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Abstract 

 
Laoxiancheng Nature Reserve is a very important giant panda habitat and “corridor” in the Qinling 
Mountains of China. Despite the fact that it has been in existence for ten years, little is known about 
the characteristic of this reserve as a habitat for giant panda. Also, the spatial distribution pattern of 
pandas in this reserve is not well known. During the third national panda census on April 2001, about 
33 pandas were spotted and most of them were found above 2200 m of altitude. The discovery of the 
surprising presence of the pandas in this area and season motivated great interest to know the habitat 
characteristics. In this study, the nonparametric statistics were used to define the relationship between 
biophysical variables and bamboo coverage as well as giant pandas. Different Remote Sensing image 
classifiers were compared for mapping land cover and bamboo coverage. Finally, integrated maximum 
likelihood and expert system classifier (MLESC) yielded a better accuracy for both of them. 
Subsequently, the spatial analysis techniques of GIS were employed to assess the spatial pattern of the 
panda distribution. The study results indicated that one dominant bamboo species (Fargesia 
Qinlingensis) occur and is a major source of food for the giant pandas in Laoxiancheng nature reserve. 
Furthermore, 18% of the area had high bamboo coverage and is frequently used by the pandas all year 
especially in summer. 20% of the area had medium bamboo coverage and is visited mostly in winter 
by pandas when they escape extreme cold weather and snow at high altitude. The spatial pattern 
analyses indicated that panda distribution in Laoxiancheng nature reserve is mainly influenced by 
bamboo coverage and elevation. In comparison with Foping and Changqing nature reserves, there 
were no distinct seasonal ranges specifically winter habitat and summer habitat. The pandas of 
Laoxiancheng nature reserve may be considered as an independent local population because their 
movement behaviour and activity range is different from that of pandas in two neighbouring nature 
reserve. From the findings, it is recommended that research and protection activities should be 
expanded to the high elevation regions in the Qinling Mountains.  
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1. Introduction 

1.1. Background 

The Giant panda (Ailuropoda melanoleuca), once widely distributed throughout eastern China, 
northern Vietnam and Myanmar, is now restricted to several mountain ranges in Shaanxi, Gansu and 

Sichuan provinces in south-western China 
(Loucks, 2001). According to the second 
Giant panda national census, in the mid-
1980`s, it was estimated only 1,000 giant 
pandas occupy about 13,000 square 
kilometres fragmented into more than 32 
isolated patches (Figure 1). Some groups 
contain less than 10 pandas; only a few 
contain more than 50. The species is 
endangered because: 1) populations and 
habitats have declined dramatically within the 
last century and especially in the past few 
decades, 2) the total population is estimated 
to be quite low, and 3) the current distribution 
is fragmented into habitat islands surrounded 
by land drastically altered by humans (Reid, 
2001). 

Figure 1 The remaining panda habitats (shown by grey patches) and existing associated nature 
reserves (shown by closed line boundary with number) in the west part of China (X. Liu, 2001; Loucks, 
2001) 

 
In order to effectively protect giant panda and its habitat, some basic information is needed. Every ten 
years, the Chinese government conducts a systematic, multi-year census of giant pandas, to clarify the 
status and distribution of the wild population. Three major censuses since 1974 have been conducted. 
Such extensive surveys are a complicated and time-consuming process; the cost of the census is also 
vast. In 1974-1977, the first census about 3,000 people took part in this survey estimated the 
population and distribution based upon sightings and spoor analysis. In 1985-1988, a joint 
China/WWF team executed a second census. A professional survey team consisted of 35 people, who 
covered more than 30 counties over a three-year period. This third panda census was completed at the 
end of 2002.  
 
Combined with digital mapping technologies, the applications of remote sensing have become very 
important: monitoring illegal encroachment, tracing national park boundaries across international 
boundaries and through unmarked wilderness, identifying wildlife habitat in regions where humans 
have no easy access, and so forth (Savitsky, 1998). 
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In the past, the giant panda research based on geographic information systems (GIS) and remote 
sensing (RS) was limited. Pan, Gao et al. (1988), Chui and Zhang (1990), De Wulf et al. (1990; 1988) 
and Mackinnon et al.(1994) mapped and delineated the remaining panda habitat using Landsat MSS 
images and Landsat TM images. Some work has been done on the evaluation of the extent of forest 
loss for the giant panda in China, the prediction of the corridors in Min Mountains, and the mapping of 
panda habitat in Wolong Nature Reserve (NR). All this work was based on visual interpretation of 
multi-temporal images, not of digital analysis. The main disadvantage of visual interpretation is the 
high cost of labour. Liu Xuehua (1997), Liu Jianguo et al. (2001), and Loucks et al. (2001) applied 
advanced digital analysis technology on the human impact, habitat degradation, habitat evaluation and 
potential habitat identify. These studies are mainly concentrated on Wolong NR, and panda habitat of 
the whole Qinling mountains research based on RS/GIS still rests on small scale and coarse resolution. 
Liu Xuehua (2001) developed a new approach, an integrated expert system and neural network 
algorithm based on RS/GIS to mapping panda habitat, analysis panda habitat use and explain regular 
of panda seasonal movement in Foping NR. 

1.2. Research problem statement 

For more than 37 years, the giant panda has been the symbol of the World Wildlife Fund (WWF) and 
associated with the conservation of endangered species and critical habitats throughout the world. As a 
known international conservation organization, WWF has twice participated in the census for giant 
pandas by support with finance and technology. Despite such recognition, continued habitat loss and 
fragmentation threatens the survival of the giant panda and make it one of the most endangered 
mammal species on earth.  
 
Conventional methods of estimating animal population, habitat and making stock maps using ground 
survey are time consuming.  It is therefore difficult to complete the revision within the scheduled time. 
As a result, most of the stock maps do not reflect the current status of the habitat. There is still a lack 
of quantitative, correct description on panda habitat characteristic in many remote areas. In China, the 
practical application of advanced GIS/RS technologies has been slow, especially on the research of 
rare, endangered species such as the giant panda. 
 
Movement pattern of panda population in different mountains may not be the same, and remain 
unclear (Pan, 1988). Habitat heterogeneity may lead to different utilization behaviour. Some studies 
have been undertaken on the movement and habitat use of the giant panda in the Qinling Mountains. 
The giant panda in Changqing NR and Foping NR occupy two distinct seasonal ranges and have a 
regular seasonal movement between winter range below 1950 m and summer range above 2160 m (X. 
Liu, 2001; Pan, 1988).  
 
Laoxiancheng NR is one of the northernmost distribution areas of the giant panda. Although it has 
been established as a panda habitat “corridor” for ten years, virtually little is known about this area on 
the habitat characteristics, suitability, bamboo distribution, panda distribution pattern and movement 
pattern (Loucks, 2002 Personal communication). Around 33 giant pandas were spotted during the third 
panda census on April 2001, and most of them were found above 2200 m. This discovery is differs 
from most observations. For one thing, the first and second national survey showed that the population 
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of giant pandas living in Zhouzhi county (including Laoxiancheng NR) was estimated to be less than 
16 pandas (MOF & WWF, 1989). Secondly, the pandas in the Qinling Mountains stay for most of the 
year at low elevations (below 1950m) feeding on Bashania fargesii bamboo from September to May 
(X. Liu, 2001; Pan, 1988). Therefore, there is great interest to know the reasons behind this surprising 
presence of the giant pandas in this area and this season, and its habitat characteristics.  
  
Understory vegetation is a critical component of biodiversity and an essential habitat component for 
many wildlife species. However, compared to overstory, information about understory vegetation 
distribution is scant. Although remote sensing techniques have been successfully applied to map 
overstory vegetation distributions, few people attempted to apply current remote sensing classification 
techniques to include understory vegetation. Liu Jianguo et al. (2001) and Loucks et al. (2001) classify 
the giant panda habitat into forest or non-forest classes. In fact, understory vegetation species have 
never been classified directly from remote sensing data. 
 
The panda is omnivorous, but bamboo represents 99% of their diet. It existence revolves around its 
almost exclusive diet of bamboo. In the panda distribution area of Laoxiancheng NR, bamboo is 
typically an understory species. Some studies and field observation indicate that there are relationships 
between the tree layer and bamboo in Wolong NR and Foping NR (X. Liu, 2001; Reid, 1991; Wang, 
1993; Wei, 1999, 1996; Yang, 1997, 1998) 

1.3. Assumptions 

The panda population estimated by third panda national census force us to investigate why so many 
giant pandas are living in the Laoxiancheng NR? Two possible answers are: 
 
1. The pandas come from neighbouring regions because of human activity (passivity migration). 
 
2. The pandas are native “residents” and population has grown because Laoxiancheng nature reserve 

hosts rich bamboo forest and a very suitable habitat (suitability). 
 
This study explores the second answers because data and time was too limited. In order to monitor the 
migration of pandas, thus it is assumed that in the Laoxiancheng NR panda are native residents and the 
population has grown because of highly suitable habitat. 

1.4. General objective 

The general objective of this study is to develop method to rapidly analyze the habitat characteristics, 
spatial pattern of the giant panda distribution in Laoxiancheng NR. This involves the development of a 
methodology to quantify, and detect the primary food (understory species bamboo) of giant panda 
using remote sensing and geographical information systems. In addition, the accuracies of these 
methods are compared against conventional techniques. 

1.5. Specific objectives 

 To classify the land cover or vegetation types of the study area. 
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 To detect the distribution and coverage of the bamboo forest. 
 To assess the classification accuracy of land cover and bamboo coverage mapping. 
 To analysis the spatial distribution pattern of the giant panda and relationships between its 

environmental factors. 

1.6. Research questions 

 How does the bamboo density link to the land cover type, forest canopy cover, and other 
biophysical factors? 

 Is there a relationship between the panda presence and the elevation, aspect, slope, slope position, 
canopy cover, bamboo density, and land cover in Laoxiancheng NR?  

 Which classification methods are applicable for locating and quantifying the bamboo coverage? 
 Is there a difference between the accuracy of the new method compared to conventional single 

classifier? 
 How does the spatial pattern of the giant panda distribution in Laoxiancheng NR? 
 Is there a difference in giant panda presence between winter and summer in Laoxiancheng NR? 

1.7. Hypotheses 

 Expert system classifier combined with conventional single classifier will improve the 
classification accuracy of land cover and bamboo coverage mapping. 

 There is no suitable winter habitat for the giant pandas in Laoxiancheng NR.   

1.8. Organization of the thesis and research approach 

There are five chapters organized to answer the research questions presented above, they are: 
 
In Chapter 1, the general background and problem about the giant panda and its habitat is described. 
Subsequently, research assumptions, research objective and research question are defined. From it, we 
will understand why the topic is proposed. And what are the aims of the thesis. 
 
In Chapter 2, a comprehensive description about the study site is presented such as location, climate 
condition, drainage system, terrain, vegetation and fauna, bamboo, population and human activities. In 
order to get an insight into and understanding of the giant panda habitat situation of Laoxiancheng NR, 
some GIS technologies were applied such as digital elevation model (DEM). 
 
In Chapter 3, materials and methods are introduced. This chapter presents the reader what kind of 
materials and methods are applied in this research and how they are implemented, including software 
selection, data collection, image processing and some basic principle description. 
 
In Chapter 4, analysis and results, the cores of this thesis is presented here divided into four sub-
chapters, statistics analysis of the field data, land cover (or vegetation type) classification, potential 
bamboo coverage detection and spatial distribution pattern of the giant panda in Laoxiancheng NR. 
Each sub-chapter has an independent introduction and brief summary. 
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In Chapter 5, a general discussions and conclusions are presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 
 

 

Figure 2 The overall framework of the approaches 
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2. Study area 

2.1. Location 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 3 Location of the study area in Qinling nature reserve group 

 
 
The east-west Qinling Mountains play an important role as a natural geographical barrier against the 
cold air flowing from the north. They form the most northern refuge of the giant pandas. It is a 
boundary between the Palaearctic zoo-geographic and Oriental zoo-geographic regions, but also as a 
great divide between Yellow River and Yangtze River catchments. Up to now, six nature reserves 
were created here from 1965 (Table 1). Laoxiancheng NR is located in the middle part of the Qinling 
Mountains (33º43´- 33º57´ N, 107º40´-107º49´ E), and in the southern part of Shannxi province 
(Figure 3). It covers an area of approximately 126 km² and was established in 1993 as a result of 
recommendations from the Giant Panda National Conservation Management Plan. The plan called for 
the establishment of this reserve to “protect the northernmost population of giant pandas in the Qinling 
Mountains and connect with the Foping reserve to the south” (Mackinnon, 1989). 
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Table 1 The nature reserves of the Qinling Mountains contributed to giant panda conservation 
(modified from Li, 1989) 

Nature Reserve Size (km2) Date Established Primary Reason for Establishment 

Taibai Mountain 563 1965 Warm temperate zone ecosystems 

Foping 293 1978 Giant panda and its habitat protection 

Zhouzhi 564 1988 Golden monkey and its habitat protection 

Laoxiancheng 126 1993 Giant panda and its habitat protection 

Changing 299 1995 Giant panda and its habitat protection 

 

2.2. Climate 

Figure 4 Mean month temperature of 
Houzhenzi meteorograph observation station 
(right) 

The climate data was collected from a 
neighbour meteorograph observation station 
during fieldwork (Houzhenzi station of 
Zhouzhi County). The average annual rainfall 
is 946mm.The mean month temperature is 
8.4℃, and the extreme highest temperature is 29.7℃ in July, the extreme lowest temperature is -4.2℃ 
in January. The frost-free growing period is 165 days. Both temperature and precipitation are heavily 
influenced by local topography. Due to elevation variation from 1517 m to 2904 m in Laoxiancheng 
NR, the vertical difference of the mountain climate is obvious. It changes from the low valley to the 
high summit with warm-temperature zone of lower mountain area, temperature zone of mid-mountain 
area and frigid-temperature zone of sub alpine area.  

2.3. Drainage system 

Figure 5 The distribution of main drainage system in 
Laoxiancheng NR (right) 

There are nine main rivers: Zhengnan River, Xushui River, 
Luoyang River, Diaogou, Yangjiagou, Taer River, Dagou, 
and Ruanquangou, Zheng River (Figure 5). The small 
streams occur in every valley. The source of Luoyang 
River comes from the south slope of the Taibai Mountains 
and flows from the north to south. Other seven rivers all 
originate from the north slope of the Huangtong 
Mountains (Sub-mountain of the Qinling Mountains). 
They join and form the Xushuihe, finally flows to 
Hanjiang River (a large branch of the Yangtze River). 
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2.4. Terrain 

 
 
 
 

 

Figure 6 Elevation map and area proportion 

 
 

 

 
 

 

Figure 7 Aspect map and area proportion 

 
Laoxiancheng NR is located in the hinterland of the Qinling Mountains with an elevation range from 
1517 m to 2904 m (Figure 6). It is a rough mountain region (Figure 9). The average height is 2247 m. 
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48% of the area has a height between 1900-2300 m, 32% of the area has a height between 2300-2900 
m, 17% of the area has a height between 1700-1900 m, and only 3% of the area has a height between 
1500-1700 m (Figure 7). With respect to slope, although Laoxiancheng NR is located in the south 
slope of the Qinling Mountains, but the principle aspect still is north-facing (28%), 21% area is south 
facing, while 47% of the area belongs to northeast and southwest. The flat areas (4%) are concentrated 
in the main valley and are occupied by humans (Figure 8). 
 

 
 

 

Figure 8 Slope map and area proportion 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9 Spatial profiles from Southeast to Northwest in Laoxiancheng NR 

 
On slope gradient, five classes are shown in Figure 8. Nearly half area (40%) of Laoxiancheng NR is 
20-30 degree, the area of 27% is 30-40 degree, 25% area is 5-20 degree, 7% area great than 40 degree, 
and 2% area is 0-5 degree. According to the definition of a slope classification system (Zhou, 1990), 
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they belong to steep slope area, very steep slope area, moderate slope area, cliff area and gentle slope 
respectively. The cliff area is mainly concentrated in the northwest; the gentle slope mainly occurs in 
the area with height of 1700 m and surrounded by the local community.   

2.5. Vegetation and Fauna 

The diversity of landforms in Laoxiancheng NR has produced a variety of natural vegetation. 
Approximately 90 percent of the area of Laoxiancheng NR remains natural vegetation. Due mainly to 
elevation and climate, there is a vertical distribution pattern of the vegetation types. Ren (1998) 
indicates that in the south of the Qinling Mountains the main natural vegetation types are: deciduous 
broad-leaved forests (below 2000 m), birch forests (2000-2500 m), coniferous forests (above 2500 m), 
as well as interspersed shrub and meadow. In additional, Ren (1998) emphasizes that due to the 
integrated influence of soil, climate, landform and eco-biological properties of the dominant species, it 
is easy to see the phenomena of as occurring alterne (ecotone) sharply defined by elevation. CVCC 
(1980) defined that the deciduous broadleaf forest is below 1300 m, mixed coniferous and deciduous 
broad-leafed forest between 1300 and 2650 m, and coniferous forest above 2650 m. The above 
description is based on the whole south slope of the Qinling Mountains. For Laoxiancheng NR, there 
is no publication or research on the vegetation types so far.  
 
Through investigation in Laoxiancheng NR during this fieldwork, we found that there are three major 
forest types here, which are deciduous broad-leaved forest, mixed deciduous broad-leaved forest and 
coniferous forest. Dominant overstory species in the broad-leaved forest include oak (Quercus aliena 
var. acuteserrata), populus (Populus purdomii and Populus davidiana) and birch (Betula albo-sinensis, 
Betula albo-sinensis var. septentrionalis), other a special species is rhododendron (Rhododendron 
capitatum and Rhododendron concinnum). The upper bound of the populus distribution may reach to 
2450 m; the upper bound of birch can reach to 2800m. Dominants in the coniferous forest include pine 
(Pinus armandii, Pinus tabulaeformis and Tsuga chinensis), spruce (Abies fargesii) and larch (Larix 
chinensis), the upper bound of spruce can reach to 2850 m and the lower bound is found at 2250 m.  
 
The reserve also supports many kinds of vertebrates, especially some rare and specific species. There 
are golden takin (Budorcas taxicolor), golden monkey (Rhinopithecus roxellanae), and leopard 
(Panthera Pardus), musk deer (Moschus berezovskii), golden pheasants (Chrysolophus pictus), golden 
eagle (Aquila chrysaetos), blood pheasants (Ithaginis cruentus), and, of course, the giant panda 
(Ailuropoda melanoleuca), for whom the reserve was established and whose presence has assured the 
survival of all other species.  

2.6. Bamboo 

Several factors have an influence on the abundance and distribution of pandas. However, the pivotal 
one is obviously the availability of bamboo (Schaller, 1985). There are three dominant bamboo species 
comprising Fargesia Qinlingensis, Fargesia nitida and Bashania fargesii (Ren, 2002 Personal 
Communication). Only Fargesia Qinlingensis is widespread and available for giant panda to feed on，
and the rarer Bashania fargesii is limited to the lowest elevation area (1517-1600 m) at the west 
boundary of Laoxiancheng NR. Fargesia nitida is also fragmented with the Fargesia Qinlingensis. 
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According to the observations of reserve staffs, Fargesia Qinlingensis is the main food for panda in 
Laoxiancheng NR. 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 10 The pure bamboo (Fargesia Qinlingensis) forest (left) and growing under the forest of Abies 
fargesii (right) 

2.7. Population and human activities 

 
 
 
 
 
 
 
 
 
 

 

 

Figure 11 Population of Laoxiancheng village between 1949 and 2002 

 
About 36 households and 176 people are residing inside the Laoxiancheng NR in 2002. They belong 
to Laoxiancheng Village of Houzhenzi Township, Zhouzhi County, and divide into two village groups, 
Laoxiancheng and Dudumen. There are 49.6 hectares farmlands and 0.28 hectares per capita in each 
village group respectively. The human activities are mainly developed in the river valleys and the 
elevation ranges from 1600-1900 m. Due to the high and cold geographic condition, farming is limited. 
Only a few crops are planted by the local people; main crops are wheat, maize and potato. The 
production is very low. Total annual yield is 47400 kilogram, and 423-kilogram per capita output of 
grain. Thus, the majority income originates from collecting of Chinese medicinal herbs, beekeeping 
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and livestock grazing. However, the per capita income is still very low, only 300 RMB per annual 
(equal to 40 US dollars) and defined as an extra poor area by Zhouzhi county (interior report, 2001). 
 
Like most places in the Qinling Mountains which has a long history of human influence on the 
landscape, most of the forests below an elevation of 2200 m have been cleared at least once during the 
eighteenth and nineteenth century for timber, agriculture, charcoal, and other reasons (Pan, 1988). 
Historically, Laoxiancheng is a central town and an important ancient strategic point and has been of 
political importance. During the Qing Dynasty (1826), it was established as a county, and then later 
(1925) redefined as a village due to its decline. The half-closed natural geographic environment and 
severe natural conditions in the area have restricted the area affected by human being. As can be seen 
from the Figure 12 few human sites have occurred in very high area, and nowadays they are 
concentrated in low land area.  

 

 

 

 

 

 

 

 

 

 

Figure 12 Distribution of current and past resident site in Laoxiancheng NR
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3. Materials and Methods 

3.1. Data collection 

 
According to the research requirements, two types of field data were collected in Laoxiancheng NR 
during the fieldwork period (August-September, 2002). One was a land cover plot; another was a 
panda presence sighting. Based on the previous studies of a neighbouring nature reserve (X. Liu, 2001) 
on land cover mapping, and combined the land cover characteristics of Laoxiancheng NR. There were 
six land cover or vegetation types identified, which are rock and bare soil (bar), pure bamboo or mixed 
with meadow (bam), deciduous broad-leaved forest (dbf), mixed pinus and deciduous broad-leaved 
forest (mpb), mixed abies and birch forest (mab), and coniferous forest (cf). Water body is not 
considered as a land cover type for classification in my study. The first reason is the river width is too 
narrow to be detected by Enhanced TM plus (ETM+) sensors with an approximately 30×30m 
resolution, the second reason is the water body were classified together with stones; large open water 
bodies are very few in Laoxiancheng NR. There are three types of panda presence signs; sighting, 
dropping and feeding sign. The contents of the fieldwork inventory form are detailed in Appendix 1.  
 
Some basic equipment was used on my field data collection: Global Positioning System 
(MAGELLAN GPS315), altimeter, compass, 40 m measuring tape, digital camera, the 1:50,000 
topography map of Laoxiancheng NR, and a false colour composite (FCC) ETM+ satellite image 
prepared using of principal component analysis (PCA). 
  
Effective and successful sampling is based on fully understanding objective of the investigation. At the 
same time, the time and cost also should be considered. The results of DEM analysis showed that the 
terrain of Laoxiancheng NR is very rough and complex (Figure 9). In addition, the literature indicates 
that the pandas and vegetation in the Qinling Mountains have a vertical distribution pattern (X. Liu, 
2001; Ren, 1998) and be very mountainous making access difficult. Based on this situation, the 
conventional completely random sampling approach is impractical within such short time. Thus, 
stratified random sampling combined with randomized line intersect sampling method (Arvanitis, 
1997) was adopted. The stratification was by elevation range (Table 2) and a three-dimensional 
distribution view of 200 land cover plots are present (Figure 13). Meanwhile, five sub-plots (the size 
1×1 m) of bamboo density also were collected within each of land cover plots (the size 20 ×20 m) if 
the bamboo is present. Finally, a total of 200 field plots (the size 20×20 m) is collected.  
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Figure 13 Three-dimensional distributions of the field sample plots in Laoxiancheng NR 
 
 
Table 2 The sample distribution within a stratified elevation range 
 

Elevation range Proportion (%) Designed Implemented Proportion (%) 

1520-1900m 20 30 42 21 
1900-2300m 48 72 94 47 

2300-2904m 32 48 64 32 
Total 100 150 200 100 

 
 
Except for above primary data collection, some secondary data also was collected through the reserve 
staff interviews, farmer interviews and secondary data source. The secondary data include population, 
human activity, meteorological and the location of panda signs. Around 177 pandas sign points were 
located by GPS from 2000 to 2002 during the third panda national census and regular monitoring of 
the pandas in Laoxiancheng Nature Reserve. 

3.2. Satellite image selection and pre-processing 

Three Landsat ETM+ satellite images were available (10 May 2000, 31 July 2000 and 15 January 
2002). The image of 31 July 2000 was chosen for this study because of it has the lowest azimuth and 
sun angle, the shadow influence from landform was efficiently avoided in nature. In addition, the 
season during which this image was taken corresponded to the season of my fieldwork. 
 
ETM+ imagery has an approximately 30 x 30 m cell size (not including band 6 and panchromatic band) 
with 7 bands of information (Table 3); however band 6 and the panchromatic band were not available.
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Table 3 Spectral range and representative use of the 7 Landsat TM bands (Campbell, 1996) 
 

Band Spectral Range Intended Purpose 
1 0.45-0.52    blue-green Soil and vegetation separation 
2 0.52-0.60    green Reflection from vegetation 
3 0.63-0.69    red Chlorophyll absorption 
4 0.76-0.90    near IR Water body delineation 
5 1.55-1.75    mid IR Vegetative moisture 
6 10.40-12.50  far IR Hydrothermal mapping 
7 2.08-2.35    mid IR Plant heat stress 

 

Geometric correction is a basic image pre-processing step. Figure 14 is a geo-referenced Landsat-7 
ETM+ image recorded on 31 July 2000 (UTM, N 48 Zone). The yellow box shows the study site, 
Laoxiancheng NR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 14 Laoxiancheng NR as shown on Land-7 ETM+ image (acquired on 31July 2000, RGB-band4, 
band3, band2) 

3.3. Ancillary data 

As mentioned in section 2.4 and section 3.1 the study area has complex and rugged terrain, and the 
vegetation has a vertical distribution pattern. In hilly and mountainous regions, different cover types 
that have very similar spectral characteristics might occupy different elevation zones, slopes, or 
aspects. The spectral data are inadequate descriptors of many terrain phenomena and must be 
integrated with other information sources in order to increase the accuracy and reliability of the 
classification (Hutchinson, 1982). Therefore, a digital elevation model (DEM) is used in combination 
with image classification and spatial analysis. At the same time, aspect and slope maps are calculated 
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using the DEM (Figure 7 and Figure 8). The classes of aspect and slope match the field survey records. 
In this study, DEM combined with slope and aspect maps are further on expert system classifier (ESC). 
About ESC detail refer to section 3.6.3 chapter 3. 

3.4. Software application 

Software used for image processing, data manipulation and statistical analysis are defined in Table 4. 
 

Table 4 The software used in the study 
 

Soft package Used for 
ENVI3.5, ILWIS3.2, ERDAS8.5 Image processing and data transformation 
ARCGIS8.2, ARCVIEW3.2a Spatial pattern analysis 
ANEWEXPERT Image classification 
SPSS10.1, MINITAB13 Statistical analysis for field data 
Microsoft EXCEL Data sheet preparation 
Microsoft WORD Word processing 
VISIO2.0 Flowchart making 

 

3.5. Statistical analysis 

A normal distribution test of the field data is performed. The test result indicates that bamboo density; 
bamboo cover and land cover did not follow a normal distribution. In addition, all of the data colleted 
are of category and rank order data types except for the bamboo density and altitude. Therefore, 
analysis of the relationships between environmental variables and bamboo density and land cover were 
determined through nonparametric statistical tests.  
 
Nonparametric tests are sometimes called distribution free statistics because they do not require that 
the data fit a normal distribution. More generally, nonparametric tests require less restrictive 
assumptions about the data. Another important reason for using these tests is that they allow for the 
analysis of categorical as well as rank order data types (Plonsky, 2003). 
   
Below are descriptions of Chi-Square, Kruskal-Wallis and Mann-Whitney U-tests: 
 

 Chi Square test is used to test expected versus observed frequencies, there are two situations in 
which it is used: One Variable (or Sample) case and Two Variable (or Sample) case. 

 
 Kruskal-Wallis is used to test the equality of medians for two or more unpaired samples. 

 
 Mann-Whitney U-test is used to test the equality of medians for two unpaired samples. 
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3.6. Image classification 

In this study, three classifiers of supervised classification were employed to classify the land cover 
type and bamboo coverage. They are: spectral angle mapper (SAM), maximum likelihood classifier 
(MLC) and expert system classifier (ESC) respectively. 

3.6.1. Spectral Angle Mapper (SAM) 

The spectral angle Mapper (SAM) is a physically based spectral classification that uses an n-
dimensional angle to match pixels to reference spectra. The algorithm determines the spectral 
similarity between two spectra by calculating the angle between the spectra, treating them as vectors in 
a space with dimensionality equal to the number of bands. This technique, when used on calibrated 
reflectance data, is relatively insensitive to illumination and albedo effects. Endmember spectra used 
by SAM can come from ASCII files, spectral libraries, or can be extracted directly from the image (as 
ROI average spectra). In this study, the endmember spectra directly from the image (a small program 
based on ENVI environment was produced by ACE division of ITC to overlay the training sample and 
extract endmember spectra). SAM compares the angle between the endmember spectrum vector and 
each pixel vector in n-dimensional space. Smaller angles represent closer matches to the reference 
spectrum. Pixels further away than the specified maximum angle threshold in radians are not classified 
(Research System Inc, 2000). For details, look at (Kruse, 1993). 

3.6.2. Maximum Likelihood Classifier (MLC) 

The maximum likelihood classifier is one of the most popular methods of classification in remote 
sensing. This classifier, like the Mahalanobis classifier, uses both the mean and centre of each class as 
well as information about the size and shape of each class from the covariance matrix. In addition, the 
maximum likelihood classifier assumes that the pixels are coming from multivariate Gaussian 
distributions with the same mean and covariance properties as the sample statistics, and calculates the 
probability that a given pixel belongs to a specific class. Unless you select a probability threshold, all 
pixels are classified. Each pixel is assigned to the class that has the highest probability (i.e., the 
"maximum likelihood"). The maximum likelihood method has an advantage from the view point of 
probability theory, but care must be taken with respect to the following items (JARS, 1996). 
 

 Sufficient ground truth data should be sampled to allow estimation of the mean vector and 
the variance-covariance matrix of population. 

  
 The inverse matrix of the variance-covariance matrix becomes unstable in the case where 

there exists very high correlation between two bands or the ground truth data are very 
homogeneous. In such cases, the number of bands should be reduced by a principal 
component analysis. 

 
 When the distribution of the population does not follow the normal distribution, the 

maximum likelihood method cannot be applied. 
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3.6.3. Expert System Classifier (ANEWEXPERT) 

When the environmental influences are needed to be subjectively endorsed with the knowledge of the 
experts into the classified output, the inference model that can support this operation is the Bayesian 
probability model (Skidmore, 1989). If experts are confident that a particular vegetation type should 
dominate in a particular area; the Bayesian model will subjectively combine this knowledge into the 
classified output.  
  
The even (Ha) occurs at grid cell location that is given a piece of evidence (Eb), i.e. 
 
P (Ha∣Eb) = P (Eb∣Ha) P (Ha) 
             _________________ 
                   P (Eb) 
P (Eb ∣Ha) is a priori conditional probability estimated by the expert using the knowledge such as the 
relationship between the bamboo distribution and its environmental effects. P (Ha) is the probability 
for the even (Ha) that objective type Ha occurs at location (i, j) and is estimated by the knowledge of 
the area, in this study, the maximum likelihood classification result combined with all of the 
knowledge with the b = 2, 3…, k items of evidence from the evidence layer, P (Ha ∣Eb; b= 1) (i.e., a 
posterior probability of Ha given Eb, for b = 1) replaces P (Ha) in equation above. P (Eb) is the classical 
marginal probability, and is the probability of the evidence alone, or the probability that any cell has 
an item of evidence (Eb) as an ancillary data. Bayes` theorem provides a formula to calculate P (Eb). 
 
P (Eb) = ∑P (Eb ∣Ha) P (Ha) 
 
Thereby, allowing P (Eb) to be continually updated as runtimes as P (Ha) is update. This idea was 
adapted from (Skidmore, 1996) and then written into The ANEWEXPERT expert system software by 
agriculture, conservation and environment division (ACE), ITC, Enschede, The Netherlands.    
 
It is critical when the evidence from several maps is combined; the weight (or their equivalents) is 
calculated from each map independently, and then combined in a single equation. This requires an 
assumption of “conditional independence”, and results in predicted posterior probabilities that are not 
exactly same as those calculated directly from the data. Direct calculation becomes unsuitable, because 
it yields no useful information or insight into the data. The conditional independence assumption leads 
to a model that, like most model, dose not fit the data perfectly, but provides a simplification that, 
when used carefully, is useful for prediction and gives insight into the relative contributions of the 
separate sources of evidence (Vaiphasa, 2001). 
 
All of the classification procedures above mentioned was performed under ENVI3.5 software 
environment. After arriving at an acceptable classification result, a 3×3 majority filter was applied to 
reduce the isolate pixels. The accuracy of the image classification was evaluated using the ground truth 
points collected during fieldwork. 
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4. Analysis and Results 

4.1. Statistical analysis for field data 

4.1.1. Introduction 

A total of 200 plots were collected during fieldwork. Each plot measured 9 factors, comprising 
elevation, slope, aspect, slope position, canopy cover, bamboo cover, bamboo density, land cover and 
panda presence/absence signs. Nonparametric statistic methods (Minitab Inc, 2000; Moore, 2001; 
SPSS Inc, 2001) analysed and explored the relationship between bamboo cover (bamboo density) and 
other environmental factors, the relationship between land cover (vegetation type) and physical 
variables, the relationship between giant panda and its habitat. 
  
The normal distribution test of bamboo density and bamboo cover revealed that they are not normally 
distributed. In addition, all of the data collected are category and rank order data types except bamboo 
density and altitude. Thus, the statistic analysis and test should be based on nonparametric tests. As 
one of the research aims is to analysis the relationship between bamboo density and other 
environmental factors, if in some plots the bamboo density is zero, bamboo is absent in this plot. Many 
absent plots should influence the relationship analysis between bamboo and other environmental 
factors. Thus, the Chi-Square Test was used to confirm whether bamboo absent and present plots 
coexist. If there is no difference between the bamboo absent or present, we can directly perform the 
Kruskal-Wallis and Mann-Whitney U-tests. If there is difference, we have to split off bamboo absent 
and present plots, and then continue to perform Kruskal-Wallis and Mann-Whitney U-tests. 

4.1.2. Relationship between bamboo and environmental factors 

 
Figure 15 shows that the probability of bamboo presence is strongly influenced by environmental 
factors including altitude, land cover and forest canopy cover (especially if the elevation is below 1900 
m or the land cover type is water area or rock and bare land, the bamboo is almost absent). If we 
attempt to obtain detailed and more accurate association between bamboo cover or density and its 
environmental factors, further analysis and tests are needed. 
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Figure 15 Main effects plot for bamboo presence (for the code numbers refer to Appendix 2) 

 
Bamboo cover is a rank order data type. On statistics, quantities analysis will be robust for explore the 
connection within the environment factors. Therefore, it is necessary to analyse the relationship 
between bamboo cover and bamboo density, to test whether or not they have strong positive 
correlation, and assesses whether it possible to interchange the parameters? Figure 16a Boxplot shows 
there is a strong relationship between bamboo cover and bamboo density. The Pearson correlations 
analysis indicates that the correlation is significant at the level of 0.01 (p=0.00, correlation value is 
0.84). This means that in this study these two variables can be interchanged to analyze the relationship 
between the bamboo and other environmental factors. Bamboo cover can fully represent the 
abundance of main food of the giant panda.  
 
The Chi-Square test for bamboo presence/absence in different land cover type, forest canopy cover, 
altitude, slope gradient, slope aspect and slope position were performed respectively. The results 
indicate that there is significant difference between bamboo presence/absence across the variant land 
cover type (p-value=0.03), altitude (p-value=0.00), and slope aspect (p-value=0.02). Thus, we have to 
split off absence and presence plots within these environmental factors, and then perform the Kruskal-
Wallis and Mann-Whitney U-tests. The Chi-Square test results also indicate there is no significant 
difference between bamboo presence/absence across the variant forest canopy cover (p-value=0.12), 
slope gradient (p-value=0.28), and slope position (p-value=0.59). Therefore, we can directly perform 
the Kruskal-Wallis and Mann-Whitney U-tests in these environmental factors. 
 
Figure 16b and 16c show that there is different bamboo density within different land cover type and 
slope aspect respectively. Figure 16d, 16e and 17f show that there is no different bamboo density with 
in different forest canopy cover, slope gradient and slope position respectively. Perform Kruskal-
Wallis test for bamboo density in different land cover type, forest canopy cover, slope gradient, slope 
aspect and slope position to validate this judgment respectively. The results indicate that there is 
significant difference between bamboo density across the variant land cover type (p-value=0.00), 
forest canopy cover (p-value=0.008), and slope aspect (p-value=0.00). And there is no significant 
difference between bamboo density across the variant slope gradient (p-value=0.62) and slope position 
(p-value=0.59). 
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Figure 16 Relationship between bamboo density and six environmental factors. (a) Bamboo density to 
bamboo cover. (b) Bamboo density to land-cover type. (c) Bamboo density to aspect. (d) Bamboo 
density to canopy covers. (e) Bamboo density to slope. (f) Bamboo density to slope position. (for the 
code numbers refer to Appendix 2) 
 
Perform the Mann-Whitney U-tests across land-cover type and slope aspect, and conducted two matrix 
table (see Appendix 3 Table A and B). The hypotheses are that land-cover type and slope aspect in the 
panda region has different bamboo density respectively. If the p-value of the Mann-Whitney U-tests is 
less that 0.05 which is 95 percent confidence interval (marked symbol *), we must reject the 
hypothesis that the bamboo density within this land-cover type is equal across the vegetation types, or 
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the bamboo density in different aspect is same. Further compare and test the sequence of bamboo 
density among different land-cover types and aspect, the result indicate that the land cover type of bam 
> (cf = mab = dbf) > mpb on bamboo density. For slope aspect, the sequence of bamboo density is 
East > (S-E = S = S-W = N-E) > (N = W = N-W = No aspect). 
 
Figure 17 Scatter plot shows that there is a significant association between bamboo density and 
altitude (R2=0.3271). As altitude increase, bamboo density also increases. The regression equation of 
Bamboo density = 0.0263*Altitude - 39.85 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17 Scatter plot bamboo density versus altitude 
 

4.1.3. Relationship between land cover and environmental factors 

Figure 18a, 18b, 18c and 18d show that there are significant relationship between land-cover type and 
four physical factors (altitude, slope gradient, aspect and slope position). With Kruskal-Wallis test, the 
results indicate that the relationship between land-cover type and altitude, slope gradient, aspect and 
slope position are significant, the p-value is 0.00, 0.00, 0.02 and 0.001 respectively. Perform Mann-
Whitney U-tests to further validate the relationship between any pair of land cover type in elevation, 
slope gradient, aspect and slope position. The results arranged in a matrix table (See Appendix 4 Table 
C, D, E and F).  
 
A further Mann-Whitney U-tests show the elevation relation to land-cover is cf > dbf (p=0.00), cf > 
mpb (p=0.00), dbf < mab (p=0.00), dbf > mpb (p=0.002), mab > mpb (p=0.00). The sequence in eleva-
tion from high to low is cf > mab > dbf > mpb; Relation to slope gradient is bam < cf (p=0.004), bam 
< mab (p=0.0003), bam < mpb (p=0.001), cf < mab (p=0.03), dbf < mab (p=0.001) and dbf < mpb 
(p=0.0003), a sequence of land cover type in slope gradient from high to low is mab > (mpb=cf) > 
(dbf=bam); Relation to aspect there only have a association between bam and dbf. The result shows 
that bam higher occurs on S-E, and dbf occurs on E. The test results of land-cover between slope posi-
tion illustrate that dbf < mab (p=0.02), cf > dbf (p=0.0001) and cf > mab (p=0.004), the order of land 
cover type on slope position from up to down is cf > (mab=mpb) > dbf.  
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Figure 18 Relationship between the land-cover and four environmental factors. (a) Land-cover to 
altitude. (2) Land-cover to slope gradient. (3) Land-cover to aspect. (4) Land-cover to slope position. 
(for code numbers refer to Appendix 2). 
 

4.1.4. Relationship between panda presence/absence and environmental factors 

The relationship between the panda presence and its environmental factors has been studied by many 
scientists in different mountain areas (X. Liu, 2001; Pan, 1988; Schaller, 1985; Wei, 1999, 1996). 
However, in Laoxiancheng NR, the northernmost distribution of the panda has never studied or 
published. It is necessary to briefly describe the status based on the ground truth plots of this field 
survey data to get an overview about this region’s panda preference for habitat factors before we start 
detailed analysis (Figure 19). 
 
Figure 19 summarize the giant panda habitat preference in Laoxiancheng NR. From it we can see that, 
the panda prefer areas with a slope of 6-30 degrees; with an aspect of east and southeast; with a slope 
position of middle and up; with a forest canopy cover of 0.01-0.74; with a bamboo cover of 25-100%; 
with a height above 2300 m, and they prefer areas with a mixed abies and birch forest, coniferous 
forest and pure bamboo forest. A detail analysis, Chi-Square test is used to validate the relationship 
between giant panda and these environmental factors. 
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Figure 19 Main effect plot for panda presence (for the code numbers refer to Appendix 2) 

 
Figure 20 shows that panda presence/absence relation to the bamboo coverage. It can be seen that 
there is strong relationship between panda presence and bamboo coverage. By performing Mann-
Whitney U-test to validate whether the panda is occupying areas of high bamboo cover, the 
hypotheses are,   H0: η1 =η2  ; Ha: η1<η2    whereη1 is the median bamboo cover of 0-49%, η2 is 
the median bamboo cover of 50-100% for plots in which panda is present. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 20 Boxplots bamboo cover and panda presence 

 
 
The significant value (p-value) for the test was 0.00. This indicates that the bamboo cover of 50-100% 
class has significantly more panda than area with a cover of 0-49%. 
 
Figure 21a, 20b, 20c, 20d, 20e and 20f display the panda presence/absence percentage versus different 
environmental variables (for code numbers refer to Appendix 2). From figures we can see that there 
are significant difference between panda presence/absence and its environmental factors. By 
performing the Pearson Chi-Square Test, the results indicates, there is strong evidence that panda 
presence across slope gradient is different (p=0.01); the panda presence across slope aspect is 
significant different (p=0.002); the panda presence within three slope position is significant different 
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(p=0.005); the panda presence within variant land-cover type is significant different (p=0.00); the 
panda presence across elevation is significant different (p=0.00), and there is no significant different 
between panda presence and forest canopy cover.  
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21 Relationships between the giant panda presence/absence and six environmental factors. (a) 
Panda response to slope gradient. (b) Panda response to forest canopy cover. (c) Panda response to 
aspect. (d) Panda response to slope position. (e) Panda response to land-cover type. (f) Panda 
response to elevation. 
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4.1.5. Summary 

In this sub-chapter, several nonparametric statistics were used to analysis the relationship between 
bamboo coverage and other environmental factors, the relationship between land cover type and 
physical factors, the relationship between panda presence/absence and its habitat in Laoxiancheng NR. 
The results indicate: 
 
1. Both bamboo cover and bamboo density are interchangeable.  
2. There is a significant relationship between bamboo coverage and vegetation type. Bamboo 

density increase across land-cover types according to the following relationship: Pure bamboo > 
(Coniferous forest = Mixed abies and birch forest = Deciduous broad-leaved forest) > Mixed 
pinus and broad-leaved forest. 

3. There is a significant relationship between bamboo coverage and altitude. The regression equation 
is: Bamboo density = 0.0263*Altitude-39.85. 

4. There is strong relationship between bamboo coverage and slope aspect. Bamboo density increase 
across aspects according to the following relationship: E > (S-E = S = S-W = N-E) > (N = W = N-
W = No aspect). 

5. There is weak relationship between bamboo coverage and forest canopy cover. The highest (0.75-
1) forest canopy cover has lowest bamboo density. 

6. There is no relationship evident between bamboo coverage and slope gradient, and slope position. 
7. There is a significant relationship between land cover and elevation range. The land cover type 

change across elevation range from high to low according to the following relationship: 
Coniferous forest > Mixed abies and birch forest >Deciduous broad-leaved forest > Mixed pinus 
and birch forest. 

8. There is a significant relationship between land-cover type and slope gradient. Land cover type 
change across slope gradient from high to low is Mixed abies and birch forest > (Mixed pinus and 
broad-leaved forest =Coniferous forest) > (Deciduous broad-leaved forest = Pure bamboo forest). 

9. There is slightly relationship between land cover type and slope aspect. The pure bamboo forest 
usually occurs on southeast slope face, and deciduous broad-leaved forest more occurs on east 
slope face. 

10. There is a significant relationship between land cover type and slope position. Land cover change 
across slope position from up to down is Coniferous forest > (Mixed abies and broad-leaved 
forest = Mixed pinus and broad-leaved forest) >Deciduous broad-leaved forest. 

11. There is a significant relationship between panda presence and altitude. Most of the panda signs 
are located above 2300m. 

12. There is a significant relationship between panda presence and bamboo coverage. In general, the 
panda signs occur within the 50-100% bamboo coverage. 

13. There is a significant relationship between panda presence and slope gradient, slope aspect, slope 
position and land cover type. However, there is not significant relationship between panda 
presence and forest canopy cover. 
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4.2. Land cover mapping for Laoxiancheng nature reserve 

4.2.1. Introduction 

Land cover is a fundamental component of an organism’s niche, faunal space, or habitat. According to 
Burley (1961), land cover is all of the vegetation and artificial constructions covering the land surface. 
Current land cover data are vital to many applications of natural resources management including 
basic habitat assessments, wildlife distribution models, delineating specific vegetative communities, 
and monitoring wilderness management. The list of categories to be mapped is determined through the 
objectives of the mapping effort. This study attempts to achieve such a mapping effort for detailed 
land cover including: rock and bare land (rbf), pure bamboo or mixed with meadow forest (bam), 
deciduous broad-leaved forest (dbf), mixed Pinus and broad-leaved forest (pbf), mixed abies and birch 
forest (mab), and coniferous forest (cf). According to Anderson (1976), such a land cover 
classifications is identified as Anderson level III. The objective is to map bamboo distribution and 
coverage in Laoxiancheng NR. This is to my knowledge no such map available for Laoxiancheng 
nature reserve. 
 
Information on the quality and distribution of habitat, or the status of current wildlife populations, are 
the usual objectives of wildlife-oriented remote sensing endeavours (Best, 1982). Research such as Liu 
Xuehua (2001) into giant panda habitat, use a remote sensing to quantify and evaluate overall habitat 
of Foping NR. Other researchers have used remote sensing to detect the habitat that is critical to 
certain species. One example of such a study is Liu Jianguo (2001) who evaluated the ecological 
degradation for a protected area of the giant pandas. Wildlife managers can use mapped information 
along with species-habitat association models to evaluate current habitat conditions, plan future 
objectives, and model the effects of specific management activities (Morton, 1998).  
 

4.2.2. Classifier selection and techniques approach design for classification 

 
According to the descriptions of three different classifiers in section 3.6 Chapter 3, along with the land 
cover characteristics of Laoxiancheng NR. A two-stage classification procedure was implemented.  
Firstly, spectral angle Mapper (SAM) and maximum likelihood classfier (MLC) were performed. Once 
we obtain a relatively high accuracy result, an expert system classifier (ESC) will be used to further 
improve accuracy of the land cover map (see section 3.6.3 Chapter 3). 
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Figure 22 The procedure of land cover classification for Laoxiancheng NR 

4.2.3. Training and testing samples preparation 

Table 5 Random selected training and testing samples for land cover mapping and classification 
accuracy assessment 

Class name Code 
Total  

samples 
Training 
samples 

Testing 
samples 

Bamboo or Mixed with Meadow bam 14 10 4 
Coniferous Forest cf 28 16 12 
Deciduous Broad-leaved Forest dbf 74 39 35 
Mixed Abies and Birch Forest mab 18 10 8 
Mixed Pinus and Broad-leaved Forest mpb 61 32 29 
Rock and Bare land rbf 15 8 7 
Total   210 115 95 
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4.2.4. Land cover classification with SAM and MLC 

The land cover classification result based on spectral angle Mapper (SAM) and maximum likelihood 
classifier (MLC) is presented in Figure 23 and Figure 24 respectively (for detailed about these 
classifiers see section 3.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 23 Land cover map of Laoxiancheng NR based on SAM 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 24 Land cover map of Laoxiancheng NR based on MLC 
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4.2.5. Accuracy assessment for SAM and MLC 

Table 6 Error matrix for land covers classification based on SAM 

Ground Truth (Pixels) 
SAM 

bam cf dbf mab mpb rbf 
Total 

bam 4 1 5 4 2 2 18 
cf 0 0 2 0 3 0 5 

dbf 0 5 15 0 13 0 33 
mab 0 5 3 3 3 0 14 
mpb 0 1 10 1 8 0 20 

Im
ag

e 
cl

as
si

fic
at

io
n 

rbf 0 0 0 0 0 5 5 
Total 4 12 35 8 29 7 95 

 
 
Table 7 User’s and producer’s accuracy for each land cover class, along with overall accuracy and the 
Kappa statistic based on SAM 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow 22.22  4/18 100.00  4/4 
Coniferous Forest 0.00  0/5 0.00  0/12 
Deciduous Broad-leaved Forest 45.45  15/33 42.86  15/35 
Mixed Abies and Birch Forest 21.43  3/14 37.50  3/8 
Mixed Pinus and Broad-leaved Forest 40.00  8/20 27.59  8/29 
Rock and Bare land 100.00  5/5 71.43  5/7 
Overall Accuracy 36.84     
Kappa 0.19        

 
 
Table 8 Error matrix for land covers classification based on MLC 

Ground Truth (Pixels) 
MLC bam cf dbf mab mpb rbf Total 

bam 3 0 0 1 1 0 5 
cf 0 2 8 2 1 0 13 

dbf 0 1 10 1 7 1 20 
mab 1 5 2 3 0 0 11 
mpb 0 4 15 1 20 0 40 

Im
ag

e 
cl

as
si

fic
a-

tio
n 

rbf 0 0 0 0 0 6 6 
Total 4 12 35 8 29 7 95 
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Table 9 User’s and producer’s accuracy for each land cover class, along with overall accuracy and the 
Kappa statistic based on Maximum Likelihood Classifier 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow 60.00  3/5 75.00  3/4 
Coniferous Forest 15.38  2/13 16.67  2/12 

Deciduous Broad-leaved Forest 50.00  10/20 28.57  10/35 
Mixed Abies and Birch Forest 27.27  3/11 37.50  3/8 

Mixed Pinus and Broad-leaved Forest 50.00  20/40 68.97  20/29 
Rock and Bare land 100.00  6/6 85.71  6/7 
Overall Accuracy 46.32     

Kappa 0.29        
 
To compare the classification accuracy between spectral angle mapper (SAM) and maximum 
likelihood classifier (MLC), the accuracy assessment results indicate that MLC (overall accuracy 
46.32%, Kappa 0.29) is better than the SAM (overall accuracy 36.84%, Kappa 0.19). From Table 7 we 
can see that although the SAM is very sensitive at detecting rocks and bare land, it distinguishes 
poorly between the mixed forest types, especially the coniferous forest and mixed pinus and broad-
leaved forest. At the same time, the SAM classification result (Figure 23) shows that most area of 
Laoxiancheng NR is classified as a deciduous broad-leaved forest type. According to the literature 
description (Ren, 1998) and the author’s observation during this fieldwork, this phenomena occurring 
in Laoxiancheng NR is unpractical. However, the MLC result accords with the real life (Figure 24). 
Therefore, we decided to choose the MLC result as the relatively more accurate classification. 
Subsequently, an expert system classifier (ESC) was employed based on the MLC classified results, to 
further improve the land cover classification accuracy (about ESC to see section 3.6.3 Chapter 3).  

4.2.6. Perform classification with integrated maximum likelihood and expert system 
classifier (MLESC) 

Table 10 Error matrix for land covers classification based on MLESC 

Ground Truth (Pixels) 
MLESC bam cf dbf mab mpb rbf Total 

bam 4 0 0 1 0 0 5 
cf 0 7 1 1 1 0 10 

dbf 0 2 22 3 8 1 36 
mab 0 1 0 3 0 1 5 
mpb 0 2 12 0 20 0 34 

Im
ag

e 
cl

as
si

fic
at

io
n 

rbf 0 0 0 0 0 5 5 
Total 4 10 35 8 29 7 95 

 



HABITAT ANALYSIS FOR GIANT PANDA IN LAOXIANCHENG NATURE RESERVE IN THE QINLING MOUNTAINS, CHINA 

- 32 - 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 25 Land cover map of Laoxiancheng NR based on MLESC 

Table 11 User’s and producer’s accuracy for each land cover class, along with overall accuracy and the 
Kappa statistic based on integrated MLESC 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow 80.00  4/5 100.00  4/4 
Coniferous Forest 70.00  7/10 58.33  7/12 
Deciduous Broad-leaved Forest 61.11  22/36 62.86  22/35 
Mixed Abies and Birch Forest 60.00  3/5 37.50  3/8 
Mixed Pinus and Broad-leaved Forest 58.82  20/34 68.97  20/29 
Rock and Bare land 100.00  5/5 71.43  5/7 
Overall Accuracy 64.21     
Kappa 0.51        

 
Table 11 shows that the integrated maximum likelihood and expert system classfier (MLESC) 
produced the highest overall accuracy of 64% and Kappa value of 0.51. All the land cover’s user 
accuracy and producer accuracy are improved; especially both land cover of coniferous forest and 
mixed abies and birch forest. However, according to Anderson (1976), this classification accuracy is 
still below the Anderson standard 85% accuracy guideline. 

4.2.7. Majority analysis 

This step involved post-classification smoothing. A majority filter was used. The operation removed 
any “salt and pepper” or speckling on the image. These speckles usually result from random sensor 
error or extreme spectral mixing. The final image appears much more homogeneous or smooth. In this 
case, two majority filter was used which are 3 pixel by 3 pixel and 5 pixel by 5 pixel mode, the centre 
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pixel weight settled as 3. After that, we compared the classification accuracy between different filter 
modes. The majority analysis for the land covers classification result, which derived from integrated 
maximum likelihood and expert system classifier (MLESC). 

Table 12 User’s and producer’s accuracy for each land cover class at the 3x3 homogeneous levels, 
along with overall accuracy and Kappa statistic 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow  100.00    4/4   100.00    4/4 
Coniferous Forest  63.64    7/11   58.33    7/12 
Deciduous Broad-leaved Forest  62.86    22/35   62.86    22/35 
Mixed Abies and Birch Forest  60.00    3/5   37.50    3/8 
Mixed Pinus and Broad-leaved Forest   54.29    19/35   65.52    19/29 
Rock and Bare land  100.00    5/5   71.43    5/7 
Overall Accuracy 63.16    
Kappa   0.49       

Table 13 User and producer’s accuracy for each land cover class at the 5x5 homogeneous levels, 
along with overall accuracy and Kappa statistic 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow 100.00  2/2 50.00  2/4 
Coniferous Forest 70.00  7/10 58.33  7/12 
Deciduous Broad-leafed Forest 59.46  22/37 62.86  22/35 
Mixed Abies and Birch Forest 50.00  3/6 37.50  3/8 
Mixed Pinus and Broad-leafed Forest 57.89  22/38 75.86  22/29 
Rock and Bare land 100.00  2/2 28.57  5/7 
Overall Accuracy 61.05     
Kappa 0.45        

 

 
Figure 26 User’s and producer’s accuracy for each land cover type throughout the every-pixel, 3x3 
homogeneous and 5x5 homogeneous assessment procedures 
 
The Table 12 and Table 13 show that the different filter modes produced different classification 
accuracy. In this case, the accuracy of 5×5 homogeneous level (overall accuracy 61.05% and Kappa 
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0.45) is slightly lower than 3×3 homogenous level (overall accuracy 63.16% and Kappa 0.49). We can 
see that although the 5×5 filter reduces the producer’s accuracy of bam and rbf. However, user’s 
accuracy stills no change or a slight increase more. In contrast, the user’s accuracy of land cover mpb 
and cf is increased. Figure 26 displays the user` and producer’s accuracy for each land cover type. It is 
easy to see the accuracy change of different filter mode. Finally, the 3×3 homogeneous level was 
adopted as a post classification smoothing to create homogeneous land cover. 

4.2.8. Merge land cover type 

Anderson (1976) indicates that aggregation of land cover categories must be possible in a land cover 
classification system. In my study area, both deciduous broad-leaved forest and mixed pinus and 
broad-leaved forest belong to the mixed forest type in a large extent. They always occur in the same 
environmental location. Moore and Bauer (1990) analyzed how forest and sensor characteristics affect 
the classification accuracy of Minnesota forest cover types. They concluded that the highly mixed 
vegetation of north central Minnesota necessitates the collapse of many potential cover types into a 
few broad classes. Similarly to merge a deciduous broad-leaved forest and mixed pinus and broad-
leaved forest, merge coniferous forest and mixed abies and birch forest. According to Anderson (1976), 
merged land cover type in this case are identified as Anderson classification level II. In theory, after 
merging these land covers, the overall accuracy and kappa coefficient should be improved. 
 
Table 14 User’s and producer’s accuracy for merged land cover classes, along with overall accuracy 
and the Kappa statistic based on integrated MLESC 
 

  

User Acc. 
(Percent) 

User  
Acc. 

(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Bamboo or Mixed with Meadow 80.00  4/5 100.00  4/4 
Merged cf and mab 80.00  12/15 60.00  12/20 
Merged dbf and mpb 88.57  62/70 96.88  62/64 
Rock and Bare land 100.00  5/5 71.43  5/7 
Overall Accuracy 87.37     
Kappa 0.73        
 
 
The Table 14 indicates that the overall accuracy and kappa value of merged land cover classes based 
on integrated maximum likelihood and expert system classifier (MLESC) is improved obviously, 
which above Anderson standard 85% accuracy guideline. 
  
The merged land cover map of Laoxiancheng nature reserve based on maximum likelihood and expert 
system classifier (MLESC) is presented to see Figure 27. 
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Figure 27 Merged land cover map of Laoxiancheng NR based on integrated MLESC 

4.2.9. Summary of statistics for land cover classification results 

Table 15 The coverage of land cover classes in Laoxiancheng NR 

Land-cover type Area (Km²) Proportion (%) 

bamboo or mixed with meadow 1.25  0.99  
coniferous forest 15.51  12.36  
deciduous broad-leaved forest 35.41  28.21  
mixed Abies and Birch forest 12.32  9.82  
mixed Pinus and broad-leaved forest 60.59  48.27  
rock and bare land 0.45  0.36  

Total 125.53  100.00  
 
 
 
 
 
 
 

 

 

Figure 28 The area size histogram of land covers type in Laoxiancheng NR 
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4.2.10. Summary 

In this sub-chapter, three different classifiers were employed to classify the land cover of 
Laoxiancheng NR based on the given training samples (ground truth samples). Along with this 
classification two post-classification approaches, which are majority analysis and merge classes, also 
were performed. The accuracy assessment results indicate: 
 
1. Integrated maximum likelihood classifier and expert system classfier produced the best and 

highest accurate classification results compared to the single classifier (spectral angle Mapper and 
maximum likelihood classfier). An improved overall accuracy of 64.21% and Kappa 0.51 was 
obtained, with an overall accuracy 18% and Kappa 0.22 increase. However, this classification 
accuracy is still poor and below Anderson standard 85% accuracy guideline. 

 
2. Two different filter models (3×3 homogeneous levels and 5×5 homogeneous level) produced 

slightly different classification accuracy and both filter reduced the accuracy. However, 3×3 is still 
better than 5×5 filter model. 

 
3. Merged land cover types, which are deciduous broad-leaved forest (dbf) and mixed pinus and 

broad-leaved forest (mpb), coniferous forest (cf) and mixed abies and birch forest (mab), produced 
higher classification accuracy (overall accuracy 87.37% and Kappa 0.73). But this result is based 
on a classification level reduction from Anderson III to II. 

 
4. The classification results show that in Laoxiancheng NR the coverage of pure bamboo forest (bam) 

is 1.3 km2 (occupying 1 percent of the study area), 15.5 km2 coniferous forest (cf) occupying 12 
percent of the study area, 35.4 km2 deciduous broad-leaved forest (dbf) occupying 28 percent, 12.3 
km2 mixed abies and birch forest (mab) occupying 10 percent, 60.6 km2 mixed pinus and broad-
leaved forest (mpb) occupying 48 percent, and 0.5 km2 rock and bare land (rbf) occupying 0.4 
percent.  
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4.3. Bamboo coverage mapping for Laoxiancheng nature reserve 

 

4.3.1. Introduction 

The welfare of wildlife, as biologists and wildlife managers long have understood, depends on the 
existence of suitable habitats (Fink, 1994). Schaller et al. (1985) had pointed out that little is known of 
habitat selection of the giant panda, except that they seem to concentrate their activities in 
mountainous areas, live in a bamboo environment and feed almost exclusively on bamboo species. 
From that time on, a lot of studies on the panda habitat selection and evaluation have been done in 
different mountains (Guo, 2000; Liu, 1997; X. Liu, 2001; Pan, 1988; Schaller, 1985; Wei, 1999, 1996; 
Yang, 1997, 1998; Yong, 1994). All the studies show that one primary and absolute factor influencing 
the giant panda distribution and the quality of habitats is bamboo presence/absence, bamboo species, 
and some substantial variation in the growth pattern (e.g. culms density and annual shoot production) 
and morphology (e.g. culms height and basal diameter) of bamboo culms when growing under 
different conditions.  
 
It has been reported that there are two main habitats occupied by pandas in Foping NR and Changqing 
NR in the Qinling Mountains: the winter habitat with bamboo species Bashania fargesii and the 
summer habitat with bamboo species Fargesia Qinlingensis. Liu Xuehua (2001) showed for in Foping 
NR that here is a clear transition existing between both of the bamboo species, and the elevation range 
is 1900-2100m. Traditionally approach to get bamboo distribution map is completely based on 
elevation range and comprehensive ground survey, the mapping is fully by hand. The result only 
offers a fuzzy bamboo presence or absence map such as Liu Jianguo et al. (2001) evaluate the panda 
habitat degradation of Wolong NR and Loucks et al.(2001) Classify and mapping the giant panda 
habitat of the Qinling Mountains only based on forest or non-forest in a large-extend. So far, no 
publication exists on the classification of the detailed bamboo coverage based on remote sensing 
technologies.  
 
In Laoxiancheng NR, only one bamboo species (Fargesia Qinlingensis) is available for the giant 
pandas (See section 2.6 Chapter 2). Generally, this bamboo species is growing at a large elevation 
range of 1065-3100 m in the Qinling Mountains, and most of them are occurs above 1900 m (Pan, 
2001; Ren, 1998; Yi, 1987).  
 
Based on the above descriptions, we think if we want to explore the giant panda and its habitat in an 
unknown region, the first aim should be to focus on their main food, bamboo distribution and coverage. 
However, due to the invisibility of most bamboo forest, classification using only a satellite images 
should be very difficult and questionable. Therefore, an expert system approach was employed to 
improve the classification based on multiple ancillary data and the relation between bamboo coverage 
with elevation, slope, aspect, slope position and land cover type.    
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Figure 29 The procedure of bamboo coverage classification for Laoxiancheng NR 

4.3.2. Training and testing samples preparation 

Table 16 Random selected training and testing samples for bamboo coverage classification 

Class name Cover Range
Total collected 

samples 
Training 
samples 

Testing 
samples 

High 50-100% 55 32 23 
Medium 25-49% 32 13 19 

Low 1-24% 35 19 16 
No-bamboo 0 88 51 37 

Total   210 115 95 
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4.3.3. Perform classification with maximum likelihood classifier (MLC) and integrated 
maximum likelihood and expert system classifier (MLESC) 

Bamboo coverage classification of Laoxiancheng NR based on maximum likelihood classifier (MLC) 
and integrated maximum likelihood and expert system classifier (MLESC), the classification result to 
see Figure 30 and Figure 31. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30 Bamboo coverage map of Laoxiancheng NR based on MLC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 31 Bamboo cover map of Laoxiancheng NR based on MLESC 
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4.3.4. Accuracy assessment for MLC and MLESC 

Table 17 User’s and producer’s accuracy for each potential bamboo coverage class, along with overall 
accuracy and the Kappa statistic based on MLC 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

High 56.25  9/16 39.13  9/23 
Medium 16.67  2/12 10.53  2/19 

Low 28.89  13/45 81.25  13/16 
No-bamboo 63.64  14/22 37.84  14/37 

Overall Accuracy 40.00     
Kappa 0.21        

 

Table 18 User’s and producer’s accuracy for each potential bamboo coverage class, along with overall 
accuracy and the Kappa statistic based on MLESC 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

High 57.89  11/19 47.83  11/23 
Medium 36.36  12/33 63.60  12/19 

Low 42.86  12/28 75.00  12/16 
No-bamboo 85.71  12/14 32.43  12/37 

Overall Accuracy 49.47     
Kappa 0.35        

 

4.3.5. Majority analysis 

The majority analysis for the bamboo coverage classification, which derived from integrated 
maximum likelihood and expert system classifier (MLESC). 
 

Table 19 User and producer’s accuracy for each bamboo cover class at the 3x3 homogeneous levels, 
along with overall accuracy and Kappa statistic 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

High 68.75  11/16 47.83  11/23 
Medium 86.67  13/15 35.14  13/37 

Low 41.38  12/29 75.00  12/16 
No-bamboo 50.00  17/34 89.47  17/19 

Overall Accuracy 55.79     
Kappa 0.43        
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Table 20 User’s and producer’s accuracy for each bamboo cover class at the 5x5 homogeneous levels, 
along with overall accuracy and Kappa statistic 

  
User Acc. 
(Percent) 

User Acc. 
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

High 66.67  10/15 43.48  10/23 
Medium 92.86  13/14 35.14  13/37 

Low 42.86  12/28 75.00  12/16 
No-bamboo 48.65  18/37 94.74  18/19 

Overall Accuracy 55.79     
Kappa 0.43        

 
 

 

Figure 32 User’s and producer’s accuracy for each bamboo coverage class throughout the every-pixel, 
3x3 homogeneous and 5x5 homogeneous assessment procedures 

 
Table 26 and Table 27 show that two filters processing produced same classification accuracy. Both 
filter improved the overall accuracy by 6.32% and Kappa value with 0.8. At the 3x3 homogeneous 
level, the producer’s accuracy for medium bamboo coverage was 35.14%, and for high bamboo 
coverage was 47.83%. However, both users’ accuracy increased to 86.67% and 66.67% respectively. 
In contrast, the producer’s accuracy of low bamboo coverage and no bamboo class was high, which is 
75% and 94%. But the user’s accuracy reduced to 42.86% and 48.65% respectively. From it we can 
see that there is confusion between high and medium bamboo coverage, and also between no bamboo 
and low bamboo converge. 
 

4.3.6. Merge bamboo coverage classes 

Four classes’ level presents detailed bamboo coverage range. In Laoxiancheng nature reserve, most of 
the panda signs were found in the high and medium bamboo coverage. Few pandas occur in the low 
and no bamboo area (See section 4.14). In addition, the level of four bamboo cover classification 
produced very poor classification accuracies, particularly on medium and low bamboo coverage 
classes (the user’s accuracy of them are 36.36% and 42.86% respectively). Thus, it is necessary try to 
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merge medium and low bamboo class or merge medium and high bamboo class, and then test whether 
the accuracy of classification result of potential bamboo coverage is improved. The results of merged 
classes see Figure 33 and Figure 34, Table 21 and Table 22. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 33 Merged medium and low bamboo cover map of Laoxiancheng NR based on MLESC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 34 Merged high and medium bamboo coverage map of Laoxiancheng NR based on MLESC 
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Table 21 User’s and producer’s accuracy for merged medium and low bamboo classes, along with 
overall accuracy and the Kappa statistic based on MLESC 

  
User Acc. 
(Percent) 

User Acc.
(Pixels) 

    Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

High 57.89 11/19 47.83 11/23 
Merged medium & low 50.82 31/61 88.57 31/35 
No-bamboo 85.71 12/14 32.43 12/37 
Overall Accuracy 56.84    
Kappa 0.34       

 
 
From Table 21 we can see that there is not a great deal of difference between the merged medium and 
low bamboo classes’ classification accuracy (overall accuracy 56.84%, Kappa coefficient 0.34) and 
four classes` level classification accuracy (overall accuracy 49.47%, Kappa coefficient 0.35). 
Although the merged classes` overall accuracy has been increased a bit (7.37%), however, the Kappa 
coefficient of merged bamboo classes is decreased 0.01. Thus, merging medium and low bamboo 
classes is not useful for increasing the classification accuracy of bamboo coverage.  

 

Table 22 User’s and producer’s accuracy for merged high and medium bamboo classes, along with 
overall accuracy and the Kappa statistic based on MLESC 

  
User Acc. 
(Percent) 

User Acc.
(Pixels) 

Prod. Acc. 
(Percent) 

Prod. Acc. 
(Pixels) 

Merged high & medium 61.54 32/52 76.19  32/42 
Low 42.86 12/28 75.00  12/16 
No-bamboo 85.71 12/14 32.43  12/37 
Overall Accuracy 58.95    
Kappa 0.37       

 
 
From Table 22 we can see that there is an obvious different between the merged high and medium 
bamboo classes` classification (overall accuracy 58.95%, Kappa coefficient 0.37) and four classes` 
level classification accuracy (overall accuracy 49.47%, Kappa coefficient 0.35). Through merging 
high and medium bamboo classes, an increase in overall accuracy of 9.48% and Kappa coefficient of 
0.02 is obtained. 
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4.3.7. Summary of statistics for bamboo coverage in Laoxiancheng NR 

Table 23 The area size and proportion of each bamboo coverage class in Laoxiancheng NR 

Bamboo coverage class Area (Km²) Percentage (%) 

High 24.10  19.20  

Medium 47.94  38.19  

Low 42.95  34.22  

No-bamboo 10.54  8.39  

Total 125.53  100.00  
 
 
 
 

 

 

 
 
 

 

Figure 35 The histogram for bamboo coverage classes in Laoxiancheng NR 

 
 

4.3.8. Summary 

In this sub-chapter, the maximum likelihood classifier and integrated maximum likelihood and expert 
system classifier were employed to classify the detailed bamboo coverage. The results showed: 
 
1. Maximum likelihood classifier produced very poor classification accuracy, the overall accuracy of 

40% and Kappa value of 0.21.  
 
2. The integrated maximum likelihood and expert system classifier also produced very poor 

classification accuracies, the overall accuracy of 49.47% and Kappa value of 0.35. However, an 
increase in accuracy of 9.47% and Kappa of 0.14 was obtained.  

 
3. Majority analysis is very helpful in improving the classification accuracy. By performing 3x3 

homogeneous and 5x5 homogeneous level filters. Overall accuracy improved by 6.32% and Kappa 
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value with 0.8. 
 
4. By merging different bamboo coverage classes, we found that merged medium and low bamboo 

coverage did not improve the overall accuracy clearly. In contrast, merging high and medium 
bamboo coverage classes resulted in an overall accuracy increase of 9.48% and Kappa coefficient 
of 0.02 is obtained. 

 
5. Based on the classification results of integrated maximum likelihood and expert system classifier, 

the overall accuracy and Kappa value is 55.8% and 0.43 respectively. We knew that in 
Laoxiancheng NR there are about 24 km2 high bamboo coverage (occupying 19.2 percent of the 
area), 47.9 km2 medium bamboo coverage (occupying 38.2 percent), 43 km2 low bamboo 
coverage (occupying 34.2 percent), and 10.5 km2 no-bamboo area (occupying 8.4 percent).  

 
6. Although the classification accuracy of the integrated maximum likelihood and expert system 

classifier (MLESC) is poor for predicting bamboo coverage class, the classification result is still 
very useful for describing and understanding the panda’s habitat situation of Laoxiancheng NR. 
The association between bamboo coverage classes derived from this classification and giant panda 
spatial pattern is arranged in next section 4.4. Since we have confirmed in section 4.1 that there is 
a strong and clear relationship between panda presence and bamboo coverage, thus, the panda 
distribution pattern in spatial also can used to account for the potential bamboo coverage.  
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4.4. Spatial pattern analysis of the giant panda distribution 

4.4.1. Introduction 

Modelling animal locations and movements in a heterogeneous landscape is essential when dealing 
with critical resource management problems, such as the decline or isolation of certain wildlife 
populations (Folse, 1989). Spatial modelling strategies have been used successfully to describe, 
explain, and predict natural phenomena such as wildland fire (Chou, 1990). Spatial modelling of 
individuals can help us understand dynamic population level processes such as inter- and intraspecific 
competition, group cohesiveness, and habitat availability and preferences (Fahrig, 1988). 
 
GIS technology is now about 30 years old. However, for the most part, people are still using it only to 
make maps. GIS can do much more. Using GIS for analysis, we can find out why things are where 
they are and how things are related. Having this information can help us gain a deeper understanding 
of a place, make the best choices, or prepare for future events and conditions (Mitchell, 1999). 
 
Spatial patterns are the result of spatial processes. These processes can be described, measured, and 
evaluated using various methods of point pattern analyses, such as Poisson process, nearest neighbour 
analysis and spatial autocorrelation analysis (Rechel, 1994). In GIS field, anther important method, 
mapping density surface is also used to explore the pattern of individual features, which shows us 
where the highest concentration of features is. 
 
The objective of this sub-chapter is to demonstrate and describe spatial pattern of the giant panda 
distribution and interactions with environmental variables in Laoxiancheng nature reserve using GIS 
techniques. The panda location data is derived from China’s third national panda census on 2001, and 
regular panda monitoring between 2001 and 2002 in Laoxiancheng NR. Two methods are used to 
illustrate this pattern and association, which are nearest neighbour analysis and density surface 
mapping. One current commercial soft package, ARCGIS8.2 is available to deal with this analysis. 

4.4.2. Nearest neighbour analysis 

Three fundamental point patterns can be identified using nearest neighbour analysis, which are 
complete spatial randomness, clustered patterns, and regular patterns (Rechel, 1994). 
 
A random distribution (Figure 36a) occurs when there is an equal probability of an organism 
occupying any point in space, and when the presence of one individual does not influence the presence 
of another. 
 
A regular distribution (also called ‘uniform’, ‘even’ or ‘overdispersed’: Figure 36b) occurs either when 
each individual has a tendency to avoid all other individuals, or when individuals that are too close to 
other individuals die or leave the population altogether. 
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An aggregated distribution (also called ‘contagious’, ‘clumped’ or ‘underdispersed’: Figure 36c) 
occurs either when individuals all tend to be attracted to (or are more likely to survive in) particular 
parts of the environment, or when the presence of one individual at a location attracts or gives rise to 
other individuals at the same location. 
 

 

 

 

 

 

 

Figure 36 The three main types of distribution of organisms in space adopted from (Begon, 1990) 

 
However, the distribution exhibited by a group of organisms usually depends on the spatial scale on 
which the organisms are studied. The progress in the understanding of ecological systems has been 
achieved by the awareness that patterns and processes are strongly scale dependent (Imfeld, 2000). In 
my study, the spatial scale is defined as a local level where the boundary is within Laoxiancheng NR 
(see Figure 37). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 37 The distribution of the panda activity signs in Laoxiancheng NR 
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Nearest neighbor distance was calculated using the following formula: 
 

AnR /2/1=  
 
Where A is the area of the study and n is the number of target points, 220 in this case. 
  
In this study, nearest neighbor analysis was performed with an extension model of ARCVIEW3.2. The 
result shows that null hypothesis (randomness) is rejected, a tendency towards clumping exists with R 
= 0.769575. 
 
As the definition of clustered patterns above mentioned, the result of nearest neighbor analysis of the 
panda sign locations in Laoxiancheng NR shows an aggregation distribution pattern. This implies that 
there are some environmental conditions limiting panda moving to another place or attracting the 
panda to a certain location. Thus, we want to know what reason leads to this distribution pattern. 
Analyzing the interaction between different panda density surface and its environmental factors will be 
useful to answer this question.  
 

4.4.3. Density surface mapping for the giant panda signs 

 
The conventional method on the animal habitat selection is based on individuals point location. 
Actually an important ability of animals which is locomotion was always ignored (Imfeld, 2000). One 
common phenomenon always happened in the field of ecology that is the lack of objective data. 
Insufficient location points always lead to a biased result. The GIS technology of mapping the density 
of features lets us see the patterns of where objects are concentrated. The transfer of the individual 
point location to a polygon, density surface mapping will be more precise account for the interactions 
between the animal and their environmental variables (Imfeld, 2000) . 
 
Density surface are created in a GIS as raster layers --- the GIS calculates a density value for each cell 
in the layer. To create a density surface, the GIS defines a neighborhood (based on a search radius you 
specify) around each cell center. It then totals the number of features that fall within that neighborhood 
and divides that number by the area of the neighborhood. That value is assigned to the cell. The GIS 
moves on to the next cell and does the same thing. This creates a running average of features per area, 
to create a smoothed surface. Figure 38 shows an example of what the GIS does on the density surface 
mapping (Mitchell, 1999). 
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Figure 38 An example of what the GIS do on the density surface mapping (Mitchell, 1999) 

 
 
According to the principle of the density surface mapping, a reasonable search radius should be 
selected based on the panda’s activity range in advance. The literature shows that the average total 
activity range of male panda is 6.2 Km2 and of female panda 4.7 Km2 in Foping NR (X. Liu, 2001). In 
Changqing NR, a male panda activity range is 7.6-28.9 Km2 and of female panda 3.3-20.2 Km2 (Pan, 
2001). In Wolong NR, a male usually has an activity range of about 6-7 Km2 and a female has a 
smaller activity range of about 4-5 Km2 (Hu, 1990). All above mentioned activity range is the whole 
year home range of the giant pandas. However, in the Qinling Mountains, there existing a separate 
winter and summer ranges (X. Liu, 2001; Pan, 1988; Yong, 1994). Every June, most of the pandas 
climb up to the summer habitat of above 2160-2300m from winter habitat of below 1950m to feeding 
another important bamboo species, and stay two or three months then return back to winter habitat 
year and year. Due to limited summer habitat, for example, in Foping NR, the summer habitats only 
have about 15% of the reserve. Liu (2001) point out that a male usually has summer activity range of 
about 3.3 Km2 and a female about 1.4 Km2. Thus, according to this situation we make out different 
density surface with different search radius 500 m, 1000 m, 1500 m, 2000 m, 3000 m and 4000 m 
based on whole panda signs location (Figure 52). From the results of density surface mapping we can 
see that the spatial pattern is absolutely different. We cannot be sure whether or not there is a seasonal 
movement behavior of the giant panda occurs in Laoxiancheng NR. Thus we choose a medium 
average activity range of 7 Km2, also means 1500 m search radius as the most suitable one. At the 
same time, based on 1500 m search radius we separate different panda activity signs (dung and 
sighting), different panda activity season (winter and summer), and created various spatially explicit 
density surface maps which will help us easily and quickly understand the spatial pattern of the pandas 
in Laoxiancheng NR.  
 
 
 

With a search radius of 100 feet, the area of 
the search neighbourhood is 31349 square 
feet. This cell has 3 objects within its search 
neighbourhood, so its density value is 3 
divided by 0.72, or 4.2 objects per acre. It is 
assigned to the second lowest class. 

The next cell has five objects within its 
neighbourhood – the same three the 
previous cell had, plus two additional 
ones. 5 divided by 0.72 = 6.9, so this 
cell gets assigned to the next higher 
class. 
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Figure 39 The density surface maps of the panda signs in Laoxiancheng NR based on different 
search radius that are 500 m, 1000 m, 1500 m, 2000 m, 3000 m and 4000 m respectively 
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Figure 40 The density surfaces of the panda dung location in Laoxiancheng NR 
based on 1500 m search radius 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 41 The density surfaces of the panda sighting location in Laoxiancheng NR  
based on 1500 m search radius 
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Figure 42 The density surface of the whole panda signs location in winter 

based on 1500 m search radius 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 43 The density surface of the whole panda signs location in summer 

based on 1500 m search radius 
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4.4.4. Interactions of panda distribution and environmental variables 

In the case of polygonal data models a variety of aspects can be considered for analyzing pattern. 
Juxtaposition, inter-dispersion and measurements of size and shape are a few examples for describing 
certain aspects of arrangements and their regularity in polygon structures (Imfeld, 2000). Through a 
GIS operation of intersection tools, all of the information we have produced can be extracted such as 
elevation, aspect, slope, land cover and bamboo coverage within different density surface classes, and 
then compare the habitat structure and characteristics in different density classes. A diagram  of this 
processing to  see Figure 44, which shows that the informations were extracted by density class 1 (the 
core density class). The proportion of environmental factors in different density implies the habitat 
preference of the giant panda. If we don’t separate and considering the temporal difference, only 
comparing the environmental factors difference within different density classes based on the whole 
panda signs, the relationship to see Figure 45 and its explanation. If we want to know the habitat 
spatial difference between winter and summer in the core density class (density 1), refer to Figure 46 
and its explanation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 44 Diagram flows of information abstractions of the density surface from each element map 

GeoProcessing (Spatial clip) 

Statistic analysis 
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Figure 45 The relationship between panda density classes and environmental factors 

  
Figure 45 shows the relationship between different biophysical factors and five panda sign density 
classes (den1, den2, den3, den4 and den5). These classes are in a descending order from den1 to den5. 
The proportion of each class in all variables was calculated in relation to the five panda sign density 
classes except elevation. The results indicated as the proportion of slope classes 21-30 and 6-20 
decrease, the panda signs density decrease. When slope >31, the panda density also decreases. There 
was no significant relationship between aspect panda density classes. The results further indicate a 
decrease of panda density as mixed pinus and broad-leaved forest (mpb) increased. However, an 
increase in panda density was seen as the mixed abies and birch forest (mab), and coniferous forest 
increased (cf). As high bamboo class decreased, panda density also decreased. Panda density decreases 
as mean elevation decreases. It was also observed that extremely high altitude (above 2700 m) and low 
altitude (below 1700m) were not suitable for panda. In general, elevation, land covers type and 
bamboo coverage shows a strong influence on the spatial distribution pattern of the panda density.  



HABITAT ANALYSIS FOR GIANT PANDA IN LAOXIANCHENG NATURE RESERVE IN THE QINLING MOUNTAINS, CHINA 

- 55 - 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 46 Comparison of the environmental factors for two seasons in relation to the area proportion 
in the core density zone (panda density class 1) of Laoxiancheng NR 

 
Figure 46 shows that the environmental factors (aspect, slope, bamboo coverage and land cover type) 
difference in summer and winter in relation to the area proportion in the core density zone (panda 
density class 1) of Laoxiancheng NR except elevation. From it we can see that the Panda activity in 
summer are more located in southeast, east and south facing slopes. In contrast, the panda are more 
located in the west, northeast and east in winter. There was a slight difference in slope class proportion 
in the two seasons. Howerver, the proportion of the high and medium bamboo coverage was the same 
in summer while medium bamboo coverage was dominant in winter. In summer, the Panda were found 
on four land cover types (deciduous broad-leafed forest, coniferous forest , mixed Abies and Birch 
forest and pure bamboo forest). In winter, they occur mostly in deciduous broad-leafed forest, and 
mixed pinus and broad-leafed forest. There was an altitudinal difference of 292 m in the summer and 
winter distribution of Panda.The summer locations were around 2524 m, while the winter locations 
were around 2232 m. 
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4.4.5. The accuracy of bamboo coverage map assessment by panda signs location 

The accuracy assessment results (overall accuracy 55.79% and Kappa 0.43) of the bamboo coverage 
obtained in section 4.3 was not high. However, based on our experience of the area, we still think it is 
very useful especially accuracy of high and medium bamboo coverage. Therefore, in this section we 
attempt to use the panda signs location points to test how good the classification accuracy is. The 
reason is that we have found that there is a significant relationship between panda presence and 
bamboo coverage (See section 4.1). In principle, the proportion of the pandas occuring in different 
bamboo coverage classes can be used to assess and validate the accuracy of the bamboo coverage. 
However, we would like to emphasize that the bamboo coverage distribution is very complex, and 
therefore this assessment is relative not absolute. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 47 The distribution of the panda signs in bamboo coverage map 

 

Table 24 The distribution of the panda signs of different season in relation to bamboo coverage 

 
 



HABITAT ANALYSIS FOR GIANT PANDA IN LAOXIANCHENG NATURE RESERVE IN THE QINLING MOUNTAINS, CHINA 

- 57 - 

The Figure 47 shows the association between the panda signs location and the bamboo coverage. And 
the Table 24 summarizes this association between different season panda signs and the bamboo 
coverage classes. The result indicates that most of the panda sign points (79 percent) occur in the area 
of high and medium bamboo coverage area, among them, there is about 30 percent panda points 
belong to high bamboo coverage, and 49 percent panda points belong to medium bamboo coverage. 
Only 16 percent panda points occur in the area of low bamboo coverage, and 4 percent panda points 
occur in the No-bamboo area. Based on the test result of the relationship between panda presence and 
bamboo coverage (See section 4.1), the probability of the panda occurs in high and medium bamboo 
coverage should be at least 95 percent. Therefore, the proportion of 79 percent panda points occur in 
high and medium bamboo coverage is able to represent the accuracy of high and medium bamboo 
coverage classification. This assessed accuracy is higher than the user’s accuracy (61.5 percent) of 
merged high and medium bamboo coverage classified by integrated maximum likelihood and expert 
system classifier (MLESC).  

4.4.6. Summary 

In this sub-chapter, two main GIS technologies, nearest neighbor analysis and density surface mapping 
were used to account for the spatial pattern of the giant panda distribution in Laoxiancheng NR, The 
results showed: 
 
1. The result of nearest neighbor analysis of the giant panda sign locations in Laoxiancheng NR 

shows an aggregation distribution pattern. The panda signs are mainly occurred in high elevation 
area close to the Foping and Changqing NRs. 

 
2. Based on 1500 m searching radius and whole panda signs, a five density surface maps were 

produced. By comparing the proportion of variation of environmental factors (elevation, slope, 
aspect, bamboo coverage and land cover type), we found that along with the elevation decline, the 
panda signs density also reduce. In high density areas, there is a higher proportion of 6-30 degree 
slopes, the land cover type is mainly composted by mixed abies and birch forest (mab) and broad-
leaved forest, the bamboo coverage is high to medium. There is no significant difference in aspect 
composition except for higher density types. 

 
3. Comparing the core density zone (density class 1) of panda location in summer and winter, the 

results indicate that there is slightly different in composition of environmental factors. For slope 
gradient, winter activity range is gentler than summer. For aspect, the winter activity range is more 
on west, northeast and east facing slopes. In contrast, summer activity range is more on southeast, 
east and south facing slopes. For land cover type, summer activity range is mainly composted by 
coniferous forest, mixed abies and birch forest and deciduous forest, winter activity range is 
mainly composted by deciduous broad-leaved forest, and a little bit mixed pinus and deciduous 
broad-leaved forest. For elevation, there are 300 m difference, summer activity range is higher 
than winter. 
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5. Discussion and Conlusions 
 
The research described in this thesis had a single, brief, encompassing primary objective, which is 
rapidly analyse the habitat characteristics and spatial distribution pattern of the giant pandas in 
Laoxiancheng NR. This objective was expanded into a wide range of classification methodological 
problems or calls it secondary objectives. Try to find which image classification method is most 
suitable for mapping high mixed land cover type as well as detection bamboo coverage using 
Enhanced Landsat Thematic Mapper imagery. This discussion section is organized by these objectives. 

5.1. Land cover mapping 

 
Before classifying the land cover and bamboo coverage, the relationships between biophysical 
variables and land cover type as well as bamboo density (bamboo cover) were tested. The results 
indicate that there is significant association between land cover type and altitude, slope gradient, slope 
position, and aspect. Also, there is strong relationship between bamboo density and altitude, land 
cover type, and aspect (for the detail to see section 4.1 of chapter 4). 
 
The accuracy of land cover classification shows that the conventional classifier was failed to achieve 
this goals. An overall accuracy with 36.8%, Kappa coefficient with 0.19 was obtained using spectral 
angle mapper (SAM). An overall accuracy with 46.3%, Kappa coefficient with 0.29 was obtained 
using maximum likelihood classifier (MLC). However, in comparison with SAM, the classification 
accuracy based on MLC is still better. Consequently, an integrated maximum likelihood and expert 
system classifier (MLESC) were employed to further improve the classification accuracy of land cover. 
Finally, an overall accuracy with 64.21%, and Kappa coefficient with 0.51 were achieved. According 
to Anderson (1976), this accuracy is still below the Anderson standard 85% overall accuracy guideline. 
We know that the Anderson level Ⅰand Ⅱ classifications (discrimination between deciduous and 
coniferous forests) from remotely sensed data have been produced with accuracies of greater than 80 
percent (Nelson, 1981; Walsh, 1980). For Anderson level Ⅲ classifications (discrimination between 
forest types), mapping accuracy has been generally lower (Hame, 1984). However, Skidmore and 
Turner (1988) discriminated five age classes in coniferous plantations in Australia with an 87 percent 
mapping accuracy using a supervised classification nonparametric classifier, where conventional 
supervised and unsupervised classification strategies had been unsuccessful, yielding less than 56 
percent overall mapping accuracies. Congalton (1996) also point out that Kappa values are 
characterized into 3 groupings: a value greater than 0.80 (80%) represents strong agreement, a value 
between 0.40 and 0.80 (40 to 80%) represents moderate agreement, and a value below 0.40 (40%) 
represents poor agreement. Based on this criterion, we think that MLESC was deemed satisfactory. 
Furthermore, Anderson (1976) indicates that aggregation of land cover categories must be possible in 
a land cover classification system. Moore and Bauer (1990) analyzed how forest and sensor 
characteristics affect the classification accuracy of Minnesota forest cover types. They concluded that 
the highly mixed vegetation of north central Minnesota necessitates the collapse of many potential 
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cover types into a few broad classes. According to these experiences, we try to merge two types of 
highly mixed land-cover type, as a result an overall accuracy with 87.37%, and Kappa coefficient with 
0.73 were easily achieved. We may choose any classification result of Figure 38 (Land cover map 
based on integrated maximum likelihood and expert system classifier) or Figure 40 (Merged land 
cover map based on integrated maximum likelihood and expert system classifier) as fundamental land 
cover map. It is determined upon the requirements to classification accuracy and the purpose of the 
work. 

5.2. Bamboo coverage mapping 

 
Since the complex of bamboo coverage distribution in natural field, additionally, due to the fact that 
bamboo is often understorying in vegetation, the ability of conventional image classification approach 
on predicting the bamboo coverage classes is limited. Stenback and Congalton (1990) using TM 
imagery to examine forest understory based on an unsupervised approach with a maximum likelihood 
classifier, they concluded that the overall accuracy of understory presence or absence ranged from 55 
to 69 percent, Kappa coefficient from 0.08 to 0.38. In this study, the accuracy of bamboo coverage 
classification showed that maximum likelihood classifier (MLC) produced an overall accuracy with 
40%, Kappa coefficient with 0.21. Based on the criterion of Anderson (1976) and Congalton (1996), 
these ranges of accuracies associated with understory classification are not encouraging. However, 
integrated maximum likelihood and expert system classifier yield a relatively better result, an overall 
accuracy with 49.5%, and Kappa coefficient with 0.35. Perform a majority analysis with 3×3 and 5×5 
homogeneous levels we get an increase in overall accuracy with 6.3% and Kappa coefficient with 0.8. 
Finally, we achieved an overall accuracy with 55.8%, Kappa coefficient with 0.43. Basically, we 
satisfied and accepted these accuracies. There are two reason addressed here: first, above classification 
of potential bamboo coverage are based on four classes` level. It presented a detail and complete 
bamboo coverage range. In comparison with past studies on understory presence or absence detection, 
this classification level is more difficulties. Second, according to Congalton (1996) definition on kappa 
value range, Kappa coefficient 0.43 should be represents moderate agreement.  
 
In practice, we are more interested in medium and high bamboo coverage. This is because the giant 
panda prefer this coverage range (47-100%), and less feeding and moving to low and no-bamboo area. 
Therefore, we want to know how accurate of this bamboo coverage range. The accuracy of merged 
high and medium bamboo coverage classified by MLESC showed that the user’s accuracy is 61.54%. 
Dymond and Johnson (2002) indicated that the species-habitat relationships can be used to improve 
remote sensing products. Based on this argument, we think that the species distribution pattern also 
can be used to assess the classification accuracy of the critical environmental factors. In this case study, 
the bamboo coverage undoubtedly defined as the critical factors for the Giant panda. In addition, the 
test on the relationship between panda presence and bamboo coverage (see section 4.1.1 chapter 4) 
showed that there is a significantly different (P=0.00) between 0-49% and 50-100% bamboo coverage. 
Hence, we summarize the association between panda sign locations and bamboo coverage map. The 
results indicated that about 79% panda locations occur in the high and medium bamboo coverage 
classes. We think this value (79%) may considered as the more reasonable accuracy to further 
demonstrate the classification effort of high and medium bamboo coverage. 
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5.3. The limitation on land cover and bamboo coverage mapping 

 
Although this thesis have argued that the mapping accuracies of land cover and bamboo coverage 
based on MLESC are acceptable. We still think that the Sampling method and sample size are 
influencing the improvement of classification accuracy.  
 
In recent years, the use of software for the calculation of statistical tests has become widespread. 
Despite we have stated in section 3.1 Chapter 3 that due to the limited of the time, cost and natural 
geography condition, we have to choice a feasible sampling approach instead of a completely random 
sampling method. However, most of the robust statistical tools are always assume the data are 
collected by a completely random sampling approach. Thus, we do not negate the possible bias 
conclusions caused by the sampling method. On the other hand, sample size is another important 
consideration. For many non-parametric tests, a number of statistical programs calculate significance 
levels based on algorithms appropriate for large samples only. Small samples often leads to incorrect P 
values (Mundry, 1998). When training pixels based on maximum likelihood classifier, sufficient 
ground truth data should be sampled to allow estimation of the mean vector and the variance-
covariance matrix of population (JARS, 1996). When assessing the accuracy of remote sensed data, it 
is critical to maintain a large enough sample size to ensure any analysis performed is statistically valid 
(Congalton, 1991). It is important to note that the sample size used for the accuracy assessment in this 
study was strictly limited by the availability of current and accurate reference data. Generally, for a 
typical satellite scene, a minimum of fifty pixels per class is considered a valid sample for checking 
classification accuracy (Congalton, 1991; Jensen, 1996). However, in this study, few training and 
testing samples for land cover and bamboo coverage classification are more than 50. Most of the 
samples are less than 20 (the details refer to Table 12 and Table 23).  
 
Actually, there is a sampling approach conflict occurred in the statistical analysis and image 
classification. If our sampling meets the requirement of the statistical analysis, we must miss the 
requirement of image classification. If we attempt to fulfil both of them, however, time and cost did 
not allow. 
 
Other data which have been included with remotely sensed data in multisource digital data analysis 
include precipitation, temperature and soils. Such environmental factors are important in determining 
forest species distribution (Skidmore, 1989). Reid (1991) and Ren (2001) indicate that there are 
relationships between bamboo distribution and climate conditions. We suggest that the future study on 
mapping understory species (bamboo species) should extend expert system knowledge to these fields. 

5.4. Spatial distribution of the panda relation to environmental factors 

 
The study shows that the spatial distribution of the giant pandas in Laoxiancheng NR was strongly 
influenced by their environmental factors, especially on bamboo coverage, elevation and land cover 
type. Most of the pandas are living above 2200m all year, where the habitat is mainly occurred by two 
bamboo cover classes, high and medium. Pure bamboo forest, coniferous forest, mixed abies and birch 
forest, and deciduous broad-leaved forest compose the land cover type. Comparison of the core 
density zone of the pandas in winter and summer showed that there are about 300 m differences in 
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mean elevation, the range from 2200 m to 2500 m. In summer, the panda mainly occurs around on the 
height of 2500m, where the land cover is pure bamboo forest, coniferous forest and mixed abies and 
birch forest, the bamboo coverage is high. In winter, the panda move down to the height of 2200m, 
where the land covers is deciduous broad-leaved forest, and mixed pinus and broad-leaved forest, the 
bamboo coverage is medium. In comparison with two neighbouring natuer reserves, there are clear 
different on bamboo distribution and panda movement. In Foping and Changqing Nature Reserves, 
there are two dominant bamboo species, which compose the pandas` staple food, namely Bashania 
fargesii and Fargesia Qinlingensis, and the distribution of the two species varies with the elevation. 
Bashania fargesii occurs mostly below 2000 m, while Fargesia Qinlingensis is located in higher 
altitudes of more than 2000 m (Pan, 2002). The pandas in both nature reserves have a regular annual 
movement between this two bamboo species distribution ranges. The study of Liu Xuehua (2001) in 
Foping NR indicated that the area above 2160 m is the pandas` summer range and the area below 
about 1950 m is the pandas` winter range. These elevation boundaries for the two ranges are different 
from the ones reported by Pan et al. (1988). They found that the winter range in their study area of 
Changqing NR, neighbouring to Foping NR, was below 1900 m and the summer range above 2300m. 
Therefore, the altitude 2000 m was defined as a boundary between winter habitat and summer habitat. 
Furthermore, the existence of two different bamboo species (available for pandas) is essential 
conditions composed winter and summer habitat. The period for pandas living at two seasonal activity 
ranges in Foping NR generally coincides with Changqing NR: from June to September stay in summer 
habitat, from October to May stay in winter habitat. However, there still have some expectant. Pan et 
al. (2002) stated that they collared 22 pandas in Changqing NR between 1989 and 1997. The study 
shows that 21 pandas had regular seasonal movement between winter range and summer range. Few 
pandas were recorded between February and April where height between 2300m and 2900m. They 
guess that these individuals are living in high altitude area all year and no regular seasonal movement 
between two habitat ranges. Based on this situation, the pandas in Laoxiancheng NR may be 
considered as an independent local population. This is because, their activity range mainly 
concentrated in one bamboo species (Fargesia Qinlingensis), where the elevation above 2200 m. The 
movement activity range only happened in the high and medium bamboo coverage area. Although 
there are 300 m difference between winter and summer, we could not to say that there is seasonal 
movement activity between two different habitats.  

5.5. The limitation on spatial distribution pattern analysis of the giant panda 

 
There is only 220 panda location data collected by third national panda census, reserve staff and author 
during 2001 and 2002 in Laoxiancheng NR. Furthermore, 45 points is in summer and 169 point in 
winter (for the detail refers to Table 31). The limited panda points of summer may restrict the precise 
analysis of spatial distribution pattern. Additionally, I would like to mention a special background here. 
During the period of third national panda census of April 2001 in Laoxiancheng NR, there is heavy 
snow coming to this region, about 15-20cm depth covered in the altitude of 1760 m (Personal 
communication with Ye Xinping, 2002). Original survey plan was adjusted to just after snow. The 
investigators of national census team found a phenomenon that most of pandas moving down to low 
elevation area. Therefore, we think that the lower bound of panda activity in winter in this study could 
be the extreme base line. However, this lower bound still above the altitude of 2000 m. According to 
the distribution of the panda signs of different season in relation to the bamboo coverage (Figure 47 
and Table 24), we can see that there still have 36 panda points occurred in low bamboo coverage, and 
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9 points occurred in no-bamboo area. Pan et al. (2002) point out that the weather condition is another 
important factor influencing the seasonal movement behaviour except for the available bamboo 
resources. Therefore, we think the restricted panda points, narrow temporal serial as well as special 
weather condition have influenced the quality of spatial distribution pattern analysis of the giant panda 
in Laoxiancheng NR. 

5.6. Conclusions 

 
 Only one dominant bamboo species (Fargesia Qinlingensis) occur and is a major source of food 

for the giant pandas in Laoxiancheng NR. 
 

 There is a significant relationship between bamboo coverage (bamboo density) and elevation, 
land cover as well as slope aspect. 

 
 Integrated maximum likelihood and expert system classfier (MLESC) produced the highest 

accuracies on mapping land cover type and bamboo coverage. 
 

 About 18% of the area had high bamboo coverage and is frequently used by the pandas all year 
especially in summer. 20% of the area had medium bamboo coverage and is visited mostly in 
winter. Remaining area is unavailable because of limited bamboo resource. 

 
 Most of the pandas are living above 2200 m, where mainly occupied by two bamboo coverage 

classes (high and medium). Pure bamboo forest, coniferous forest, mixed abies and birch forest, 
and deciduous broad-leaved forest compose the land cover type.   

 
 In comparison with Foping and Changqing nature reserves, there were no distinct seasonal ranges 

specifically winter habitat and summer habitat. The pandas of Laoxiancheng nature reserve may 
be considered as an independent local population because their movement behaviour is different 
from these two neighbouring nature reserve. 

 

5.7. Recommendations 

 
In the Qinling Mountains, there still have some panda distribution area little is known by us especially 
in the high elevation area. We strongly recommend strengthening the regular monitoring, scientific 
research as well as conservation activities in this area. 
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Appendix 1: Field data sheet 

                  Date:                                                                                                  Investigator: 
 

PLACE NAME  PLOT NUMBER  
GPS (UTM) X  Y  

Altitude  Slope position Up Middle Down 
Slope gradient 0-5 6-20 21-30 31-40 >40 

Aspect N N-E E S-E S S-W W N-W Flat 
Tree closure 0 0.01-0.24 0.25-0.49 0.5-0.74 0.75-1 

Closure ratio of the dominances tree species 
Species name  Ratio  Species name  Ratio  
Bamboo spe-

cies 
 

Bamboo cover 0 1-24% 25-49% 50-74% 75-100% 
Bamboo density (stems/m2) 

Sub-plot1  Sub-plot2  Sub-plot3  Sub-plot4  Sub-plot5  
Giant panda sign 

No sign Sighting Dung Feeding sign Others 
Dung composite Stem Leaf Stem and leaf Bamboo shoot 
Activity season Winter Summer 

 
            Note: Plot size 20×20m     Bamboo Sub-plot size 1×1m. 
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Appendix 2: The codebook for thesis 

 
 

CODE NUMBER 0 1 2 3 4 5 6 7 8 9 
Altitude rank  1500-1700 1701-1900 1901-2100 2101-2300 2301-2500 2501-2700 2701-2900   

Slope  0-5 6-20 21-30 31-40 >40     

Aspect  N N-E E S-E S S-W S W Flat 

Slope position  Down Middle Up       
Land cover type  war rbf dbf mpb mab cf bam   
Canopy cover 0 0.01-0.24 0.25-0.49 0.5-0.74 0.75-1      
Bamboo cover 0 1-24% 25-49% 50-74% 75-100%      

 
        Note: war (Water) 
                  rbf (Rock and bare land)  
                  dbf (Deciduous broad-leafed forest) 
                  mpb (Mixed Pinus and broad-leafed forest) 
                    mab (Mixed Abies and Birch forest) 
                    cf (Conifers forest), bam (Pure bamboo forest or meadow)
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Appendix 3 : Mann-Whitney U-tests for bamboo density 

Table (A) Mann-Whitney U-tests for bamboo density within different land cover type 

Item bam cf dbf mab mpb 
bam   0.0232* 0.0004* 0.0029* 0.0004* 
cf     0.0796 0.4494 0.0001* 

dbf       0.2126 0.000* 
mab         0.000* 
mpb           

* test is significant at 95% level of confidence and reject H0 
 

Table (B) Mann-Whitney U-tests for bamboo density in different slope aspect 

Item N N-E E S-E S S-W W N-W No asp.
N   0.4772 0.0015* 0.1141 0.8236 0.2657 0.5385 0.1406 0.4524 

N-E    0.0005* 0.0226* 0.6324 0.1768 1 0.0459* 0.7223 
E     0.1611 0.1925 0.3155 0.001* 0.0434* 0.0114*

S-E      0.3502 0.6913 0.0239* 0.7242 0.1125 
S       0.7656 0.7508 0.8323 0.551 

S-W        0.1702 0.5834 0.1437 
W         0.0654 0.6665 

N-W          0.1171 
No asp.           

* test is significant at 95% level of confidence and reject H0 
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Appendix 4: Mann-Whitney U-tests for Land-cover type 

 
Table (A) Mann-Whitney U-tests for Land-cover type in different altitude 

Item bam cf dbf mab mpb 
bam   0.3302  0.4958  0.9795  0.2766  
cf     0.000* 0.3679  0.000* 

dbf       0.000* 0.004* 
mab         0.000* 
mpb           

* test is significant at 95% level of confidence and reject H0 
 
Table (B) Mann-Whitney U-tests for Land-cover type in different slope gradient 

Item bam cf dbf mab mpb 
bam   0.0082* 0.0804 0.0007* 0.0019* 
cf     0.1239 0.0486* 0.1475 

dbf       0.0014* 0.0005* 
mab         0.6308 
mpb           

* test is significant at 95% level of confidence and reject H0 
 
Table (C) Mann-Whitney U-tests for Land-cover type in different aspect 

Item bam cf dbf mab mpb 
bam   0.06 0.0403* 0.1526  0.2421  
cf     0.8316  0.9908  0.4442  

dbf       0.8189  0.1276  
mab         0.4173  
mpb           

* test is significant at 95% level of confidence and reject H0 
 
Table (D) Mann-Whitney U-tests for Land-cover type in different slope position 

Item bam cf dbf mab mpb 
bam   0.105 0.4366 0.6431 1.000 
cf     0.0001* 0.0948 0.0071* 

dbf       0.0474* 0.1032 
mab         0.437 
mpb           

* test is significant at 95% level of confidence and reject H0 
 




