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Simulation of spatial distribution pattern of forest types by using sequential

indicator simulation

FENG Yi-Ming, TANG Shou-Zheng, LI Zeng-Yuan {Research Institute of Resource Information Technigues, CAF, Beijing
100091,China}. Acta Ecologice Sinica,2004,24(5) : 946~ 952.

Abstract: Distribution map of forest types is the base and the precondition of conducting forest landscape pattern research. In
the process of forest practice, the attainment ways of forest distribution map have very strong subjectivity and are often
restricted by some environmental {actors.

The purpose of spatial statistics is to describe the distribution characteristics (such as random, aggregative and regular) of
things in space. The Kriging method and the conditional simulation algorithm were main means of conducting spatial
interpolation in the spatial statistics, The forest type is a regionalized categorical variable and there were perhaps the situation
of severe fragmentation of forest type in the studied area. The Kriging method might interpolate the value of unknown point
using the known sampling points’ information around known points. The Kriging method might also give the optimum unbiased
estimation for the unmeasured points. However, the Kriging method has relatively strong smooth effects. As for the section of
forest type with severe fragmentation. the Kriging method can not again reflect the very minor information of forest type.
Therefore, the Kriging method is not suitable for conducting the spatial distribution drawing of forest type. The conditional
simulation can reflect the real discreteness and fluctuation of regionalized variables on the whole. The sequential indicator
canditional simulation is a kind of nonparametric conditional simulation method. Because sequential indicator conditional
simulation method does not require simulation parameters to accord with probability distribution model, it has very wide
applicability. For these reasons, this paper selected the sequential indicator conditional simulation of categorical variable to
simulate the spatial distribution of forest type, in order to improve the current drawing mode of forest distribution map.

The sequential indicator simulation, from a theoretical point of view, is a method that adopts the special indicator Kriging
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interpolation technique for the dispersive distribution field of data prabability and combines with the conditional random
simulation. In this method, the distribution function of conditional probability in the variance conformation of current
simulated point was determined as a certain gridded random path in covariance function field was orderly simulated. After the
distribution function of conditional probability was calculated’, the random functional value at the current simulated point might
be obtained by using the Monte-Carlo simulation technique.

The studied site was the Wangqing Forest Bureau of Jilin Province, China (129. 95°~ 131. 05°E and 43. 08°~43. 66°N).
The permanent and the temporary plots at the bureau level of forest rescurce survey of the Wangqing Forest Bureau were
collected in 1997 and amounted to 3116 plats (the sample plot layout was the grid of 1km X tkm, and the sample plot area of
0.06 hm?®), and meanwhile the forest map of forest resource survey and the corresponding attribute database were also
collected. Based on the investigation data of sample plots, four forest types of ascription of sample plots were deduced
(coniferous forest, broad leaved forest, mixed forest and other forest type). The vectorized forest map was linked with the
subcompartment attribute database. the forest types to which all the subcompartments belonged, were deduced by
subcompartment attribute data, and thus the distribution map of forest types was drawn.

Experimental semi-variation functions for the coniferous forest, mixed forest, broad leaved forest and other forest type
were calculated from the 2 directions (east 10 west, and south to north). Calculation results indicated that the semi-variation
functions of coniferous forest, mixed forest and broad leaved forest trended ta isotropy. However, the semi-variation function
of other forest type expressed definite differences when lag distance exceeded a certain range.

Because the lag distance of other type exceeded a certain range, its semi-variation function expressed anisotropy. In the
process of practical simulation, the lag distance range was already more than the effective search radius, and hence the maodel
fitting for all the forest type might be conducted from the angle of isotropy.

Based on the fitting parameters of variation function models of forest types. it is found that each forest type had the
stability and near stability characters in the research area, The Gaussian models of coniferous forest, mixed forest, broad
leaved forest and other forest type had moderate spatial correlation. However , the spherical model of other forest type had very
strong spatial correlation in a range of 5000 m.

According to the basic steps of the sequential indicator simulation, the whole research area was divided by adopting the
grid of 200X 200m. The 20 times” simulation of research area was conducted by using the sequential indicator simulation. In
this paper, thel5th time’s simulation results were selected to conduct the precision anatysis for the simulation results. The
matrix analyses were conducted between the forest type's spatial distribution results (obrained by the conditional simulation
algorithm ) and the distribution map of forest type of forest resource survey (as the standard ) by using the matrix analysis
function of the software ERDAS, and thus the exact analysis results were obtained. The simulation precisions of coniferous
forest, mixed forest, broad leaved forest and other forest type were 63. 00, 67. 00, 78. 84 and 60. 72% ,respectively, and the
total simulation precision was 73.80%. It is concluded that using the sample plors, the sequential indicator conditional
simulation might be used as an effective path of obtaining the distribution map of forest types.

Key words: forest types; categorical variables; sequential indicator simulation; spatial statisticss distribution map of forest
types
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Table 1 Madel fitting parameters of semivarigrams of forest types
FRI mRER Y {E E5HE B&H/EAHE TR
Forest types Model types Nugget Sill Nugget/Sill(%4) Rangefm)
#pt#K Coniferous forest R BETE Spherical model 0.071 0. 056 73. 96 8000
A4 Mixed forest BRI Spherical model 0,095 0, 145 65,5 10000
W& M #% Broad leaved forest B H B Gaussian model 0.13 0.24 S4.17% 10000
H A Oher types AR B Spherical model 0. 036 0. 206 17.5 5000
B B R Gaussian model 0, 036 0, 069 52,2 22000
HERUPEWREHADT .
0 h=10
3h 1({ hyE
Srtpk Y(h) =40.071 4 0.025) 52 — —| — 0 < k< 8000
0.071 + 0.025 k> 8000
a h=20
3h 1{h}?
B3 Y(R) =40.085 +0.05 57 — = — G << h 10000

0.085 + 0.05 A > 10000
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Table 2 Simulation precision matrix

FTYT P R Bt A xE
Forest types Coniferous forest Mixed forest Broad leaved forest Orher type
& it # Conifercus forest 4968 1292 3630 289
R #K Mixed forest 1091 8526 6097 280
APt $k Broad leaved forest 1540 2749 41160 1421
HE Other type 287 158 1656 3082
&1t Total 7886 12726 532543 5002
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