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Analysis of Heterogeneous Soil Water Using Information
Entropy and Multifractal Theory

ZHU Lei"?, YANG Jinzhong's WANG Kang', ZHOU Qing'

1. State K ey Laboratory of Water Resources and Hydropower Engineering Sciences, Wuhan University, Wuhan 430072, China
2. Key Laboratory of Ef ficiency Irrigation-D rainage and Agricultural Soil-Water Environment in Southern China of Ministry of
Education, Hohai University, Nanjing 210098, China

Abstract The major objective of this study is to investigate the heterogeneity of soil water flow. Field experiments were per-
formed in loam and day soil and an iodine-starch staining method was applied to visualize flow paths in the soil. Heterogeneous
flow patterns were described by using information entropy and multifractal theory. Results show that information entropy in-
creases with decreasingly characteristic length which is a scale used to characterize flow stained patterns. The soil flow hetero-
geneity is similar at different measurement scales. However, the variance of flow distributions change with scales. In the loam
soils scaling invariance of water flow distributions is in a larger range than that in the clay soil.
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Table 1 Physical and hydraulic properties of the experimental soils
2
(em) > 50m 2~50m < 2Mm (g cem 3) %) (em * s~ D
0~ 10 3.5 55.0 44.5 1. 44 38.2 5.8X 1075
1 10~20 4.4 51.5 44. 4 1. 50 38.7 2.1X 1075
( ) 20~ 50 4.3 51. 4 44.3 1.50 39. 4 2.2X 105
50~ 100 4.7 50.7 44.6 1.59 40. 1 1.4X 1075
0~ 10 29.4 49.2 21.4 1.38 38.8 3.4X 104
2 10~ 20 28.2 49.4 22.4 1. 40 36.2 1.2X10*
( ) 20~ 50 31.3 46.2 22.5 1. 44 36.8 1.1X 10*
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Fig. 2 Heterogeneous stained patterns at various depths
a. KX 5 cm, 10 em, 20 cm, 40 cm A1 80 cm B ABIE; b, A FE X 5 cm .10 cm, 20 em, 30 em # 50 cm FHF B AR
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Fig. 3 Comparison of dye coverage, correlativity of water flow pattern in stained regions after infiltration
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Fig. 4 Normalized configuration entropy (H % (7)) versus box size (r) from horizontal sections at different depths
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Fig. 5 The change of characteristic length (a) and information entropy (b) at different depths
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Fig. 6 Bi-log plot of y(r,q) versus box size (r) for the loam and clay soil
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Fig. 7 (a) Potential entropy (H* () /L) vs. information dimension; (b) fractal dimension vs. iodine stained coverage for different soils
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