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Abstract The method of trend surface analysis was used
to analyze the distribution of landscape elements along
environmental gradients in Jingouling forest farm, north-
east China’s Jilin Province. Results showed that topograph-
ic characteristics and disturbance pattern have much more
impacts on the distribution of landscape elements than
do horizontal geographical position in the study area. The
elevation, slope aspect, and slope degree were found to be
dominant features controlling landscape pattern. At differ-
ent altitudinal ranges, the effects of slope aspect and slope
degree on the distribution of landscape elements vary mark-
edly in orientation and intensity. These differences were
analyzed and discussed, and some basic rules of spatial
distribution of landscape elements were proposed.
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1 Introduction

How to command exactly the general spatial distribution
trend and rules of landscape elements is a problem that we
have to face in the study of landscape ecology [1,2]. The
trend surface analysis was adopted as a special tactic meth-
od to study the geographical distribution trend of plant com-
munities or populations in a specific scope [3], which was
also called large-scale pattern analysis [4]. The geographi-
cal spatial distribution rules of communities or populations
are not always clear because of the complicated environ-
mental factors. The variational trend of the geographical
distribution of communities or populations controlled by
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environmental factors can be determined by building a
trend surface model to eliminate the effects of some factors.
Therefore, it is an effective method of quantitative analysis
in community or population ecology [5]. This method was
once proposed to analyze landscape pattern and its mechan-
ics [6], but how to apply it and how to reveal the basic
characteristics and variational trend of the spatial distribu-
tion of these landscape elements from real landscape still
need further study.

The Jingouling forest farm is located at the Changbai-
shan forest area in Jilin Province, whose forest coverage
rate reaches 94% and nature forest area accounts for 84% of
the total forest area. The mixed forest of spruce, fir, and
broad-leaved trees is originally the dominant forest type
and belongs to climax community in the forest ecological
succession. It exhibits enormous productivity and stability
and plays a very important role in keeping landscape hetero-
geneity and stability. At the same time, it offers numerous
forest products and other services for the society. However,
the current ecosystem of spruce and fir forms after several
times of intensive selection cutting, with an intensity of
30%—-50%, and recovers after tens of years. Now, the forest
landscape exhibits a complicated mosaic pattern due to
varied landforms and frequent human activities. Under the
joint control of ecosuccession and disturbance, ecological
process is very active, and the change of landscape pattern
is also complicated. Hence, it is very difficult to grasp
intuitively the spatial distribution trend and rules. The
study attempts to reveal the basic characteristics and
changing rules of the spatial pattern of forest landscape,
which will be helpful to promote sustainable management
of forest resources and sustainable economic development
in this area.

2 General situation of the study area

The experimental field is located at Jingouling farm (43°
22'N, 130°10’E) in Jilin Province. It has a hilly geomor-
phology, with an elevation of 300—1,200 m and a slope of
10-25°. This area has a monsoon climate, with mean annual



temperature of 4°C for the whole year, the lowest temper-
ature of —32°C in January, and the highest temperature of
22°C in July. The annual precipitation is 600-700 mm,
mainly concentrated in July. The soil is podzolic gray brown
earth in the middle and low mountain areas, coniferous
gray brown earth between 800 and 1,000 m above sea
level, and meadow soil, muddy soil, bog soil, or warped
soil in ravines. The soil is grainy and loose clay, with an
average thickness of 40 cm.

3 Methods
3.1 Basic information

A classification system of landscape elements according to
tree species was established, which was based on a landform
and forest map (1:50,000 in scale, not shown) of Jingouling
forest farm with a reference to local forest inventory data
management (Table 1). We can deal with the map men-
tioned above through GIS software. Landform map and
the digital landscape layout of this area were built by
mean of GIS software after a series of steps (scanning,
specifying, editing, building topological relation, data
input).

3.2 Determination of succession state

To discover the spatial distribution trend of landscape ele-
ments along environmental gradients, the authors used com-

Table 1 Classification system of landscape elements

First class ~ Code Secondary class Code S/
Pure forest 1 Pinus koraiensis 11 19
Picea jezoensis 12 17
Pinus sylvestris 13 15
Larix olgensis var. changpaiensis 14 16
Ulmus propinqua 15 13
Betula platyphylla 16 12
Relatively 2 P. koraiensis 21 29
pure forest P, jezoensis 22 27
P sylvestris 23 26
L.olgensis var. changpaiensis 24 25
Abies nephrolepis 25 28
U. propinqua 26 24
B. platyphylla 27 23
Populus ussuriensis 28 21
Shaw 29 22
Mixed forest 3 Spruce and fir mixed forest 31 39
Larch, maple, basswood, spruce, 32 36
and fir mixed forest
Maple, basswood, poplar, birch, 33 34
spruce, and fir mixed forest
Broad-leaved mixed forest 34 32
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munity continuum index (CI) to determine the succession
state of the community [7]:

CI = ZIV x CAV

where IV is the importance value of arbor species and CAV
is the climax adaptive value. Because the value of C/ is very
small, which is not convenient to simulate and compare, we
divide further the classification unit of the environmental
elements and add the first classification code to the formula.

SI:ZIVXCAV—i—nx 10

where ST is the succession index and 7 is the first classi-
fication code.

3.3 Building of the grid layout

A set of uniform grid layouts were established based on the
same TIC points by usin§ the software Arclnfo. A square
grid with a size of 12 hm~ was used in this study. First, the
center point of the grid was determined, and then the mar-
ginal layout was used to cut and delete the grids out of the
grid layout. A total of 1,986 grid points were used in this
study.

3.4 Sampling of grid points and building of database

The grid layout and landform layout were piled up, and the
geographical attribute data of every sample point were ob-
tained with the help of TIN functions of ArcInfo; the grid
layout and landscape layout were piled up and the land-
scape attribute data were obtained. Databases of the setup
of the landscape element distribution were prepared, includ-
ing the sample code, abscissa, Y-coordinate, slope aspect,
slope degree, elevation and succession index, etc.

3.5 Building and analysis of trend surface model

A binary multinomial was used to analyze the trend surface
using ST as the trend value of the simulated model. The geo-
graphical location, elevation, slope aspect, and slope degree
of the south—north and east—west directions were regarded
as independent variables. To analyze conveniently and set
up a three-dimensional model of trend surface, we selected
each two elements mentioned above to set up the models.

The model can be expressed as ST = ay + a1 X + a,Y +
a3X2 + as XY + a5Y2 + a6X3 + a7X2Y+ agXY2 + a9Y3,
where ay — ag are multinomial coefficients and X and Yare
simulated variables of the model.

The least square method was used to estimate the model
parameters. Using the software MatLab, the normal equa-
tion was set up on the computer based on the database of
sample points. Then, the parameters of the coefficient model
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of normal equation were obtained, and the map of trend
surface model was drawn.

4 Results and analysis

4.1 Horizontal spatial distribution pattern
of landscape elements

Taking the abscissa and y-axis of sample point as inde-
pendent variables and the succession index of landscape
elements as dependent variable, the spatial model of the
present horizontal distribution was set up (Fig. 1). At the
same time, the trend surface model of the present horizontal
distribution was set up based on the succession index of
landscape elements (Fig. 2).

Comparing Fig. 1 with Fig. 2, the trend surface model
reflects the distribution pattern of landscape elements in
Jingouling forest farm, but there exists a marked difference
between them, which shows that the landscape heteroge-
neity is obvious and part landform plays an important role
in controlling the spatial distribution of landscape elements.
Therefore, as a determinant of spatial pattern of landscape
elements, horizontal geographical position has no signif-
icant impact on the spatial pattern of complicated secondary
forest mosaics. The horizontal distribution trend of environ-
mental elements reflects, in essence, the controlling roles of
landform and topography in the study area. It is necessary
to further analyze the impacts of landform on the environ-
mental pattern.

4.2 The controlling roles of elevation and slope aspect
to distribution pattern of landscape elements

Taking elevation and slope as independent variables and
the succession index as the dependent variable, the trend
surface model along the gradient of elevation and aspect
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Fig. 1 Spatial model of present horizontal distribution
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Fig. 2 Trend surface model of present horizontal distribution

was set up (Fig. 3). To analyze conveniently, the distribu-
tion trend maps along the gradient at different elevations in
sunny and shady slopes were drawn (Fig. 4).

From Figs. 3 and 4, an obvious general trend of zonal
distribution along the gradient of elevation can be observed.
Such a trend weakens among different elevations and slope
aspects with the increase in elevation above 1,000 m. Never-
theless, the difference enlarges with the increase in eleva-
tion below 1,000 m, and the difference between different
slope aspects is more marked than that among elevations.
Obviously, it is because of human activities in low elevations.

It can be observed that the succession index of the shady
slope is low in the low altitude zone and the change is
marked. The main reason is that the forest farm mainly
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Fig. 3 Trend surface model along the gradient of elevation and
slope aspect
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Fig. 4 Comparison of distribution trend along the elevation in
shady and sunny slopes

adopts a clear cutting model during the period of 1954—
1958. Since then, larch was the main tree species planted in
the deforested lands. At present, the major forest types are
pure larch forest and relatively pure larch forest. The change
in sunny slopes is smaller than that in sunny slopes, and
mixed tree species are planted. The forest type at elevations
below 400 m is mixed forest composed of maple, bass, pop-
lar, birch, spruce, and fir, and at 400—1,000 m, it is spruce
and fir mixed forest, or coniferous and broad-leaved mixed
forest. In higher elevations, the succession indexes at differ-
ent aspects vary gently, with the same forest type as that at
400-1,000 m.

Succession indexes at eight different aspects were se-
lected for comparison, and it can be found that the indexes
differ markedly, with the highest in the northwest aspect
and lowest in the north aspect. Landscape elements have an
obvious general distribution trend along slope aspects. The
succession indexes at different slope aspects follow an
order of northwest > west > southwest > south > southeast >
east > northeast > north.
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Fig. 5 Trend surface model along the gradient of slope aspect and
slope degree
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Fig. 6 Comparison of distribution trend along the slope degree in
shady and sunny slopes

4.3 Effect of slope degree on the spatial distribution
pattern of landscape elements

From Figs. 5 and 6, it can be observed that when the slope
degree is below 18°, the succession index is low, and the
forest types are mainly coniferous and broad-leaved mixed
forest and broad-leaved mixed forest; when the slope degree
is above 18°, the forest type is mainly mixed forest. The
pattern is restricted by two facts: firstly, the gentle slopes
are often located at the mountain ridge or ravine bottom, so
forest distribution is restricted due to special landform and
human activities; secondly, with the decrease in elevation,
the succession index is low due to cutting intensity in gentle
slopes.

Generally, the effect of slope on the spatial distribution
of landscape elements exhibits through enhancing the role
of slope aspect in improving the water conditions. There-
fore, the changes of site conditions because of different
slope degrees is not the crucial factor determining the spatial
distribution trend of forest type in the study area, but a
factor in part area.

5 Conclusion

Trend surface analysis is a method commonly used in
community and population ecology. It can effectively an-
alyze the general spatial distribution trend of landscape
elements, by which we can grasp the general characteristics
of landscape pattern and discover the spatial distribution
trend of landscape elements and controlling factors.

Horizontal geographical position has no significant im-
pact on the spatial pattern of secondary forest mosaics in
the Jingouling forest farm.

The spatial pattern of landscape elements is mostly con-
trolled by landform characteristics and interference pattern,
and the elevation, slope aspect and slope degree are leading
factors controlling the spatial distribution pattern of land-
scape elements.
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At different altitudinal ranges, the effects of slope aspect
and slope degree on the distribution of landscape elements
vary markedly in orientation and intensity.
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