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Abstract Wind erosion is a broad-scade process in inland Auvstralin, When conditions wre vonducive to wind erosion, dust storms
can entrain fine sediment over large areas of the continent, however closer examination indicates that the dust source weas are
often spatiaily discrete. The fine sediment catrained from these sources, s rapsported 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 et &l 19951, the
accuracy of these estimates is limited by the sive and shape of the source region assumed. {n addition. soil loss per unit area is a
more appropriate measure of soil erosion than otal plume foad, but estimating loss per unit aren requires aocutite estimation of
sowrce areas. The new model developed hopes to overcome these Iimitations by working from the source area downwind, rather
than back-tracking to estimate the source area as done by Knight et al. [19931, As aresult of this, the new model is quite distinet
from that of Knight ot al. {1995}, in that it no longer assumes that entrainment is uniform across a single source area. and conse-
quently that the concentration profile is uniform across the source area. The new mode! uses a Gnussian plume modet |Zannetti
1990, with the dispersion parameters based on the Hanna et. al. [1982] estirmates for rural areas. As a first approximation, the
model describes dust loads emanating from sources of different strength and spacing along a crosswind hne. This configaration is
indicative of spatially discrete sources, with different soil erodibility and cover protection, producing different source strengths.
Initial msults from the model indicate that the nature of the downwind dust concentration profile i dependent on the following
factors: downwind distance from source, source strengths,and crosswind source separation. A detalled discussion of the relation-
ship between the above factors is presented. As a result of this discussion a number of conjectures are made shout the nature of

the physical system.

1. INTRODUCTION AND BACKGROUND The Composite Box Model of Knight et al, 119951, s the

only model © be currently applied 10 Australian conditions,
Wind ercsion is a major geomorphic process in much of In the originating source box (Box Dile the Birdsville Box

inland Australia, especially when drought conditions pre- see figure 2j the whole source arca covered by the box 1s
vail and adequate ground cover levels are hard to maintain. assumed to be enlraining at constant rate. The only other
In any given wind erosion event, much of the fine mate- sowrce box asswmed o be entraining dust is the Charleville
rial picked up by the wind is wansported fram the source in box (Box 3) and here entrainment is limited to only a certain
dust plumes [McTainsh 1989]. Since the amount of mate- percentage of the area of the box, The amount of material en-
rial available o the wind for entrainment & lmited by fac- trained is estimated by using the amount produced if the toral
tors such as soil erodibility, ground cover and soil moisture, ares was enfraining, then faking a percentage of this. Itis fur
the resultant dust plume {cloud) could be made up of mate- ther assumed that the dust concentration within each box is

rial from anumber of discrete sources. The number, location consiant.
and size of these source areas hay, to date, proved difficult to S _ _ _
' While this last assumption “"maybe” consistent with the dust
describe. _ ) - o
concentration profile obhserved in the Brisbane box (Box 4),

While some progress has been made in modelling dust where there is little variation in dust concentration across the

plumes in Australia [Knight 1990, Knight et al, 1995] and
overseas {07 Almeida 1986, McMahon e, al. 1976, Foda
19831, The majority of these models lack the abslity (o de-
scribe spatial vadability in dust concentration in the plume
and use backtracking techniques 1o describe the source areas

(see figure 1},
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box, its validity in and around the Charleville box nwst be
questioned. Tn the Charleville box, we have asituation where
only discrete regions of the bax are eroding and producing
dust plumes. Around each of these regions one would ex-
pect a substantial increase in the concentration of dust n the

alr (i.e local hot spots). Clearly then this assumption is in-



ardequate in its description of dust concentrations within and

around boxes that contain discrete source egions.

In order to describe spatial variations of dust concentrations
around individual source regions, it is necessary 0 describe
the dust concentrations that may result from discrete sources
that may cccur i that region. To achieve this the source
model must be able to reat cach source as a discrete identity.

and predict how these sources will intermix with the given

source region,

The use of backtracking techoiques in current models pro-
vides a means of determining the boundaries of the source
regions, i however doesn't provide an estimate of how the
sources are scattered within the region, Determination of how
much of this region s “eroding™, is left to the researchers o
estimate based on their knowledge of the regions environ-

mental conditions.
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Figare 1: Calcalated back-trajectories of the 1987 event that effected South-Hast Queensiand, Ausiralin (after Knight et al. {1995]).

Figure 2: The location of the various Boxes used by
Knight et al. [1993].

This estimate has o include at least two factors:-

e the strength of each of the local source areas in the
source region during the event.

e the pereentage aren of the source region that is entrain-

g during an event,

Reasonably accurate estimates of these factors can be made
if field data is collected for an event [McTainsh et. al. 19951,
but if this is not available a falr amount of guess work, based
an passed expericnce of the researcher is used to provide es-
imates for these factors on an event basis, Our source model
in final form will allow the strength of each source to be de-
fined separately from calculations based upon measured en-
vironmental conditions. Fleld data will also aliow better esti-
mates of the location of local source areas on an event basis
o be made. This data will alse be wed, along with sensi-
tvity analysis o determine a suitable source profile (source
distribution) for the model that best describes the reality of

the situation.
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2. THE SGURCE MODEL

The source mode! 15 based on a Gaussian Plume Dispersion
mode! {see Zannstii [1990]), with the following assump-

tions:

o local source areas have a coastant source strength with

dme (ipgs™ )

e The average dust concentrations in the vertical and

crosswind directions follow a Gaussian distribution,

» The effective height of the source sbove the ground is
i m (e sources are sround based and there is no ther-

mal or turbulent plumne tise away from the surface).
» Wind speed (1) is uniform throughout the source area.

e Mo deposition occurs in the source region {this will be

relared following future modet development).

o All material entrained is reflected from the surface Le
there is no absorption of entrained material by the sur-
face (this will be relaxed once experimental data be-

comes available).

Given these assumptions, Hanna et al. (1982} state that the
concentration Clugm™ ) at any point downwind of a point

source is given by:-
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where z is the height above the ground, v is the cross wind
position from some reference point and oy {z) and o, () are
the standard deviations (Dispersion Parameters) of the con-

centration in the y and =z directions respectively.

In choosing the functional form of the dispersion parameters

(o () and o (), it i assumed that they are functions of

only the downwind distance x and the stability of the system.

The stability of the system s 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 stahility category for the system bus been deter-
mined, 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 spproximation, i i asswmed that they
have a similar functional form fo that outlined by Zan-
netti [1990] for neutral sl meteorological condi-

tions.  Mathematically they wke the following formi-
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and

As an initial approximation, local area sources are assumed
tor be line sources ocated along a cross-wind line. Each dis-
tinct ne source is assumed to consist of a munber of distinet

point sources. This is done for a variety of reasons, such as:-

1.1t allows the functional form of the source
steength across any source region © be easily al-
wred (e it is possible to have a line source with
a higher strength i the centre 1o that observed af
the ends.) This situation is more representative
of natural ocourring sources,

2. If at anv stage in the futere it s required that
sources be angled W the wind, then this can be
implemented in the model, without substantial

modifications.

By taking this approach, each local source area can be as-
signed 2 unigue source sirength (currently this s stl as-
sumed (o be constant across each source in our mode!) and

separation distance from its neighbour.

2.1 The Fonctional Ferms of o, () and v, (x)

While the functional forms of o, {x) and o (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 cutlined below.

Since the purpose of this model is 10 deseribe a dispersion
process that mvoives multi-sized particles of differing spe-
cific densities, the very assumption that the dispersion pa-
rameters are independent of the physical proparties of the
particles, needs to be questioned. In order to change this as-
sumption, the wrbulent forces acting on the various particles
must e sufficiently different, to have a noticeable effect on
the dispersion of the particles. However, at present there is
msufficient experimental data on particle size related disper-

sion effects, from which to base any change.

It is also obvious that the actual functionzl form of the dis-
persion parameters may also need w0 be revised dong the fol-

lowing lines:-

@ Do Auvstralian soil particles behave similarly to those
wsed in US based experiments for determining the dis-

3

persion parameters?



= Ars atmospheric dispersion conditions In inland Ans-
ralia similar @ those in the US (e do we have
more emperature—induced twbulent mixing, com-
pared with the USY?

Onee these issues are resolved with empirical data the func-
tional forms of the dispersion parameters can be changed to

better describe Australian conditions.

3. THE PROBLEM OF SCALESR

The broad-scale nature of wind erosion and dust transport,
means that we should describe the process at three distinet
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 o describe essentially the
same process. The major problem with using the same ap-
proach in each case, i picking how o define the source area

at each scale.

To understand why this is such a maor problem consider
a source area made up of numercus discrete sources (as o
figure 3). If an observer is located at a sufficient distance
downwind of the source, 2 number of the dost plumes would
have coalesced and sppear as single concentration profile,
Thus if vou wre frying © describe the concentration at some
point after this has occarred a single source initially could be
used o describe the sources that coalesced. The point where
coalescing occurs is dependent on three factors: the disper-
sion parameters, source separation and the relative strengths
of each source. Therefore picking adequate source descrip-
gons 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 FROM THE MODEL
4.1 Separation of Sources

Source separation has a direct effect on the downwind dis-
tanve before the plumes from each source coalesce into asin-
gle profile. During transition from multiple plumes o a sin-
gle plume the mode! predicts that their will be three distingt
ransitional stages (sce Figure 4). These stages are outlined
below:-

1. Hach source has a distinet peak in the profile, that
1 clearly ussociated with that source.

2. A plateau (or shoulder, see discussion in sec-
tion 4.2 is apparent in the profile.

3, The profile is similar to that generated from a sin-

gle point source,
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Between cach 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 down-
wind distance until the centre of the plumes are beginning
0 mix, so that a plateau is produced around the two centres
(if sources are of equal strength, otherwise & shoulder is pro-
duced see figure 4 and figure 3 The mixing gradually in-
creases with downwind distance until the plumes have 1o-
tally combined and are indistinguishable from a single point

source “profile” {L.e a simple gaussian distribution).

4.2  Source Strength Effects

While the separation of the sources appears to be the ma-

jor controfling influence on the distance downwind when the

plumaes coalesce, source sirength also plays a wle. If one
source is significantly stronger than the other, the weaker has
little effect on the major source, except 1o produce a distingt
il in the profile, dependiog on separation of the sources,
This distortion in the profife soon becomes insignificant as
the sources mix further, especially when compared to the
concentration change in the region of the stronger soutce (ie
the effect is still present but produces only a small change in
concesntration when compared o changes due to the disper-

sion of material near the stronger source),

I however, the sources are of stmilar (but not equal) strength
the stages outlined i 4.1 are guite distinct (see Figure 5),
Here the shoulder is produced by the mixing of two differ-

ent strength sources.

Source strepgth also has an effect on the plateau stage. As
mentioned earlier, if the same separation s maintained, but
with different source strengths the plateau effect reverts to
a shoulder/step effect. However if the source strength re-
mains equal but is increased {or decreased), the profile pro-
duced represents a increase {or decrease) in the concentration
present across the profile, but the plateau effect is maintained
{se¢ 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 oceur in the plume. Then i sufficient material is



present in the cloud, the increase in these two factors shouald
induce greater dispersion rates within the plume, The oppos-
ing 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 varfables control not oaly when
the effect is scen, but also the strength of the effect.

The nature of the effect is seen m figure 7. which is a down-
wind profile taken half way between two line sources. As car
be seen clearly in this profile there s w gradual build up in
the concentration with downwind distance until a maximum

concentration is reached, and then there is a gradual decrease
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Figure 3: A pictorial representation of a possible
distribution of area sources within two distinet source
regions.
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Figere 5 Crosswind profiles illustrating the effects of
source strength on the sesultant crosswind profile. Source
Details: two Hhm line sources, with the source strength of

second being 0-75 the first. Profile faken at: [Okm
downwind of the source line and at 2 height of 10m,
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as the plumes continue o disperse and mix. This is in con-
trast o downwind profiles taken in the centre of one of the
sources, which are lustrated in figure 8 Here all that is ev-

dent as the two sources combine, is & kink in the profile

This behaviour is consistent with what one would expected
as the two sources combing. In the centre of two sources one
would expect an initial buildup in material, as there s ini-
tial no material in this region and as materazd is fransported
into the region the concentratdon should increase. This in-
crease should continue until e two sources are well mixed,
alter this point i 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 © mix should ke a slight increase
m the material presentin the plume at that point, thus cavsing
the concentration o slow its rate of decrease {or v actually

start mereasing) at that point.
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Figure 41 Tllustration showing the effects of three different
source separations on the concentration profile. Source
Details: two Han line sources of equal strength. Profile

taken at: iUkm 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 platean produced
when both sources are equal. Source Details: two Tkm line
sources of equal strength, Profile wken at: {0km downwind
of the source Hae 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 tkm
line sources of equal sirength. Profile taken at a height of

iOm.

5 IMPLICATIONS OF THESE RESULTS

While the source model we have outlined here is crude in
muny respects, it does however provide some iacite into the
mehaviour of dust plumes from multipte local dust source ar-
gas. 1 is obvious from the imitial results of the model that
care must be taken in the description of sources il accurate
results are © 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 ele.) nwst be included in any trans-
port model if accurate regions of peak concentrations ae io

be predicted from the model,

In sections 2 and 4 a number of assumptions are raised con-
cerning aspects of the model. These areas of the model re-
quire significanily more rescarch before they can be relaxed.
However, they do provide areasonable initial framework for

the model.

$.  WHERE TO FROM HERE 7

Over the next six months, experimental field and laboratory
data will be collected 10 verify aspects of the model i its cur-
rent form and model changes will be made based on these
results. Also during this time it is planned o introduce dry
and wet deposition into 1he model, o account for these two

processes over the souTce arsa.

Once the source mode! is finplised., it is planned o use it as a
basis for a long range dust wansport model. This new model
will incorporate multiple source areas and spatial variations
in concentrations. If successful this model will for the first

tme allow spatial predictions of dust concentrations to be
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Figure 8 The downwind concentration profile taken i the
centre of the first source, Svurce Details: two lkm line

sources of equal strength. Profile taken at a height of 10m.

made on the Tast Coast of Australiz, for major dust gvents.
This will mean forecasters will be able to make predictions
of areas where the visibility will be most effected during ma-
jor dust events, thus allowing more precise local raised dust

warnings o be ssued.

7. BUMMARY

The Caussian mode! cutlined here, provides a useful method
fo mode! spatial concentrations of dust within a given source
region. The model does bowever have inherent problems
in terms of a number of unrealistic assumptions. However,
until better experimental data from current studies become
availahle, it i extremely hard to improve on these assump-

Hons.

In particular, the curcent model also lacks one vital compo-
aent in any tansportation model; a deposition term. How-
ever, as this component of the model controls or influences
much of the physical behaviour of the model, particular care
must e taken in its inclusion model. Current experimen-
tal work on deposition is centred around obtaining accurate
theoretical/empirical estimates of deposition velocity and
vashout rates of dust particles. Once this work i completed

deposition will Torm an integral part of the source model.
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9, TERMINGLOGY

backtracking A technigue used in meteorclogy to back-
wack the path of air parcels over a given period.

source region A area of land that contains a number of dis-
crete 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 distance from the trailing edge
of one source to beginning of the next source.

entrainment The term given to the process of particles be-

ing ejected into the air.
10. REFERENCES

D’ Almeida, G. A., A model for Saharan dust transport, Jour-
nal gf Clintate and Applied Meteorology, 25(7). 93—
916, 1986.

Foda, M. A., Dry-fall of fine dust on sea, Jownal of Geo-
physical Research, 88, 6021-5026, 1983.

Hanpa. S., C. Briggs, and R. Hosker, Handbook on Atmo-
spheric Diffusion, Technical Information Center Us
Department of Energy, 1982.

— 109

Knight, A., Estimates of tong distance dust ransport over
Fastern Australia, Honours Dissertation, Griffith Uni-
versity, 1990,

Knight, A, G. McTainsh, and R. Simpson, Sediment loads n
an Australian dust storm: Implications for present and
past dust processes. CATENA (in press). 1895,

McMahon, T A, P Denison, and R. Fleming, A long-
distunce air poilution gansport model incorporating
washout and dry deposition components, Armospheric
Enviromment, 10, 131=761, 1976,

McTainsh, G., Quaternary aclian dust processes and sedi-
ments in the australian region, Juatenary Science Re-
views, 8 235-253, 1989,

MeTainsh, G.. W. MNickling, 1. Leys, and A. Lynch, Wind ero-
sion rales and processes from field measurements in the

channel country, w queensland. In preparation, 1995.

Zapnetts, P, Air Pollution Modelling: Theories, Computa-
sonal Methods and Available Software, Yan Nostrand
Reinhold, 1990,



