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Research on method of re-scaling coarser resolution slope
based on fractal analysis approach
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Abstract: [Objective)] In view of the scale effect problem resulted from the slope extraction based on
low resolution Digital Elevation Model (DEM), this paper introduced a method which can rationally re-
scale the low resolution slopes. [Method] The fractal property of the topography and the theory of vario-
gram demonstrate that slope is a function of the spatial resolution and the fractal dimension of a DEM, and
by re-scaling the slopes we obtained a low resolution DEM based on the model experiments in Xiannangou
Basin,and evaluated the accuracy of the re-scaled slope. [Result] This paper concludes that within 0. 2—
1. 0 times original resolution slope range,the re-scaling results of 100 m,50 m and 25 m resolution slope are
similar to the slopes based on high resolution DEMs,in both slope value and slope spatial distribution,and
the best re-scaling slope extent is 0. 2—0. 25 times of original resolution slope. [Conclusion]) It is shown
that the method provides theoretical support for slope scale problems,and has a significant meaning in per-

fecting slope transform methods.
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Table 1 Slope re-scaling scheme
Modéling Original-  Referred Result Modgling% Original-  Referred Result MOfleAling% Original-  Referred Result
—verification slope slope verification  slope slope verification  slope slope
m—n SLPioo SLPs;  SLPiow—s0| M—1IV SLPso SLPjys SLPsg—25 n—1 SLPs SLP, SLPjs5-—10
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Table 2 Part of fractal dimension model of the modeling area based on 3X3 and 5X5
Re-scaling Subwindow Fractal R? Sig Modeling—
slope size model verification
3X3 D=—0.009 66+1. 318 2 0. 65 0. 00 I—1v
SLPigo—s0 .
5X5 D=—0.008 1lg+1.592 0. 64 0.00 I—N
3X3 D=0.000 16> —0.013 65+1. 355 0. 66 0. 00 m—1
SLPSO*ZS
5X5 D=—0.007 lo-+1.434 0. 65 0. 00 n—1v
3X3 D=—0.011 36+1. 210 0. 37 0. 00 =1
SLP2s5—10
5X5 D=—0.010 8+1. 310 0.61 0. 00 -1
SLP 3X3 D=—0.067 8ln ¢g+1. 144 0. 34 0. 00 I—1
e 5X5 D=—0.009 26+1.130 5 0.27 0. 00 11
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Table 3 Fractal dimension surface statistics of the building area [
/m
Subwindow size Resolution Fractal dimension extent Fractal dimension mean Std

100 1.02~1.45 1. 24 0.070
50 1.01~1.30 1. 14 0. 057

3X3
25 0.99~1. 34 1. 09 0. 049
10 0.98~1.31 1.05 0.034
100 1.18~1.54 1.35 0. 080
50 1.06~1. 38 1. 22 0.058

5X5
25 0.97~1.29 1.13 0.058
10 0.98~1.13 1. 06 0.026

4 s N
5X5
« 4 1 , 4,

4

Table 4 Statistics of the adjacent and across resolution slope rescaling by fractal method

/
/

Adjacent/Across

—

Modeling— Original and referred

rcsolut_ion Verification slope and Slope extent Mean STD
re-scaling re-scaling result
O-SLP 0.10~33.90 14.71 6. 40
SLPioo—s0 0.13~37.55 18. 06 7.41
. R-SLPs 0.14~43.04 19.13 7.93
=1V O-SLP5, 0.14~43. 04 19.12 7.93
SLPso—25 0.16~48.19 21. 26 8.62
R-SLP; 0.00~51.10 21.56 9.09
Adjacent re-scaling O-SLP 3 0.11~53.17 24.73 9.88
-1 SLP35 1o 0.13~52.78 27.47 9.97
R-SLP 0.02~66.12 27.68 11.04
O-SLP, 0.20~65. 35 29. 28 10. 27
I—1 SLPiy—5 0.22~62.74 30. 26 10. 20
R-SLP; 0.07~71.90 30. 29 10. 83
. SLP1oo—25 0.16~44. 83 22.22 8. 66
=1y R-SLP; 0.00~51.10 21.56 9.09
O-SLP 40 0.22~33.09 14. 89 6.58
SLPioo—10 0.60~67. 24 33.62 12.43
R-SLP 0.02~66.11 27.58 11.05
T O-SLPs 0.14~36. 66 18. 29 7.44
Across re-scaling SLPso— 10 0.23~51. 26 25.29 9.85
R-SLP, 0.00~58. 23 26. 65 10. 15
SLPs5o—5 0.69~62. 21 32.78 10. 97
e R-SLP; 0.01~72.04 28.73 11. 65
O-SLP;s 0.51~48.71 26. 25 9.34
I—1 SLP2s—5 0.75~52.48 30. 99 9.30
R-SLP; 0.07~71.90 30. 30 10. 84
:O-SLP1oo s SLP10o—s0 s R-SL P30 ; o 5 .
Note:O-SLP 5y means originad slope; SLP1op—50 means re-scaling result; R-SLP 5, means referred slope;otherred in the same way. Table 5

is the same.
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Fig. 4 Re-scaling and original slope cumulative frequency curve of the verification area
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Table 5 R? of the refer slope frequency and fore-and-aft re-scaling slope frequency in verification area
R? R? R?
Original and Refer slope Original and Refer slope Original and Refer slope
re-scaling slope re-scaling slope re-scaling slope
SLP1oo—30 SLPs 0.943 SLPs5—25 SLPs; 0.933 SLPy;— 10 SLPy 0.941
O-SLP SLPs 0. 341 O-SLP;, SLPs; 0.279 O-SLP;s SLPyo 0. 834
SLPoo—25 SLP; 0.978 SLPso—10 SLPyy 0.956 SLPjs—5 SLP; 0. 828
O-SLP 40 SLPss 0.006 O-SLP5, SLPy, 0.016 O-SLP s SLP; 0.748
SLP1oo—10 SLP 0.707 SLPsy—5 SLPs 0.773 SLPyy—5 SLPs 0.978
O-SLP o0 SLPio 0.051 O-SLP;, SLPs 0.104 O-SLPy, SLPs 0.978
3 25 m 325 10 m
5m ,
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