the difference of the
aim of sustainable land use in different areas makes
different evaluation emphases, regional dominance
must be regarded as the most important principle in
selecting evaluation indexes for sustainable land use.
For example, in this case study, the indexes of yield of
cereal crops per unit area and yield of economic crops
per unit area are selected to indicate landscape
productivity, while in the case study in coastal areas
conducted by Peng et al. (2006), the indexes of yield
of cereal crops per unit area and yield of aquaculture
per unit area are chosen. It is mainly owing to
regional differences. In mountain areas of Northwest-
ern Yunnan Province, China, agricultural land is
mainly utilized for the planting of cereal and
economic crops, while in coastal areas of Northwest-
ern Shandong Province, China, cereal crops planting
and aquaculture are the main agricultural activities.

Efficacy of evaluation indexes

The index of landscape fragmentation is chosen to
evaluate landscape stability both in this case study and
that in coastal areas conducted by Peng et al. (2006),
but the efficacies of the index are on the contrary, one
positive and the other negative to land use sustain-
ability. It may be due to regional difference of
landscape matrix. In mountain areas of northwestern
Yunnan Province, China, the deep ravines lead to high
fragmented topography. The high heterogeneity of
mountain landscape in Yongsheng County, contrasts
clearly with the low heterogeneity of coastal land-

@ Springer

scape in northwestern Shandong Province, China.
According to the theory of moderate disturbances in
landscape ecology, the increase of landscape frag-
mentation in low heterogeneous landscapes will help
to the increase of landscape heterogeneity and the
enhancement of landscape stability. Reversely, the
increase of landscape fragmentation in high heteroge-
neous landscapes will block the flows of function,
material and information in the landscape, and go
against the maintenance of the stability of landscape
spatial patterns and functions.

Weight of evaluation indexes

The method of AHP is often used to quantify the
weights of evaluation indexes for sustainable land
use. Recently, some other objective methods such as
regression coefficient method and mean square
method are used (Liu and Hao 2003; Zhang et al.
2002). But in these methods, the weights of indexes
are all inevitably influenced by the actual values of
indexes, and it is difficult to really reflect the relative
difference of the importance of indexes. Therefore,
aiming at reflecting the difference of relative impor-
tance of indexes, the method of AHP is prior to other
methods.

Threshold of evaluation indexes

The threshold of indexes is an important parameter of
judging if the index is sustainable or how much the
sustainability is. Generally speaking, scientific and
reasonable threshold should be obtained through
control experiments, and should not refer to experi-
ential planning value or target value, which cannot
correlate to the sustainability of land use directly. As a
result, if we cannot determinately quantify the target
of sustainable land use, the aim of sustainable land
use evaluation should be set as the discussion on the
temporal dynamics or spatial differences of land use
sustainability. In this sense, it is useless to discuss
whether a single regional land use system is sustain-
able or not.

Conclusions

Traditional ESLU with the social, economic or
ecological benefits of regional land use can be
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categorized as the research on the temporal scale,
lacking of the evaluation for spatial patterns of
sustainable land use (Peng et al. 2003). It is of great
significance to incorporate land use pattern analysis
into the evaluation for sustainable land use, according
to the concepts and methods of landscape ecology.
The study reported in this paper proved the feasibility
of the framework of landscape productivity, landscape
threatening and landscape stability in evaluating
sustainable land use in mountain areas. The results
also showed that, land use sustainability of the study
area in the study periods had been low with a high
and stable spatial difference, and regional land use
systems changed greatly in 1999 which deviated from
the aim of sustainable land use. In the study periods,
the indexes of population density and land use degree,
followed by landscape diversity and cropping index
orderly, were the dominant contributing indexes to
sustainable land use. The indexes of total production
value of industry and agriculture per unit area, yield
of cereal crops per unit area, and landscape fragmen-
tation, followed by yield of economic crops per unit
area and fertilizer consume per unit area, were the
dominant obstacle indexes to sustainable land use.

Acknowledgements The research is supported by National
Natural Science Foundation of China (40635028, 40571051,
40471002). The authors wish to thank the anonymous
reviewers for their reviews and helpful comments.

References

Antrop, M. (2006). Sustainable landscapes: Contradiction, fiction
or utopia? Landscape and Urban Planning, 75, 187-197.

Botequillha, L. A., & Ahern, J. (2002). Applying landscape
ecological concepts and metrics in sustainable landscape
planning. Landscape and Urban Planning, 59, 65-93.

Chen, B. M. (2001). A blue print of land use region based on
regional indicator system for sustainable land use in
China. Progress in Geography, 20, 247-253 (in Chinese).

Chen, B. M., & Zhang, F. R. (2001). Theory and methodology
for sustainable land use indicator system in China. Journal
of Natural Resources, 16, 197-203 (in Chinese).

Ericksen, P. J., McSweeney, K., & Madison, F. W. (2002).
Assessing linkages and sustainable land management for
hillside agroecosystems in Central Honduras: Analysis of
intermediate and catchment scale indicators. Agriculture,
Ecosystems and Environment, 91, 295-311.

FAO. (1993). FESLM: An international framework for evalu-
ating sustainable land management. World Soil Resources
Report, 73.

Fu, B. J. (1995). The spatial pattern analysis of agricultural
landscape in the loess area. Acta Ecologica Sinica, 15,
113-120 (in Chinese).

Gulinck, H., Mugica, M., de Lucio, J. V., & Atauri, J. A.
(2001). A framework for comparative landscape analysis
and evaluation based on land cover data, with an
application in the Madrid region (Spain). Landscape and
Urban Planning, 55, 257-270.

Gustafson, E. J. (1998). Quantifying landscape spatial pattern:
what is the state of the art? Ecosystem, 1, 143—156.
Haines-Young, R. (2000). Sustainable development and sus-
tainable landscapes: Defining a new paradigm for land-

scape ecology. Fennia, 178, 7-14.

Liu, J. Y. (1992). The utilization of land in Tibet. Beijing:
Science Press (in Chinese).

Liu, Y. Q., & Hao, J. M. (2003). Evaluation on spatial
differentia of regional sustainable land use. Resources
Science, 25, 56-62 (in Chinese).

Paoletti, M. G. (1999). Using bioindicators based on biodiver-
sity to assess landscape sustainability. Agriculture, Eco-
system, and Environment, 74, 1-18.

Peng, B. Z., An, X. D., Chen, F., & Pu, L. J. (2001). A study on
sustainable land use in the Yangtze River Delta. Journal of
Natural Resources, 16, 305-312 (in Chinese).

Peng, J., Wang, Y. L., Li, W. F,, Yue, J., Wu, J., & Zhang, Y.
(2006). Evaluation for sustainable land use in coastal
areas: A landscape ecological prospect. International
Journal of Sustainable Development and World Ecology,
13, 25-36.

Peng, J., Wang, Y. L., Song, Z. Q., Jing, J., & Ding, Y. (2003).
Research progress on evaluation for sustainable land use.
Resources Science, 25, 85-93 (in Chinese).

Piorr, H. P. (2003). Environmental policy, agri-environmental
indicators and landscape indicators. Agriculture, Ecosys-
tems and Environment, 98, 17-33.

Qiu, Y., & Fu, B. J. (2000). Land evaluation for sustainable use
based on landscape ecologic theory. Resources Science,
22, 1-8 (in Chinese).

Wang, Y. L., & Yang, X. J. (1999). The research on sustainable
tourism development in the overall planning of scenic
resort. Resources Science, 21, 37—43 (in Chinese).

Zhang, F. R., Qi, W., Xue, Y. S., & Xu, L. (2002). The methods
for evaluating sustainable land management. Journal of
China Agricultural University, 7, 40-46 (in Chinese).

@ Springer



