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Abstract
Mobile coastal sand dunes are an important habitat for a range of species that require warm substrates and a diversity of habitat 
structures. The extent of bare sand on coastal dunes in the UK has, however, dramatically declined since 1945. As a result, the 
removal of vegetation has become a management tool to re-create mobile and dynamic habitats that are typically associated 
with the earlier stages of dune succession. Blowouts, erosional hollows in dunes, act as important natural mechanisms for 
landscape disturbance by interrupting succession and providing a source of nutrient deficient sediment, via aeolian (wind) 
sediment erosion and subsequent deposition. This study investigates the evolution of three blowouts within Ainsdale Sand 
Dunes Natural Nature Reserve, North West England, in a dunescape that had been cleared of Corsican Pine approximately 
25 years prior. Our results demonstrate that, contrary to previous studies of blowout evolution in highly vegetated dune 
systems, continued blowout expansion and growth has continued for at least 15 years (2005 to present). We anticipate these 
findings to be a starting point for deeper analysis of coastal dune mobility in the UK and northwest Europe, in order to better 
understand the environmental drivers maintaining dynamism in these environments. 
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Introduction
Blowouts are erosional hollows that form on pre-existing 
sand deposits by the erosion and transport of sediment, 
primarily due to aeolian processes where dense vegetation 
cover is absent (Carter et al., 1990; Hesp and Walker, 
2012; Anderson and Walker, 2006). Blowouts are typically 
categorised into three categories: saucer, bowl or trough 
based on their morphology (Hesp and Smyth, 2019). Saucer 
blowouts are semi-circular, or circular shaped shallow 
depressions, whereas bowl blowouts are deeper circular 
hollows. In contrast to saucer and bowl blowouts, trough 
blowouts are elongated depressions, typically with a ‘U’ or 
‘V’ shaped cross-sectional profile.

Geomorphic activity in blowouts is sustained by the 
erosion of sediment from the landform’s deflation basin 
and erosional walls. Eroded sediment can be transported 
from the deflation basin and deposited downwind to form 
a depositional lobe. These dynamic processes can have an 

important role within dune system dynamics, as the erosion, 
transport and deposition of sediment disturbs ecological 
succession, potentially increasing local biodiversity (Gares 
and Nordstrom, 1991). Furthermore, the creation of bare 
sand and erosional hollows can form important habitats for 
a range plants (Rhind et al., 2013), amphibians (Smith and 
Payne, 1980), reptiles (House and Spellerberg, 1983) and 
insects (Howe et al., 2010). 

For much of the 19th and 20th centuries coastal dune 
management in north west Europe  focused on coastal 
defence and dune stabilisation (Provoost et al., 2011), in 
turn reducing the extent of bare sand and blowouts. Dune 
stabilisation was achieved by the planting of vegetation, 
such as marram grass Ammophila arenaria (L.), in areas 
of bare and sparsely vegetated dune. These management 
techniques combined with an increase in growing season 
(Jackson and Cooper, 2011), reduction in grazing pressure 
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(Provoost et al., 2011) and an increase in nitrogen deposition 
(Jones et al., 2004) resulted in rapid increases in vegetation 
extent, therefore reducing the area of open bare sand 
(Jackson and Cooper, 2011; Pye et al., 2014; Van der Biest 
et al., 2017; Delgado-Fernandez et al., 2019a; Jackson et al., 
2019;Moulton et al., 2019). 

Since the 1980s there has been an increased awareness 
in the ecological and coastal defence value of managing 
coastal dunes as a dynamic landscape (Van der Meulen and 
Wanders, 1984; Gares and Nordstrom, 1991; van Boxel et al., 
1997). Although there is debate about the sustainability of 
removing vegetation from dunes (Delgado-Fernandez et al., 
2019b; Rodgers et al., 2019), many dune sites in north west 
Europe are  actively grazed or stripped of turf to improve 
the conservation status of dune habitats and support 
essential ecosystem services, providing no other alternative 
is available (Arens et al., 2020; Creer et al., 2020; Pye and 
Blott, 2020). At several locations, vegetation has also been 

removed from blowouts and parabolic dunes to encourage 
aeolian sediment transport and provide opportunities for 
earlier successional stages. However, few studies (Arens 
et al., 2004; Arens et al., 2013) have examined blowout or 
parabolic dune dynamics following vegetation removal. 
The purpose of this study was to describe and analyse the 
morphological dynamics of three coastal dune blowouts (a 
saucer, bowl and trough) following the removal of a Coriscan 
Pine (Pinus nigra ssp. Laricio) plantation. The results of eight 
topographic surveys and five vertical aerial images over a 
16-year period are discussed in the context of previous dune 
blowout studies. 

Study Site
An area containing three blowouts within 100 m of each 
other in Ainsdale Sand Dunes National Nature Reserve on 
the Sefton Coast was investigated (Figures 1 and 2). The 
Sefton Coast, on the North West coast of England, has the 

Figure 1. 2015 aerial image of the study site and surrounding dunes located within Ainsdale Sand Dunes National Nature 
reserve, approximately 20 km north of Liverpool in North West England (inset image). Contours are in metres and have 
been drawn in 5 m intervals based on 2014 LiDAR data (Table 1). The dashed box denotes the study site containing the three 
blowouts investigated in the study. (Image source: High Resolution (25cm) Vertical Aerial Imagery (2015) [JPG geospatial 
data], Scale 1:500, Tiles: sd2810,sd2811, Using: EDINA Aerial Digimap Service © Getmapping PLC.)
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largest area of open dune landscapes in England (Doody, 
1991) and includes a 30 km long frontal dune system, which 
varies between 2 and 4 km in width (Clarke and Ayutthaya, 
2010; Delgado-Fernandez et al., 2019a). The Sefton Coast 
dune system developed slowly over the Holocene, with 
the first generation of dunes becoming established by 
approximately 5600 BC (Pye and Neal, 1993). 

The specific 10,800 m2 area of dune investigated is 
located approximately 400 m inland from the foredune 
(Figure 1) and was a former Corsican Pine (Pinus nigra 
ssp. laricio) planation, established between 1900 and 1930 
(Sturgess and Atkinson, 1993). The plantation was removed 
in the early 1990s as part of a dune restoration project and the 
area has been subsequently grazed by sheep and cattle (Smith 
and Lockwood, 2011). Following conservation management 
interventions to remove the pine plantations, the area is 
now largely comprised of fixed dunes with herbaceous 
vegetation (grey dunes). Vegetation predominantly consists 
of a short sward of grasses, herbaceous perennials and areas 
of scrub that are periodically cut and grazed.  Marram grass 
(Ammophila arenaria) is present downwind of areas of active 
sediment transport (e.g. Figure 6a–c). In 2015, an active 
saucer, bowl and trough blowout were present within the 
study area (Figure 2). 

Methods
Airborne LiDAR Surveys
The topography of the study area was measured using 
airborne LiDAR (Light Detection and Ranging) flown by 
The Environment Agency. Eight digital surface models 
of the area are available over a 15 year period 1999, 2000, 
2001, 2002, 2008, 2010, 2013 and 2014 (Table 1). Airborne 
LiDAR is collected from a plane and uses pulses of light 
from an infrared laser to measure the variable distances 
between the Earth and the recording device (National Ocean 
Service, 2018). A digital surface model is an elevation model 
constructed from the highest LiDAR return and the model 
includes height of vegetation rather than ‘bare earth’, as is 
the case in a Digital Terrain Model. Despite the limitations 
of using a digital surface model for geomorphic change 
detection, the product was selected for this investigation 
due to its increased temporal resolution (five digital 
surface model datasets were available between 1999 and 
2008, compared to two digital elevation models for the 
same period). The study sites were also dominated by bare 
sand and grasses (Figure 2), so changes in elevation due to 
vegetation are expected to be minimal. Each LiDAR scan 
was imported into ArcGIS 10.3 from which a 2 m x 2 m 
digital elevation model was created using the kriging spatial 
interpolation tool. 

Figure 2: (a – c) The three blowouts examined (Photographs from 2018). (d) Annotated 2015 Google Earth aerial image of the 
study site.
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To analyse topographic change between LiDAR 
surveys, two transect lines were positioned on each blowout, 
one along the longitudinal axis of the blowout and the other 
along the lateral axis (Figure 3). Spatial and volumetric 
changes across an area including all three blowouts study 
site (120 m×90 m) were also calculated from the LiDAR data. 
This gave a quantitative measurement of the total erosion 
and deposition at the site between LiDAR surveys. 

Aerial Imagery
Aerial imagery of the study area was examined in Google 
Earth for the years 2000, 2005, 2010, 2012 and 2015 at an 
identical spatial scale. Investigation of the imagery revealed 
that the 2010 image appeared to be offset to the west by 
approximately 2 m compared to the other images. This 
inconsistency between images limited analysis to being 
predominantly qualitative in nature.  

Table 1: Details of LiDAR surveys and digital surface models used. All LiDAR data has a vertical accuracy of ±0.15 m root 
mean square error (RMSE). 

Year Survey 
month

Resolution 
(m) Source

1999 March 2 England Lidar Digital Surface Model England (1999) [ASC geospatial data], Scale 1:4000, 
Tiles: D0003384, D0003399, Updated: 23 December 1999, Open Government Licence, 
Using: EDINA LIDAR Digimap Service.

2000 June 2 England Lidar Digital Surface Model England (2000) [ASC geospatial data], Scale 1:4000, 
Tiles: D0011386, D0011391, Updated: 18 December 2000, Open Government Licence, Using: 
EDINA LIDAR Digimap Service

2001 August 2 England Lidar Digital Surface Model England (2001) [ASC geospatial data], Scale 1:4000, 
Tiles: D0013430, D0017542, D0017545, Updated: 14 December 2001, Open Government 
Licence, Using: EDINA LIDAR Digimap Service

2002 September 2 England Lidar Digital Surface Model England (2002) [ASC geospatial data], Scale 1:4000, 
Tiles: D0023054, D0023057, Updated: 18 December 2002, Open Government Licence, Using: 
EDINA LIDAR Digimap Service

2008 March 0.25 England Lidar Digital Surface Model England (2008) [ASC geospatial data], Scale 1:4000, 
Tiles: D0098975, D0098976, D0098977, D0098994, D0098995, D0098996, D0099012, 
D0099013, D0099014, D0099031, D0099032, D0099033, D0099051, D0099052, 
Updated: 30 December 2008, Open Government Licence, Using: EDINA LIDAR Digimap Service

2010 March 1 England Lidar Digital Surface Model England (2010) [ASC geospatial data], Scale 1:4000, 
Tiles: D0131036, D0131043, Updated: 21 December 2010, Open Government Licence, Using: 
EDINA LIDAR Digimap Service

2013 October 1 England Lidar Digital Surface Model England (2013) [ASC geospatial data], Scale 1:4000, 
Tiles: D0165126, D0165137, Updated: 17 December 2013, Open Government Licence, Using: 
EDINA LIDAR Digimap Service

2014 May 2 England Lidar Digital Surface Model England (2014) [ASC geospatial data], Scale 1:4000, 
Tiles: D0170572, D0170580, Updated: 30 December 2014, Open Government Licence, Using: 
EDINA LIDAR Digimap Service

Results
Elevation Change 
Over the 15-year period of observation, the elevation of the 
study area changed between every LiDAR survey (Figures 
4 and 5). The topographic data collected in 1999 shows that 
there were no active blowouts present within the study 
area delineated in Figure 5. The LiDAR surveys between 
1999 and 2000 demonstrate a basal lowering at all three 2015 
blowout locations by approximately 0.5 m (Figure 5a) but 
the shape of the dunes profile remains largely unchanged 
despite the substantial change in elevation (Figure 4). This 
consistency in dune morphology but substantial change in 
dune elevation may be due to instrument error, as Pye and 
Blott (2016) noted that elevations of the 1999 LiDAR surveys 
of the Sefton Coast were approximately 20 cm too high. 
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Between 2000 and 2001, the elevation change data 
shows an overall depositional trend at the study site 
(Figure 5b). This depositional trend is also evident in the 
topographic transects (Figure 4), with elevation levels 
increasing between 2000 and 2001 along all six transects. 
Despite a substantial change in elevation at all six transect 
locations, the morphology of the each of the dune profiles 
remains similar to the previous year’s survey.  

Both the topographic transects (Figure 4) and surface 
elevation change map (Figure 5c) demonstrate that elevation 
change between 2001 and 2002 was minimal. Despite the 
minimal magnitude of topographic change, the morphology 
of the elevation transects does deviate compared to previous 
years. A small area of erosion is evident in the centre of the 
bowl blowout creating a small erosional hollow (Figure 4b) 
with a steepened longitudinal profile in the trough blowout. 
The period 2002 to 2008 demonstrates the greatest rate of 
erosion at all three blowouts. The bowl blowout expanded 
approximately 20 m in length and 2 m in depth (Figure 
4a). The centre of the longitudinal profile of the trough 
blowout (Figure 4c) remained similar in shape to the profile 
measured in the 2002 survey, but decreased in elevation by 
approximately 1.5 m. Longitudinal and lateral elevation 
transects of the saucer blowout demonstrate dramatic (2 m 
in elevation) erosion of the dune slope and crest compared 
to that present in the 2002 survey. Clearly defined zones 
of sediment deposition to the south and east of all three 

blowouts are also evident in the 2002–2008 elevation change 
map (Figure 4d). 

In comparison to the 2002–2008 elevation change 
analysis, relatively minor amounts of elevation change 
occurred between 2008 and 2010. The deflation basin of the 
saucer blowout becomes more uniform (Figures 4a, 4b and 
5e) and the deflation basin of the trough blowout deepens 
by approximately 0.75 m (Figures 4c, 4d and 5e). The steep 
erosional walls that formed between the 2002 and 2008 
surveys in the saucer blowout become more rounded and 
gently inclined. However, the elevation at the lowest point 
of the deflation basin remained unchanged between the 
2008 and 2010 surveys (Figures 4e and 4f). 

Between 2010 and 2013 the deflation basins of all three 
blowouts deepened. This is most evident in the lateral 
elevation transect of the bowl blowout (Figure 4b), which 
also demonstrates that the deflation basin expanded laterally 
by approximately 2.5 m during this period. The elevation 
change map for this period (Figure 5f) also demonstrates 
that some deposition occurred in the north and west of the 
bowl and trough deflation basins, while substantial erosion 
was present in the south and east of the bowl and trough 
deflation basins.  

Unlike any other time during the study period, 
between 2013 and 2014 large amounts of sediment were 
deposited into the deflation basin of the blowouts rather 
than eroded from them (Figure 4g). Although erosion still 

Figure 3: Location of longitudinal (a, c and e) and lateral transects (b, d and f) through the axis of the bowl (transects a and b), 
trough (transects c and d) and saucer (transects e and f) blowouts. (Image source: 2014 Google Earth). 
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occurred at the northern edge of the bowl blowout and 
slightly in the centre of the trough blowout, deposition 
occurred on the southern and south-easterly sectors of all 
three blowouts. Figure 4g also records zones of deposition 
occurring between the blowouts. The transect data supports 
the evidence from the elevation maps indicating that overall 
elevation increased slightly from the 2013 height for all three 
blowouts, but most notably in the saucer blowout. 

Aerial Imagery
Topographic change was identified using five Google Earth 
images between 2000 and 2015 (Figure 6). 

In 2000 (Figure 6a) evidence of any clearly defined 
blowouts is absent. At that time the dune complex is largely 
covered in vegetation with minimal amounts of bare sand 
visible. In 2005 (Figure 6b) the formation of all three blowouts 
had begun with some erosional hollows visible. Figure 6b 
also shows that in 2005 approximately 50% of the study area 
appears to be covered in bare sand, with the south and east 
of the study area particularly un-vegetated. The 2010 image 
of the blowouts (Figure 6c) records a reduction in bare sand 
area and an increase in vegetation cover compared to the 
2005 image; however, the blowouts were well defined by 
2010 with clearly defined patches of bare sand around the 

Figure 4: Topographic transect lines of topographic surveys from 1999 to 2014 through the: a) longitudinal axis of the bowl 
blowout; b) lateral axis of the bowl blowout; c) longitudinal axis of the trough blowout; d) lateral transect through the trough 
blowout; e) longitudinal axis of the saucer blowout; f) lateral axis of the saucer blowout. A plan view of all transects in relation 
to the landforms is visible in Figure 3. Topographic data summarised from digital surface models detailed in Table 1. 
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Figure 5: Topographic change maps of the eight surveys between 1999 and 2014. The black outline on frames a – g refers to the 
blowouts rim in 2015, as digitised from aerial imagery. Topographic change data has been calculated from the digital surface 
models detailed in Table 1.

immediate rims of the blowouts. The 2012 image (Figure 6d) 
displays little change from 2010.

Discussion
This study provides an important insight into spatial 
and temporal variations within three blowouts and their 
immediate surrounds over a prolonged period. Previous 
studies using aerial photography alone were unable to 
calculate volumetric and topographic changes within 
blowouts (Jungerius and van der Meulen, 1989; Abhar 
et al., 2015) and erosion pin studies have suffered from a 

relatively limited spatial resolution (Harris, 1974; Jungerius 
et al., 1981; Pluis, 1992; Bitton and Byrne, 2002). Although 
previous ground-based LiDAR studies have been able to 
resolve topographic change to a much higher resolution 
than the airborne LiDAR used by this study (Smith et al., 
2017; Delgado-Fernandez et al., 2018; Smyth et al., 2019), 
the duration of survey periods was substantially shorter in 
comparison to this study (maximum of 3 years in Smith et 
al. (2017) compared to 15 in this study). 

Aerial photography from 2000 (Figure 6a) demon-
strates that very little bare sand was exposed at the start 
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Figure 6: Google Earth imagery of the study area for (a) 2000; (b) 2005; (c) 2010; (d) 2012; (e) 2015. 

of the study period. The extensive vegetation coverage in 
2000 also correlates with an absence of blowouts between 
1999 and 2002 as evidenced by the LiDAR data (Figures 
4 and 5). Evidence from the LiDAR surveys and aerial 
imagery suggest that a sudden change, both in the extent of 
vegetation cover and in the topography, occurred between 
2002 and 2005. Personal communication with land managers 
and a rigorous search of the literature has revealed that 
no vegetation removal or geomorphological interventions 
were performed by the land manager in the study area at 
this time. Furthermore, an increase in bare sand is visible 
throughout the surrounding dunes (Figure 7), which 
suggests that the changes between 2002 and 2008 were not 
solely due to conservation land management interventions 
or to recreational pressures. It may be significant that 2003 

was an exceptionally hot and dry year with much of Europe 
experiencing drought, which negatively affected the growth 
of vegetation throughout the continent (Gobron et al., 2005). 
Research by Wolfe et al. (1995) in the Great Sand Hills region 
of southwestern Saskatchewan suggests that even relatively 
short-lived drought can result in rapid changes in dune 
activity and bare sand extent over a 3-year period. Research 
on the hydrological conditions Ainsdale Sand Dunes NNR 
(Abesser et al., 2017) also demonstrates that between 2003 
and 2005 water table levels were consistently between 0.5 m 
and 1.0 m below ground level, indicating that any deflation 
hollows formed during the period were not flooded and 
therefore aeolian sediment transport could occur. 

Once initiated, all three blowouts within the study 
area migrated and extended predominantly in an easterly 
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Figure 7: Google Earth images of the study site and surrounding dunes from (a) 2000 and (b) 2005. These images illustrate the 
substantial change in the overall extent of bare sand between 2000 and 2005. 

direction, i.e. downwind in relation to the site’s prevailing 
westerly winds (Figures 5 and 6; Pye and Blott, 2010). This 
expansion of the erosional features in a downwind direction 
is similar to the spatial-temporal evolution of blowouts 
at Cape Cod, USA, whose extension direction broadly 
correlated with incident wind conditions (Abhar et al., 2015; 
Smith et al., 2017).  In contrast, Jungerius et al. (1992) noted 
that in the Meijendel dunes, Netherlands, most blowouts 
grew in an upwind direction i.e. toward the prevailing wind 
direction, and in some cases relatively rapidly (approximately 
25 m in 10 years). Jungerius et al. (1992) attributed upwind 
blowout growth to the decrease in erosivity of near-surface 
winds as they become loaded with sand, thus erosivity is 
greatest at the location where wind enters the blowout. The 
downwind migration of the three blowouts recorded in this 
study may be due to the formation of their relatively tall and 

steep downwind erosional walls (Figure 4a, 4c and 4e). As 
near surface wind flow encounters these steep walls, instead 
of declining in erosivity as hypothesised by Jungerius et 
al. (1992), streamlines compress and wind speed not only 
increases but also has a strong upward vertical component 
as it moves over the surface of the dune (Smyth et al., 2012; 
Smith et al., 2017; Smyth et al., 2019). As a result, sediment is 
eroded from the upper slopes of the erosional wall and the 
rim of the blowout is displaced downwind (Smith et al., 2017; 
Smyth et al., 2019). This hypothesis for topographic change 
is supported by the overall (1999 – 2014) topographic change 
map for the study site (Figure 8) as the areas of topographic 
accretion (sediment deposition) are primarily situated to the 
east of the blowouts, downwind of the blowouts relative to 
incident wind conditions. 
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Figure 8: Overall topographic change between 1999 and 2014 at the study site. Black outlines refer to the 2015 location of each 
of the blowouts. 

Figure 6 also demonstrates that the shape of the 
three blowouts became simpler and more circular over the 
study period. This morphological evolution is particularly 
notable for the bowl blowout in the south of the study site. 
Jungerius et al. (1992) and Abhar et al. (2015) noted that a 
similar process occurred during blowout expansion. The 
increased simplicity of the bowl blowout in this investigation 
appears partly due to the amalgamation and unification 
of several erosional hollows. This is particularly evident 
in the aerial imagery of the bowl blowout between 2005 
(Figure 6b) and 2010 (Figure 6c). Due to ongoing expansion 
of the blowouts at the site, the amalgamation of the bowl 
and trough blowouts is a distinct possibility. The joining of 
these two relatively large landforms could have complex 
morphological and ecological implications for the site, due to 
the substantial changes in local wind flow and the release of 
a substantial amount of sediment that would be distributed 
and deposited downwind (Smith et al., 2017). 

Implications for Coastal Dune Management
The evidence from the LiDAR surveys and aerial imagery 
implies that all three blowouts have been continually 
expanding/migrating for approximately 15 years and display 
no indications of stabilising any time soon. Compared to 
blowout creation/restoration projects in other coastal dune 
systems that are unconnected to the beach and foredunes, 
the sustained mobility of these landforms is remarkable. 
Van Boxel et al. (1997), Arens and Geelen (2006) and Arens 

et al. (2013) have all noted that reactivation interventions 
have been less successful than expected, with the bare sand 
coverage in some ‘restored’ blowouts decreasing by over 
8% per year from their inception. The sustained presence 
of bare sand at this site is also contrary to the decline in bare 
sand measured on the Sefton Coast since 1945 (Delgado-
Fernandez et al., 2019b). 

A number of factors may be important in the sustained 
mobility of the blowouts within the study site. Firstly, 
all three blowouts are located on the upwind slopes of 
local topographic highs (Figure 1), with low-lying land 
immediately to the west and south west. Due to the lack 
of relief upwind of them and their relative topographic 
prominence in the landscape, these locations are subject 
to streamline compression and wind flow acceleration, 
increasing the erosivity of the sites compared to the 
surrounding landscape. Secondly, the site’s elevated location 
also positions it away from the water table, limiting any 
flooding of the deflation basins and thus maximising the 
number of days in which aeolian sediment transport is 
possible. Thirdly, observations during frequent visits to the 
site between 2016 and 2019 also indicate that the local area 
supports a relatively high rabbit population. This has been 
evidenced by frequent burrowing on the erosional walls, 
intense grazing of young pioneer vegetation within the 
deflation basins, and large rabbit latrines in and around 
the blowouts. 
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An implication of the continued mobility of these 
dunes for land managers wishing to maintain a dynamic 
dune system is that, despite the trend of global ‘greening’ 
in coastal sand dunes (Jackson et al., 2019), where certain 
environmental conditions exist, sand dune mobility can 
be maintained without mechanical intervention. The 
results also indicate that where the aim is to increase open 
conditions or a diversity of habitat structures, relatively 
small interventions in specific locations may be successful 
in generating areas of bare sand that will be sustainable 
without frequent and resource-expensive management 
interventions. However, further research is required over a 
larger area and with a greater number of sites to definitively 
identify what the environmental drivers of bare sand are in 
contemporary coastal dunes in north west Europe. 

Conclusion
This study documents the evolution of three blowouts at 
Ainsdale Sand Dunes National Nature Reserve, North West 
England, over a 16-year period. In contrast to other blowouts 
and large parabolic dunes that have formed or been created 
in previously vegetated coastal dune landscapes (Arens and 
Geelen, 2006; Arens et al., 2013), all three blowouts in this 
study are continuing to expand and generate substantial 
areas of bare sand ~15 years after their initiation. This 
continued mobility may be due to several local factors, 
such as a local increase in erosivity by topographically 
accelerated wind flow, a lack of interaction with the water 
table, and grazing of stabilising vegetation. Further research 
is therefore required to identify common environmental 
factors associated with bare sand patches globally. 
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