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Variation Analysis and Simulation of Soil Bulk Density within Different Soil
Depths along South to North Transect of Loess Plateau
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Abstract: To provide soil hydraulic parameters for simulating soil hydrological processes, classical
statistics were used to characterize the spatial distribution of soil bulk density ( BD) within different soil
depths (0 ~10 cm, 10 ~20 c¢cm and 20 ~ 40 cm) along south to north transect of the Loess Plateau.
Furthermore, the multiple stepwise regressions, pedotransfer functions and the first order autoregressive
state-space models were applied to simulate the distribution of BD. The magnitude of BD variability in the
0 ~20 cm soil layer was moderate according to the coefficient of variations, while the BD variability in the
20 ~ 40 cm soil layer was weak. The key factors affecting the spatial distribution of BD differed in
different soil depths. Soil organic carbon, clay and sand contents were the key factors in the 0 ~ 10 c¢cm
soil layer; soil organic carbon content, clay and sand contents and precipitation were the key factors in
the 10 ~20 cm soil layer; while in the 20 ~40 cm soil layer, clay and sand contents, precipitation and
land use were the key factors to affect the spatial distribution of BD along south to north transect. State-
space models were consistently more effective than multiple stepwise regression functions and pedotransfer
functions for estimating spatial distribution of BD. State-space model that included clay and sand
contents, precipitation and land use factors showed the best simulation result, and the combination of
such variables explained 92.3% of the total variation of BD. State-space models were recommended for
studying spatial relations between soil bulk density and other variables on the Loess Plateau.
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Fig.1 Distributions of precipitation, air temperature, relative

elevation and land use types along south to north transect
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Tab.1 Statistical values of soil bulk density in different soil layers
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Tab.2 Correlation coefficients between soil bulk

density in different soil layers and other variables

- T E B/ em

0-~10 10 ~20 20 ~40
ALK &R (C) -0.232° -0.194* -0.033
FRL IR A B (Y) -0.208" -0.191" -0.207°
RS2 (S) 0.516 ™ 0. 448 ** 0.379 **
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+ # F (L) 0. 080 -0.204" -0.222"°
RS (E) -0.043 -0.164 -0.259°
W (G) -0.198" -0.145 -0.149
P (A) -0.088 -0.105 -0.046
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Fig.2 Distributions of soil bulk density, soil organic TR B 5 oR K o R4 T LR RO ~
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Tab.3 State-space equations, pedotransfer functions and multi step-wise regression functions for

simulating soil bulk density in different soil layers

LRRE om R 7 ]y R R>  RMSE/(grem™®)  p
0~10 B =0.738B,,,_, +0.200C,_, —=0.117Y,_, +0.183S,_, +uw, 0.691 0.118 < 0.01
10 ~20 B, =0.654B,y, | +0.801C, , =0.119Y, |, +0.212S, |, —0.554P, | +w, 0.727 0.114 < 0.01
20 ~40 By = —0.023B,, , +0.753Y, , +1.053S, , —=0.328P, , —0.452L, | +w, 0.923 0.028 < 0.01

R E em 12 1 bR K5 R R? RMSE/(g+cm %) p
0-~10 By, =8.537 +0.459S +0.232¢" —0.126P ' +10.015P —6. 675¢" 0.504 0.174 < 0.01
10 ~20 B,y = —0.223 +0.008L' +0.079P ' +0.515Y +0.611S 0.587 0. 154 < 0.01
20 ~40 B, =0.108 +0.009L"" +0.642S +0.631Y -0.343P 0. 540 0.165 < 0.01

+)ZIRE /em Emn L ALNEY:¥ R? RMSE/(g-cm ™) p
0~10 By, = —0.560 +0.867Y +1.253S 0. 474 0. 180 < 0.01
10 ~20 B,y = —0.519 +0.871Y +1.167S 0. 444 0.185 < 0.01
20 ~40 By, = —0.165 +0.951Y +1.0455 -0.328P -0.337L 0. 493 0.177 < 0.01
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Fig.3 Optimal state-space models for simulating

soil bulk density in different soil layers
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