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Abstract 

Fires can considerably increase wind erosion risk in dryland agricultural regions. While wind erosion 

post-fire has been extensively studied in rangeland and grazing landscapes, limited work has 

considered post-fire erosion on annual plant communities and annual crops. Here we evaluated the 

relative spatial differences in patterns of sediment transport between burnt and unburnt crop stubble 

sites. Following a severe wildfire, we studied the spatio-temporal pattern of aeolian sediment 

transport with an array of Modified Wilson and Cooke (MWAC) dust samplers on adjacent burnt and 

unburnt wheat stubble. Sediment collection was conducted during nine weeks over an area of 3 

hectares. Collection rates were converted to horizontal sediment flux to derive spatial distribution 

maps and perform statistical analysis. Compared to the unburnt plot, we observed that sediment 

transport was up to 1000 times higher within the burnt area. This could lead to damages to emerging 

annual crops sown after the fire if no management strategy was applied. There was only negligible 

sediment flux in areas with shallow and low-density stubble, which gradually increased with distance 

from the unburnt area. These results suggest that strips of remaining unburnt stubble could provide 

a potential benefit to adjacent burnt or bare plots. Patterns of sediment transport were consistent in 

all sampling periods and were observed at a spatial scale undetectable in wind tunnel studies, 

indicating that field observations could complement fine-scale experimental studies to assess 

environmental processes in real-life conditions.  

https://doi.org/10.1016/j.aeolia.2019.04.002
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Highlights 

 Wind erosion following fires in dryland agriculture is little understood 

 Sediment transport is high and spatially variable on burnt and bare patches 

 Measuring field-scale sediment transport complements wind tunnel experimental studies 

 Unburnt wheat stubble can reduce sediment transport on nearby burnt patches 

 Findings will lead to improved management of dryland agriculture  
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1. Introduction 

Wind erosion strongly impacts agricultural productivity and public health. It generates on-site 

disturbances such as loss of topsoil leading to a decline in nutrients, organic matter and soil carbon, 

or damages to crops and infrastructure through sandblasting and burial (Bennell et al., 2007; Kontos 

et al., 2018; Panebianco et al., 2016). Consequences include the cost of nutrient replacement, 

purchase of new grain seeds and lost productivity. Wind erosion also generates off-site damages such 

as visibility limitation leading to road safety and transport issues, health impacts including asthma and 

other respiratory problems (Baddock et al., 2014; Li et al., 2018; Seinfeld and Pandis, 2012) as well as 

cleaning costs due to dust deposition and road maintenance. A substantial body of research have 

identified factors and parameters controlling wind erosion (Mayaud et al., 2017; Tatarko et al., 2013; 

Webb et al., 2016; Zobeck et al., 2003), but there is a paucity of studies relating soil erosion to 

consequences of extreme environmental disturbances like wildfires (Mayaud et al., 2017; Vermeire et 

al., 2005; Whicker et al., 2006). 

Low rainfall agricultural regions in Mediterranean winter-rain climates are at high risk of soil loss due 

to a combination of low vegetation cover with potentially high wind events. Consequently, many 

studies have demonstrated that vegetation cover is the most effective way to control aeolian 

sediment transport (Chappell et al., 2019; McKenzie and Dixon, 2006; Shao, 2008; Vacek et al., 2018). 

Conservation agriculture is an increasingly common farming system in dryland agricultural regions as 

it aims to maintain vegetation cover for most of the year. In such areas, the erosion risk window 

generally occurs during autumn through to crop establishment or early winter. However, even with 

the best practices, catastrophic events and major types of disturbances such as wildfires can destroy 

the protective non-photosynthetic vegetation cover and increase erosion risk (Mayaud et al., 2017; 

Nordstrom and Hotta, 2004).  

Fires are a dominant type of environmental disturbance, and they are unpredictable. They also remove 

protective vegetation cover of annual non-woody plants, increasing erosion risk in regions prone to 

wind erosion. Based on future climate forecast, in dryland agricultural regions, fires are expected to 

be more intense and more frequent, due to climate change, leading to an increase in erosion risk 

(Clarke et al., 2011; Gonçalves et al., 2011). In hot climates, even sparse vegetation can carry fires 

(Turner et al., 2011). Fires often occur during drier months, and if they occur early in the fire-danger 

season, they will leave soils bare for longer as summer rainfalls become more sporadic (CSIRO and 

Bureau of Meteorology, 2015; Williams et al., 2009). 

Extensive research has studied wind erosion on agricultural croplands (Hagen, 1988; Retta et al., 1996; 

Tatarko et al., 2013; Zobeck et al., 2003), but there is limited evidence of the impact of fires in dryland 
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agriculture on wind erosion (Breshears et al., 2003; Ravi et al., 2012). Only a few studies directly 

compared wind erosion from burnt and unburnt plots simultaneously (Dukes et al., 2018; Merino-

Martín et al., 2014; Miller et al., 2012; Wagenbrenner et al., 2013) and most of them only considered 

desert or grazing landscapes. Vegetation reduces wind velocity by applying a sheltering effect on 

exposed soil as clearly demonstrated in wind tunnel experiments and some field studies (Bilbro and 

Stout, 1999; Cornelis and Gabriels, 2005). However, there is a lack of information on the effect of 

unburnt vegetation patches on aeolian transport in cropped regions. Enhancing our predictive 

understanding of the link between erosion processes and catastrophic events such as wildfires is 

increasingly important in light of global climate change.  

This study aims to assess the relative spatial differences in patterns of sediment transport between 

burnt and unburnt stubble patches after catastrophic wildfire events. Such information is challenging 

to obtain quantitatively because of their sizeable spatial extent and associated logistic difficulties to 

design controlled experiments, the rarity of wildfires in agricultural landscapes, and the emotional 

status of affected landholders after the fire. Here we report measurements taken after a severe 

wildfire that burnt 12,000 hectares of crops and pastures but left a small area of stubble unburnt 

which allowed for a paired sampling design. 

 

2. Material and Methods 

2.1. Site description 

The study site is located near Keith in southern South Australia, Australia (Lat. 36°01’S, Long. 140°34’E, 

73m elevation) (Figure 1). Mean annual precipitation for this district generally ranges between 350-

450mm with predominant autumn-winter rainfall from May through to September. At the town of 

Keith, located 20km west of the site, mean annual maximum temperatures are of 22.3°C and mean 

annual minimum temperature of 9.1°C (Australian Bureau of Meteorology, http://www.bom.gov.au/ 

climate/data/). Historically, most erosive and prevailing near-surface winds are from W to SW. Soils 

on the site are recorded as deep sands over clays, prone to wind erosion if unprotected.  

http://www.bom.gov.au/%20climate/data/
http://www.bom.gov.au/%20climate/data/
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Figure 1: Location map and extent of the Sherwood fire, Sherwood, South Australia. The imagery was sourced from the 
European Space Agency (ESA) Copernicus – Sentinel 2 imagery, 03 February 2018. Within the fire boundary, darker colours 

represent charred vegetation; lighter cream colour represents exposed bare sands. Sand drifts can be observed 
predominantly in the south-eastern corner of fire extent. 

The site was established on adjacent burnt and un-burnt wheat stubble following a severe fire that 

swept through the area between 6th and 7th January 2018. The study site was planted with a wheat 

crop with rows orientated North to South under no-till farm management. The field was harvested 

three weeks before the fire. To enhance water-holding capacity and improve the soil, this paddock 

was spread with clay five years ago. The land around the study site was also affected by the fire and 

spread with clay between the 9th and 23rd of March by the landholder as a recovery measure to 

increase surface roughness in an attempt to limit wind erosion. 

   

Figure 2: Dust samplers in the field, a) sediment sampler on unburnt wheat stubble, b) sediment sampler on the burnt bare 
ground, c) lower collecting cups filled with deposited sediment. 
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2.2. Monitoring design 

Our monitoring design was adapted from the USDA (United States Department of Agriculture) wind 

erosion monitoring standardised methods (Webb et al., 2015). To monitor spatial variability in 

sediment transport influenced by fires, we established two 100m x 100m study plots within the same 

partly burned paddock. We set one site on unburnt wheat stubble (Figure 2a) and another on the 

adjacent bare ground (Figure 2b) with an exposed open fetch of about 300m by 150m extending to 

the south-west of the site. We will then refer to the treatments as unburnt and burnt. To improve the 

assessment of spatial patterns of sediment transport, we also installed sediment sampler every 40 m 

along a transect between the burnt and unburnt plots (Figure 3).  

Horizontal sediment flux represents a measure of the wind-driven mass of sediments moving 

horizontally along the Earth surface at a particular height measured by a single sampler. Sediment 

transport was monitored with Modified Wilson and Cooke (MWAC) dust samplers (Wilson and Cooke, 

1980). Preference was given to this type of equipment as they are efficient sediment traps, cost-

effective and relatively easy to use and maintain. MWACs have a simple design: collection chambers 

are mounted on a rotating pole at four different sampling heights (0.1, 0.25, 0.5, 0.85m) with a wind 

vane that orients sampler inlets to face the wind. Due to manufacturing and time constraints, we 

decided to position the collector inlets to face the most dominant winds’ direction (south-westerly 

winds). We acknowledge that this design has affected the efficiency of the MWAC collectors as they 

were not calibrated to collect airborne sediments in a single direction, however, this approach has 

been successfully applied by others to estimate the order of magnitude and spatial variability in local 

sediment transport (Farrell et al., 2012; Sherman et al., 2014; Van Jaarsveld, 2008). 

In the standardised methods of Webb et al. (2015), the monitoring sites are divided into a 3x3 grid 

with three randomly located sediment samplers in each of the nine cells (total of 27 masts per site). 

The standard design was adopted in the burnt area, but due to the limited size of the unburnt patch, 

we could only establish a 2x3 grid with 18 masts in the unburnt section (Figure 3). 

Due to emergency work required to limit soil erosion and land management constraints, monitoring 

commenced six weeks after the fire (26/Feb/2018), and samples were collected at three-week 

intervals over the next nine weeks (20/March, 12/April, 4/May). Half-hourly wind data was obtained 

from a local weather station in Keith (20km west of the site). Vegetation height and soil surface cover 

were estimated at site establishment on each plot along three 100m transects intersecting at 50m in 

the centre of the plot spaced by a 60° angle (Figure 3). Soil samples were taken following standard 

methods of Webb et al. (2015), and soil texture was defined by a hand texturing method (National 

Committee on Soil Terrain Committee, 2009).  
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Figure 3: Experimental layout showing the spatial distribution of sampling masts and the position of the vegetation 
transects. 

 

2.3. Sediment analysis 

2.3.1. Horizontal sediment flux 

After collection, sediments were dried in the lab and weighed on a high precision scale (0.0001g). We 

then converted the measurements to horizontal sediment mass flux by normalising the weight with 

tube inlet area (0.7854 cm2) and the time of collection to obtain a time-averaged horizontal mass flux 

𝑞(𝑧) as 

 𝑞(𝑧) =  𝑚𝑎𝑠𝑠 × 𝑎𝑟𝑒𝑎−1 × 𝑡𝑖𝑚𝑒−1 (1) 

where 𝑚𝑎𝑠𝑠 is in g of sediments collected, 𝑎𝑟𝑒𝑎 is the size of the tube inlet area in m2 and 𝑡𝑖𝑚𝑒 is the 

sampling interval in days. The units 𝑞(𝑧) are expressed in grams per square metre opening per day. 

The total observed horizontal sediment flux (𝑄𝑖) for a sampling mast 𝑖 was estimated as the mean of 

time-averaged horizontal mass flux 𝑞(𝑧)𝑖 over all collection heights using the following expression: 

 𝑄𝑖 = ∑(𝑞(10𝑐𝑚)𝑖 + 𝑞(25𝑐𝑚)𝑖 + 𝑞(50𝑐𝑚)𝑖 + 𝑞(85𝑐𝑚)𝑖)/4 (2) 

where 𝑄𝑖  is expressed in grams per square metre opening per day. 
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This simple averaging approach has been used in similar settings (Belnap et al., 2009; Breshears et al., 

2009; Duniway et al., 2015; Miller et al., 2012) but differs from standard methods using exponential 

decay functions to vertically integrate horizontal sediment flux estimates (Bergametti and Gillette, 

2010; Gillette and Ono, 2008). However, sediment flux on the unburnt plot in our study area could not 

be described with an exponential decay function because the highest fluxes occurred at 50 cm and 85 

cm height. Such pattern is likely due to the dust samplers being located in stable settings (wheat 

stubble) and primarily collected sediments generated far upwind or from the adjacent burnt area. 

Therefore, we chose to apply equation (2) to estimate the vertically averaged total horizontal 

sediment flux. 

2.3.2. Spatial interpolation 

In order to visualise how spatial patterns of sediment transport changed in time and with height, we 

generated maps of horizontal sediment mass flux (𝑄) for each collection period (Figure 5) and maps 

of time-averaged mass flux (𝑞(𝑧)) for each sampling height over the total nine weeks (Figure 6). These 

maps were derived from sediment flux point data using Kriging (ArcGIS 10.5 Interpolation Toolbox 

with default parameters: spherical semi-variogram, variable search radius with 12 points, and output 

cell size of 0.9m).  Kriging is a standard method of interpolation and was shown to be one of the most 

reliable two-dimensional spatial estimator (Chappell et al., 2003). We applied a mask to dim areas of 

high kriging uncertainty in the maps to aid visual interpretation of patterns. This mask was subjectively 

based on visual identification of areas with high kriging variance at the different sampling periods. 

2.3.3. Statistical analysis 

We used regression modelling to examine the relative influence and interactions of experimental 

parameters (horizontal and vertical dimensions, burnt/unburnt treatment, time) on horizontal 

sediment transport. Data preparation for the statistical analysis included the estimation of the 

shortest distance from each sampling mast to the burnt/unburnt boundary measured with the 

Proximity Toolbox (Near tool, ArcGIS 10.5). We employed linear mixed-effect models (nlme package, 

Pinheiro et al. (2018),  R Development Core Team (2010)) for the regression analysis. In addition, we 

visualised the effect of distance to the burnt/unburnt boundary on sediment flux using LOESS 

regression.  

Initial testing of regression modelling of horizontal sediment transport showed that residuals did not 

meet model assumptions of normality and constant variance. Normality of residuals was obtained 

through log-transformation of horizontal sediment flux. Variance changed within the study area, 

leading to a wide-tailed distribution of residuals that needed to be considered in the model structure. 



9 
 

Such a high variance was not surprising in an environment of high natural spatio-temporal variability 

of environmental factors (i.e. wind, soils, topography, canopy surface). The nlme mixed-effects models 

allow non-constant variance among sampling units. We initially used two models to explore if variance 

differed amongst grids, or whether those differences occurred among sampling locations at the 

within–grid scale. Examination of residuals and quantile-quantile plots indicated that the two linear 

mixed-effect models satisfied normality assumptions and hence the final model choice was based on 

the Akaike Information Criterion (AIC) (Akaike, 1973). This exercise revealed that finer scale sampling 

(point observations) better explained the variance in total horizontal sediment flux than grid level 

sampling (𝐴𝐼𝐶𝑚𝑜𝑑1 = 596.5, 𝐴𝐼𝐶𝑚𝑜𝑑2 = 681.7). Similar method considerations were employed by 

Chappell et al. (2003) who observed that nested point sampling of airborne sediments outperformed 

grid and random sampling layouts.  

Therefore, the final model structure used log-transformed horizontal sediment transport with the 

fixed effects treatment type (unburnt, burnt), direct distance to the burnt/unburnt boundary, 

collection period and height (with interactions between parameters) including all possible two-, three-

, and four-way interactions. As random effects, we used the sampling grid location within the plots 

and the specific dust sampler’s position within each grid of each plot. 

 

3. Results 

3.1. Meteorological conditions and surface cover 

Wind direction was not constant in the region throughout the experiment. It predominately originated 

from the South and South-West in the first collection period with speeds up to 12.8m/s (46km/h), 

from the West-South-West and South-West in the second collection period with velocities up to 15m/s 

(54km/h) and from West to North with speeds up to 18.6m/s (67km/h) (Figure 4). Winds were the 

strongest in the final collection period. However, the weather remained mostly dry with less than 

41mm of rain between 24/Feb/2018 and 04/May/2018, almost half of the precipitation has been 

recorded during a single event on 04/May/2018 (19mm). The average maximum daily temperature 

was recorded at 26.4°C for the length of our monitoring study. 
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Figure 4: Wind roses representing wind speed and direction for the study area. a) collection weeks 1-3, b) collection weeks 
4-6, c) collection weeks 7-9. Note the different frequency scale for collection week 7-9. 

 Wheat stubble on the unburnt patch had an average height of 20cm (±2cm) with a 20cm row spacing, 

and an average bare surface of 4.7% (±0.9%). Soil texture across the unburnt plot was sandy loam, and 

no soil crusting was observed at site establishment (Table 1). On the burnt plot, the fire consumed all 

of the vegetation (wheat stubble), only charred roots remained (1.3cm height ±0.7cm), and no 

regrowth was detected between February and May 2018. We recorded an average bare surface of 

54% (±9.5%). Soil texture within the burnt plot was sandy loam, and soil crusting was observed on 

47.6% (±2.9%) of the plot (Table 1). 

Table 1: Summary of the soil surface conditions and vegetation states for the burnt and unburnt study plots, based on 
measurements collected 

 Unburnt Burnt 

Transect 0° Transect 60° Transect 120° Transect 0° Transect 60° Transect 120° 

Soil texture SL SL SL SL SL SL 

Vegetation state Crop Stubble Crop Stubble Crop Stubble Charred Roots, BS Charred Roots, BS Charred Roots, BS 

Average 
vegetation height 
(cm) 

20.2 19.7 20.2 1.4 1.4 1.2 

Soil surface type S, L, FG, GR S, L, FG, GR S, L, FG, GR PC, S, L, FG, GR PC, S, L, FG, GR PC, S, L, FG, GR 

Proportion of BS 
(%) 

4 6 4 49 54 59 

Proportion with 
PC surface type 
(%) 

0 0 0 51 48 44 

Proportion with 
FG surface type 
(%) 

33 40 33 38 33 31 

Proportion with 
GR surface type 
(%) 

30 33 31 33 32 33 

(SL: sandy loam, BS: bare soil, S: soil, PC: physical crust, L: litter, FG: fragments size 2-5mm, GR: 5mm < fragments size < 76mm) 
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3.2. Spatial distribution of sediment flux 

When comparing the spatial distribution of total horizontal sediment flux (𝑄) between the three 

sampling dates, we can observe a recurring pattern common to all collection periods (Figure 5). 

Sediment transport was higher in the south-eastern corner of the burnt plot, which was the furthest 

away from the unburnt stubble boundary. There was also more spatial variability in horizontal 

sediment flux within the burnt plot compared to the unburnt patch. Total horizontal sediment flux in 

the last collection period (weeks 7-9) has almost decreased by half. Even if winds were the strongest 

during this collection period, the low sediment transport recorded could be explained by the fact that 

dust samplers were facing South-West and North-East directions while winds mostly originated from 

West to Northerly angles. Additionally, the last collection period recorded wetter conditions than the 

other two (37mm as opposed to 1.5mm) which could have also impacted the quantity of sediment 

collected.  

 

Figure 5: Vertically averaged horizontal sediment flux spatial distribution maps. a) collection weeks 1-3,  b) collection weeks 
4-6, c) collection weeks 7-9. The dots represent the MWAC dust sampler, and the two virtual sampling grids are outlined in 

grey. 

Height-resolved time-averaged horizontal sediment flux: 𝑞(𝑧) (mean of all collection periods) indicates 

similar spatial distribution patterns for each sampling height (Figure 6). These maps illustrate that total 

horizontal sediment flux increased with the direct distance from the unburnt stubble into the exposed 

part and reached its highest value in the south-eastern corner of the burnt plot.  
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Figure 6: Mean horizontal sediment flux for the study at a) 10cm, b) 25cm, c) 50cm and d) 85cm sampling height. The 
purple dots represent the position of each MWAC dust samplers. Note large differences in sediment flux with height as 

indicated by different colour scales, ranging from 0 to maximum value.  

Sediment movement was low in the unburnt plot and within the first 25-50m from the unburnt 

stubble, but steadily intensified with direct distance from the burnt-unburnt boundary (Figure 6, 

Figure 7). 

As previously reported in other wind erosion studies, we observed that sediment transport rapidly 

decreased with height. Additionally, we can notice from the legend scale of Figure 6 and Figure 7 that 

there is a very large difference in horizontal sediment flux between the collection height of 10cm and 

the other sampling heights. 

 

Figure 7: Observed horizontal sediment flux distribution with sampling distance from the burnt-unburnt boundary. 95% 
confidence interval of the LOESS regressions are shown as shaded grey bands. 
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3.3. Factors influencing horizontal sediment flux 

The mixed-effects model allowed detailed examination of main effects and interactions between all 

the experimental factors (Treatment: unburnt/burnt; direct Distance to the burnt-unburnt boundary; 

sampling Height; Time: collection period, Table 2). Our results indicate that all four variables had a 

significant impact on total horizontal sediment flux (p < 0.001). More specifically, the interaction 

between treatment type and other individual factors had a significant effect on sediment transport (p 

≤ 0.0001). This information reflects that the magnitude of sediment transport on the burnt plot 

compared to the unburnt part of the site varies independently from the collection period or collection 

height (Figure 5 and  Figure 6). The strongest interaction is that of Treatment x Height. In the burnt 

area, sediment flux follows an exponential decline, whereas, in the stubble, sediment is lowest in the 

bottom collection containers. The strong significance underpins this observation. We also observed 

that the interaction between sampling height and collection period had a significant impact of on total 

horizontal sediment flux (p < 0.001). This finding supports visual patterns in Figure 7 where horizontal 

sediment flux is lower during the third collection period (week 7-9) for all sampling heights, particularly 

for the 10cm sampling height. This can be expected due to changes in wind speed and direction 

throughout the experiment. The only significant three-way interaction identified in our model was 

between treatment type, collection height and time (p < 0.001). This indicates that the strongest two-

way interaction (Treatment x Height) also differs in time. This observation also reflects the stochastic 

nature of wind causing a significant spatial variability in sediment flux with height.  

Table 2: Estimated effect of experimental variables on sediment transport, obtained from linear mixed-modelling and Anova 
Wald Chi-square test, type II. 

Source 𝜒2 d.f p-value Significance 

Treatment (unburnt/burnt) 248.0444 1 < 0.0001  *** 

Dist (distance to burnt-unburnt boundary) 43.7216 1 < 0.0001  *** 

Height (dust sampling height) 16966.8615 3 < 0.0001  *** 

Time (collection period) 342.7610 2 < 0.0001  *** 

      

Treatment*Dist 14.7704 1 0.0001  *** 

Treatment*Height 895.4564 3 < 0.0001  *** 

Treatment*Time 17.7556 2 0.0001  *** 

Dist*Height 8.2086 3 0.0419  ns 

Dist*Time 9.3862 2 0.0092  ** 

Height*Time 83.3022 6 < 0.0001  *** 

      

Treatment*Dist*Height 2.5118 3 0.4731  ns 

Treatment*Dist*Time 4.7756 2 0.0918  ns 

Treatment*Height*Time 24.8422 6 0.0004  *** 

Dist*Height*Time 6.2830 6 0.3922  ns 

Treatment*Dist*Height*Time 3.9544 6 0.6829  ns 

(d.f = degree of freedom, ns = not significant, ** = p<0.01, *** = p<0.001) 
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This significance was investigated further by a comparison of the estimated marginal means of 

sediment flux grouped by treatment, height, and time (Figure 8). Mean horizontal sediment flux was 

low for all collection periods and all heights on the unburnt plot (~16 g/m2/d) (Figure 8). Conversely, 

sediment transport was consistently higher on the burnt part of the site (100 - 8,000 g/m2/d). Flux on 

the burnt plot was about 300 times larger than on the unburnt part of the site and within a similar 

order of magnitude of results published by Miller et al. (2012). Within the first four months of their 

post-fire study, the authors reported mean horizontal sediment fluxes of ~24 g/m2/d on unburnt sites 

and ~2,400 g/m2/d on burnt monitoring sites. 

Mean collection rates from our experiment ranged from 0.001 g/d on the unburnt plot to 0.39 g/d on 

the burnt part of the site. These values are comparable to findings from Whicker et al. (2002) where 

they recorded median collection rates ranging from 0.1 g/d on unburnt sites to 0.3 g/d on burnt sites. 

 
Figure 8: Mean horizontal sediment flux derived from modelled estimated marginal means for the three collection periods 

on burnt and unburnt plots. Estimates are based on log-scale predictions from the model. 

The mean horizontal sediment flux on the burnt plot rapidly decreased with sampling height for all 

three collection periods (Figure 8), which is consistent in space and time (Figure 6 and Figure 7). This 

observation also supports results reported in other wind erosion studies (Bergametti and Gillette, 

2010; Gillette and Ono, 2008). Additionally, the difference in sediment transport between the burnt 

and unburnt plots was highly significant, even at the upper sampling point. We detected a 10-fold 
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difference at 85cm, a 100-fold difference at 50cm and a 1,000-fold difference at 10cm for all collection 

periods 

 

4. Discussion 

This work has detected a significant difference in spatial distribution patterns between burnt and 

unburnt stubble plots after a severe wildfire event. Under the experimental conditions and 

throughout the three collection periods, we consistently observed a large aeolian sediment transport 

on the burnt part of the site and minimal sediment flux within the unburnt plot.  

Our experimental design was limited by the nature and the pattern of the wildfire, as well as the land 

management actions required for remediation and erosion mitigation. Finding collaboration partners 

proved to be challenging given the emotional status of affected landholders. Furthermore, to increase 

the number of sampling locations, we decided to compromise on sampling directionality. In order to 

assess spatial patterns of sediment transport in burnt and unburnt areas, we used a simple 

unidirectional design and focussed on the prevailing wind direction in the region during that time of 

the year. The performance of our MWAC sediment samplers was thus limited by the fact that they 

could not face the wind during each wind event causing a potential underestimation of our sediment 

flux estimates. Based on the literature, the efficiency of our samplers might only be about 20 to 50% 

(Zobeck, 2002). While our approach reduced comparability with other studies, this proved to be 

successful for our study objectives, as we repeatedly collected a large amount of sediments on the 

burnt plot (Figure 2c, Figure 5), and consistently observed significant spatial distribution patterns of 

sediment transport regardless of wind speed and wind direction (Figure 5, Figure 6).  

There were substantial differences in sediment transport in the height profile between the burnt and 

unburnt plots (section 0). In the burnt area, our data show a 10-fold difference at 85cm, a 100-fold 

difference at 50cm and a 1,000-fold difference at 10cm for all collection period, over all wind 

directions compared to the unburnt patch. These large amounts of sediment observed on the burnt 

side consistently exhibited exponential decline with height, whereas, over the stubble, height 

response was flat or increased with height. This is underpinned by the significant three-way 

interaction of treatment, height, and time. In fact, during the second collection period (weeks 4-6), 

most sediments were collected in the highest samplers. This indicates a potential influence of stubble 

on sediment flux as sediments captured on the unburnt part of the site may have originated from the 

burnt site. The observed inversion of exponential decline detected on the unburnt plot hence supports 

the supposition that stubble prevented aeolian sediments from forming. Differences of wind speed 
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and direction and sediment load from the burnt site moving into the unburnt patch may also explain 

heteroscedasticity between observation points and the need to use mixed models. 

The consistent increase of sediment flux with distance from the burnt/unburnt boundary further 

supports that sediment transport was generated in the burnt patch, while saltation was prevented in 

the stubble area. Given that the field length was about 300m long by 150m wide, we may not have 

reached maximum transport carrying capacity. According to Zobeck et al. (2003), a field length of 

approximately 300m is needed in open agricultural fields with fine sandy loam soils to approach 

saltation transport capacity and assess total soil loss. However, in their study, horizontal sediment flux 

continued to increase at distances greater than 350m. This implies that our experimental design may 

not have sampled the total soil loss from the burnt site, but mainly captured local sediment 

redistribution instead.  

Sediments generated in the burned area may have implications for land management.  Sandblasting 

after a wildfire event may damage emerging seedlings from subsequent annual crops.  There is 

anecdotal evidence from farmers who observed growing tillers to be sheared off in similar settings. 

Therefore, remediation and crop growth efficiency could be significantly reduced if wind erosion 

events occur before crop establishment. 

We observed patterns of sediments transport within our burnt plot at a scale that is unachievable in 

controlled experiments. This indicates that field observations, albeit under less controlled conditions, 

can complement fine-scale experimental studies using wind tunnels to assess environmental 

processes. Although aeolian transport was very high on the burnt part of the site, it might have 

approached even higher values outside of our sampling range when maximum transport carrying 

capacity was reached.  

 

5. Conclusion 

Wind erosion is a key factor causing land degradation in dryland agricultural regions around the world. 

In such regions, soil cover is a critical erosion control factor and conservation agriculture is 

contributing to erosion mitigation. However, unpredictable extreme environmental disturbances such 

as wildfires can remove protective vegetation cover and consequently increase soil erosion risk. 

In this study, an array of aeolian sediment samplers was established on adjacent burnt and unburnt 

sections of a paddock to assess relative spatial differences in patterns of sediment transport. This 

spatial array could be rapidly installed after a severe wildfire and proved to capture the spatial 

variability of aeolian sediment transport within the sites, regardless of wind velocity and direction. 
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Our findings indicate that sediment transport was very high and variable within the burnt and bare 

plots. These results could imply that annual crops sown after the fire may be at risk of sandblasting if 

one or several erosion events occurred before crop establishment, leading to serious implications for 

land management and productivity. However, we estimated that sediment transport was greatly 

reduced within the unburnt stubble plot and its vicinity into the burnt area. Based on our results, we 

can suggest that strips of remaining unburnt stubble could provide a beneficial effect on adjacent 

burnt or bare plots. Therefore, any management strategy that adds or maintains roughness elements, 

such as conservation farming and no-tillage, could reduce the risk of soil loss in degraded 

environments. Some of these may include strip cropping or soil treatments (e.g. clay spreading, soil 

mixing), particularly on light sandy soils. Nonetheless, such options may not always be practical or 

economically viable in agricultural production systems. There will thus be a need to find a balance 

between soil conservation, agricultural productivity and practicality when it comes to wind erosion 

management.  

Our study also supports the argument that field observations can complement fine-scale experimental 

studies to assess environmental processes in real-life conditions. Indeed, we measured a large 

sediment transport on the burnt part of the site, but the scale at which we observed these distribution 

patterns would not have been detected in wind tunnel experiments. 

While our study focused on fire as a cause of soil exposure, extended drought and overgrazing may 

also produce large patches of bare soils. Here, small areas of remnant vegetation may substantially 

reduce soil losses.  
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