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Abstract

High latitude regions (≥ 50�N and ≥ 40�S) are thought to contribute substantially to

contemporary global dust emissions which can influence biogeochemical cycling as

well as geomorphic, cryospheric and atmospheric processes. However, there are few

measurements of the emission or deposition of dust derived from these areas that

extend beyond a single event or season. This article reports the deposition of

locally-derived dust to an ice-free area of West Greenland over 2 years from 23 traps

distributed across five sampling sites. Local dust sources include glacial outwash

plains, glacially-derived delta deposits and the reworking of loessic soils. Annual dust

deposition is estimated at 37.3 to 93.9 g m�2 for 2017–2018 and 9.74 to 28.4 g m�2

in 2018–2019. This annual variation is driven by high deposition rates observed in

spring 2017 of 0.48 g m�2 d�1 compared to the range of 0.03 to 0.07 g m�2 d�1 dur-

ing the rest of the monitoring period. The high deposition rates in spring 2017 were

due to warmer than average conditions and high meltwater sediment supply that

delivered large quantities of sediment to local outwash plains in 2016. For other sea-

sons, dust deposition was lower over both autumn–winter periods (0.03 g m�2 d�1)

than during the spring and summer (0.04–0.07 g m�2 d�1). When sediment availabil-

ity is limited, dust deposition increases with increasing temperature and wind speed.

Secondary data from dust-related weather type/observation codes and visibility

records were found to be inconsistent with measured dust deposition during the

period of study. One possible reason for this is the complex nature of the terrain

between the observation and sample sites. The dust deposition rates measured here

and the infidelity of the observed dust with secondary data sources reveal the impor-

tance of direct quantification of dust processes to accurately constrain the dust cycle

at high latitudes.
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1 | INTRODUCTION

Glacial systems are very efficient at producing fine sediments in the

form of silts. During past glacial periods the enhanced sediment sup-

ply from glacial processes contributed to atmospheric dust loadings

that were substantially higher than at present (Albani et al., 2016;

Mahowald et al., 2007). Under contemporary climatic conditions

glacier and ice-sheet extent has reduced and whilst glacigenic dust is

still being generated it is largely confined to higher latitudes. High lati-

tude dust has been defined as airborne particles < 100 μm in diameter

originating from within the high latitudes (≥ 50�N and ≥ 40�S) and is

thought to make a substantial contribution to the global annual dust

budget (Bullard et al., 2016; Groot Zwaaftink et al., 2016). Although

dust originating from low latitudes is detectable in the Arctic
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(vanCuren et al., 2012; Varga et al., 2021), it is increasingly recognized

that dust sourced from high latitudes is important locally and region-

ally (Bullard, 2017). Both models and field data suggest that most

northern hemisphere high latitude dust is retained within the Arctic

region (Du et al., 2019; Groot Zwaaftink et al., 2016) where it influ-

ences cryospheric, atmospheric, and marine and terrestrial ecological

processes (Boy et al., 2019). For example dust derived from proglacial

sources and deposited on the adjacent ice-masses can influence ice

albedo and increase ice melt rates (Oerlemans et al., 2009). Dust can

act as ice-nucleating particles in the atmosphere and affect cloud for-

mation and hence radiative processes (Tegen, 2003; Tobo

et al., 2019). Airborne dust transport can also provide a mechanism

for transferring sediments and nutrients between disconnected parts

of dry Arctic landscapes where hydrological connectivity is limited

(Anderson et al., 2017), and dust deposition affects soil formation

(Muhs, 2013; Muhs et al., 2004) and both terrestrial and marine nutri-

ent availability (Arnalds et al., 2014; Crusius, 2021). Despite this, there

remain very few contemporary studies that provide an understanding

of the location and intensity of dust emissions, or the frequency,

magnitude and timing of dust deposition that can be used to under-

stand aeolian sediment fluxes at high latitudes (Beylich et al., 2016).

This limits the extent to which high latitude dust, and its impacts on

radiative and carbon budgets can be incorporated in to regional and

global dust models (Cosentino et al., 2021; Crusius, 2021; Schmale

et al., 2021).

The key drivers of dust emission from high latitudes are expected

to be similar to those for low latitude dust emission and therefore to

reflect the interaction of controlling variables within the aeolian

sediment-system response framework (Bullard & McTainsh, 2003;

Kocurek, 1998). These variables include sediment production (via

weathering and erosion), transport capacity (wind speed and wind

direction), sediment supply, sediment characteristics (such as size,

sorting, shape) and modifiers of sediment availability such as crusting,

vegetation and surface soil moisture (Bullard et al., 2016). Additional

factors in cold regions can include frost, snow cover, temperature and

humidity (Bullard, 2013). The input of high magnitude pulses of fine

sediment to outwash plains due to catastrophic subglacial flooding

may also be important in some locations (Prospero et al., 2012) but

their significance is inconclusive (Bullard & Mockford, 2018;

Nakashima & Dagsson-Waldhauserová, 2019). As at low latitudes,

seasonal variation in dust emissions from high latitude sources is likely

to reflect how the above variables combine to create suitable condi-

tions for sediment entrainment and transport (Bullard et al., 2011;

Zender & Kwon, 2005). For example, the timing of dust emissions

from the Copper River valley in southern Alaska reflects the coinci-

dence of elevated sediment availability, along-valley wind directions

and minimal snow cover (Crusius et al., 2011). Regional variation in

dust emissions across Iceland can be attributed to the role of snow

cover preventing winter dust emissions from northern sources whilst

dust emissions from largely snow-free southern sources occur year

round with a spring peak associated with meltwater sediment supply

(Bullard et al., 2016; Dagsson-Waldhauserova et al., 2013). Spatial

patterns of deposition of locally-derived dust in the high latitudes are

expected to reflect distance from source (e.g., reduction in

quantity and grain size of deposits with increasing distance: Muhs

et al., 2004) and the influence of topography on transport capacity

(Goossens, 2006).

The aim of this study is to increase understanding of the spatio-

temporal deposition of high latitude dust through field measurements

in West Greenland. Two specific research questions were addressed.

First, how much dust is deposited under contemporary conditions?

This was determined using seasonal sampling, which also gives an

indication of seasonal variability and of the environmental drivers

associated with dust emission and deposition. Second, what are the

sedimentological characteristics of the dust deposits and how do

these vary temporally (seasonally) and spatially, with distance from

the ice sheet? These observations will provide critical insights in to

the interpretation of longer-term records such as loess deposits or

lake sediment records as well as contributing to our understanding

of the contribution of high latitude dust sources to the global dust

budget.

2 | METHODS

2.1 | Study area and site selection

The occurrence of dust storms in Greenland has long been recognized

(Fristrup, 1953; Hobbs, 1931) but most observations of modern dust

events have been ad hoc (e.g., Dijkmans & Törnqvist, 1991) and

research has been largely confined to long term or integrated records

of deposition in soils, lake sediment cores and ice cores (e.g., Amino

et al., 2021; Eisner et al., 1995; Willemse et al., 2003). Recent analyses

suggest dust emission from ice-free areas of Greenland has increased

over the past 20 years (Amino et al., 2021; Saros et al., 2019).

Our research is located around Kangerlussuaq (67�000N,

50�4302000W) in southwest Greenland, with the area of interest exten-

ding between the Greenland ice sheet (GrIS) margin and c. 40 km west

of the ice sheet along a broad transect with an approximate latitude

of 67�N (Figure 1). The mean annual temperature is �6�C, character-

istic of a continental arid interior with warm summers where tempera-

tures can reach 16�C in early July (Anderson et al., 2012). Mean

annual precipitation is < 200 mm with most rainfall occurring in the

late summer. The area has been extensively studied and is

geomorphologically representative of many Arctic proglacial systems

(Anderson et al., 2017). It includes floodplains with aeolian sand

dunes, braided and meandering meltwater-fed river systems, raised

marine terraces, moraine ridges, numerous lakes, low mountains and

an extensive marine delta and fjord (Yde et al., 2018). Most locally-

derived dust and region-wide loess originates from glacial floodplains

which form from glacial weathering and riverine deposition of grano-

diorite (Eisner et al., 1995). Quartz, plagioclase, K-feldspar, amphibole,

pyroxine and pyrite are the major minerals found in local glacial sedi-

ments (Hasholt et al., 2018).

Long-term aeolian activity in the region has been recorded in soils

(Henkner et al., 2016; Ozols & Broll, 2003; Willemse et al., 2003) and

lake sediments (e.g., Anderson et al., 2012; Rydberg et al., 2016; Saros

et al., 2019). From these studies, modern aeolian deposition rates are

estimated to be around 70 g m�2 yr�1, and the sedimentary records

indicate that whilst dust deposition has been continuous over the past

5000 years, it has been punctuated by more active periods and varia-

tions in particle size through time (Willemse et al., 2003).

There are few published measurements of contemporary dust

deposition in the region. Engels (2003) collected dust from a lake

2394 VAN SOEST ET AL.
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catchment c. 20 km west of the ice-sheet margin over four consecu-

tive 2 week periods in summer (2001) and calculated an average

annual deposition rate of 2 to 8 g m�2 yr�1. Fowler et al. (2018) sam-

pled dust deposition over 14 days in July 2016 at a location c. 35 km

west of the ice-sheet margin. The mean daily deposition rate was

0.931 g m�2 d�1, which, if uniform through the year, would suggest

an annual amount of 340 g m�2 yr�1. These records only reflect rela-

tively short sampling periods and were conducted mainly during the

late spring or summer months. The occurrence and magnitude of any

dust event captured during these short sampling periods will

inevitably affect dust deposition estimates and is likely to result in an

overestimate or underestimate of annual deposition rates. The

contemporary seasonal pattern of dust emissions, based on a 70-year

secondary dataset of World Meteorological Organization (WMO)

dust-related weather reporting codes, suggests a high frequency of

dust events in spring and autumn driven by effective winds and

sediment supply, and a decrease in frequency in summer months

(July–August) (Bullard & Mockford, 2018).

To identify any patterns of dust deposition with distance away

from the GrIS, this study focused on an east to west transect with five

study sites between the ice sheet and the head of Kangerlussuaq fjord

extending c. 40 km (Figure 1, Table 1). Four of the sites are small

(< 10 km2), hydrologically-disconnected lake catchments. The fifth site

is located on a ridge within the east–west oriented valley of Sand-

flugtsdalen which has previously been identified as one of the main

regional dust sources (Eisner et al., 1995). The four lake catchment

sites (prefixed SS) have previously been studied by other research

groups (e.g., Anderson et al., 2001; Prater et al., 2021; Saros

F I GU R E 1 Study area
indicating location of study sites
and Kangerlussuaq airport
(marked with star on both inset
and main maps) [Color figure can
be viewed at wileyonlinelibrary.
com]

T AB L E 1 Summary of site characteristics

Name Location (latitude/longitude)
Distance from

DescriptionGrIS margin (km)

SS906 67�6055.904400N
50�15058.1004”W

1.8 Lake catchment 400 m above sea level (a.s.l.). Low

vegetation includes mosses, Salix glauca and Betula

nana. Higher slopes are unvegetated or bedrock.

Ridge 67�3036.043200N
50�2609.520800W

5.6 Topographic ridge rising 75 m above Sandflugtsdalen

outwash plain. North-facing slopes characterized

by B. nana; south-facing slopes feature grasses and

S. glauca. Deflation patches are common.

SS17b 66�59016.821600N
50�3300.367200W

18.5 Lake catchment 235 m a.s.l. surrounded by steep

(c. 25�) slopes. South-facing slope is rocky and

unvegetated; north-facing slope features B. nana

and S. glauca.

SS1590 67�0052.570800N
50�58050.739600W

33.4 East–west orientated lake catchment with two basins

200 m a.s.l. Surrounding slopes are steep with thin

soils and sparse vegetation.

SS85 67�009.52200N
51�0039.11400W

37.4 Lake catchment 190 m a.s.l. The south facing slopes

are bare and sparsely covered with S. glauca. The

north facing slopes feature B. nana.

VAN SOEST ET AL. 2395
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et al., 2019) and the numerical labels used elsewhere have been

retained here for consistency and to allow data relating to the catch-

ments from this study to be associated with previous work.

2.2 | Dust sampling and analysis

Samples were collected using 24 cm diameter Hall Deposition Traps

(HDT; Hall et al., 1993) which were deployed in April 2017 and sam-

pled and re-set in June, August and April for two consecutive years

(Table 2). Sampling seasons are hereafter referred to as spring (sedi-

ments collected in June), summer (sediments collected in August) and

fall/winter (sediments collected in April). At each site, four or five

traps were mounted on tripods with the trap head at a height

between 1.5 and 1.8 m to minimize the capture of material trans-

ported by saltation. HDTs were located at different positions around

each site to capture depositional variation related to local topography

(Kidron et al., 2014). In some cases, when traps were visited to be

emptied they had been knocked over or otherwise damaged by ani-

mals, consequently successful trap retrieval ranged from three to five

per site. The sampling ‘frisbee’ part of each trap contains black foam

(2.5 mm pore size) to trap deposited sediments and prevent re-

entrainment by wind. The frisbee includes a central drain connected

to a hollow tube which leads to a collection bottle. This prevents the

frisbee filling with water and sediments being lost because the rainfall

or snow melt drains in to the collection bottle taking any dust deposits

with it. The 5-l collection bottles are black and contain 200 ml of

2-methyloxyethanol biocide to reduce microbial growth. To retrieve

sediments, the trap foam was removed and placed in the collection

bottle, and any remaining material in the HDT head was washed into

the collection bottle. Bottles and foams were then replaced with clean

ones for the next sampling season and dust samples were stored fro-

zen until further processing.

Particulate materials in dust collection bottles were vacuum fil-

tered onto desiccated pre-weighed 0.45 μm pore size nylon filters or

0.7 μm glass fibre filters. Following desiccation, filtered samples were

reweighed to obtain an estimate of dry mass deposition for each trap.

After weighing, material was ashed at 500�C in a furnace for 4 h to

remove all organic matter. The reciprocal of these loss-on-ignition

(LOI) estimates was then multiplied by the dry mass value to obtain

minerogenic dust masses for each trap and time period (i.e., the mass

of inorganic material collected). Final areal dust deposition estimates

(in g m�2 d�1) were calculated by accounting for trap diameter and

collection period. Annual rates of dust deposition are estimated using

a weighted average factoring in the number of days for each expo-

sure. It should be noted that HDT trap efficiencies are unknown for

cold climate conditions. Similar traps are estimated to be 20–40% effi-

cient at wind speeds up to 5 m s�1 (Sow et al., 2006) but dust entrain-

ment is not expected in this region until wind speeds exceed 6 m s�1

(Bullard & Austin, 2011; Dijkmans & Törnqvist, 1991). The expecta-

tion therefore is that our values of dust deposition are an underesti-

mate. In addition, topography is known to result in different dust

deposition rates on windward and leeward slopes (Comola

et al., 2019; Goossens, 1996). Where the resultant direction of dust

transport is consistent and unimodal this leads to distinctive spatial

patterns of aeolian deposition (Muhs et al., 2004; Schaetzl

et al., 2021); however, at the study sites used here sediment T
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transporting winds are expected to be bimodal or multidirectional and

to vary within and between seasons in reponse to local topographic

and thermal drivers, and regional weather systems (Bullard &

Austin, 2011; Bullard & Mockford, 2018; Heindel et al., 2015). The

long trap exposure times used here mean that wind direction, and

hence dust transport direction, is likely to be highly variable within

each sampling period and the HDT trap most likely to capture highest

rates of dust deposition will change from season to season. For this

reason annual rates of deposition are calculated first using the median

of all traps deployed during each season, and second using only the

trap at each site that recorded the greatest total dust mass per sam-

pling period.

Particle size analysis of the minerogenic material retrieved from

the traps was conducted using a Beckman Coulter LS 230 laser sizer

in the range 0.375–2000 μm with 93 class intervals. Due to the low

dust mass accumulated in some traps, at each site the sediment from

all the HDTs was bulked together to produce an average particle size

distribution for each sampling period at each location.

2.3 | Environmental data

Meteorological data were used to determine the environmental condi-

tions – wind speed, wind direction, precipitation, temperature – that

occurred during the period of dust collection. Data were obtained

from the WMO station at Kangerlussuaq airport (WMO 04231)

located mid-way along the sampling transect (Figure 1). At the time of

HDT sample collection, traps from the five different sites were

retrieved over a period of several days as it was not logistically possi-

ble to empty and reset all the HDT traps in a single day. In order to

associate the meteorological data with the dust data a representative

single start and end date for each season was used (Table 2).

T AB L E 3 Minerogenic dust mass (g m�2 d�1) for each trap

HDT Sp2017 Su2017 FaWi1718 Sp2018 Su2018 FaWi1819

SS85 1 n/d 0.11 0.02 0.02 0.03 0.02

2 n/d 0.11 0.03 0.07 0.18 0.02

3 n/d 0.13 0.01 0.04 0.07 n/d

4 n/d 0.06 0.02 0.05 0.04 n/d

5 n/d 0.07 n/d n/d 0.09 0.01

Mean 0.09 0.02 0.04 0.08 0.02

Median 0.11 0.02 0.05 0.07 0.02

SS1590 1 0.72 0.05 n/d n/d 0.02 0.05

2 0.39 0.06 n/d n/d 0.02 0.03

3 0.48 0.06 0.01 0.01 0.05 0.04

4 0.08 0.05 0.02 0.02 0.02 0.04

5 0.56 0.06 n/d 0.09 0.05 0.02

Mean 0.44 0.06 0.01 0.04 0.03 0.04

Median 0.48 0.06 0.02 0.02 0.02 0.04

SS17b 1 0.39 0.12 0.03 0.04 0.09 0.02

2 0.10 0.06 0.03 0.04 0.08 n/d

3 0.25 0.04 0.02 0.03 0.04 n/d

4 0.15 0.03 n/d 0.06 0.04 0.02

5 0.53 0.03 n/d n/d 0.04 0.03

Mean 0.28 0.06 0.03 0.04 0.06 0.02

Median 0.25 0.04 0.03 0.04 0.04 0.02

Ridge 1 0.74 0.05 0.05 0.06 0.03 0.02

2 0.98 0.09 0.02 0.04 0.04 0.02

3 0.11 0.04 0.02 0.04 0.03 0.02

4 0.66 0.08 0.02 0.04 0.02 0.01

Mean 0.62 0.06 0.03 0.05 0.03 0.02

Median 0.7 0.07 0.02 0.04 0.03 0.02

SS906 1 0.42 0.03 0.11 0.03 0.02 0.03

2 0.78 0.04 0.03 0.03 0.06 0.02

3 0.83 0.09 0.01 0.03 0.05 n/d

4 n/d 0.05 n/d n/d n/d 0.03

Mean 0.68 0.05 0.05 0.03 0.04 0.02

Median 0.78 0.05 0.03 0.03 0.05 0.03

Note: n/d denotes trap not deployed or damaged during deployment.
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The measurements of dust deposition are cumulative for each sea-

son and it is not possible from these to determine the extent to which

deposition resulted from a single or few large dust events, or multiple

small events. Secondary data, such as WMO dust codes (Dagsson-

Waldhauserova et al., 2014; O’Loingsigh et al., 2014) and visibility

records (Mahowald et al., 2007; Xi, 2021), are widely used for long-term

studies and broadscale mapping of dust activity and their use is

explored here to determine whether they can provide some insight into

the magnitude and frequency of dust events contributing to overall

deposition at the seasonal scale. The WMO defines 11 different

internationally-recognized weather codes relating to dust events and

the dust codes recorded at Kangerlussuaq airport were extracted from

the meteorological record. Strong relationships have been found

between visibility and atmospheric dust concentration both close to

source and regionally (10–100 km from source; Baddock et al., 2014;

Leys et al., 2011; Wang et al., 2008). Leys et al. (2011) associate visibil-

ity of ≤ 0.2 km with a severe dust storm, > 0.2–1.0 km with a moderate

dust storm, > 1.0–5.0 km with a severe dust haze and > 5.0–10.0 km

with a moderate dust haze. Visibility is recorded hourly at the airport

meteorological station and was also used to determine the potential fre-

quency of different types of dust event as defined by visibility.

In addition to aeolian transport capacity, a key control on dust

emissions is sediment supply which in proglacial areas can be closely

linked to meltwater suspended sediment transport (Bullard, 2013).

The main dust sources in the Kangerlussuaq region are proglacial out-

wash plains and delta sediments at the head of Kangerlussuaq fjord

which are regularly replenished by the deposition of meltwater

suspended sediments from the Watson River (Hasholt et al., 2013).

Previous research has identified a positive relationship between the

concentration of suspended sediments predominantly ≤ 2 mm diame-

ter and discharge from the Watson River (Hasholt et al., 2018). We

therefore used published meltwater discharge data for the Watson

River (van As et al., 2019) as an indication of potential sediment sup-

ply to the floodplain dust sources. An additional dust source may be

from the reworking of loess deposits which extend from the ice sheet

margin to approximately 70 km west (Heindel et al., 2015).

3 | RESULTS

3.1 | Dust deposition measurements

Minerogenic dust deposition was recorded at all sites and for all sam-

pling periods. Daily rates of dust deposition across the whole data col-

lection period ranged from 0.01 g m�2 d�1 to 0.98 g m�2 d�1 for

individual traps and the mean dust deposition per site (all seasons)

ranged from 0.06 g m�2 d�1 to 0.14 g m�2 d�1 (Table 3). Figure 2

shows the variability in daily dust deposition for each site by season.

Spring 2017 recorded the highest rates of dust deposition with

median values ranging from 0.25 to 0.7 g m�2 d�1 per site and an

overall median deposition for all traps of 0.48 g m�2 d�1. The next

highest seasonal median value is summer 2017 (0.06 g m�2 d�1). The

fall/winter deposition rates are the same for both years at 0.02 g m�2

d�1. Spring and summer 2018 have the same median deposition rates

of 0.04 g m�2 d�1. The annual dust deposition estimated using a

weighted average (median) to account for the different trap exposure

periods, and using all traps, is 37.3 g m�2 for 2017–2018 and

9.74 g m�2 for 2018–2019. The annual deposition estimated using

only the trap recording the highest dust mass per site is 93.9 g m�2

for 2017–2018 and 28.4 g m�2 for 2018–2019.

Figure 3(a) summarizes the cumulative dust deposition measured

at the four sites where samplers were deployed for the full 2 year

period. This excludes data from SS85 where sampling did not start

until summer 2017. The highest median cumulative dust deposition

was recorded at the two sites closest to the GrIS, SS906 62.29 g m�2

(1.8 km) and the Ridge 61.58 g m�2 (5.6 km). Less dust was deposited

overall at SS17b, 18.5 km from the ice (25.99 g m�2). At SS1590,

33.4 km from the ice, the median cumulative dust deposition was

47.2 g m�2. Excluding the data from spring 2017 enables change over

a longer distance to be examined by including data from SS85 and

removes the unusually high values from this season (Figure 3b). For

this record, median values for all sites are similar and in the range

12.61–17.78 g m�2. Quantities of dust in each trap are highly variable

when spring 2017 is included in the data but variability is considerably

reduced at all sites when it is removed (Figure 3). Without the excep-

tionally high values from spring 2017, there is no systematic regional

change in the quantity of dust deposition with distance from the GrIS.

3.2 | Dust particle-size characteristics

The mean particle size of material for all sampling periods was in the

range 7–36 μm indicating trapped sediments predominantly comprise

fine to coarse silts (Figure 4). At all sites, the particle size distribution

is fine-skewed and multimodal with one or more dominant silt modes

(< 63 μm) and a minor secondary clay mode (< 2 μm). The proportion

of particles < 2 μm ranges from 3.1% to 14.2% for all sites and

seasons. In all seasons except summer 2018, the dominant mode at

each site is in the medium, or fine-medium silt range. The dust

deposits captured in summer 2018 have a higher proportion of

coarser particles (> 32 μm) with the dominant mode ranging from

41 μm (Ridge) to 111 μm (SS1590; coarse silt to very fine sand).

During both summer sampling periods the sediments trapped at

SS906 (1.8 km from the GrIS) are coarser than at other sites. Figure 5

summarizes the change in sediment texture of the dust deposits with

distance from the ice sheet and by season. There is very little change

in the proportion of particles < 2 μm trapped with distance from the

ice sheet which is typically c. 10% in spring and fall/winter but less

than 10% in summer.

3.3 | Secondary dust data

During the entire period of trap deployment the WMO station at

Kangerlussuaq airport recorded five out of the 11 possible WMO dust

codes on 13 different days (Table 4). In 2017–2018 dust codes were

only recorded on 2 days, both in June 2017, and were codes 6 and

7 (dust haze and raised dust, respectively). In 2018–2019 dust codes

were recorded on 11 days distributed across all seasons and of these

one was a moderate event (code 31), and six were severe events

(code 34). In most cases dust was only recorded for 1 to 2 h, the

exception being the event of 16 August 2018 which was observed

over 6 h. Wind speed observed at the same time as the dust events

varied from 1 to 21 m s�1 and wind direction was typically from the

2398 VAN SOEST ET AL.
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northeast–east-northeast (down valley) or southwest–west

(up-valley). The average visibility from the airport was ≥ 37 km

(Table 2); however, on every day of the sampling period visibility was

reduced to ≤ 10 km for at least one observation per day (Table 5).

Visibility was reduced to ≤ 0.4 km on each occasion that a

code 34 event was noted but for all other dust codes visibility was >

F I GU R E 2 Seasonal variation
in dust deposition per site by
season and year. Box plots
indicate median (bold line), first
and third quartiles. Note: y-axis
scale differs for each plot

F I GU R E 3 (a) Total dust
deposition (entire sampling
period) by site with distance away
from the GrIS. Panel excludes
SS85 (37.4 km) for which no
spring 2017 data are available.
(b) Dust deposition from summer
2017 to fall/winter 2018–2019,
that is excluding spring 2017. Box
plots indicate median (bold line),
first and third quartiles

VAN SOEST ET AL. 2399
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1 km (Table 4). Table 5 summarizes the frequency of days with at least

one observation at which visibility was reduced to ≤ 10 km, which

includes 16 days where visibility ≤ 0.2 km. Visibility reduction was

recorded most frequently during the fall/winter in both years.

3.4 | Environmental drivers

Meteorological data for the sampling periods are summarized in

Table 2. The mean wind speed was highest for both summer seasons

(> 4 m s�1) and in the range 3.5–3.7 m s�1 for all other sampling

periods. Field observations by Dijkmans and Törnqvist (1991) and

Bullard and Austin (2011) suggest a typical wind speed threshold of

6 to 7 m s�1 is required to entrain silts and fine-medium sands in the

region. Allowing for the different lengths of the sampling periods, the

seasons with the highest frequency of winds > 6 m s�1 are spring and

summer (averaging > 5 h d�1) whilst the fall/winter periods have the

lowest frequency. Windspeeds stronger than 10 m s�1 were recorded

mostly in the two winter seasons and spring 2018. For all seasons, the

dominant direction for winds > 6 m s�1 is southerly in the spring and

broadly south-easterly in the other sampling seasons. Total precipita-

tion includes both rain and snow and was higher in the summer and in

line with long-term patterns.

The long-term baseline (1981–2010) temperatures at

Kangerlussuaq are �7.2�C (March–April–May), +9.5�C (June–July–

August), �4.4�C (September–October–November) and �18.7�C

(December–January–February). For logistical reasons, the sampling

periods used here overlap the traditional definition of ‘seasons’ or are
partial. For example FaWi1718 includes late summer (end August), all

of autumn (September, October, November), winter (December,

January, February) and early spring (March to mid-April). Spring 2018

in turn runs from mid-April to mid-June, that is excludes early spring

and includes early summer. Nevertheless, the average temperature for

each ‘season’ as defined here corresponds to the long-term tempera-

ture pattern but with spring and fall/winter means being higher than

the standard baseline at least partly due to their incorporation of part

of the summer or spring period, respectively (Table 2). In spring 2016,

the year preceding deployment of the dust traps, a new high spring

F I GU R E 4 Particle size
distribution by season of dust
deposits averaged for all traps at
each site

2400 VAN SOEST ET AL.
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F I GU R E 5 Summary of
particle size characteristics with
distance away from the GrIS
grouped by season

T AB L E 4 World Meteorological Organization (WMO) weather codes related to dust (from O’Loingsigh et al., 2014) and associated wind
speed, direction and visibility records recorded at Kangerlussuaq between April 2017–April 2019. Where multiple visibility records are available
for a single event only the lowest is reported here

SYNOP
code Weather description Date reported

Duration
(h)

Wind speed
(m s�1)

Wind direction
(deg)

Visibility
(km)

6 Widespread dust in suspension in the air, not

raised by wind at or near the station at the

time of observation.

5 June 2017 1 21 250 5.6

7 Dust or sand raised by wind at or near the

station at the time of observation, but no

well-developed dust whirl(s) or sand whirl(s)

and no dust storm or sandstorm seen.

16 June 2017 1 18 250 2.2

17 May 2018 1 24 100 6.2

28 June 2018 1 16 n/a 6.2

27 October

2018

1 13 60 3.1

9 Dust storm or sand storm within sight at the time

of observation, or at the station during the

preceding hour.

3 October 2018 1 18 250 4.4

31 Stable slight or moderate sand or dust storm with

visibility < 1000 m but > 200 m.

9 March 2018 1 6 60 6.2

34 Stable severe dust storm with visibility < 200 m. 19 March 2018 1 2 50 0.2

22 April 2018 2 1–2 60–260 0.1

18 July 2018 2 1–3 110–130 0.2

16 August 2018 6 1–7 50–240 0.1

13 December

2018

1 6 50 0.4

22/ December

2018

1 6 60 0.2

VAN SOEST ET AL. 2401

 10969837, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/esp.5384 by U

kri C
/O

 U
k Shared B

usiness N
A

T
U

R
A

L
 E

N
V

IR
O

N
M

E
N

T
 R

SC
H

 C
O

U
N

C
IL

, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



temperature record was set with a temperature anomaly of 6.7�C.

Seasonal temperature anomalies during the field sampling period were

typically < 1�C with the exception of spring 2019 where temperatures

were 2.5�C above the baseline (Tedesco et al., 2018).

The relationship between dust deposition recorded during each

sampling period and the average air temperature, wind speed and pre-

cipitation during the same period is shown in Figure 6. For the mea-

surements recorded here, spring 2017 is a clear outlier with dust

deposition an order of magnitude higher than the other sampling

periods and for all sampling periods there is no relationship between

dust deposition and meteorological conditions. Excluding data from

spring 2017, there is a positive significant relationship between sea-

sonal dust deposition and both mean air temperature and wind speed.

Mean annual discharge from the Watson River from 2006 to

2018 was 6.47 km3. In 2016, the year prior to this study, discharge

was very high, at 8.2 km � 1.3 km3 triggered by the record high spring

temperatures. In 2017 and 2018 discharge was below average at

4.3 � 0.6 km3 and 3.76 � 0.66 km3, respectively (van As et al., 2019).

4 | DISCUSSION

4.1 | Seasonal and annual dust deposition rates
and drivers

Rates of dust deposition measured over short time periods are highly

variable and inevitably depend on whether or not the measuring

period coincides with dust emission events. The individual daily trap

rates of dust deposition for this study (0.01–0.98 g m�2 d�1) are com-

parable with previous short-term measurements in the Kangerlussuaq

area by Fowler et al. (2018; 0.93 g m-2 d-1) and our site averages

(0.06–0.16 g m�2 d�1) are similar to those from high latitude locations

in southern South America (0.014–0.158 g m�2 d�1; Cosentino

et al., 2021). Previous studies have suggested year-round dust emis-

sions in Kangerlussuaq with peaks in spring and autumn (Bullard &

Mockford, 2018) but also with dust storms in the winter

(Hobbs, 1931). Engels (2003) reported dust accumulation values over

a snow season (October 2000–April 2001) of 1.97 to 4.33 g m�2

which suggests a daily rate of 0.01–0.02 g m�2 and corresponds well

to the 0.03 g m�2 d�1 winter rates reported here.

Annual estimates of dust deposition rates vary considerably from

location to location and with distance from their dust source(s).

Lawrence and Neff (2009) conducted a meta-analysis of global dust

deposition rates in > 50 areas and found typical deposition rates of

50 to 500 g m�2 yr�1 occurring within 10 km of the dust source,

1–50 g m�2 yr�1 within 10–1000 km of the source (‘regional’ deposi-
tion) and ≤ 1 g m�2 yr�1 at more than 1000 km from source. In the

Kangerlussuaq region, there are multiple dust sources (Figure 1) and

bidirectional winds which mean that all the traps deployed for this

study are within 20 km of one of the active outwash plains or fjord

delta. The estimates of annual dust deposition reported here are

9.74–37.3 g m�2 yr�1 (trap average per site) or 28.4–93.9 g m�2 yr�1

(highest deposition rate per site) and are consistent with the local to

regional values suggested by Lawrence and Neff (2009). They are also

the same order of magnitude as those reported from high latitude

regions of New Zealand (26.4 g m�2 yr�1; Marx & McGowan, 2005),

southern South America (40 g m�2 yr�1; Cosentino et al., 2020),

British Columbia (11 g m�2 yr�1; Owens & Slaymaker, 1997) and

low-medium deposition areas in Iceland (13–117 g m�2 yr�1;

Arnalds, 2010).

Previous estimates of annual dust deposition around

Kangerlussuaq range from 2 g m�2 (extrapolated from short-term

summer sampling; Engels, 2003) to 70 g m�2 (Willemse et al., 2003).

The 2 years of dust deposition in West Greenland reported here sug-

gest considerable interannual variability. This is to be expected as

most studies from dust emission regions in both low and high lati-

tudes report highly variable seasonal and annual deposition rates. This

variability is typically driven by the seasonal interplay of factors

affecting sediment supply, availability and transport capacity

(Bullard, 2013; Zender & Kwon, 2005) interacting with large scale

periodic climate patterns such as El Nino-Southern Oscillation

(Cosentino et al., 2020; Li et al., 2021; Marx et al., 2009). With only a

2-year record of measurements it is not possible to examine the

impact of climate periodicity on West Greenland dust emissions, but

there are sufficient data to consider seasonal drivers.

From the overall quantity and particle-size characteristics of the

dust sampled during this study, we can infer that the dust is

entrained from proximal sources (< 100 km) within Greenland,

rather than having been transported long distances (Lawrence &

Neff, 2009; Tsoar & Pye, 1987). Further support for this comes

from the multi-modal particle-size characteristics of the dust

deposits which closely correspond to those of the suspended load

(Lund-Hansen et al., 2010) and outwash plain deposits (Bullard &

Austin, 2011) of the Watson River. Many studies of dust deposition

are carried out in locations a considerable distance from the contrib-

uting dust source; however, in this case both emissions (not

reported here) and deposition are associated with environmental

conditions local to the study sites. The amount of dust in the

T AB L E 5 Average total dust deposition measured per sampling period and frequency of days with reduced visibility

Total dust deposition
Number of days with visibility reduction

Season (g m�2) ≤0.2 km 0.2–1 km >1–5 km >5–10 km

Sp2017 28.4 0 3 13 59

Su2017 3.5 0 0 10 53

FaWi1718 6.9 7 32 114 244

Sp2018 2.6 3 6 27 65

Su2018 2.9 1 1 9 58

FaWi1819 6.1 5 32 91 243

2402 VAN SOEST ET AL.
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atmosphere reflects how much sediment is available for entrainment

and the transport capacity of the wind which meteorologically are

linked directly or indirectly to wind speed, temperature and precipi-

tation. Typically, where sediment is available, an increase in wind

speed leads to an increase in the amount of dust in the atmosphere

and an associated increase in dust deposition (Figgis et al., 2018;

Lancaster, 2002; Offer & Goossens, 2004; O’Hara et al., 2006;

Reheis & Urban, 2011). For the results reported here, there is a sig-

nificant positive relationship between wind speed and dust deposi-

tion if the data from spring 2017 are excluded. In spring 2017, dust

deposition was an order of magnitude higher than in all the other

sampling periods, but wind speeds were not notably high. This

suggests sediment supply and availability may have been more

important controls on dust deposition in spring 2017 than transport

capacity.

The main sediment supply for dust emissions around

Kangerlussuaq is from suspended sediments in meltwater following

their deposition across the outwash plains and delta area (Bullard &

Austin, 2011; Dijkmans & Törnqvist, 1991). A time lag can occur

between the deposition of meltwater sediments and wind entrain-

ment that produces dust emissions which can vary from hours to

months and may be caused by sediments being wet, frozen or snow-

covered, or low wind speeds (e.g., Dagsson-Waldhauserova

et al., 2013; Mockford et al., 2018; Prospero et al., 2012). Discharge

from the Watson River in 2016 – the year before this study – was

8.2 � 1.3 km3, one of the highest since 2006 (van As et al., 2019).

Hasholt et al. (2018) identified a positive relationship between

suspended sediment concentration and discharge for the Watson

River from which we can infer that meltwater sediment supply was

high that year and this may have resulted in a greater supply of fine

F I GU R E 6 The relationship between
total dust deposition and average
temperature, wind speed and
precipitation. Panels on the left including
data for spring 2017. Panels on the right
exclude data for spring 2017

VAN SOEST ET AL. 2403
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sediments to the Sandflugtsdalen outwash plain and/or reworking of

the floodplain resulting in a fining upwards sequence of sediments

suitable for wind erosion (Bullard & Austin, 2011).

Once supplied to the outwash plain, these sediments may not

immediately be available for entrainment due to high moisture con-

tent and/or below threshold winds. Sediment availability may also be

limited by low temperatures causing freezing of sediments or snow

cover during the winter. With a time lag between meltwater deposi-

tion of sediments on the outwash plain, sufficient desiccation for

erodibility and the occurrence of above threshold winds, this priming

input of sediment supply in summer 2016 may account for the very

high rates of dust deposition recorded during spring 2017. Subse-

quent annual discharge of the Watson River was below average

(4.3 km3 in 2017; 3.76 km3 in 2018) which is less likely to have

replenished the outwash plains possibly explaining the comparatively

low dust deposition rates measured in subsequent seasons.

With regards to other meteorological variables, some studies

have found a positive relationship between concurrent dust deposi-

tion and temperature (e.g., O’Hara et al., 2006; Rymer et al., 2022)

attributed to higher temperatures causing drying of the sediment sur-

face and lowering the threshold for wind entrainment but this is not

universal. As with wind speed, there is a significant relationship

between dust deposition and temperature for the Kangerlussuaq

region for sampling periods excluding spring 2017 (Figure 6). Finally,

in this study, there is no relationship between dust deposition and

precipitation. There are few reports of any relationship between dust

deposition and precipitation for concurrent intervals but several stud-

ies have found a relationship between antecedent precipitation and

high dust emissions (McTainsh et al., 1998; Offer & Goossens, 2004;

Reheis & Urban, 2011). In warmer regions, the time lag between pre-

cipitation and dust deposition has been linked to a temporary reduc-

tion in sediment availability for example due to ephemeral vegetation

suppressing dust emissions (Mao et al., 2013; McTainsh et al., 1998)

or the formation of dust-inhibiting physical and/or biological surface

crusts in response to rainfall (Bullard et al., 2022). Established biologi-

cal crusts are present at the Kangerlussuaq study sites and form on,

and protect, wind-eroded soils (Heindel et al., 2019) but factors

directly affecting sediment availability on the outwash plains such as

moisture availability (Mockford et al., 2018) or the development of a

protective lag deposit (Bullard & Austin, 2011) are likely to have a

greater influence on overall dust emissions.

The earlier-mentioned suggests that when sediment availability is

limited, dust deposition reflects contemporary meteorological condi-

tions. When sediment availability is unlimited, the amount of dust

available for deposition is increased but, as observed in other studies,

there could be a time lag between increased sediment supply and dust

emissions.

4.2 | Relationship between measured dust
deposition and secondary records

A wide range of studies has used dust-related weather codes to map

spatio-temporal patterns of dust activity but there have been few

attempts to compare field quantification of dust processes with these

proxy data. In the Kangerlussuaq area, some observations of

suspended dust plumes have coincided with dust codes recorded at

the WMO station. Dijkmans and Törnqvist (1991) describe an event

that coincided with a code 7 record (September 1987) and

Engels (2003) noted a ‘very large’ event on 23 June 2001 which was

logged at the WMO station (1400 h, code 7; 1800 h, code 8) but also

an 11.5 h event on 20 June which was not coincident with a dust

code record. Our data suggest inconsistencies between the measured

deposition data and what the dust codes indicate in the

Kangerlussuaq area. Bullard and Mockford (2018) used WMO dust

code analysis to suggest dust emissions occur year-round in

Kangerlussuaq but that the highest frequency of dust event days is

during spring (May, June) and autumn (September, October) and the

lowest during July and August. During the spring 2017 sampling

period, where the highest amount of dust deposition was recorded,

only two dust codes were recorded at the airport weather station and

these were both short-term (1 h) low intensity local events (code

6 and 7) (Table 3). By comparison, in spring 2018 one ‘local’ (code 7)

and one ‘severe’ (code 34) dust event were recorded but dust deposi-

tion was < 10% of that recorded the previous spring. During the fall/

winter 2018–2019 period five coded dust events were recorded, of

which three were severe (code 34) and two local (codes 7 and 9)

which was the highest frequency of code reporting during this study

but corresponded to the lowest measured seasonal deposition rates.

This suggests that for this 2-year period in Kangerlussuaq there is not

a good relationship between dust proxy data and dust deposition

rates, although the latter do suggest dust emissions can occur year-

round and the highest deposition rate was recorded during the late

spring/early summer which is line with Bullard and Mockford’s (2018)

conclusions from long-term dust code analysis. There are also incon-

sistencies between the dust code and visibility records. During spring

2017 visibility reduction of ≤ 1 km was recorded on 3 days which, if

due to dust, suggests that three moderate dust storms (codes 30–32,

98) took place in addition to the two low intensity events that were

recorded (Leys et al., 2011). Similarly, in spring 2018 visibility reduc-

tion to ≤ 1 km was recorded on nine different days but only two dust

events were recorded.

Secondary dust records were examined here in an attempt to gain

an insight into the magnitude and frequency of dust events that con-

tributed to the overall dust deposition measured in each sampling

period, however our analysis suggests that dust code and visibility

data can not reliably be used in this way at this location. Bullard and

Mockford (2018) suggest that topography in the Kangerlussuaq area

may mean that small localized events, for example occurring up-valley

on the Sandflugtsdalen outwash plain may not be recorded at the air-

port which is 16–20 km away. Similarly, dust events occurring near

the airport as a result of deflation of the fjord delta sediments or

anthropogenically-modified surfaces may be recorded as dust codes

or reduced visibility but not contribute to dust deposition at the sites

instrumented for this study located several kilometres away. Other

recognized reasons for the lack of correspondence between dust code

recording, visibility records and dust deposition include inconsistent

and subjective classification of dust events (O’Loingsigh et al., 2010;

Shao & Dong, 2006) and visibility reduction for reasons other than

dust (e.g., fog, snow, rainfall, low cloud, smoke, haze) particularly in

complicated high latitude atmospheric environments. The relationship

between visibility and dust deposition may also be weakened if depo-

sition is dominated by continuous low level background dust activity

rather than episodic dust storm events (Cosentino et al., 2020).

2404 VAN SOEST ET AL.

 10969837, 2022, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/esp.5384 by U

kri C
/O

 U
k Shared B

usiness N
A

T
U

R
A

L
 E

N
V

IR
O

N
M

E
N

T
 R

SC
H

 C
O

U
N

C
IL

, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4.3 | Regional patterns of dust deposition

The deposition of dust in periglacial environments contributes to the

formation of loess deposits and loessic soils. Work on the source and

distribution of such deposits has typically reported a decreasing depth

of deposit comprising smaller particle sizes with distance from the

sediment source that reflects the impact of atmospheric fallout and

size-dependent settling of dust as it is transported downwind

(Hugenholtz & Wolfe, 2010; Muhs et al., 2004; Schaetzl et al., 2021).

Dijkmans and Törnqvist (1991) examined modern periglacial aeolian

deposits around Kangerlussuaq and reported a slight decrease in grain

size over a 6 km transect with increasing distance from the

Sandflugstdalen outwash plain. In their report, the proportion of

material ≤ 8 μm changed little over that distance and generally com-

prised < 5% of the sediments, but the proportion of overall material ≤

63 μm increased from approximately 62% to 78%. Our results also

indicate very little systematic change in the proportion of any size

fraction with distance from the GrIS but do show a seasonal differ-

ence in the characteristics of dust deposits which has been reported

elsewhere (Hugenholtz & Wolfe, 2010). In most seasons only a very

small proportion of material deposited was coarser than 90 μm, for

example 0.24% in Spring 2017 (at SS1590) to 7.4% in Summer 2017

(at SS906), but in Summer 2018 at three sites > 15% of captured

material was ≥ 90 μm. This may be due to localized reworking of

loessic soils and high wind speeds at these sampling locations. In the

Kangerlussuaq region, the lack of a clear regional gradient of

decreasing particle-size or deposition rate likely reflects the

distribution of multiple potential dust sources at different locations

across the field areas, as well as the possibility of localized reworking

or deflation of soils which can occur throughout the area (Heindel

et al., 2015, 2017).

4.4 | Implications for interpretation of
palaeoenvironmental records

The logistical constraints of measuring dust deposition at high lati-

tudes over multiple seasons mean that terrestrial or lacustrine sedi-

ments are the primary means of determining long-term (> 101–

102 years) dust deposition rates (e.g., Dorfman et al., 2015; Muhs

et al., 2003; Müller et al., 2016; Sandgren & Fredskild, 1991).

Although sedimentary records of minerogenic inputs can occasion-

ally provide inter-annual records (e.g., Petterson et al., 2010) which

allow direct comparisons between contemporary measured deposi-

tion rates and sediment-derived rates, they generally integrate over

years and therefore reflect sub-decadal or longer trends (Viles &

Goudie, 2003). In the Kangerlussuaq area, we have obtained two

continuous years of modern dust deposition data. Previously in the

same area long-term rates of dust deposition from sedimentary

records have been determined (e.g., Saros et al., 2019). This

provides an opportunity to compare historical (palaeo) with

contemporary data.

Sedimentary records from low altitude peat profiles below the

Ridge site suggest dust deposition rates varied from 75 to

600 g m�2 yr�1 between 4750 cal. yr BP and modern times (Willemse

et al., 2003). These high rates are likely to reflect the proximity of the

sampling sites to the main dust source on the sandar. Holocene

records from two lakes close to the SS85 and SS1590 sites (c. 200 m

altitude) used here have maximum minerogenic inputs around

80 g m�2 yr�1 (Anderson et al., 2012). In all these records, highest

minerogenic input occurs during the 200–300 years of the climatic

deterioration of the Little Ice Age (LIA). Following the transition from

the end of the Medieval Warm Period and onset of the LIA changes

to the position of the GrIS margin may have led to an increase in

jökulhlaup frequency (Storms et al., 2012) and the floodplain in Sand-

flugtsdalen underwent regeneration (Willemse et al., 2003). Both of

these are likely to have increased sediment supply to the proglacial

floodplain. Although wind velocities may have declined at the start of

the LIA (Kuijpers & Mikkelsen, 2009), the onset of cold, dry conditions

was ideal for subsequent deflation of the floodplain sediments

because wind energy would have been more effective. As suggested

by the contemporary data presented here (Figure 6) the increase in

aeolian activity and deposition to lakes and other terrestrial sinks may

have been the result of increased sediment supply and availability

rather than an increase in wind speed. This supports the notion that

dust deposition and particle-size characteristics can not necessarily be

related to a single environmental driver but instead reflect the com-

bined effects of multiple variables including sediment supply, availabil-

ity, wind regime, precipitation, source location and, where present,

vegetation (Ūjvári et al., 2016; Wang & Lai, 2014).

5 | CONCLUSIONS

Modern paraglacial environments have the potential to be important

sources of contemporary dust and sinks for locally-derived dust depo-

sition. Our measurements of dust deposition near the margin of the

GrIS show that high latitude dust deposition occurs year-round. More

dust was deposited during spring and summer than during the winter

months. Our comparison of records of dust-related weather codes

with field measurements of dust deposition for the Kangerlussuaq

area show there is not a good relationship between dust proxy data

and dust deposition rates over the short term. This may be due to the

varied topography in this recently-deglaciated area but could also

result from inconsistent or inaccurate recording of dust codes and vis-

ibility reduction.

Our measurements of annual dust deposition for each year are

very different, but all remain consistent with the local to regional

values expected from estimates for other locations at both high and

low latitudes. For 2017–2018 and 2018–2019 the differences in

annual dust deposition are accounted for by substantially higher dust

deposition during a single season (spring 2017). Analysis of other local

environmental data show this can be attributed to above average sup-

ply of sediment to the floodplain during 2016, which then became

available for deflation during spring 2017, rather than an alternative

driver such as strong winds. The importance of sediment supply, as

compared to wind velocity, may have implications for the interpreta-

tion of palaeoenvironmental records as very high rates of aeolian

deposition in sedimentary records may reflect sediment availability

rather than an increase in wind speeds. Excluding spring 2017, there

is a positive relationship between seasonal dust deposition and both

air temperature and wind velocity. Any increase in air temperature in

the Arctic may increase future aeolian deposition rates assuming suffi-

cient sediment supply.
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