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Abstract 
 

The purpose of this study was to examine the changes in forest cover in a LTER sight in the 
Hui-Sun Forest Experimental Station from 1964, 1977, and 1987.  Ground surveys were combined 
with aerial photographs for GIS analysis using Genamap, ARC/INFO and ARC/VIEW.  The 
topographical base map had a 1/10,000 scale.  Elevation contours, aspect, and slope map layers 
were derived from a 40×40m Digital Terrain Model.  The road and trail map was survey and 

located by compass, laser surveyor and GPS.  Landscape elements included matrix (forest type 
occupied most part of the area), patch (various land use types), and corridors (roads, trails, and 
rivers).  Within the LTER site, 100 ha are in natural broadleaf forest named matrix.  The number 
of patch types has increased from 7 in 1964 to 8 in 1977 to 10 in 1987, with the largest patch type 
being China-fir (48 ha).  Many native species have invaded the China-fir and Japanese cupress 
plantations, making pure stands rare. 

China-fir plantations make up half the LTER site.  Therefore, to understand the spatial and 
temporal changes in this forest type from the perspective of ecosystem, landscape, stand, and 
individual tree, 24 plots were selected for three thinning treatments with four replicates at two 
elevations: 1500 m and 800 m.  Stands were thinned when the trees were 13 years old and growth 
rates were measured in the 17th and 30th years.  Data were analyzed using the Weibull model (stand 
structure) and the Schnute model (stand development and tree growth).  Thinning intensity 
resulted in greater DBH in 17 year old trees.  This difference was retained by age 30, even though 
the site index showed no significant differences in treatments, as all trees were the same height 
(18-20m). 
 
 
Introduction 
 

There are close relationships among bio-ecological, social-economical and technological 
factors in forest ecosystem management. Integration of these factors is very important for studying 
the status, function and change of the ecosystem. Current technological developments, allows for 
the integration of data gathered by different scientists.  Geographical information system (GIS) is 
an excellent tool for gathering, storing, analyzing, displaying, and integrating geo-referenced 
ecosystem data from time periods.  In an ecosystem, there are several levels: landscape, stand, and 
individual tree.  Ecologists must consider the different levels and scales of the ecosystem in their 
studies.   

There are 5 long-term ecological research (LTER) sites in Taiwan.  One of them, Guandashi, 
                                                 
1 Associate Professor of Dept. of Forestry, National Chung Hsing University 

Address：Dept. of Forestry, National Chung Hsing University (NCHU), Taichung, Taiwan, Rep. of China. 

Tel ：(O)+886-4-2854060  (H)+886-4-2853175 

Fax：(O)+886-4-2873628  (H)+886-4-2853175 

E-mail：flfeng@nchu.edu.tw 



is located in the 3rd and 4th compartment of the Hui-Sun Experimental Station of National Chung 
Hsing University.  Since 1995, there have been about 10 projects practiced in this area each year.  
The current challenge is to integrate these studies of different levels and scales. 

Presented here is a study of the spatial and temporal changes in forest type within the 
Guandashi LTER site.  For this analysis, maps derived from a digital terrain model were used these 
maps include elevation contours, aspect, and slope.  Compass, laser surveyor, and GPS were used 
to map roads, trails, rivers, and study plots.  Data was collected at the level of individual tree for 
analysis at different ecosystem levels.  In particular, the growth of China Fir trees in plantations at 
different elevations and subjected to different thinning treatments was studied. 
 
 
Methods 
Building the GIS database 
    The study site is a 47 ha China Fir (Cunninghamnia lanceolata) plantation in the Guandashi 
LTER site within the Hui-Sun Experimental Station.  A geographic positioning system (GPS) and 
laser surveyor were used to map the trails within and locate the borders of the LTER site.  Aerial 
photos, from surveys conducted in 1964, 1977, and 1987, were used to develop land use maps of 
the area (Figure 1).  These maps, and data from ground surveys, were incorporated into GIS.  A 
digital terrain model (DTM) was used to analyze slope, aspect, and elevation within the study site.  
This data was also put into GIS.  Resulting analysis demonstrated the preponderance of China Fir 
plantations (Figure 2), which became the focus of a thinning experiment.  Inside this 47 ha study 
area, 24 circular plots (0.1 ha) were selected for the thinning experiment (Figure 3).  Half of these 
plots were at 800 m in elevation and half were at 1500 m.  Of the 24 plots, eight were thinned 20%, 
eight were thinned 40%, and eight were thinned 60%.  Thinning was determined by basal area.  
This results in an experiment of three treatments with four replicates at two elevations for each 
treatment.  Within each plot, individual trees were mapped using a compass.  The area outside 
these plots was considered to be the control, and data was collected randomly from this area.  
Trees were surveyed 3 times, in 1981 at age 17 and three years after thinning and in 1994 at age 30 
and 17 years after thinning (Table 1).  Each tree within the plot was measured for DBH and height.  
In 1994, one tree in each plot was sacrificed for stem analysis (Feng 1995). 
 
Analyzing the stand change in landscape 

Data from GIS were used to analyze the change in species composition of the area over the 
30-year study period.  Data from the thinning experiment were used to analyze the status of each 
stand at each survey and to derive the overall growth rate of each stand as a test for the effect of 
thinning.  Stand status was determined using the Weibull Model (Bailey & Dell 1973), and growth 
rates were calculated using the Schnute model (Schnute 1981, revised in Feng 1997).  The DBH 
data from each stand was plotted and the best fitting curve, the maximum likelihood estimate, for 
each graph was used in the Weibull model to calculate each stand's probability density function 
(PDF).  A computer program developed by Baily (1974) was used for this analysis.  The Weibull 
Model used was: 
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  where "a" is the location parameter or the minimum DBH of the trees in a particular stand, 
        "b" is the shape parameter or the range of DBH in a particular stand, and  
        "c" is the scale parameter which describes the shape of the distribution curve of DBH 



within a particular stand.  The relationship of the parameters is: 
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    In this study, "a" was always considered to equal zero.  Parameter "c" was the only bounded 
parameter, having a value between 1 and 3.6.  If c=1, then the curve is heavily weighted towards 
the left.  If c=3.6, then the curve shows a normal distribution.  Data calculated by the Weibull 
Model was applied to the Schnute model (1981, revised by Feng in 1997) to calculate the growth 
rate of each stand.  The Schnute Model, rather than the models by Von Bertalanffy (1938), or 
Richards (1959), was used because it is capable of accommodating more types of growth curves, 
allowing for a better fit to the actual growth rates (Schnute 1981).  The Schnute Model used was: 
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Where W1 is the tree measurement at the first time period, T1, and  

      W2 is the measurement at the second time period, T2. 
The time periods, T1 and T2 were determined from the stem analysis.  A constant, τ, as 

determined by the time interval in the stem analysis, is incorporated into the model.  The Schnute 
Model generates two values, "r" and "s" which are used to describe the growth rate of the trees in 
each stand.  Calculation of the Schnute Model was done using a non-linear program (Feng 1990) 
designed for SAS (SAS Institute Inc. 1990).  From this model can be derived the y-intercept, 
inflection point, and asymptote of the growth curve (Feng 1997). 
 
 
Results And Discussion 
Geo-referenced Database 
    Here are presented the results of the most recent survey of the Hui-Sun Experimental Station; 
the only survey using GIS, GPS, and laser techniques.  The boundary of the Guandashi LTER site 
was also determined during this survey (Figure 4).  Figure 4 also outlines the compartments of the 
Taiwan Forestry Bureau.  Mosaic base-maps (scale of 1:10,000) are presented in Figure 5.  Roads 
and trails were remapped to improve accuracy.  Elevation, aspect, slope, land use category for the 
entire experimental station are built in GIS, and the maps of the Guandashi LTER site were selected 
from whole station maps.  The data for these maps were collected from aerial photographs in two 
forms: roster and vector.  As it is possible to translate the vector data (land use, boundary lines of 
compartments and LTER site, roads and streams) into roster form, these data were integrated for 
analysis and used to interpolate these descriptions of the entire Hui-Sun Experimental Station and 
the Guandashi LTER site. 
    The location of aerial survey points and ground survey points are digitized, suggesting that 
seven ground survey plots cannot possibly be adequate for ground truth and aerial photographs of 
an area the size of the Hui-Sun Experimental Station.  Also, none of these ground survey plots are 
located within the LTER site.  More ground survey plots would greatly increase the accuracy and 
value of the data portrayed.  It is necessary to consider the use of these data in order to determine 
the number of ground survey plots necessary. 
 
Use of Spatial Multi-scaling 
    This study also presents a three scaled study of temporal change in landscape within the 
Hui-Sun Experimental Station.  At the landscape scale is the experimental station and the LTER 



site.  The China Fir plantation is at the scale of stand or patch, and the actual data was collected 
from individual trees within the stand. 
    To produce a geo-referenced database, scale is of primary importance.  With increasing 
resolution in the data collection, the accuracy of the database is improved.  The problem is that 
collecting detailed information on a fine scale is not only time-consuming, it also requires a great 
deal of storage space in files and on computers.  This means that it is necessary to first consider the 
use to which these data will be put before deciding on the scale at which to collect the data.  
Collection of data at a high resolution allows for scaling up, making it possible to determine 
patterns at larger scales. 
    In the case of an area such as the Guandashi LTER site, if the patterns of animal distribution, 
land use change, and topography are to be integrated, all the data must be collected at the same 
scale.  To understand the dynamics of the China Fir plantations that are outlined in the next section, 
data had to be collected at the level of the individual tree.  This scale is likely to be detailed 
enough for the other surveys in this area: amphibians (Kam, 1996), mammals (Wu, 1996), insects 
(Yang 1996), etc. 
    Interpolation is very important in the creation and analysis of the maps presented here, and for 
the integration of this and other studies of the Guantashi LTER site, because the actual data 
collection is very patchy; not all the studies have been conducted in the same locations.  
Interpolation of the data can produce a picture describing the distribution of certain species within 
the entire LTER site or experimental station.  This picture can also indicate areas of interest and 
areas that have been neglected in the studies and surveys.  The quality of the picture produced by 
interpolation, however, depends on the sampling techniques used.  Random sampling within 
different habitats may improve the quality of the interpolation and, therefore, the quality of the 
maps of the area under consideration. 
 
Temporal Changes in Forest Cover 
    Temporal changes in the forest cover of the Hui-Sun Experimental Station and the Guantashi 
LTER site are shown in Figure 6.  The actual changes in frequency and area of each forest type 
within the LTER site are listed in Table 2.  The number of landscape forest types has increased 
with time from seven in 1964 to eight in 1977 to 10 in 1987.  The sequence of landscape change is 
outlined in Figure 7.  This figure demonstrates that the sequence of change is towards restoration 
of natural forest types as native species invade pure stands of plantation trees.  Overall, the trend is 
towards increasing diversity and complexity in the landscape.   
    This geo-referenced database has generated much useful information in terms of species 
distribution and the change in distribution over time.  Analysis, however, has concentrated on the 
fate of the China Fir plantations.  Overall, the area of the China Fir plantations has decreased with 
time and is being replaced with broadleaf forest and other cultivated species as the demands for use 
of this area change.  The plantations are gradually reverting to a natural state.  The exact 
proportion of China Fir plantation lost to planting of other imported species as opposed to invasion 
of adjacent native broadleaf forest has not yet been determined.  Current research is now 
investigating the invasive and regenerative properties of native species and the function of light 
gaps in this process. 
 
Changes in Stand Structure and Growth Rates in China Fir Plantations 
    Thinning of the plantation decreased natural mortality of young China Fir trees.  At the end of 
30 years (17 years after thinning occurred) there was a 23% mortality rate in sites thinned 20%.  
Mortality declined to 15% in sites thinned 40%, and further declined to 8% in sites thinned 60%.  
Therefore, high intensity thinning reduces natural mortality in China Fir (Figure 8).  There was no 



discernable difference in mortality rate between elevations. 
    Not only does thinning increase the survival of China Firs, it also improves the quality of 
individual trees by increasing DBH and stem volume.  Table 2 lists the Weibull parameters for 
each thinning treatment.  The "b" parameter shows that the range in DBH increases with thinning 
treatment resulting in greater variation in DBH within thinned stands.  The "c" parameter shows 
that the mean DBH also increases with thinning, resulting in larger trees overall. 
    Growth rates of DBH and stem volume also changed with thinning treatment (Table 4 and 
Figure 9).  With DBH, the Schnute model growth curves show that increasing thinning rate results 
in increased average DBH 17 years later (Figure 9).  It further shows that without thinning the 
DBH of a stand of density 2500 stems/ha stops increasing at age 20.  With thinning, the DBH of 
the trees is still increasing at age 30.  Increasing the thinning intensity also results in increased 
DBH; trees in the stands thinned 60% had an average DBH of 25 cm as compared to 18 cm in trees 
thinned only 20%.  Thinning did not increase the overall height of the trees (Figure 9).  At age 30, 
average stand height, regardless of treatment, was 16-18 m.  This suggests that the quality of each 
plot was similar in terms of nutrient availability, photo intensity, microclimate, soil quality, etc.  
Thinning resulted in a very strong difference in growth curves among treatments (Figure 9).  After 
age 21, there were no increases in plant volume in the control area.  Plant volume growth rates 
were positively correlated with thinning rate, except those trees thinned 40% were larger at age 30 
than trees thinned 60%.  This is unexpected and may be a sampling artifact in the stem analysis.  
China Fir shows considerable variation in ring width from one quadrant to the next making stem 
analysis difficult.  In general, thinning results in larger trees with increases in thinning intensity 
resulting in increases in DBH and stem volume.  The current annual increment also increased with 
thinning intensity. 
 
SUMMARY AND CONCLUSIONS 

Do conduct multi-scale analysis and to integrate these scales, GIS was used.  Integration of 
map layers and attribute table of data from different areas and scales made it easier to discuss issues 
at the ecosystem level.  As a result of this study, maps of slope, aspect, elevation, roads, trails, and 
rivers have been created for this area.  Interpreting aerial photographs and digitizing them into 
Arc/View has also created land-use maps from three time periods.  These tools have allowed for 
the analysis of changes in forest composition.  While the dominant forest type of the Guantashi 
LTER site was China Fir, this plantation has been invaded by native hardwoods.  The large scale 
analysis show that there is a trend towards complexity in this area as native hardwood forest invades 
and regenerates.  At the stand and individual tree level, thinning experiments of China Fir show 
that increasing thinning results in increased growth rates and larger trees.  Analysis at these two 
scales: landscape and tree, suggests that future studies should examine the role of light gaps in the 
colonization rates of native broadleaf trees.  For, while thinning may increase growth rates of 
China Fir, it may also expose China Fir to competition with native species. 
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Table 1: Chronology of the China Fir Thinning Experiment 
Year 1964 1977 1981 1994 1998 

Activity Planting Thinning Survey Survey Survey 
Age of Trees ─ 13 years 17 years 30 years 34 years 

 
Table 2: Changes in Frequency and Area of Forest Types within the Guantashi LTER site. 

Forest type Code 1964 1977 1987 
Frequency area frequency area frequency area 

Bamboo plantation B - - - - 1 16858.66

China fir plantation CF 2 486957.47 8 570140.49 8 476187.60

Cypress plantation CYP 1 11.20 1 32241.28 - - 

Hardwood mixed forest H 3 1176458.1 3 674422.65 3 1004711.26

Japanese fir plantation JF 1 14771.30 1 6211.15 1 10153.10

Clear cut area LP 2 204086.06 1 255396.50 3 2888.70

Bare ground LU 1 3224.85 - - 5 35223.72

Mixed hardwood 
conifer forest 

M 2 93384.18 2 1770.58 4 230380.06

Mixed plantation MP - - - - 2 91211.26

Other conifer plantation OHP - - 2 334197.40 - - 

Pine P 4 128762.42 4 147674.01 1 153025.30

Pine plantation PP - - 1 83839.56 1 16858.66

Taiwania plantation TCP - - - - 1 65372.90

Total   2107655.58  2105893.62  2102871.22
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Figure 2: Distribution of China Fir plantations within the Hui-Sun Experimental Station. 

 
Figure 3: China Fir thinning experiment study plots in the Hui-Sun Experimental Station: A) 1964, 

B) 1977, C)1987. 
 



 
Figure 4: The location of the Guantashi LTER site, rivers, and compartment boundaries in the 

Beikangshi Watershed. 

 
Figure 5: The mosaic base-maps (scale 1:10,000) of the Hui-Sun Experimental Station. 
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Figure 7: Sequence of Change in Forest Type in the Guantashi LTER Site. 
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Figure 8: Temporal changes in stem number for each thinning treatment of China fir plantations in 



the Guantashi LTER Site. Stands were planted in 1964, thinned 20%, 40% and 60% in 
1977 (at age 13) and censured in 1981 and 1990 (at ages 17 and 30). 
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Figure 9: Schnute growth curves for each thinning treatment and the control of China fir: A) DBH, 
B) Height, and C) Stem volume. 
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