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Abstract

Vegetated sand dunes are not typically considered to be significant sources of dust

because of coarse grain sizes and high vegetation cover. Yet, plumes of dust have been

observed from vegetated dune fields, and wind tunnel experiments show the potential

for interdunes to emit dust. The partially vegetated southwest Kalahari is one such

dune field that is vulnerable to climate-driven land degradation and vegetation cover

change and has been posited as a potential future dust source. In this study, we moni-

tor the post-fire de-vegetated state of 11 interdunes to investigate the dust emission

potential and erodibility controls on emission. Findings suggest that there is little emis-

sion of dust despite a fine-grain component (up to 30% of resident grains <62.5 μm)

and a lack of vegetation, even with high velocity wind events (>7 m s�1) post-fire. Ero-

sive wind events were less frequent compared to other dust-producing regions, with

wind speeds generally under 7 m s�1. Five high wind speed events over 7 m s�1 were

recorded in September 2022, the month immediately following burning, but even then,

only one event had a concurrent increase in aerosol concentration. This is indicative of

other erodibility factors limiting dust emission. These include high (>50%) burned

debris cover in the immediate post-fire period and evidence of biological soil crusts

that survived burning. Both protect the surface after fire whilst the natural vegetation

cover recovers. Combined, the general low wind speeds, high initial surface cover, and

the protective effect of biocrusts result in a low probability of the southwest Kalahari

emitting dust post-fire. However, fine-grain sizes and low vegetation cover under

drought and high grazing may lead to conditions conducive for dust emission.
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1 | INTRODUCTION

Windblown dust is the most abundant atmospheric aerosol and is a

critical component of the Earth’s land-atmosphere–ocean-biosphere

system (Adebiyi et al., 2023; Kok et al., 2017; Schepanski, 2018; Shao

et al., 2011). Whilst airborne, dust has influence on the Earth’s radia-

tion balance and atmospheric chemistry, alongside issues for human

health and air quality (Goudie, 2014; Hilly et al., 2025; Kok

et al., 2023; Schepanski, 2018). Once deposited, it can be an impor-

tant nutrient source for both terrestrial (Dong et al., 2020; von

Suchodoletz et al., 2013; Winton et al., 2024) and marine (Dansie

et al., 2022; Gittings et al., 2024; Jickells et al., 2005) ecosystems. Yet

current understanding of the factors driving changes in the emission

of dust, including the relative roles of wind speed, soil properties,

changes in land use, sediment supply and vegetation cover, is poor

(Bryant, 2013;Kok et al., 2023; Mahowald et al., 2024). These uncer-

tainties have led to significant challenges in parameterising the

amount of dust emitted into the atmosphere and its impact on

environmental and climatic systems (Kok et al., 2023; Mahowald

et al., 2024).

Vegetated dune fields are not typically considered to be large

sources of dust, mainly because of low amounts of fine material

(<100 μm) and high surface roughness due to vegetation cover. Vege-

tation stabilises the dunes but also reduces near-surface wind

Received: 20 May 2025 Revised: 16 January 2026 Accepted: 21 January 2026

DOI: 10.1002/esp.70258

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2026 The Author(s). Earth Surface Processes and Landforms published by John Wiley & Sons Ltd.

Earth Surf. Process. Landforms. 2026;51:e70258. wileyonlinelibrary.com/journal/esp 1 of 15
https://doi.org/10.1002/esp.70258

https://orcid.org/0000-0002-1096-0705
mailto:rosemary.huck@ouce.ox.ac.uk
https://doi.org/10.1002/esp.70258
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/esp
https://doi.org/10.1002/esp.70258


velocities and promotes deposition (Hesse & Simpson, 2006; Strong

et al., 2010; Wiggs et al., 1994). However, vegetated sand dunes have

resident fine grains (<62.5 μm) in the sediment matrix as a result of

limited surface movement (Bullard et al., 2004). This stability allows

for weak pedogenesis, increasing the fine-grain content of the dune

field (Bhattachan et al., 2013; Bullard et al., 2008; Hesse, 2016). In

addition, established vegetation and biological soil crusts (biocrusts)

trap allochthonous sediment, further enhancing the fine portion

of the dune field sediment texture (Garcia-Pichel et al., 2016;

Hesse, 2016; Zhao & Lei, 2025). Biocrust communities of bacteria and

algae in the top few millimetres of the soil cover around 25% of dry-

land soil surfaces (Rodríguez-Caballero et al., 2018, 2022). These bio-

crusts stabilise the surface where vegetation is limited or absent, and

it is estimated that their presence reduces global atmospheric dust

emissions by around 60% (Rodríguez-Caballero et al., 2018, 2022).

Subsequently, when these systems are disturbed and de-vegetated,

there are portions of fine sediment available to be eroded by the wind

(Pye, 1989; Sweeney et al., 2023).

Within vegetated dune systems, it is the interdunes that are

primarily considered to be the most likely source of dust because veg-

etation canopies trap aerosols advected across the dune field (Garcia-

Pichel et al., 2016; Hesse, 2016; Zhao & Lei, 2025) and interdunes

have larger proportions of fine sediment compared to dune crests or

flanks (Bhattachan et al., 2012, 2013; Lancaster, 1986a; Strong

et al., 2010). In the southwest Kalahari, interdunes frequently have a

thin sand cover over extensive calcrete duricrusts, which are exposed

in some places and a source of fine-grained material in the surface

sediment matrix (Lancaster, 1988; Mabbutt, 1957; Nash, 2022).

Bhattachan et al. (2012) used a dust impact generator in the partially

vegetated dunes of the southwest Kalahari and found that only the

interdune locations have the potential to emit dust. Interdunes were

also posited to be the only dust-producing portion of the dune field

by Strong et al. (2010) in the Simpson Desert, because of grain size

and vegetation establishment.

Fires are common on vegetated dune landscapes and pose a dis-

turbance event that triggers de-vegetation and exposes large portions

of bare surface to the wind. Subsequently, post-fire dust emission

events are becoming more frequently observed globally (Li

et al., 2021; Meng et al., 2025; Wagenbrenner et al., 2013; Yu &

Ginoux, 2022). Fire can further increase the erodibility of the surface

by reducing inter-grain cohesion (Ravi et al., 2006; Ravi, D’Odorico,

Zobeck, & Over, 2009). This occurs through the volatilisation of the

organic component of plants when burned, which is then transported

into the soil through strong temperature gradients, condensing around

sand grains and creating a hydrophobic coating (DeBano, 2000; Ravi

et al., 2007; Ravi, D’Odorico, Wang, et al., 2009).

Despite the effect of fires on surface conditions, few studies have

reported post-fire dust plumes from interdune locations. Bullard et al.

(2008) and McGowan & Clark (2008) both recorded dust events in the

Simpson Desert in late 2003 using MODIS imagery, where one plume

with origins within a dune field fire scar had a recorded size of

85,700 km2. Yu & Ginoux (2022) used MODIS-derived dust optical

depth (DOD) to identify increases in aerosols above burned land.

The study observed increases over burned vegetated dune systems

globally, but the events were rarely observed as distinct plumes of

dust (Yu & Ginoux, 2022). Furthermore, Strong et al. (2010) measured

higher than average total annual dust concentration at a

meteorological station downwind of large fire scars seven years after

burning in the Simpson Desert. The above-mentioned observations of

post-fire dune dust emission all have difficulty in pinpointing the exact

origins of these emissions within the dune landscape.

The southwest Kalahari Desert in southern Africa is ecologically

and geomorphologically similar to the post-fire dust-producing

Simpson Desert (Buckley, 1981). In addition, the southwest Kalahari

burns frequently with a fire return time of less than 10 years (Huck

et al., 2026). Yet, post-fire dust emissions have not been observed in

the region despite some evidence of dust plumes originating from

within the dune field (Eckardt et al., 2020; Vickery et al., 2013).

Vickery et al. (2013) and Eckardt et al. (2020) both used the Meteosat

Second Generation—Spinning Enhanced Visible and Infrared Imager

(MSG – SEVIRI) to identify six plumes originating from the southwest

Kalahari dune field over 13 years of observation, but none of these

plumes were explicitly linked to burned areas. Such plumes can

have ecologically important ramifications, with the iron-rich fallout

providing nutrients to the south Atlantic (Dansie et al., 2017), the

Madagascar Sea (Gittings et al., 2024) or the Southern Ocean

(Bhattachan et al., 2012).

This study investigates the post-fire environment of burned

interdunes in the southwest Kalahari Desert to answer the following

research questions: what is the potential of the interdune surfaces to

produce dust (RQ1), and what are the controls on dust emission post-

fire (RQ2)? To answer these questions, a primarily field-based study

was conducted in the region. For RQ1, sediment grain size, wind

speed and in-situ aerosol concentrations were recorded. For RQ2, we

additionally undertook quantification of surface and biocrust cover,

alongside measurements of soil hydrophobicity.

2 | STUDY SITE AND METHODS

2.1 | The southwest Kalahari linear dune field

The arid dune field in the southwest Kalahari is characterised by linear

dunes that are broadly orientated from northwest to southeast

(Lancaster, 1986b; Thomas & Wiggs, 2022). Dunes consist of uncon-

solidated aeolian sands, primarily composed of quartz and feldspar

(Garzanti et al., 2022). Previous studies have found that there is fine

material within the dune sediments, with fine silt and clay content

ranging from 0% to 7% (Bhattachan et al., 2013; Livingstone

et al., 1999; Stone & Thomas, 2008; Telfer, 2011).

The vegetation in this region is a mixture of trees, shrubs and

grasses. Interdunes are dominated by the annual grass Schmidtia

kalahariensis and sparsely distributed Acacia mellifera trees and shrubs.

Wiggs et al. (1995) identified that the litter component of ground

cover has much greater importance in protecting the surface from

wind erosion than rooted vegetation. Fires occur most commonly

in September through to December and are influenced by vegetation

cover, which is linked to antecedent precipitation (Andela

et al., 2019). Wet years allow for the build-up of biomass that sene-

sces, generating dry flammable material in the subsequent dry season

(Chen et al., 2017). Cyanobacteria-dominated biocrusts are common

in the dune landscape, providing additional protection to the surface

through the filamentous sheath material entangling grains and the

secretion of extracellular polymeric substances, which agglutinate
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particles (Thomas & Dougill, 2007). Biocrust cover is highly variable,

depending on disturbance history covering between 11 to 95% of the

ground surface of the Kalahari dune field (Thomas & Dougill, 2007).

2.2 | Study sites

To investigate what limits dust emission from the southwest Kalahari,

measurements were conducted in three periods at 11 sites. The sites

were then further divided into 22 plots (11 within fire scars and

11 co-located unburned interdunes; Figure 1 and Table S1). From

herein, ‘site’ refers to the broader burned area and the co-located

control area and ‘plot’ refers to the experimental area within a site in

the interdune. Due to the inherent unpredictability of burning in the

southwest Kalahari, sites chosen and measurements made were reac-

tive to the presence of burning events. To maximise the likelihood of

measuring a recently burned area, field studies were conducted mainly

in September, which falls at the end of the dry season, when there is a

higher likelihood of fire and dry and windy conditions most conducive

to dust emission. Measurements were conducted during three field

visits, in September 2022, June 2023 and September 2023, at sites

(Figure 1) that had recently burned or represented older burned con-

ditions. Measurements at burned sites were paired with equivalent

data collection at nearby unburned sites, allowing comparison of key

data in burned and unburned contexts.

The use of co-located control and burned plots aimed to reduce

variations through differences in surface properties at each site

(e.g., soil type or grazing density). Accordingly, the control and burned

sites were either located on the same dune or with one dune separa-

tion. In farmed areas, the sites were located within the same fenced

area. Sites where surface cover was first measured in September

2022 (K01 to K06, K08) were remeasured in September 2023

(Table 1). Sites K09 to K12 were only measured once, due to logistical

constraints. The most recently burned sites (K01 and K02) were mea-

sured one month after the initial measurements (Table 1).

2.3 | Aerosol and wind speed measurements

To answer RQ1 and to identify any dust events that are not recorded

by satellite remote sensing, aerosol concentrations were measured at

the two most recently burned plots, K01 (3-day old fire scar) and K02

(one-month old fire scar), during September 2022. DustTrak DRX (TSI

Inc.) aerosol monitors (Wang et al., 2009) were mounted on a tripod

at 1.8 m height and located at least 500 m from the edge of the burn.

Average aerosol concentrations (mg m�3) were recorded at two-

minute intervals at PM1, PM2.5 and PM10.

For sediment to be mobilised, wind velocities must be sufficient

to displace individual grains. To answer RQ1 and examine if erosive

capability was limiting post-fire dust emissions, horizontal wind

velocity and direction were measured at a frequency of two minutes

during September 2022 using a Vector Instruments cup anemometer

(A-100LK) and wind vane (W-200P) at the burned K02 plot at a height

of 1.8 m (Figure 2). To maximise data collection and to best utilise

fieldwork time, the burned K02 plot was chosen for both wind speed

and aerosol measurements, as it was the most recently burned site

available at the start of the measuring period and allowed for the

longest continuous measurement duration.

To situate the month-long meteorological station data within the

broader context of regional wind patterns, daily mean wind speeds

and wind gust data for 2000 to 2023 inclusive were obtained using

ERA5-Land reanalysis daily aggregate data, which has a horizontal

F I GU R E 1 The location of the study
sites in the southwestern Kalahari. Inset: the
extent of Kalahari Sands in southern Africa.
Background image © 2023 planet labs PBC
(Planet, 2023). Kalahari sands extent from
Southern African Science Service Centre for
Climate Change and Adaptive Land
Management.
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resolution of around 9 km (Muñoz-Sabater et al., 2021). Wind gusts

(m s�1) are defined as the maximum value, within the hourly observa-

tion period, and were chosen for analysis due to previous research

finding good correlation between wind gusts and dust emission

(Engelstaedter & Washington, 2007). ERA5-Land data are a commonly

used method for reanalysis of southern African climate (e.g., Chikoore

et al., 2024; Mwangala et al., 2024; Parsons et al., 2022; Roffe & van

der Walt, 2023; Wallum et al., 2025), with Gadal et al. (2022) finding

that ERA5-Land can reliably be used for wind speed analysis in south-

ern Africa.

2.4 | Grain size distribution

Surface sediment samples were collected from each burned and con-

trol plot to answer RQ1 and establish (1) if resident erodible fines

were contained within the interdunes and (2) if there was evidence of

a reduction in fines post-fire due to wind erosion. Resident fine mate-

rial is described by Bullard et al. (2004) as particles under 125 μm that

can be released as dust during sand saltation. In this study, sediment

under 62.5 μm is considered as the resident fine material benchmark

as this size bin is a key component of dust (Adebiyi et al., 2023;

Sweeney et al., 2023).

Samples of sediment exposed to the wind (up to 2 cm maximum

depth) were collected at each experimental plot. These were returned

to the laboratory for grain-size analysis, with three replicate grain size

distributions measured for each sample and a mean value calculated.

The grain size analyses were conducted using a Malvern Mastersizer

Hydro 2000MU laser diffraction particle size analyser. Before analysis,

samples were oven dried overnight and sieved to under 2 mm and

exposed to 10 seconds of ultrasonic dissolution. Samples were deter-

mined using the classification system of the United States Depart-

ment of Agriculture (USDA), where clay is <2 μm, silt is 2 μm to

50 μm and sand is 50 μm to 2000 μm. In addition, sediment was fur-

ther classed into two size classes: under 10 μm, where particles are

typically considered to be inhalable, and the size which is used in most

dust models (Mahowald et al., 2014; Middleton, 2020), and under

62.5 μm, where recent evidence shows transport of this super-coarse

dust (Adebiyi et al., 2023; Sweeney et al., 2023).

Lancaster (1986a) investigated sediment size characteristics of

the southwest Kalahari. The study concluded that the interdunes have

more fine material than the dune crest because of the differential

movement of grains of different sizes (Lancaster, 1986a). Should the

resident fine material be emitted from the surface as dust, then a

coarsening in grain size between control to burned surfaces could be

indicative of dust emissions from the plots. This assumes the inter-

dunes are fine-grained supply-limited. This is likely the case for the

Kalahari because of the lack of large recharge events replenishing

the supply (Bhattachan et al., 2012). Yet some interdune sand layers

are so thin that they interact with the underlying calcrete, providing

some fine material. These calcrete-influenced interdunes are charac-

teristically lighter in colour than the unconsolidated red sands, and

this sediment was not sampled in this study. Subsequently, we assume

that the interdune sediment is supply-limited. A comparative method

T AB L E 1 Locations of measurement sites on the Kalahari linear dunes. Measurement time since fire (TSF) also reveals the number of
measurements made at each site.

Site Land use Burned interdune latitude Burned interdune longitude Date of fire Time since fire (months)

K01 Farm �23.7227 18.1100 2022-09-01 0*3,1*,12

K02 Farm �23.8606 18.1507 2022-07-26 1*,2*,13

K03 Farm �24.0422 17.9812 2022-06-18 4*, 15

K04 Farm �23.9825 19.0172 2021-11-29 10*, 22

K05 Farm �24.1159 18.9966 2021-11-16 10*, 22

K06 Farm �24.6889 19.8223 2020-10-27 25*, 37

K08 Farm �23.9961 17.9593 2021-12-18 9*, 21

K09 Farm �27.2211 20.7403 2023-01-21 6

K10 Farm �26.7354 20.5562 2022-10-18 10

K11 NP �25.9571 20.4206 2021-12-27 18

K12 NP �26.1460 20.7030 2022-09-09 10

Abbreviation: NP, National Park.

*No biocrust cover or water drop penetration time assessed, but aerosol and wind speed measurements.
3Site K01 was initially recorded three days after burning.

F I GU R E 2 In-situ measurements of dust using a DustTrak
monitor and meteorological station at site K02 burned interdune in
September 2022.
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for paired burned and unburned plots was used to assess for any sedi-

ment coarsening that resulted from the removal of fine material as

dust from the burned plots. Wilcoxon rank-sum tests were chosen to

assess for any statistical differences between the burned and control

plots because of the paired and skewed nature of the dataset.

2.5 | Ground cover surveys

A 10 m transect line ground cover surveys were conducted at each

interdune area to address RQ2 using the line-intercept method

(Canfield, 1941). This method is an established technique to assess

ground cover (Brun & Box, 1963; Canfield, 1941; Etchberger &

Krausman, 1997; Hesse & Simpson, 2006), with Etchberger & Krausman

(1997) finding that the line-intercept method was the most close esti-

mate to the real census of vegetation in the Sonoran Desert. The line-

intercept measurement method was chosen to accommodate the

need for instantaneous measures of both surface cover and bare gro-

und without instrumentation of the plots. At each plot, a tape measure

was placed on the surface and, at 1 cm resolution, every ground cover

classification in contact with the tape was recorded. This included

bare ground (including cyanobacterial and algal crusts, which were not

easily distinguishable from bare ground), vegetation height, class (for

example, perennial grass, annual grass, shrub, forb, tree), basal cover,

litter, burned vegetation and burned detritus.

2.6 | Sediment profile trenches

Biological soil crusts are known to limit dust emissions from desert

regions (Rodríguez-Caballero et al., 2022) and need to be quantified

to answer RQ2. The visual delineation of biocrusts is difficult, and

mapping the surface cover from above is hard (Bullard et al., 2022).

Many biocrusts in the Kalahari are early successional stage

cyanobacterial crusts, which do not have any surface discolouration.

To circumvent inaccurate surface cover estimates, one to three

10 cm-deep pits were dug at each plot when measurements were

made in 2023 to describe the surface, the structure of the top few

centimetres and ascertain any surface crusting through identification

of conglomerations of sediment (Figure 3).

2.7 | Soil hydrophobicity

To assess the role of post-fire sediment hydrophobicity on dust emis-

sions and address RQ2, a water drop penetration time (WDPT) test

was conducted at each site (Doerr, 1998; Ravi et al., 2012; Ravi,

D’Odorico, Wang, et al., 2009; Tinebra et al., 2019). Using a pipette

held approximately 1 cm above the surface, a drop of water was

released onto the ground. The time required for the drop to penetrate

the surface was recorded. Measurements were taken every 50 cm

along each transect, generating 20 measurements at each site.

3 | RESULTS

3.1 | Wind conditions

24-year ERA5-Land data reported an average mean wind speed

of 4.29 m s�1 for September 2022. The wind gust data are pres-

ented in Figure 4 and situates September 2022 within the broader

context of regional wind patterns. September 2022, with wind gusts

of 6.81 m s�1, was above average for the month of September in

the period 2000–2023. However, January, October, November

and December, with average wind gusts of 6.64, 6.92, 7.07

and 7.19 m s�1, respectively, proved to be windier months overall

(Figure 4).

When compared, the ERA5-Land and the site K02 meteorological

station data correlated with an R2 value of 0.326 and can be used

comparatively. Data from the meteorological station, with a temporal

resolution of two minutes, recorded five high wind speed days during

the recording period. During these events, winds surpassed 7 m s�1

which is a commonly used threshold above which aeolian sediment

transport can begin (Yang et al., 2012).

F I GU R E 3 Biological soil crusts in the Kalahari. (A) a sediment profile trench at control interdune plot K11 where biological soil crust is
present. Extracellular polymeric substances (EPS) sheaths and greened cyanobacteria/chlorophyll are highlighted. (B) Microscopy of a biological
soil crusts displaying the EPS sheaths and the diverse grain sizes present within the crust.
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3.2 | In-situ aerosol concentrations

Despite five events where wind speeds were greater than 7 m s�1,

there were a limited number of coincident increases in aerosol con-

centration measured by the DustTrak. Figure 5a show aerosol concen-

tration at the burned plots K01 and K02 from 2022-09-04 to

2022-10-03 alongside the meteorological station wind speed. In the

recording period, there were four events where wind speed and

aerosol concentration increased at the same time (2022-09-07,

2022-09-13, 2022-09-14 and 2022-09-29). Yet, there were also days

that recorded strong wind speeds but had no increase in aerosols

(2022-09-16, 2022-09-17, 2022-09-24, 2022-09-25). Other days

experienced minor increases in wind speed (<4 m s�1) with no aerosol

concentration increase (e.g., 2022-09-12 and 2022-09-21), or

aerosol concentrations increased without a recent (in the previous

3 hours) wind speed increase (2022-09-24 and 2022-09-15). These

results suggest a poor correlation between wind speed and aerosol

concentration and, when tested, the R2 values were 0.036 and

0.029 at K01 and K02, respectively (Figure S1).

The four days where aerosol concentration increased coincident

with wind speed were deemed potential dust emission events sourced

from the site surfaces (Figure 5 b,c,d,e). These events on 2022-09-07,

2022-09-13, 2022-09-14 and 2022-09-29 occurred in the early

morning, approximately 3 hours after sunrise, where wind speeds

were above 6 m s�1 for 0, 2, 12 and 66 minutes, respectively,

reaching maximum 2-minute wind speeds of 4.19, 6.56, 6.585,

7.414 m s�1. In these events, the winds were mainly from the north

(Figure S2) and aerosol concentration remained low, peaking at

0.0636 mg m�3 at K01 and 0.072 mg m�3 at K02 both on

2022-09-29.

3.3 | Sediment particle-size characteristics

Grain size distribution data for the study site sediments are presented

in Table 2. The median D50 grain size from all sites was 249 μm,

indicating that the sediments were largely sand-sized, as expected for

a dune field. Fine-grained sediments (<62.5 μm) were present (mean:

8.7% range: 1.3% to 30.0%) at all the measured interdunes, with the

highest proportion (30.0%) at the burned K01 plot. When comparing

the control and burned plots, there was no overall coarsening in grain

size for the burned plots, and any difference between the pairs of data

was not significant (p > 0.05) when the data are tested using a

Wilcoxon rank-sum test.

3.4 | Patterns of surface cover

Analysis of the ground cover surveys was divided into the initial post-

fire period (0–4 months) and the remaining post-fire measurements

(6 months onwards). The data presented in Figure 6 show the initial

post-burn period in 2022 and the plot measurements made in 2023

when the region was experiencing a drought. Initially, after burning

there is a high cover of burned debris. Burned debris cover was 70.4%

at plot K01 three days after the fire. This cover then reduces to the

lowest cover observed at the burned K02 plot two months after fire

with 3.8% of the surface covered. Of the control plots, litter (which

mainly consisted of the dead annual grass Schmidtia kalahariensis) pro-

vided the most surface cover. The older burned plots (6–37 months)

measured lower surface cover than the co-located control plots, but

cover is again dominated by litter. The lower coverage on burned

plots indicates that these plots have difficulty retaining cover under

the drought conditions of the measurement period.

3.5 | Biological soil crust presence

Biocrusts are ubiquitous with the Kalahari landscape (Thomas &

Dougill, 2007) and were identified at 95% of interdune plots and

100% of burned interdune plots when trenches were dug (Table 3). A

total of 65.2% of these crusts were early successional stage crusts

with no surface discolouration or micro-topographical changes.

F I GU R E 4 Wind measurement from the
site. Panel (A) shows monthly mean wind
gusts (m s�1) from 2000 to 2023. Mean
values are reported in blue with ± one
standard deviation. The ground survey month
(September 2022) is highlighted in the orange
diamond and showed higher than average
wind gusts for September (2000–2023).
Panel (B) displays the good correlation
between 10 m ERA5-land hourly wind speed
in black and the in-situ meteorological station
at 1.8 m data in yellow during the
measurement period in September 2022.
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4 | DISCUSSION

4.1 | What is the potential for dust emission?

4.1.1 | Resident fine grains in the interdunes

All interdunes sampled contained resident fine material (Table 2) with

a maximum of 30% of the grains being below 62.5 μm. Grains under

62.5 μm are a key component of dust and having resident material

under this size indicates that if the dunes become de-vegetated fine

grains could be susceptible to wind erosion. This release of the

fine grains driven by the sand saltation process has been suggested as

a likely initial mechanism for dust emission on sand dunes prior to

abrasion-produced fine sediment dominating the dust flux (Bullard

et al., 2004; Sweeney et al., 2023). An average of 6.87% of sediment

being less than 62.5 μm indicates that the system is not supply-limited

in terms of dust emission potential.

4.1.2 | Low overall wind speed

Overall, the recorded wind speeds were below the threshold for dust

emission compared to other dust-producing regions. In the Taklima-

kan Desert, Yang et al. (2012) investigated dust emissions from an

interdune using a piezoelectric saltation sensor (Sensit) to calculate

an average Ut of 7 m s�1. When examining the 2-minute meteorologi-

cal station wind data recorded in the current study, this threshold was

only exceeded in three wind events (2022-09-16, 2022-09-24 and

2022-09-29) and was not sustained for a period longer than 6 minutes.

Due to the low wind speeds during the recording period of this study

(Figure S4), it is unlikely that dust emissions would have been

observed apart from on 2022-09-29. On the 2022-09-29, an increase

in aerosol concentration was recorded at the site.

By contextualising the September 2022 meteorological station

data with the 24-year record from ERA5-Land data, it is evident that

September is not the windiest month of the year. On average,

F I GU R E 5 A 24-hour time series of
measured aerosol concentration (PM10, mg
m�3) with measurements from plot K01 in
blue and K02 in brown. Panel (A) is
throughout the full monitoring period, with
the grey background denoting periods of
increased aerosol concentration with
coincidental increases in wind speed. Details
of these events over 24 hr periods are shown
in panels (B), (C), (D) and (E), which include
ten-minute weighted average wind speed
(m s�1) displayed with arrows indicating the
30-minute median direction of wind travel.
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maximum wind speeds are higher in October, November, December

and January. In these months, maximum wind gusts frequently

exceed 7 m s�1; subsequently, the wind speeds in these months may

exceed the threshold for erosion, and dust may be emitted from the

interdune locations. However, in interior southern Africa, the wet

season begins from approximately November onwards. These strong

winds coincide with the wet season when moisture is more likely to

inhibit aeolian transport directly through surface wetting or the

growth of vegetation.

On the 2022-09-29, there was an increase in aerosol concentra-

tion and concurrent increase in wind speed, which remained above

6 m s�1 for 66 minutes and peaked at 7.41 m s�1 in the 2-minute

recordings. During this event, the recorded increase in aerosol con-

centration peaked at 0.078 mg m�3 and remained above background

levels for 14 hours. This increase may have been the local mobilisation

of dust. However, without further information, it is not possible to

confirm if the increase in PM10 recorded by the DustTrak was the

local emission of the fine material found in the surface sediment, allo-

chthonous aerosol advected across the plot or the local remobilisation

of burned debris. The removal of burned debris was recorded at the

plot during the DustTrak monitoring period (discussed below;

Figure 7). Because of the low correlation between wind speed and

aerosol concentration (R2 = 0.036 and 0.029 at K01 and K02, respec-

tively; Figure S1) and lack of confirmed dust events, thresholds for

dust emission were not calculated in this study.

4.1.3 | No definitive emissions recorded

A coarsening of the surface grain size between the control and the

burned surfaces would be indicative of dust emissions from the bur-

ned plots, removing finer components. No statistically significant dif-

ference between the co-located surfaces was apparent. In its

unburned state, the Kalahari is an availability-limited system, as vege-

tation and biocrusts prevent sediment from being available for erosion

by the wind. When vegetation is removed through burning, the fine

sediment identified in this study may become available for aeolian

erosion. In this scenario, the system switches from availability-limited

to supply-limited as there is no recharge of fine grains in the

southwest Kalahari dunes, unlike areas that have fluvial inflows. Thus,

dust-sized particles from the dune field would become depleted as

the surface is eroded (Bhattachan et al., 2012; Li et al., 2009), resulting

in a reduction in fine grains at the burned plots compared to control

plots. There was no consistent coarsening in grain size found in the

study sites, even in plots which had burned some years prior

(e.g., K05, K06 and K08; Table 2). Therefore, it is unlikely that dust

has been emitted from the dunes post-fire, even though the vegeta-

tion ostensibly limiting such wind erosion has been removed.

The relationship between wind speed and aerosol concentration

was not strong (Figure S1). Only four events showed distinct increases

in aerosol concentrations with an increase in wind power, which sug-

gests some form of local emission, but whether this is dust or

remobilised burned debris is unknown. Within these four events, the

relationship between wind speed and aerosol concentration also

remained poor with R2 values of 0.239 at site K01 and 0.571 at site

K02 (Figure S3). During the events, PM10 concentrations remained

below previously defined dust concentration thresholds for emissionT
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events (Bergametti et al., 2022; Leys et al., 2011; Wang et al., 2008;

Wiggs et al., 2022). Furthermore, there were four events

(2022-09-24, 2022-09-25, 2022-09-26, 2022-09-15) where 2-minute

wind speeds surpassed 7 m s�1, but there were no recorded increases

in aerosol concentrations. The breakdown in this relationship between

wind speed and aerosol concentration indicates that other factors are

limiting the availability of sediment for erosion. The data suggest that

this is not because of a lack of fine material available; instead, other

factors such as low wind speed, biological soil crusts or surface cover

play an important role in suppressing dust emission post-fire in the

region.

4.2 | Are there post-fire erodibility controls on
emission?

The duration that a surface can emit dust post-fire is inherently linked

to the duration of reduced surface cover. Immediately after a fire,

there is a high surface cover because of the production of burned

debris. This material is then removed (Figure 7), most likely by aeolian

activity, until 2 months after fire, when there is low overall surface

cover (Figure 6). Therefore, in the immediate post-fire window, emis-

sion of dust may be low because of surface cover by burned debris.

The immediate post-fire period was the same time in which the mete-

orological and DustTrak stations were monitoring, and are an explana-

tion for why (a) there were few instances of increased aerosols

recorded and (b) we cannot be certain any measured increases in

aerosol were driven by local dust emissions rather than local

remobilisation of the burned debris. The photographs of the DustTrak

station at the burned K01 plot in Figure 7 and satellite imagery of the

sites (Figure 8) are evidence that there is remobilisation of this burned

material during the immediate post-fire stage.

F I GU R E 6 Surface cover of burned and control plots: each column represents a specific site for each month, indicated by the labels at the
top of the graphs. (A) Displays the immediate post-fire period (0–4 months) where surface cover is dominated by burned material, which is

gradually translocated. (B) and (C) are measurements from less recently burned plots measured during a drought in 2023 (6–37 months post-fire).
Here, the surface cover is dominated by litter with the burned plots having much less surface cover than the co-located control plots.

T AB L E 3 Biocrust presence in the trenches. Biocrust stage is
determined using (Dougill & Thomas, 2004).

Biocrust present in trench (%) Stage 1 (%) Stage 2 (%)

Burned 100 73 37

Control 91 82 9
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Once the burned material has been eroded, the period in which

the resident fine sediment is likely to be emitted as dust is linked to

the vegetation regrowth. The rate of vegetation recovery is controlled

by larger climate cycles, which provide moisture to the region (Smit

et al., 2024). The ground cover measurements made in 2023 under

drought conditions show that the burned surfaces are less resilient to

drought conditions than unburned surfaces (Figure 6B), with burned

plots remaining under 25% surface cover (Figure 6C) during the

drought – regardless of time since fire. There have been very few

studies into the response of dune systems to fire and how long the

de-vegetated states persist, particularly in relation to surface cover

levels below which aeolian erosion can occur. Previous work in the

southwest Kalahari by Wiggs et al. (1994) found that increased sand

activity occurred for five years post-burn. In the Great Victoria Desert

dune system in Australia, Levin et al. (2012) found that effective vege-

tation cover returns within one to five years post-fire, whilst full

recovery occurs within 25–30 years. Further, in the Simpson Desert

in Australia, dust emission was observed from fire scars 27 months

after burning (Bullard et al., 2008; McGowan & Clark, 2008). Bullard

et al. (2008) attributed the combination of fire and drought to the cau-

sation of the dust events. Drought-induced vegetation reduction has

been linked to dust emissions from sandy soils in southern Africa

(Eckardt et al., 2020).

The impact of surface roughness on surface erodibility was not

accounted for in this investigation. Vegetation is frequently not fully

incinerated at the study sites, leaving behind stubble at the surface

that acts as a form of surface roughness. Sub-daily changes in burned

vegetation structure as vegetation regrows result in dynamic levels of

roughness at the burned sites, which are difficult to parameterise.

Future work should investigate how the burned stubble impacts the

aerodynamic roughness, potentially using techniques such as Terres-

trial Laser Scanning.

F I GU R E 7 Burned plot K01 with the DustTrak (A) three days after burning at the start of the recording period and (B) 32 days after burning
before recording ended. In image (A), the surface is largely covered by burned debris and some burned grass stubble. Much of this burned debris
had been translocated by the time image B was taken.

F I G UR E 8 Satellite imagery one day, one
month and twelve months after fire at sites
K01 and K03. The black burned material is
blown away within this one-year timeframe.
Imagery 2023 planet labs PBC (Planet, 2023).
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During the post-fire low-surface cover period, biological soil

crusts likely play a large role in limiting dust emissions. Our data show

that biocrusts were found in all of the burned interdune plots

(Table 3), which demonstrates the ability of biocrusts to survive fire

and afford protection to the surface. The post-fire presence of bio-

crusts means that even though cover provided by grasses and shrubs

is limited, the fine sediment in the soil composition is still not available

to be eroded as it is bound together in biological soil crusts. Previous

studies have found that even at low coverage, biocrusts can reduce

wind erosion in sandy deserts (Belnap & Gillette, 1997, 1998; Zhang

et al., 2006, 2008). For example, in the Gurbantunggut Desert in

China, Zhang et al. (2006) found a reduction in wind erosion with as

little as 20% biocrust surface cover. As biocrusts are present in the

Kalahari, it is likely that the crust is also reducing the emission of dust.

Globally, there is no consensus on the fate of biocrusts after fire

(Palmer et al., 2020), with recorded increases in cover post-fire in the

Columbia Basin (Dettweiler-Robinson et al., 2013) and Oregon

(Bowker et al., 2004), and decreases in cover in Utah (Evangelista

et al., 2004) and Australia (Strong et al., 2010). The data presented in

this study show that in the Kalahari, biocrusts are withstanding burn-

ing and continue to provide protection to the surface.

In the Kalahari, it has been observed that, post grazing distur-

bance, biocrusts possess a relatively quick recovery rate. Thomas &

Dougill (2007) recorded biocrust recovery from 0% to up to 99%

cover over a period of 15 months. Data from the current study sug-

gest that biocrusts survive fire, but mortality may increase should a

fire be followed by intense drought or higher grazing pressure. The

increased mortality of biocrusts was observed at the burned K09 plot,

which was measured 6 months after burning. At the plot, there was

evidence of scoured biocrusts (Figure 9) which indicated that the bio-

crust provided a high degree of surface protection immediately after

the fire, but, with the slow recovery rate of vegetation due to drought

conditions, the biocrust began to deteriorate from sand abrasion.

Surface moisture is a further factor that can impact the erodibility

of the surface and was not measured during this study. Soil hydropho-

bicity has been linked to increased rates of soil erosion in other non-

dune desert landscapes after fire (Ravi et al., 2012; Ravi, D’Odorico,

Zobeck, & Over, 2009). Soil hydrophobicity was not evident on

any surface in this investigation, with rapid water infiltration being

recorded at all sites. The lack of evidence for soil hydrophobicity indi-

cates that the organic compounds in the grasses are not volatilised

when burnt and are not transported into the soil. The lack of post-fire

soil hydrophobicity is also evidence that the fires in the region burn

cool and do not transfer much heat into the ground (Lentile

et al., 2006). This offers an explanation as to why the biocrusts are

not killed by burning in the southwest Kalahari dune system.

The abundance of resident fine-grains in the dunes offers the

opportunity for dust emissions to occur when the surface is de-

vegetated. However, the importance of wind speed and biological soil

crusts in controlling actual emissions should not be overlooked. The

Kalahari is predicted to get hotter and drier through the 21st

century, accompanied by changing patterns in precipitation (Attwood

et al., 2024; Dunning et al., 2018; Engelbrecht et al., 2015). These

changes may lead to conditions that result in reduced vegetation and

biocrust cover (Lawal et al., 2019; Rodríguez-Caballero et al., 2022),

which potentially increases the potential for dust emission. However,

climate models do not predict future increases in wind speed

(Ashkenazy et al., 2012; Fant et al., 2016; IPCC, 2023), so that it may

be posited that dust emissions would be limited to rare above-

threshold wind events when the resident fines would quickly be

exhausted.

5 | CONCLUSIONS

This study aimed to examine the post-fire environment of burned

interdunes in the southwest Kalahari, and focused on two research

questions examining the potential of the interdune surfaces to pro-

duce dust (RQ1) and determining the controls on dust emission post-

fire (RQ2). The findings from this research suggest that there is little

emission of dust, despite the lack of vegetation after burning, the sig-

nificant proportion of fine grains available for erosion and occasional

above-threshold wind events.

In relation to RQ1, the results show that the Kalahari does have

fine grains present within interdunes, with up to a maximum of 30.0%

of sediment recorded as finer than 62.5 μm. Yet, crucially, there was

no statistical difference between burned and control (unburned) plots,

indicating no loss of the resident fines in the form of emissions. Over-

all, the wind speeds recorded in this study are low and largely below

threshold when compared to other dusty regions of the world. How-

ever, there were four events where there were concurrent increases

in wind speed and aerosol concentration. But these events had low

concentrations of aerosols, meaning that there may be other factors

controlling emissions in the southwest Kalahari. The reduction in bur-

ned debris 2 months after the fire indicates that the measured

increases in aerosols recorded cannot be explicitly linked to the emis-

sion of mineral dust. Instead, we suggest they could be the local

remobilisation of burned material.

In relation to RQ2, high burned debris cover (>50%) was found

after fire, limiting the erodibility of the surface. Biocrusts were

recorded at 100% of burned interdune plots, affording protection to

the surface for the roughly 10-month duration of the reduced vegeta-

tion period post-fire. Subsequently, sediment is not available to be

eroded by the wind after fire, and this explains why post-fire emis-

sions are very rarely observed from the landscape. However, evidence

has shown that biocrusts are vulnerable to climate and land use

F I GU R E 9 Evidence of scouring of biological soil crust at the
burned K09 plot.
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change (Rodríguez-Caballero et al., 2022) and should the biocrusts

die-back because of changing environmental conditions, the fine

grains found in the interdunes may become available for erosion in

periods of high wind velocity. Future work should quantify the role of

biocrusts in preventing dust emissions in the Kalahari dune field under

varying environmental conditions (i.e., drought, post-fire and high

grazing pressures).

AUTHOR CONTRIBUTIONS

Rosemary Huck: Writing—original draft, Writing—review and editing,

Conceptualisation, Formal Analysis, Investigation, Methodology, Visuali-

sation. David Thomas: Writing—review and editing, Conceptualisation,

Methodology, Supervision. Giles Wiggs: Writing—review and editing,

Conceptualisation, Methodology, Supervision.

ACKNOWLEDGEMENTS

The authors would like to thank the owners of the lands upon which

this work was conducted. We would also like to acknowledge and

thank South Africa National Parks (SANParks) for allowing the

research to be conducted with the Kgalagadi Transfrontier Park and

providing support whilst fieldwork was being conducted.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The ground cover survey, grain size distribution, ground wind speed

and aerosol concentration data have been placed on an open-access

repository and can be found at the following DOI: 10.5281/zenodo.

15463851. ERA5-Land data can be downloaded from Copernicus

(https://cds.climate.copernicus.eu/; accessed on 19 May 2025).

ORCID

Rosemary A. Huck https://orcid.org/0000-0002-1096-0705

REFERENCES

Adebiyi, A.A., Adebiyi, A., Kok, J.F., Murray, B.J., Ryder, C.L., Stuut, J.-B.W.,

et al. (2023) A review of coarse mineral dust in the earth system.

Aeolian Research, 60, 100849. Available from: https://doi.org/10.

1016/j.aeolia.2022.100849

Andela, N., Morton, D.C., Giglio, L., Paugam, R., Chen, Y., Hantson, S., et al.

(2019) The global fire atlas of individual fire size, duration, speed and

direction. Earth System Science Data, 11, 529–552. Available from:

https://doi.org/10.5194/essd-11-529-2019

Ashkenazy, Y., Yizhaq, H. & Tsoar, H. (2012) Sand dune mobility under cli-

mate change in the Kalahari and Australian deserts. Climatic Change,

112(3-4), 901–923. Available from: https://doi.org/10.1007/s105

84-011-0264-9

Attwood, K., Washington, R. & Munday, C. (2024) The southern African

heat low: structure, seasonal and diurnal variability, and climatologi-

cal trends. Journal of Climate, 37(10), 3037–3053. Available from:

https://doi.org/10.1175/jcli-d-23-0522.1

Belnap, J. & Gillette, D.A. (1997) Disturbance of biological soil crusts:

impacts on potential wind erodibility of sandy desert soils in south-

eastern Utah. Land Degradation and Development, 8, 355–362. Avail-
able from: https://doi.org/10.1002/(SICI)1099-145X(199712)8:4<3

55::AID-LDR266>3.0.CO;2-H

Belnap, J. & Gillette, D.A. (1998) Vulnerability of desert biological soil

crusts to wind erosion: the influences of crust development, soil tex-

ture, and disturbance. Journal of Arid Environments, 39(2), 133–142.
Available from: https://doi.org/10.1006/jare.1998.0388

Bergametti, G., Rajot, J.L., Marticorena, B., Féron, A., Gaimoz, C.,

Chatenet, B., et al. (2022) Rain, wind, and dust connections in the

Sahel. Journal of Geophysical Research: Atmospheres, 127, 1–22. Avail-
able from: https://doi.org/10.1029/2021JD035802

Bhattachan, A., D’Odorico, P., Baddock, M.C., Zobeck, T.M., Okin, G.S. &

Cassar, N. (2012) The southern Kalahari: a potential new dust source

in the southern hemisphere? Environmental Research Letters, 7,

024001. Available from: https://doi.org/10.1088/1748-9326/7/2/

024001

Bhattachan, A., D’Odorico, P., Okin, G.S. & Dintwe, K. (2013) Potential

dust emissions from the southern Kalahari’s dunelands. Journal of

Geophysical Research: Earth Surface, 118(1), 307–314. Available from:

https://doi.org/10.1002/jgrf.20043

Bowker, M.A., Belnap, J., Rosentreter, R. & Graham, B. (2004) Wildfire-

resistant biological soil crusts and fire-induced loss of soil stability in

Palouse prairies, USA. Applied Soil Ecology, 26(1), 41–52. Available
from: https://doi.org/10.1016/j.apsoil.2003.10.005

Brun, J.M. & Box, T.W. (1963) A comparison of line intercepts and random

point frames for sampling desert shrub vegetation. Journal of Range

Management, 16(1), 21. Available from: https://doi.org/10.2307/

3895032, https://www.jstor.org/stable/3895032?origin=crossref

Bryant, R.G. (2013) Recent advances in our understanding of dust source

emission processes. Progress in Physical Geography, 37(3), 397–421.
Available from: https://doi.org/10.1177/0309133313479391

Buckley, R.C. (1981) Parallel dunefield ecosystems: southern Kalahari and

Central Australia. Journal of Arid Environments, 4, 287–298. Available
from: https://doi.org/10.1016/s0140-1963(18)31475-7

Bullard, J.E., Baddock, M.C., McTainsh, G. & Leys, J. (2008) Sub-basin scale

dust source geomorphology detected using MODIS. Geophysical

Research Letters, 35(15), 2008GL033928. Available from: https://doi.

org/10.1029/2008GL033928

Bullard, J.E., McTainsh, G.H. & Pudmenzky, C. (2004) Aeolian abrasion and

modes of fine particle production from natural red dune sands: An

experimental study. Sedimentology, 51(5), 1103–1125. Available

from: https://doi.org/10.1111/j.1365-3091.2004.00662.x

Bullard, J.E., Strong, C.L. & Aubault, H.A.P. (2022) Cyanobacterial soil crust

responses to rainfall and effects on wind erosion in a semiarid envi-

ronment, Australia: implications for landscape stability. Journal of

Geophysical Research-Biogeosciences, 127(2), e2021JG006652. Avail-

able from: https://doi.org/10.1029/2021JG006652

Canfield, R.H. (1941) Application of the line interception method in sam-

pling range vegetation. Journal of Forestry, 39(4), 388–394. Available
from: https://doi.org/10.1093/jof/39.4.388

Chen, Y., Morton, D.C., Andela, N., Van Der Werf, G.R., Giglio, L. &

Randerson, J.T. (2017) A pan-tropical cascade of fire driven by El

Niño/southern oscillation. Nature Climate Change, 7(12), 906–911.
Available from: https://doi.org/10.1038/s41558-017-0014-8

Chikoore, H., Mbokodo, I.L., Singo, M.V., Mohomi, T., Munyai, R.B.,

Havenga, H., et al. (2024) Dynamics of an extreme low temperature

event over South Africa amid a warming climate. Weather and Cli-

mate Extremes, 44, 100668. Available from: https://doi.org/10.1016/

j.wace.2024.100668

Dansie, A.P., Thomas, D.S.G., Wiggs, G.F.S., Baddock, M.C. & Ashpole, I.

(2022) Plumes and blooms – locally-sourced Fe-rich aeolian mineral

dust drives phytoplankton growth off Southwest Africa. Science of

the Total Environment, 829, 154562. Available from: https://doi.org/

10.1016/j.scitotenv.2022.154562 Available from: https://www.

sciencedirect.com/science/article/pii/S0048969722016552.

Dansie, A.P., Wiggs, G.F.S., Thomas, D.S.G. & Washington, R. (2017) Mea-

surements of windblown dust characteristics and ocean fertilization

potential: the ephemeral river valleys of Namibia. Aeolian Research,

29, 30–41. Available from: https://doi.org/10.1016/j.aeolia.2017.

08.002

DeBano, L.F. (2000) The role of fire and soil heating on water repellency in

wildland environments: a review. Journal of Hydrology, 231, 195–206.
Available from: https://doi.org/10.1016/S0022-1694(00)00194-3

Dettweiler-Robinson, E., Bakker, J.D. & Grace, J.B. (2013) Controls of bio-

logical soil crust cover and composition shift with succession in sage-

brush shrub-steppe. Journal of Arid Environments, 94, 96–104.
Available from: https://doi.org/10.1016/j.jaridenv.2013.01.013

12 of 15 HUCK ET AL.

https://doi.org/10.5281/zenodo.15463851
https://doi.org/10.5281/zenodo.15463851
https://cds.climate.copernicus.eu/
https://orcid.org/0000-0002-1096-0705
https://orcid.org/0000-0002-1096-0705
https://doi.org/10.1016/j.aeolia.2022.100849
https://doi.org/10.1016/j.aeolia.2022.100849
https://doi.org/10.5194/essd-11-529-2019
https://doi.org/10.1007/s10584-011-0264-9
https://doi.org/10.1007/s10584-011-0264-9
https://doi.org/10.1175/jcli-d-23-0522.1
https://doi.org/10.1002/(SICI)1099-145X(199712)8:4%3C355::AID-LDR266%3E3.0.CO;2-H
https://doi.org/10.1002/(SICI)1099-145X(199712)8:4%3C355::AID-LDR266%3E3.0.CO;2-H
https://doi.org/10.1006/jare.1998.0388
https://doi.org/10.1029/2021JD035802
https://doi.org/10.1088/1748-9326/7/2/024001
https://doi.org/10.1088/1748-9326/7/2/024001
https://doi.org/10.1002/jgrf.20043
https://doi.org/10.1016/j.apsoil.2003.10.005
https://doi.org/10.2307/3895032
https://doi.org/10.2307/3895032
https://www.jstor.org/stable/3895032?origin=crossref
https://doi.org/10.1177/0309133313479391
https://doi.org/10.1016/s0140-1963(18)31475-7
https://doi.org/10.1029/2008GL033928
https://doi.org/10.1029/2008GL033928
https://doi.org/10.1111/j.1365-3091.2004.00662.x
https://doi.org/10.1029/2021JG006652
https://doi.org/10.1093/jof/39.4.388
https://doi.org/10.1038/s41558-017-0014-8
https://doi.org/10.1016/j.wace.2024.100668
https://doi.org/10.1016/j.wace.2024.100668
https://doi.org/10.1016/j.scitotenv.2022.154562
https://doi.org/10.1016/j.scitotenv.2022.154562
https://www.sciencedirect.com/science/article/pii/S0048969722016552
https://www.sciencedirect.com/science/article/pii/S0048969722016552
https://doi.org/10.1016/j.aeolia.2017.08.002
https://doi.org/10.1016/j.aeolia.2017.08.002
https://doi.org/10.1016/S0022-1694(00)00194-3
https://doi.org/10.1016/j.jaridenv.2013.01.013


Doerr, S.H. (1998) On standardizing the “water drop penetration time”
and the “molarity of an ethanol droplet” techniques to classify soil

hydrophobicity: a case study using medium textured soils. Earth Sur-

face Processes and Landforms, 23, 663–668. Available from: https://

doi.org/10.1002/(SICI)1096-9837(199807)23:7<663::AID-

ESP909>3.0.CO;2-6

Dong, Z., Brahney, J., Kang, S., Elser, J., Wei, T., Jiao, X., et al. (2020) Aeo-

lian dust transport, cycle and influences in high-elevation cryosphere

of the Tibetan plateau region: new evidences from alpine snow and

ice. Earth-Science Reviews, 211, 103408. Available from: https://doi.

org/10.1016/j.earscirev.2020.103408

Dougill, A.J. & Thomas, A.D. (2004) Kalahari sand soils: spatial heterogene-

ity, biological soil crusts and land degradation. Land Degradation &

Development, 15(3), 233–242. Available from: https://doi.org/10.

1002/ldr.611

Dunning, C.M., Black, E. & Allan, R.P. (2018) Later wet seasons with more

intense rainfall over Africa under future climate change. Journal of

Climate, 31(23), 9719–9738. Available from: https://doi.org/10.

1175/JCLI-D-18-0102.1

Eckardt, F.D., Bekiswa, S., Von Holdt, J.R.C., Jack, C., Kuhn, N.J.,

Mogane, F., et al. (2020) South Africa’s agricultural dust sources and
events from MSG SEVIRI. Aeolian Research, 47, 100637. Available

from: https://doi.org/10.1016/j.aeolia.2020.100637

Engelbrecht, F., Adegoke, J., Bopape, M.-J., Naidoo, M., Garland, R.,

Thatcher, M., et al. (2015) Projections of rapidly rising surface tem-

peratures over Africa under low mitigation. Environmental Research

Letters, 10(8), 085004. Available from: https://doi.org/10.1088/

1748-9326/10/8/085004

Engelstaedter, S. & Washington, R. (2007) Temporal controls on global

dust emissions: the role of surface gustiness. Geophysical Research

Letters, 34, 1–5. Available from: https://doi.org/10.1029/

2007GL029971

Etchberger, R.C. & Krausman, P.R. (1997) Evaluation of five methods for

measuring desert vegetation. Wildlife Society Bulletin (1973-2006),

25, 604–609. Available from: https://doi.org/10.4135/9781446

247501.n1030

Evangelista, P., Stohlgren, T.J., Guenther, D. & Stewart, S. (2004) Vegeta-

tion response to fire and postburn seeding treatments in juniper

woodlands of the grand staircase-Escalante National Monument,

Utah. Western North American Naturalist, 64, 293–305.
Fant, C., Adam Schlosser, C. & Strzepek, K. (2016) The impact of climate

change on wind and solar resources in southern Africa. Applied

Energy, 161, 556–564. Available from: https://doi.org/10.1016/j.

apenergy.2015.03.042

Gadal, C., Delorme, P., Narteau, C., Wiggs, G.F.S., Baddock, M.C.,

Nield, J.M., et al. (2022) Local wind regime induced by giant linear

dunes: comparison of ERA5-land reanalysis with surface measure-

ments. Boundary-Layer Meteorology, 185(3), 309–332. Available from:

https://doi.org/10.1007/s10546-022-00733-6

Garcia-Pichel, F., Felde, V.J.M.N.L., Drahorad, S.L. & Weber, B. (2016)

Microstructure and Weathering Processes Within Biological Soil

Crusts. In: Biological soil crusts: An organizing principle in drylands.

Cham: Springer International Publishing, pp. 237–255. https://doi.
org/10.1007/978-3-319-30214-0_13

Garzanti, E., Pastore, G., Stone, A., Vainer, S., Vermeesch, P. &

Resentini, A. (2022) Provenance of Kalahari sand: Paleoweathering

and recycling in a linked fluvial-aeolian system. Earth-Science Reviews,

224, 103867. Available from: https://doi.org/10.1016/j.earscirev.

2021.103867

Gittings, J.A., Dall’Olmo, G., Tang, W., Llort, J., Jebri, F., Livanou, E., et al.

(2024) An exceptional phytoplankton bloom in the Southeast

Madagascar Sea driven by African dust deposition. PNAS Nexus, 3,

1–13. Available from: https://doi.org/10.1093/PNASNEXUS/PGA

E386

Goudie, A.S. (2014) Desert dust and human health disorders. Environment

International, 63, 101–113. Available from: https://doi.org/10.1016/

j.envint.2013.10.011

Hesse, P. (2016) How do longitudinal dunes respond to climate forcing?

Insights from 25 years of luminescence dating of the Australian

desert dunefields. Quaternary International, 410, 11–29. Available

from: https://doi.org/10.1016/j.quaint.2014.02.020

Hesse, P. & Simpson, R.L. (2006) Variable vegetation cover and episodic

sand movement on longitudinal desert sand dunes. Geomorphology,

81(3-4), 276–291. Available from: https://doi.org/10.1016/j.geo

morph.2006.04.012

Hilly, J.J., Sinha, J., Mani, F.S., Turagabeci, A., Jagals, P., Thomas, D.S.G.,

et al. (2025) PM2.5 and PM10 concentrations in urban and peri-

urban environments of two Pacific Island countries. Atmospheric Pol-

lution Research, 16(5), 102454. Available from: https://doi.org/10.

1016/j.apr.2025.102454

Huck, R.A., Wiggs, G.F.S. & Thomas, D.S.G. (2026) Trends in fire character-

istics in the partially vegetated dunes of the Southwest Kalahari

Desert. Science of the Total Environment, 1014, 181324. Available

from: https://doi.org/10.1016/j.scitotenv.2025.181324

Intergovernmental Panel on Climate Change (IPCC). (2023) Climate change

2022 – impacts, adaptation and vulnerability. Cambridge: Cambridge

University Press. Available from: https://www.cambridge.org/core/

product/identifier/9781009325844/type/book

Jickells, T.D., An, Z.S., Andersen, K.K., Baker, A.R., Bergametti, G.,

Brooks, N., et al. (2005) Global iron connections between desert

dust, ocean biogeochemistry, and climate. Science, 308(5718), 67–
71. Available from: https://doi.org/10.1126/science.1105959

Kok, J.F., Ridley, D.A., Zhou, Q., Miller, R.L., Zhao, C., Heald, C.L., et al.

(2017) Smaller desert dust cooling effect estimated from analysis of

dust size and abundance. Nature Geoscience, 10(4), 274–278. Avail-
able from: https://doi.org/10.1038/ngeo2912

Kok, J.F., Storelvmo, T., Karydis, V.A., Adebiyi, A.A., Mahowald, N.M.,

Evan, A.T., et al. (2023) Mineral dust aerosol impacts on global cli-

mate and climate change. Nature Reviews Earth and Environment, 4(2),

71–86. Available from: https://doi.org/10.1038/s43017-022-

00379-5

Lancaster, N. (1986a) Grain-size characteristics of linear dunes in

the southwestern Kalahari. Journal of Sedimentary Petrology, 56,

395–400.
Lancaster, N. (1986b) Pans in the southwestern Kalahari: a preliminary

report. Palaeoecology of Africa and the Surrounding Islands, 17, 59–67.
Lancaster, N. (1988) Development of linear dunes in the southwestern

Kalahari, southern Africa. Journal of Arid Environments, 14(3),

233–244. Available from: https://doi.org/10.1016/s0140-1963(18)

31070-x

Lawal, S., Lennard, C. & Hewitson, B. (2019) Response of southern African

vegetation to climate change at 1.5 and 2.0� global warming above

the pre-industrial level. Climate Services, 16, 100134. Available from:

https://doi.org/10.1016/j.cliser.2019.100134

Lentile, L.B., Holden, Z.A., Smith, A.M.S., Falkowski, M.J., Hudak, A.T.,

Morgan, P., et al. (2006) Remote sensing techniques to assess active

fire characteristics and post-fire effects. International Journal of Wild-

land Fire, 15(3), 319–345. Available from: https://doi.org/10.1071/

WF05097

Levin, N., Levental, S. & Morag, H. (2012) The effect of wildfires on vege-

tation cover and dune activity in Australia’s desert dunes: a mul-

tisensor analysis. International Journal of Wildland Fire, 21(4), 459–
475. Available from: https://doi.org/10.1071/WF10150

Leys, J.F., Heidenreich, S.K., Strong, C.L., McTainsh, G.H. & Quigley, S.

(2011) PM10 concentrations and mass transport during “red Dawn”
- Sydney 23 September 2009. Aeolian Research, 3(3), 327–342. Avail-
able from: https://doi.org/10.1016/j.aeolia.2011.06.003

Li, J., Okin, G.S. & Epstein, H.E. (2009) Effects of enhanced wind erosion

on surface soil texture and characteristics of windblown sediments.

Journal of Geophysical Research: Biogeosciences, 114, 1–8. Available
from: https://doi.org/10.1029/2008JG000903

Li, M., Shen, F. & Sun, X. (2021) 2019–2020 Australian bushfire air particu-

late pollution and impact on the South Pacific Ocean. Scientific

Reports, 11, 1–13. Available from: https://doi.org/10.1038/s41598-

021-91547-y

Livingstone, I., Bullard, J.E., Wiggs, G.F.S. & Thomas, D.S.G. (1999) Grain-

size variation on dunes in the southwest Kalahari, southern Africa.

69, 546–552.

HUCK ET AL. 13 of 15

https://doi.org/10.1002/(SICI)1096-9837(199807)23:7%3C663::AID-ESP909%3E3.0.CO;2-6
https://doi.org/10.1002/(SICI)1096-9837(199807)23:7%3C663::AID-ESP909%3E3.0.CO;2-6
https://doi.org/10.1002/(SICI)1096-9837(199807)23:7%3C663::AID-ESP909%3E3.0.CO;2-6
https://doi.org/10.1016/j.earscirev.2020.103408
https://doi.org/10.1016/j.earscirev.2020.103408
https://doi.org/10.1002/ldr.611
https://doi.org/10.1002/ldr.611
https://doi.org/10.1175/JCLI-D-18-0102.1
https://doi.org/10.1175/JCLI-D-18-0102.1
https://doi.org/10.1016/j.aeolia.2020.100637
https://doi.org/10.1088/1748-9326/10/8/085004
https://doi.org/10.1088/1748-9326/10/8/085004
https://doi.org/10.1029/2007GL029971
https://doi.org/10.1029/2007GL029971
https://doi.org/10.4135/9781446247501.n1030
https://doi.org/10.4135/9781446247501.n1030
https://doi.org/10.1016/j.apenergy.2015.03.042
https://doi.org/10.1016/j.apenergy.2015.03.042
https://doi.org/10.1007/s10546-022-00733-6
https://doi.org/10.1007/978-3-319-30214-0_13
https://doi.org/10.1007/978-3-319-30214-0_13
https://doi.org/10.1016/j.earscirev.2021.103867
https://doi.org/10.1016/j.earscirev.2021.103867
https://doi.org/10.1093/PNASNEXUS/PGAE386
https://doi.org/10.1093/PNASNEXUS/PGAE386
https://doi.org/10.1016/j.envint.2013.10.011
https://doi.org/10.1016/j.envint.2013.10.011
https://doi.org/10.1016/j.quaint.2014.02.020
https://doi.org/10.1016/j.geomorph.2006.04.012
https://doi.org/10.1016/j.geomorph.2006.04.012
https://doi.org/10.1016/j.apr.2025.102454
https://doi.org/10.1016/j.apr.2025.102454
https://doi.org/10.1016/j.scitotenv.2025.181324
https://www.cambridge.org/core/product/identifier/9781009325844/type/book
https://www.cambridge.org/core/product/identifier/9781009325844/type/book
https://doi.org/10.1126/science.1105959
https://doi.org/10.1038/ngeo2912
https://doi.org/10.1038/s43017-022-00379-5
https://doi.org/10.1038/s43017-022-00379-5
https://doi.org/10.1016/s0140-1963(18)31070-x
https://doi.org/10.1016/s0140-1963(18)31070-x
https://doi.org/10.1016/j.cliser.2019.100134
https://doi.org/10.1071/WF05097
https://doi.org/10.1071/WF05097
https://doi.org/10.1071/WF10150
https://doi.org/10.1016/j.aeolia.2011.06.003
https://doi.org/10.1029/2008JG000903
https://doi.org/10.1038/s41598-021-91547-y
https://doi.org/10.1038/s41598-021-91547-y


Mabbutt, J.A. (1957) Physiographic evidence for the age of the Kalahari

sands of the Kalahari. In: Clark, J.D. (Ed.) The 3rd pan-African congress

on prehistory, Livingstone 1955. Livingstone: Livingstone Museum.

Mahowald, N.M., Albani, S., Kok, J.F., Engelstaedter, S., Scanza, R.,

Ward, D.S., et al. (2014) The size distribution of desert dust aerosols

and its impact on the earth system. Aeolian Research, 15, 53–71.
Available from: https://doi.org/10.1016/j.aeolia.2013.09.002

Mahowald, N.M., Ginoux, P., Okin, G.S., Kok, J., Albani, S., Balkanski, Y.,

et al. (2024) Letter to the editor regarding Chappell et al., 2023, “sat-
ellites reveal earth’s seasonally shifting dust emission sources”. Sci-
ence of the Total Environment, 949, 174792. Available from: https://

doi.org/10.1016/j.scitotenv.2024.174792 Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0048969724049416

McGowan, H.A. & Clark, A. (2008) A vertical profile of PM10 dust concen-

trations measured during a regional dust event identified by MODIS

Terra, western Queensland, Australia. Journal of Geophysical

Research: Earth Surface, 113, 1–10. Available from: https://doi.org/

10.1029/2007JF000765

Meng, X., Yu, Y. & Ginoux, P. (2025) Rise in dust emissions from burned

landscapes primarily driven by small fires. Nature Geoscience, 18(7),

586–592. Available from: https://doi.org/10.1038/s41561-025-

01730-3

Middleton, N.J. (2020) Health in dust belt cities and beyond - An essay by

Nick Middleton. BMJ (Clinical Research Ed.), 371, m3089. Available

from: https://doi.org/10.1136/bmj.m3089

Muñoz-Sabater, J., Dutra, E., Agustí-Panareda, A., Albergel, C., Arduini, G.,

Balsamo, G., et al. (2021) ERA5-land: a state-of-the-art global

reanalysis dataset for land applications. Earth System Science Data,

13(9), 4349–4383. Available from: https://doi.org/10.5194/essd-13-

4349-2021

Mwangala, B.B., Banda, K., Chimuka, L., Uchida, Y. & Nyambe, I. (2024)

Analysis of streamflow and rainfall trends and variability over the

Lake Kariba catchment, upper Zambezi Basin. Hydrology Research,

55(7), 683–710. Available from: https://doi.org/10.2166/nh.

2024.122

Nash, D.J. (2022). Calcretes, silcretes and intergrade duricrusts. In:

Eckardt, F.D. (Ed.) Landscapes and landforms of Botswana. Cham,

Switzerland: Springer International Publishing, pp. 223–246. Avail-
able from: https://doi.org/10.1007/978-3-030-86102-5_13

Palmer, B., Hernandez, R. & Lipson, D. (2020) The fate of biological soil

crusts after fire: a meta-analysis. Global Ecology and Conservation, 24,

e01380. Available from: https://doi.org/10.1016/j.gecco.2020.

e01380

Parsons, D., Stern, D., Ndanguza, D. & Sylla, M.B. (2022) Evaluation of

satellite-based air temperature estimates at eight diverse sites in

Africa. Climate, 10, 98. Available from: https://doi.org/10.3390/

cli10070098

Planet Team. 2023 Planet Application Program Interface: In Space for Life

on Earth

Pye, K. (1989) Processes of Fine Particle Formation, Dust Source Regions,

and Climatic Changes. In: Paleoclimatology and Paleometeorology:

modern and past patterns of global atmospheric transport. Dordrecht:

Springer Netherlands, pp. 3–30.
Ravi, S., Baddock, M.C., Zobeck, T.M. & Hartman, J. (2012) Field evidence

for differences in post-fire aeolian transport related to vegetation

type in semi-arid grasslands. Aeolian Research, 7, 3–10. Available

from: https://doi.org/10.1016/j.aeolia.2011.12.002

Ravi, S., D’Odorico, P., Herbert, B., Zobeck, T. & Over, T.M. (2006)

Enhancement of wind erosion by fire-induced water repellency.

Water Resources Research, 42, 1–9. Available from: https://doi.org/

10.1029/2006WR004895

Ravi, S., D’Odorico, P., Wang, L., White, C.S., Okin, G.S., Macko, S.A., et al.

(2009) Post-fire resource redistribution in desert grasslands: a possi-

ble negative feedback on land degradation. Ecosystems, 12, 434–
444. Available from: https://doi.org/10.1007/s10021-009-9233-9

Ravi, S., D’Odorico, P., Zobeck, T.M. & Over, T.M. (2009) The effect of

fire-induced soil hydrophobicity on wind erosion in a semiarid grass-

land: experimental observations and theoretical framework. Geomor-

phology, 105, 80–86. Available from: https://doi.org/10.1016/j.geo

morph.2007.12.010

Ravi, S., D’Odorico, P., Zobeck, T.M., Over, T.M. & Collins, S.L. (2007)

Feedbacks between fires and wind erosion in heterogeneous arid

lands. Journal of Geophysical Research, 112(G4), G04007. Available

from: https://doi.org/10.1029/2007JG000474

Rodríguez-Caballero, E., Belnap, J., Büdel, B., Crutzen, P.J., Andreae, M.O.,

Pöschl, U., et al. (2018) Dryland photoautotrophic soil surface com-

munities endangered by global change. Nature Geoscience, 11(3),

185–189. Available from: https://doi.org/10.1038/s41561-018-

0072-1

Rodríguez-Caballero, E., Stanelle, T., Egerer, S., Cheng, Y., Su, H.,

Canton, Y., et al. (2022) Global cycling and climate effects of aeolian

dust controlled by biological soil crusts. Nature Geoscience, 15(6),

458–463. Available from: https://doi.org/10.1038/s41561-022-

00942-1

Roffe, S.J. & van der Walt, A.J. (2023) Representation and evaluation of

southern Africa’s seasonal mean and extreme temperatures in the

ERA5-based reanalysis products. Atmospheric Research, 284, 106591.

Available from: https://doi.org/10.1016/j.atmosres.2022.106591

Schepanski, K. (2018) Transport of mineral dust and its impact on climate.

Geosciences, 8(5), 151. Available from: https://doi.org/10.3390/

geosciences8050151

Shao, Y., Wyrwoll, K.H., Chappell, A., Huang, J., Lin, Z., McTainsh, G.H.,

et al. (2011) Dust cycle: An emerging core theme in earth system sci-

ence. Aeolian Research, 2(4), 181–204. Available from: https://doi.

org/10.1016/j.aeolia.2011.02.001

Smit, M., Malan, P., Smit, N. & Deacon, F. (2024) Response of herbaceous

vegetation in the southern Kalahari following a prolonged drought.

Journal of Arid Environments, 222, 105157. Available from: https://

doi.org/10.1016/j.jaridenv.2024.105157

Stone, A.E.C. & Thomas, D.S.G. (2008) Linear dune accumulation chronolo-

gies from the southwest Kalahari, Namibia: challenges of

reconstructing late Quaternary palaeoenvironments from aeolian

landforms. Quaternary Science Reviews, 27(17-18), 1667–1681. Avail-
able from: https://doi.org/10.1016/j.quascirev.2008.06.008

Strong, C.L., Bullard, J.E., Dubois, C., McTainsh, G.H. & Baddock, M.C.

(2010) Impact of wildfire on interdune ecology and sediments: An

example from the Simpson Desert, Australia. Journal of Arid Environ-

ments, 74(11), 1577–1581. Available from: https://doi.org/10.1016/

j.jaridenv.2010.05.032

Sweeney, M.R., Lacey, T. & Forman, S.L. (2023) The role of abrasion and

resident fines in dust production from aeolian sands as measured by

the portable in situ wind erosion laboratory (PI-SWERL). Aeolian

Research, 63, 100889. Available from: https://doi.org/10.1016/j.

aeolia.2023.100889

Telfer, M.W. (2011) Growth by extension, and reworking, of a south-

western Kalahari linear dune. Earth Surface Processes and Landforms,

36(8), 1125–1135. Available from: https://doi.org/10.1002/esp.

2140

Thomas, A.D. & Dougill, A.J. (2007) Spatial and temporal distribution of

cyanobacterial soil crusts in the Kalahari: implications for soil surface

properties. Geomorphology, 85(1-2), 17–29. Available from: https://

doi.org/10.1016/j.geomorph.2006.03.029 Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0169555X0600290X.

Thomas, D.S.G. & Wiggs, G.F.S. (2022) Dunes of the Southern Kalahari. In:

World geomorphological landscapes. Cham: Springer International

Publishing, pp. 131–154 https://doi.org/10.1007/978-3-030-8610

2-5_8

Tinebra, I., Alagna, V., Iovino, M. & Bagarello, V. (2019) Comparing differ-

ent application procedures of the water drop penetration time test

to assess soil water repellency in a fire affected Sicilian area. Catena,

177, 41–48. Available from: https://doi.org/10.1016/j.catena.2019.

02.005

Vickery, K.J., Eckardt, F.D. & Bryant, R.G. (2013) A sub-basin scale dust

plume source frequency inventory for southern Africa, 2005-2008.

Geophysical Research Letters, 40(19), 5274–5279. Available from:

https://doi.org/10.1002/grl.50968

von Suchodoletz, H., Glaser, B., Thrippleton, T., Broder, T., Zang, U.,

Eigenmann, R., et al. (2013) The influence of Saharan dust deposits

on La Palma soil properties (Canary Islands, Spain). Catena, 103, 44–
52. Available from: https://doi.org/10.1016/j.catena.2011.07.005

14 of 15 HUCK ET AL.

https://doi.org/10.1016/j.aeolia.2013.09.002
https://doi.org/10.1016/j.scitotenv.2024.174792
https://doi.org/10.1016/j.scitotenv.2024.174792
https://linkinghub.elsevier.com/retrieve/pii/S0048969724049416
https://linkinghub.elsevier.com/retrieve/pii/S0048969724049416
https://doi.org/10.1029/2007JF000765
https://doi.org/10.1029/2007JF000765
https://doi.org/10.1038/s41561-025-01730-3
https://doi.org/10.1038/s41561-025-01730-3
https://doi.org/10.1136/bmj.m3089
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.2166/nh.2024.122
https://doi.org/10.2166/nh.2024.122
https://doi.org/10.1007/978-3-030-86102-5_13
https://doi.org/10.1016/j.gecco.2020.e01380
https://doi.org/10.1016/j.gecco.2020.e01380
https://doi.org/10.3390/cli10070098
https://doi.org/10.3390/cli10070098
https://doi.org/10.1016/j.aeolia.2011.12.002
https://doi.org/10.1029/2006WR004895
https://doi.org/10.1029/2006WR004895
https://doi.org/10.1007/s10021-009-9233-9
https://doi.org/10.1016/j.geomorph.2007.12.010
https://doi.org/10.1016/j.geomorph.2007.12.010
https://doi.org/10.1029/2007JG000474
https://doi.org/10.1038/s41561-018-0072-1
https://doi.org/10.1038/s41561-018-0072-1
https://doi.org/10.1038/s41561-022-00942-1
https://doi.org/10.1038/s41561-022-00942-1
https://doi.org/10.1016/j.atmosres.2022.106591
https://doi.org/10.3390/geosciences8050151
https://doi.org/10.3390/geosciences8050151
https://doi.org/10.1016/j.aeolia.2011.02.001
https://doi.org/10.1016/j.aeolia.2011.02.001
https://doi.org/10.1016/j.jaridenv.2024.105157
https://doi.org/10.1016/j.jaridenv.2024.105157
https://doi.org/10.1016/j.quascirev.2008.06.008
https://doi.org/10.1016/j.jaridenv.2010.05.032
https://doi.org/10.1016/j.jaridenv.2010.05.032
https://doi.org/10.1016/j.aeolia.2023.100889
https://doi.org/10.1016/j.aeolia.2023.100889
https://doi.org/10.1002/esp.2140
https://doi.org/10.1002/esp.2140
https://doi.org/10.1016/j.geomorph.2006.03.029
https://doi.org/10.1016/j.geomorph.2006.03.029
https://linkinghub.elsevier.com/retrieve/pii/S0169555X0600290X
https://linkinghub.elsevier.com/retrieve/pii/S0169555X0600290X
https://doi.org/10.1007/978-3-030-86102-5_8
https://doi.org/10.1007/978-3-030-86102-5_8
https://doi.org/10.1016/j.catena.2019.02.005
https://doi.org/10.1016/j.catena.2019.02.005
https://doi.org/10.1002/grl.50968
https://doi.org/10.1016/j.catena.2011.07.005


Wagenbrenner, N.S., Germino, M.J., Lamb, B.K., Robichaud, P.R. &

Foltz, R.B. (2013) Wind erosion from a sagebrush steppe burned by

wildfire: measurements of PM10 and total horizontal sediment flux.

Aeolian Research, 10, 25–36. Available from: https://doi.org/10.

1016/j.aeolia.2012.10.003

Wallum, N.S., Wiggs, G.F.S. & Bryant, R.G. (2025) Coupling global climate

drivers to dust emission dynamics at Etosha pan, Namibia. Science of

the Total Environment, 995, 180088. Available from: https://doi.org/

10.1016/j.scitotenv.2025.180088

Wang, X., Chancellor, G., Evenstad, J., Farnsworth, J.E., Hase, A.,

Olson, G.M., et al. (2009) A novel optical instrument for estimating

size segregated aerosol mass concentration in real time. Aerosol Sci-

ence and Technology, 43(9), 939–950. Available from: https://doi.

org/10.1080/02786820903045141

Wang, Y.Q., Zhang, X.Y., Gong, S.L., Zhou, C.H., Hu, X.Q., Liu, H.L., et al.

(2008) Surface observation of sand and dust storm in East Asia and

its application in CUACE/dust. Atmospheric Chemistry and Physics,

8(3), 545–553. Available from: https://doi.org/10.5194/acp-8-545-

2008

Wiggs, G.F.S., Baddock, M.C., Thomas, D.S.G., Washington, R., Nield, J.M.,

Engelstaedter, S., et al. (2022) Quantifying mechanisms of aeolian

dust emission: field measurements at Etosha pan, Namibia. Journal of

Geophysical Research - Earth Surface, 127, 1–21. Available from:

https://doi.org/10.1029/2022JF006675

Wiggs, G.F.S., Livingstone, I., Thomas, D.S.G. & Bullard, J.E. (1994) Effect

of vegetation removal on airflow patterns and dune dynamics in the

southwest Kalahari desert. Land Degradation & Development, 5(1),

13–24. Available from: https://doi.org/10.1002/ldr.3400050103

Wiggs, G.F.S., Thomas, D.S.G. & Bullard, J.E. (1995) Dune mobility and

vegetation cover in the Southwest Kalahari Desert. Earth Surface Pro-

cesses and Landforms, 20(6), 515–529. Available from: https://doi.

org/10.1002/esp.3290200604

Winton, V.H.L., Charlier, B.L.A., Jolly, B.H., Purdie, H., Anderson, B.,

Hunt, J.E., et al. (2024) New Zealand southern Alps blanketed by red

Australian dust during 2019/2020 severe bushfire and dust event.

Geophysical Research Letters, 51(23), e2024GL112782. Available

from: https://doi.org/10.1029/2024GL112782

Yang, X., He, Q., Ali, M., Huo, W., Liu, X. & Strake, M. (2012) A field experi-

ment on dust emission by wind erosion in the Taklimakan desert.

Acta Meteorologica Sinica, 26(2), 241–249. Available from: https://

doi.org/10.1007/s13351-012-0209-x

Yu, Y. & Ginoux, P. (2022) Enhanced dust emission following large wild-

fires due to vegetation disturbance. Nature Geoscience, 15(11), 878–
884. Available from: https://doi.org/10.1038/s41561-022-01046-6

Zhang, Y.M., Wang, H.L., Wang, X.Q., Yang, W.K. & Zhang, D.Y. (2006)

The microstructure of microbiotic crust and its influence on wind

erosion for a sandy soil surface in the Gurbantunggut Desert of

northwestern China. Geoderma, 132(3-4), 441–449. Available from:

https://doi.org/10.1016/j.geoderma.2005.06.008

Zhang, Z., Dong, Z., Zhao, A., Yuan, W. & Han, L. (2008) The effect of

restored microbiotic crusts on erosion of soil from a desert area in

China. Journal of Arid Environments, 72(5), 710–721. Available from:

https://doi.org/10.1016/j.jaridenv.2007.09.001

Zhao, Y. & Lei, S. (2025) Research on the inversion method of dust reten-

tion in grassland plant canopies based on UAV-borne hyperspectral

data. Land, 14(3), 458. Available from: https://doi.org/10.3390/

land14030458

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Huck, R.A., Thomas, D.S.G. & Wiggs,

G.F.S. (2026) The southwest Kalahari dune field does not emit

dust post-fire despite a lack of vegetation and

above-threshold winds. Earth Surface Processes and Landforms,

51(2), e70258. Available from: https://doi.org/10.1002/esp.

70258

HUCK ET AL. 15 of 15

https://doi.org/10.1016/j.aeolia.2012.10.003
https://doi.org/10.1016/j.aeolia.2012.10.003
https://doi.org/10.1016/j.scitotenv.2025.180088
https://doi.org/10.1016/j.scitotenv.2025.180088
https://doi.org/10.1080/02786820903045141
https://doi.org/10.1080/02786820903045141
https://doi.org/10.5194/acp-8-545-2008
https://doi.org/10.5194/acp-8-545-2008
https://doi.org/10.1029/2022JF006675
https://doi.org/10.1002/ldr.3400050103
https://doi.org/10.1002/esp.3290200604
https://doi.org/10.1002/esp.3290200604
https://doi.org/10.1029/2024GL112782
https://doi.org/10.1007/s13351-012-0209-x
https://doi.org/10.1007/s13351-012-0209-x
https://doi.org/10.1038/s41561-022-01046-6
https://doi.org/10.1016/j.geoderma.2005.06.008
https://doi.org/10.1016/j.jaridenv.2007.09.001
https://doi.org/10.3390/land14030458
https://doi.org/10.3390/land14030458
https://doi.org/10.1002/esp.70258
https://doi.org/10.1002/esp.70258

	The southwest Kalahari dune field does not emit dust post‐fire despite a lack of vegetation and above‐threshold winds
	Abstract
	1  |  INTRODUCTION
	2  |  STUDY SITE AND METHODS
	2.1  |  The southwest Kalahari linear dune field
	2.2  |  Study sites
	2.3  |  Aerosol and wind speed measurements
	2.4  |  Grain size distribution
	2.5  |  Ground cover surveys
	2.6  |  Sediment profile trenches
	2.7  |  Soil hydrophobicity

	3  |  RESULTS
	3.1  |  Wind conditions
	3.2  |  In‐situ aerosol concentrations
	3.3  |  Sediment particle‐size characteristics
	3.4  |  Patterns of surface cover
	3.5  |  Biological soil crust presence

	4  |  DISCUSSION
	4.1  |  What is the potential for dust emission?
	4.1.1  |  Resident fine grains in the interdunes
	4.1.2  |  Low overall wind speed
	4.1.3  |  No definitive emissions recorded

	4.2  |  Are there post‐fire erodibility controls on emission?

	5  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


