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Abstract 
Sand dunes take important roles on aeolian landform for both ecology and coastal 
defense function. This paper focuses on whether aeolian transport has relationships 
with such parameters (wind, moisture, temperature and beach width) tested in the two 
beaches in California. Results show that wind and beach width are the main drivers for 
sediment transport, whereas moisture and temperature are less related. Moreover, the 
temperature and beach width (fetch length related) can influence the wind speed, which 
shows a high correlation. 
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1. Introduction 

A Coastal sand dune is an aeolian landform developed based on adequate sand supplied by wind drive 
sand-sized movement, act as a transition between marine and terrestrial environment [1]. Coastal sand 
dunes always have high ecological diversity consisting of both heterogeneous environmental and 
various species, especially crucial for invertebrates [2, 3]. Additionally, a broad range of fauna and 
flora can be supported by coastal sand dunes due to the abundant kind of habitats can be provided by 
diverse topography and accompanied communities of vegetation [4]. Besides the ecological functions, 
coastal sand dune can also act as a primary coastal defence in USA [5]. 

Considering aeolian transport, the wind is the most critical factor to influence this process. There is a 
threshold that can be regarded as the minimum velocity for the wind to transport sediment, the specific 
data for threshold is different due to diverse environmental conditions in beaches. Therefore, wind 
speed and sediment transport has a positive relationship and especially the extremely high velocity 
of wind, it was discovered that even the possibility of extreme storms occurs less than 1%, but they 
can even contribute to 30% annual amount of sand be transported by wind. Wind direction can alter 
sediment transport with relation to fetch because of the higher angles resulting to a longer fetch 
distance [6,7]. Further, the surface temperature can affect this process due to the interaction with 
surface moisture, and some other factors may influence as well such as plant coverage and beach 
topography [8]. 

Wind can be considered as the most significant control of aeolian sediment transport and can be 
influenced according to environmental conditions. The wind blows from sea to beach can be affected 
by sea surface roughness which is always much smaller than land surface roughness, however also 
has differences such as the distance to the coast [9,10]. Air pressure is regarded to determine general 
wind speed on local condition. Homogenous high-pressure results in relatively low wind speed, in 
other words, extremely high wind velocity always relate to an increased atmospheric depression 
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system [11,12]. Furthermore, air temperature can alter wind speed as interaction with air pressure. 
Normally air temperature over the sea is lower than in beach; therefore, lower temperature in beach 
will weaken the temperature gradient and also the pressure gradient then lower the wind speed [11,13]. 
The length of fetch can affect wind direction; a shorter fetch may result in a higher angle of wind 
direction [14]. Moreover, in terms of soil moisture, low soil moisture content can increase wind speed 
[15]. It was claimed that low moisture content on soil has the ability to increase surface temperature 
and then rise the thermal turbulence, momentum can be transported from aloft to bottom due to this 
enhanced turbulent transport, so the surface wind speed increased [15]. 

As for the importance of aeolian sediment transport on sand dune development, besides wind and 
many other environmental factors such as fetch, moisture and grain size can also interact with others 
to affect this transport. Fetch distance difference can influence transport process but only in limited 
sediment supplement conditions for natural beaches, and no effect on abundant sand supply beaches 
[16]. However, a wind blows from a long distance of fetch have the ability to transport large sediment 
amount even on high moisture surface, high moisture on surface can prevent transport especially from 
rainfall [17]. Intergranular pores with water are recognized to limit sediment transport due to their 
cohesive forces; therefore, moisture is an effective control on beach aeolian sediment transport [18]. 
In a more detailed condition, moisture between 0-6% will increase the required minimum wind speed 
for sand movement and surface moisture between 8-10% can stop the transport even experiencing 
strong winds [19]. 

In terms of grain sizes, these also can be an influential factor as their distribution in beaches are 
various and determine the aeolian transport rate directly. A general pattern of grain size often has a 
distribution: finer sediment appears in offshore areas while coarse sediment stands in beaches[20]. 
Moreover, from the beach to foredune regions, sediment size tends to become smaller [21]. However, 
the relationship between grain size and aeolian sediment transport is different based on various 
literatures, and some claimed negative relationship while others stated it is positive [22, 23]. The 
relationship may differ due to grain size data, when the diameter smaller than 0.325mm the 
relationship is positive while negative relationship observed when diameter bigger than 0.325mm 
[23].  

The objectives of this project are to observe the relationships between aeolian sediment transport and 
several factors, this paper choose wind speed, surface temperature, surface moisture and beach width 
as dependent variables to discover whether they have a strong relationship. Moreover, this paper will 
also discuss about the interaction between wind speeds with other three factors as they are expected 
to be the most effective factor. 8 days experiment on two different beaches in Santa Cruz and all the 
measurements made in two sides of each beach: dune side and beach side.   

2. Methodology 

2.1 Section Location 

The measurements were taken on two beaches (Soctt Creek Beach and Sunset State Beach) to 
determine the affections brought by locatinos with different surrounding graphic feature. Those 2 
locations have the almost the same direction facing the sea. The sands in Scott Creek are large and 
coarse, while the sand dune in Scott Creek is high and has a steep slope. The sands in Sunset Beach, 
however, are finer and smaller, whose sand dune is relatively lower and gentler about slope. 
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Figure 1. Location of study area 

2.2 Experimental Design 

During the whole investigation, measurement was taking alternately each day for those two beaches. 
All the data were collected in both beaches and follows the same procedure. The whole investigation 
focused on 5 different variables: Wind Speed, Beach width, Sand Moisture, Sand Temperature, and 
Aeolian Sediment Transport Amount. For every variable, two collection points were selected: one at 
the dune foot, the another is on the beach, which is relatively closer to the sea. To make sure all the 
data were collected simultaneously, our group split into two small group, each small group was 
responsible for one collection point. 

To measure the Aeolian Sediment Transport Amount, a flat Frisbee was mounted horizontally on the 
beach to trap the sand blown by wind. Firstly, mounting the Frisbee, a shallow hole was cleared out, 
and the depth of the hole matches the edge of the Frisbee. This is to eliminate the possible turbulent 
flow around the Frisbee. 5 samplings were taken per day with one hour consumed for each sampling. 

The Wind Speed was measured in multiple heights using the anemometer. The heights were in 
logarithm sequence, starting from 0.1m and then followed by 0.25m, 0.5m, 1m, and 2m. This is to 
generate a wind profile for later analysis. At each height, the measurement last 2 minutes, and both 
the maximum speed and average speed were recorded. Before each measurement, wind direction will 
be firstly determined, and the anemometer would be facing the wind’s direction. This Wind Speed 
Profile was measured every 30 minutes, and there were in total 10 groups of data from each the 
collection point every day. 

Sand moisture was measured using hygrometer and temperature were measured using thermometer. 
Both were measured simultaneously with the wind speed. For every measurement, the probe will be 
stick into the ground and wait until the readings were stable. Both moisture and temperature 
measurement were measured every 30 minutes. 

Beach Width was measured using tape measure. The beach width were masured from the dune foot 
collection point to the edge of the beach with the direction to the neat sea collection point. The edge 
of the beach was determined as the mid-point between the highest wave and lowest wave. All the 
wave points were determiend by visual check. Beach width was measured every 30 minutes. 
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To determine the relationship between the wind speed and different parameter, a wind profile was 
first generated. The wind speed at 0.8m height were selected as our reference point and calculated 
using the algorithm trend line for each of the wind profile. We chose this level of height because it is 
nether too low so it might be affected by other factors, nor too high for the parameter. Then, the p-
value and R-value between different factors were calculated.  

3. Results 

The correlations between wind speed and temperature, moisture and beach width were calculated and 
put into comparison in the table below: 

 

Table 1. The most significant correlation shown between Wind Speed and other parameters in 8 
days’ data set. (Site 1 stands for the near dune site in Scott Creek; Site 2 stands for the near sea site 
in Scott Creek; Site 3 stands for the near dune site in Sunset Beach; Site 4 stands for the near sea 

site in Sunset Beach) 

 
 

Generally, Table 1 indicates that there was almost no correlation shown by those factors. For Scott 
Creek, basically none of the factors seems to have relationships with wind speed. Whereas in Sunset 
State Beach, the temperature does show a high significant correlation with wind speed, for both Site 
3 and Site 4. However, this feature may due to the relatively mild wind events during our investigation. 
Under these circumstances, the wind may not be strong enough to show the patterns bought by the 
affections from below. Still, there were 2 days during the investigation that had strong wind events. 

 

Table 2. The correlation between wind speed and other factors during the strong wind event 

 
 

In table 2, however the numbers show stronger relationship between different factors. Temperature 
in both Site 1 and Site 3 shows high correlations, and similar patterns can also be found in Beach 
Width, almost all the sites indicate high correlation. However, the moisture still seems have no 
affections on all the site. 

What’s more, those 2 days were also the only days we got enough sand transport for an effective 
analysis. The correlation between sediment transport and other factors were calculated below: 
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Table 3. Correlation between sediment transport and other parameters. 

 
 

Wind speed seems to be the most dominant factor, where almost all the four sites show high 
significant correlations. Temperature and Moisture do not indicate relationships with sediment 
transport for all the four sites. However, Beach Width also shows significant correlations in all the 
four sites. What’s more, the values of Scott Creek and Sunset State Beach are even close to each other 
and shows similar patterns. 

 

  

Figure 2. Wind Speed against Beach Width (Orange colour group are from Sunset Beach, blue 
colour group are from Scott Creek) 

 

For most of the days, the trend line for both two sites basically stays flat and have no significant 
change. Except the 4.10th and 4.11th. Those two days have relatively stronger wind than the rest days. 
And for those two days, as beach width increases, the wind speed decreases. 

 

  

Figure 3. Wind Speed against Temperature 

 

Figure 3 shows similar patterns as Figure 2 does. However, Figure 3 is the way round, where a higher 
temperature brought higher wind speed. These graphs indicate that the wind speed must reach to a 
certain level for the parameters below it to show their effects. 
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Figure 4. Grain Size Distribution in Percentage. (Orange ones represent sample being collected 
near the dune, and blue ones represent sample being collected near the sea. The legend indicates the 

time of period when they were collected, each collection period has its own column) 

 

First, sediment collected near the dune tends to be smaller and finer than those collected near the sea. 
In Sunset State Beach, most of the sediment collected near dune has a size at around 250-500µm, and 
a few at around 125-250µm, almost none of them is larger than 500µm. 

When it comes to the Scott Creek, similar patterns can be found. Still, it is noticeably that due to 
relatively stronger wind in Scott Creek, the sediment transported is generally larger and coarser than 
those of Sunset State Beach. In our case, the maximum wind speed in Scott Creek reached 11.4m/s, 
whereas in Sunset State Beach it only reached 8.9m/s. Clearly, most of the sediment collected on the 
near sea site has a grain size at 250µm -500µm and a lot of them even larger than 500µm. Though 
there are sediments collected on the near dune site also reaches this level, their amount is still less 
than those of the near sea site. 

 

  

Figure 5. Sediment Transportation against Other Factors 
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The relationships between the sediment transportation and other factors are however more obvious. 
According to figure 5, almost all parameters shows clear trend line for their affections on sediment 
transport, except the moisture. Both beach temperature and wind speed show positive relation with 
sediment transport. However, the beach width shows a negative relation: as beach width increases the 
sediment transport will decrease. However, the moisture seems to have little affections. According to 
the graph, there are no obvious patterns for all the sites. 

The sediment we collected on the near-sea site in Scott Creek is significantly less than those of other 
site, therefore it seems like a straight line on the graph and has no obvious change. For the near dune 
site in Sunset Beach, the moisture maintained 0 all the time, so it is impossible to see its relationship 
with sediment transport from this site.  

4. Discussion 

4.1 Sediment Transport 

4.1.1 Correlation between Sediment Transport and Wind Speed 

The strong correlations between sediment transport and wind speed in two sites of both Scott Creek 
and Sunset Beach are consistent with the hypothesis that the beach sediment movement should be 
mainly driven by the wind. The model for Aeolian transport and also field observation of previous 
studies can also support the results that the wind has a strong relationship with sediment transport on 
a beach [24, 25]. The wind speed thresholds when sediment starts to move are detected in each site. 
The threshold in the field is complicated in terms of the natural conditions, but it can still be calculated 
with the average wind speed and standard deviation [26]. In addition, the wind speed threshold for 
sediment transport varies with time in a certain place, which may also support the result because there 
are more differences between sites and the measurement took through time as well [27]. Moreover, a 
maximum sediment transport may be reached when the average wind speed exceeds 6m/s in the 
Sunset Beach and 8m/s in the Scott Creek Beach, but it may be due to the limited space of the Frisbee 
that may affect the results. In addition, a shear wind velocity with a wind direction is more likely to 
be required for aeolian transport to make a more precise model and investigation, but it was not 
included in this fieldwork, which can be improved and further studied [23].  

The difficulty of sediment transport is higher in the Scott Creek Beach based on the larger intercept 
of the trend line, which is probably due to the generally higher moisture in Scott Creek Beach. Bauer 
et al. discovered that the transport potential is decreased by high moisture, so a higher wind speed is 
required for the start of sediment transport as shown in results of the Scott Creek Beach [7]. However, 
moisture is detected to be not significant in this study. It only works on the beginning of the sand 
transport and is less influential as the wind grows higher [28]. Besides, the slope of correlations in 
four sites is different mainly between two beaches, and it is more distinct between two sites of the 
Scott Creek Beach, when the trend line of the two sites in the Sunset Beach is similar to each other. 
Local morphology such as wind flow dynamics and grain size of sediment may account for the 
differences. The Scott Creek Beach lies towards the open sea and in the front of a mountain series, 
whereas the Sunset Beach is located in the Monterey Bay of California and the beach surface is flat 
with a 5-7° slope as well as a flat sand dune (see Figure 1). The steep cliff and sand dune in Scott 
Creek Beach may more affect the wind dynamics [29], resulting in the changed wind direction 
observed in the field. However, the Sunset Beach is flat, so the wind can go directly without change 
of direction. The sediment in the dune site of the Sunset Beach started to be transferred with a lower 
wind speed, which may be triggered by the less moisture. It was studied that sediment with moisture 
over 9.25% is more about to be suspended and moved by wind, but the moisture becomes less 
significant with the increasing wind speed, which is consistent with the result and can explain the 
higher slope of the correlation near the dune [28]. Besides, as the measurement almost took near the 
upper beach or mid-beach where is far from the tide and the moisture is mostly stable during a day, 
the effects of beach surface moisture on the slope of wind parameter may be less apparent [7].  
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Moreover, the grain size distribution of the transported sediment is similar to beach grain size roughly 
identified in four sites and shows a significant difference. From the offshore site towards the sand 
dune, the sediment becomes finer especially in the Scott Creek Beach [30]. The grain size of 
sediments on the beach will be reduced when they are transported towards sand dune, so along the 
wind direction, the sand near the sand dune should be finer. The source and transported grain size in 
Sunset beach are similar in both sites, but in Scott Creek it is much coarser near the sea, which may 
cause such a low slope of trend lines near the dune. Van der Wal investigated that the coarser sediment 
of poor sorting is more difficult to be transported by wind, which is consistent with the result [16]. 
The grain size is related to the surface friction and sediment weight. It is studied that the finer 
sediment is more sensitive to the aeolian transport and can be transferred higher, but it will be reversed 
with the increasing wind speed [31]. Therefore, grain size may be one of the main factors for the 
different trend line of sediment transport against wind speed in the Scott Creek Beach.  

4.1.2 Correlations between Sediment Transport and Beach Width 

Based on Table 1, all the sediment transport and beach width in 4 sites present a similar negative high 
relationship (R1=-0.82; R2=-0.88; R3=-0.81; R4=-0.89), whose evidences are weak in Site 1 
(P=0.0907) and Site 3 (P=0.0957) and moderate in Site 2 (P=0.0479) and Site 4 (P=0.0432). This 
result is plausible within expectations in former literature. Nordstrom and Jackson (1992) conducted 
an experiment that beach widths impacting aeolian transport of sediments on a mesotidal beach and 
concluded that reducing widths contribute to the transport is pronounced. It could be explained that 
to arrive at maximum sediment transport on estuary beaches essentially depends on the beach width, 
even at low tides [32]. The reduction in beach width on the beach is likely to associate with storm 
surges and rising tides that cause the beach to become wet. In view of the cyclical changes in the 
wave characteristics associated with the storm cycles, it is found that the profiles of estuarine beaches 
are unchanged, and the impact of short-term changes in water level may be more important than on 
high energy ocean beaches characterized by a wide backbeach [33]. Furthermore, when there is a 
limitation of sediment supply, the impact of beach width on dune volume only comes out making 
beach wider than 300 m, indicating that limited supply tends to control dune growth on normal 
beaches whereas on wide systems, such as sand flats and spits [34]. This seems a paradox but actually 
could account the reason why the relationships between sediment transport and beach width are not 
so strong.  

According to the Figure 6, for a certain beach width, sediment rate by the dune is much higher than 
the ones over the beach in both two beaches, which is corresponding to the ‘fetch effect’ as previous 
studies illustrated.  The ‘fetch effect’ is defined as a progressive increase in sediment transport with 
downwind distance from a zone of no transport, like a paved surface, leading edge of a sand sheet, or 
saturated foreshore. On a rectangular beach, the maximum available fetch is determined by the beach 
width and the windward angle (α) [25]. Gillette et al. proposed two other potential factors of the fetch 
influences; aerodynamic responses because of roughness promotion by saltating grains, and 
downwind makes a difference to resisting the erosion caused by the surface crusts’ abrasion by 
sandblasting [35]. Aerodynamic response tends to be a second-order impact and hard to tell from 
other factors, while surface crusting seems not to be influential on beaches except probably in the 
period of the beginning of the transport event. The field data collected in the study can confirm the 
results of previous researches, which proposed that the further the location is, the higher the transport 
rate will be. 

Although at different beaches, the same region shows a similar correlation of sediment transport and 
beach width (Site 1 corresponding to Site 3 by the dune, while Site 2 corresponding to Site 4 over the 
beach). The grain size of sediment is a main difference between ones over the beach and by the dune, 
which could contribute to this result. With a higher beach width, sands near the dune are averagely 
finer than ones near the sea. As Prodger concluded that on every sandy beach, the surface sediments 
would tend to be much coarser and categorized in the direction towards the sea across the intertidal 
zone. Under high steep waves, the finer materials are initially removed from the lower intertidal beach, 
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with the coarser sediments left. These fine materials will be removed to the subtidal bar, becoming 
finer (worser sorted) inversely with the coarsening (with the improvement of sorting) of the intertidal 
zone sediments. Under low steep waves, these fine materials will return from the bar to the intertidal 
beach. In addition, Beach grain size acts as an essential role in dominating sediment transport rates 
[7, 36]. The largest sediment sizes (and categorizing) on the lower beach related to the location of 
peak wave dissipation in accordance with the beach width and the finer sediment sizes on the upper 
one and bar could correspond to the reduced quantity of wave dissipation in the areas [37].  

4.1.3 Correlations between Sediment Transport Rate and Moisture  

The moisture is almost independent of sediment transport rate, which against the former studies. To 
some degree, there are substantial literature mentioned that moisture impacts towards not only the 
threshold of sediment transport amount but also the flux rate [7, 19, 38]. It is noticeable that moisture 
has both positive and negative effects on the transport rate. The positive effects are to make the 
rebound surface be harder and the negative effects are to trap part of the saltating grain [39]. Besides, 
the existence of moisture on the beach can make contributions to the intermittent sediment 
transportation as well, which happens no matter when wind or solar radiation leads to the drying of 
the thin surface layer of the grain [40]. Furthermore, the results predicted by the standard models 
mentioned are much higher than actual sand transportation rates on natural beaches, due to conditions 
like moisture, lags of rock pieces and shells, which might prevent the sand moving from the surface, 
which leads to transport rates by limiting the supply [7]. Therefore, moisture influences can make it 
more complex in terms of the space and time on the sand transport on a beach. 

4.2 Wind Speed 

4.2.1. Correlation between Wind Speed and Temperature 

The strongest correlation between wind speed and beach temperature may be related to the wind 
formation that is driven by the difference between atmospheric pressure over the land and sea surface 
[41]. The coastal wind circulation as a short-term climate is affected by surface thermal contrast [42]. 
Fuentes et al. also stated that the local terrain, temperature, and surface roughness can affect the 
physical processes of the coastal wind field [41]. For example, the main parameter for the coastal 
wind field in the Black Sea depends is discovered to be temperature [43]. It may support the results 
that sampled beaches locate near the Monterey Bay that shows a complex terrain. Moreover, a higher 
P value is calculated near the sea, suggesting that the surface temperature may be affected by moisture 
that is higher close to shoreline.  

Besides, a sea breeze was observed with a rapid increase of wind speed in the day when we collected 
sediment transport in Sunset Beach. A sea breeze is formed by the uneven air density above land and 
sea because the land heats more quickly than the sea, and it is easier to be formed in some complex 
terrains like a bay [44]. This can be the reason for the stronger correlation in the dune site of the 
Sunset Beach. However, little evidence for the relationship between wind speed and temperature close 
to sea in the Sunset Beach is calculated. Perhaps the higher moisture reduces the acceleration of 
temperature increase due to the larger heat capacity of water [45]. In the Scott Creek Beach, the 
correlation is detected to be strong only in the two windy days but little for all field days. More foggy 
days occurred in the Scott Creek Beach as well as a lower temperature, so the beach temperature may 
be less related to the atmospheric temperature. The mountain behind the Scott Creek Beach may also 
affect the correlation that the wind flow vertical distributions will be influenced by the mountain [46]. 
In addition, the upwelling that occurs on the coast of California will also influence the coastal wind 
field, contributing to the poor relationship between temperature and wind speed [47].  

4.2.2 Correlations between Wind Speed and Beach Width 

Results in Table 2 shows there are mostly negative high relationships (R1=-0.95; R2=-0.80; R3=-
0.99; R4=-0.94) between sediment transport and wind speed in two windy days, whose evidences are 
moderate, weak, strong, moderate in Site 1, 2, 3, 4 separately (P1=0.0136; P2=0.0521; P3<0.001; 
P4=0.0158). It is reasonable that the linear relationship bond between wind speed and beach width 
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can be fetch length. When the shape of a beach is rectangular, the max of the available fetch can 
depend on the beach width and the angle of wind approach (α) [7]. Hence, when the direction of the 
wind is not much different, the fetch and beach width have a cosine relationship. In terms of fetch 
length and wind speed, it is shown that the speed of the coastal wind blowing from land to sea had a 
positive correlation with the fetch length gradually [48]. 

Distinct from Table 2, Table 3 presents little relationships between sediment transport rate and wind 
speed at all sites in two beaches. This may be because there are six days with low-speed wind in eight 
days, and the beach width continuely fluctuates a lot every day, thereby the results show that there is 
not much relationship. Moreover, the directions of the wind vary in 8 days, and fetches change. 
Therefore, the impacts of beach width on transport might be overruled by other parameters such as 
temperature and moisture. 

4.3 Limitation 

In this experiment, two sites at each beach were selected as experimental objects. In future research, 
multiple detection sites can be taken to obtain more data, which can better represent spatial 
distribution and changes. In this report, the moisture is almost independent sediment transport, which 
is against the former studies, so the moisture researches could be further considered. In addition, in 
this experiment, wind direction and beach width were not combined to calculate the actual fetch, 
because the wind direction measurements are nearly visual inspection, not precise enough. Besides, 
the analysed grain size is the transported sand collected in this experiment, which may be different 
from the sand of the original source. In further study, they could be compared and analysed. Moreover, 
in the eight days, only 2 days collected sediment successfully, so the data obtained is very limited. In 
future research, it can be considered to investigate the days of high-velocity wind forecasted and then 
to plan experiments.  

5. Conclusion 

Wind speed needs to reach certain amount for the parameters below it to show their effects. In our 
case, the wind speed at least to be about 5m/s. 

Both sand temperature and beach width have affection on wind speed, whereas moisture does not. 

(1) Wind speed decreases as beach width increases. This may due to the ‘fetch effects’. 

(2) Wind speed increases as temperature and increases. 

Beach width also affects sediment transportation. Sediment size varies with beach width changes. 

Stronger wind does carries coarser and larger sediments. Since stronger wind has more energy.  

Sediments collected on the near sea site tends to be larger and coarser than those collected on the near 
dune site. Sediment size near the edge of the beach may be affected by the waves. 
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