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Abstract

Aims Under global climate change, precipitation patterns were predicted to change with larger seasonal and
annual variations and more extreme events in the semiarid regions of northern China. Water availability is one of
the key limited factors in semiarid grasslands. Changes in precipitation patterns will inevitably affect ecosystem
structure and function through soil water condition. Our objective was to investigate the response of soil water
content to changes of precipitation pattern, especially its pulse response to precipitation events.

Methods Two semiarid steppe sites (Duolun and Xilinhot) in Nei Mongol were chosen and meteorological sta-
tions were installed to monitor precipitation and soil volumetric water content (VWC) at five soil depths (0-10 cm,
10 cm, 20 cm, 30 cm, 50 cm) from 2006 to 2013. The pulse response of VWC at 0-10 cm to an individual precipi-
tation event was simulated by an exponential equation.

Important findings Significant seasonal and inter-annual variations of VWC were observed at the Duolun and
Xilinhot sites. VWC at 50 cm soil layer in Xilinhot showed an obvious increase during the early spring due to the
influences of snow melting. Mean surface (0-10 cm soil layer) VWC was significantly correlated with annual pre-
cipitation across eight years, but VWC in the deeper soil layers (10-50 cm) were not impacted by precipitation. We
also found that the precipitation event larger than 2 mm could induce a significant increase in surface (0-10 cm
soil layer) VWC, and could be regarded as an effective precipitation in this region. The maximum increment of
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surface VWC after the events and lasting time (Tiasting) Were determined by the event size, while showed negatively
linear correlations with the initial soil water content before the events. Vegetation development (leaf area index)
did not show significant impacts on the responses of surface soil moisture to precipitation pulses. The infiltration
depth of rain water was also determined by rain size and pre-event soil moisture. In average, soil water can infil-
trate 1.06 cm and 0.79 cm deeper in Duolun and Xilinhot with 1 mm more precipitation, respectively. Therefore,
our results suggest that the event size and pre-event soil moisture were the most important factors affecting re-
sponse patterns of soil moisture to rain events in semiarid ecosystems.
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Table 1 General information of Duolun and Xilinhot sites
Site Longitude and  Altitude Mean annual Mean annual  Soil type Plant Aboveground Dominant species Land use type
latitude (m) precipitation temperature community  biomass (g-m)
(mm) () height (cm)
42.05° N, 1350 380 2.2 42 174 2001
Duolun 116.28° E Chestnut Artemisia frigida  Fenced from
soils 2001
Stipa krylovii
43.55° N, 1250 332 0.84 48 185 2005
Xilinhot 116.67 E Chestnut Leymus chinensis
soils Fenced and
Stipa grandis clipped from
2005
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Table 2 Results of the multiple stepwise regressions on increment of surface soil water content (41VWCy_10) and lasting time (Tasing) after the precipitation

event at the two sites

R’ R’
Variable Site Entered variable Removed variable Parameter estimate Partial R Model R? P
AVWCo-10 Intercept 2.32
Duolun PPT 0.38 0.73 0.73 <0.001
VWCheye -0.19 0.06 0.79 <0.001
STere -0.08 0.00 0.79 0.282
LAI 1.30 0.00 0.79 0.340
Intercept 0.92
Xilinhot PPT 0.35 0.52 0.85 <0.001
VWChpye -0.08 0.08 0.01 0.084
STere 0.01 0.00 0.86 0.820
LAI 0.58 0.00 0.86 0.356
Tiasting Intercept 11.63
Duolun PPT 0.33 0.33 0.33 <0.001
VWCheye -0.42 0.22 0.55 <0.001
STere -0.17 0.05 0.60 0.011
LAI 0.74 0.00 0.60 0.680
Intercept 6.53
Xilinhot PPT 0.31 0.52 0.52 <0.001
VWChpye -0.27 0.08 0.60 0.003
STere -0.00 0.00 0.60 0.997
LAI 0.95 0.00 0.60 0.502
(PPT) (VWChre) 5cm (SThre) (LAl

The independent variables included the event size (PPT), soil water content before the event (VWCee), soil temperature at 5 cm depth (STpr) before the event,

and leaf area index (LAI).
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Table 3 Results of linear regression (including equation, R? and p value) between precipitation event size (x, mm) and the increment of soil water content (y,

%) at different soil depth

Duolun Xilinhot
Soil layer (cm) RZ P R P
Equation No. of samples Equation No. of samples
10 y =0.31x - 0.37 40 0.54 <0.0001 y=0.39%-091 40 072 <0.0001
20 y = 0.20x + 0.4 14 0.34 0.0298 y =0.34x - 3.45 17 067  <0.0001
30 y =0.38x - 7.56 7 0.77 0.009 4 y=027x-4.12 5 077 00513
(Depth/PPT) (p<0.01) ( 7B) (Heisler-White et al., 2008), (Yaseef
: , PPT et al., 2010)
10 cm 54% (p <0.001) 72% (p (Miller et al., 1983)
< 0.001); 20 cm 34% (p ,
<0.05) 67% (p < 0.001); 30 cm , , ,
PPT 7% (p = 0.0094, p =
0.0513)( 3) 50 cm ?
(n =3), :
PPT Coupland (1950)

, , 8-10 mm ;

PPT ( 3
4 (Sala & Lauenroth, 1982; Loik et al., 2004;

Ryel et al., 2004)

4.1

(Heisler-White et al., 2009),
(Knapp et al., 2002; Heisler-White et al.,
2009)

(68%) (54%)

4.2

(Huxman et al., 2004)

. (2006) (2008)
3mm
23 mm 1.5 mm
2 mm
Heisler-White  (2008)
2 mm
2mm
30 mm ( ) 40 mm ( )
50 cm
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