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On Fractal and Multifractal Properties for Different Types of Landforms

LI Meng ZHU Lingren LONG Haiying
Seismological Bureau of Xinjiang Uygur Autonomous Region  Urumqi Xijiang 830011

Abstract By using the standard deviation method the scaling properties described by the local fractal dimension D and crossover
length tc of 48 measured landform profiles in different direction of 6 different studied landform sections in Tianshan area are calculat-
ed. After that the multifractal spectra D, — ¢ are computed by fixed-mass method. The results show that in the studied scaling
range different types of landscapes and profiles in different directions perform different fractal properties that is the D value and
crossover length tc decrease in turns with the landform type from high-moutain mid-low mountain to basin and the profile parallel to
wear grooves often has lower D values than those perpendicular to wear grooves does in the same section. Furthermore the shapes
and va-lue ranges of profile multifarctal D, in different landform types and in different directions of the same sections perform different
properties and anisotrpies. It can be concluded that the landscape fractal properties depends closely on the intensity manner and inho-
moge-nity of exogenic and inogenic processess and with the properties we can study quantatively the dynamic geomorphic process.
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Table 1 Fractal dimension values and relative parameters

1

of differefnt landform sections

H

m % \4
Bl 10" ! 1.513 99.0 0.481 0.688
B2 101 1.557 98.4 0.481 0.688
B3 101 1.544 97.5 0.481 0.688
B4 100°  1.699 99.0 0.481 0.68
B5 1004 1.609 97.7 0.481 0.688
B6 1009 1.443 98.2 0.481 0.688
B7 1002 1.368 99.3 0.481 0.688
B8 1004 1.416 99.0 0.481 0.688
Hi1 1007 1.629 98.4 0.378 0.402
H2 10! © 1.640 97.3 0.378 0.402
H3 10'8 1.630 98.7 0.378 0.402
H4 10! © 1.601 98.6 0.378 0.402
H5 0% 1.652 97.5 0.378 0.402
H6 10" 7 1.686 97.4 0.378 0.402
H7 1007 1.602 98.1 0.378 0.402
H8 10'2  1.534 98.2 0.378 0.402
M1 1077 1.410 99.2 0.540 0.513
M2 10" 1.361 98.8 0.540 0.513
M3 107 1.625 99.1 0.540 0.513
M4 10%-° 1.587 98.7 0.540 0.513
M5 10795 1.482 98.5 0.540 0.513
M6 10707 1.433 99.4 0.540 0.513
M7 103 1.349 97.6 0.540 0.513
M8 10797 1.432 99.4 0.540 0.513
K1 1003 1.534 97.9 0.448 0.404
K2 1002 1.508 99.5 0.448 0.404
K3 1003 1.568 99.1 0.448 0.404
K4 107 1.671 97.2 0.448 0.404
K5 1001 1527 99.3 0.448 0.404
K6 10792 1.490 99.1 0.448 0.404
K7 10° 1.511 99.0 0.448 0.404
K8 10°°  1.605 99.0 0.448 0.404
T1 1078 1.151 99.2 0.768 0.437
T2 10" 1.171 99.1 0.768 0.437
T3 107°  1.271 98.4 0.768 0.437
T4 102 1.077 98.9 0.768 0.437
TS5 1073 1.408 97.5 0.768 0.437
T6 1072 1.218 98.8 0.768 0.437
T7 10°° 1.363 98.4 0.768 0.437
T8 1077 1.202 99.0 0.768 0.437
D1 10°° 1.231 99.1 0.748 0.221
D2 109 1.176 99.7 0.748 0.221
D3 10°% 1.311 99.0 0.748 0.221
D4 104 1.341 99.0 0.748 0.221
D5 10°° 1.218 98.9 0.748 0.221
D6 1077 1.254 99.1 0.748 0.221
D7 10°° 1.258 99.6 0.748 0.221
D8 107 1.227 99.5 0.748 0.221

lgo
3.00
| WH6
+ K5
2.00— M
R D2
- F o
T4
1.00— -
000’ - hill T ] I T [ T ‘r Igl“
2.8 32 36 4.00 4.40
3
Fig.3 Double logarithm coodinate plot
of typical landform profile
2
3
10! ~10?
1071 ~10'
1073~101
4
V>0.5 B
M
3456
4 6 D,-q
1
M K D,
DT D,
D 123
q
B H
2
q B
q H M K
T D



3 241

240 Dy 2.404 Dg 2501 pg
200 ° H ’ M
2.004 ' 2.00-
1
1 60- 1604
1.50
1 20 1.20-] L
‘ 2
1eo{ T
0.0 0.80] J
q 050+ 4
q 0.40 - g T T— 7 ]
A 00 2000 005 2000 “asobo  ~20.00-1000 000 10100 20100 30.00 -40.00 -20.00 0.00  20.00 4000
_D
2.50 {9 2 2,00+ pg 3.00-Dg
20 K
200 1.60
' .00
K
T
150 4\ 120 4
[ NN
g M
1,00
1.00 0.80
q
0.50 T T q—| 0.40 T T T = 0.00 T T T T T T )
£20.00 0.00 20.00 40,00 -40.00 -20.00 000 2000 40.00 4000 -2000 000 2000 40.00
4 6 D,—q
Fig.4 D, — q curves of six different landform sections
3
B 7 2 M 8 Scheidegger
2 1979 1986
Scheidegger 1983
Culling 1986 Ouch
1992
2.2
1998
Scheidegger 1994  Phillips 1993 1994
Phillips 1995 1992
1.5

2000  Scheidegger 1979 2



242

2003

1.5

1.5

.1998.
17 1 23~30.
.1999. . 15
1 92~96.
.1992.
157 516—~519.
.2000.
.1998. . 1-3.
.1992.
§3 1-5.
.2000. —_—
71 13~42.

References

Ai Nanshan Zhu Zhijun Li Hougiang. 1998. On the stochastic nature of

exogenic processes and the stability of fractional Brownian land-
scape. Geographical Research 17 1 23~30 in Chinese with Eng-
lish abstract .

Ai Nanshan Chen Rong Li Hougiang. 1999. Road to fractal geomor-
phology. Geography and Territorial Research 15 1 92 ~96 in
Chinese with English abstract .

Chen Yong Chen Ling. 1998. Fractal geometry. Beijing Seismological
Press 1~3 in Chinese with English abstract .

Culling W E H. 1986. On Hurst phenomena in the landscape Trans.
Japan Geomorph. Union. 7 4 221~343.

Li Hougiang Ai Nanshan. 1992. Fractal geomorphology and the model
for landform development. Journal of Nature 15 7 516~519 in
Chinese .

Mandelbrot B B. 1985. Self-affine fractals and fractal dimension. Phys.
Scripta. 32 257~260.

Manlinverno A. 1990. A simple method for estimate the fractal dimen-
sion of self-affine series. Geophs. Res. Lett. 17 1953~1956.
Ouch S Matsushita M. 1992. Mesurement of self-affinity on surface as a
trial application of fractal geometry to landform. Geomorph. 5 115

~130.

Phillips ] D. 1993. Instability and chaos in hillslop evolution. American
J. of Science 293 25~48.

Phillips J D. 1994. Deterministic uncertainty in landscape. Earth Surface
Process & Landforms 19 389~401.

Phillips ] D. 1995. Nonlinear dynamics and the evolution of relief. Geo-
morphology 14 1 57~64.

Scheidegger A E. 1979. The principle of antagonism in the earth’ s evo-
lution. Tectonophysics 55 7~10.

Scheidegger A E. 1983. Instability priciple in geomorphic equilibrium.
Z. Geomorph. 27 1 1~19.

Scheidegger A E  Ai N'S. 1986. Tectonic process and geomorphological
design. Tectonophysics 126 285~300.

Scheidegger A E. 1994. Hazards singularities in geomorphic system.
Geomorphology 10 19~25.

Shi Juexing Xu Heming Niu Zhiren et al. 1992. Self-affine fractal di-
mension of fractured rock profile. Earthquake Research In China 8

3 1~5 in Chinese .

Yu Chongwen. 2000. Dynamics of self-organised critical processes of geo-

logical processes Fractal growth of geosystems at the edge of
chaos. Earth Science Frontiers 7 1 13~42 in Chinese with Eng-
lish abstract .

Zhu Lingren Chen Yong. 2000. Seismological fractal rsearch. Beijing

Seismological Press 40~52 in Chinese with English abstract .



