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Abstract 

Ash resuspension forecasts are only as good as the meteorological data that drives them. Near-
surface wind velocity can be affected by topography and is therefore sensitive to topographic 
resolution. The UK Met Office produces ash resuspension forecasts for southern Iceland using the 
Numerical Atmospheric-Dispersion Modelling Environment (NAME) model, assuming an ash source 
area based on the Eyjafjallajökull 2010 and Grímsvötn 2011 eruption deposits. Currently, a 10 km 
horizontal resolution meteorological and topographic data configuration is used. This study 
investigates the effect of horizontal resolution on resuspension modelling by comparing NAME 
forecasts made using the 10 km configuration and a 4 km configuration for a case study period from 
18/09/2018 to 21/09/2018. Since NAME’s resuspension scheme depends strongly on wind friction 
velocity (𝑢∗), 𝑢∗ data from both configurations were also compared. 

Model runs using the 4 km configuration predict around 2.3 times as much mass resuspended, with 
a wider plume. This is in part because a portion of the model source areas substantially released 
particles only when the 4 km configuration was used. The more complex topography of the 4 km 
resolution affected the surface wind vectors calculated by the model, for example channelling winds 
through valleys unresolved by the 10 km data. The distribution of wind friction velocity highs and 
lows also differed between resolutions, indicating that increasing resolution does not simply cause 
an increase in particle release rates or active source area size, but that the increased complexity 
allows for more localised effects to be modelled. Therefore, forecasts using higher resolution data 
are more accurate and could predict resuspension in areas that lower resolution forecasts would 
miss. The presence of many high wind friction velocity areas and observed resuspension events 
outside of the standard NAME resuspension source indicates that an updated source map should be 
considered. 
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Chapter 1: Introduction and Background 
1.1 Introduction 
Volcanic eruptions can leave behind widespread deposits of unconsolidated tephra. Volcanic ash, 

like other sediments, can be resuspended by wind to form plumes that transport material over long 

distances (e.g. Figure 1). Resuspension events can occur regularly for many years after an eruption 

(Forte et al., 2018) posing long term health risks to people and animals, and impacting aviation and 

farming in similar ways to fine ash during eruptions. Forecasting these events is therefore important, 

especially in high risk areas such as Iceland. Ash resuspension forecasts can be made using 

atmospheric dispersion models.  

 

Figure 1. A satellite image taken at 11:32 am on 20-09-2018 by the polar orbiting NPP Suomi satellite. 
Resuspended ash plumes are highlighted by the red boxes. Supplied by the UK Met Office. 

The London Volcanic Ash Advisory Centre (VAAC) is responsible for monitoring and modelling ash 

clouds over the North-eastern Atlantic, Scandinavia, Iceland and the UK. Ash plumes produced in or 

encroaching on this area are modelled using the UK Met Office’s Numerical Atmospheric-dispersion 

Modelling Environment (NAME) (Jones et. al., 2007) to produce forecasts which predict the likely 

location of the ash cloud in the future. The UK Met Office also works with the Icelandic Met Office to 

produce daily volcanic ash resuspension forecasts for Iceland using NAME.  

The UK Met Office has recently phased out a 4 km horizontal grid configuration for meteorological 

and topographic data which was for Europe only and is now using their global 10 km configuration 

for everywhere but the UK, so that only 2 configurations need to be generated rather than 3. This 
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project assesses whether this decrease in resolution will have a significant effect on ash 

resuspension forecasts and, if so, to understand why.  This was done through a case study 

comparing forecasts produced using the 4 km Euro4 and 10 km Global configurations for 18th – 21st 

September 2018, when a major resuspension event occurred (Figure 1). This event was chosen 

because it was the most recent instance of ash resuspension in south Iceland at the time of the start 

of this project. 

1.2 Impacts of Ash Resuspension 
The impacts of resuspended ash are similar to those of erupted ash. Prolonged exposure to ash 

storms that can occur where ash deposits are common can cause a range of effects on health, 

farming and infrastructure (e.g. Horwell, 2007 and Wilson et al., 2011).  

Flying through clouds of resuspended volcanic ash can cause the same range of problems for aircraft 

as during volcanic eruptions, from reducing visibility through cockpit widows due to abrasion, to 

causing complete engine failure due to ash melting in the engine combustion chamber. For example, 

on the 20th-21st September 2003 a resuspended ash event occurred at Katmai volcano cluster in 

Alaska and produced an ash plume that rose to an altitude of 1600 m and travelled 230 km over the 

Gulf of Alaska (Hadley et al., 2004). Some flights were cancelled until the event was over; although 

others did fly because favourable weather conditions allowed them to identify and avoid the ash 

cloud (Hadley et al., 2004). A resuspended plume generated in late April 2017 in southern Iceland 

reached an altitude of around 1800 m (Hammond and Beckett, 2018). 

Atmospheric particulate matter with a diameter of approximately <20 µm is susceptible to 

resuspension (Loosmore and Hunt, 2000), and particulates with a diameter <10 µm (PM10) can cause 

harm to the respiratory system of people and animals as small particles can infiltrate deep into the 

lungs (Horwell, 2007). Exposure to fine airborne volcanic ash also has the potential to cause a form 

of pulmonary fibrosis called silicosis if a patient is exposed to a significant amount over years to 

decades. However, no cases have yet been observed in Iceland (Gudmundsson, 2010). Airborne ash 

can also affect agriculture as the ash can cause abrasion of vegetation and of livestock teeth, 

contaminate feed supplies, cause gastrointestinal problems if ingested, and can bury farmland 

completely if there is a high enough volume (Wilson et al., 2011).  

Though airborne ash and dust can be detrimental to plants and animals, it can also be an important 

source of nutrients, for example the Amazon rainforest is supplied with nutrients from windblown 

Saharan dust (Bristow et al., 2010). Productivity in the ocean is highly dependent on nutrient supply, 

as phytoplankton blooms quickly consume them until the limiting nutrient is depleted.  
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Fe-bearing ash from Icelandic volcanoes can provide a source of dissolved iron to the North Atlantic 

(Achterberg et. al., 2013), but can also promote removal of iron by scavenging onto ash particles 

(Rogan et. al., 2016). Resuspended Icelandic ash and dust can be deposited at sea, with an estimated 

0.567 to 1.4 million tons of iron deposited over a wide area (>370000 km2) per year (Arnalds et al., 

2014).  

1.3 Resuspension 
Resuspension occurs when the force exerted on grains by wind overcomes gravity and cohesion. It 

generally occurs in areas with loosely consolidated sedimentary deposits, such as the deserts in the 

global dust belt, glacial floodplains and tephra deposits. Dust is a general term referring to 

suspended dry particulate matter on a submicron to tens of microns scale which covers particles 

from a variety of natural and anthropogenic sources. Ash refers specifically to airborne particles of 

volcanic origin (American Meteorological Society, 2019). Icelandic particulate matter with a diameter 

of <20 µm have similar blocky and crystalline morphologies to conventional dust, whereas particles 

with a diameter >20 µm tend to contain volcanic features such as bubble wall shards, vesicles and 

bubble imprints (Butwin, 2020). Many factors can affect the susceptibility of ash to resuspension 

including soil moisture content, ash fallout characteristics, meteorological conditions such as recent 

precipitation rates, vegetation cover and terrain roughness (Gillette and Passi, 1988).  
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Figure 2. Diagram showing the three modes of transport of particles under wind action (Bosch Bruguera and 
Srama 2014). The smallest particles are depicted as being suspended, the moderately sized particles saltate 
and the largest creep.  

There are three modes of particle motion caused by wind: suspension, saltation and surface traction 

(Figure 2).  

The surface friction velocity 𝑢∗ in a fluid flowing over a surface is the square root of the ratio of 

shear stress 𝜏 to fluid density 𝜌 (Equation 1).  

𝑢∗ = (𝜏 𝜌)⁄ /
           (1) 

It can be used to approximate the vertical component of turbulent wind speed near the ground 

surface (Greeley and Iversen, 1985). The friction velocity is a measure of the force exerted on grains 

by the wind. 

Therefore, if the terminal speed of a particle is less than the wind friction velocity, the particle can 

be supported and lifted into suspension by the turbulent eddies (Greeley and Iversen, 1985). If the 

particle terminal velocity is much larger than the wind friction velocity the particle is less affected by 

the turbulence and tends to travel through saltation, in low, arcing trajectories (Figure 2). Grains that 

move by surface traction (creep) are generally pushed along by impacts with saltating grains as they 

are too heavy to be lifted by the turbulence (Greeley and Iversen, 1985). 

1.4 Sources of resuspended ash 

1.4.1 Iceland 

Iceland is one of the dustiest places in the world due to a combination of volcanic ash deposits and 

glaciogenic dust (Dagsson-Waldhauserova et al., 2014). Between 30.5 and 40.1 M tons of dust per 

year are emitted, including ash as well as other particulates, making the island a highly active dust 

source (Arnalds et al., 2014). There are extensive areas that experience severe erosion (Arnalds et 

al., 2014), including areas near volcanoes and coastal plains where sediment is deposited by rivers 

and floods of glacial meltwater (jökulhlaups). 
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Figure 3. Map of Icelandic land cover and areas of high erosion (Arnalds et al., 2014). The main dust plume 
source areas are shown by the grey circles (Arnalds, 2010). The red and orange areas also experience high 
levels of erosion; the southern glacial outwash plains are visible as red areas along the coast. Data for the map 
is from the Agricultural University of Iceland land cover database. 

Iceland is also host to some of the most extreme dust events in the world. One in which 1440 kg m-1 

hr-1 of ash was mobilised over 6.5 hours occurred in September 2010 (Arnalds et al., 2013). There are 

sandy deserts with high erosion rates across Iceland, particularly the centre, south and coastal areas 

(Figure 3). There are seven areas identified as ‘dust hotspots’ which have the highest frequency of 

dust events (Figure 3, Arnalds 2010). Erodible deposits include glaciogenic sediment and tephra from 

recent eruptions such as Grímsvötn 2011. Generally, glacial environments have high dust emission 

rates because outflow water and glacial floods (jökulhlaups) transport fine particles which collect on 

floodplains, for example the Sandur plains on the southern Icelandic coast (Figure 3). At present 

Iceland has a glaciogenic dust deposition rate of >500 g m-2 yr-1, which is the highest in the world 

(Arnalds, 2010). The glaciers that supply the floodplains are retreating because of climate change 

(Arnalds, 2010), which may cause more ash plains to become exposed and increase the amount of 

erosion in this area (Arnalds, 2014). The dust hotspots (Figure 3, Arnalds et al., 2016) are assumed to 

contribute significantly to the total Icelandic dust emissions; however, their total area is small, 

making up ~400 km2 of the 16.7×103 km2 of active Icelandic particulate sources (Groot Zwaaftink et 

al., 2017). 
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Figure 4. Floodplain at Maelifellssandur. The glacial front can be seen in the distance. This dust field is around 
25 km2. The finest materials are visible as the lighter areas around the channels (Arnalds et al., 2013) (Photo: 
O. Arnalds, from 2012) 

Resuspension events generally occur in the north-east and south of the island. North-eastern events 

tend to be caused by south-westerly winds and occur predominantly in summer/autumn. Southern 

events tend to be caused by north-westerlies and occur in winter/spring (Dagsson-Waldhauserova et 

al., 2014). Ash deposits in the south are generally exposed to higher wind speeds than the deposits 

to the north-east (Dagsson-Waldhauserova et al., 2014), so the southern coastal ash plains are likely 

to be a very active dust source. The mean wind velocity during resuspension events in the period 

1949-2011 in the south was 13.6 m s-1, whereas in the north-east it was 10.3 m s-1 (Dagsson-

Waldhauserova et al., 2014). 

Eruptions provide fresh unconsolidated ash deposits which are more easily remobilised, so in the 

first few years after an eruption remobilisation events occur more frequently and intensely. These 

fresh deposits act as new source areas, however after a few years, erosion, new vegetation growth 

and incorporation of ash into glaciers can deplete the deposits and end remobilisation in these areas 

(Butwin et al., 2019). Ash can also be also mobilised by wind and water such as during jökulhlaups, 

which can contribute to the unconsolidated deposits in areas such as the coastal Sandur Plains 

(Figure 4).  
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NAME has been used by the UK Met Office to routinely forecast the remobilization of deposits in 

southern Iceland from the eruptions of Eyjafjallajökull (2010) and Grímsvötn (2011) since 2010. 

Initially this service was provided as part of an agreement between the UK and Icelandic met offices, 

and has since been extended to the London VAAC.  NAME forecasts were found to agree well with 

the timing of observations of resuspended ash on 6 March 2013 in Reykjavik (Liu et al., 2014) and 

over the North Atlantic on the 16th-17th September 2013 (Beckett et al., 2017). However, Liu et al. 

(2014) showed that the NAME forecast predicted a lower proportion of Grímsvötn ash in Reykjavik 

than was observed. The deposits from Eyjafjallajökull 2010 and Grímsvötn 2011 have been 

remobilised by wind and water action since the eruptions (Liu et al., 2014) which, along with the 

presence of several resuspension hotspots away from the vicinity of Eyjafjallajökull and Grímsvötn 

(Figure 3), could be the cause of this discrepancy in the forecasts. Therefore, forecasts may be 

improved substantially by more detailed and up to date source areas in the model. 

1.4.2 Rest of World 

Ash and dust resuspension happens across the world wherever deposits and the right 

meteorological conditions occur. For example, ash deposits in Chile and Argentina are susceptible to 

remobilisation. In the Patagonian steppe of Argentina, ash from the 2011-2012 eruption of Cordón 

Caulle (Chile) was repeatedly resuspended (Forte et al., 2018). The winds in the area have an annual 

mean velocity of 4.7 m s-1 with a max mean velocity of 5.4 m s-1 (Forte et al., 2018).  

In Alaska, small resuspension events are often observed in the Valley of Ten Thousand Smokes, 

Katmai National Park, which was infilled by a pyroclastic flow deposit from Novarupta in 1912. 

Favourable meteorological conditions such as strong winds and low snow cover caused a particularly 

large suspension event in September 2003 that affected some air travel (Hadley et al., 2004). Older 

deposits have more time to undergo processes that increase consolidation such as cementation, so 

older deposits are not typically resuspended. However, erosion (e.g. by streams and rivers) of thick 

deposits can expose fresher material which can help such old material to be resuspended. 

1.5 Meteorological and Source Conditions 
1.5.1 Wind 
Wind is arguably the most important meteorological factor for resuspension as it provides the 

surface friction force that mobilises grains. Wind velocity required for resuspension varies with the 

characteristics of the surface and the grains themselves, for example particle roughness, with 

rougher particles being resuspended at lower velocities than smoother ones (Fowler and 

Lopushinsky, 1986). Ash from the 1980 Mt St Helens eruption was mobilised at wind speeds as low 

as 3 m s-1 on a smooth surface (Fowler and Lopushinsky, 1986). 
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Katabatic winds driven by density gradients flow downslope from the tops of mountains and ice caps 

and have high velocities, often reaching 10 to 30 m s-1 during the Antarctic winter (Bromwich 1989). 

There are many valleys along the southern coast of Iceland leading down from the ice-capped 

mountains with the potential to channel katabatic winds towards the glacial floodplains. Therefore, 

the topographic relief may have a large effect on resuspension in this area (Hammond and Beckett, 

2018). These valley winds result from air forced to flow between mountains, which narrows the 

cross-sectional area of the air stream. As this area decreases, the wind velocity must proportionately 

increase for mass to be conserved (Greeley and Iversen, 1985). Large scale (≥ 10 km) topography can 

create winds through thermal effects that move downslope in the morning and upslope in the 

evening (Greeley and Iversen, 1985). 

The effect of topography on downslope winds and therefore resuspension can also be seen in 

Alaska. Low level super-adiabatic lapse rates, where the temperature decreases with height at a rate 

higher than the dry adiabatic lapse rate, can contribute to the acceleration of cool air parcels down 

mountain slopes (Hadley et al., 2004). The resulting pressure gradient channels air through gaps in 

the mountains. Strong subsidence inversions can also help to force air parcels downwards and 

accelerate them downslope (Hadley et al., 2004).  

In Antarctica, topographically influenced winds can cause sediment resuspension events in coastal 

areas. Foehn winds channelled down the Victoria Valley cause wind speeds of up to 15 – 25 m s-1 

during the generally less windy summer (Ayling and McGowan, 2006). The majority of winds in the 

Antarctic dry valleys are katabatic and foehn winds, which suspend and transport dust out to sea 

(Bullard et al., 2016). Foehn winds occur when moist air is forced over a mountain barrier causing 

the air to cool. When the air moves down the lee slope of the mountain it warms and compresses, 

creating a pressure gradient (Speirs et al., 2010). The colder and therefore denser Antarctic air is 

able to entrain sediment at lower velocities than is expected in temperate climates (Ayling and 

McGowan, 2006). 

1.5.2 Factors Affecting Remobilisation 
Inter-particle cohesive forces in the deposited sediment must be overcome for grains to be 

resuspended. Several factors, including soil texture, surface roughness, salt content, vegetation 

distribution and soil moisture content affect the cohesive force (Shao and Lu, 2000). Higher moisture 

contents increase the consolidation, which increases the cohesive force. Therefore, drier areas will 

have higher particle emission rates than wetter ones for the same wind friction velocity. Ash 

moisture content was found to have the second strongest correlation with the amount of ash 

resuspension after wind velocity (Fowler and Lopushinsky, 1986).  
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Higher precipitation rates increase the flux of water to an ash deposit and therefore can increase the 

soil moisture content. This can supress resuspension for some time after the precipitation has 

stopped, i.e. until the deposit dries out (Leadbetter et. al., 2012). Precipitation can also have an 

indirect effect on resuspension. Surface flows of water recharged by precipitation contribute to the 

erosion, transport and deposition of ash and dust, for example in jökulhlaups.  

Generally, fresher ash is more easily resuspended because it is less consolidated. Older ash deposits 

are exposed to more precipitation. When these deposits are repeatedly wetted and dried, a more 

consolidated surface crust can form, which is resistant to resuspension even when dry (Fowler and 

Lopushinsky, 1986).  

Vegetation cover affects the terrain surface roughness and contributes to the inter-particle cohesive 

force (Shao and Lu, 2000). Areas with sparser vegetation and smaller plants will have less roughness 

and be more susceptible to ash resuspension than an area with dense trees for example. The 

presence of vegetation also increases cohesion because root networks bind the soil together and 

encourage weathering and clay formation (Baets et al., 2008). Most of the Icelandic erosion hotspots 

are on floodplains with little or no vegetation (Figure 4), and generally areas with more severe 

erosion tend to be in sparsely vegetated areas (Figure 3).  

1.6 Modelling Resuspension 
In all remobilisation modelling schemes, particles on the ground are entrained into the air flowing 

over them when the wind friction velocity at the surface (𝑢∗) exceeds a threshold value (𝑢∗). 

However, assumptions for the values of 𝑢∗ vary, as do the parameterisations for the rate that 

particles are emitted from the deposit into the air (F). 

In NAME, 𝑢∗ is set to constant value of 0.4 m s-1; this is a simplification as 𝑢∗ should vary with ash 

deposit properties such as particles size, density and cohesion. NAME’s scheme is relatively simple: 

particles are released when the wind friction velocity threshold is exceeded and stop if the 

precipitation rate exceeds 0.01 mm h-1 which approximates a soil moisture content of ~10% in the 

fast draining ash deposits (Leadbetter et al., 2012). The rate of particle release increases with the 

cube of excess wind friction velocity. Since wind tunnel experiments have determined that saltation 

is the dominant mechanism for resuspension, the release rate depends on the horizontal flux of 

saltating grains which is usually expressed as a function of 𝑢∗ or 𝑢∗ (Shao et. al., 1993, Gillette and 

Passi 1988). NAME uses 𝑢∗  in its resuspension scheme (Leadbetter et al., 2012). 

There are other atmospheric dispersion models that use more complex equations for the 

remobilisation rate, for example Equation (2) shows the formula used by the FLEXDUST model: 
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𝐹 = 𝑐𝛼

𝜌𝑢∗

𝑔
1 −

𝑢∗

𝑢∗ 1 +
𝑢∗

𝑢∗
, (2) 

where 𝐹 is an estimate of dust emission rate, 𝑢∗ and 𝑢∗ are friction velocity and threshold friction 

velocity respectively, 𝛼 is the coefficient of sandblasting efficiency, 𝑔 is the acceleration due to 

gravity, 𝜌 is the air density and 𝑐 is a constant scaling factor of 4.8× 10−4 (Groot Zwaaftink et al., 

2017). A range of values for 𝑢∗  from 0.27 and 0.70 m s-1 are used for different erosion conditions. 

One of the emission schemes used with the FALL3D model (Folch et al., 2014), takes the deposit 

particle size distribution into account using the formula given in Equation (3): 

 
𝐹 (𝑑, 𝑑 ) =

𝛼(𝑑, 𝑑 )

𝑢∗ (𝑑)
𝑝(𝑑 )𝐹 (𝑑 ), (3) 

where 𝐹  is the vertical particle flux or emission rate (kg m−2 s−1), 𝑑 is the size of particles in the 

deposit, 𝑑  is the size of saltating particles, 𝛼 is a coefficient of blasting efficiency, 𝑝 is the particle 

size distribution and 𝐹  is the horizontal saltation flux (Folch et al., 2014). Both approaches strongly 

depend on friction velocity and have a scaling coefficient. 

Although there are several different schemes to model emission rate the ones listed here are all able 

to produce forecasts that show good qualitative agreement with observations such as PM10 data 

(Beckett et al., 2017 and Groot Zwaaftink et al., 2017) and brightness temperature difference images 

(Folch et al., 2014). The remobilisation rate used by NAME (see Sec. 2.2) is the simplest of the three, 

but since more complex schemes are more sensitive to their input parameters, which introduces 

more uncertainty and opportunities for errors, simpler schemes can agree better with observations 

(Folch et al., 2014). Additionally, the properties of fresh volcanic deposits are often unknown 

because the datasets of soil properties used for resuspension modelling are not updated often 

enough to capture them (Leadbetter et. al., 2012). 

1.6.1 Met and Topography Data Setup with NAME 
The Met Office uses a Numerical Weather Prediction model (NWP) called the Unified Model (UM) 

for weather forecasting. There are three different configurations of the UM, called Global, UKV and 

Euro4 (Table 1 on page 11).  
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Figure 5 showing the model topography used in the Global and Euro4 configurations compared with a 1 km 
resolution digital elevation model (DEM). The 10 km configuration captures broad topographic features but 
misses some of the smaller values resolved in the 4 km configuration.  

 

Configuration Extent Resolution Forecasting Range 

Global Whole planet 10 km 144 hours 

Euro4 Europe 4 km 120 hours 

UKV UK 1.5 km 36 hours 

Table 1. Specifications for the UK Met Office UM. 

NWP models use topographic data to set the lower boundary conditions and represent atmospheric 

processes affected by the surface. The topography dataset used by the UM has the same horizontal 

resolution as the UM configuration; ~10 km for the Global and ~ 4 km for the Euro4. The horizontal 

topographic resolution of the UM affects the modelled meteorological data produced because local 

effects caused by surface features could be missed by coarser resolutions, and since sub-grid 

processes cannot be modelled, the larger the grid size the more processes could be missed (Dimri, 

2004). Figure 5 shows the how the ability to resolve topological features on Iceland is affected by 

grid size. When forecasting resuspended ash, NAME uses met data from the NWP and topography 

data from the corresponding configuration. The particle emission rate depends on the wind friction 

velocity and precipitation data, so met data are therefore crucial and has a direct effect on the 

forecast produced. 

1.7 Aims and Objectives 
This study explores the sensitivity of resuspended ash forecasts to the resolution of the Numerical 

Weather Prediction data and associated model topography used in NAME with the aim of assessing 

if and how the change from the Euro4 met data configuration to the coarser Global configuration 

will affect resuspended ash forecasts in southern Iceland. The validity of the current ash source 

areas in NAME was also examined. 

The project uses NAME to model a case study resuspension event using the Euro4 and Global met 

data. Modelled plumes are compared visually with each other and a natural colour satellite image 
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taken in the middle of the case study. Modelled wind speeds, wind friction velocity data and source 

strengths from both are also compared between both met data configurations and the relationship 

between these data and the topography of the region is assessed qualitatively. The current standard 

NAME source area is compared with incidences of modeled resuspension, represented by areas 

above 𝑢∗, and other potential ash and dust source areas suggested by Arnalds et. al., (2014). 
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Chapter 2: Methods 
2.1 NAME 
2.1.1 The NAME Model 
All ash resuspension and dispersion modelling was conducted using NAME III (version 7.2), the Met 

Office’s Lagrangian particle trajectory atmospheric dispersion model (Jones et. al., 2007). Each 

model particle represents a mass of the airborne pollutant. These particles are released into a 

simulated atmosphere driven meteorological data (Jones et. al., 2007). Particles are advected by the 

modelled winds and dispersed along random walk trajectories that take ambient turbulence into 

account (Leadbetter et. al., 2012). NAME uses wet and dry deposition schemes to represent the 

removal of particles from the atmosphere (Webster and Thomson, 2011, Webster and Thomson, 

2017). The resuspension of ash and dust particles is dependent on meteorological conditions, the 

most important of which are wind friction velocity 𝑢∗ and precipitation.  

2.1.2 Model Setup 
In this project, NAME was run remotely on the Joint Analysis System Meeting Infrastructure Needs 

(JASMIN), a super-data-cluster hosted by the Rutherford Appleton Laboratory on behalf of the 

National Centre for Atmospheric Science (Lawrence et. al., 2012). All requirements for each run of 

the model, for example dispersion options and met data file locations, were submitted to NAME 

through an input text file. Modelled wind velocity and wind friction velocity data from the Unified 

Model were also accessed through NAME by requesting them in the input file. The meteorological 

data are stored in files on the JASMIN server. Data were output in text files and plotted in Python 

using Anaconda 3 and the Iris package. Iris (https://scitools.org.uk/iris/) is a Python library written by 

the Met Office for analysing and visualising Earth science data. 

Computational and output horizontal grids for NAME were set as approximately 4 km for Euro4 run 

and 10 km for Global runs, and to cover the whole of Iceland. 15 6-hour time steps were used, 

starting at 0600 on 18/09/2018. The duration of the time-step was chosen to reveal some diurnal 

variation while keeping the run time practical. The computational temporal domain was set to start 

at 0000 18/09/2018. Particle size distributions for Eyjafjallajökull and Grímsvötn ash are used for 

their respective deposits in the standard NAME source area, and particles are assigned a density of 

2300 kg m−3 (Beckett et. al., 2017).  

A resuspension event that occurred in southern Iceland from the 18th to the 21st of September 2018 

(Figure 1) was used as a case study period. NAME was run with each met data configuration for this 

period and the resulting forecasts compared with each other and a satellite image (Figure 1). Both 

dry and wet deposition were enabled during the plume forecasting model runs to account for the 

removal of modelled particles from the atmosphere. When calculating the total mass of ash being 
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resuspended, both schemes were disabled to ensure all of the released particles were counted. 

There was no PM10 data accessible to this study for southern Iceland during the case study event, so 

it was not possible to compare modelled air ash concentrations to observations. 

All maps were plotted in Python using Anaconda and Iris packages, apart from Figure 16, which was 

produced using QGIS (QGIS Development Team (2019). QGIS Geographic Information System. Open 

Source Geospatial Foundation Project. http://qgis.osgeo.org). Line graphs were made in Excel. 

2.2 NAME Resuspension Scheme 
NAME’s resuspension scheme is relatively simple (Equation 4), depending only on the wind friction 

velocity 𝑢∗ and the precipitation rate, which are supplied by the Unified Model: 

𝑆𝑜𝑢𝑟𝑐𝑒𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 𝐾(𝑢∗ − 𝑢∗)         
0

𝑢∗ ≥ 𝑢∗

𝑢∗ < 𝑢∗  (4) 

where 𝐾 is a dimensional constant used to give a source strength in units of g s-1, 𝑢∗is wind friction 

velocity and 𝑢∗ is threshold wind friction velocity (Leadbetter et. al., 2012). The meteorological 

conditions at each grid cell over potential source areas are considered by NAME. Model particles are 

released from the source areas when the local wind friction velocity exceeds the threshold 𝑢∗ = 0.4 

m s-1 and precipitation rates are below 0.01 mm hr-1, after which the release rate is proportional to 

the cube of excess friction velocity (Equation 4) (Leadbetter et. al., 2012). This scheme with 𝑢∗ = 0.4 

m s-1 was found to work well for resuspension of ash from the 2010 Eyjafjallajökull eruption 

(Leadbetter et al., 2012) and ash from Grímsvötn 2011 (Liu et al., 2014).  

Remobilised particles are released into the modelled atmosphere according to Equation 4 where 𝐾 = 

1 g m-3 to provide a source strength equal to 𝑢∗ − 𝑢∗ (Leadbetter et al., 2012). With this value of K, 

the scheme is un-calibrated and produces a qualitative forecast. The scheme can be calibrated using 

observations to forecast real ash mass loadings for specific events (Beckett et al., 2017). The model 

particles are released with a uniform distribution between 0 and 10m above the ground (Beckett et. 

al., 2017).  

The threshold wind friction velocity was determined from the characteristics of the ash deposits in 

southern Iceland by comparing the frequency of occurrence of PM10> 50 mg m-3 in the area to the 

frequency of occurrence of friction velocities at the same location extracted from the 12 km 

resolution limited area model of the UM (Leadbetter et. al., 2012). The threshold wind friction 

velocity of 0.4 m s-1 was determined shortly after the eruptions of Eyjafjallajökull and Grímsvötn and 

is similar to the value of 0.42 m s-1 determined by wind tunnel experiments (Sigurjonsson et. al., 

1999). 
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The resuspension source areas were designated based on where the fresh deposits from the 2010 

Grímsvötn and 2011 Eyjafjallajökull eruptions were thicker than 5 mm (Leadbetter 2012). The same 

source areas are still used at present.  In NAME, the source areas are represented by a 0.01° latitude 

by 0.01° longitude grid. The meteorological conditions at each cell of this grid determines whether 

model particles are released at each time step during a model run. Without calibration NAME is 

unable to calculate the actual amounts of material resuspended, so modeled mass loadings are 

relative (see for example Figure 8 on page 15).  

2.3 Topography 
The topographic data are from the Unified Model Euro4 and Global topographic datasets (Walters 

et. al., 2017). 

 

Figure 6. Maps showing topographic contours for southwest Iceland in the Euro4 and Global resolutions. The 
contours are spaced every 100m. Eyjafjallajökull and Grímsvötn are represented by the triangles, and the 
SYNOPS weather stations at Keflavik airport, Reykjavik and Vestmannaeyjabaer are represented by squares. 
Red contours show the positions of the ice caps: Langjökull (L), Hofsjökull (H), Vatnajökull (V) and Mýrdalsjökull 
(M). 

The Euro4 topography is clearly more complex, with several valleys and hills that are not present in 

the Global topography (Figure 6). 
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Chapter 3: Results 
3.1 Resuspension Forecasts 
Ash resuspension forecasts were run for the case study period, the 18th to the 21st September 2018 

using both the Euro4 and Global meteorological data configurations. Airborne concentrations 

produced were averaged over each 6-hour time step during this period. All times discussed are UTC. 

The total mass of modelled particles released from the Euro4 run was 1.78 x108 g, and from the 

Global run was 7.77 x107 g. Because the source strength was not calibrated (K=1) the specific masses 

are not meaningful; however, that approximately 2.3 × more mass was resuspended during the 

Euro4 run suggests that there was an overall higher particle release rate, more sources being 

activated or both during that run. 

 

Figure 7. Resuspension forecasts for 0600 UTC 18/09/2018 to 0000 UTC 19/09/2018 using the Euro4 met data 
configuration (upper row) and Global configuration (lower row). Total column mass loadings are relative 6 
hour average values. Labels show the plume areas. 
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Figure 8. Resuspension forecasts for 0600 UTC 20/09/2018 to 0000 UTC 21/09/2018 using the Euro4 met data 
configuration (upper row) and Global configuration (lower row). Total column mass loadings are relative 6 
hour average values. Labels show the plume areas. 

Plumes using the Euro4 configuration have more extensive areas and have portions with higher 

relative total column mass loadings (Figure 8). At 0000 19-09-2018, there are small plumes at around 

the same location in both Euro4 and Global, however there is also a larger area of plume to the 

southwest that is only present in Euro4 (Figure 7). Additional plots showing forecasts from 0600 

19/09/2018 to 0000 20/09/2018 and 0600 21/09/2018 to 0000 22/09/2018 can be found in the 

appendix. 
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3.5 Wind Velocity 

 

Figure 9. Wind velocity plots for southwest Iceland at 6 time steps. Arrows represent wind vectors and colour 
contours are wind speed. Times are UTC. Topographic contours (grey) are every 250 m. Ice caps are outlined in 
red. Eyjafjallajökull and Grímsvötn are represented by the triangles, and the SYNOPS weather stations at 
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Keflavik airport, Reykjavik and Vestmannaeyjabaer are represented by squares. Red contours show the 
positions of the ice caps: Langjökull (L), Hofsjökull (H), Vatnajökull (V) and Mýrdalsjökull (M). 

There is little visible difference between the wind velocity magnitudes from Euro4 and Global (Figure 

9). The main difference is that the Euro4 wind speed contours are more complex, which, in places, 

follow the more detailed topography (e.g. Figure 9, C). Generally, the lowest wind speeds can be 

seen at 0600 (Figure 9, D). Additional plots showing wind velocities at 0600 and 1800 on 

18/09/2018, 0600 to 1800 on 19/09/2018, and 0000 to 1800 on 21/09/2018 are supplied in the 

appendix. 

Wind velocities do seem to follow topography as there are local areas of higher wind speed around 

some topographic features. For example, at midday the wind vectors follow the large valley in the 

middle of the maps, and at midnight they are flowing down the northern valley slope towards the 

coastline. Some local topographic highs visible only in Euro4 around 21° W have a clear effect on 

wind velocity. At 1200 20/09/18 in Global, wind vectors point south just west of 21° W, with an area 

of lower velocity at around 64.3° N. At the same time and place in Euro4, the wind speed decreases 

on the windward side of the northernmost hill and increases in the valley between the two hills. This 

area of high velocity is not represented in the Global data (Figure 9, C, Figure 9, E). 

There is a difference between the winds flowing from the Mýrdalsjökull ice cap in Euro4 and Global: 

in Euro4, there are two branches of higher velocity winds that flow southwest and southeast from 

Mýrdalsjökull, whereas in Global only winds flowing southeast are present (Figure 9, C). The 

southwestern branch seen in Euro4 aligns with a small valley visible only in the Euro4 topography 

data (Figure 6).  

Surface wind velocity observations from synoptic weather stations (SYNOPS) at Reykjavik, Keflavik 

airport and Vestmannaeyjabaer were compared to Euro4 and Global modelled wind velocities in the 

same locations for the case study period. There were no weather stations within the NAME 

resuspension source areas that were recording wind velocity during the case study period, so the 

three next closest were chosen. Surface wind velocity is measured at 10 m above ground level at 

SYNOPs stations (Met Office 2010). 
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Figure 10. Comparison of wind speeds from Euro4, Global and SYNOPS observations at the Keflavik airport 
SYNOPS station. Times are UTC. 

 

Figure 11. Comparison of wind speeds from Euro4, Global and SYNOPS observations at the Reykjavik SYNOPS 
station. Times are UTC. This station did not make any wind velocity measurements at midnight during the 
study period. 
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Figure 12. Comparison of wind speeds from Euro4, Global and SYNOPS observations at the Vestmannaeyjabaer 
SYNOPS station. Times are UTC. 

The observations match the Euro4 data more closely than the Global data, although the similarity 

does vary between locations: the Reykjavik observations are very similar to the Euro4 data, whereas 

the Vestmannaeyjabaer wind speed observations are lower than the Euro4 data, especially later in 

the study period (Figure 12). Although Global has the highest velocities at 1200 on the 20th, the 

velocities vary and at times are lower than the equivalent with Euro4. For Reykjavik and Keflavik, the 

Global velocities vary more than Euro4, but at Vestmannaeyjabaer they fluctuate a similar amount 

and neither is very close to the SYNOPS observations.  

 

 Mean Standard Deviation 

Location SYNOPS Euro4 Global SYNOPS Euro4 Global 

Keflavik 8.98 6.42 8.91 3.09 2.35 3.34 

Reykjavik 4.88 4.98 7.76 1.92 1.78 4.41 

Vestmann 4.56 10.06 8.41 2.26 3.85 4.61 

Table 2. The mean and standard deviations of wind speeds during the case study period from Euro4, Global 
and SYNOPS observations for each weather station site. 

Consistently, the Global wind speeds have the largest standard deviations for the study period (Table 

2). The Global wind speeds are higher on average at Reykjavík and Keflavik but are lower at 

Vestmannaeyjabaer (Table 2). The Global wind velocity variation over time also follows a similar 

pattern in each location: starting relatively low and dipping down further before peaking at around 

0600 to 1200 on the 20th (Figure 10, Figure 11, Figure 12). The Euro4 data also follows a similar 
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pattern at each location, although early in the study period in Vestmannaeyjabaer it is different 

(Figure 10, Figure 11, Figure 12). The SYNOPS observations are less similar between stations. 

Although it is possible that the Keflavik and Reykjavik observations have a similar pattern, since 

some data are missing from Reykjavik it is harder to identify a pattern. The Vestmannaeyjabaer 

observations however follow a very different pattern to both other stations (Figure 12). 
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3.6 Surface Friction Velocity 

 

Figure 13. Wind friction velocity maps for southwest Iceland for 6 time steps. Filled contours represent wind 
friction velocities, with reds being below 𝑢∗ and blues above. Times are UTC. Topographic contours (grey) are 
every 250 m. Red contours are ice caps. Eyjafjallajökull and Grímsvötn are represented by the triangles, and 
the SYNOPS weather stations at Keflavik airport, Reykjavik and Vestmannaeyjabaer are represented by 
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squares. Red contours show the positions of the ice caps: Langjökull (L), Hofsjökull (H), Vatnajökull (V) and 
Mýrdalsjökull (M). 

The highest wind friction velocities are in Euro4 in localised areas (Figure 13). The area beneath the 

0.4 m s-1 threshold is also smaller in the Euro4 map (Figure 13). For both wind velocity and wind 

friction velocity, the Global data are smoothed and do not resolve many of the peaks and troughs 

visible with Euro4. This is most visible in the wind friction velocity maps (Figure 13). There are 

generally more ‘pockets’ above or below the 𝑢∗ threshold in the Euro4 maps. For example, there is 

an area on the coastline to the south of Eyjafjallajökull and Mýrdalsjökull that contains a pocket of 

high wind friction velocity in Euro4 but is below the threshold in Global throughout the whole day on 

20/09/2018 (Figure 13, C, Figure 13, D, Figure 13, E, Figure 13, F). Additional plots showing wind 

friction velocity contours for the 9 time steps not shown here can be found in the appendix. 

3.7 Source Areas 
The standard source areas used by the London VAAC for Icelandic ash resuspension forecasts are 

based on the deposit map from Eyjafjallajökull 2010 (Guðmundsson et. al., 2012) and the extent of 

deposition from the Grímsvötn 2011 eruption based on NAME model outputs (Liu et. al. 2014), since 

no deposit map is available. To understand differences in the Euro4 and Global results were mapped 

out where the modelled suspended ash was sourced for all runs. 

Source areas were not varied in this study, but the standard NAME source area was superimposed 

onto maps showing the areas above and below the 𝑢∗ threshold at various time steps. This was done 

to give a sense of which areas would be resuspending if source material were present, and what 

extent of those areas are in or outside of the NAME source area. 
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Figure 14. The standard NAME ash source areas (grey) and the areas above and below the wind friction 
velocity threshold at 6 time steps. Times are UTC. The areas below 0.4 m s-1 wind friction velocity are shaded 
peach and bounded by a purple contour. The area above 0.4 m s-1 is shaded pale blue. Red contours are ice 
caps. Eyjafjallajökull and Grímsvötn are represented by the triangles, and the SYNOPS weather stations at 
Keflavik airport, Reykjavik and Vestmannaeyjabaer are represented by squares. Red contours show the 
positions of the ice caps: Langjökull (L), Hofsjökull (H), Vatnajökull (V) and Mýrdalsjökull (M). 
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In the area around Eyjafjallajökull (i.e. the southwestern portion of the standard NAME source areas) 

the extent of the areas where the resuspension velocity was above the ash resuspension threshold 

was greater for Euro4 than Global throughout the case study period. This is true at the start of the 

event (Figure 14, A, Figure 14, B) and later on after the event was fully established (Figure 14, C, 

Figure 14, D, Figure 14, E, Figure 14, F). During the peak of the event on the 20th, the size of the area 

above the threshold does not vary much throughout the day, although the smallest area above the 

threshold tends to occur at 0600 (Figure 14, C, Figure 14, D, Figure 14, E, Figure 14, F). Additional 

plots comparing the 𝑢∗ contour with the standard NAME source area for the other 9 time steps can 

are supplied in the appendix. 

3.8 Source Strengths 
Source strengths were calculated from wind friction velocity data, and are 0 beneath the 𝑢∗ 

threshold. Since source strengths are generated according to the excess friction velocity (Equation 

4), a 𝑢∗ value of 0.4 m s-1 will give a source strength of 0, and therefore the lowest possible value of 

source strength occurs as wind friction velocity approaches 0.4 m s-1 from above. This minimum 

value was approximated as 10-6 g m-2 s-1, calculated from an assumed source strength of 0.41 m s-1 

because a lower bound of the contour for source strengths below 0.005 g m-2 s-1 was needed. 
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Figure 15. Source strengths for southwest Iceland for 6 time steps. Filled contours represent source strengths, 
with the value of 0.000001 g m-2 s-1 chosen as the minimum source strength calculated from a wind friction 
velocity of 4.1 m s-1. Times are UTC. Topographic contours (grey) are every 250 m. Red contours are ice caps. 
Eyjafjallajökull and Grímsvötn are represented by the triangles, and the SYNOPS weather stations at Keflavik 
airport, Reykjavik and Vestmannaeyjabaer are represented by squares. Red contours show the positions of the 
ice caps: Langjökull (L), Hofsjökull (H), Vatnajökull (V) and Mýrdalsjökull (M). 
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The highest source strengths are seen in the Euro4 data which has peaks of over 0.5 g m-2 s-1 even 

early in the event (Figure 15, B), whereas the Global source strengths are below 0.5 g m-2 s-1 for the 

majority of the time steps (Figure 15). In both configurations, areas of higher source strengths can be 

seen on slopes between topographic highs and the coastlines (Figure 15). In Euro4, smaller 

topographic features are resolved, providing a larger number of these slopes (Figure 15, Figure 6), 

which may contribute to the larger number of peaks in source strength. There is a high frequency of 

these peaks in the northwest portion of the maps, potentially associated with the western coast and 

the Langjökull ice cap (Figure 15). Additional plots showing source strengths for the other 9 time 

steps can be found in the appendix. 
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Chapter 4: Discussion 
4.1 Resuspension Forecasts 
4.1.1 Resuspended Plumes 
The forecasts produced using the Euro4 configuration consistently have plumes with larger areas 

and higher airborne ash concentrations than those using Global (Figure 7 and Figure 8); and the total 

mass of ash resuspended was more than twice as much as in the Euro4 run than the Global run. 

The first plume in the case study emerges only in the Euro4 model run, in the southwest of the 

NAME sources at 1800 18/09/2018 (Figure 7, Figure 14). The Euro4 plumes appear to have a larger 

area of origin, for example the plumes from 1200 20/09/2018, where the western part of the Euro4 

plume is absent in Global (Figure 9, C). For the plume to be larger, there must be more source grid 

points being activated in the model, or a higher release rate (source strength) from the activated 

points. This western part of the Euro4 plume is likely to originate from the same southwestern 

portion of the NAME sources as the first resuspended plume with a concentration over 1.0 e-7 g m-2 

(Figure 7), where the Global configuration is below and the Euro 4 above the threshold for the 

majority of the case study (e.g. Figure 14, B, Figure 14, C, Figure 14, F). Source strengths in this area 

were higher in Euro4 throughout the study, with peaks around Mýrdalsjökull in most of the time 

steps (e.g. Figure 15, A, Figure 15, C, Figure 15, E). 

Higher source strengths in Euro4 are due to the presence of pockets of higher wind friction 

velocities, most significantly to the south of Eyjafjallajökull and Mýrdalsjökull (e.g. Figure 13, C), since 

particle release rate is proportional to excess friction velocity (Equation 4). These local highs are 

present throughout the case study (Figure 13). The western portion of the Euro4 plumes also tend to 

contain areas of higher relative total column mass loadings. The relative concentrations in these 

areas in Euro4 are higher than the concentrations in any of the Global plumes (Figure 7, Figure 8), 

which is significant because this high concentration area is totally absent in Global. Over twice as 

much ash was resuspended in the Euro4 run, which proves that there was more ash released using 

that configuration. 

Without comparison with observations, it is impossible to say which modelled plume is the better 

forecast. Satellite images taken at 11:32 and 12:32 am on 20/09/18 were provided by the UK Met 

Office (Figure 1) and allow for limited qualitative analysis. Plumes of resuspended material can be 

seen travelling southwards over the ocean from two coastal locations in both images. The plumes in 

the satellite images can only be seen over water. It is possible that they are being generated at the 

coastline as there are abundant ash sources along Iceland’s south coast. However, since the plumes 

are a similar colour to the ground and fairly faint, it is also possible that they could be travelling from 
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some distance inland. Therefore, these plumes can only be accurately compared with the areas of 

model plume that are over the sea. 

The closest modelled time step to when the satellite image was taken is 1200 20/09/2018, in which 

the extent of the model plumes from both met data configurations is greater than the extent of the 

plume that can be seen in the image. However, there is a higher concentration area of the Euro4 

plume that appears to match the approximate location and shape of the western plume observation 

(plume A in Figure 1), which appears to originate from the mainland north of the Vestmann Islands. 

Significantly, this is an area that is active in the Euro4 forecast but not the Global forecast (Figure 8, 

Figure 15, E). Therefore, if Global data were used to forecast this event, this particular resuspended 

plume would not have been predicted. The other plume that can be seen in the satellite data (plume 

B) can be identified in both modelled plumes (Figure 8). It also appears nearby to an area of higher 

concentration in the Euro4 plume. There is cloud cover over most of Iceland apart from the south 

coast at the time of the satellite photos (Figure 1). Since the skies were clear in this area, there could 

have been no precipitation at the time so resuspension would be much more likely. 

The modelled airborne ash concentrations produced by NAME are relative because the ash source 

strengths are unknown (Liu et. al. 2014). Areas of relatively higher or lower concentration in the 

modelled plume are due to the modelled resuspension rate, i.e. how much the wind friction velocity 

exceeds the threshold. Although visibility data can be used to calculate airborne dust concentrations 

through empirical relationships (Baddock et. al., 2014), no visibility observations in the modelled 

plume areas for the study period were available to the study, so an estimate of the true ash 

concentration cannot be made. The plumes that can be seen in the satellite images correspond to 

relatively high ash concentration areas of the Euro4 model plume. However, there is a larger extent 

of modelled plume unaccounted for in the images, mostly within the lowest relative concentration 

contour. It is likely that the ash concentrations are too low to be seen in the satellite images. 

However, without real ash concentration measurements, it is impossible to rule out that there was 

just no airborne ash in this area.  

The failure of the Global configuration to predict an observed resuspended plume suggests that the 

10 km resolution produces less accurate forecasts. Therefore, if there are some resuspended plumes 

that are not generated by the Global forecasts, the weather warnings and information provided to 

the Icelandic public may mislabel areas as having no hazard where there is one.  

4.1.2 Met Data 
Wind velocity data, although not directly involved in modelling resuspension, offers an insight into 

the similarities and differences between the Euro4 and Global NWP output. The wind velocity maps 
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reveal few differences between the two resolutions, save an increase in contour complexity in Euro4 

(e.g. Figure 9, C, Figure 9, E). 

Although there are some variations between the Euro4 and Global wind velocity maps, there is no 

obvious difference in maximum wind speed between them (e.g. Figure 9, C). It was expected that 

the Euro4 data would have localised areas of higher wind velocities caused by topographic features 

such as valleys. Modelled wind speeds at the locations of the three SYNOPS stations were compared 

with the station observations since it is not possible to accurately pinpoint the wind velocity at 

specific locations from the maps. At the Reykjavik and Keflavik stations, the Euro4 wind speeds 

match the observations more closely in that there is greater similarity in their patterns of increase 

and decrease (Figure 10, Figure 11). Additionally, the wind speed observations at each time step are 

generally more similar to the Euro4 values (Figure 10, Figure 11).  

Reykjavik and Keflavik are relatively close to each other, which could account for why their wind 

speed observation variations over time are more similar to each other than they are to those at 

Vestmannaeyjabaer. However, this does not explain the discrepancy with the modelled data – none 

of which is as good a fit – since the model should be calculating met data values for each location in 

its grid.  

4.2 Topography 
The topography in Euro4 visibly has a much higher complexity (Figure 6). The contours of wind speed 

appear to follow their respective topographies in both met configurations. The topographic features 

with the most relevance are between 17° and 20° West, and 63.5° and 64.8° North due to proximity 

to the NAME source area (Figure 14). This includes several hills, valleys and some ice caps. The 

higher degree of complexity in the Euro4 topography (Figure 6) leads to the more detailed variation 

in the Euro4 wind friction velocity maps. There are areas where the difference between the Euro4 

and Global wind friction velocities align with differences in the topographic datasets, for example 

the localised areas of high wind friction velocity and source strength associated with two hills north 

and northwest of Mýrdalsjökull that are only resolved in the Euro4 data (e.g. Figure 13, C, Figure 15, 

C). Therefore, the higher topographic resolution of Euro4 promotes a greater complexity of 

modelled wind vectors. 

Ice caps, encircled by red contours (Figure 6), are covered in ice and snow which makes them 

questionable resuspension source areas. However, ice caps can be important for ash resuspension 

because they can cause strong katabatic winds as they are very cold and at a high elevation. The ice 

caps in central Iceland Vatnajökull, Hofsjökull and Langjökull, visible in the north of the wind velocity 

and wind friction velocity maps, have high modelled wind speeds and friction velocities over them 
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(Figure 9, Figure 13). There are relatively high velocity model winds flowing down their southern 

slopes towards the sea at several time steps e.g. 0000 19/09/2018 and 0600 20/09/2018 (Figure 9, 

A, Figure 9, D). These higher velocity winds can be seen in both Euro4 and Global data. There are 

also local wind friction velocity and source strength highs associated with the southern slopes of 

Vatnajökull, Hofsjökull and Langjökull visible in both Euro4 and Global (e.g. Figure 13, B, Figure 13, D, 

Figure 15, C). Local source strength highs tend to occur on slopes, with the high elevation ice caps 

and low elevation coastlines both having lower values than the slopes between them throughout the 

study (Figure 15). These local peaks are more numerous in Euro4, many of which are associated with 

topographic highs that are not resolved in Global (e.g. Figure 15, C). 

The southernmost ice cap, Mýrdalsjökull, has lower wind velocities on and around it than its 

northern counterparts for several time steps. However, at 0000 20/09/18, it has ~8-10 m s-1 winds 

flowing southward that proceed off the edge of the ice cap. The winds channelled to the southwest 

of Mýrdalsjökull could potentially be highly significant as the area to the southwest of Mýrdalsjökull 

is the area of coastline where the wind friction velocity is exceeded only in Euro4. There is a small 

dip in the 4 km contour in this area absent in the 10 km contour which indicates a valley. This valley 

could be channelling winds towards the coastline between 19° and 20° West, resulting in increased 

wind velocities and wind friction velocities in this area. This stretch of coastline is within the NAME 

source areas so modelled wind friction velocities there will have a direct effect on the release of 

particles in the resuspension forecasts. 

Forecasts produced using Global data are likely to underreport cases of resuspension because the 

surface winds in this area can be influenced by topography on a scale that is too small to be 

resolved. In this case study, the increased complexity in met and topographic data provided by Euro4 

results in higher peak wind friction velocities and source strengths, especially in coastal areas and 

near ice caps (e.g. Figure 13, C) where strong downslope winds such as katabatic winds often occur. 

Furthermore, the variation of wind friction velocities and source strengths across the map is 

different for Euro4 and Global. The Euro4 wind friction velocity map is not simply a more intense 

version of the Global one with higher peaks in the same areas and a larger proportion above the 

threshold (e.g. Figure 13, E). The threshold contour maps illustrate the difference in the spatial 

variation of wind friction velocity between the two (e.g. Figure 14, A, Figure 14, E, Figure 14, D). The 

area to the south of Mýrdalsjökull is effectively a blind spot to forecasts made using Global data. 

Since the Euro4 wind friction velocity data are more nuanced than the Global data, changing NAME’s 

wind friction velocity threshold will not account for the difference in source strength and forecasted 

plumes. Using Global with a lower wind friction velocity threshold will only expand the area above 

the threshold, it will not represent the complexity in the source achieved through using the higher 
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resolution topography and met data. In this study we have not compared our model simulations to 

observations, but a useful future study could consider whether using the higher resolution 

topography and met data produces a more accurate forecast. 

4.3 Source Areas 
4.3.1 Redistribution of Ash and Dust Sources 
As previously stated, the NAME source areas are based on the tephra deposits from the 2010 

Eyjafjallajökull and 2011 Grímsvötn eruptions, which are in central south Iceland (Figure 14). As it is 

approaching a decade since those eruptions, and there is a well-documented amount of reworking 

by wind and water (e.g. Butwin et. al. 2019, Liu et. al., 2014), these deposits are likely to have 

changed and the NAME source areas may no longer be accurate. There are many areas identified 

across Iceland which contain deposits with the potential to be resuspended (Figure 3, Figure 4).  

Resuspension events are common in Iceland. Ash resuspended from the NAME source areas has a 

potential to travel out and be deposited over the sea, as the sources are close to the south coast and 

wind vectors were often northerlies in this area (e.g. Figure 9, C, Figure 9, E). Resuspended ash that 

is deposited on land has the potential to return to the original source areas via further resuspension 

or may simply be deposited back within the source area. It is more likely that ash deposits formed by 

deposition from resuspension will become sources of resuspended ash themselves. If the ash is 

deposited over the sea, it is completely removed from the source area with no chance of being 

returned by further resuspension. 

The plumes in the satellite images from 20/09/2018 appear to emanate from the south coast just 

outside of the standard NAME ash source areas (Figure 13, E, Figure 14, E). Assuming that the 

plumes did originate in this area, their proximity to the model source areas which are based on the 

primary Eyjafjallajökull 2010 and Grímsvotn 2011 eruption deposits suggests that reworked material 

from these deposits contributed to the plumes. It is also possible that the deposits producing plumes 

A and B are made up of ash and dust from other eruptions and erosion. Indeed, there are known 

coastal dust deposits in these areas (Figure 3, Figure 4). 

4.3.2 Additional Sources 
Any primary or secondary deposits outside of the standard NAME ash source areas are potential 

dust sources that were not considered in the modelling. Also, where these deposits overlap with the 

standard NAME ash sources, there may be variation in ash characteristics such as grain size 

distribution and grain shape that could affect the ash dispersion.  



34 
 

 

Figure 16. Map of Iceland with the NAME sources (green), and the Volcanic Sandy Deserts (Arnalds et. al., 
2014) (pink).  

Aside from volcanic ash, there are other sources of fine dust with the potential for resuspension in 

Iceland. Areas with high erosion rates, known as Volcanic Sandy Deserts (Arnalds et. al., 2014), have 

been identified across Iceland (Figure 16). They include tephra deposits as well as glaciogenic dust 

and overlap with much of the current NAME sources, but also cover more of the southern coastline, 

large areas of central and northeast Iceland, and some small localised areas around the west coast 

(Arnalds et. al., 2014, Figure 3, Figure 4, Figure 16). The standard NAME source areas have a much 

smaller extent than the Volcanic Sandy Deserts (Figure 16). Therefore, there is a sizeable area with 

the potential to cause resuspension events that the Met Office could not predict with the current 

default sources.  

There are some areas of overlap between the NAME source areas and the dust hotspots. The 

hotspots include much of the island’s coastline, most significantly covering a larger area of the 

Sandur plains (e.g. Figure 4) on the south coast than the NAME sources. There is also a large extent 

of identified dust hotspots in central and northeast Iceland (Figure 16). At the peak of the 

resuspension event 𝑢∗ is above the threshold in much of the NAME source area. However, there is 

also a large extent of Iceland outside of the NAME sources where 𝑢∗ is exceeded too, including some 

of the Volcanic Sandy Deserts (e.g. Figure 14, E, Figure 16).  
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4.3.3 Modelling Resuspension Across Iceland 
For the latter half of the case study, most of southwest Iceland was above the wind friction velocity 

threshold in both met data configurations, including many of the coastal areas identified as Volcanic 

Sandy Deserts (Figure 14, Figure 16). Therefore, if any of these areas were to be included as sources, 

resuspension would have been forecast even using the global data. Although unconfirmed, it is likely 

that there was some resuspension in these areas during the study period, especially the coastal 

Sandur plains.  

Other resuspension events have been observed in other areas of Iceland. For example, in the north 

east, there were 1033 days with events during the period 1949-2011, with an average 16.4 per year 

(Dagsson-Waldhauserova et al., 2013). Events in this area have been observed for decades across 

several weather observation stations (Dagsson-Waldhauserova et al., 2013), so they are a well-

established occurrence. Resuspension of particulate matter has also been observed in Central 

Iceland (Butwin et. al., 2019). These documented events prove that there is substantial resuspension 

of sediments that the Met Office’s forecasts are not able to predict. 

The Volcanic Sandy Deserts could be added to the source areas for resuspension forecasts. A 

potential alternative could be to simply compare the Volcanic Sandy Desert areas to the modelled 

wind friction velocity threshold.  
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Chapter 5: Conclusions 
Over twice as much modelled ash was released when the Euro4 meteorological data were used than 

when the Global met data were used during the resuspension forecast for the 18th – 21st September 

2018. There were consistently higher source strengths forecasted using the Euro4 data, with their 

peaks regularly exceeding 2 g m-2 s-1 whereas the Global source strengths rarely exceeded 0.5 g m-2 s-

1 (Figure 15). These small areas of intense peaks, which can also be observed in the wind friction 

velocity data (e.g. Figure 13, C), are completely smoothed out in the Global maps. There are also 

areas in the south of the standard NAME source areas that are persistently under 𝑢∗ in Global but 

often exceed the threshold in Euro4, making them active sources for the high resolution 

configuration only (Figure 14). Furthermore, some of the highest source strengths peaks that 

occurred within the NAME source areas can be observed in one of these areas, between 

Mýrdalsjökull, Eyjafjallajökull and the coastline (Figure 15, C). Euro4’s higher source strengths over a 

larger area, and in a particularly highly producing area, were responsible for modelled plumes with 

around twice the area of Global’s and higher relative concentrations (Figure 8). 

Resuspending a larger amount of ash alone does not mean that the Euro4 configuration is better or 

produces more accurate forecasts. However, the Euro4 data also tend to match the observations 

available to this study better than Global. The Euro4 modelled wind speeds were a better match to 

the observations taken at three SYNOPS weather stations. Plume A in the satellite imagery (Figure 1) 

has roughly the same shape and position as the higher concentration portion of the Euro4 plume at 

1200 20/09/2018 (Figure 8) which is absent in the Global forecast. The most significant difference 

between the Euro4 and Global data is the discrepancy between the wind friction velocities and 

source strengths in the area to the south of Eyjafjallajökull and Mýrdalsjökull. In Global, this area is 

below the threshold for most of the case study whereas in Euro4 it has a pocket of high source 

strengths and wind friction velocities (Figure 13, Figure 14, Figure 15). This is probably due to a valley 

leading southwest from Mýrdalsjökull that is only resolved in the Euro4 topographic dataset, which 

channels winds south west towards the coast (Figure 9, C). The fact that the resuspension from this 

area is almost completely missed when using the Global data is a significant failing. Changing the 

resuspension threshold in the NAME resuspension scheme is unlikely to help making the Global 

forecasts more like the Euro4 forecasts as the differences between the wind friction velocity 

distributions of both configurations are too complex.  

Further work focussing more on comparison to observations could help to quantify how much better 

the Euro4 forecasts are, for example comparing Euro4 and Global wind velocities to observations 

from all of the SYNOPS stations for a much longer period, and using visibility observations and 

satellite imagery to see which plumes match real events best. For a more complete understanding of 
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how topographic resolution affects resuspension, the effects of varying a wider range of resolutions 

on modelled wind friction velocity and source strength could be investigated, potentially for several 

locations with different topographies. 

Although using a different value of 𝑢∗ cannot make up for the loss of complexity and nuance in the 

topographically driven met data when the horizontal resolution is reduced, further work could 

investigate the effect of using different values with different resolutions on ash resuspension 

forecasts, as there may be a combination which approximates observations better, or just as well as 

0.4 m s-1 with Euro4.  

As events have been observed away from the standard NAME ash sources, it may be prudent to 

assess the Volcanic Sandy Deserts as potential resuspension source areas by modelling some case 

studies using them as a source. The effectiveness of using the Volcanic Sandy Deserts alone or with 

the NAME sources could also be assessed. Varying the input particle size distribution could also be 

beneficial as the source material is very likely to have been mobilised frequently and combined with 

ash and dust from other sources by now (Liu et. al., 2014). 
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Appendix 
These appendices include figures for the time steps in the case study period that were not 
referenced to in the main text. 

 

Figure A 1. Resuspension forecasts for 0600 19/09/2018 to 0000 20/09/2018 using the Euro4 met data 
configuration (upper row) and Global configuration (lower row). 
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Figure A 2. Resuspension forecasts for 0600 21/09/2018 to 0000 22/09/2018 using the Euro4 met data 
configuration (upper row) and Global configuration (lower row). 
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Figure A 3.  Wind velocity plots for southwest Iceland at 3 time steps. Arrows represent wind vectors and 
colour contours are wind speed. Topographic contours (grey) are every 250 m. Ice caps are outlined in red. 
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Figure A 4.  Wind velocity plots for southwest Iceland at 3 time steps. See Figure A 3 for details. 

 



46 
 

 

Figure A 5.  Wind velocity plots for southwest Iceland at 3 time steps. See Figure A 3 for details. 
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Figure A 6. Wind friction velocity maps for southwest Iceland for 3 time steps. Filled contours represent wind 

friction velocities, with reds being below 𝑢∗ and blues above. Topographic contours (grey) are every 250 m. 

Red contours are ice caps. Eyjafjallajökull and Grímsvötn are represented by the triangles, and the SYNOPS 

weather stations at Keflavik airport, Reykjavik and Vestmannaeyjabaer are represented by squares. 

 



48 
 

 

Figure A 7. Wind friction velocity maps for southwest Iceland for 3 time steps. See Figure A 6 for details. 
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Figure A 8. Wind friction velocity maps for southwest Iceland for 3 time steps. See Figure A 6 for details. 
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Figure A 9.  The standard NAME ash source areas (grey) and the areas above and below the wind friction 

velocity threshold at 3 time steps. The areas below 0.4 m s-1 wind friction velocity are shaded peach and 

bounded by a purple contour. The area above 0.4 m s-1 is shaded pale blue. Red contours are ice caps. 

Eyjafjallajökull and Grímsvötn are represented by the triangles, and the SYNOPS weather stations at Keflavik 

airport, Reykjavik and Vestmannaeyjabaer are represented by squares. 
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Figure A 10.  The standard NAME ash source areas (teal) and the areas above and below the wind friction 
velocity threshold at 3 time steps. See Figure A 9 for details. 
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Figure A 11.  The standard NAME ash source areas (teal) and the areas above and below the wind friction 
velocity threshold at 3 time steps. See Figure A 9 for details. 
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Figure A 12. Source strengths for southwest Iceland for 3 time steps. Filled contours represent source 
strengths, with the value of 0.000001 g m-2 s-1 chosen as the minimum source strength. Times are UTC. 
Topographic contours (grey) are every 250 m. Red contours are ice caps. Eyjafjallajökull and Grímsvötn are 
represented by the triangles, and the SYNOPS weather stations at Keflavik airport, Reykjavik and 
Vestmannaeyjabaer are represented by squares. Red contours show the positions of the ice caps: Langjökull 
(L), Hofsjökull (H), Vatnajökull (V) and Mýrdalsjökull (M). 
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Figure A 13. Source strengths for southwest Iceland for 3 time steps. See Figure A 12 for details. 
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Figure A 14. Source strengths for southwest Iceland for 3 time steps. See Figure A 12 for details. 

 

 


