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Transport of Saharan dust over the Caribbean Islands: Study
of an event

JGR, V. 110, D18S09, 2005 R. H. Petit,! M. Legrand,’ I. Jankowiak,” J. Molinie’,’ C.
Asselin de Beauville,’ G. Marion,” and J. L. Manso?’

A dust plume transported across the Atlantic Ocean from West Africa to Guadeloupe

in June 1994 is studied using several complementary and cross-checking techniques.

During this event the dust optical depth measured in Guadeloupe was high from 19 to

22 June, peaking at 1. Meteosat-5 IR imagery is used to locate in SW Sahara the source of
emitted dust, consistent with the simulated backward trajectories of the dusty air masses arriving
over Guadeloupe. Meteosat-3 visible light spectrometer (VIS) imagery over the north tropical
Atlantic shows the dust plume leaving the African coast on 15 June and its subsequent spreading
over ocean on the following days. The back trajectories indicate a strong uplift from the African
source to an altitude of 5000 m on 14 and 15 June, followed by a subsiding motion of the dust
plume from the African coast to Guadeloupe, in agreement with the meteorological soundings
performed at east and west sides of the Atlantic Ocean. Such uplifts, observed during summer,
are shown to be a condition for the long-range transport of dust through the Atlantic. It is also
observed that while dust transport is associated with the dynamics of the Saharan air layer, the
latter can be dust free. The transported mass of dust was in the range 2.5-5 Mt for this event.
Electronic microscopy applied to the mineral particles collected in rainwater just after the dust
event shows the predominance of particles larger than 1 mm in the long-range transport from
Africa.



Man-made pollution




*Ocean beach dumps
*Sewage
*Manufacturing waters
*Oil tanker accidents







First evidence for the detection of natural surface films by the

nikSCAT scatterometer . .
Q ~ Internal waves in Gibraltar

I.-I. Lin," Werner Alpers,” and W. Timothy Liu’
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Figure 3. Astronaut phetograpk (ISS005-E-5312) acguired on 18 Tume 3002 at 123§ UTC. The imape shows
miernal wave surface sigmatures simdilar to those observed in SIR-C SAR image (Figure 4). Orientation apd mmage
size uoknown.  [Image courtesy of Earth Sciepces and Image Amalysis, NASA-Jobpson Space Center
(http:/'eel jsc nasa gov)]




Natural Slicks: *Currents
*Large-Scale Waves

*Wind Variability
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Wind Ripples




We studied the internal wave action on
the surfactant film and formation of slick
zones on the sea surface. This work 1s
done 1n frames of Project No 1775p with

Defense Evaluation Research Agency
(DERA) UK.
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SURFACTANT MOLECULES
Hydrophobic parts of molecules

Water O O 00O 00 O

surice - ~AAN I

—OH -OH —OH —OH —OH —OH —OH

+H, +H or—COOH
H,0

Hydrophilic parts of surfactant molecules

I' 1S surface concentration of surfactant

M =S



Film characteristics  Physical

O o Surface tension @

g, = 73 dyn/cm 1s surface

tension of clean water

|
Surfactant molecules are reduced
water surface tension

Film pressure m=G, -G

Tt=TI) is film isotherm dn
Film elasticity modulus E=1 AT

(Young’s modulus)
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Action on the wind ripple

Decrement of capillary-gravity waves
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Small variation of I
leads to strong variation
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and therefore, visibility

wis wave frequency
Vis water viscosity
k 1s wave number
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QUESTIONS

Where is the film concentration I increase
enough for slick formation?

What does influence on the growth of I in situ?
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Concentration balance equation
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There 1s basic equation for any kind of
pollution

In atmosphere (aerosol)

In ocean (soluble substances, salt, insoluble
fine-dyspersated substances, surfactant films)

In rivers (oil, man-made pollutions)

Heat “pollution”



Basic Model:
2D Advection-Diffusion-Relaxation Equation

ﬂd—r+ div(ul )= DAT + il +
!

&

u(x,y,t) — surface current

D — horizontal diffusion

T- relaxation (exchange with deeper layers)



1D Advection Modei

T M ur)=0 =,
dt 0x
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u(x) = u,sinkx

concentration, [ /T

Langmuir Cells:

u~2cm/s, L~100m
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no stabilisation
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divergent point
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1D Advection — ]
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Internal Wave Velocity Field

uix.t)=ulx—ct) c>u

(?_I'+ a—(u(x- ct) )= 0
Jt 0x



1D Advection Model for Wave Disturbance

u(x,t)= u(x- ct)

Steady — State
Solution

Do not satisfy
mean-level condition
for concentration

concentration, [ /T

current, u/a
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Exact Unsteady Solution
[(z,¢) 1-¢2
[, [l
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u(x,t) = asmnkz, z= Xx- ct



a/c =0.5

concentration, /T
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Surfactant variation in field of sine wave (€= 0.6)




concentration, /T,
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a/c =0.9
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peak concentration, [ /T,

Unsteady Solution
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Standing Waves 4, = 5qin kxsin ¢
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concentration, [/
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Influence of diffusion and relaxation
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concentration, G/€
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Finite Wave Disturbance
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concentration, G¢/u,
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concentration, G¢/u,

0.5 —

/ .
Relaxation
— L/c1 =0.1 l
Back phase
~—exp(z/et)(1-exp(-L/cT)
i G(z) = | %0 exp| 2L
il G[ oT ]
T | T | T | T | T | - T |
-3 -2 -1 0 1 2 3

coordinate, z/L



concentration, Gc/u,
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Concentration, T /T
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Surfactant “wake” of wave packet

u(x,t)= u, A(x - cg,,t)exp(ik(x- cpht))+ C.C.

Two terms with short and long wavelengths:
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Internal Wave Packet T = 30 min
cp,=042m/s ¢, ,=033m/s
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Long-wave wake
behind
dispersive train




Relaxation
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SESAME, Malin Shelf
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Conclusions:

* Analytical Tests
*Unsteady eftects

*Relaxation and Diffusion

*Influence on slick formation



Pelinovsky E., Talipova T. Surface Active Films on Sea Surface. Novosibirsk: Heat Transfer
Institute Press. 1990,

Kharif C., Boiron O., Rey V., Talipova T. Physical and numerical modeling in environmental
engineering. Teaching manuals: Sustainable Development and Environmental Problems of
Industry. STANKIN Press, 2000, Moscow.

Holloway P., Pelinovsky E., Talipova T. Internal tide transformation and oceanic internal solitary
waves. Chapter 2 in the book: Environmental Stratified Flows (Ed. By R. Grimshaw). Kluwer
Acad. Publ. 2001, 29-60.

Pelinovsky E., Slunyaev A., Polukhina O., Talipova T. Internal Solitary Waves. In Book:
Solitary Waves in Fluids (ed. By R.Grimshaw), WIT Press, Southampton, 2007, 85-110

Ermakov S., Panchenko A., Salashin S., Talipova T., Titov V., Zujkova A. Surface film effect on
short wind waves. Dynamics Atmospheres Oceans, 1986, 10, 31 - 50.

Holloway P., Pelinovsky E., Talipova T., Barnes B. A Nonlinear Model of Internal Tide
Transformation on the Australian North West Shelf, J. Phys. Oceanography, 1997, 27, 6,
871-896

Holloway P, Pelinovsky E., Talipova T. A Generalized Korteweg - de Vries Model of Internal

Tide Transformation in the Coastal Zone, J. Geophys. Res., 1999, 104(C8), 18333-18350.
Grimshaw R, Pelinovsky E., Talipova T., Kurkin A. Simulation of the transformation of internal
solitary waves on oceanic shelves. J. Phys. Oceanogr., 2004, 34, 2774-2791

Grimshaw, R., Pelinovsky, E., and Talipova, T. Modeling Internal solitary waves in the coastal
ocean. Survey in Geophysics, 2007, 28, 2, 273-298.



Pollutant Dynamics in Small Rivers
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Pollutant Dynamics in Small Rivers

1D
0_C+ u(x,t)a—cz D
0t 0 x

)°C _C

0x? T

Pollutant Source at x =0

C(x=0,t) = C, (1 -
or D—=0()

0 x



Far from Source

Initial Condition (t = 0)

C(X=>0@,t) - 0

C(x,t=0)=0

Analytical Methods for Simplified Situations

and

Numerical Modeling for Real Situations




The First a_C+u(x t)a_C_DOZC_
Case )¢ 0y ) x2

1. Constant Flow: U

2. Permanent Source: C,
Solution: C(x)= C, exp(- U x)
1

Du’+uy-—=0
[



1 Parallel Flow

D,L12+M,LI-T—:0 (U>0)

1) No Diffusion

L = y'lzur

i) Almost Insoluble

Lz\/DT -

Unsteady Process



1 Counter Flow

2 _
D,Ll U T/l'u - T_ - O ( U < O)
) No Diffusion Unsteady Process
i) Almost Insoluble L - D

u|



Steady Diffusion Relaxation
Process in Variable Parallel Flow
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Unsteady Process in Variable Flow
dx

Parallel flow, no diffusion — = u(x,t)
dt
B I [ [] X I
C(x,t)= Cyexp[- J' - - J'
_ i Ou(x)__ Ou(x)
e
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o) ~~
O —
Constant flow ~ -
Front of T~ —_
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Concentration
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Unsteady Diffusion Process: No Flow

X

2~/ Dt

C(x,t)= Cyerfc

Mathematics:
0C/0x satisfies to
fundamental solution

concentration

<>

sour(c):e, coordinate
X=



