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Abstract: Wind and water erosion are among the most important causes of soil loss, and understanding their 
interactions is important for estimating soil quality and environmental impacts in regions where both types of erosion 
occur. We used a wind tunnel and simulated rainfall to study sediment yield, particle-size distribution and the fractal 
dimension of the sediment particles under wind and water erosion. The experiment was conducted with wind ero-
sion firstly and water erosion thereafter, under three wind speeds (0, 11 and 14 m/s) and three rainfall intensities (60, 
80 and 100 mm/h). The results showed that the sediment yield was positively correlated with wind speed and rain-
fall intensity (P<0.01). Wind erosion exacerbated water erosion and increased sediment yield by 7.25%–38.97% 
relative to the absence of wind erosion. Wind erosion changed the sediment particle distribution by influencing the 
micro-topography of the sloping land surface. The clay, silt and sand contents of eroded sediment were also posi-
tively correlated with wind speed and rainfall intensity (P<0.01). Wind erosion increased clay and silt contents by 
0.35%–19.60% and 5.80%–21.10%, respectively, and decreased sand content by 2.40%–8.33%, relative to the 
absence of wind erosion. The effect of wind erosion on sediment particles became weaker with increasing rainfall 
intensities, which was consistent with the variation in sediment yield. However, particle-size distribution was not 
closely correlated with sediment yield (P>0.05). The fractal dimension of the sediment particles was significantly 
different under different intensities of water erosion (P<0.05), but no significant difference was found under wind and 
water erosion. The findings reported in this study implicated that both water and wind erosion should be controlled 
to reduce their intensifying effects, and the controlling of wind erosion could significantly reduce water erosion in this 
wind-water erosion crisscross region. 
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Wind and water are two dominant agents of erosion 
that lead to soil loss in arid and semi-arid regions. 
Wind erosion is recognized as a dynamic process that 
selectively removes the finer particles of soil (Lü and 
Dong, 2006; Zhao et al., 2006; Dong and Qian, 2007), 
resulting in important ecological and environmental 
problems such as dust storms and reduced visibility 
(Tang, 2000; Visser et al., 2004). Water erosion is 

comprised of splash and flow detachment, transport 
by overland flow and deposition of soil materials 
(Lssa et al., 2006). Both types of erosion can enrich 
the amount of fine particles (Catroux and Schnizer, 
1987) and nutrients in exported sediments (Alberts et 
al., 1983). The processes of wind and water erosion, 
however, rarely operate independently in landscapes 
but substantially interact. 
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Both wind and water erosion are possible for severe 
land degradation in an area of over 17.8×104 km2 on the 
Loess Plateau of China, which is known as a 
wind-water erosion crisscross region (Tang, 2000; 
Yang et al., 2013). In this region, aeolian action is 
dominant during winters and springs, and fluvial action 
is dominant during rainy summers and autumns (Xu, 
1998). Wind and water erosion are mutually affected 
(Uri, 2001). For example, coarse particles transported 
to slopes and channels by wind erosion provide the 
material basis for the action of water erosion, and water 
erosion force reshapes the landforms sculpted by wind 
erosion (Song et al., 2006). Moreover, the transport of 
soil particles by one type of erosion can be accelerated 
by the other type (Pedersen and Hasholt, 1995; Erpul et 
al., 2002). Wind erosion can lead to the loss of fine soil 
particles and an increase in soil roughness (Zhao et al., 
2006; Ferreira et al., 2011), which can turn slow over-
land flows into supercritical flows that may increase the 
potential for scouring by water (Romkens et al., 2001; 
Gomez and Nearing, 2005). 

Wind and water erosion provide many interactions 
between the two systems that have important influ-
ences on landforming processes (Langford, 1989; 
Sweeney and Loope, 2001; Gao et al., 2002; Joanna 
and Lan, 2002). The transport of wind-driven sedi-
ment can degrade streams, lakes and estuaries (Pieri et 
al., 2009) and have an impact on fluvial features. In 
Sahara, the sand mainly originated from fluvial proc-
esses, but the fluvially-deposited sand was subse-
quently reshaped by aeolian activity into dunes and 
sheets during periods of drier climates (Farouk et al., 
2000). Bullard and Livingstone (2000) also reported 
that fluvial and coastal processes interact in estuarine 
environments. Aeolian processes are not restricted to 
dryland environments. They also operate in coastal 
and periglacial landscapes. 

Previous studies on the interactions between wind 
and water erosion have focused on the simultaneous 
occurrence of rain and wind, i.e. wind-driven rain-
drops (de Lima et al., 1992; Visser et al., 2004). 
Wind-driven rain (WDR) is rain that is given a hori-
zontal velocity component by the wind and that falls 
obliquely (Blocken and Carmeliet, 2004). The WDR 
effect refers to the redistribution of rainfall over mi-
cro-scale topography due to the existence of local 

perturbed wind-flow patterns (Blocken et al., 2006). 
Sediment yield and the characteristics of sediment 
particles under alternating wind and water erosion, 
however, are poorly understood. A fuller understand-
ing of their interactions is particularly needed because 
of their importance in understanding the response of 
soil quality and the impact of the environmental 
stresses from alternating wind and water erosion. 

The sediment size distribution may govern the ac-
tual behavior of sediment transport (Slattery and Burt, 
1997; Wang et al., 2014). Shi et al. (2012a, b) found 
that a better understanding of sediment sorting will 
improve our comprehension on erosion and sedimen-
tation processes. Fractal dimension of soil particles 
has been possible to characterize soil particle-size dis-
tribution, and previous researches have shown that it 
is a useful parameter for monitoring soil degradation 
(Su et al., 2004) and quantifying the structure (Perrier 
et al., 1999) and physical properties of soil (Perfect 
and Kay, 1995). Many factors affect fractal dimension, 
such as erosion, land use patterns (Chen and Zhou, 
2013) and plant communities (Xu et al., 2013). Zhang 
et al. (2011) conducted a field experiment in the Loess 
Plateau of Northwest China to determine the effect of 
water erosion on the fractal dimension of particle-size 
distribution. They found that soils with higher silt and 
clay contents and lower sand contents have higher 
values of fractal dimension. Fine soil particles are 
readily transported by wind erosion. Water erosion 
leads to the enrichment of fine particles in sediments 
(Wan and El-Swaify, 1998). Both erosion processes 
can cause changes in sediment particle-size distribu-
tion. However, limited information is available on the 
fractal characteristics of sediment under alternating 
wind and water erosion. 

Rain simulators are commonly used to quantify 
water erosion, and wind tunnels are usually applied to 
determine wind erosion (Breshears et al., 2003). We 
therefore conducted a controlled experiment that 
combined a wind tunnel with simulated rainfall. The 
objectives of this study were to: 1) obtain detailed 
information on the effects of wind and water erosion 
on sediment yield, particle-size distribution and the 
fractal dimension of sediment, and 2) understand the 
key factors influencing sediment yield and associated 
particle characteristics under wind and water erosion. 
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1  Materials and methods 

1.1  Experimental materials 

The experiment was conducted in a simulation hall at 
the State Key Laboratory of Soil Erosion and Dry-
land Farming on the Loess Plateau, Northwest A&F 
University, China. The experimental facilities in-
cluded a wind-tunnel simulator and a rainfall simu-
lator. The wind tunnel had a total length of 24 m, 
including fan (4 m), regulation (1.5 m), rectification 
(10 m), test (1.28 m), sand-collection (3.02 m) and 
diversion (4.2 m) sections (Fig. 1). The 1.0 m×1.2 m 
cross-sectional area can produce free turbulent air-
flow and a stable airflow field. The uniformity of 
airflow velocity is >99%, and the static pressure gra-
dient in the axial direction is <0.005. Wind speed 
could change continuously from 0 to 15 m/s via the 
control panel. A vane anemometer, installed 0.2 m 
close to the test section and 0.2 m above the tunnel 
floor, accurately (±0.2 m/s) adjusted the wind speed. 
The diversion section evacuated the airflow to main-
tain a clean laboratory environment. The wind-driven 
sediment was trapped in the deposition chamber at 
the end of the wind tunnel with a capture efficiency 
of 90% (Wang et al., 2014). 

The nozzle height of the rainfall simulator was 16 
m. The drop size distribution ranged from 0.6 to 3.0 
mm and the rain heterogeneity was greater than 85%. 
Rainfall intensity was accurately (±2.7 mm/h) adjusted 
by controlling the aperture of the nozzle and the water 
pressure. Experimental boxes for wind and water ero-

sion were constructed with a movable dual-function 
steel tank (110 cm long×70 cm wide×35 cm deep). 

The sandy loam used for the experiment was col-
lected from the surface (0–20 cm depth) of a natural 
grassland in Wuqi county (36°58′32″N, 107°50′52″E) in 
the northern part of the Loess Plateau, China. The soil 
was the primary eroded soil in this wind-water erosion 
crisscross region. The soil properties are listed in Table 
1 (data were measured from the methods in Part 1.3).  

1.2  Experimental design 

In the study area, wind erosion occurs mainly during 
winter and spring; while rain falls mostly occur during 
summer, typically in high-intensity and short-duration 
rainstorms (Zhang et al., 2011). The experiment was 
conducted with wind erosion firstly and water erosion 
thereafter, under three wind speeds (0, 11 and 14 m/s) 
and three rainfall intensities (60, 80 and 100 mm/h). 
The wind speed of 14 m/s approached the maximum 
monthly average wind speed (Wang et al., 2014). The 
chosen rainfall intensities are representative of low-, 
medium- and high-intensity rainstorms. Both are typical 
of intense storms in the study area that is dominated by 
monsoon climate conditions (Tang, 1990). 

Soil samples were air-dried to a moisture content of 
approximately 1.3%, mixed well and then packed into 
the soil box in 5-cm layers at an average bulk density 
of 1.30 g/cm3. Each layer was roughened by a small 
rake to reduce the discontinuity between layers. The 
total layers in every box were seven. Once the box 
was prepared, it was pushed into the wind tunnel and

 

 
 

Fig. 1  Diagram of the wind tunnel structure 

 
Table 1  Properties of the experimental soil 

Nutrients content (g/kg) Aggregate stability Particle-size distribution (%) 

OM TN 

Average 
particle size 

(mm) WSA (%) MWD (mm) <0.002 mm 0.002–0.020 mm 0.020–2.000 mm 

12.37 0.65 0.026 10.09 0.36 12.68 19.12 68.20 

Notes: OM, organic matter; TN, total nitrogen; WSA, water-stable aggregates (>0.25 mm); MWD, mean weighted diameter. 
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the soil surface was aligned exactly paralleled to the 
floor of the test section. Wind erosion was simulated 
for 20 min, after which the experimental box was 
removed and packed with a rainfall baffle and a plot 
outlet that were used for rainfall at a slope of 15°. 
This slope was chosen because lands with slopes 
between 10° and 20° were widely used for cropping 
in this region (Shi et al., 2012b). The duration of 
each rainstorm was 1 h. The runoff was collected in a 
plastic bucket at the plot outlet, and allowed to stand 
20 h to separate the sediment from the water. The 
water was discarded, and then the sediment samples 
were dried in a forced-air oven at 105°C until con-
stant mass was achieved, and then weighed. There-
after, the eroded sediment was transported in plastic 
bags to the laboratory for particle distribution meas-
urement. All treatments were performed in triplicate. 
The sediment particles were classified as clay 
(<0.002 mm), silt (0.002–0.020 mm) and sand 
(0.020–2.000 mm) based on USA classification 
(Zhang et al., 2011). 

1.3  Measurement 

The measurement of the dispersed-particle distribution 
was performed using a laser-diffraction method (Mas-
tersizer 2000, Malvern, UK). Organic matter was de-
termined using the Walkleye Black method (Nelson and 
Sommers, 1982). Total nitrogen was determined by the 
Kjeldahl method (Bremner and Mulvaney, 1982). A 
wet-sieving method was used to determine the size dis-
tribution of soil aggregates. The soil mean weight di-
ameter (MWD) was calculated as (Kihara et al., 2011):  

           
.

1

MWD i

n

i
iwR



                (1) 

Where 
iR  is the average diameter of the openings of 

two consecutive sieves, and wi is the weight ratio of 
the aggregates retained by sieve i. The volume-based 
fractal dimension (D) of sediment was determined 
using the following formula (Zhang et al., 2011):  

3 D
T max( ) ( ) .i iV r R V R R          (2)  

Where r is particle size, Ri is the particle size of the ith 
size class, V(r<Ri) is the cumulative volume of parti-
cles sized less than Ri, VT is the total volume of parti-
cles, and

 
Rmax is the diameter of the largest particle. 

1.4  Statistical analysis 

One-way ANOVA was used to examine the effects of 

wind erosion on sediment yield and particle-size dis-
tribution and of water erosion on the fractal dimension 
of sediment. When treatments were significantly dif-
ferent (P<0.05), Fisher’s least significant difference 
test was used to compare treatment means. Regression 
analyses and two-way ANOVA were performed to 
verify the effects of the interactions between wind 
speed and rain intensity on sediment yield and parti-
cle-size distribution. All statistical analyses were per-
formed using SPSS 18.0. 

2  Results 

2.1  Effects of wind and water erosion on sediment 
yield 

The average sediment yield in our study for water ero-
sion from simulated rainfalls of 60, 80 and 100 mm/h 

were 109.23, 193.20 and 302.90 g, respectively. The 
average sediment yield from rainfall of 100 mm/h was 
approximately three-fold higher than that from 60 mm/h 
due to the higher erosivity of the higher intensity 
rainfall (Fig. 2a). These results were in agreement 
with many studies on the impact of rainfall on soil 
erosion (Kleinman et al., 2006). 

Mean sediment yields across a range of wind speeds 
and rainfall intensities ranged from 109.23 to 373.15 g. 
Wind speed had a significant effect on sediment yield 
under water erosion at all rainfall intensities (P<0.05). 
Sediment yield from water erosion was higher at higher 
wind speeds, increased by 7.25%–38.97% with wind 
erosion relative to yields with no wind erosion. Addi-
tionally, sediment yields with wind erosion increased 
by 27.90%–38.97% at the low rainfall intensity of 60 
mm/h, as compared to no wind erosion. In contrast, the 
sediment yields with wind erosion increased by 
7.25%–23.19% at the high rainfall intensity of 100 
mm/h. These results demonstrated that the effect of 
wind erosion on sediment yield decreased with in-
creasing rainfall intensities across the interaction effects 
exhibited between them. 

2.2  Effects of wind and water erosion on parti-
cle-size distribution 

Wind erosion could induce an accumulation of clay 
and silt in exported sediment under conditions of wa-
ter erosion, with an increase of 0.35%–19.60% in clay 
content and 5.80%–21.10% in silt content, relative to  
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Fig. 2  Sediment yield (a) and particle-size distribution (b, c, d) under various wind speeds and rainfall intensities. Different letters in the 
same rainfall intensity are significantly different at P<0.05 level. 

 

the contents without wind erosion (Figs. 2b and c). Ac-
cordingly, 2.40%–8.33% less sand was observed in the 
sediment at rainfall intensities of 60, 80 and 100 mm/h 
and wind speeds of 11 and 14 m/s (Fig. 2d). The effect 
of wind erosion on sediment particles, however, be-
came weaker with increasing rainfall intensities. The 
sediment at a rainfall intensity of 60 mm/h and wind 
speeds of 11 and 14 m/s had higher clay and silt con-
tents relative to those with no wind erosion, with in-
creases of 0.35%–19.60% in clay content and 
12.03%–21.10% in silt content. In contrast, the sedi-
ment at a rainfall intensity of 100 mm/h and the same 
conditions of wind erosion had lower clay and silt 
contents, with increases of 5.44%–7.66% in clay con-
tent and 5.80%–11.27% in silt content. 

As an additional parameter to describe sediment 
properties, the fractal dimension (D) of particle-size 
distribution reflects selective soil erosion based on the 
distribution of eroded particles in the sediment. As 
shown in Table 2, the D values ranged from 1.97 to 
2.01 under water erosion at rainfall intensities of 60, 
80 and 100 mm/h and wind erosion at wind speeds of 
11 and 14 m/s. Dissimilar to the changes in clay and 

silt contents, the D values with wind erosion were not 
significantly different under water erosion relative to 
those without wind erosion. 

2.3  Correlations among sediment yield, particle 
size and erosion factors 

Wind speed had a significant effect on sediment yield 
and the characteristics of the sediment particles 
(P<0.01; Table 3). Rainfall intensity had a significant 
effect on sediment yield, clay particles and the fractal 
dimension (P<0.05). The interactions between wind 
speed and rainfall intensity had significant effects on 
silt and sand particles (P<0.05) but no significant ef-
fects on sediment yield and fractal dimension (P> 
0.05). Moreover, sediment yield and fractal dimension 
exhibited significant differences under separate wind 
and water erosion (P<0.05) but not under alternating 
wind and water erosion (P>0.05). 

The relationships between sediment yield and asso-
ciated particle characteristics with wind and water 
erosion are shown in Table 4. Sediment yield and 
sediment particles were positively correlated with 
wind speed and rainfall intensity; linear functions best 
fitted their relationships (P<0.01).
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Table 2  Distribution and fractal dimension of sediment particles under different rainfall intensities and wind speeds 

Particle-size distribution (%) 
Rainfall intensity (mm/h) 

Wind speed 
(m/s) <0.002 mm 0.002–0.01 mm 0.01–0.05 mm 0.05–0.1 mm 0.1–1 mm 

Fractal dimension

60 0 10.47b 6.97c 50.25a 25.81a 6.50a 1.98a 

 11 12.52a 8.68a 51.46a 22.48c 4.86a 2.00a 

 14 10.51b 7.54b 52.07a 24.25b  5.63ab 1.99a 

80 0 11.06a 7.21b 50.97a 24.79a 5.97a 1.98a 

 11 12.90a 8.42a 50.85a 22.39b 5.43a 2.01a 

 14 12.25a  7.98ab 51.15a  23.29ab 5.33a 2.00a 

100 0 10.80b 7.25b 51.70a 24.15a 5.74a 1.98a 

 11  11.39ab  7.73ab 52.15a  23.38ab 5.35a 1.99a 

 14 11.63a 8.17a 52.45a 22.71b 5.04a 1.99a 

Note: values followed by different letters with columns in the same rainfall intensity are significantly different at P<0.05 level. 

 
Table 3  Significance levels of the correlations among wind speed, rainfall intensity and their interactions on sediment yield and sedi-
ment particles 

 Wind speed (WS) Rainfall intensity (RI) Interaction (WS×RI) 

Sediment yield 0.002** 0.000** 0.846 

Clay (<0.002 mm) 0.001** 0.030* 0.109 

Silt (0.002–0.02 mm) 0.000** 0.334 0.003** 

Sand (0.02–2 mm) 0.000** 0.260 0.046* 

Fractal dimension 0.001** 0.037* 0.249 

Note: *, correlation is significant at P<0.05 level; **, correlation is significant at P<0.01 level. 

 
Table 4  Regression analysis of sediment properties with wind speed and rainfall intensity 

 Regression equation 

Sediment yield Ya= –200.622+3.871WS+5.001RI (R2=0.902, n=27, P<0.01) 

Clay (<0.002 mm) Yb= –23.544+0.613WS+0.566RI (R2=0.842, n=27, P<0.01) 

Silt (0.002–0.02 mm) Yb= –46.429+1.152WS+1.063RI (R2=0.897, n=27, P<0.01) 

Sand (0.02–2 mm) Yb= –130.569+2.112WS+3.370RI (R2=0.914, n=27, P<0.01) 

Note: Ya, Yb, WS and RI denote the amount of sediments (g), sediment particles (g), wind speed (m/s) and rainfall intensity (mm/h), respectively; R2, n and P are 
coefficients of determination, sample numbers and significance, respectively. 

 

3  Discussion 

3.1  Effects of wind and water erosion on sediment 
yield 

In this study, the effect of wind and water erosion on 
sediments was different from that of the separate ero-
sion events. First, wind erosion was sufficiently strong 
to increase soil erodibility by removing fine particles 
and leaving behind coarse particles (Gomes et al., 2003; 
Song et al., 2006; Zhao et al., 2006). Second, fringes 
and grooves on hill slopes were created by the shearing 
force of wind erosion. Eventually, these changes of 
slope micro-topography could increase soil surface 
roughness (i.e. linear rills oriented from upslope to 

downslope), which can convert a slow flow of rain-
water into a supercritical flow that may increase the 
potential for scouring (Romkens et al., 2001; Gomez 
and Nearing, 2005). The current study demonstrated 
that wind erosion clearly had the capacity to intensify 
water erosion (Fig. 2a). Our results were consistent 
with the findings by Xu (2000), who reported that wind 
erosion treatments increased the erosion rate in the 
wind-water crisscross region. However, the effects of 
wind erosion on sediment were weakened by high rain-
fall intensities, which produced high sediment yields 
but reduced the influence of wind erosion. These results 
demonstrated that the sediment yield was closely re-
lated to wind erosion, and it was meanwhile influenced 
by changed intensities of water erosion. 
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3.2  Effects of wind and water erosion on parti-
cle-size distribution 

The characteristics of rainfall storm events determine 
the erosive action of raindrops, while soil properties 
and surface conditions affect the detachability and 
transportability of particles (Sharma, 1996). In this 
study, the soils used for water erosion were not origi-
nal, since soil structure has been destroyed by wind 
erosion (Ekhtesasi and Sepehr, 2009). During the wa-
ter erosion process, sediment was enriched with finer 
particles. The aggregate breakdown was likely to be a 
major factor affecting size distribution (Shi et al., 
2012a; Wang et al., 2014). Therefore, the transporta-
tion of sediment particles by wind and water erosion 
were closely related (Xu, 1998). The present study 
demonstrated that wind erosion could induce an ac-
cumulation of clay and silt in exported sediment under 
conditions of water erosion (Figs. 2b and c). This 
could be attributed to either structural breakdown by 
wind, uneven or selective transport of different size 
classes due to raindrop impacts, or a combination of 
these effects. Xu (2005) made a similar observation 
that wind erosion supplied the coarse particles, and 
alternating wind and water erosion supplied the finer 
particles, which helped to form hyper-concentrated 
flows. 

By using fractal dimension (D) to estimate the re-
lationship between sediment particles and erosion 
conditions, Table 3 clearly showed no significant 
differences in D values across all wind speeds and 
rainfall intensities. The results indicated that fractal 
dimension couldn’t be used to characterize sediment 
particles under alternating wind and water erosion, 
which was inconsistent with the findings by Zhang et 
al. (2011), who reported higher silt and clay contents 
and lower sand contents in exported sediment with 
higher values of D.  

In general, smaller and less dense particles are 
preferentially eroded than larger and denser ones 
(Zhang et al., 2011). The present study also showed 
that rainfall intensity differentially influenced the par-
ticle-size distribution of sediment. The effect of wind 
erosion on particle-size distribution of eroded sedi-
ment became weaker with increasing rainfall intensi-
ties. This change could be ascribed to the much higher 
contribution of intense rain to sediment content. In-
tense rain made a more obvious soil erosion change 
owing to its higher erosivity, thus reducing the particle 
size selectivity of eroded sediment. 

3.3  Correlations among sediment yield, particle 
size and fractal dimension 

Sediment yield, clay and silt content under water ero-
sion at various rainfall intensities could be increased 
by wind erosion, and the extent of the influence de-
creased with increasing rainfall intensities (Fig. 2). 
This finding implied that both water and wind erosion 
should be controlled to reduce the intensifying effects 
of alternating water and wind erosion in the study area. 
The fractal dimension was positively correlated with 
particle-size distribution (P<0.01), whereas sediment 
yield was not closely correlated with particle-size dis-
tribution (P>0.05; Table 5), which was perhaps due to 
the differential influence of wind erosion. On the one 
hand, wind erosion was recognized as a dynamic 
process that induces slope erosion fringes and grooves 
(Gomes et al., 2003; Ekhtesasi and Sepehr, 2009), 
which could increase the potential for scouring action 
(Romkens et al., 2001; Gomez and Nearing, 2005) and 
thereby lead to increasing sediment yield (Fig. 2a). On 
the other hand, wind erosion could directly affect ag-
gregate degradation in the original soil, and further in-
duce an accumulation of clay and silt in the sediment 
(Figs. 2b and c). Thus, the differences in sediment yield 
and particle-size distribution had different causes.

 
Table 5  Correlations among sediment properties 

 Sediment yield Clay content Silt content Sand content Fractal dimension 

Sediment yield 1.000 0.228 0.354 –0.328 0.237 

Clay content  1.000 0.733** –0.908** 0.981** 

Silt content   1.000 –0.950** 0.720** 

Sand content    1.000 –0.891** 

Fractal dimension     1.000 

Note: * and ** indicate significant correlations at P<0.05 and P<0.01 levels, respectively. 
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4  Conclusions 

The effects of wind and water erosion on sediments 
differ from those of wind or water erosion alone. The 
sediment yield under water erosion at different rainfall 
intensities could be promoted by 7.25%–38.97% with 
the presence of wind erosion compared to with the 
absence of wind erosion. Wind erosion changed the 
sediment particle distribution of water erosion. It in-
creased clay and silt contents by 0.35%–19.60% and 
5.80%–21.10%, respectively, and meanwhile de-
creased sand content by 2.40%–8.33%, relative to the 
absence of wind erosion. The effect of wind erosion 
on sediment particles became weaker with increasing 
rainfall intensities. Sediment yield and sediment parti-
cles were positively correlated with wind speed and 
rainfall intensity (P<0.01), which was, meanwhile, 
influenced by changed intensities of wind and water 
erosion. The results implicated that both water and 
wind erosion should be controlled to reduce the inten-
sifying effects of alternating water and wind erosion, 
however the controlling of wind erosion could sig-
nificantly reduce water erosion in the wind-water ero-
sion crisscross region. Wind erosion-influenced sedi-
ment yield and particle-size distribution of eroded 
sediment were recommended to be considered when 
predicting erosion in regions of alternating wind-water 
forces. 
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