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Abstract
This study was conducted in Sonid Right Banner, Inner Mongolia, where daily
precipitation data from May 2015 to December 2016 and concurrent daily con-
tinuous observations of soil water content at various depths (0–10 cm, 10–20
cm, 20–30 cm, 30–40 cm, and 40–50 cm) were analyzed to investigate the ef-
fects of precipitation events on soil water content in desert steppe. The results
indicated: (1) Precipitation exerted the most pronounced influence on surface
soil layers (0–10 cm and 10–20 cm), with a significant positive correlation be-
tween precipitation amount and water content in these two layers, whereas the
water content in the remaining three layers showed no significant response to
precipitation events. (2) The minimum effective precipitation thresholds for the
0–10 cm and 10–20 cm soil layers were 6.4 mm and 8.33 mm, respectively. (3)
Further derivation of the effective precipitation conversion rates for the 0–10 cm
and 10–20 cm soil layers, based on the minimum effective precipitation, revealed
that the maximum effective precipitation conversion rate for the 0–10 cm soil
layer could reach 95%, though it mostly remained around 70%; for the 10–20 cm
layer, the maximum rate could reach 90%, though it mostly remained around
50%.
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Abstract

Climate change has become a global issue of common concern. Water is one of
the main limiting factors in semiarid grasslands. The change in precipitation
pattern results in changes in soil moisture status. The effect of precipitation
events on soil moisture content in desert steppe was studied based on the anal-
ysis of daily precipitation data from May 2015 to December 2016 and daily
continuous observation data of soil moisture content at different depths (0–10
cm, 10–20 cm, 20–30 cm, 30–40 cm, and 40–50 cm). The results showed that:
(1) The effect of precipitation on topsoil (0–10 cm and 10–20 cm) moisture con-
tent was the most significant, and there was a significant positive correlation
between the soil moisture content of these two layers and precipitation. The
response of soil moisture content of the other three layers to precipitation events
was not significant; (2) The minimum volumes of effective precipitation to 0–10
cm and 10–20 cm soil layers were 6.4 mm and 8.33 mm, respectively; (3) When
inferring the minimum effective precipitation, it was found that the conversion
rate of effective precipitation to soil moisture in the 0–10 cm layer could be as
high as 95%, but it was mostly about 70%; it could be as high as 90% in the
10–20 cm layer, but it was mostly about 50%.
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1 Study Area and Methods
1.1 Study Area Description

The study area is located in Sonid Right Banner, Inner Mongolia (112°40�25�E,
42°46�52�N, 1079 m). The region is characterized by a typical desert steppe
ecosystem with vegetation dominated by Stipa klemenzii, Cleistogenes songor-
ica, and Allium polyrrhizum. The climate is semiarid, with a mean annual tem-
perature of 4.4°C and mean annual precipitation of 177.2 mm. Data collection
began in May 2015.

1.2 Data Collection and Analysis

Daily precipitation data and continuous soil moisture measurements at five
depth intervals (0–10 cm, 10–20 cm, 20–30 cm, 30–40 cm, and 40–50 cm) were
collected from May 2015 to December 2016. Statistical analysis was performed
using SigmaPlot 10.0 and SPSS 22.0 software.
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2 Results
2.1 Soil Moisture Dynamics

Figures 2–5 illustrate the dynamic changes in soil moisture content at various
depths. The 0–10 cm and 10–20 cm layers showed the most pronounced re-
sponses to precipitation events.

2.2 Minimum Effective Precipitation

The minimum precipitation required to significantly increase soil moisture was
determined to be 6.4 mm for the 0–10 cm layer and 8.33 mm for the 10–20 cm
layer. The relationship between effective precipitation and soil moisture increase
can be expressed as:

For the 10 cm layer:

𝑦10 = 0.0476𝑥2.0574

For the 20 cm layer:

𝑦20 = 0.6698𝑥0.4959

When accounting for the minimum effective precipitation threshold, the equa-
tions become:

For the 10 cm layer:

𝑦10 = 0.0476(𝑥 − 6.4)2.0574

For the 20 cm layer:

𝑦20 = 0.6698(𝑥 − 8.33)0.4959

2.3 Conversion Rate of Precipitation to Soil Moisture

The conversion efficiency of precipitation to soil moisture varied by depth. For
the 0–10 cm layer, the maximum conversion rate reached 95%, though typical
values were around 70%. For the 10–20 cm layer, the maximum rate was 90%,
with typical values near 50%.

The exponential form of the relationship is given by:

For 10 cm:

0.09793224𝑒2.0574 ln(𝑥−6.4)

𝑥 − 6.4
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For 20 cm:

0.3345382𝑒0.4959 ln(𝑥−8.33)

𝑥 − 8.33

3 Discussion
Precipitation effectiveness is a critical factor in arid ecosystem processes. The
minimum effective precipitation values identified in this study (6.4 mm for 0–
10 cm and 8.33 mm for 10–20 cm) indicate the threshold required for soil mois-
ture recharge in desert steppe environments. These findings are consistent with
previous research on water limitation in semiarid grasslands.

The high conversion rates observed in the topsoil layers demonstrate the im-
portance of surface soil in capturing and retaining precipitation, particularly
during storm events. The rapid response of the 0–10 cm and 10–20 cm layers to
precipitation, compared to the weaker response of deeper layers, highlights the
role of shallow soils in regulating water availability for herbaceous vegetation in
desert steppe ecosystems.

The study results provide a quantitative basis for understanding soil moisture
dynamics and precipitation effectiveness in desert steppe regions, which is essen-
tial for ecological restoration and sustainable land management practices under
changing climate conditions.
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