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Abstract 

 

In our study area -- the Foping Natural Reserve, bamboo -- the main food of Giant Panda is growing 

under the forest canopy. In order to investigate the Giant Panda carrying capability of the area, we 

need to know how bamboo is distributed in the area, and what its biomass distribution. However, 

mapping understorey vegetation that cannot be seen in a remote sensing image is an impossible 

mission for interpreting the image directly. 

 

In this thesis, methods for mapping the distribution and biomass of understorey bamboo in the study 

area are presented. First, the relationship between the environmental factors and the corresponding 

bamboo density is analyzed by ground sampling data with statistical methods. We found that for 

Bashania fargesii, the above storey light climate, the slope gradient and the aspect influenced the 

bamboo density most, while for Fargesia qinlingensis, the under storey light climate, elevation and 

aspect make most significant contributions to the bamboo’s density. 

 

Then, two multivariable models were built to calculate the density of two bamboo species from their 

environmental factors. From this part, we can see both of the two bamboos are light dependent. They 

both grow in relatively flat terrain. The Fargesia qinlingensis is distributed in high elevation area, 

where the environmental temperature is lower than that of Bashania fargesii. 

 

This study employed the light climate for bamboos as a key environmental factor for bamboo species. 

Both above storey light climate and under storey light climate in the study area is mapped.  And when 

we integrate it with other topographical factors by a general linear model, we can map the bamboo 

that distributed understory by mapping the niche where bamboo grows. At the same time, by making 

use of our multivariable model developed in this thesis, we can predict the bamboo density and 

biomass across the whole study area. The result shows a satisfactory mapping accuracy (78.33% for 

Bashania fargesii and 78.53% for Fargesia qinlingensis. 

 

Key words: Bashania fargesii, Fargesia qinlingensis, bamboo, remote sensing, Giant Panda, Light 

climate, Canopy density 
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1. INTRODUCTION 

1.1. Background information 

The giant panda (Ailuropoda melanoleuca) is found only in China, which were once widespread in 

southern and eastern China and in neighboring Myanmar and North Vietnam (Loucks, Lu et al. 2001). 

Today, they are restricted to temperate forest scattered across six mountains: Minshan, Qinling, 

Qionglai, Liangshan, Daxiangling, and Xiaoxiangling, which range in Shanxi, Gansu and Sichuan 

provinces in southwestern China. These forests are one of the most biologically rich temperate areas 

on Earth (WWFChina 2004). Since 1974, three major national censuses on giant panda have been 

conducted. According to the second Giant panda national census in the mid-1980's, only 1,000 giant 

pandas occupied about 13,000 square kilometers areas which have been fragmented into more than 32 

isolated patches. Some patches contain less than 10 pandas; only a few contain more than 50 (Wang 

2003). In 1999, China’s State Forestry Administration and WWF associated again to conduct The 

Third National Survey on the giant panda and its habitat. The results of this survey showed some good 

news that there are 1596 wild pandas in the world. However, the future for this endangered flagship 

animal is still unpromising. 

 

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 (Ouyang, Liu et al. 2000; Reid and Gong 2001) . The most pressing threats to the giant 

panda are habitat loss and fragmentation. Natural forests in large areas have been cleared and 

transformed into agriculture, timber and fuel wood. Because of China's dense human population, 

many panda populations are isolated in narrow belts of bamboo no more than 1,000-1,200 meters in 

width (WWFChina 2004). Panda habitat is continuing to disappear as settlers encroach into the 

mountain. In order to protect giant panda more effectively, some basic information about its habitat is 

needed (Shen, Li et al. 2002; Zhou, Huang et al. 2003). Otherwise, it will be difficult for managers to 

make correct decisions.  

 

Most studies on the panda habitat selection indicate that bamboo is a pivotal factor influencing the 

giant panda distribution (Schaller, Hu et al. 1985; Pan, Gao et al. 1988; Yong, Wang et al. 1994; Wei, 

Zhou et al. 1996; Liu 1997; Yang, Meng et al. 1997; Yang, Meng et al. 1998; Wei, Feng et al. 1999; 

Guo and Hu 2000; Liu 2001). The spatial distribution of bamboo has a substantial effect on the 

quality and spatial arrangement of panda habitat (Linderman, Bearer et al. 2005). Although pandas are 

related to bears and have a carnivore digestive system, they have adapted to a vegetarian diet (Chorn 

and Hoffmann 1978). Bamboo is an almost exclusively food source that Giant panda depend on. 

However, the digestive system of panda cannot easily break down the cellulose in bamboo because it 

is not designed to process plant matter. Thus, pandas must eat huge amounts of bamboo to survive - 

nearly 83 pounds or 40 kg, and for up to 14 hours, each day. For the purpose to protect the Giant 
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panda and its habitat, it is necessary to map the spatial distribution and to predict the potential area of 

bamboo in these areas. The research on detecting the density of bamboo that pandas feed on is also 

significant for Giant panda conservation.  

 

In previous research on spatial distribution of bamboo, field survey was the main method, measuring 

and collecting data from the wild and making interviews with local people. Due to the mountains 

covered by dense forest, field survey is costly, time consuming and data limited.  

 

With the development of the remote sensing techniques, some detecting methods for bamboo 

distribution have been invented based on remote sensing image analyzing. One way is visual 

interpretation from winter remote sensing image but the results were inconclusive (De Wulf, 

Goossens et al. 1988). Traditional classification methods and a nonlinear artificial neural network 

classifier were also employed to predict the presence and absence of bamboo (Linderman, Liu et al. 

2004). However, if we want to get more information on suitable panda habitat, a further study on 

quantity and quality of bamboo forest is needed. Some people have attempted to use NDVI 

(normalized difference vegetation indices) to detect the evergreen bamboo forest density, but this 

method is restricted to leaf-off season. Over all, in the past, the bamboo distribution research based on 

geographic information systems (GIS) and remote sensing (RS) was limited.  

 

Until now, remote sensing techniques have been successfully applied to map overstorey vegetation 

distributions(Myer 1980; Prince 1987; Ringrose and Matheson 1987; Gaveau, Balzter et al. 2003; Lu 

2005). However, compared to overstorey, information about understorey vegetation distribution is 

insufficient. Only few cases can achieve the ideal accuracy for detecting understorey vegetation by 

using directly image classification methods (Wang 2003). As bamboo is a typically under-storey 

species, it is difficult for people attempted to apply current remote sensing classification techniques to 

detect its distribution.  

 

The forest species that are dominated in one area determine the spectral signature received by the 

remote sensing scanner and thus allow detection using this spectral signature in a straightforward way. 

Most bamboo species, however, do not dominate the canopy. They are hidden below the ecosystem 

canopy and belong to understorey vegetation. It would be much more difficult to detect the 

understorey vegetations through analyzing their spectral signature directly, because only part of their 

reflected radiation could be received by a remote sensing device (Joshi, Leeuw et al. 2005). Because 

of that, indirect mapping approaches have been proposed to map the distribution for the understorey 

vegetation. The principle of this indirect mapping method is to make use of the ecological relationship 

between a species and its environmental conditions (Canullo and Campetella 2005; Joshi, Leeuw et al. 

2005; Thuiller, Richardson et al. 2005; Corney, Le Duc et al. 2006). This approach is often applied to 

determine the elements of the niche of a species (Baker, C.E. et al. 2000; Sutherst 2003). 

 

In this study, an indirect remote sensing method is proposed. It focused on exploring the relationships 

between bamboo distribution and its environmental factors. Then by detecting the environmental 

factors, we can predict where bamboo is growing. The study is based on the process shown bellow 

(Figure 1-1), and three aspects of influence factors are included in this research: topographical 

variation, light climate over/under forest and temperature variation.  
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Figure 1-1 Conceptual diagram for detecting  
the bamboos distribution and biomass 

1.2. Objective 

1.2.1. General objective 

 

The overall aim of this study is to map the distribution and biomass of understorey bamboos in 

Qinling Mountains indirectly by using remote sensing approach integrated with GIS techniques. Prior 

to modelling and mapping the distribution of bamboo, the relationships between bamboo distribution 

and quantity with environmental factors are investigated and explored.  

 

1.2.2. Specific objectives 

 

The general research objective is achieved by the following sub-objectives: 

 

� Investigate the relationship between bamboo distribution and its topographic factors. 

� Investigate the relationship between bamboo distribution and its light climate, including light 

climate over storey and climate under storey.  

� Finding the correlation between the spatial distribution of bamboo and temperature due to 

topographic variation effect. 

� Model the light extinction ability for overstorey forest. 

� Investigation of the relationship between canopy density and RS image.  

� Predicting and mapping the spatial distribution of bamboo that we are interested in. 

 

1.3. Research questions 

 

� What is the spatial distribution and biomass of bamboo in the study area? 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

4 

� Do topographic factors (including slope and aspect) impact on bamboo distribution,? 

� Is the light climate over/under canopy related to the spatial distribution of bamboo, and what is 

the correlation?  

� What is the correlation between temperature and bamboo’s distribution? 

� Which remotely sensing method is most suitable to reflect the different canopy density of 

overstorey vegetation? 

� What is the accuracy of bamboo prediction through an indirect method involving the estimation 

of overstorey canopy and under-canopy light availability? 

 

1.4. Assumption and hypotheses 

1.4.1. Assumption 

� There is a relationship existing between the light climate under canopy and reflectance in RS 

imagery. 

� The forest type and canopy density have not changed much between the image data acquisition in 

2002 and fieldwork in 2005. 

 

1.4.2. Hypotheses 

� The growth and distribution of bamboo depends on light climate, topographic factors and 

temperature. 

� The spatial distribution of bamboo can be predicted by means of an indirect remote sensing 

approach. 
 

1.5. Organization of the thesis 

Five consecutive chapters comprise the thesis.  

 

Chapter1 introduces the outline of this study, including background information, objectives, research 

questions, research assumptions and research hypothesis. 

 

Chapter 2 introduces the materials and methods used in the study area, including the general 

introduction of the study area, comprehensive description on data and data collection, as well as 

illustration for the methods of data processing and analyzing.  

 

The objective of chapter 3 is to analyze the field data and explore the relationships between bamboo 

distribution and the environmental niche where it grows. In chapter 3, a logistic regression model and 

a general linear model were built to predict the distribution of one kind of bamboo species named 

Bashania fargesii in the study area, and a general linear model was built to detect the distribution of 

the other bamboo species called Fargesia qinlingensis. 

 

In Chapter 4, the maps of the bamboo distribution and biomass were produced according to different 

bamboo species respectively. Prior to producing the bamboo distribution map in the whole study area, 

some environmental factors that have been proved to be related to bamboo growth were analyzed and 

mapped: these factors include a slope map, canopy density map, light climate overstorey map, and 

light climate understorey map. 
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Chapter 5 provides an overall discussion and conclusion about this study. 
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2. MATERIALS AND METHODS 

2.1. Study Area 

2.1.1. Location  

Qinling Mountains 

 

The Qinling Mountains, which lie in the middle of China, are one of the few remaining places where 

the giant panda lives in the wild. The Qinling Mountains form a natural geographical barrier between 

north and south China. There are about 200-300 pandas living there. The panda population is 

distributed in separate mountain ranges, making the Qinling panda population very fragile. From 1965 

to 2002, six nature reserves were created to protect giant panda and other endangered animals in 

Qinling Mountains. In March 2002, the Qinling Panda Focal Project was launched between WWF and 

the Shanxi Forestry Department of China. Since then, twelve new panda reserves and five panda 

ecological corridors have been created in Qinling. (WWFChina 2004). This study will focus one of 

the natural reserve areas to detect bamboo distribution: Foping National Nature Reserve (Figure 2-1). 

 

FoPing NR 

Shanxi, China 

 

Figure 2-1 Location of the Foping National Nature reserve   
 

Foping National Nature Reserve 

 

Foping National Nature Reserve (NR) was established in 1978 for the giant panda conservation, 

which is located on the south slope in the middle range of Qinling Mountains (33º32’-33º45’ N, 

107º40’-107º55’ E). The nature reserve occupies in the north of Foping County Town and spread in 
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the areas about 293 square kilometers (Liu 2001). At the south of Foping County is the headquarter of 

this reserve, which is round about 158 km from Hanzhong City in the south and 215 km from Xi'an 

City in the north (Ltd. 2005). 

 

2.1.2. Terrain 

The three surface maps of topographic factors – elevation map, slope gradient map, and slope aspect 

map were derived from the Digital Elevation Model (DEM) of Foping nature reserve. From them, we 

can find: 

 

� Foping nature reserve is a rough mountainous region with an elevation range from about 1100 m 

to 3000m (Figure 2-2). Most of the area is at the elevation range between 1500-2300 m. In 

general, the elevation of the northwest part of the Foping nature reserve is higher than that in the 

southeast part. 

� More than a half of the study area is taken by the slope gradient that ranges from 20 to 40 degree. 

And flat landscape takes no more than 4% proportion of the areas (Figure 2-3). 

� The aspect of Foping NR is visualized in the Figure 2-4.  

 

N 

     

Figure 2-2 Elevation map of Foping NR 

  

 

N 

 

Figure 2-3 Slope map of Foping NR 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

8 

 

N 

 

Figure 2-4 Aspect map of Foping NR 

2.1.3. Climate  

The study area belongs to the sub-tropical monsoon climate. The climatic data from 1996 to 2003 

were collected from the Meteorology Observation Station of Foping County. Figure 2-5 shows the 

monthly temperature, rainfall, humidity and sunshine hours, which were averaged from 1996 to 2003. 

The highest rainfall (169.175mm), temperature (22.9℃) and Humidity (80%) occur in July. The 

longest sunshine also occurs in July, about 180 hours in this month. The longer sunshine hours can be 

often observed from the beginning of May to the end of August. 

 

 

                 (a)                                        (b) 

 

                    (c)                                       (d) 

Figure 2-5 Average monthly temperature (a), humidity (b),  
rainfall (c), and sunshine hours (d) 
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2.1.4. Vegetation 

In Foping Nature Reserve, trees cover over 90% of the area and natural secondary forests comprise 

the major component of the forest system. Deciduous broadleaf forests, birch forests, conifer forests, 

shrub and meadow comprise the main natural vegetation types (Ren 1998). The vertical distributions 

of the natural vegetation are obviously different with the variation of altitude. It has been reported that 

the deciduous broadleaf forest usually grow at the elevation range below1300m, birch forest between 

2000 m and 2500 m, mixed conifer and deciduous broadleaf forest from 1300 to 2650m, and conifer 

forest above 2650m (CVCC 1980).  

2.1.5. Bamboos 

Bamboo，which thrives profusely through its root system, is the favorite food for Giant Panda and 

can grow in most climate conditions (YI 1985; YI 1985; Carter, Ackleh et al. 1999; Li, ma et al. 2004). 

In Foping NR, Bamboo has a broad distribution under the forest (FNNRA 2001). Bashania fargesii 

(Clayton, Harman et al. 2002) and Fargesia qinlingensis (Clayton, Harman et al. 2002) are the two 

main bamboo species for pandas in this natural reserve (Li 1997; Li, Ren et al. 2003). Generally, the 

bamboo of Bashania fargesii is distributed in the areas below the elevation of 1900 meters, and 

Fargesia qinlingensis is usually present above 1900 m in the area. Bashania bamboo forest (1100-

1900 m) is evergreen but Fargesia qinlingensis (2000-2800 m) is not. Usually in winter, the giant 

pandas inhabit at the low altitude areas and utilize the Bashania fargesii as their main food resource. 

And in summer, pandas often move up to the high altitude area and eat the young Fargesia 

qinlingensis (Liu, Skidmore et al. 2002). This study will focus on detecting the spatial distribution 

patterns of these two bamboo species. 

 

2.2. Research Materials 

2.2.1. Data available 

Satellite image selection  

 

Two Landsat TM satellite images were available (July 30, 2000 and January 10, 2002). Both of them 

have a 30 x 30 m cell size including 7 bands of information. Geo-referencing of the TM image was 

applied to make sure the imagery could be matched with the real world co-ordinates. The accuracy of 

the geometric correction was checked with the remarkable surface features in the topographic maps. 

  

The image of 30 July 2000 was chosen to estimate the overstorey canopy density, which will later be 

used for mapping the light climate underetorey in the study area. The fieldwork was carried out during 

the last 15 days of July, so the image of 30 July 2000 that was suitable to the time of my fieldwork 

should be my optimal choice.  

 

The other imagery, January 10 2002, was selected for visual interpretation. The false color 

combination of TM imagery band 4, 3, 2 was employed. Because the band 4 has a high reflectance for 

vegetation, so in this false color display the “red” area means vegetation and oppositely the “green” 

equates to bare soil. More deep “red” represents a denser canopy cover. Additionally, two primary 

forest types spread in the Qinling Mountains: deciduous broadleaf forests and conifer forests. When 

the winter comes, only the conifer forest can still alive with green leaves. Because of this natural 
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phenomenon, not only could we discriminate dense forest, open forest, bare soil and riverbeds in the 

winter TM imagery by using visual interpretation，but also the deciduous broadleaf forests growth 

areas and the conifer forest areas can be separated in general. In this study, water bodies were 

classified together with bare soil instead of considering as a separated class, because there are only 

shallow rivers in Foping NR and what we see in the image is the reflectance of muddy bottom of river. 

 

Digital Elevation Model 

 

A Digital Elevation Model (DEM) of Foping NR was also introduced in this study. The resolution of 

it is 25 x 25 meters. In order to match the resolution of the remote sensing image, it has been 

resampled to pixel size of 30 x 30 meters. The DEM was applied in this study for: 

 

� Deriving the surface maps of important topographical factors (viz. slope aspect and elevation), 

which contribute to the prediction model for bamboo distribution. 

 

� Getting the solar radiation over storey by so-called Shortwave Solar Radiation Model and 

mapping the light climate above forest. More details will be explained in the section 2.5.1 of this 

chapter. 

 

� Calculating the annually average temperature by using an empirical formula in the study area. 

Details will be given in section 3.2.3.  
  

Secondary dataset  

 

Around three hundred (297) bamboo information plots with GPS location during the third panda 

national census (from 2000 to 2002) were obtained as the secondary data. It contains information such 

as height, coverage and healthy status of two bamboo species (i.e. Bashania fargesii and Fargesia 

qinlingensis), which dominate in Foping NR. This independent dataset will be used as validation data 

for the spatial model of bamboo distribution.  

 

Some other secondary data like meteorological records from 1996 to 2003 that have been mentioned 

in section 2.1.3 was also collected from Foping NR staff. 

 

2.2.2. Data to be collected 

With the intention of exploring and analyzing the unknown relationship between bamboo distribution 

and its niche, the primary data shown in the  

Table 1 should be collected during the fieldwork. 
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Table 1 Data to be colleted in the field 

 

For the purpose of Data collected Data type Unit Data source 

Locating sample plots GPS coordinate Numeric °′″ Field work 

Elevation Numeric Meter 

Slope gradient Numeric Degree 

Slope aspect Nominal -- 

Detecting the topographic 

factors in sample plot 

Slope position Category -- 

Field work 

Estimating the light climate 

under storey caused by forest 

canopy density in sample 

plots 

Hemispherical photos Digital photos A piece of Field work 

Bamboo species Nominal -- 

Bamboo density Numeric Stems/m2 

Bamboo height Numeric Centimeter 

Bamboo basal diameter Numeric Centimeter 

Investigating the growth 

status of bamboo a 

Bamboo cover Numeric % 

Field work 

Forest source Nominal -- 

Forest type Nominal -- 
Getting the forest information 

Predominant arbors Nominal -- 

Field work 

a   
For data collected both for Bashania fargesii and Fargesia qinlingensis  

 

2.2.3. Instruments and software 

The research was carried out based on some basic instruments, which are summarized in Table 2. 

 

Table 2 Basic instruments for this study 

 

Fish-eye camera 

Densiometer 

Global Positioning System (GPS), Compass, Slope meter, ropes with scales 

Vernier caliper 

Tape (40 m measuring) 

 

The Fish-eye camera is a digital camera attached with a fisheye lens. By using this camera, the 

hemispherical photographs were taken in the center of every plot. These hemispherical photographs 

can record a panoramic environment of canopy structure above the sample plot (Brown, Doley et al. 

2000; Guevara-Escobar, Tellez et al. 2005; Keane, Reinhardt et al. 2005).  

 

In previous, overstorey canopy density was commonly estimated visually. According to the visual 

canopy density, people will evaluate how much solar radiation penetrates through overstorey. Due to 

the subjectivity of this process, the precise and continuous canopy density is not available. Therefore, 

it is hardly to get more accurate evaluation on light condition under storey. In order to obtain 

continues and more reliable canopy density overstorey, a new equipment named “fish-eye camera” is 

introduced into this research，which can avoid the drawback of the traditional method. By processing 

these fisheye photos with special software, the continuous canopy density can be retrieved. The 

technique of hemispherical photography has been applied successfully in some cases(Hadi, Wikantika 

et al. 2004; Chiang, Arthur et al. 2005). 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

12 

 

At the same time, another apparatus called a “Densiometer” was also used to estimate canopy closure 

in the field. When looking at the mirror in a densiometer, the relative closure of plant above and 

surrounding environment can be shown. The densiometer should be held level to survey canopy 

density overstorey in east, south, west, north and center individually, and then calculate the average 

value from the five positions as the final result. The evaluation value of densiometer can be used to 

compare with the results of fish-eye camera.  

 

Additionally, some soft wares were employed in this study for image processing, statistical analysis 

and GIS operation. These soft wares are list in the Table 3. 

 

Table 3 Software applications 

 

2.2.4. Field survey  

All of the primary data mentioned in Table 1 were collected in the Foping NR during the last fifteen 

days of July 2005. Because the time was so limited, we must make full use of time to obtain the 

maximum information from the fieldwork. An apposite sampling method is timesaving and will help 

to achieve study objectives in a relatively simple way.  

 

In order to avoid bias in a study, it is always suggested to use random sampling. However, 

conventional completely random sampling is not suitable for all study cases, especially in those 

having complicated landscapes. The results of DEM analysis indicate that the terrain is very rough 

and complex in Foping NR.  The pandas and vegetation in the Qinling Mountains have a vertical 

distribution pattern. The mountainous landscapes make it difficult to access and detect the bamboo 

growth. Both the hilly situation and such short time determined we couldn’t use the pure random 

sampling approach. It is impractical in this study area. Therefore, stratified random sampling method 

by segment elevation combined with randomized line intersect sampling method was applied in the 

fieldwork (Arvanitis and Portier 1997).   

 

This study focused on two bamboo species distributed in two different places in Foping area, and we 

collected two independent sample sets in the two areas where different bamboo species grows. The 

names of the two different areas are called San Guanmiao and Guang Toushan, for the Bashania 

fargesii species and Fargesia qinlingensis respectively. The distribution of those plots is shown in the 

Figure 2-6. 

Function Software 

Spreadsheets preparation Microsoft EXCEL 

Hemispherical canopy photographs processing Cap Light Analyzer2.0 

Image processing operations ERDAS8.7, Arc Map, FCD Mapper 

Spatial pattern analysis ARCGIS9.0 

Solar model calculating Shortwave Radiation Model 

Statistical analysis SPSS13, Statistial6.0, SYSTAT11, CurveExpert1.3 

Word processing Microsoft WORD, VISIO 
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Figure 2-6 Distribution of sampling plots 

 

In the sample set of San Guanmiao, 118 plots of 20 x 20m were investigated during 16-July to 24-July, 

2005 (Green triangle in Figure 2-6). The Bashania fargesii is presented in 74 sample plots. 

Meanwhile, five sub-plots respectively in east, south, west, north and center were developed in each 

plot. For Bashania fargesii, the size of each sub-plot is 2×2m. Primary data and information as slope 

and aspect was collected in every sample plot. Some basic instruments as described in 2.3 “Materials” 

were used to collect the data. 

 

In the sample set of Guang Toushan, 32 plots were visited (Figure 2-6, blue triangle), and Fargesia 

qinlingensis is present in all of the 32 plots. The size of each plot is 20 x 20, and the size of sub-plot is 

1 x 1m. The field information as slope and aspect was also collected in every plot. The sample data 

were gathered during 24-July to the end of July.  

 

All the primary field data as mentioned in Table 1 were collected during the fieldwork.  

  

� In each sampling plot: 

  

� Global Positioning System was applied to acquire the spatial location and the elevation; 

� Slope meter and compass was applied to measure slope gradient and slope aspect 

correspondingly;  

� Digital camera with fisheye lens was applied to take hemispherical canopy photos; 
� OVERSTOREY CANOPY DENSITY WAS MEASURED BY USING DENSIOMETER; 

� Bamboo cover was obtained by visual estimation; 
� PREDOMINANT ARBORS  

 

� In each sub-plot: 
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� Bamboo density was collected. If the bamboo is absent in that plot, 0 is marked on bamboo 

density. 

� Bamboo height and bamboo basal diameter were also collected  

 

Besides the primary field data, we also visited reserve staff and local villagers to acquire more 

comprehensive information about bamboo growth and panda activity in Foping NR. The essential data 

both collected from the field survey and secondary source will be used for the further analysis and 

discussion.   

 

2.3. Research Methods 

2.3.1. Introduction 

The ultimate aim of this study is to map the under storey bamboo forest spatial distribution by using 

the Remote Sensing (RS) and Geographical Information System (GIS) approaches. First, we analyze 

the relationship between the environmental factors (topographic factors, light climate, temperature 

factors) and the corresponding bamboos density in our sample sets with statistical method, then, by 

this relationship, we could see the bamboo density as a function of the environmental factors. Last, we 

apply this function to the whole study area, and using environmental factors maps to calculate the 

bamboo density map and bamboo biomass map in a large scale. In this study, we separated the 

“environmental factors” into three aspects: the topographic aspect (elevation slope, aspect and slope 

position), the light climate aspect (both over and under forest storey) and the temperature aspect. 

Before mapping the distribution of bamboo, surface maps of the crucial environmental variables that 

contribute to the spatial model for bamboos are produced. 

 

� Surface maps of the topographical factors can be easily derived from DEM by using GIS spatial 

analysis techniques, as shown in Figure 2-2，Figure 2-3 and Figure 2-4. 

 

� Annual average temperature can be mapped directly by an empirical formula based on DEM of 

the study area. Details will be given in section 3.2.3. 

 

� The over/under storey light climate maps should be produced separately. The overstorey light 

climate can be mapped with the Shortwave Solar Radiation Model, and after taking the canopy 

influence into account, the under-storey light climate can be obtained. 

 

Compared with light climate, the other two factors (i.e. topographic factors and temperature factors) 

are easy to map. So in the following sections (section2.3.2, section2.3.3), we will focus on how to get 

the light climate over and under forest storey for bamboos.  

 

2.3.2. Calculating light climate over storey 
※※※※ 

For the purpose to detecting whether the light climate over storey is responsible for the bamboo 

distribution, the solar radiation over storey should be calculated.  
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The accumulated solar radiation over storey should be considered as an essential factor for the growth 

of most green vegetation. In order to calculate the solar radiation over storey for the whole study area, 

one of the solar radiation models (Wong and Chow 2001; Fu and Rich 2002; Mahmood and Hubbard 

2002; Zaksek, Podobnikar et al. 2005) was introduced in this study, which was developed in 1996 by 

University of New South Wales (Kumar, Skidmore et al. 1997). It is a plug-in of ArcGIS extension 

and named as “Shortwave Radiation Model”.  

 

Previously, building the empirical relationship between hours of sunshine and radiation has often been 

used to measure the solar radiation over large areas (Lee and Baumgartner 1966; SWIFT and 

KNOERR 1973; Skidmore 1990; UDO 2002). However, most of them are so complicated that only 

professional people are able to take charge of these methods.    

 

Clear sky short wave solar radiation changes with the topographic variation. The areas with different 

latitude, elevation, slope, aspect and relative position may accept unequal solar radiation (Kumar, 

Skidmore et al. 1997). The Shortwave Radiation Model in this study is developed based on 

considering the variation of those topographic elements. This model can compute the short wave solar 

radiation during a certain period only based on digital elevation model and latitude data. We applied 

this model to our study area. In this study, the accumulated shortwave radiations both from April to 

August and from May to September were calculated using the DEM of Foping NR and the Shortwave 

Radiation Model. The period from April to August was chosen for consistency with the growing 

season of Bashania fargesii (Tian 1990; Yong, Wang et al. 1994) and the period from May to 

September was for Fargesia qinlingensis’s growing season (Li, Ren et al. 2003). 

 

2.3.3. Calculating light climate under storey 

 

The objective of the study is to explore the relationship between the niche where bamboo grows and 

bamboo distribution. A hypothesis is that there is a certain relationship existing between light climate 

under canopy and bamboo growth. In order to know the light climate under storey, the overstorey 

canopy density should be detected firstly.  

 

Hemispherical canopy photography is an indirect optical technique that has been widely used on 

estimation of canopy density and forest light transmission. Using a camera with hemispherical 

(fisheye) lens, hemispherical photos are taken upward from a ground point with a 180-degree visual 

angle. It could record almost all the visual information of that certain plot. Figure 2-7 shows 

hemispherical photos in sampling plots. The left one is taken in canopy open area, while the right one 

is taken under dense forest canopy. 
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Figure 2-7 Hemispherical photos 

 

By processing these photos with special software, the canopy density can be extracted. 

 

Gap Light Analyzer (GLA) is a imaging software to extract canopy density and gap light transmission 

indices from the fisheye photographs (SFU and IES 1999; Frazer, Fournier et al. 2001; Hardy, Melloh 

et al. 2004). All the hemispherical canopy photographs taken in the field were processed using GLA 

2.0 and then canopy densities in each plot were computed out. The obtained canopy densities were 

used for calculating how much radiation the ground could receive. In this study, we call the ability for 

overstorey to absorb or reflect the light as “extinction coefficient”, so“1- extinction coefficient” will 

represent the ability of solar radiation penetration. Then the light climate under storey can be 

calculated by: (1- extinction coefficient) * solar radiation above forest storey. For each sample plot, 

“1- extinction coefficient” can be calculated by GLA itself (SFU and IES 1999).  

 

By the method discussed above, we are able to detect the under-storey light intensity at a certain plot 

by computing the canopy density over storey at that position using GLA. If we want to model the light 

climate under storey in a large scale, the canopy density over storey in a large scale should be mapped 

in advance.  

 

For the forest canopy density mapping, many vegetation indices have been developed on the fact that 

green vegetation absorbs solar radiation strongly in the red spectral region and scatters it strongly in 

the near infrared (Purevdorj, Tateishi et al. 1998; Geerken, Zaitchik et al. 2005; Hoffmann, da Silva et 

al. 2005). NDVI (Normalized Difference Vegetation Index) is a conventional vegetation index used 

for land over, vegetation type and canopy density classifier(Defries and Townshend 1994; Gamon, 

Field et al. 1995). However, NDVI has its own limitation when the canopy density is in the range of 
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0.6-0.8(Freitas, Mello et al. 2005; Tang, Zhu et al. 2005). In that situation, this index becomes 

saturated, which means the NDVI gives a same high value to all of the densities. Subsequently, some 

other improved vegetation indices such as EVI (Enhanced Vegetation Index), AVI (Advanced 

vegetation Index) have been imported. Nevertheless, because Qinling Mountains has complex 

topography with full of dense forest, we cannot discriminate the different canopy density merely 

based on individual NDVI or AVI or other individual vegetation index. Finally, a deductive method to 

map forest canopy density introduced by Rikimaru (Rikimaru 1996; Rikimaru and Miyatake 1997) 

was applied to assess the canopy density in Foping NR, then four indices (i.e. AVI, BI, TI, SI) that 

contribute for modelling and mapping canopy density (Rikimaru 1996; Rikimaru, Roy et al. 2002; 

Santosh, Bhandari et al. 2003) were analyzed and calculated in this study. Figure 2-8 shows these four 

indices, which is redraw from (Roy 2003)  

 

Figure 2-8 Four indices for forest canopy density mapping 

 

� Advanced Vegetation Index  (AVI) 

 

Compared with NDVI, AVI reacts for the vegetation quantity in a more sensitive way. Thus, AVI was 

adapted to response the forest canopy density in this study. Based on the TM image, it can be 

calculated with the following formula. 

 

CASE-a B43<0 AVI= 0 

CASE-b B43>0 AVI=((B4+1) x (256-B3) x B43) 1/3 

Where B is the spectral band of TM image.  

 

� Bare Soil Index  (BI) 

 

Bare soil is the areas where no or fewer vegetation. BI was used as an opposite indicator for 

vegetation density. A low BI value means a high vegetation density value. The formula is:   

 

BI=((B5+B3)-(B4+B1)) / ((B5+B3) + (B4+B1)) x 100 +100 

Where B is the spectral band of TM image.  

 

� Thermal Index  (TI) 
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TI was used as a negative corresponding value for canopy density. Generally, the area with high dense 

canopy density has relatively low temperature because of solar radiation absorption and water 

evaporation by forest canopy. TI can be extracted from Band 6 of the TM image. 

 

� Forest Shadow Index (SI) 

SI can be evaluated by utilizing spectral information on the forest shadow itself and thermal 

information influenced by forest shadow together. Whereas, the appearance of shadow in imagery is 

often be caused by two reasons: the trees structure and the landform influence. After reducing the 

topographic effect, SI extracted from remote sensing images can be considered as an indicator for 

trees structure.  

 

SI=((256-B 1) x (256-B2) x (256-b3))
 1/3 

Where B is the spectral band of TM image. 

 

The four indices were integrated using the FCD Mapper (Forest Canopy Density Mapper), which is a 

software based on forest canopy density mapping model. After integrating these indices, a more 

reliable estimation of forest canopy density was estimated. 

 

After the forest canopy density map has been derived, we could transform it to under-storey light 

climate map, based on the solar radiation over storey, by equation: (1- extinction coefficient) * solar 

radiation above forest storey. Extinction coefficient can be parameterized by the analysis on field data. 

2.3.4. Statistical Analysis  

In order to find out which environmental factor contributes to the bamboo distribution, appropriate 

statistical techniques should be selected. According to the data type and distribution, parametric 

estimation or nonparametric test was chosen. All the variables that are significantly related to bamboo 

distribution were selected as inputs to the logistic regression model (LRM) and the general linear 

model (GLM). The logistic regression model was used in advance to make sure the potential areas for 

bamboo growing, and then general linear model was applied to estimate the bamboo density 

distribution based on the related environmental variables. 

 

2.3.4.1. Parametric correlation analysis  

Parametric estimation in this study is mainly used in estimate the relationship between continuous 

variables such as between light intensity and bamboo density.  

 

� Pearson’s correlation 

 

The Pearson's correlation (Pearson r), which is a correlation coefficient to measure the linear 

relationship between the variables, is the most common measure of correlation between two 

variables (SPSSInc. 2004). It reflects the degree to which the variables are related and ranges 

from -1 to +1. The dependent and independent variables should be quantitative and continuous.  

 

2.3.4.2. Nonparametric test 
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There are category data types with unknown distribution such as aspect in the data collected. 

Therefore, non-parametric methods were used as the main statistical techniques to analyze the 

relationships between some environmental variables (topographic factors and temperature factors) 

and bamboo density. 

 

Nonparametric tests require less restrictive assumptions about the data. They make allowances for 

the analysis of category as well as rank order data types and they do not require assumptions about 

the shape of the normal distribution. It contains many techniques that can analyze the data sets from 

different angles (SYSTAT software. Inc. 2004). Such an environmental variable can be believed as 

a critical influence factor for bamboo distribution if this variable can be proved having significant 

relation with bamboo growth from many aspects. The techniques below were imported to get a deep 

and complete insight to the relationship between bamboo distribution and environmental variables.  

 

� Spearman Rank Order test and Kendall tau test 

 

Spearman rank order test is used to test the correlations between two variables. It can be thought 

of as the regular Pearson product-moment correlation test. The difference between the two test 

methods is that the former one use coefficient Spearman rank R to express the correlation 

between rank variables while the later use Pearson r to describe relationship among continues 

variables. Kendall tau test is equivalent to Spearman R. However, Kendall Tau and Spearman R 

imply different interpretations (StatSoftInc. 2001). 

 

� Chi - Square test  

  

Chi - Square test compares the observed and expected frequencies in each category to test 

whether all categories contain the same proportion of values (SPSSInc. 2004). It was performed 

to test whether there is significant difference between bamboo presence/absence across the 

variant environmental conditions. 

 

� Kruskal-Wallis and Mann-Whitney U-test  

 

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

assesses the hypothesis that the different samples in the comparison were drawn from the same 

distribution.  

 

Mann-Whitney U-test is a nonparametric alternative t-test for unpaired samples. It has been used 

to compare the medians between two independent samples. 

 

2.3.4.3. Nonlinear regression model  

In order to separate the area with or without bamboo presence, we used the logistic model to select 

the possible and suitable areas for bamboos presence. This model is suitable for analysis when 

response data are binary. 

 

� Logistic regression mode 
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Logistic regression is suited to models where the dependent variable is binary and the 

independents can be of any type (StatSoftInc. 2001). For the aim of detecting the unsuitable 

place for bamboo presence, a logistic regression can be used to distinguish the presence areas 

and absence areas of bamboo first. 

 

After transforming the response data into a logit variable in the logistic regression model, 

maximum likelihood method is applied (SYSTAT software.Inc. 2004). The dichotomous 

description of bamboo presence and absence was converted into a continuous value by using the 

following regression equation. The range of the result from this equation is from 0 to 1. In this 

study, if the value is close to zero, that means low probability of absence. Contrarily, if the value 

is close to 1, it represents high probability of absence. 
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Where EXP is an exponential function; y is the probability of bamboo absence; kx is 

explanatory variable; kb is the coefficient. 

 

In this study, we applied the logistic regression model to detect Bashania fargesii’s presence and 

absence. For Fargesia qinlingensis, we don’t have enough sample plots in which Fargesia 

qinlingensis absents. Therefore, we failed to apply such a model because of the limited sample 

plots.  

 

2.3.4.4. Linear regression model 

Linear regression model has been built for linear relationships, such as the relationship between 

light climate and bamboo density. Based on the fact that some variables are not continues, we built 

a general linear model that can integrate all kinds of inputs together to predict the bamboo density 

at a certain environment. 

 

� General linear model (GLM)  

 

The general linear model (GLM) is a statistical, linear model, which is used to identify and build 

the relationship between response data and various independent variables. In GLM, the 

dependent variables could be continues and category data. Especially, when dependent data are 

binary, it can be regarded as logistic regression model.  The general linear model may be written 

as: 

 

eBXY +=  

 

Where Y is a vector or matrix with series of multivariate measurements, X is a vector or matrix 

of independent variables; B is a vector or matrix of regression coefficients and e is a vector or 

matrix containing random errors or noises (Neter, Kutner et al. 1985; Cohen, West et al. 2003).  
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According to the number of the response data, GLM can be classified as two types.  If there is 

only one column in Y (i.e., one dependent variable) as bamboo density in this case, then the 

model can also be referred to as the multiple variables regression model. In present study, by 

using GLM, a linear equation could be constructed containing all variables. In general, multiple 

variables regression is a procedure to estimate a linear equation expressed below:  

 

exbxbxbby kk +++++= ...22110  

Where y is the response variable; x is explanatory variables; 0b  is the intercepts (value of y 

when each x=0); b is the coefficient for each x ; e is the error term. 

2.4. Overall Framework of the Study 

The overall framework flowchart is shown in the Figure 2-9 below: 

 

 

Figure 2-9 Overall framework 

 

 ※
 “Light climate over storey” in this thesis refers to light climate above the overstorey forest 
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3. ANALYSIS AND MODELLING 

3.1. General Introduction 

In this study, statistical analysis and spatial analysis for field data was performed separately according 

as two species of bamboos.  

 

For Bashania fargesii, the plots with bamboo stems per square meter below 0.5 also were classified as 

no bamboo. It is because we cannot regard that area as suitable place for bamboo growth. However, 

for Fargesia qinlingensis, we considered all the plots where bamboo density is not zero as bamboo 

present plots. That is because we only have 32 plots for Fargesia qinlingensis, we have to keep all of 

them for statistical reasons. Finally, we get 74 Bashania fargesii present plots and 32 Fargesia 

qinlingensis present plots among the total 150 sample plots. 

 

This study focused on two facts of bamboo distribution in Foping NR: bamboo density and bamboo 

biomass. In this chapter, the distribution of bamboo density is mainly analyzed and discussed with 

statistical analysis. The statistical analysis methods distinguish the environmental factors that have a 

significant influence on bamboo’s density first. Then a logistic regression model is used for detecting 

the possible growing area for bamboos, especially for Bashania fargesii. Last, a general linear model 

is imported to calculate the bamboo density as a function of those selected environmental factors. 

After the bamboo density has been worked out in each plot of the study area, a bamboo density map 

could be derived. 

 

For bamboos’ biomass detection, detail information will be given in Chapter 4. 

 

3.2. Modelling the spatial distribution of Bashania fargesii 

Among all of the environmental factors, many studies show that the topographic factors such as 

elevation, slope and aspect always have impact on vegetation growth. 

3.2.1. Topographic influence 

The relationships between Bashania fargesii presence/absence and environmental factors were 

examined firstly. Figure 3-1 show that the environmental factors (including elevation, slope gradient, 

slope aspect and slope position) influence the probability of bamboo presence strongly. We can 

conclude that when the areas with high elevation above 2000 or steep slope like forty degree or 

forward north or northwest, the bamboo is almost absent or at least, the presence probability is lower 

than the other areas. 
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 (a) (b) 

   

 (c) (d) 

Figure 3-1 Topographic impacts on bamboo presence: elevation (a), slope gradient (b), 
slope aspect (c) and slope position (d) 

 

Spearman Rank Order test has been used to examine these relationships. The results suggested that 

elevation (p-value=0.002) and slope aspect (p-value<0.001) are significantly related with Bashania 

fargesii distribution. Kendall tau test, which has similar function as Spearman Rank Order test, was 

imported to examine the correlations in different magnitude. Its results suggested that the 

relationships between Bashania fargesii presence/absence and elevation (p-value<0.001), aspect (p-

value<0.001) as well as slope (p=0.019) are significant. Detailed descriptions of the results of the two 

tests are list in appendix Table 18. 

 

Many absent plots will encumber discovering the correct relationships between bamboo distribution 

and other environmental factors, so the Chi-Square test was employed to discriminate the Bashania 

fargesii presence and absent plots at different altitude, slope gradient, slope aspect and slope position 

respectively. The results revealed there is a significant difference between bamboo presence and 

absence across the mutative altitude (p-value = 0.003), slop gradient (p-value = 0.001), slope aspect 

(p-value < 0.001) and slope position (p-value = 0.019). According to the test results, bamboo absence 

and present plots can be divided to two groups to perform the Kruskal-Wallis and Mann-Whitney U 

tests. 

 

Based on the statistical description and tests above, we could assume that densities of Bashania 

fargesii are different through each topographic factor changes. Kruskal-Wallis test and Mann-

Whitney U test were performed for Bashania fargesii present plots and validated the assumption.  

 

Elevation factor 

 

It seemed there is no significant correlation between the density of Bashania fargesii in presence plots 

and continuous elevation values when testing the correlation between them by linear regression. 

However, it appeared the density of Bashania fargesii is significantly related to various class of 

elevation. Figure 3-2 below show the density distribution of Bashania fargesii with different rank of 

altitude.  
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Figure 3-2 Box plot of density distribution of Bashania fargesii 

 

The figure displayed the median, interquartile range, outliers, and extreme cases of bamboo density in 

each category of altitude. In particular, the highest density appears in the elevation between 1600 and 

1700 meters. 

 

Then, Kruskal-Wallis test was performed to four classes of elevation: 1100-1400m, 1400-1600m, 

1600-1800m and 1800-2000m. The null hypothesis is that there is no difference for the density of 

Bashania fargesii during the different classes of elevation variable. If the p-value of Kruskal-Wallis 

test is less than 0.05 with 95 percent confidence interval, the null hypothesis must be rejected. The 

results of the Kruskal-Wallis test for the density of Bashania fargesii suggested that density 

distribution is significantly different in the four categories (p-value = 0.04) 

 

Followed the Kruskal-Wallis test, Mann-Whitney U test (two-sided test) were applied to find out 

where the differences were in details. The same as Kruskal-Wallis test, when the p-value is less than 

0.05, we can reject the null hypothesis and get the conclusion that the bamboo density in two different 

elevation classes is not equivalent. If bamboo density in one class is not significantly different from in 

another, then these two classes should be combined as a new class. Finally, all the classes left must be 

significantly different from each other. Based on further comparisons and analyses, the variation of 

bamboo density in different elevation categories can be found out. Figure 3-3 indicates the density of 

Bashania fargesii is higher at the elevation range of from 1100 m to 1800 m than that of above 1800m. 
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Figure 3-3 Density of Bashania fargesii (mean values) against elevations 

 

Slope factors 

 

Slope factors consist of slope gradient, slope aspect and slope position, which are also to be analyzed 

for the distribution of Bashania fargesii.  

 

The linear regression analysis shows (Figure 3-4) that there is a statistically significant negative 

correlation between the densities of Bashania fargesii and slope gradient. 

 

 

Figure 3-4 Correlation between the densities of Bashania fargesii and slope gradient 

 

Figure 3-5 below show the variation of bamboo density in different slop, aspect and slope position 

respectively. Sample plot No.61 that is at the elevation above 1900 meters with no aspect has an 

abnormal high bamboo density, so it was excluded in the further analysis. In the slope position figure, 

there is no symbol with the “flat” item because only one plot in this dataset exists at flat area. The 

same reason is for the aspect of north.  It seems that the density of Bashania fargesii is significantly 

different with the change of slope gradients and slope aspects, while not significantly different with 

the slope positions. 
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(a) 

 

(b) 

 

(c) 
Figure 3-5  Bashania fargesii density in (a) different gradients,  

(b) different aspect and (c) different positions 

 

Kruskal-Wallis test was performed for the density of Bashania fargesii through different slope 

gradients, slope aspects and slope positions to valuate the correlation between bamboo density and 

each factor. The results indicate that there is significant difference between: 

� Bamboo density and different slope aspects (p-value = 0.001) 

� Bamboo density and slope gradients (p-value < 0.001) 

 

Further more, the Mann-Whitney U test was applied to get a more detail analysis. The results of 

Kruskal-Wallis test and Mann-Whitney U test can be found in appendix Table 19 - Table 22. 

 

Summary 
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Overall, regarding to the topographic elements, the relatively high density of Bashania fargesii 

appears,  

 

� At altitudes below 1800 m  

 

� When slope gradient is less than 30 degrees 

 

� In south and east aspect (East > S > (S-E = S-W) > N-E) > W>No aspect >(N = N-W)). 

 

Meanwhile, through the investigation and analysis on Bashania fargesii absent plots, we found 

Bashania fargesii cannot survive when the slope is above 45 degrees.  

3.2.2. Light climate influence  

As explained in chapter 2, light intensity plays an important role for vegetation’s growth. Although 

bamboo is not classified as strongly light-depend vegetation, it also needs light to perform 

photosynthesis for survival. Both the effects on bamboo distribution from light climate over storey 

and under storey were examined in this study.  

 

Light climate over storey 

 

As mentioned in chapter 2, Shortwave Radiation Model has been used to compute the solar radiation 

above forest for the whole study area, including direct solar radiation and diffuse radiation. This 

model can function based on the DEM of Foping NR. 

 

We should notice that, it is critical to select the proper start and ending date in the solar model 

according with the growing season of Bashania fargesii. For the two target bamboos, the growing 

seasons are not the same. In Qinling Mountains, the growing season for Bashania fargesii is usually 

from April to August. Thus, the incoming shortwave radiation was also calculated during these five 

months, from April to August. Distribution of solar radiation over the field data for Foping NR from 

April to August is shown in Figure 3-6 with the unit of MJ/m
2
. 

 

Figure 3-6 Light climate over storey of Foping NR  
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for Bashania fargesii (From Apr to Aug) 

 

From this solar radiation map, the accumulated solar radiation from April to August for each position 

can be obtained. The solar radiation data for the 73 Bashania fargesii of present plots collected in the 

field were extracted. Then, the relationship between light climate above forest and density of 

Bashania fargesii was built (Figure 3-7).   

 

 

Figure 3-7 Relationship between light climate over storey and density of  
Bashania fargesii 

 

The regression shows the positive relation between the density of Bashania fargesii and light climate 

over storey (R
2 
= 0.53, p-value < 0.001). It also indicates the most suitable accumulated solar radiation 

over storey from April to August for Bashania fargesii growth is around 4000MJ/ m
2
 during its 

growing season. The analysis showed that lower than 2500MJ/ m
2
 will have lowest chance to observe 

Bashania fargesii growing. 

 

Light climate under storey 

 

We defined the term “extinction coefficient” to represent the canopy’s ability of resisting solar 

radiation from reaching the earth. Based on the solar radiation obtained above, light intensity under 

storey can be computed by multiplying the solar radiation with “1 - extinction coefficient”, which 

represents the ability of solar radiation penetration. It can be calculated out when processing the 

hemispherical canopy photos with GLA.   

 

The range of the light extinction coefficient is from 0 to1 (Figure 3-8). The more the extinction 

coefficient is close to 1, the higher canopy density is. The more the coefficient is close to 0, the more 

open the canopy is. 
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Figure 3-8 Relationship between light extinction coefficient and canopy density 

 

From empirical regression, we can retrieve the formula to transform canopy density to the light 

extinction coefficient. The formula is: 

1377.00109.0 −= xy  

Where x represents the canopy density and y is the so-called “light extinction coefficient”. 

 

The light intensity under storey can be expressed by: (solar radiation over storey) x (1-distiction 

coefficient). Then, the relationship between the density of Bashania fargesii and light climate under 

storey was detected by using a linear regression model. 

 

 

Figure 3-9 Relationship between the density of Bashania fargesii  
and light climate under storey 

 

Figure 3-9 shows an insignificant relationship between density of Bashania fargesii and light climate 

under storey. The correlation coefficient of the linear regression model is very low. It seems that the 

density distribution of Bashania fargesii is not related to the variation of the light intensity under 

storey. 

 

After examining the influence of light climate over storey and under storey on density distribution of 

Bashania fargesii separately, it revealed that the solar radiation over storey had a significant influence 

on the density of Bashania fargesii, while light climate under storey seems had no effect on density of 

Bashania fargesii. The possible reasons will be discussed in chapter 4. 
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3.2.3. Temperature influence  

The main approach of this study is to relate bamboo abundance to environmental factors, and then 

bamboo distribution pattern will be understood and detected. Among various factors influencing 

vegetation distribution, temperature should also be attached importance to [reference]. The study area 

is mountainous and has the elevation ranged between 1000 to 3000 meters. The large interval of 

elevation makes the temperature dramatically changed. Therefore, it’s important to consider the 

influence of temperature on bamboo distribution. 

 

Foping NR is located in the middle part of the South slope of the Qinling Mountains. According to the 

experiential formula to calculate the temperature variation in Qinling Mountains in previous study, 

temperature of the whole Foping NR was calculated (TANG, FANG et al. 2004). The formula is 

shown below: 

 

AAT=-0.0037*ALT+14.5, (R
2 
= 0.92, p<0.001); 

Where AAT means annual average temperature and ALT is the altitude. 

 

The temperature map (Figure 3-10) was produced base on DEM of Foping NR with the equation 

above. 

N 

 

Figure 3-10 Temperature map of Foping NR 
 

The temperature obtained from the map was classified into seven ranks: <7.5, 7.5-8, 8-8.5, 8.5-9, 9-

9.5, 9.5-10, >10 (℃). Chi-square test was first used to examine the coexistence relationship between 

Bashania fargesii presence and absent plots across various class of temperature. The result shows that 

there is significant difference between present plots and absent plots with the change of temperature 

(p-value<0.001). In that case, Bashania fargesii presence sites and absence sits were split off to 

perform Kruskal-Wallis and Mann-Whitney U tests.  

 

The relationship between annual average temperature and density of Bashania fargesii was estimated 

by nonparametric tests. The result from Kruskal-Wallis test indicated the density of Bashania fargesii 

is different at various class of temperature (p-value = 0.04). Then, performing Mann-Whitney U test 
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to help to examine where the difference is. With the further analysis, we find that the range of 

temperature from 7.5 (℃) to 8.5 (℃) is more suitable for Bashania fargesii growing than others. 

Temperature lower than 7 (℃) will not suitable for growing of Bashania fargesii. Table 4 and Figure 

3-11 below shows the test results.  

 

Table 4 Mann-Whitney U test for the density of Bashania fargesii across various classes of 
temperature (P-value marked by * are significant with 0.05 threshold) 

 

Temperature(℃℃℃℃) <7.5 7.5-8 8-8.5 >8.5 

<7.5  0.346(U=5,Z=-0.94) *0.047(U=3,Z=-1.98) 0.098(U=12,Z=-1.65) 

7.5-8   0.648(U=88.5,Z=-0.46) 0.486(U=153,Z=0.70) 

8-8.5    *0.015(U=274,Z=2.44) 

Significant correlation is marketed *with 0.05 threshold 

 

Figure 3-11 Average density of Bashania fargesii against temperature 

 

One thing should be noticed is that the temperature used for finding the correlation in this study is 

only related to elevation. In fact, the temperature change is relevant to many other factors besides 

elevation. There are two reasons for only considering temperature influenced by elevation in this 

study: 

 

1. For the mountainous landform. From macroscopical view, temperature change is strongly related 

to elevation change in that area.  

2. For the simplicity of the study. 

 

3.2.4. Model development 

3.2.4.1. Building the Logistic regression model for Bashania fargesii  

In the study, we only applied the logistic regression model for detecting Bashania fargesii’s presence 

and absence. For Fargesia qinlingensis, we don’t have enough sample plots for the ‘absence’ situation. 

Therefore, we failed to form such a regression model because of the limited sample plots.  
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Bashania fargesii presence/absence according to different environmental factors was first modelled. 

Elevation, slope, aspect and solar radiation above the forest were picked out as the most important 

environmental variables and were chosen to build the logistic model. The result indicates the aspect 

factors can explain most cases in bamboo present and absent, and all other factors were not contained 

in the explanatory equation. 

 

The results of forward stepwise regression are shown in Table 5,Table 6 and Table 7.  

 

Table 5 Dependent Variable Encoding 

 

 

 

 

 

Table 6 Variables in or not in the Equation 

Variables DF P Entered/Not Entered 

Asp 8 0.005 Entered 

ELE 1 0.225 Not Entered 

Solar radiation (above) 1 0.138 Not Entered 

Slope gradient 1 0.212 Not Entered 

 

 

Table 7 Summary results 

Improvement Model 

Chi-square DF P Chi-square DF P 

Correct 

Class 

Variable 

IN: 

58.205 8 0.000 58.205 8 0.000 80.3% Asp 

  

 

The formula for this logistic model can be described as: 

 

Y=EXP (2.303 + b* ASP)/(1+EXP (2.303+b*ASP)) 

 

Where ASP is slope aspect; b is coefficient for each aspect, which is list in the Table 8.  

 

Table 8 Coefficients for each aspect in logistic regression model 

Asp E SE NE S No asp W SW NW N 

Coefficient -23.505 -4.605 -23.505 -23.505 -2.303 -3.237 -2.485 -0.693 0 

 

3.2.4.2. Building the GLM for the distribution of Bashania fargesii 

 

Spatial pattern detection for density of Bashania fargesii and Fargesia qinlingensis were both derived 

from general linear model. For Bashania fargesii, four related factors were used to build model: 

elevation, slope, aspect and solar radiation above the forest of the study area. Because elevation and 

temperature has very close association, temperature was not included to model the relationship. From 

Original Value Internal Value 

Presence 0 

Absence 1 
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the analysis result, only the environmental factors that showed a significant relationship with the 

density (P<0.05) can be contained in the final regression model. At last, a suitable model for the 

density of Bashania fargesii detection was developed based on three factors (solar radiation over 

storey, slope and aspect). Compared to other predictor combination, this model can explained the best 

for the density distribution of Bashania fargesii. This model can be explained by the equation below: 

 

Y= -0.181 + 0.126 * SR– 0.043 * slope + D *ASP 

 

Where Y represents the density of Bashania fargesii, SR refers to solar radiation over storey in unit of 

100MJ/m
2
. ASP is aspect and D is the coefficient for ASP, which are listed in Table 9. 

 

Table 9 Coefficients for aspects in GLM 

ASP E N NE No asp NW S SE SW W 

Coefficient 2.658 -0.421 0.038 -0.919 -0.250 1.506 0.897 1.025 0 

 
The model can explain about 60% variability of the density of Bashania fargesii by solar radiation 

over storey, slope and aspect (R2=0.591, p<0.05). Table 10 presents the analysis results of the general 

linear model. More detailed information is given in Appendix Table 26. 

 

Table 10 Results of general linear regression analysis on factors related to the density of 
Bashania fargesii (R-square=0.591) 

Source Parameter type SS DF Mean square F P-value 

Corrected model  180.174 10 18.017 8.972 <0.001 

Solar radiation Continuous 17.480 1 17.480 8.704 *0.004 

Slope Continuous 8.094 1 8.094 4.031 *0.049 

Asp Category 43.036 8 5.379 2.679 *0.014 

Error  124.511 62 2.008   

Total  1496.970 73    

Goodness of fit are significant with 0.05 threshold is *marked. 

 
 

3.3. Modelling the spatial distribution of Fargesia qinlingensis 

3.3.1. Topographic influence  

 

As the main food source for Giant Panda, Fargesia qinlingensis is another predominant bamboo 

species except Bashania fargesii in Foping NR. The relationships between the density of Fargesia 

qinlingensis and topographic elements were examined by nonparametric statistics that has been used 

for Bashania fargesii. 

 

For all Fargesia qinlingensis plots, it showed a positive relationship between the density of Fargesia 

qinlingensis and elevation. Figure 3-12 illustrates the statistical result and visualizes that the areas 

with high density of Fargesia qinlingensis prefer to appear at relatively high elevation. Elevation 

lowers than 1700m or higher than 3000m may be unsuitable for the growing of Fargesia qinlingensis.  
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Figure 3-12 Relationship between the density of Fargesia qinlingensis and elevation 

 

 

Figure 3-13 shows the variation of the density of Fargesia qinlingensis across the variant categories 

of each topographic factor. 

 

 

 

 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 3-13 Fargesia qinlingensis density in (a) different elevations (b) different slope 
gradients, (c) different aspect and (d) different positions 

 

The results of Kruskal-Wallis test (Appendix Table 23) for the density of Fargesia qinlingensis 

supports the appearances of the figures. The result reveals that the distribution of Fargesia 

qinlingensis is significantly related to elevation and slope gradient. There is significant difference 

between is significantly different at 

 

� The density of Fargesia qinlingensis and variant classes of elevation (p-value < 0.001)  

� The density of Fargesia qinlingensis and slope gradient (p-value = 0.03) 

 

While, no significant difference exists between  

 

� The density of Fargesia qinlingensis and different aspect (p-value=0.26)  

� The density of Fargesia qinlingensis and slope position (p-value = 0.06) 

 

Mann-Whitney test was then used to test the difference between the density of Fargesia qinlingensis 

and the two topographical factors (i.e. elevation and slope gradient) in details. (Appendix Table 24 

and Table 25) 

 

3.3.2. Light climate influence   

Light climate over storey 
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The same as Bashania fargesii, light climate over storey and under storey in the study area have been 

related to the density distribution of Fargesia qinlingensis separately.  

It has been explained in the last section, selecting the growing season correctly for bamboo is a crucial 

step to obtain the most effective over-storey solar radiation accumulated. Compared with Bashania 

fargesii, Fargesia qinlingensis usually grows at relatively high altitude and shoots up later than 

Bashania fargesii. On the basis of the experience, the growing season of Fargesia qinlingensis is 

approximately from May 1
st
 to the end of September. Therefore, the solar radiation accumulated from 

that period was calculated. Figure 3-14 shows the solar radiation distribution during the growing 

season of Fargesia qinlingensis. 

 

 

 
N 

 

Figure 3-14 Light climate over storey of Foping NR for  
Fargesia qinlingensis (from May to Sep) 

 

We extract the solar radiation energy from the solar radiation map for 32 Fargesia qinlingensis 

present plots observed in the field. Based on these solar attributes, the association between light 

climate over storey and the density of Fargesia qinlingensis has been evaluated.  

 

 

Figure 3-15 Relationship between light climate over storey 
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 and the density of Fargesia qinlingensis 

 

The linear regression analysis (Figure 3-15) shows there is no significant relationship between the 

density of Fargesia qinlingensis and light climate over storey and the coefficient R is only about 0.17. 

Thus, we could not consider the solar radiation above forest makes an impact on Fargesia 

qinlingensis distribution. 

 

Light climate under storey 

 

Light climate under storey should be more close to the niche of the understorey vegetation. The light 

intensity under storey for Fargesia qinlingensis was calculated by using the same method as Bashania 

fargesii. We find out there is a significant linear correlation with the density of Fargesia qinlingensis 

and the Logarithm function of light intensity under storey ( Ln (solar transmission), “ solar trans” for 

short). We transform the term “ Ln (solar trans)” into an independent variable X, the linear relation is 

shown in the Figure 3-16.     

 

 

Figure 3-16 Relationship between light climate under storey  
and the density of Fargesia qinlingensis 

 

 

The regression formula is: 

 

Y=20.5792X– 32.8584    R
2 
=0.5295 

 

Where Y refers to the density of Fargesia qinlingensis and X refers to logarithm function of 

light intensity under storey ( Ln (solar trans)).  
 

From the analysis above, it could be suggested that the density distribution of Fargesia qinlingensis is 

significantly related to light climate under storey and this species doesn’t prefer to grow if the under-

storey light climate that accumulated from May to September less than 1000MJ/m
2 
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3.3.3. Temperature influence 

By using the temperature map that has been produced in section 3.2.3, the relationship between 

temperature and the density of Fargesia qinlingensis was examined. The yearly average temperature 

values were extracted and added to the Fargesia qinlingensis present plots for investigating the 

correlation. 

 

Figure 3-17 shows the analytical result. We can see that there is a negative linear correlation between 

the annual average temperatures and the bamboo density, in the elevation of 1900-2600. When the 

temperature increases, the quantity of Fargesia qinlingensis declined. It is just opposite with the 

relationship between temperature and Bashania fargesii. The result indicates that Fargesia 

qinlingensis has better coldhardiness than Bashania fargesii.   

 

 

Figure 3-17 Relationship between annual average temperature 
 and the density of Fargesia qinlingensis  

 

Kruskal-Wallis and Mann-Whitney U tests were then applied as it for Bashania fargesii. The result of 

Kruskal-Wallis test indicates bamboo density is significantly different with different temperature (p-

value<0.001). By using Mann-Whitney U test, the significantly different temperature ranks for the 

growth of Fargesia qinlingensis can be detected (Table 11). Figure 3-18 below shows that the mean 

value of the density of Fargesia qinlingensis is significantly different against the temperature.  

 

 

Figure 3-18 Average density of Fargesia qinlingensis against temperature 
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Table 11 Mann-Whitney U test for the density of Fargesia qinlingensis across various 
classes of temperature (P-value marked by * are significant with 0.05 threshold) 

 

Temperature(℃) <=6 6-7 >=7 

<=6  0.705(U=45,Z=0.38) *<0.001(U=4.5,Z=3.66) 

6-7   *0.005(U=17,Z=2.84) 

 

3.3.4. Model development  

 

Building the GLM for the distribution of Fargesia qinlingensis 

 

The results from previous statistics showed that there is a significant relationship between the density 

of Fargesia qinlingensis and elevation, slope, light intensity under storey and temperature. As the 

same reason of the density of Bashania fargesii modelling, temperature was not placed into the model. 

Because there is a higher correlation between logarithmic transformed light intensity under storey and 

the density of Fargesia qinlingensis than untransformed, ln (light intensity under storey) instead of 

light intensity was inputted to build the model as a predictor variable.  

 

Table 12 shows the analysis result of the model with three explanatory variables, which are elevation, 

slope rank (i.e. <20, 20-40, >40 degree) and ln (light intensity under storey). This model can explain 

about 80% variability of the density of Fargesia qinlingensis through the three environmental factors. 

Details about the model are demonstrated using the equation below. For more information, please see 

Appendix Table 27.  

 

Y = -77.762 + 0.033 * ELE + 12.872 * ln (solar trans) + D * slope rank 

 
Where Y is the density of Fargesia qinlingensis; ELE is elevation; solar trans is the light intensity 

under storey; slope rank is three classes of slope gradient (i.e. <20, 20-40, >40 degree); D is the 

coefficients of three classes of slope gradient, which are list in Table 13 . 

 

Table 12 Results of general linear regression analysis on factors related to the density 
of Bashania fargesii. (R-square=0. 815) 

 

Source Parameter type SS DF MS F P 

Corrected Model  4806.642 4 72.792 27.965 <0.001 

ELE Continuous 1010.070 1 60.229 23.139 <0.001 

Slope rank Ranked order 384.792 2 11.995 4.608 0.017 

Ln (solar trans) Continuous 891.204 1 51.213 19.675 <0.001 

Error  1089.178 27 2.603   

Total  21068.640 32    
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Table 13 Coefficients for Slope rank 

Slope rank <20 20-40 >40 

Coefficient -4.871 0 -14.633 
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4. MODLE APPLICATION 

4.1. Mapping the key environmental factors 

It has been discussed in the above sections the density of Bashania fargesii can be explained and 

modelled using slope, aspect and solar radiation over storey while the density of Fargesia qinlingensis 

can be modelled by elevation, slope and light intensity under storey. In order to map the distribution 

map of Bashania fargesii and Fargesia qinlingensis, this section focuses on producing maps for these 

relative environmental factors.    

 

4.1.1. Mapping the light climate over/under storey 

Mapping the over-storey light climate 

 

As analyzed and discussed in the section 3.2.2 and 3.3.2, Bashania fargesii distribution is 

significantly related to light climate over storey while Fargesia qinlingensis distribution is 

significantly related to light climate under storey. So the over-storey light climate should be mapped 

firstly. Using the shortwave solar radiation model, we have already produced two light climate over 

storey maps of the study area in the previous sections: One is based on Bashania fargesii’s growing 

season (Figure 3-6) and the other is based on Fargesia qinlingensis’ growing season (Figure 3-14).  

 

The overstory light climate for Bashania fargesii can be directly used in the model to predict the 

density of the bamboo. For Fargesia qinlingensis, we have to derive the under-storey light climate 

from its overstory light climate map first, then use it as a crucial variable for the prediction model of 

Fargesia qinlingensis. 

 

Mapping the under-storey light climate 

 

For the purpose of detecting and predicting the distribution of Fargesia qinlingensis in the whole 

Foping NR, the under-storey climate map should be produced. As the light climate over storey for 

Fargesia qinlingensis has already been mapped, we are going to map the light extinction coefficient 

of overstorey forest canopy, which is highly correlated to the canopy density of the forest. For this 

reason, we have to map the forest canopy density in advance.  

 

A NDVI map was generated using Landsat TM image July 30, 2002. After examining the coherence 

between forest canopy density in sample plots and corresponding NDVI value, we found that it is not 

feasible to map forest canopy density only by using NDVI, because of the very weak correlation (R
2
 

=0.0407). The NDVI map and the correlation map are displayed in Appendix Figure 0-3 and Figure 

0-4 respectively. AVI is an improved vegetation index and reacts sensitively for the vegetation 

quantity compared with NDVI (Hadi, Wikantika et al. 2004). However, the result is still not satisfied. 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

42 

Maybe it is because of the complex topographical conditions and the high dense forest cover in the 

whole study area. 

               

For mapping canopy density in Foping NR, four indices were selected and combined together. They 

are vegetation index (AVI), canopy shadow index (SI), thermal index (TI) and bare soil index (BI). 

Details of the four indices have been mentioned in section 2.3.3.  

Figure 4-1 shows the AVI map, BI map, TI map and SI map individually. 
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Figure 4-1 Four indices maps: Advanced Vegetation Index (Top left); Bare Soil Index (Top 

right); Forest Shadow Index (Down left); Thermal Index (Down right) 

 
� From the AVI map, more green area indicates more canopy density 

� From the BI map, more red area indicates more areas that are open. 

� From the SI map, more green area indicates more probability of dense forest canopy presence. 

� From the TI map, more green area indicates more probability of dense forest canopy presence. 

 

By using the FCD Mapper, these four indices were processed and integrated to predict the canopy 

density. In order to increase the accuracy, part of ground truth of canopy density (20 sample plots 

were randomly selected from filed dataset) were also integrated to the prediction model. Figure 4-2 

shows the result map for forest canopy density in Foping NR. It shows that nearly above 70% 
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proportion of the area is covered with forest and low canopy density usually appears in the high 

elevation areas. 

 

 

N 

 

Figure 4-2 Forest canopy density map of Foping NR 

 

By now, we could derive the light intensity under storey map through the solar radiation model and 

the canopy density map. The deriving process is: first, transform the canopy density over storey to a 

so-called “ light extinction coefficient map” (Figure 4-3) through the empirical formula below, which 

we derived in section 3.2.2.  

 

1377.00109.0 −= xy  

Where x represents the canopy density, and y is the so-called “light extinction coefficient”. 

 

 

N 

 

Figure 4-3 Light extinction coefficient map of Foping NR 
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Then we combined the light extinction coefficient map and the light climate map over storey that was 

mapped for Fargesia qinlingensis to get the light intensity map under storey (Figure 4-4). The idea 

behind the “light extinction coefficient map” is: we could see the openness of the canopy as the 

“transparency” of the canopy. When canopy is dense, the transparency is low, and vice versa.  

 

 

N 

 

Figure 4-4 Light climate under storey for Fargesia qinlingensis  

 

4.1.2. Mapping other environmental factors 

Other environmental factors for bamboos have already been mapped in previous sections. They are: 

� Topographic factors 
� ELEVATION MAP  

See Figure 2-2 in section 2.1.2 

� Slope gradient map 

See Figure 2-3 in section 2.1.2 

� SLOPE ASPECT MAP 

See Figure 2-4 in section 2.1.2 

� Temperature factors 

As we mentioned in 3.2.3, the temperature map (Figure 3-10) is just a linear transform of the 

elevation map (DEM). So in this study, we considered the two factors (temperature and 

elevation) as one. Therefore, the elevation factor is used instead of the temperature map in 

the bamboo’s prediction models. 

4.2. Mapping the Distribution and Biomass of Bamboos 

4.2.1. Mapping the distribution and biomass for Bashania fargesii   

Mapping the bamboo density distribution 

 
By using the topographic maps and light climate (above or under storey) maps above, through our 

spatial models developed for Bashania fargesii and Fargesia qinlingensis, we could then map the 

density of the two bamboo species respectively.  

 
For Bashania fargesii, it mainly includes two steps for producing bamboo density map.  
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Firstly, according to the biological attributes for each species of bamboo as well as the experiences in 

previous observations and studies, areas where is possible for bamboo growing (i.e. bamboo presence) 

were selected. The potential areas for the two species are not the same because of the different 

biological characteristics of bamboo species.  

 
Based on local expert’s knowledge, Bashania fargesii is not quite growing at an elevation above 

2000m and hardly seen above 2100m in the Qinling Mountains. Most of them are growing at the 

elevation from 1100 to 1800m. Additionally, it is known that Bashania fargesii is hardly growing in 

the areas with slope more than 45 degree or in north or northwest aspect, which have been validated 

by previous statistical analysis and modelling. Table 14 shows the possible survival areas for 

Bashania fargesii, which will be selected at first. Then, bare soil areas that are surely no bamboo were 

also eliminated, which were detected by using Bare Soil Index. 

 

Table 14 Possible areas for Bashania fargesii grows 

 

According to the expert knowledge, buffer zone was added to polish the bamboo density models. The 

buffer zone for Bashania fargesii was built at an elevation rage of 2000-2100m. The aim is to smooth 

the transition between bamboo absence and presence. 

 

Finally, logistic regression model and general linear model for evaluating bamboo density were 

employed to predict Bashania fargesii distribution. The models take topographical factors and light 

factors into account. Figure 4-5 shows the final density map for Bashania fargesii  

Critical conditions for Bashania fargesii According to… 

Slope no more than 45 degree Local expert knowledge and statistical analysis 

ELE between 1100-2000 m Local expert knowledge 

Buffer zone Local expert knowledge 

All the Asp except north and northwest The result of logistic model built in section 
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Figure 4-5 The density distribution map of Bashania fargesii of Foping NR 

 

We can get the impression from this map that, in general, the lower slope gradient, the higher 

bamboo density is. And aspect also plays an important role. In east aspect, we have obviously 

more bamboo than other aspects. And finally, Bashania fargesii likes to grow in a place that 

has sufficient light intensity. 
 

Mapping the bamboo’s biomass 

 

For biomass detection, it can be achieved by calculating the average biomass per stem firstly. Then 

with density and area, the total biomass can be computed out.  

 
In Foping NR, Bashania fargesii is the first predominant bamboo species as the main food of pandas. 

Calculating its biomass of the bamboo species is meaningful for understanding the carrying capacity 

of bamboo forest in Foping for Giant Panda’s survival. 

 

As biomass is a main indicator to reflect the accumulation of organic resources produced by bamboo, 

many studies have been carried out on detecting the bamboo’s biomass (Pan, Gao et al. 1988; Li 

1997). Previous study shows there is some inside association between bamboo biomass and bamboo 

height as well as basal diameter (Pan, Gao et al. 1988; Zhou and Huang 1997) . 

 

For estimating the bamboo’s biomass, the bamboo’s biomass of one stem can be firstly estimated by 

its dry weight, and then multiplies it with bamboo density and area. Then, the bamboo’s biomass over 

an area can be gotten. By this way, three steps were included.  

 

1) Calculating the wet weight of Bashania fargesii. The weight was calculated by the empirical 

formula from a previous research (Ren 2005). 
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898355.06474351929319.7 HDW
.

=  ( 010.0,93375.0 <= pR  ) 

Where W is the average wet weight of bamboo in one stem (gram); D  is the average of basal diameter 

(cm); H is the average of bamboo height (cm).  

 

2) Calculating the dry weight of average biomass of one individual bamboo. The previous study 

indicates that bamboo with different ages has different dry weight. Usually, it can be classified as one-

year aged bamboo, two-year aged bamboo and bamboo that has grown more than two years (Ren 

2005). 

 

For one-year aged Bashania fargesii 

 

)01.0,9956.0(56836.14712.0 11 <=−= prWDRY
 

Formula 4-1 

 

For two-year aged Bashania fargesii 

 

)01.0,9998.0(42358.153613.0 22 <=−= prWDRY
 

Formula 4-2 

 

For more than two years aged Bashania fargesii 

 

)01.0,9984.0(16478.158963.0 33 <=−= prWDRY  

Formula 4-3
 

Where 1DRY is the average dry weight of one-year aged bamboo (gram); 2DRY  is the average dry 

weight for two years bamboo (gram); 3DRY  is the average dry weight of more than two years aged 

bamboo (gram); 
3,2,1W  represent the average wet of bamboo in the three classes respectively.  

 
For the reason that most of bamboo in Foping NR has grown more than two years, we selected the 

Formula 4-3 to compute the dry weight based on this fact. 

 

3) Calculating the biomass of Bashania fargesii per square meter. 

SNDRYBm /3 ×=
 

Where Bm is the biomass of bamboo per square meter (gram/m
2
); 3DRY

 is the average dry weight 

of bamboo in one stem (gram); N is the number of stems; and S is the area for the N stems 

distributed in (m
2
). 

 

By using the equations above and the density map of Bashania fargesii we’ve produced in this chapter, 

biomass of Bashania fargesii in Foping NR can be mapped. (Figure 4-6) 
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Figure 4-6 The biomass map of Bashania fargesii of Foping NR 
 

4.2.2. Mapping the distribution and biomass for Fargesia qinlingensis  

 

Mapping the bamboo density distribution 

 

Fargesia qinlingensis is the second predominant bamboo species. When mapping the density map of 

Fargesia qinlingensis, similar methods and procedures as that of Bashania fargesii were applied.  

 

The upper limit of elevation for Fargesia qinlingensis is 3000m. It has been reported most of 

Fargesia qinlingensis are growing above 1800m and has a narrow mixed area with Bashania fargesii 

from 1700-1800. Table 15 shows the possible areas for Fargesia qinlingensis growth. The buffer zone 

for Fargesia qinlingensis, it’s from 1700 to 1800m.  

 

Table 15 Possible areas for Fargesia qinlingensis grows 
 

Critical conditions for Fargesia qinlingensis  According to… 

Slope no more than 50 degree Local expert knowledge 

Buffer Zone Local expert knowledge 

ELE between1800-3000 m Local expert knowledge 

 

Finally, general linear model for evaluating the density of Fargesia qinlingensis were employed to 

predict its distribution. 

 

Figure 4-7 shows the final density map for Bashania fargesii 
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Figure 4-7 The density distribution map of Fargesia qinlingensis of Foping NR 
 

We can see from this map, in general, the Fargesia qinlingensis likes very much to grow in a light-

abundance place. And elevation also plays an important role. This bamboo only grows in a altitude 

higher than 2000 meters above the sea level. 

 

Mapping the bamboo biomass 

 

For estimating biomass of Fargesia qinlingensis, equation below was firstly used to calculate the 

average dry weight in one stem (Ren 2005).  

 

8311.02 )(8101.0 HDDRY ×=
      

)01.0,72.0( 2
<= pR

 

Where DRY is average biomass of bamboo in one stem (gram); D  is the average basal diameter 

(cm); H is the bamboo height (cm).  

 

Fargesia qinlingensis biomass map can be drawn by the same method as we applied on Bashania 

fargesii. Figure 4-8 shows the biomass status of Fargesia qinlingensis in Foping NR. 
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Figure 4-8 The biomass map of Fargesia qinlingensis of Foping NR 

4.3. Accuracy Assessment and Model Validation 

4.3.1. Accuracy assessment of over-storey canopy density  

Regarding to the overstorey canopy density map, two statistical methods were employed to assess the 

accuracy of the prediction. One is the Pearson r, which has been applied to examine the correlation 

between the observed canopy density and the predicted value. The other one is the Root Mean Square 

Errors (RMSE), which has been used to test the deviation between the observation data and the 

prediction data. The definition of RMSE is: 

 

n

xX
RMSE

n

nn∑ −

=
1

2)(
 

Where n is the number of observations, X and x stand for real value and predictions 

respectively. 
It has been mentioned that we had imported 20 ground truth data out of 150 plots to our four indices 

model in FCD-Mapper, for the purpose of enhancing the model accuracy. Before we did that, the 

Pearson R of the relationship between prediction and real observations is 0.6603 and the RMSE value 

is 20.91(Figure 4-9). It’s unacceptable. However, after the model had been improved by ground truth, 

the Pearson r and the RMSE is 0.7855 and 6.87 respectively (Figure 4-10), which means satisfactory 

result is achieved. 

 

We can see from the test that the improved predicting method with the ground truth data is acceptable. 

However, previous research in three SE Asian countries, the accuracy can achieve 92% in average 
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(Rikimaru 1996). The reason maybe is that the TM image used for prediction is taken in July 30, 2000. 

It cannot fit the real situation in 2005 very well. 

 

Figure 4-9 Predicted canopy density against real measurement (Without ground truth data)    

 

 

 

Figure 4-10 Predicted canopy density against real measurement (With ground truth data)  

 

4.3.2. Validation for Bamboo Density Models 

 

The independent data set collected from the third panda national census contains 297 sample plots has 

been used to perform the accuracy assessment for the predictions of bamboo density. The data set 

includes relatively complete and accurate information about the two species of bamboo in Foping NR, 

including bamboo name, bamboo cover, bamboo height, bamboo status and so on. In the data set, four 

bamboo cover classes namely 0-24%, 25%-49%, 50%-74%, 75%-100% were recorded. 

 
Among the 297 third party sample plots, there are 120 Bashania fargesii plots and 177 Fargesia 

qinlingensis plots present. All the Bashania fargesii presence plots have been used to examine the 

accuracy of the prediction that extracted from the density map of Bashania fargesii for corresponding 

plots, and all the Fargesia qinlingensis plots has been used to assess the accuracy of the predicted 

Fargesia qinlingensis densities. 
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As the observed bamboo cover in the testing data is a rank order data type, it is better to convert the 

continuous predicted bamboo density into category variables. Then it allows us to use error matrix for 

accuracy assessment. According to observation data in field, we find very strong relationship between 

bamboo density and bamboo coverage. Thus, the two variables can be interchanged. The linear 

regression formula is: 

  

For Bashania fargesii 065.01219.0 += xY  (correlation coefficient =0. 908); 

For Fargesia qinlingensis 0024.00223.0 += xY  (correlation coefficient = 0.971) 

 

Through the regression, we converted the predicted bamboo density into bamboo coverage. Then error 

matrix was applied to test the agreement.  

 

Table 16 Error Matrix for density prediction of Bashania fargesii 

Observed class for Bashania fargesii Predicted 

class 0-24% 25-49% 50-74% 75-100% Total 

0-24% 40 8 0 0 48 

25-49% 0 10 8 0 18 

50-74% 0 0 23 1 24 

75-100% 0 0 9 21 30 

Total 40 18 40 22 120 

 

Table 16 is the error matrix for observed versus predicted Bashania fargesii coverage. The matrix 

shows that 94 out of 120 observations have been predicted correctly. The overall accuracy is 78.33% 

and the Kappa value is 0.704. 

 

The omission of the four classes is 0%, 44%, 42.5%, and 4.5% respectively. And the commission for 

them is 20%, 44%, 4%, and 30%. 

   

Table 17 Error Matrix for density prediction of Fargesia qinlingensis 

 

Observed class for Fargesia qinlingensis Predicted 

class 0-24% 25-49% 50-74% 75-100% Total 

0-24% 31 12 0 0 43 

25-49% 0 53 22 0 75 

50-74% 0 0 32 4 36 

75-100% 0 0 0 23 23 

Total 31 65 54 27 177 

 

Error matrix (Table 17) for observed versus predicted Fargesia qinlingensis coverage 139 out of 177 

observations have been predicted correctly. The overall accuracy is 78.53% and the kappa value is 

0.702 
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The omission of the four classes is 0%, 18%, 41%, and 15% respectively. And the commission for 

them is 28%, 29%, 8%, and 0%. 

 

From the results of the error matrix above, satisfactory results can be gotten. 
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5. DISCUSSION AND CONCLUSION 

5.1. Discussion 

In this study, Fish-eye camera and the post-processing software “Gap Light Analyzer” has been used 

to record the over-storey environment for bamboos. Fish-eye camera is another kind of remote sensing 

technology. Its essence is recording the canopy distribution above a certain position on the ground. 

Then the “remotely sensed” photos are input to the software—GLA, which helps us extract the 

information about canopy density from the photos. 

 

� With the same intention, previous studies sometimes use a handy device called densiometer, 

which has a convex mirror on it. By looking at the mirror and counting the area of the overstorey 

canopy in the mirror, we then know the approximate canopy density above.  

 

The reason why we choose panoramic (fish-eye) camera, is because: 

 

� We thought this new approach for getting canopy density is with higher accuracy then using 

densiometer. In some other cases, the results showed that the densiometer measurements 

were not very satisfied (Engelbrecht and Herz 2001; Kelley and Krueger 2005). 

� Densiometer can only provide basic data about canopy density, but fish-eye camera with 

GLA can analyze the light condition under storey as well.  

� The software GLA can calculate the total energy from the solar radiation accumulated under 

storey for a certain period (the growing season of the bamboos). From this function, we can 

get the basic information on how bamboos related to the light climate in its growing season.  

 

� The new ideas in this study are: 

 

� We bring the light-climate as an important factor to the environment in which bamboo grows. 

Some researches and field observations indicated the tree layer could influence the bamboo 

growth (Reid, Taylor et al. 1991; Wang and Ma 1993). However, they did not illustrate the 

reason behind. According to our research, there are quite significant relationship between 

the bamboo density and the light climate. By the investigating the relationship, we had a 

better understanding to the niche of bamboos 

.  

� We mapped the bamboo distribution in an indirect way of remote sensing. By this way we 

map and compute the niche where vegetation growing. After modelling the vegetation 

density as a function of its niche, we can predict the density and biomass of the vegetation 

by the mapped niches. Using this approach we can map the vegetation under storey where 

cannot be seen in the remote sensing imagery. 

 

� In chapter 3, we mentioned that although we used multi-indices analysis to extract the overstorey 

forest canopy density, the result is still not very satisfied (R
2
=0.617). Part of the reasons is the RS 

image we use is taken in the summer of 2001. Additionally, out field survey is in July the 2005. 

In the time interval of 4 years, the canopy density in the forest can change a bit; especially the 

young trees can grow fast. Another reason is that the canopy density that seen above the canopy 
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is not the same things with the canopy density seen under the canopy, despite they are related in 

most cased. The satellite remote sensing derived canopy density looks for the average density in 

each pixel (30×30m), while the fish-eye camera photos concern more about the canopy just 

above the camera. 

 

� Why the peak value in the bamboo density prediction map is only 7 for Bashania fargesii and 52 

for Fargesia qinlingensis, while the field sample has the 18 and 61 respectively? It’s because the 

bamboo species is a kind of herbage (grass), which means they can grow in clusters. We have 

observed, even 200 bamboo stems growing in one square meter. However, the bamboo density 

we calculate, is the average density in each RS image pixel (25m×25m). Therefore, the peak 

density is the peak average density in one pixel. 

  

� In this study, we’ve found the Bashania fargesii has a relationship with the light climate over 

storey, while the Fargesia qinlingensis has a strong relationship with the light climate under 

storey. The reason why they relate to the light climate differently for us is remains unknown yet. 

But we could make some guesses bellow: 

 

� On the one hand, we have noticed that the overstorey above Bashania fargesii is almost 

broadleaf species. The transparency of the leaf in this species is often high, which mean the 

light can penetrate the overstorey easily. Thus, the computed results of under-storey light 

climate were underestimated. 

� On the other hand, the overstorey above the Fargesia qinlingensis is coniferous forest in 

most cases. This species has needle like leaves. The leaves are small but dense, so the 

transparency of this kind of leaves is low. Therefore, the simulated under-storey light 

climate by our model is close to the real value. 

� Another possibility is: the needs of two bamboos for light are different, according to the 

biological requirements. Fargesia qinlingensis is more dependent on light and the Bashania 

fargesii is more dependent on other factors of its environment, such as soil moisture, etc. 

However, the real reason requires further research.  

 

� The last thing we should notice is that the biomass of two bamboo species in our map cannot all 

be considered as the food source for Giant pandas, because, pandas prefer to eat new bamboos, 

and seldom eat bamboos more than three years old. Therefore, the carrying capability of bamboo 

in Qinling Mountains for Giant panda needs further research.  

5.2. Conclusion 

In this thesis, a methodology for detecting the bamboos under storey is proposed, and in this way we 

retrieved their density and biomass successfully.  

 

Bamboo is always overshadowed by broadleaved or coniferous forest. Traditionally, by using remote 

sensing technology, we cannot create a satisfactory map for bamboo distribution. Thus, this study 

focused on the environmental factors that suitable for bamboo growth. The factors are examined one 

by one and the key factors are selected. Then, based on those factors and the statistical result derived 

from field data, plus the local expert’s knowledge, density maps for each kind of bamboos have been 

made. By the validation process we know, the accuracy is satisfactory to the objective. 

 

The new idea of this study is to introduce the factor of “light climate” into the model. The “light 

climate” understorey is obtained accurately by another kind of remote sensing -- a panoramic camera. 

The camera records all the scenes above by taking a photo upward at each sample area. When those 
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photos had been corrected, they are input to software, and then, information about light climate on 

that position can be retrieved from the images by the software.  

 

Another thing worth mentioning is that the Shortwave Solar Radiation Model is also been used to the 

study. We use it to calculate the solar radiation in each elevation, aspect, slope, and location. In this 

approach, which allows us to compute a certain period according to the growing season of bamboos, 

we can get the light climate over storey without sampling. This method ensures the data for light 

climate are available and cheap (algorithm generated based on a solar tracing model). 

 

The conclusions for this study can be draw as follows: 

 

� The method is successfully used for mapping the density and biomass for the 2 bamboo species 

in study area. 

� Relationship between bamboo density and light climate had been found. 

� Relationship between bamboo density and topographical factors had been found. 

� Relationship between bamboo density and temperature had been found. 

� Light climate factor is applied successfully to a general linear model as a key factor for bamboo 

growing.   

� Panoramic photos (taken by fish-eye camera) can be a reliable data source to retrieve under-

storey light climate as well as overstorey canopy density. 

� Solar radiation model is a good way to derive light climate, but only for the light climate of the 

overstorey. 

� Bashania fargesii is more relied on light climate over storey and Fargesia qinlingensis is more 

sensitive to the light climate under storey. 

5.3. Future Works 

 

� By taking more factors as rainfall, soil moisture etc. into the model, maybe we could reach to a 

higher accuracy for prediction the distribution and density of bamboos. 

 

� If we get more information on the biological knowledge and fuse them to the model, the 

universality of the model will be enhanced. 

 

� Taking the transparency of the leaves into account, the under-storey light intensity can be 

modelled more accurately. 

 

� The light intensity model we developed in the thesis will be widely validated in different areas by 

real measurements. 

 

� The methodology can be applied to predicting other species, which are light dependent. 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

57 

REFERENCE 

Arvanitis, L. C. and K. M. Portier (1997). Line intersect sampling, University of Florida. 2005. Retrieved from 

8
th

, July,  2005 from World Wide Web http://ifasstat.ufl.edu/nrs/LIC.htm 

Baker, R. H. A., S. C.E., et al. (2000). "The role of climatic mapping in predicting the potential geographical 

distribution of non-indigenous pests under current and future climates." Agriculture, Ecosystems & 

Environment 82(1): 57-71(15). 

Brown, P. L., D. Doley, et al. (2000). "Estimating tree crown dimensions using digital analysis of vertical 

photographs." Agricultural and Forest Meteorology 100(2-3): 199-212. 

Canullo, R. and G. Campetella (2005). "Spatial patterns of plant species, guilds and biological types in the 

regenerative phase of a beech coppice (Torricchio Mountain Nature Reserve, Apennines, Italy)." Acta 

Botanica Gallica 152(4): 529-543. 

Carter, J., A. S. Ackleh, et al. (1999). "Giant panda (Ailuropoda melanoleuca) population dynamics and bamboo 

(subfamily Bambusoideae) life history: a structured population approach to examining carrying capacity 

when the prey are semelparous." Ecological Modelling 123: 207-233. 

Chiang, J. M., M. A. Arthur, et al. (2005). "The effect of prescribed fire on gap fraction in an oak forest 

understory on the Cumberland Plateau." Journal of the Torrey Botanical Society 132(3): 432-441. 

Chorn, J. and R. S. Hoffmann (1978). "Ailuropoda melanoleuca." Mammalian Species 110: 1-6. 

Clayton, W. D., K. T. Harman, et al. (2002). World Grass Species -- Descriptions (Bashania fargesii). 2005. 

Retrieved from 12
th

, July,  2005 from World Wide Web http://www.rbgkew.org.uk/data/grasses-

db/www/imp01342.htm 

Clayton, W. D., K. T. Harman, et al. (2002). World Grass Species -- Descriptions (Fargesia qinlingensis). 2005. 

Retrieved from 8
th

, August, 2005 from World Wide Web http://www.rbgkew.org.uk/data/grasses-

db/www/imp04279.htm 

Cohen, J. E., S. G. West, et al. (2003). Applied Multiple Regression/Correlation Analysis for the Behavioral 

Sciences, Lawrence Erlbaum Assoc Inc. 

Corney, P. M., M. G. Le Duc, et al. (2006). "Relationships between the species composition of forest field-layer 

vegetation and environmental drivers, assessed using a national scale survey." Journal of Ecology 94(2): 

383-401. 

CVCC (1980). China vegetation. Beijing, Science Press. 

De Wulf, R. R., R. E. Goossens, et al. (1988). "Remote sensing for wildlife management: Giant panda habitat 

mapping from LANDSAT MSS images." Geocarto International 3(1): 41-50. 

Defries, R. and J. Townshend (1994). "NDVI-derived land cover classifications at a global scale." nternational 

Journal of Remote Sensing 15(17): 3567-3586. 

Engelbrecht, B. M. J. and H. M. Herz (2001). "Evaluation of different methods to estimate understorey light 

conditions in tropical forests." Journal of Tropical Ecology 17: 207-224. 

FNNRA, F. N. N. R. A. (2001). Qinling Nature Reserve Network: administration plan for Foping National 

Nature Reserve, Shaanxi. 

Frazer, G. W., R. A. Fournier, et al. (2001). "A comparison of digital and film fisheye photography for analysis 

of forest canopy structure and gap light transmission." Agricultural and Forest Meteorology 109(4): 

249-263. 

Freitas, S. R., M. C. S. Mello, et al. (2005). "Relationships between forest structure and vegetation indices in 

Atlantic Rainforest." Forest Ecology and Management 218(1-3): 353-362. 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

58 

Fu, P. D. and P. M. Rich (2002). "A geometric solar radiation model with applications in agriculture and 

forestry." Computers and Electronics in Agriculture 37(1-3): 25-35. 

Gamon, J. A., C. B. Field, et al. (1995). "Relationships Between NDVI, Canopy Structure, and Photosynthesis in 

Three Californian Vegetation Types." Ecological Applications 5(1): 28-41. 

Gaveau, D. L. A., H. Balzter, et al. (2003). "Forest woody biomass classification with satellite-based radar 

coherence over 900 000 km(2) in Central Siberia." Forest Ecology and Management 174(1-3): 65-75. 

Geerken, R., B. Zaitchik, et al. (2005). "Classifying rangeland vegetation type and coverage from NDVI time 

series using Fourier Filtered Cycle Similarity." International Journal of Remote Sensing 26(24): 5535-

5554. 

Guevara-Escobar, A., J. Tellez, et al. (2005). "Use of digital photography for analysis of canopy closure." 

Agroforestry Systems 65(3): 175-185. 

Guo, J. and J. Hu (2000). "The food base of the Giant panda in Yele natural reserve (in Chinese)." Nanjing 

Forestry University 24(5): 41-44. 

Hadi, F., K. Wikantika, et al. (2004). Implementation of Forest Canopy Density Model to Monitor Forest 

Fragmentation in Mt. Simpang and Mt. Tilu Nature Reserves, West Java, Indonesia. 3rd FIG Regional 

Conference Jakarta, Indonesia. Retrieved from 8
th

, Oct, 2005 from World Wide Web  

http://www.fig.net/pub/jakarta/papers/ts_21/ts_21_4_hadi_etal.pdf 

Hardy, J. P., R. Melloh, et al. (2004). "Solar radiation transmission through conifer canopies." Agricultural and 

Forest Meteorology 126(3-4): 257-270. 

Hoffmann, W. A., E. R. da Silva, et al. (2005). "Seasonal leaf dynamics across a tree density gradient in a 

Brazilian savanna." Oecologia 145(2): 307-316. 

Joshi, C., J. d. Leeuw, et al. (2005). Remote Sensing And GIS For Mapping And Management Of Invasive Shrub 

Chromolaena odorata In Nepal. Geographic Information Science (8th), Portugal. 

Keane, R. E., E. D. Reinhardt, et al. (2005). "Estimating forest canopy bulk density using six indirect methods." 

Canadian Journal of Forest Research-Revue Canadienne De Recherche Forestiere 35(3): 724-739. 

Kelley, C. E. and W. C. Krueger (2005). "Canopy cover and shade determinations in Riparian zones." Journal of 

the American Water Resources Association 41(1): 37-46. 

Kumar, L., A. K. Skidmore, et al. (1997). "Modelling topographic variation in solar radiation in a GIS 

environment." Geographical Information Science 11(5): 475-497. 

Lee, R. and A. Baumgartner (1966). "The topography and insolation climate of a mountainous forest area." 

Forest Science 12: 258-267. 

Li, c. (1997). The research on the Giant Panda's main feed  bamboo (in Chinese). Guiyang, Kuizhou Science and 

Technology Press. 

Li, T., J. ma, et al. (2004). "A research on the quality of the Giant panda's habitat based on GIS techniques (in 

Chinese)." Research papers of Southwest University 34(2): 228-232. 

Li, Y., Y. Ren, et al. (2003). "The taxonomic studies on the bamboo as the main food of giant panda from 

Mt.Qinling." ACTA BOTANICA BOREALI-OCCIDENTALIA SINICA 23(1): 127-129. 

Linderman, M., S. Bearer, et al. (2005). "The effects of understory bamboo on broad-scale estimates of giant 

panda habitat." Biological Conservation 121: 383-390. 

Linderman, M., J. Liu, et al. (2004). "Using artificial neural networks to map the spatial distribution of 

understorey bamboo from remote sensing data." International Journal of Remote Sensing 25(9): 1685-

1700. 

Liu, X. (1997). Analysis of factors influencing the Giant Panda`s distribution using GIS --- A case study in 

Wolong nature reserve, China. ITC. Enschede. 

Liu, X. (2001). Mapping and modelling the habitat of Giant Pandas in Foping nature reserve, China. ITC. 

Enschede. 

Liu, X. H., A. K. Skidmore, et al. (2002). "Giant panda movements in Foping Nature Reserve, China." Journal of 

Wildlife Management 66(4): 1179-1188. 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

59 

Loucks, C. J., Z. Lu, et al. (2001). Conserving landscapes for endangered species: Conservation of the Giant 

Panda and its habitat in the Qinling Mountains (Intra-version). Washington D.C, WWF-United States. 

Y. P. E.-T, Ltd. (2005). Native Place of the Giant Panda in Qinling Mountains--Foping National Nature Reserve. 

Retrieved from 28
th

, Sep,  2005 from World Wide Web www.wildgiantpanda.com 

Lu, D. (2005). "Integration of vegetation inventory data and Landsat TM image for vegetation classification in 

the western Brazilian Amazon." Forest Ecology and Management 213(1-3): 369-383. 

Mahmood, R. and K. G. Hubbard (2002). "Effect of time of temperature observation and estimation of daily solar 

radiation for the northern Great Plains, USA." Agronomy Journal 94(4): 723-733. 

Myer, N. (1980). Coversion of Tropical Moist Forest. National Acadamy of Science, Washington, DC. 

Neter, J., M. H. Kutner, et al. (1985). Applied Linear Statistical Models: Regression, Analysis of Variance, and 

Experimental Designs. 

Ouyang, Z., J. Liu, et al. (2000). "Community structure analysis of giant panda habitat in Wolong." Acta 

Theriologica Sinica 20(3). 

Pan, W., Z. Gao, et al. (1988). The Giant Panda`s natural refuge in the Qinling Mountains. Beijing, Peking 

University Press. 

Pan, W., Z. Gao, et al. (1988). The Giant Panda`s natural refuge in the Qinling Mountains (in Chinese). Beijing, 

Peking University Press. 

Prince, S. D. (1987). "Measurement of Canopy interception of solar radiation by stans of trees in sparsely 

wooded (Sudan)." International Journal of Remote Sensing 8: 1747-1766. 

Purevdorj, T., R. Tateishi, et al. (1998). "Relationships between percent vegetation cover and vegetation indices." 

International Journal of Remote Sensing 19(18): 3519-3535. 

Reid, D. G. and J. Gong (2001). Giant Panda conservation action plan, IUCN. Retrieved from 20
th

, Aug,  2005 

from World Wide Web http://www.iucn.org/themes/ssc/actionplans/bears/bearsAP_chapter13.pdf 

Reid, D. G., J. C. Taylor, et al. (1991). "Enviromental influences on Bashania fangiana bamboo growth and 

implication for Giant Panda conservation." Applied Ecology 28: 185-201. 

Ren, Y. (1998). Plants of giant panda's habitat of Qinling Mountains. Xian, China, Shaanxi Sciences and 

Technology Press. 

Ren, Y. (2005). Bamboo final report (in Chinese). ShanXi, China, Shaanxi Normal University. 

Rikimaru, A. (1996). LAMDSAT TM Data Processing Guide for forest Canopy Density Mapping and 

Monitoring Model. ITTO workshop on utilization of remote sensing in site assessment and planning for 

rehabilitation of logged-over forest, Bangkok, Thailand. 

Rikimaru, A. and s. Miyatake (1997). Development of Forest Canopy Density Mapping and Monitoring Model 

using Indices of Vegetation, Bare soil and Shadow. ACRS. 

Rikimaru, A., P. S. Roy, et al. (2002). "Tropical forest cover density mapping." Tropical Ecology 43: 39-47. 

Ringrose, S. and W. Matheson (1987). Monitoring desertification in Botswana using Landsat MSS data: with 

consideration as to the nature of the infra-red paradox. Geography, Reading: 13-26. 

Roy, P. S. (2003). "Forest fire and degradation assessment satellite remote sensing and geographic information 

system." Satellite Remote Sensing and GIS Applications in Agricultural Meteorology: 361-400. 

Santosh, P., Bhandari, et al. (2003). A comparison of Sub-Pixel and maximum likelihood classification of 

Landsat ETM+ images to detect illegal logging in the Tropical Rain Forest of Berau, East Kalimantan, 

Indonesia. Map Asia Conference. 

Schaller, G. B., J. Hu, et al. (1985). The Giant Pandas of Wolong. Chicago, USA, The University of Chicago 

Press. 

SFU and IES (1999). Gap Light Analyzer version 2.0. British Columbia, CANADA 

Milibrook, New York, USA, Simon Fraser University (SFU) 

Insititute of Ecosystem Studies (IES). 

Shen, G., J. Li, et al. (2002). "Disturbamces and subalpine forest structure in giant panda's habitat (in Chinese)." 

Journal of Beijing Forestry Uinversity 24(5/6). 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

60 

Skidmore, A. K. (1990). "Terrain position as mapped from a gridded digital elevation model." Internatinal 

Geography 4(1): 33-49. 

SPSSInc. (2004). Tutorial of SPSS for Windows Release13.0. U.S.A., SPSS Inc. 

StatSoftInc. (2001). STATISTICA (data analysis software system), version 6.0. U.S.A., StatSoft, Inc. Retrieved 

from 21
th

, Aug,  2005 from World Wide Web www.statsoft.com 

Sutherst, R. W. (2003). "Prediction of species geographical ranges." Biogeography 30: 805-816. 

SWIFT, L. W. and K. R. KNOERR (1973). "ESTIMATING SOLAR RADIATION ON MOUNTAIN 

SLOPES." Agricultural Meteorology 12: 329?36. 

SYSTATsoftware.Inc. (2004). Tutorial of SYSTAT for Windows Release 11.00.01. U.S.A., SYSTAT software. 

Inc. 

Tang, S. H., Q. J. Zhu, et al. (2005). "Principle and application of three-band gradient difference vegetation 

index." Science in China Series D-Earth Sciences 48(2): 241-249. 

TANG, Z., J. FANG, et al. (2004). "Patterns of woody plant species diversity along environmental gradients on 

Mt. Taibai , Qinl ing Mountains." Biodiversity Science 12(1): 115-122. 

Thuiller, W., D. M. Richardson, et al. (2005). "Niche-based modelling as a tool for predicting the risk of alien 

plant invasions at a global scale." Global Change Biology 11(12): 2234-2250. 

Tian, X. (1990). "The primary research on the food base for Giant panda -- Qinling (in Chinese)." Acta 

Theriologica Sinica 10(2): 88-96. 

UDO, S. O. (2002). "Contribution to the Relationship Between Solar Radiation and Sunshine Duration in the 

Tropics: A Case Study of Experimental Data at Ilorin, Nigeria." Turk J Phys 26: 229-236. 

Wang, J. and Z. Ma (1993). Ecological studies on Giant Panda`s main feed bamboo (in Chinese). Chengdu, 

Sichuan Science and Technology press. 

Wang, T. (2003). Habitat Analysis for Giant Panda in Laoxiancheng Nature Reserve in the Qinling Mountains 

China. ITC. Enschede, the Netherlands: 70. 

Wei, F., Z. Feng, et al. (1999). "Habitat selection by Giant pandas and red pandas in XiangLing Mountains (in 

Chinese)." Acta Zoologica Sinica 45(1): 57-63. 

Wei, F., A. Zhou, et al. (1996). "Habitat selection by Giant Pandas in Dafengding reserve (in Chinese)." Acta 

Theriologica Sinica 16(4): 241-245. 

Wong, L. T. and W. K. Chow (2001). "Solar radiation model." Applied Energy 69(3): 191-224. 

WWFChina (2004). Panda facts at a glance. Retrieved from 22
th

, Aug,  2005 from World Wide Web 

http://www.wwfchina.org/ 

WWFChina (2004). A virtual tour of WWF's panda project in the Qinling mountains. 

Yang, X., S. Meng, et al. (1997). "Research of the Giant pandas` environmental ecology in Foping (1) - 

Vegetation classification of summer habitat and enviromental factors (in Chinese)." Northwest University 27(6): 

509-514. 

Yang, X., S. Meng, et al. (1998). "Research of the Giant pandas` environmental ecology in Foping (2) - Summer 

habitat selection (in Chinese)." Northwest University 28(4): 348-353. 

YI, T. P. (1985). "Classification and distribution of the food bamboos of the giant panda (in Chinese)." 

Bamb.Research 4(1): 11-27. 

YI, T. P. (1985). "Classification and distribution of the food bamboos of the giant panda (in Chinese)." 

Bamb.Research 4(2): 20－45. 

Yong, Y., K. Wang, et al. (1994). "Movement habits of the Giant Pandas in Foping (in Chinese)." Acta 

Theriologica Sinica 14(1): 9-14. 

Zaksek, K., T. Podobnikar, et al. (2005). "Solar radiation modelling." Computers & Geosciences 31(2): 233-240. 

Zhou, S. and J. Huang (1997). "The research on the  biomass of  regenerated B.fangiana(A.Camus)Keng f.et Wen 

(in Chinese)." Bamboo Research 16(2): 34-39. 

Zhou, S., J. Huang, et al. (2003). "Diversity of the Plant Community of Giant Pandas' Habitat in Wolong Nature 

Reserve Ⅰ. The Basic Characters of Plant Community." Journal of Sichuan Forestry Science and Technology 

24(2). 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

61 

 APPENDIX 
 

Table 18 Correlation coefficient of Bashania fargesii presence/absence and topographic 
factors  

 

Items ELE Slo Asp Posi 

Spearman Rank Order Correlations *-0.28 -0.17 *-0.31 -0.06 

Kendall Tau Correlations *-0.23 *-0.15 *-0.28 -0.06 

(Correlation with * marked is significant with 0.05 threshold) 

 

Table 19 Results of Kruskal-Wallis ANOVA test a for the density of Bashania fargesii 

 

Items X1 X2 X3 X4 X5 X6 X7 X8 X9 Statistics 

results  

Hypothe

sis 

Accepted
 

b
 

ElE 1100 

-1400 

1400 

-1600 

1600 

-1800  

1800 

-2000  

     KW-H ( 3, N= 

73) =8.31, p 

=.0400 

Ha 

Slo 0-5 5-10  10-20 20-30  >30     KW -H ( 4, N= 

73) =19.55, p 

=.0006 

Ha 

Asp E 

 

SE  NE  S No asp W  SW NW N  KW- H ( 8, N= 

73) =35.72, p 

<0.001 

Ha 

Posi Valley 

 

Top 

 

Mid 

  

Down Ridge Flat     KW- H ( 5, N= 

73) =6.24, p 

=.2839 

H0 

T <7.5 7.5-8 8-8.5 >8.5      KW-H ( 3, N= 

73) =8.37, p 

=.0390 

Ha 

a
 Test for density variation across different classes of topographical variables (Significant with 0.05 threshold). 

b
 Null hypothesis (H0) can be rejected if test is significant with 95% level of confidence.  

 

Table 20 Mann-Whitney U-tests for the density of Bashania fargesii within different classes 
of elevation (P-value marked by * are significant with 0.05 threshold) 

 

ELE 1100-1400 1400-1600 1600-1800 1800-2000 

1100-1400  0.081(U=57.Z=-1.74) 0.084(U=118,,Z=-1.73) *0.045(U=14.5,Z=2.0) 

1400-1600   0.307(U=292.5,Z=-1.02) *0.016(U=25,Z=2.399) 

1600-1800    0.058(U=70.5,Z=1.893) 

 

Table 21 Mann-Whitney U-tests for the density of Bashania fargesii within different classes 
of slope gradient (P-value marked by * are significant with 0.05 threshold) 

 

Slope rank 0-5 5-10 10-20 20-30 >30 

0-5  0.649(U=8.8,Z=-0.46) 0.688(U=23,Z=0.40) 0.585(U=37.5,Z=0.55) 0.115(U=8.5,Z=1.57) 

5-10   *0.037(U=28.5,Z=2.088) *0014(U=43,Z=2.47) *0.003(U=9,Z=2.98) 

10-20    0.868(U=271,Z=0.17) *0.0004(U=33.5,Z=3.51) 

20-30     *0.001(U=86,Z=3.21) 
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Table 22 Mann-Whitney U-tests for the density of Bashania fargesii within different slope 
aspect (P-value marked by * are significant with 0.05 threshold) 

 

Asp E SE NE S No asp W SW NW N 

E  0.118 *0.047 0.237 0.079 *0.002 0.116 *0.017  

SE   0.203 0.489 0.086 *0.007 0.625 *0.022  

NE    *0.018 0.165 0.210 0.200 *0.034  

S     *0.028 *0.000 0.174 *0.009  

No asp      0.383 0.096 0.564  

W       *0.034 *0.045  

SW        *0.002  

“N” only has one plot, so it wasn’t included in this test 

 

Table 23 Results of Kruskal-Wallis ANOVA test for the density of Fargesia qinlingensis  

a
 Test for density variation across different classes of topographical variables (Significant with 0.05 threshold). 

b
 Null hypothesis (H0) can be rejected if test is significant with 95% level of confidence. 

 

Table 24 Mann-Whitney U-tests for the density of Fargesia qinlingensis within different 
classes of elevation (P-value marked by * are significant with 0.05 threshold) 

 

ELE 1700-2000 2000-2300 2300-2500 >2500 

1700-2000  *0.001(U=13,Z=-3.22) *<0.001(U=4,Z=-3.48)  

2000-2300   0.248(U=27,Z=-1.16)  

2300-2500     

Only one sample belongs to the rank of “>2500”, so this rank is not be included in this test 

 

Table 25 Mann-Whitney U-tests for the density of Fargesia qinlingensis within different 
classes of slope gradient (P-value marked by * are significant with 0.05 threshold) 

 

Slope rank 0-20 20-40 >40 

0-20  0.093(U=44,Z=-1.68) *0.033(U=7.5,Z=2.13) 

20-40   0.068(U=2.5,Z=1.82) 

Items X1 X2 Xv3 X4 X5 X6 X7 X8 X9 Statistics 

results  

Hypothesis 

Accepted 

ElE 

 

1700 

-2000 

2000 

-2300 

2300 

-2500 

>2500      KW-H ( 3, N= 

32) =18.10, p 

=.0004 

Ha 

Slo 

 

0-20 20-40 >40       KW-H ( 2, N= 

32) =7.04, p 

=.0297 

Ha 

Asp E 

 

SE  NE  S No asp W  SW NW N  KW-H ( 7, N= 

32) =8.89, p 

=.2604 

H0 

Posi Valley 

 

Top 

 

Mid 

  

Down Ridge Flat     KW- H ( 5, 

N= 73) 

=10.54, p 

=0.0613 

H0 

T <7.5 7.5-8 8-8.5 >8.5      KW-H ( 2, N= 

32) =15.05, p 

=0.0005 

Ha 



MAPPING THE DISTRIBUTION AND BIOMASS OF BAMBOO IN THE FOREST UNDER-STOREY OF QINLING MOUNTAINS,  

A REMOTE SENSING APPROACH 

63 

 

Table 26 The derailed results of the GLM for Bashania fargesii (Parameter Estimates) 

 

Dependent Variable: the density of Bashania fargesii 

95% Confidence Interval 

Parameter B Std. Error t Sig. Lower Bound Upper Bound 

Intercept -.181 1.655 -.110 .913 -3.491 3.128 

Solar radiation (above) .126 .043 2.950 .004 .041 .212 

Slope -.043 .022 -2.008 .049 -.086 .000 

Asp=E  2.658 .676 3.931 .000 1.306 4.010 

Asp=N  -.421 1.452 -.290 .773 -3.325 2.482 

Asp=NE  .038 .776 .049 .961 -1.513 1.588 

Asp=No asp  -.919 1.046 -.878 .383 -3.010 1.172 

Asp=NW  -.250 .908 -.275 .784 -2.065 1.565 

Asp=S  1.506 .556 2.707 .009 .394 2.617 

Asp=SE  .897 .577 1.555 .125 -.257 2.052 

Asp=SW  1.025 .647 1.585 .118 -.268 2.318 

Asp=W  0(a) . . . . . 

a This parameter is set to zero because it is redundant. 

 

 

Table 27 The derailed results of the GLM for Fargesia qinlingensis  (Parameter Estimates) 
Dependent Variable: the density of Fargesia qinlingensis 

95% Confidence Interval 

Parameter B Std. Error t Sig. Lower Bound Upper Bound 

Intercept -77.762 12.760 -6.094 .000 -103.943 -51.581 

Slope rank= (<20)  -4.871 3.139 -1.552 .132 -11.313 1.570 

Slope rank=(20-40) 0(a)      

Slope rank=(>40)  -14.633 4.743 -3.085 .005 -24.365 -4.901 

Ln (solar trans) 12.872 2.739 4.700 .000 7.253 18.491 

ELE .033 .007 5.004 .000 .020 .047 

a This parameter is set to zero because it is redundant. 

 

 

         

 (a) (b) 
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 (c)  (d) 

Figure 0-1 The mean value of the density of Bashania fargesii against four topographic 
factors: (a) elevation; (b) slope gradient; (c) slope aspect; (d) slope position 

 

 

 
 (a) (b) 

  

 (c) (d) 

Figure 0-2 The mean value of the density of Fargesia qinlingensis against four topographic factors: (a) 

elevation; (b) slope gradient; (c) slope aspect; (d) slope position 
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Figure 0-3 NDVI map for the overstorey forest in the study area  

 

 
Figure 0-4 Relationship between observed forest canopy density and NDVI value   


