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Abstract: The characteristics of topographic relief variation are diverse from one landform type to another in the
Loess Plateau. Great differences of topographic relief variation exist in different directions, which is known as
topographic anisotropy. As fractal theory and geomorphology research become increasingly cooperative,
Multifractal Detrended Fluctuation Analysis (MF-DFA) method, an effective means to quantitatively describe the
nonlinear evolution process of complex sequences and the self-similar structural features formed by nonlinear
evolution processes, manifests great potential in the study of topographic anisotropy of different landforms. In
this paper, multifractal spectrum parameters were introduced to describe the variation characteristics of
topographic anisotropy, in order to illustrate the local and global variation pattern of topographic anisotropy of
different loess landforms. Based on 5 m-resolution Digital Elevation Model (DEM) data, three typical areas,
Chunhua County of loess tableland, Ganquan County of loess ridge and Suide County of loess hill, were selected
as the study areas. After that, MF-DFA of the variation characteristics of topographic anisotropy were conducted
on these three areas. The results show that the topographic anisotropy of the three loess landform types has
significant multifractal characteristics. The singularity strength of the topographic anisotropy from strong to
weak turns out to be in the order of Chunhua, Suide and Ganquan counties. The probability of the singularity
strength of topographic anisotropy in Chunhua County reaches the maximum at singular strength of 1.4, and
there is a small peak around the singularity strength of 2.2. The probability of the singularity strength of
topographic anisotropy in Ganquan County reaches the maximum at singularity strength of 0.7, with a second
peak around the singularity strength of 1.8. Differently, the singularity strength of topographic anisotropy in
Suide County is evenly distributed around 0.8, reaching the maximum at singularity strength of 0.8. The overall
singularity strength of Chunhua and Ganquan counties are 1.4 and 0.7 respectively, while the probability
distribution of topographic anisotropy in Suide County appears symmetrically. It can be concluded that the
singularity strength of the topographic anisotropy is the highest in loess tableland, followed by that in loess hill.

The singularity strength of the topographic anisotropy is the smallest in loess ridge. The results confirm that
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multifractal singularity strength is an effective method for the description and analysis of the topographic
anisotropy of loess landforms, e.g., tableland, ridge and hill. This study can provide quantitative information
support for the accurate classification of loess landforms as well as topographic indicators for regional water and
soil erosion assessment.

Key words: topographic anisotropy; singularity strength; terrain profile; topographic relief, MF-DFA; probabili-
ty distribution; loess landforms; Loes Plateau
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Fig. 3 Multi-fractal analysis of topographic anisotropy of the east terrain profile in Chunhua site
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Fig. 4 Multi-fractal analysis of topographic anisotropy of the east terrain profile in Ganquan site

3
6 -
5 L
24 W E=Hq
1 L
%6 3 64 128 256 512 1024
B (G EIREA RN
(a) gB B PR %K
4
2.
T 0f
&/ 2t
3z 055)
ﬂllﬁﬂ —4 e g 75)
= | * 14(0)
-8
5 4 3 2 -1 0 1 2 3 4 5
W E(q)
(c) gB BT FE %L
8 -
71
6 L
-3 W E=Hq
2§ ° —q=5
he 32 64 128 256 512 1024
JUBE (G EIREAR RN
(a) gl RE R
5 L
S
H O
ey
i) i
= -5 -iq 5)5)
. 1(0)
—-10 L L L L L " L " ' N
5 4 3 2 1 0 1 2 3 4 5
WS (q)
(©) M EEFE %K

18 s
@17 ................... o Hy(-5)
16 * Hq(0)
m
i\g 15 '.
B4 ey
T e
WRSs—=3 =35 30 1 2 35 4 5
W (q)
(b) g BRITRFFE L
1
308 /m;;%ﬁ
42% 0.6} -’;2;’(‘_‘55)) o
XY .D 0 Q"o
o4 hqq(%)) ®
R o Dq(5)
02 ha(3) \\
11 12 13 14 15 16 17 18 19 20
A S48 %8U(hg)
(d) ZHMIEIE

5 SAERE DX IEAR 7 [l 2% 1) S R ) 22 70 70 A

Fig. 5 Multi-fractal analysis of topographic anisotropy of the east terrain profile in Suide site
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Tab.1 Parameters of topographic anisotropy by multi-fractal analysis of the study sites
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Fig. 6 Probability distribution of singularity strength for topographic anisotropy in sample sites
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