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Abstract: Eolian erosion typically has not been considered a significant process on the 
humid southeastern coastal plain of the United States. A preliminary study of eolian ero-
sion from an agricultural field was undertaken during the late winter of 2002 and early 
spring of 1999. During those times local agricultural practices leave fields bare while 
frontal systems produce frequent high wind events. Dust emissions were measured with 
two samplers; modified Wilson and Cooke passive dust traps and high-volume air sam-
plers. Results of the study indicate that wind erosion is a significant process on agricultural 
fields of the North Carolina Coastal plain. Dust flux off of the field during the largest of five 
measured events was estimated as high as 126 kg/m with total losses of 3070 kg/ha. Atmo-
spheric concentrations of suspended material were measured at 58,815 µgm-3. Sediment 
erosion was not evenly distributed across the field. Erosion was focused over soils that are 
better drained. Low levels of soil moisture did not eliminate erosion but instead produced 
pulses of sediment emission as sustained wind continually dried then activated sequential 
layers of the field surface. Soil moisture and topography appear to be the primary controls 
on spatial erosion differences and soil characteristics likely play a secondary role. [Key 
words: wind erosion, aeolian erosion, agricultural erosion, dust.]

INTRODUCTION

Wind erosion is one of the most serious environmental issues in agricultural 
regions worldwide (Lopez, 1998). Despite this recognition, almost all research on 
wind-eroded sediment from agricultural fields has been focused on arid and semi-
arid regions of the Great Plains of North America (Fryrear, 1990; Stout, 1990; 
Nanney et al., 1993; Larney and Bullock, 1994; Stout and Zobeck, 1996), and other 
semiarid environments around the world (Leys, 1991; Leys and Raupach, 1991; 
Michels et al., 1995; Horning et al., 1998; Lopez, 1998). The narrow focus on arid 
and semiarid environments has left a gap in our knowledge about the importance 
of wind erosion in more humid climates. Fryrear (1990) hypothesized that although 
wind erosion from agricultural sites was most prevalent in semiarid environments, 
humid environments were not immune from the problem. Nanney et al. (1993) spe-
cifically mentioned the Atlantic coastal plain as a potential wind-erosion problem 
area because of the sandy soils, but provided no research findings for the region. 
They did, however, provide detailed data for a study in northwest Indiana. The Indi-
ana site has an average annual rainfall of 90 cm, where Nanney et al. (1993) found 
annual erosion rates as high as 193 mt/ha. Another, even more dramatic example of 
the importance of wind erosion in a humid climate was conducted by Robinson 
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(1968). He reported erosion results for a 5-day long windy period in Lincolnshire, 
England, that led to 50 mm of topsoil loss.

These studies suggest that wind erosion should be examined more closely in 
humid environments, especially in areas with extensive sandy soil such as the 
North Carolina coastal plain. This is a preliminary study designed to evaluate the 
importance of wind erosion from agricultural fields on the humid southeast coastal 
plain and evaluate the need for future studies. This paper focuses on suspended 
dust, although significant bedload transport is also known to occur. The main data 
set that is discussed in this paper was collected in February 2002 with the presenta-
tion of additional, supporting data collected in the spring of 1999.

Soil loss by wind erosion is important for a number of reasons, including loss of 
topsoil, loss of crop productivity and crop damage, and reduction of local air qual-
ity. Although little work has been done on eolian erosion on humid coastal plains, 
studies elsewhere demonstrate the significant impact of wind erosion on agricul-
tural productivity. Hagen and Woodruff (1975) estimated that the Great Plains of the 
United States lose 31 million to 551 million tons of topsoil annually from dust ero-
sion. A loss of 25 mm of topsoil in those regions is estimated to result in a 2% to 
10% reduction in wheat yield (Lyles, 1975). Loss of topsoil is a concern because it 
is the most fertile portion of the soil. Wind erosion is particularly insidious because 
the process selectively winnows the silt and clay fraction of the soil, leaving behind 
sand-enriched soil with low fertility. Sterk et al. (1996) found that nutrient concen-
trations in wind-borne dust in southwest Niger increased with decreasing grain size 
(and thus height above the bed). At 0.5 m the nutrient concentration was three times 
higher than the parent soil from which the dust was eroded and at 2.0 m the nutrient 
concentration was 17 times higher than the parent soil. In a similar study in the 
Sinai region, Wassif et al. (1999) found nutrient enrichments in airborne dust of as 
much as 6.5 times the parent soil. The winnowing process is particularly problem-
atic in eastern North Carolina because the soils are already sand rich and any loss 
of the clay fraction is significant.

Another environmental concern of eolian erosion is the off-site impact. Nanney 
et al. (1993) pointed to agricultural erosion as a major source of diffuse pollution 
that leads to respiratory ailments, visibility reductions, and damage to buildings. As 
with erosion research, those studies that have examined the impact of dust from 
agricultural regions (Hefflin and Jalaludin, 1994; Stetler and Saxton, 1996; Schen-
ker, 2000), and more recently the impact of contaminants such as pesticides carried 
with the dust (O’Hara et al., 2000), have exclusively focused on semiarid environ-
ments.

STUDY AREA

Four general conditions have been identified that must be met for eolian erosion 
to occur (Wilson and Cooke, 1980; Fryrear, 1990; Kertesz et al., 1990) and all can 
be identified in the North Carolina coastal plain. These four conditions are suffi-
cient wind velocities, dry conditions, sandy soils, and sparse vegetation cover. 
Regional wind velocities in eastern North Carolina peak in late winter and spring as 
frequent frontal systems associated with midlatitude cyclones pass through the 
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region. These fronts generally produce strong southwesterly winds ahead of the 
front, and strong northwesterly winds after the front passes (Fig. 1). Many of the 
fronts produce high winds with no rain. Although eastern North Carolina has a 
humid climate with an annual rainfall of about 127 cm, the winter and spring usu-
ally have drier conditions than the summer and fall. The North Carolina coastal 

Fig. 1. Mean climatic conditions compiled from a climate station in Kinston, North Carolina, 12.9 
km from the field site. Wind velocity and direction data are compiled from 1993 to 2001 data. Wind 
data were not recorded prior to 1993. Precipitation data include 1948 to 2001 data.
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plain is dominated by soils of sandy loam and loamy sand (USDA, 1974), making 
them vulnerable to wind erosion when exposed (Nanney et al., 1993). General agri-
cultural practices in eastern North Carolina often leave fields fallow during the 
winter and spring months. Farmers often plow and smooth fields in January and 
February in preparation for spring planting. The sandy soil, plus the concurrent sea-
sonal occurrence of frequent wind events, drier conditions, and minimal vegetation 
cover lead to a strong potential for seasonal wind erosion on the North Carolina 
coastal plain.

The site for this study is an 11-ha field near Littlefield, North Carolina (Fig. 2). It 
is approximately 18 m above sea level and the topography of the field gently rolls 
with slopes less than 2%. The area is extensively ditched to drain the fields and 
lower the shallow water table. Ditches bound the north and south edges of the field 
(Fig. 2). Field soils include the Aycock, Wagram, and Rains series (USDA, 1974). 
The Aycock and Wagram soils are well-drained upland soils with sandy loam 
(Aycock) and loamy sand (Wagram) surface horizons. The Rains series is a poorly 
drained, fine sandy loam. Although wind erosion is commonly seen on the Wagram 
and Aycock soils, we have not observed it on the Rains series because those areas 
maintain higher soil moistures. The site is generally planted with tobacco, although 
cotton, corn, and soybeans are also rotated.

Fig. 2. The study field. The dashed lines represent soil boundaries. The unplowed areas represent 
the conditions during 2002, but change from year to year. During 1999, the entire field was plowed.
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DATA COLLECTION

The primary method of data collection on February 26 and 27, 2002, was a form 
of the Modified Wilson and Cooke (MWAC) towers (Fig. 3; Wilson and Cooke, 
1980; Sterk et al., 1996; Sterk and Raats, 1996; Pease et al., 2002). The towers were 
built similarly to the style discussed by Sterk and Raats (1996). Our inlet and outlet 
tubes were copper pipe with an inside diameter of 7.9 mm and an input area of 

Fig. 3. Modified Wilson and Cooke trap tower and diagram.
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48.7 mm2. We mounted five traps on each tower at heights at 0.1, 0.3, 0.6, 1.2, and 
2.2 m above the surface (Fig. 3). Each trap was attached to an independent vane so 
that variations in wind direction with height would not influence trap efficiency. 
Several researchers have examined the efficiency of the MWAC traps, but results 
vary. Goossens and Offer (2000) and Goossens et al. (2000) concluded that the 
MWAC trap is one of the most efficient traps that are commonly used. They found 
in wind tunnel and field experiments that the trap efficiency was generally greater 
than 90%, but they did find some variation in efficiency with wind speed when, at 
lower wind velocities, efficiency dipped to 75%. Sterk and Raats (1996) report only 
49% efficiency for traps they built. Their wind tunnel tests indicated that the trap 
was not sensitive to wind speed, although they thought that the efficiency might 
change with grain size (Sterk and Raats, 1996). We were unable to test our traps 
under controlled conditions, and so no calibration corrections are used in this 
paper. Generally speaking, trap efficiencies are less than 100%, so our values 
should be considered as minimum estimates of the actual transport.

Twelve towers of five MWAC traps were placed along the north and south edges 
of the field to capture sediment as it left the field boundaries (Fig. 2). The placement 
of the towers was based on the usual southwest and northeast wind flow patterns. 
Traps were placed approximately 40 m apart. Sediment transport was determined 
using a model fit to each tower data set. During the 2002 events, an anemometer 
and wind vane were installed in the middle of the field, but a failure in the data 
logger prevented collection of the data. To compensate for the lost data, regional 
wind data were obtained from the Kinston, North Carolina, climate station and 
used as an approximation of wind conditions at the field site. The Kinston station is 
located 12.9 km southwest of the study field where wind direction and speed are 
monitored at an elevation of 10 m.

The second data collection method, and the only methods used to collect the 
1999 data, involved the use of Graesby high-volume aspirated traps. The Graesby 
traps are almost identical to the SIERRA sampler described by Goossens and Offer 
(2000). The sampler is an aluminum box with a horizontal opening 38 × 38 cm. The 
opening is 1 m above the ground surface and shielded by a hood. Within the sam-
pler is a filter mount with a surface area of 18 × 23 cm. Air is drawn through 
Whatman glass microfiber filters forcing dust to be impacted on the filter. Internal 
vacuum pressure is monitored to determine the airflow rate.

During 1999, samplers were deployed during three events during the spring. 
Wind speed data for the 1999 events were obtained from a single-height 
anemometer located at the research site. The anemometer was located along the 
southern edge of the field 1.4 m above the ground surface. Wind directions were 
not recorded at the site and are established from Kinston meteorological records. 
Although the MWAC tower data are more useful because the sampling occurred 
over a larger area and over a vertical distance, the inclusion of complementary 
atmospheric concentration data from 1999 helps to demonstrate that the 2002 
events were not anomalous. In addition, we used the 1999 events to explore how 
different placements of the samplers affected the results.
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Model for MWAC Data

Variations in mass transport with height above the bed have been examined in 
both wind tunnel and field settings (Zingg, 1953; Nalpanis, 1985; Zobeck and 
Fryrear, 1986; Vories and Fryrear, 1988; Sterk and Raats, 1996; Butterfield, 1999). 
Sediment moving in suspension can be described with the general power expression,

, (1)

where q = quantity of sediment in suspension at height z, a and b = regression coef-
ficients (Zingg, 1953; Nickling, 1978; Fryrear et al., 1991; Vories and Fryrear, 1991; 
Fryrear and Saleh, 1993; Sterk and Raats, 1996). The power equation is only accu-
rate for grains moving in suspension because the quantity q tends toward infinity 
when z approaches zero, at the bed surface (Sterk and Raats, 1996). As a result, the 
function predicts unrealistic values of q in the saltation layer near the bed. Fryrear 
et al. (1991) showed that the lower limit of the power equation is about 30 cm, 
although Zobeck and Fryrear (1986) have used it as low as 15 cm and Vories and 
Fryrear (1991) suggested 50 cm as the lower limit.

Many studies have examined the vertical distribution of saltation layers 
(Williams, 1964; Fryrear et al., 1991; Vories and Fryrear, 1991; Fryrear and Saleh, 
1993; Scott et al., 1995; Sterk and Raats, 1996; Butterfield, 1999) and have found 
that a function different from the suspension layer must be used to fit those data. 
The general exponential equation,

, (2)

where q = quantity of sediment in saltation at height z, c and d = regression coeffi-
cients, describes the vertical distribution of sediment in the saltation layer 
(Nalpanis, 1985; Fryrear and Saleh, 1993). Using detailed wind tunnel data, 
Butterfield (1999) identified three regions of saltation with distinct profiles. He con-
firmed an exponential decay for sediment in saltation above 1.9 cm, but found that 
below 1.9 cm a power function more accurately described the mass flux. For field 
studies using traps with less vertical detail, it is probably reasonable to ignore the 
mass flux profile transition below 1.9 cm and use the standard exponential form.

Several authors have created combined equations to describe the entire mass 
flux profile (Vories and Fryrear, 1991; Fryrear and Saleh, 1993; Scott et al., 1995; 
Butterfield, 1999). Vories and Fryrear (1991) presented the combined equation:

. (3)

The first term on the right hand side is the power expression for suspended load 
from equation 1 and the second term is the exponential equation for the saltation 
load (equation 2).

q z( ) azb=

q z( ) cedz=

q z( ) az b– c dz( )exp+=
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Sterk and Raats (1996) presented a slightly modified version of the combined 
equation in the form:

, (4)

where α and β = length scales. The length scales were added to counter the prob-
lem of q approaching infinity as z approaches zero (Sterk and Raats, 1996). In order 
to reduce the total number of regression coefficients, Sterk and Raats (1996) fixed 
the coefficient α at 1 m.

Our lowest trap was 10 cm above the bed and, therefore, we found it difficult to 
fit the exponential function given by Sterk and Raats (1996) in equation 4. To elim-
inate that problem, we used the basic model described by Vories and Fryrear (1991) 
(equation 3) but retained the length parameters from the Sterk and Raats (1996) 
equation 4. The modified model takes the form,

. (5)

The functions were fit using a nonlinear estimation module in the Statistica sta-
tistical software package using a quasi-Newtonian minimization method with 
convergence criteria of .0001. The results were not dependant on initial values of 
regression coefficients. The modified Vories and Fryrear (1991) exponential func-
tion (equation 5) provided a better fit than other models, although we did find that 
when fitting actual data, the exponential function played a minor role in the devel-
opment of the mass flux profiles. This is probably partly due to not having data 
below 10 cm, but Scott et al. (1995) supported the concept that the power function 
generally contributes most to the concentration profile.

Total discharge of sediment measured by the trap towers was determined by sep-
arate integration of the two terms in equation 5. In this way the power function is 
used to determine sediment load in the upper part of the profile and the exponential 
function estimated sediment load in the lower part (Fryrear and Saleh, 1993). We 
employed the TSS (transition height between saltation and suspension) presented by 
Fryrear and Saleh (1993) to determine the transition point between the saltation and 
suspension expressions. The TSS represents the point where the product of the 
exponential term is identical to the product of the power term and represents the 
average maximum height of saltating grains (Fryrear and Saleh, 1993). The TSS was 
determined by setting the saltation and suspension equations equal to one another, 
and solving for the height value, z. The height value determined by the TSS was 
then used as the lower limit of integration in the power function to describe sus-
pended load, and as the upper limit of integration in the exponential equation for 
saltating load. Following this method, equation 5 can be expressed as,

. (6)

Fryrear and Saleh (1993) reasoned that the separate integration of the terms 
would yield values of bedload and suspended load. Sterk and Raats (1996) tested 

q z( ) a z
α
--- 1+ 
  b–

c z
β
---– 

 exp+=

q z( ) a z 1+( ) b– c dz–( )exp+=

c e dz– dx
0

TSS

∫ a 1
z 1+( ) b–
---------------------dx

TSS

2.2

∫+
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this theory by sieving trapped sediment to obtain mass percentages of suspended 
and saltating material. Suspended transport was identified as sediment <63 µm in 
diameter and the saltation load was determined from grains >63 µm in diameter. 
The measured results were compared with their model and they found that separate 
integration, although useful for curve fitting, did not accurately yield separate salta-
tion and suspension values. The saltation was underestimated with the model and 
the suspension portion was overestimated (Sterk and Raats, 1996). It might have 
been simplistic to use the sand/silt break as the measure of saltation and suspended 
load since the 63 µm break does not inherently control transport characteristics, but 
the finding does suggest caution is warranted when trying to separate saltation load 
from suspension load with vertical trap data.

RESULTS AND DISCUSSION

Wind Event 1

Meteorological conditions. On February 26, 2002, a warm front passed across 
the study area in the midday. Wind speeds began to increase during the morning 
from an average of 2.9 m/s to 7.2 m/s by 1100 hr. The average wind speed remained 
above 5 m/s for about 12 hr. Winds blew out of the south-southwest with an average 
wind direction of 203°, ranging from about 230° to 198°. Temperatures during the 
wind event averaged 19°C, ranging from 13°C to 23°C. The average relative humid-
ity during the event was 47%. Surface soil on the field was visibly dry to a depth of 
about 2 cm to 4 cm. The front did not produce rain at the study site. The most recent 
precipitation event was five days earlier with about 6 mm of rain. No other rain 
events were recorded for 16 days prior to the wind event. Despite the high wind 
and dry conditions, the surface soil had a crust over it, which prevented significant 
soil erosion. The crust did not begin to break down until near the end of the wind 
event.

Spatial variations. The MWAC traps showed a large spatial variation in transport 
of sediment on the field, with total vertically integrated rates varying from 0.2 kg/m 
to 34 kg/m (Table 1). The highest concentrations were found in traps 6 to 12 located 
on the southern edge of the field where the fetch length was shortest (Fig. 2). Traps 
10 to 12 were located about 2 m from the southern ditch and traps 6 to 9 were 
placed about 2 m from an unplowed area. Earlier, on February 2, 11, 17, and 18, 
unmeasured events with northerly winds had moved a substantial amount of sand 
to the south edges of the field and into the ditch (Fig. 4A). Saltating grains caught in 
the lower traps came almost exclusively from the 2-m section of wind-blown sand 
that had been deposited at the field edge. Sediment was actively moving on the 
field to the south of the study field (Fig. 2), but the ditch acts as a very effective trap 
preventing the exchange of sand grains from one field to another. Although the 
fetch was small (2 m of field edge), the grains were presorted and lacked cohesion, 
making them very mobile. The highest transport rate (34.2 kg/m) was at tower 11 
where the greatest concentration of loose wind-blown sand existed. Tower 9 had 
the second highest transport rate (32.1 kg/m). This is probably also due to the pres-
ence of the loose sand along with a longer fetch created by the southwest wind.
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Vertical transport and model fit. Overall the model presented in equation 5 fits 
the data for mass transport measured on February 26 (Figs. 5A and 5B). Curves 
shown in Figure 5A have relatively standard profiles and high R2 values. The R2 val-
ues are not meant to represent a statistical result and are presented only to gage the 
goodness-of-fit of the model. The lower part of the curve, near the bed, is relatively 
steep and the segment above the inflection, representing suspended load, is rather 

Fig. 4. Photographs of study field conditions. Figure 4A shows conditions along the south edge of 
the field just prior to the February 26 event. The loss sand was deposited by four previous wind events, 
but primarily on February 18. Figure 4B shows the field conditions during the February 27 event. 
Notice the high concentration of suspended material and the ripples developed on the bed.
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flat. These shaped curves suggest that bedload was the dominant contributor to the 
sediment profile and that suspended load was fairly evenly distributed vertically. 
The curves shown on Figure 5B are not standard vertical profiles of eolian transport 
and the model did not fit the data as well. The upper part of those curves slope in 
the opposite direction of what would be expected and the lower sections decay 
quickly to the bed. These shapes indicate that suspended load dominated the sedi-
ment load and that the concentration of suspended dust increased with height.

The upper parts of the curves, representing finer grain dust material, have near 
horizontal profiles showing the concentration did not decrease with height as 
would be expected. For traps on the southern edge of the study field, the field to the 
south supplied the suspended sediment. The ditch has no impact on suspended 
material and the short 2-m section that supplied sand was already sorted and con-
tained no fine material for suspension. The near horizontal slope is the result of the 
suspension cloud having time to become nearly homogeneous throughout the 2.2 
m height. With these curves (Fig. 5A) it is easy to determine an approximate transi-
tion between saltation and suspension based on the curve inflection, particularly 
with tower 12. Curves shown in Figure 5B exhibit unique profiles generated by a 
combination of source areas. These towers were located on the north edge of the 
field (Fig. 2) where transport concentrations were lowest (Table 1). A mixture of sal-
tating and suspended material derived from the study field generated the values for 
the lower traps. However, the soil had a crust until near the end of the event so it 
was only marginally active, and much less active than surrounding fields. In fact, 

Table 1. Dust mass and mass flux values from MWAC traps for wind events on 
February 26 and 27, 2002

Dust flux estimates from 0 to 220 cm

MWAC Sediment data for February 26, 2002 MWAC Sediment data for February 27, 2002

MWAC
tower

Total trapped
sediment mass

(g)

Average
mass/length

(g/m)
MWAC
tower

Total trapped
sediment mass

(g)

Average
mass/length

(g/m)

1 1.24 163.38 1 — —

2 2.05 269.18 2 — —

3 2.46 323.21 3 — —

4 2.39 313.88 4 — —

5 4.02 527.81 5 — —

6 7.64 1,003.24 6 962.73 126,339.22

7 11.90 1,562.15 7 173.72 22,796.67

8 35.37 4,641.75 8 36.31 4,764.71

9 244.76 32,119.31 9 18.43 2,418.22

10 13.06 1,714.03 10 200.91 26,365.89

11 260.68 34,209.52 11 49.74 6,527.29

12 38.93 5,108.56 12 75.59 9,920.23

Total estimated erosion from field = 67.6 kg Total estimated erosion from field = 6,097.11 kg

Total estimated flux off of field = 13.7 kg/ha Total estimated flux off of field = 3,070 kg/ha
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most material suspended from the field presented as small, low-level dust clouds 
and sand streamers. The upper segments of the curves represent partially dust 
clouds that were produced from the study field and partially dust blown from the 
field to the south across the study field. That cross-field supply of suspended sedi-
ment caused the increase in material at higher elevations. The profiles in Figure 5B 
confirm the importance of dust erosion from the fields in that dust is more easily lost 
from the source than is saltating bedload. The crust on the field, combined with the 
loose sand at the southern edge, explains why the traps with shorter fetch lengths 
showed higher rates of transport.

Total soil loss. Estimates of total transport were calculated from the bed to 2.2 m. 
The estimates of flux at each tower were converted to mass per unit length (g/m) and 
used to calculate the total flux off the field. Mass flux varied greatly between towers, 

Fig. 5. Examples of curves representing the vertical dust concentration in towers from the February 
26, 2002, event. Figure 5A represents towers located on the southern edge of the field whereas Figure 
5B shows those located on the northern edge. R2 values do not represent a statistical function and are 
included only to indicate how well the model represents the data.
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ranging from 0.16 kg/m to 34.2 kg/m (Table 1). Towers 1 through 5 were used to 
calculate the sediment flux off the field because they were positioned at the down-
wind edge of the field. The total mass of sediment moved off the north end of the 
field was estimated at 68 kg. Using the effective field area determined by wind 
direction, the average soil loss from the field was estimated to be 14 kg/ha. The 
caveat is that not all of the material was derived from the study field. The contribut-
ing area of the field to the south of the study site adds roughly 50% to the total area 
calculations, making the loss rate approximately 8.9 kg/ha.

The estimated values represent a small amount of erosion, but it is important to 
note that this was a small event because of the soil crust and that almost all of the 
loss is in finer grained material in suspension. Also, noting the shapes of the curves 
on Figure 5B, it is clear that most material lost during this event was the nutrient-
rich fine grain sediment.

Wind Event 2

Meteorological conditions. On February 27, 2002, a cold front passed across the 
study area in the midday. Winds associated with the front began to increase from 
about 3.6 m/s in the early morning to 5.4 m/s by 1100 hr. Transport was visible on 
the field as early as 1000 hr. Wind speed throughout the event averaged 6.6 m/s and 
remained above 5 m/s for about 8 hr. Wind direction ranged from 284° to 303° and 
averaged a west-northwesterly flow from 293°. Temperatures averaged 5°C, ranging 
from 3°C to 6°C and the mean relative humidity was 30%. Surface soil was visibly 
dry to a depth of about 4 cm to 6 cm. The front did not produce rain at the study site.

Spatial variation. As with the previous day, the traps revealed significant spatial 
variability in transport concentrations, ranging from 2 kg/m to 126 kg/m (Table 1). 
Towers 1, 2, and 3 had no sediment in the traps and tower 4 and 5 had small, but 
insignificant amounts because the towers along the north ditch had no fetch length 
over the field. The order of magnitude difference between the values obtained from 
these two successive days can be attributed to the breaking down of the soil crust 
that was prevalent on the 26th. On the 27th, most of the field became active and 
transport was significant enough to develop ripples on the field surface (Fig. 4B). 
The spatial variations observed on the 27th are thought to be caused by soil incon-
sistencies, which change across the field even within a single soil class, and fetch 
length. Observationally, some areas—in particular the center of the field—are 
known to be consistently more active during wind events than others. We do not 
know the specific reasons for this, but suspect that it is a combination of grain char-
acteristics, soil moisture, or topography. Tower 6 recorded the highest sediment 
transport rate (126 kg/m) and tower 7 recorded the third highest value (22.8 kg/m) 
(Table 1). These towers had the longest fetch lengths, and with the west-
northwesterly wind, they were downwind of the center of the field. The lower val-
ues from towers 8 and 9, however, suggest that much of the sediment represented 
in towers 6 and 7 was eroded from the east side of the field, near to their position.

Vertical transport and model fit. The model presented in equation 5 fits the data 
for mass transport measured on February 27 well (Fig. 6). Curves shown in Figure 6 
have standard, well-fit profiles and high R2 values. Figure 6 shows the vertical 
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profiles for towers 8 to 10, which were located on the southern edge of the field 
(Fig. 2) about 2 m from the southern ditch. The lower portions of the curves show 
somewhat shallow slopes that extend gently toward the bed, indicating significant 
bedload transport. The upper sections of the curves are steep but show a steady 
decrease in dust concentration with height. These curves represent an expected 
profile with bedload dominant and a decrease in dust load with height.

Total soil loss. Only towers 6 to 12 were used to calculate the sediment flux off 
the field because towers 1 to 5 measured no transport. The total mass of sediment 
lost from the field for this event was estimated at 6697 kg. Using the effective field 
area determined by wind direction, the average soil loss from the field was esti-
mated to be 3070 kg/ha. These values are much larger than those collected the 
previous day, even though the wind speeds were slightly lower. This demonstrates 
the importance of soil surface and the stabilizing ability of crust. They also demon-
strate that importance of wind erosion on the North Carolina coastal plain.

High-volume sampler. During the February 27, 2002, event, two high-volume 
vacuum samplers were placed on the downwind side of the field (Fig. 2; Table 2). 
The vacuum samplers ran for two 45-min periods. The first run was from 1415 to 
1500 hr. The filter was removed and replaced and the second run was from 1530 to 
1615 hr. For each sampler, there are very close similarities between the two 45-min 
runs. Sampler 1, which was positioned on the downwind side of the field (Fig. 2), 
had values of 58,815 µgm-3 and 57,054 µgm-3, respectively. The values recorded by 
sampler 2, located west of sampler 1 were significantly lower, but still consistent 
within the location at 23,451 µgm-3 and 24,254 µgm-3. The mean values of 57,935 
µgm-3 and 23,853 µgm-3 are a clear indication of the spatial sensitivity of wind ero-
sion on agricultural fields since the distance between the samplers, normal to the 
wind flow, was only 28 m (Table 2). Sampler 1, positioned farther downwind in this 

Fig. 6. Examples of curves representing the vertical dust concentration in towers from the February 
27, 2002, event.
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event, had much higher values, indicating an importance of fetch length and possi-
bly local erosion.

The high-volume sampler data were compared to the MWAC data by converting 
values to horizontal dust flux by multiplying the suspended concentration by wind 
speed (Goossens and Offer, 2000). This was problematic because our data-logger 
failure prevented us from having accurate wind data at 1 m. The Kinston AgNet data 
are collected at 10 m. We approximated the average wind speed at 1 m from the 
Kinston data. Although this estimate is a gross approximation, we believe it to be 
reasonable because the results of the calculation for horizontal dust flux are not 
overly sensitive to changes in wind speed.

Sampler 2 was closely positioned to tower 8 and its opening was about 1 m 
above the bed surface and the estimated horizontal dust flux was 496.8 gm-2hr-1. 
The MWAC data can also be expressed in these units by dividing by the area of the 
trap opening and multiplying by the event duration. Using these values, the hori-
zontal dust flux estimated at 1.0 m from tower 8 data was calculated at 519.2 
gm-2hr-1. The two values are very similar, showing a strong correlation. Goossens 
and Offer (2000) also noted a high correlation in measured dust concentrations dur-
ing field tests between MWAC samplers and a high-volume sampler nearly identical 
to ours. High-volume sampler 1 was not directly adjacent to a tower. Sampler 1 
yielded at horizontal dust flux of 1251 gm-2h-1.

The high concentrations of dust also have implications for air quality. Revised 
1997 EPA standards on particulate matter set the mean annual exposure levels of 
PM10 particles (particulate matter with a diameter >10 µm) at 50 µg/m3 of air, and 
150 µg/m3 of air for the 24-hr exposure, not to exceed one exposure per year (EPA, 
1997). Data in this study far exceed the 24-hr exposure limits. The equipment used 

Table 2. Suspended Dust Concentration Values from High-Volume Traps for 
February 27, 2002, and 1999 Dates

High-volume sampler data

Date

Dust
concentration

(µg/m3)
Dust flux
(gm-2hr-1)

Mean wind
direction

(deg)

Mean wind
speed
(m/s)

Sampling
duration

February 27, 2002

Sampler 1  57,935  1,251  293  6.6 1415–1615

Sampler 2  23,853  497

April 9, 1999

Sampler 1  8,600  263  222  8.5 1855–2030

April 15, 1999

Sampler 1  2,085  46.8  202  6.2 1745–1930

Sampler 2  2,722  60.3

April 23, 1999

Sampler 1  1,808  46.7  212  7.2 1700–1920

Sampler 2  2,417  62.2
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does not separate the PM10 from total particulate matter, but just the shear magnitude 
of the concentration over the EPA limits suggests serious concern for local air quality.

Previous Dust Measurements

Erosion measurements carried out during the spring of 1999 used only the high-
volume samplers. The data do not permit estimates of erosion, but help to demon-
strate the annual nature of wind erosion in the region. Three events are presented 
here, although six significant events—including one that qualitatively is thought to 
have been substantially larger than the February 27, 2002, event—were observed 
during that spring.

An event measured on April 9, 1999, occurred a few days after a corn crop was 
planted. Wind conditions, sampling duration, and dust concentrations are pre-
sented on Table 2. One high-volume sampler was set out near what appeared to be 
the central area of activity during that event (Fig. 2). That placement provided a 
measure of the concentration of dust erosion at the source. The mean dust concen-
tration was 8600 µg/m3 of air. The calculated horizontal dust flux was 263.2 
gm-2h-1. Wind erosion can damage young crops. Visual examination showed that, 
on about 15% to 20% of the field, the soil mounds had been eroded to expose the 
seeds. The seeds had been planted at an average depth of 12 cm, indicating that 
much soil truncation had occurred on portions of the field.

On April 15, 1999, an event was measured with two high-volume samplers; one 
placed near the site of maximum activity and the second off the field edge, down-
wind of the first (Fig. 2). That configuration allowed a comparison between source 
concentration and downwind diffusion. Sampler 1, placed on the field, showed a 
mean dust concentration of 2085 µg/m3 of air whereas sampler 2 on the field edge 
measured a concentration of 2722 µg/m3 of air (Table 2). The relative horizontal 
dust flux was 46.8 gm-2h-1 and 60.3 gm-2h-1. We think the lower concentration at 
the source is from a lack of diffusion because the dust cloud had not yet fully risen 
to the 1-m height of the sampler. It could also be that the additional fetch length 
allowed for addition dust to be entrained, which offset any diffusion.

During an event on April 23, 1999, samplers were placed on the north edge of 
the field to measure the flux of sediment off the field (Fig. 2). Sampler 1, on the west 
side, measured a dust load of 1808 µg/m3 with a horizontal dust flux of 46.7 
gm-2h-1. The east sampler measured 2417 µg/m3 with a horizontal dust flux of 62.2 
gm-2h-1 (Table 2). Like the values measured on February 27, 2002, these showed 
significant spatial variation in dust production from the field. This instance was par-
ticularly interesting because much of the fetch length for the eastern sampler 
occurred over the Rains soil, which has not been observed to be active during wind 
events. This means the high dust load was generated from a smaller area south of 
the Rains soil. This event occurred after the corn seedlings (5 cm to 8 cm high) had 
sprouted. At the end of the 2.5-hr event, which was the weakest of the three mea-
sured during that year, abrasion of the corn leaves was noticeable. The long-term 
impact on the plant yield is not known, but clearly such damage is a concern.

The April 23, 1999, event yielded lower dust loads than other events because the 
soil was slightly moist. The moisture did not, however, completely prevent erosion. 
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Instead of continuous erosion the field eroded in pulses. As the wind event pro-
gressed, the surface would dry to a shallow depth at which time a pulse of transport 
would occur until the surface eroded down to a still moist layer. Then transport 
would cease until another layer would dry and the process continued.

DISCUSSION AND SUMMARY

The two wind events monitored during February 2002 yielded 14 kg/ha and 
3070 kg/ha of soil removed from the field site, respectively. The individual MWAC 
towers showed spatial variability of two orders of magnitude, controlled by fetch 
length and variations in soil erodability. The two most active areas of erosion seem 
to be the very center of the field, where B-horizon soil is exposed, and the eastern 
center of the field. High-volume vacuum samplers showed dust concentrations in 
excess of 58,000 µg/m3. High-volume samples from 1999 also showed high dust 
values, ranging from about 1800 µg/m3 to 8600 µg/m3. Although preliminary, these 
data strongly suggest that wind erosion is a significant process on the North 
Carolina coastal plain, despite its humid climate. Air quality was not a focus of this 
study, but the dust concentrations recorded by the high-volume samplers give a 
clear indication of the potential health impact that agricultural environments can 
have at off-site locations.

Soil erodability measured in this study is comparable to other areas that have 
been studied. The range of values, given in erosional mass per field length, for the 
two wind events averaged 6.8 kg/m and 28.4 kg/m respectively. These values com-
pare favorably with mass erosion at four study sites: Big Spring, Texas (50.5 kg/m); 
Crown Point, Indiana (159.8 kg/m); Sidney, Nebraska (23.9 kg/m); and Eads, 
Colorado (15.89 kg/m; Fryrear and Saleh, 1993). These four locations are substan-
tially more arid than eastern North Carolina. Even though eroding wind events in 
North Carolina are not likely to occur as frequently as in more arid environments, 
the process warrants further study because of the potential loss in crop productivity, 
both from soil sterilization and crop abrasion.

Wind erosion also may have implications in a larger geomorphic context for the 
region. Phillips et al. (1999a, 1999b) hypothesized that eolian erosion in the North 
Carolina coastal plain might be, in part, responsible for widespread soil truncation. 
Phillips et al. (1999a) noted a large disparity between upland soil erosion and the 
concentration of sediment delivered to and transported by streams on the coastal 
plain. One of the suggested contributors to soil loss was eolian erosion. This con-
tention was reinforced by the discovery of soil ridges of eolian origin along forested 
field edges in the Littlefield area (Phillips et al., 1999a). Results of this study support 
those ideas because dust readily leaves the system making it difficult to account for 
its removal in a sediment budget.

Acknowledgements: We thank Jason Collins for substantial contributions to field and lab work during 
2002 and Mark Lange who assisted with data collection during 1999. Stephen White assisted with the 
construction of the MWAC traps.



398 PEASE ET AL.
REFERENCES

Butterfield, G. R. (1999) Near-bed mass flux profiles in aeolian sand transport: 
High-resolution measurement in a wind tunnel. Earth Science Processes and 
Landforms, Vol. 24, 393–412.

EPA. (1997) EPA’s Revised Particulate Matter Standards, 1997. Washington, DC: 
Environmental Protection Agency.

Fryrear, D. W. (1990) Wind erosion: Mechanics, prediction, and control. Advances 
in Soil Science, Vol. 13, 187–199.

Fryrear, D. W., Stout, J. E., Hagen, L. J., and Vories, E. D. (1991) Wind erosion: Field 
measurement and analysis. Transaction of the ASAE, Vol. 34, 155–160.

Fryrear, D. W. and Saleh, A. (1993) Field wind erosion: Vertical distribution. Soil 
Science, Vol. 155, 294–300.

Goossens, D. and Offer, Z. (2000) Wind tunnel and field calibration of six aeolian 
dust samplers. Atmospheric Environment, Vol. 34, 1043–1057.

Goossens, D., Offer, Z., and London, G. (2000) Wind tunnel and field calibration of 
five aeolian sand traps. Geomorphology, Vol. 35, 233–252.

Hagen, L. J. and Woodruff, N. P. (1975) Particulate loads caused by wind erosion in 
the Great Plains. Air Pollution Control Association Journal, Vol. 25, 860–871.

Hefflin, B. and Jalaludin, B. (1994) Surveillance for dust storms and respiratory dis-
ease in Washington State, 1991. Archives of Environmental Health, Vol. 49(3), 
170–174.

Horning, L. B., Stetler, L. D., and Saxton, K. E. (1998) Surface residue and soil 
roughness for wind erosion protection. Transactions of the American Society of 
Agricultural Engineers, Vol. 41, 1061–1065.

Kertesz, A., Loczy, D., and Istvan, O. (1990) Soil-conservation policy and practice 
for croplands in Hungary. In J. Baordman, I. D. L. Foster, and J. A. Dearing, eds., 
Soil Erosion on Agricultural Land. New York, NY: John Wiley and Sons.

Larney, F. J. and Bullock, M. S. (1994) Influence of soil wetness at time of tillage and 
tillage implement on soil properties affecting wind erosion. Soil & Tillage 
Research, Vol. 29, 83–95.

Leys, J. F. (1991) Towards a better model of the effect of prostrate vegetation cover 
on wind erosion. In A. Henderson-Sellers and A. J. Pitman, eds., Vegetation and 
Climate Interactions in Semi-Arid Regions. Dordrecht, The Netherlands: Kluwer 
Academic Publishers, 49–58.

Leys, J. F. and Raupach, M. R. (1991) Soil flux measurements using a portable wind 
erosion tunnel. Australian Journal of Soil Research, Vol. 29, 533–552.

Lopez, M. V. (1998) Wind erosion in agricultural soils: An example of limited sup-
ply of particles available for erosion. Catena, Vol. 33, 17–28.

Lyles, L. (1975) Possible effects of wind erosion on soil productivity. Journal of Soil 
and Water Conservation, Vol. 30, 279–283.

Michels, K., Sivakumar, M., and Allison, B. (1995) Wind erosion control using crop 
residue I. Effects on soil flux and soil properties. Field Crops Research, Vol. 40, 
101–110.

Nalpanis, P. (1985) Saltation and suspended particles over flat and sloping surfaces. 
II Experiments and numerical simulations. In O. E. Barndorff-Neilsen, J. T. 



EOLIAN DUST EROSION 399
Moller, K. Romer Rassmussen, and B. B. Willetts, eds., Proceedings of the Inter-
national Workshop on the Physics of Blown Sand, Memoir No. 8 (Vol. 1). Aarhus, 
Denmark: Department of Theoretical Statistics, University of Aarhus, 37–66.

Nanney, R. D., Fryrear, D. W., and Zobeck, T. M. (1993) Wind erosion prediction 
and control. Water Science Technology, Vol. 28, 519–527.

Nickling, W. G. (1978) Eolian sediment transport during dust storms: Slims River 
Valley, Yukon Territory. Canadian Journal of Earth Science, Vol. 15, 1069–1084.

O’Hara, S., Wiggs, G., Mamedov, B., Davidson, G., and Hubbard, R. (2000) Expo-
sure to airborne dust contaminated with pesticide in the Aral Sea region. The 
Lancet, Vol. 355, 627–628.

Pease, P., Lecce, S., Gares, P., and Lange, M. (2002) Suggestions for low-cost equip-
ment for physical geography II: Field equipment. Journal of Geography, Vol. 101, 
199–206.

Phillips, J. D., Golden, H., Cappiella, K., Andrews, B., Middleton, T., Downer, D., 
Kelli, D., and Padrick, L. (1999a) Soil redistribution and pedologic transforma-
tions in coastal plain croplands. Earth Surface Processes and Landforms, Vol. 24, 
23–39.

Phillips, J. D., Gares, P. A., and Slattery, M. C. (1999b) Agricultural soil redistribu-
tion and landscape complexity. Landscape Ecology, Vol. 14, 197–211.

Robinson, D. N. (1968) Soil erosion by wind in Lincolnshire, England. East Midland 
Geographer, Vol. 4, 351–362.

Schenker, M. (2000) Exposures and health effect from inorganic agricultural dusts. 
Environmental Health Perspectives, Vol. 108(4), 661–664.

Scott, W. D., Hopwood, J. M., and Summers, K. J. (1995) A mathematical model of 
suspension with saltation. Acta Mechanica, Vol. 108, 1–22.

Sterk, G. and Raats, P. A. C. (1996) Comparison of models describing the vertical 
distribution of wind-eroded sediment. Soil Science Society of America Journal, 
Vol. 60, 1914–1919.

Sterk, G., Herrmann, L., and Bationo, A. (1996) Wind-blown nutrient transport and 
soil productivity changes in southwest Niger. Land Degradation and Develop-
ment, Vol. 7, 325–335.

Stetler, L. D. and Saxton, K. E. (1996) Wind erosion and PM10 emissions from agri-
cultural fields on the Columbia Plateau. Earth Surface Processes and Landforms, 
Vol. 21, 673–685.

Stout, J. E. (1990) Wind erosion within a simple field. Transactions of the ASAE, Vol. 
33, 1957–1960.

Stout, J. E. and Zobeck, T. M. (1996) The Wolfforth Field Experiment: A wind ero-
sion study. Soil Science, Vo. 161, 616–632.

USDA. (1974) Soil Survey, Pitt County North Carolina. Washington, DC: United 
States Department of Agriculture, Soil Conservation Service.

Vories, E. D. and Fryrear, D. W. (1988) Field measurements of wind erosion. In 1988 
Wind Erosion Conference Proceedings. Lubbock, TX: Texas Tech University.

Vories, E. D. and Fryrear, D. W. (1991) Vertical distribution of wind-eroded soil over 
a smooth, bare field. Transactions of the ASAE, Vol. 34, 1763–1768.



400 PEASE ET AL.
Wassif, M. M., Draz, M. Y., Elasker, M. Kh., and El-Maghraby, S. E. (1999) Quantity 
and properties of soil loss by wind erosion in south Sinai. Egyptian Journal of Soil 
Science, Vol. 39, 315–323.

Williams, G. (1964) Some aspects of the eolian saltation load. Sedimentology, Vol. 
3, 257–287.

Wilson, S. J. and Cooke, R. U. (1980) Wind erosion. In M. J. Kirkby and R. P. C. 
Morgan, eds., Soil Erosion. New York, NY: John Wiley and Sons, 217–251.

Zingg, A. W. (1953) Wind tunnel studies of the movement of sedimentary material. 
Proceedings of the 5th Hydraulic Conference, University of Iowa Studies in Engi-
neering Bulletin, Vol. 34, 111–135.

Zobeck, T. M. and Fryrear, D. W. (1986) Chemical and physical characteristics of 
windblown sediment I. Quantities and physical characteristics. Transactions of 
the ASAE, Vol. 29, 1032–1036.


	EOLIAN DUST EROSION FROM AN AGRICULTURAL FIELD ON THE NORTH CAROLINA COASTAL PLAIN
	Patrick Pease, Paul Gares, and Scott Lecce
	Abstract: Eolian erosion typically has not been considered a significant process on the humid southeastern coastal plain of the ...
	INTRODUCTION
	STUDY AREA
	Fig. 1. Mean climatic conditions compiled from a climate station in Kinston, North Carolina, 12.9 km from the field site. Wind v...
	Fig. 2. The study field. The dashed lines represent soil boundaries. The unplowed areas represent the conditions during 2002, but change from year to year. During 1999, the entire field was plowed.

	DATA COLLECTION
	Fig. 3. Modified Wilson and Cooke trap tower and diagram.
	Model for MWAC Data

	RESULTS AND DISCUSSION
	Wind Event 1
	Fig. 4. Photographs of study field conditions. Figure 4A shows conditions along the south edge of the field just prior to the Fe...
	Table 1. Dust mass and mass flux values from MWAC traps for wind events on February 26 and 27, 2002
	Fig. 5. Examples of curves representing the vertical dust concentration in towers from the February 26, 2002, event. Figure 5A r...

	Wind Event 2
	Fig. 6. Examples of curves representing the vertical dust concentration in towers from the February 27, 2002, event.
	Table 2. Suspended Dust Concentration Values from High-Volume Traps for February 27, 2002, and 1999 Dates

	Previous Dust Measurements

	DISCUSSION AND SUMMARY
	References



