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Abstract Wind erosion is a broad-scale process in inland Australia. When conditions are conducive
to wind erosion, dust storms can entrain fine sediment over large areas of the continent, however closer
examination indicates that the dust source areas are often spatially discrete. The fine sediment entrained
from these sources, is transported as dust plumes, which may coalesce at some point downwind. While
some progress has been made in estimating the dust load in these plumes (Knight, McTainsh & Simpson
1995), the accuracy of these estimates is limited by the size and shape of the source region assumed. In
addition, soil loss per unit area is a more appropriate measure of soil erosion than total plume load, but
estimating loss per unit area requires accurate estimation of source areas. The new model developed hopes
to overcome these limitations by working from the source area downwind, rather than back-tracking to
estimate the source area as done by Knight et al. (1995). As a result of this, the new model is quite
distinct from that of Knight et al. (1995), in that it no longer assumes that entrainment is uniform across
a single source area, and consequently that the concentration profile is uniform across the source area.
The new model uses a Gaussian plume model (Zannetti 1990), with the dispersion parameters based
on the Hanna, Briggs & Hosker (1982) estimates for rural areas. As a first approximation, the model
describes dust loads emanating from sources of different strength and spacing along a crosswind line.
This configuration is indicative of spatially discrete sources, with different soil erodibility and cover
protection, producing different source strengths. Initial results from the model indicate that the nature
of the downwind dust concentration profile is dependent on the following factors: downwind distance
from source, source strengths,and crosswind source separation. A detailed discussion of the relationship
between the above factors is presented. As a result of this discussion a number of conjectures are made
about the nature of the physical system.

1 INTRODUCTION
BACKGROUND

AND

Wind erosion is a major geomorphic process
in much of inland Australia, especially when
drought conditions prevail and adequate ground
cover levels are hard to maintain. In any given
wind erosion event, much of the fine material
picked up by the wind is transported from the

source in dust plumes (McTainsh 1989). Since
the amount of material available to the wind for
entrainment is limited by factors such as soil
erodibility, ground cover and soil moisture, the
resultant dust plume (cloud) could be made up
of material from a number of discrete sources.
The number, location and size of these source
areas has, to date, proved difficult to describe.
While some progress has been made in mod-

elling dust plumes in Australia (Knight 1990,
Knight et al. 1995) and overseas (D’Almeida
1986, McMahon, Denison & Fleming 1976,
Foda 1983). The majority of these models lack
the ability to describe spatial variability in dust
concentration in the plume and use backtracking techniques to describe the source areas (see
figure 1).
The Composite Box Model of Knight et al.
(1995), is the only model to be currently applied to Australian conditions. In the originating source box (Box 1)(i.e the Birdsville Box
see figure 2) the whole source area covered by
the box is assumed to be entraining at constant
rate. The only other source box assumed to be
entraining dust is the Charleville box (Box 3)
and here entrainment is limited to only a certain
percentage of the area of the box. The amount
of material entrained is estimated by using the
amount produced if the total area was entraining, then taking a percentage of this. It is further
assumed that the dust concentration within each
box is constant.
While this last assumption “maybe” consistent with the dust concentration profile observed
in the Brisbane box (Box 4), where there is little
variation in dust concentration across the box,

its validity in and around the Charleville box
must be questioned. In the Charleville box, we
have a situation where only discrete regions of
the box are eroding and producing dust plumes.
Around each of these regions one would expect a
substantial increase in the concentration of dust
in the air (i.e local hot spots). Clearly then
this assumption is inadequate in its description
of dust concentrations within and around boxes
that contain discrete source regions.
In order to describe spatial variations of dust
concentrations around individual source regions,
it is necessary to describe the dust concentrations that may result from discrete sources that
may occur in that region. To achieve this the
source model must be able to treat each source as
a discrete identity, and predict how these sources
will intermix with the given source region.
The use of backtracking techniques in current models provides a means of determining
the boundaries of the source regions, it however
doesn’t provide an estimate of how the sources
are scattered within the region.Determination of
how much of this region is “eroding”, is left to
the researchers to estimate based on their knowledge of the regions environmental conditions.

Figure 1: Calculated back-trajectories of the 1987 event that effected South-East Queensland, Australia (after Knight et al. (1995)).
with sensitivity analysis to determine a suitable
source profile (source distribution) for the model
that best describes the reality of the situation.

2 THE SOURCE MODEL
The source model is based on a Gaussian Plume
Dispersion model (see Zannetti (1990)), with the
following assumptions:
• local source areas have a constant source
strength with time Q(µgs−1 ).
• The average dust concentrations in the
vertical and crosswind directions follow a
Gaussian distribution.

Figure 2: The location of the various Boxes
used by Knight et al. (1995).
This estimate has to include at least two
factors:• the strength of each of the local source areas in the source region during the event.
• the percentage area of the source region
that is entraining during an event.
Reasonably accurate estimates of these factors
can be made if field data is collected for an event
(McTainsh, Nickeling, Leys & Lynch 1995), but
if this is not available a fair amount of guess
work, based on passed experience of the researcher is used to provide estimates for these
factors on an event basis. Our source model in
final form will allow the strength of each source
to be defined separately from calculations based
upon measured environmental conditions. Field
data will also allow better estimates of the location of local source areas on an event basis
to be made. This data will also be used, along

• The effective height of the source above
the ground is 0 m (i.e sources are ground
based and there is no thermal or turbulent
plume rise away from the surface).
• Wind speed (u) is uniform throughout the
source area.
• No deposition occurs in the source region (this will be relaxed following future
model development).
• All material entrained is reflected from the
surface i.e there is no absorption of entrained material by the surface (this will
be relaxed once experimental data becomes available).
Given these assumptions, Hanna et al.
(1982) state that the concentration C(µgm−3 ) at
any point downwind of a point source is given
by:
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πσy σz u
2σy
2σz
(1)
where z is the height above the ground, y is the
cross wind position from some reference point

and σy (x) and σz (x) are the standard deviations
(Dispersion Parameters) of the concentration in
the y and z directions respectively.
In choosing the functional form of the dispersion parameters (σy (x) and σz (x)) , it is assumed that they are functions of only the downwind distance x and the stability of the system.
The stability of the system is included in the
model by using pasquill-stability categories outlined by Hanna et al. (1982), as a basis for classifying the turbulent stability of the system. Once
the stability category for the system has been
determined, than the functional form of the dispersion parameters (which are only functions of
downwind distance) is chosen for the given stability conditions.
As an initial approximation, it is assumed
that they have a similar functional form to
that outlined by Zannetti (1990) for neutral rural meteorological conditions. Mathematically they take the following form:0·08x
σy (x) = √
(2)
1 + 0·0001x
and
σz (x) = √

0·06x
1 + 0·0015x

(3)

As an initial approximation, local area
sources are assumed to be line sources located
along a cross-wind line. Each distinct line
source is assumed to consist of a number of distinct point sources. This is done for a variety of
reasons, such as:1. it allows the functional form of the source
strength across any source region to be
easily altered (i.e it is possible to have a
line source with a higher strength in the
centre to that observed at the ends.) This
situation is more representative of natural
occurring sources.
2. If at any stage in the future it is required
that sources be angled to the wind, then

this can be implemented in the model,
without substantial modifications.
By taking this approach, each local source
area can be assigned a unique source strength
(currently this is still assumed to be constant
across each source in our model) and separation
distance from its neighbour.

2.1 The Functional Forms of σy (x)
and σz (x)
While the functional forms of σy (x) and σz (x),
represent a reasonable starting point for the purpose of developing and testing the model, their
relevance to Australian conditions, must at some
stage be consolidated, in terms of some of the
concepts outlined below.
Since the purpose of this model is to describe a dispersion process that involves multisized particles of differing specific densities, the
very assumption that the dispersion parameters
are independent of the physical properties of the
particles, needs to be questioned. In order to
change this assumption, the turbulent forces acting on the various particles must be sufficiently
different, to have a noticeable effect on the dispersion of the particles. However, at present
there is insufficient experimental data on particle size related dispersion effects, from which to
base any change.
It is also obvious that the actual functional
form of the dispersion parameters may also need
to be revised along the following lines:• Do Australian soil particles behave similarly to those used in US based experiments for determining the dispersion parameters?
• Are atmospheric dispersion conditions in
inland Australia similar to those in the
US (i.e do we have more temperature–
induced turbulent mixing, compared with
the US)?

Once these issues are resolved with empirical data the functional forms of the dispersion
parameters can be changed to better describe
Australian conditions.

3 THE
PROBLEM
SCALES

OF

The broad–scale nature of wind erosion and dust
transport, means that we should describe the
process at three distinct spatial scales ( i.e the
local, regional and continental scale). Eventually it maybe possible to describe these in one
model, rather then using separate models to describe essentially the same process. The major
problem with using the same approach in each
case, is picking how to define the source area at
each scale.
To understand why this is such a major problem consider a source area made up of numerous
discrete sources (as in figure 3). If an observer
is located at a sufficient distance downwind of
the source, a number of the dust plumes would
have coalesced and appear as single concentration profile. Thus if you are trying to describe
the concentration at some point after this has occurred a single source initially could be used to
describe the sources that coalesced. The point
where coalescing occurs is dependent on three
factors: the dispersion parameters, source separation and the relative strengths of each source.
Therefore picking adequate source descriptions
for each scale will depend on our understanding
of how these factors interact. Much of this understanding will come through the work, being
done on our current model.

4 RESULTS
MODEL

FROM

THE

4.1 Separation of Sources
Source separation has a direct effect on the
downwind distance before the plumes from each
source coalesce into a single profile. During transition from multiple plumes to a single
plume the model predicts that their will be three
distinct transitional stages (see Figure 4). These
stages are outlined below:1. Each source has a distinct peak in the profile, that is clearly associated with that
source.
2. A plateau (or shoulder, see discussion in
section 4.2) is apparent in the profile.
3. The profile is similar to that generated
from a single point source.
Between each of these distinct profiles there
is a transition profile.
Each of these stages represents various physical stages in the model. The first stage, where
each source has a distinct peak, is representative of the where the source plumes mix
only slightly. This mixing gradually increases
with downwind distance until the centre of the
plumes are beginning to mix, so that a plateau is
produced around the two centres (if sources are
of equal strength, otherwise a shoulder is produced see figure 4 and figure 5.) The mixing
gradually increases with downwind distance until the plumes have totally combined and are indistinguishable from a single point source “profile” (i.e a simple gaussian distribution).

4.2 Source Strength Effects
While the separation of the sources appears to be
the major controlling influence on the distance
downwind when the plumes coalesce, source

strength also plays a role. If one source is significantly stronger than the other, the weaker
has little effect on the major source, except to
produce a distinct tail in the profile, depending on separation of the sources. This distortion
in the profile soon becomes insignificant as the
sources mix further, especially when compared
to the concentration change in the region of the
stronger source (i.e the effect is still present but
produces only a small change in concentration
when compared to changes due to the dispersion
of material near the stronger source).
If however, the sources are of similar (but
not equal) strength the stages outlined in 4.1 are
quite distinct (see Figure 5). Here the shoulder is
produced by the mixing of two different strength
sources.
Source strength also has an effect on the
plateau stage. As mentioned earlier, if the
same separation is maintained, but with different source strengths the plateau effect reverts to
a shoulder/step effect. However if the source
strength remains equal but is increased (or decreased), the profile produced represents a increase (or decrease) in the concentration present
across the profile, but the plateau effect is maintained (see figure 6).
In the model while the source strength is increased, the cross–wind dispersion remains constant. Thus the two plumes coalesce at the same
point, producing the plateau. However whether
this phenomena actually occurs in the physical
system must be questioned. The reason this may
not be case, is that the more material present in
the plume, the higher the inter-particle forces
and the more collisions that will occur in the
plume. Then if sufficient material is present
in the cloud, the increase in these two factors
should induce greater dispersion rates within the

plume. The opposing argument is that inside the
plume restoration forces will balance out any increase in these two factors.

4.3 Downwind Effects
As you would expect from the above, both the
separation and the strength play an important
role in the effects seen in the downwind profiles.
These variables control not only when the effect
is seen, but also the strength of the effect.
The nature of the effect is seen in figure 7,
which is a downwind profile taken half way between two line sources. As can be seen clearly in
this profile there is a gradual build up in the concentration with downwind distance until a maximum concentration is reached, and then there is
a gradual decrease as the plumes continue to disperse and mix. This is in contrast to downwind
profiles taken in the centre of one of the sources,
which are illustrated in figure 8. Here all that is
evident as the two sources combine, is a kink in
the profile.
This behaviour is consistent with what one
would expected as the two sources combine. In
the centre of two sources one would expect an
initial buildup in material, as there is initial no
material in this region and as material is transported into the region the concentration should
increase. This increase should continue until the
two sources are well mixed, after this point is
reached the material is still dispersing, so there
should be a gradual decrease in the concentration as the model predicts. While in the centre of
a source, the effect of the other source beginning
to mix should be a slight increase in the material
present in the plume at that point, thus causing
the concentration to slow its rate of decrease (or
to actually start increasing) at that point.
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Figure 3: A pictorial representation of a
possible distribution of area sources within two
distinct source regions.
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Figure 4: Illustration showing the effects of
three different source separations on the
concentration profile. Source Details: two 1km
line sources of equal strength. Profile taken at:
10km downwind of the source line and at a
height of 10m.
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Figure 5: Crosswind profiles illustrating the
effects of source strength on the resultant
crosswind profile. Source Details: two 1km line
sources, with the source strength of second
being 0·75 the first. Profile taken at: 10km
downwind of the source line and at a height of
10m.
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Figure 6: illustration of the effect of
increasing the source strength of both sources
equally on the plateau produced when both
sources are equal. Source Details: two 1km line
sources of equal strength. Profile taken at:
10km downwind of the source line and at a
height of 10m.
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Figure 7: The downwind concentration profile
taken halfway between the two sources. Source
Details: two 1km line sources of equal strength.
Profile taken at: a height of 10m.

Figure 8: The downwind concentration profile
taken in the centre of the first source. Source
Details: two 1km line sources of equal strength.
Profile taken at: a height of 10m.

5 IMPLICATIONS
THESE RESULTS

6 WHERE TO FROM HERE
?

OF

While the source model we have outlined here is
crude in many respects, it does however provide
some incite into the behaviour of dust plumes
from multiple local dust source areas. It is obvious from the initial results of the model that care
must be taken in the description of sources if accurate results are to be achieved. The eventual
positioning of local source areas will of course
be determined by the field data for the source region. The model also indicates that source properties (separation etc.) must be included in any
transport model if accurate regions of peak concentrations are to be predicted from the model.
In sections 2 and 4 a number of assumptions are raised concerning aspects of the model.
These areas of the model require significantly
more research before they can be relaxed. However, they do provide a reasonable initial framework for the model.

Over the next six months, experimental field and
laboratory data will be collected to verify aspects of the model in its current form and model
changes will be made based on these results.
Also during this time it is planned to introduce
dry and wet deposition into the model, to account for these two processes over the source
area.
Once the source model is finalised, it is
planned to use it as a basis for a long range dust
transport model. This new model will incorporate multiple source areas and spatial variations
in concentrations. If successful this model will
for the first time allow spatial predictions of dust
concentrations to be made on the East Coast of
Australia, for major dust events. This will mean
forecasters will be able to make predictions of
areas where the visibility will be most effected
during major dust events, thus allowing more
precise local raised dust warnings to be issued.

7 SUMMARY
The Gaussian model outlined here, provides a
useful method to model spatial concentrations
of dust within a given source region. The model
does however have inherent problems in terms
of a number of unrealistic assumptions. However, until better experimental data from current
studies become available, it is extremely hard to
improve on these assumptions.
In particular, the current model also lacks
one vital component in any transportation
model; a deposition term. However, as this
component of the model controls or influences
much of the physical behaviour of the model,
particular care must be taken in its inclusion
model. Current experimental work on deposition is centred around obtaining accurate theoretical/empirical estimates of deposition velocity and washout rates of dust particles. Once this
work is completed deposition will form an integral part of the source model.
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9 TERMINOLOGY
backtracking A technique used in meteorology
to backtrack the path of air parcels over a
given period.
source region A area of land that contains a
number of discrete sources (see figure 3).
source area A term used to denote the smallest
discrete source (see figure 3)
separation of sources The distance between
line sources which is taken to be the dis-

tance from the trailing edge of one source
to beginning of the next source.
entrainment The term given to the process of
particles being ejected into the air.
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