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Early reports on dus

Coal, industry and urban pollution
in medieval London

Wood was in such short supply in thirteenth-
century London that coal brought by ships
from England’s north began to be used,
especially fo produce lime as a cement. The |
strange-smelling coal smoke was thought =
unhealthy, so by the 1280s there were
attempts to prevent its use,

Air pollution in dwellings, Sweden |
Concentrations of indoor pollutants
were sufficient to affect the health of
Iron Age people.

Rome

Civil claims over smoke
T ; pollution were brought
(Sinusitis in Angro-Saxon | before Roman courtgs Greece
goand o almost 2000 years ago. | | Cities of the ancient world
_An increased |nC|dencg-of sinusitis . _ Waro ofter simiall, butthe
1 fne Anglo-Saxon perdod ha ; = | inhabitants lived in high
s_uggested srnok_y interiors to huts ‘ B density, which led to
which lacked chimneys. ; A pollutants becoming
y s ““\ concentrated.

Justinian Code 2
Under the Law of Things, our
right to the air is clear; ‘By the
law of nature these things are
common to mankind — the air,
| running water, the sea, and -
consequently the shores of
thesea’. o

Indoor air poliution at
Herculaneum
Well-preserved skeletons
show lesions on the ribs
that suggest a high
frequency of pleurisy.

Anthracosis in mummies

Soot deposits in desiccated lung tissue
from mummies, most particularly in Egypt,
suggest long exposure to smoke.

Mining in Spain

The geographer Strabo described
(c.7 BC) the high chimneys required
to disperse the air pollutants from -
silver production in Spain. Hermopolis, Egypt

The Victory Stela of King Piye

tells of the Nubian king's campaigns
in Egypt, and that the stench and a
lack of air caused the city of
Hermonolis to surrender ¢.734 BC.

World Atlas of Atmospheric Pollution. Editor: R. S. Sokhi

Babylon

Babylonian and Assyrian law
included clauses that affected
neighbours’ property. These
related to water and air.
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c.460-377BC

c.4BC-65AD

23-T9AD

miasmatic
theories
of diseases.

Pliny the

Elder
obsarved that
saline rain
damaged
crops.

World Atlas of Atmospheric Pollution. Editor: R. S. Sokhi

1098-1179

932-1000

at-Tamimi

a great physician who wrote a
treatise on avoiding epidemics.

P gy
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1493-1541

... and on health

Hildegard von B8
Bingen |

a mystic who
thought dust of

the atmos

was harmﬁjl to
plants.

here

Lucius Annaeus

Seneca

suffered poor health

and asthma.

Left Rome and
once away his
health improved.

1494-1555 1620-74 1623-73
Georgius Margaret
Agricola Cavendish
drew attentir.mfn 5 wrote about atoms
fo dangers o £ and speculated
diseases of air on atoms from
H}ﬁ; %z::ﬁgge burning coal.

: Francesc
$|_r Kenelme conducted
E:ogi: gf the eipell‘;j el

which su
corrosiveness sponta ne%gl
of coal smoke. generation

unlikely.

Theophrastus
Bombastus von
Hohenheim

wrote the first

monograph on diseases
of miners and smelter

workers.,

_ John Graunt John Evelyn 3
i e _suggested the ocbserved
high death rate long-range
in London could o transport of
be attributed pollutants
_ partly to coal from the Great
smoke. Fire of London.
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Is air dust important?

i,

y

< Dust particle 12 ym - < Earth gl.o.-be 12 Mm -

Connection:;

-12 orders of magnitude difference in size

-10M2 kg in the atmosphere (107-7 of atmospheric mass)
- Climate

- Atmospheric circulation

- Life ?

- Dostojewski: “Love both, small and big!”
& EUMETSAT



Optimal dust detection with the infrared?

Best contrast ? DAY NIGHT
IR
VIS

Click one of the four fields, the one with
best contrast free-surface/dust-storm

Ocean DAY NIGHT
IR good good
VIS good A/N/A

Desert DAY NIGHT
IR good bad
VIS bad A/N/A

On IR imagery, dusty air appears cool in contrast to the hot
daytime land surface. At night, the thermal difference
between the background and the dust lessens.

On VIS imagery over water, dust is easy to note. Over

land, however, the dust plume and the surface look similar é E u M ETS AT

Consecutive days in Fuerteventura, January 2010



Dust on visible and infrared

*Disputed contributi

on to global cooling (S.K. Satheesh, 2006)
“& AN - .

e

2004-05-13 13:00 UTC, 0.8 ym Same date-time, 10.8 ym
Dust reflects back solar energy to space *Dusty air rises and cools down

Desert scene, Southern Sudan L’E EUMETSAT



Contents

« Dust characteristics

« Display techniques

* Inter-channel comparisons: plots
« Radiation transfer concepts

« Graphical retrieval

« Value added by 8.7 um

» Conclusions

&‘\ "'"_””"”*1? Jun2000 May2001
Aerosol Optical Depth = Average aerosol
— _., n  NASA Earth Observatory
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Characteristics

» Dust storms occasionally reach 5 km height, frequently thicker than 1km

» Dust optical depth around 0.5 (average on land) or 5 for storms, in the
visible range. Optical thickness in the IR is about 40% of those values.

*"TOMS Absorbing Aerosol Index (0-4) roughly equivalent of AOT (0-2)

»Aerosol density average in the atmosphere 10"-7 kg/m3 ( equivalent of
depth 0.1)

& EUMETSAT



Characteristics

=Particle concentration for dust storms is about 5108 /m3, similar to cloud
*Not understood transportation of sand particles (>60um) beyond 1000km

» n=1.53 + i * 0.008 in the visible range (similar to droplets), higher
absorption in the IR

» Dust size is tri-modal around 0.1 pm, 2 ym (marine salt), 40 um (dust storm)

» Dust absorbs and scatters infrared radiation in the Mie range

0.55um section

= EUMETSAT



Characteristics
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Dust enhancement in a single IR channel !?

2004 May 13t 13:00 Meteosat 10.8um
colour-enhanced (left) and gray-enhanced (below)

-

320 4

310 4

300 4

2490 -

230

10.8 ym ¢ EUMETSAT




Slngle channel comparlson and Ch9- Ch1 0 dlfference (upper r/ght)
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Difference image: Ch9-Ch10 or Ch10-Ch9 ?

Direct Ch9-Ch10 versus reversed difference, Ch10-Ch9

*If dust is the target, reversed difference is more of an attention grabber
*For colour composites, this difference will show better reversed as colour

& EUMETSAT



Comparison of water cloud and dust in the IR window

108 um & EUMETSAT



Signal reduction by dust storms (typical, dry atmosphere)

Signal reduction (K) at chani 8.7um 10.8 um  12.0 um

W ater vapour absorption o2 0 S
Dust absorption 5 -6 o2
Dust scattering o2 4 T3
Dust extinction (abs + scat) -7 -10 -5
Desert/clay emissivity -10 -1 0
Ocean emissivity 0 0 0

uanamissinn

8 ; 'II !
i 8| 7M/"—/

5} TR ..1h0 u“m

Transmission through 3um-ash
for wavelengths in the atmospheric window
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Scattering and absorption by a dust layer

* No solar contribution in the specitral
range above 8um

@ ar" * But scattering !

II =B(BT) b.B(TS) ® f +e< 1

* For thick dust layers e<1

*Thick layer emissivity dependent on
absorption/scattering efficiencies ratio

DUST B
TC (Cloud - 2 3

. -Contributing layer inversely to
L absorption+scattering (extinction) sum

. ", -
S % 5 o X
N B e
SN oo T PRSI B
N, F R e - \
. \‘1\ E‘ F‘ :\ ) s
NE N ) “
i S, N
< N | - N
™, \\ [ - " :
TG (Ground Temperature) - @'\i i e .
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6pticé| debth 9
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Emissivity and transparency

N3
O
S

100

20 ——

BU ____._,.l—-:':'__:_,_,——

= 108,9""/; - emissivity
B0 \/ sl

: K\f

a0

40 _.r x\ 12 pm

30
20
0

DUSt optlcal depth / cos(sat angle)

»EMISSIVITY: The emissivity of the dust layer grows with the dust optical
depth up to a saturation value. It is higher for 10.8um than for 12.0um.

» TRANSPARENCY: The transparency supplies warm signal from the ground,
making the signal stronger at 12.0uym than at 10.8um (opposite to warm bias)

»CONTRIBUTION LAYER: For deep dust (no ground contribution) the upper
layer (supplying the signal) is thicker (and a few K warmer) at 12.0um

= EUMETSAT



Absorption and scattering efficiencies

8.7 -10.8

0.8 -12.0
Cloud absorptt |44 K ‘. TR R ;;' TR e
backscat! | - S«e;\-x\\:;:e:\’\“g R
L] PN
# - 10.8 2 ) _120 =
127 J Coom om0 w0 ag o ? 3 e S ;\‘_g‘ﬂn’_\\_&i % LT
02 BE D b
R
a
y 3
S

8.7 um 10.8 ym 12.0 ym

8.7 -12.0

Cloud ahsorpt! 7 Cloud absorpt2

hackscatl hackscat?
[ ]
- 12.0
290

|
127 220 240 27ig. 1.07
]
= 04

0z J

Red dots indicate dust optical depth in the range from 0 to 3 units
8.7um is second in absorption, 12.0um is second in scattering
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“Reversed arc” for dust scenes: Ch9-Ch10 versus Ch10

_— - 2 5 I 4 L 5 I 4 L I U . ' [ ! ) )
&k i . 300 305 Fa G 320

MSG Natural (solar) RGB composite ~ 4-July-2003 10:00 UTC

O 10.8um radiation is more absorbed and more backscattered by dust than 12.0um
Q For dust or ash, arc is inverted due to the thinner contribution layer at 10.8um

O 10.8um channel shows higher BT for thick dust due to higher emissivity



Positive Ch9-Ch10 for thick dust cloud
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____________________________________________________

Exercise: plots 9-10 versus 10 =

LTSS

r

/

SIS

1%

Why is the brightness temperature difference Ch9-Ch10
turning positive for very thick dust layers?
E O Dust shows a higher emissivity at Ch9 than at Ch10

E O Water vapour condenses on dust and favours Ch9 emissivity over Ch10
emissivity

E O Dust has a scattering component, higher at Ch9 than at Ch10
E O Dust Ch10 signal comes from a thicker (and therefore warmer) layer

E O Thicker layers normally reach higher in the atmosphere, and the signal
decreases more on Ch10 for lower temperatures é EUMETSAT



Retrieval solutions: numerical and graphical
Pixel-based / numerical:

— Big errors in apriori information for variational assimilation
— Doubtful assumptions, gaussian-normal distribution for dust!

Context-based / graphical:

— Even more assumptions (uniform dust type in area, height
independence for size, uniform ground, ..)

— Intuitive
— Precise results

= EUMETSAT



Numerical retrieval solutions

= Signal = Dust signal (T) + Ground signal (TO0)
= B(BT)=(EO0O+0d)B(T) +
= O can be translated to optical depth via E-F graph

Optical depth of the dust layer

¢ EUMETSAT



Nowcasting SAF dust flag

= [for the ocean, day time: R1.6/R0.6 high, T12.0-T10.8
high, SD(T10.8-T3.9) smooth

= for the ocean, night time: same IR, T8.7-T10.8 high

= [for continental surfaces, day time: not cold T10.8, smooth
T10.8, filters for cloud

[§ METEO FRANCE

& EUMETSAT



Numerical retrievals with two inputs
— For two channels (e.g.,10.8 and 12.0 ym):

. EO and FO are adjusted in advance for a region (same as efficiencies)

. TO is estimated for the whole scene as maximum value for BT9

. Initial dust T = BT9 in the pixel

. Calculate d in the two equations, compare 61 and 62

. If 81 and &2 are very different, calculate T’s for average & in the 2 equations
. lterate till differences get smaller than (2%, 2K)

. Save the pixel solutions

Regional EO| | Scene T0 =max BT9

Initial pixel IW rl no | Save pixel Td
Td L — S RT equation| > 01,02 | —> diflyeerreynt? — > Depth (3)
(2 channels) ﬁ yes

T |7dt, Td2 [ «—

5=(51+52)/2

= EUMETSAT



Numerical retrievals with three inputs

— For three channels (8.7, 10.8, 12.0 ym):

. Channel 8.7 adds information and

. Provides scope for the retrieval of three parameters: (To, Td, optical depth)
. However, it introduces the uncertainty about ground emissivity

. And does not help with the depth retrieval for thin dust layers

. Still, improves retrieval for thick dust

Emissivities and transparencies
at 8.7umand 10.8um

1

1sparencies

=missivities

= EUMETSAT



Graphical retrieval

*Thick dust cloud at low level can be confused with a thin layer high above
*Uncertain reduction of the ground temperature by dust (‘thermal deficit’)

Ch 9-Ch10

: : : : : : Dust column to the ground e

R R - (Tg=810,Td=200) i Arc sensitivity
% R A O A to increasing...
3 """""" ‘ Dust top teynperature
2_ ______ L - : ___________________________________________________
ok IR I A (Tg=295, Td=270) !
! { - e e L - Scattering or absorption
2 """" L T ot e E efficiencies at 12.0 ym
Byrt = R il T i Ground_temperature
N LG LT e R PR e EREFeD L CoCLEEEEE TR P EELE PR T T d\
e
-0 D T S S MY |
2 N RN N Do SO (Tg=310,.Td=270)....__.

o0 20 0 290 300 30 Sfc;attering or absorption

efficiencies at 10.8 uym
Channel10 BT

Green-red dotted curve for (Tground=295, Tdust=270)

Cyan curves for Tg=310, and two values of Td=270 and 290 é EUMETSAT



Dust (Td) and ground (Tg) temperatures estimates

Bl : ; i 9-10 {vertical) s thorizontaly 10

285 oen 25 300 305 Mo 31s T T
Real (blue dots, right h.s.) compared with simulated (left h.s. and lines) scatterograms based on Tg=318 Td=272
211=0.6, 0.3 212=0.2, 0.25

The simulation (left h.s.) allows the thickness calibration (red dots for one-third depth units. Numbers are AOT units)
Ground thermal deficit: 30% of ground-dust difference, dust column down to 50% of that temperature difference

The upper pixels are the result of lower ground temperatures, acting as the blue arrows on the minimum.

o= EUMETSAT



Low level dust forming a dust wall in Niamey (courtesy of E. Kploguede) e EUMETSAT




Graphical-numerical retrieval: Td, Tg, AOT, Size

e

*%

Threshold in the box (32x32 surroundings): T10.8-T12.0 < -7.3K
AOT estimate from location in the diagram: 0.74---1.3---3.5---4.8

Td estimate, max (T12.0) + 5* min(T10.8-T12.0)

Forward model to simulate 10.8 and 12.0um brightness temperatures
Corrections to retrieved parameters based on sensitivity

Distribute corrections in up to 32 steps

Convergence criteria (too small changes in Td and AOT estimates)

Four result categories:
s Dust
% Mixed with cloud
% Only dust traces
% Dust-free (or low-level only, or night-time, or dry ground)

e

*%

e

*%

S

*%

L/
’0

L)

S

*%

e

*%

L/
’0

L)
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Graphlcal numerlcal retrleval scene determlnatlon

910 (vertical) va thorizartal) 10
- T

! : : | ! t
i i i - I
: : " e sasaasame s bk S e el e e P e o ekt el S el t
:I n Ii ............... - " ¢
.:... Inimes E..."":"l Ssaman n t
s senmanmggns ;. ................ A B e e S e e S bt B P R e
e o e S o ol
3 *i‘@r-r- L Ed S e e . = . i 5
T R s e s et e e i e e e e e
LR LR R R B petee R R L v i g L TeE
E---....:..-....'.... FH e :
------------- st e e s e e
Sasanun mw
i s e i e b e e
g ; i ; 7 y
284 285 296 27 295
[nits are Kelvin or % (in solar channels) 240 230 260 270 230 280 300

threshold ch9-ch10 < -1.3K
AOT =2.8, very strong depth
But suspicious of cloud

threshold ch9-ch10 < -1.3K
AOT =1.7, strong depth

T T T T
292 293 294 295

threshold NOT < -1.3K
AOT not calculated
Possible causes hinted
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-9 [vericall v= (horizontal) 9-10

The oceans: double difference plot -«

i 7-9 (vertical) va (horizontal) 9-10
Wy ' o : :
. | | 31

Meteosat-9 0.6um 2008-Feb-02 10:15 UTC

Hardly shows in IR channels
*Oblique path in the area enhances the negative 7-9 difference for cloud




Single and double plot of differences

2004-05-13 13:00 UTC, 10.8 ym

*The difference 7-10 is twice the average
of the others, and rather straight in single
plots for dust

*The other two differences, 7-9 and 9-10,
are usually preferred

EUMETSAT



The cloud-to-dust spiral in the differences graph

2004-05-13 13:00 UTC, 10.8 ym

1: Thick high cloud

2: Broken low cloud

3: Ground, drier air towards 4
4: Dust cloud

o= EUMETSAT



Dust branch often due to slant view of the dust storm (double diff)

%, "Single Channel 9]

h

7-3 (verticall ve thorizortal) 910

| E_umm -----

_______________________________

e Sy P e g P e P, e BB T S LR e PR e T S e g e Sy i o by P o R Pt S Py T e e

____________________________________________________________________

-----------------------------------------------------------------

_________________________________________________________________
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Dust branch only for intense dust storms or oblique views

\5'"9"3 Channel 3 910 (vertical) vs (harizantal) 10
, . , j T ———i—
1 i i "
I
[ — i I T
—— : : '__ -
e : : .
e ; e
e ——— | ; ; 0
o ":.-"'""—ll. """ i'l'"'-".'.""""""""i"'"l;:."'"i' """"""
h--_ ._.- L] |
. | - - n 0
gy ! _-.-1
ety 2 B L . L]
N o S
e e mmg ..; ;'"I- I
s o 1 " ey : n
. ——— - —— .
e — |
' | I e m g |
-2 --:------------L-.---:.I-l-I--—:._-.-:--i---.---L -----------
- - L N |
r r r 1L r r
275 2a0n 285 290 295 300

9-10 (wertical) v= (horizontal) 10

« 2004 May 13 13:00

* 9-10 turns positive for thick dust
(upper graph, Saudi Arabia) due to
higher dust emissivity at channel 9

» Not thick enough (less slant view) in
Sudan (graph on the right), far from
reaching the zero difference on the
dust branch
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Single plot: Ch9-Ch10 vertical, Ch10 horizontal

2008- 03 23 11:30 UTC Meteosat Ch9

‘.v s:;‘qﬂ ik 210 (vertlcalj WE (hl:urlzcunialj 10
g .

7.9 (vertical] ws (horizontal) 10

At which temperature is the cloud

_ boundary?
= 265 K
275 K
i 285 K

& EUMETSAT



The value added by the channel 7 (at 8.7um)

F20
315
310
305 4
300
293 4

2008-March-23 11:30 UTC, Meteosat-9
»Difference 7-9 depends on dust concentration, humidity and ground emissivity

»Difference 9-10 depends on dust concentration and humidity

o= EUMETSAT



The value added by the channel 7 (at 8.7um)

A Brightness temperature plot

________________________

____________________________

.....................................

----------------------------------------------------------------

7-9 (vertical) vs (h-:urlzcuntalj 10

""" b st ey émwssrve groundtil'8

_____________________________________________

___________________

-------------------------------

_______________________________________________________________

________________________________________________________________

3 ¥ T . 1 L 3 ¥ 1 1 . ¥ 1 3 x T Ly ¥ L x
285 290 295 300 305 hn]

Real (left h.s.) compared with simulated (right h.s.) scatterograms
based on Tg=308 Td=266

28.7=0.35,0.2 211=0.6,0.3 Z12=0.2, 0.25

and ground emissivity 85% at 8.7um

Marks at optical-thickness third-units from the right ends

TR TN TR TN TR
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| I

MSG 22 June 2007, 02:45 UTC
CALIPSO 22 June 2007, 02:40 UTC




Conclusions

*Graph adjustment is more subjective than numerical retrieval, but it
facilitates understanding of the radiative transfer and provides the
parameters for dust storm classification

*Channel at 8.7um provides refinement for Tdust and Depth values at the
thick end of the curves

*An operational detection algorithm can be based alternatively on

thresholds of the type: Ch9-Ch10 < -1.3K for pixels, plus texture indices
in the area. However those thresholds are not necessary for dust

= EUMETSAT



Land daily aerosol algorithm

(Gas absorption

State vector

[ @ & ; -
» Aerosol scattering v
& 5 i ] _lx'!'z

AOD= T

+ Aerosol class

P/ kiD

in VIS06 /VIS08 / NIR16

& EUMETSAT



Outlook

A model for dust cooling and height-thickness modelling will improve
the simulation of the observed radiances

A study of the particle size effect on channel emissivities will improve
the match between expected and real radiances

Looking into the BT'’s for dust mixed with water will clarify the role of
aerosols in cooling the atmosphere

*Coupling IR technique with existing methods for solar channel
simultaneous retrieval of surface albedo and aerosol optical depth

A comparison with results from the visible techniques for dust

estimation will provide calibration and skill for the IR estimates, obtainable
during night too

= EUMETSAT



DUST RGB composite:
the strength of infrared for dust detection

'.I:

IR RGB composite based on Solar RGB composite based on
channels at 8.7, 10.8 and 12.0 ym channels at 1.6, 0.8 and 0.6 ym

& EUMETSAT



THANKS FOR

List of referred events:

+2004-05-13 12:00,
+2008-02-02 06:00,
«2008-03-23 12:00,

+2009-03-28 18:00,

 ATTENTION |

L YOUR

Sudan and Saudi Arabia

Saudi Arabia
Libya

Argentina
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Size behaviour

Dust @ 2 pm 2a=0.1 25=0.05
Dust @ 20 ym Ya=1.2 25=0.06
Cross-section x1200 x120
Mass (20/2) x1000

Section (20/2) /100

Absorption is proportional to particle mass, not dependent on particulation
Scattering is under-proportional to mass

2a 2S
Dust @ 2 um 0.1 0.05
Dust @ 20 um 1.2 0.06
QrossSect 20/2 1200 120
Sct/mass 10

¢ EUMETSAT



Dust and water vapour in competition

i N, Y
w5 i S Wiy TN

7 RN
: : !iﬁ . ‘
.-j Q} o i 't“ -

v Brightness temperature plot

910 (verfil:alj vz [horizontal) 10
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ust predominance ~ Water'vapour ~ S€mitransparency arc
predominance

i
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2006-Feb-23 12:00 Sahara desert, 10E, 27N

78 (vertical) ws Chorizontal)y 10

-------------------------------------------
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2010 Jun 09 12:30 UTC
Dust (and convection) over
the Sahara desert

DUST RGB

9-10 (vericall vz (harizontal) 10

—_—
260

270

——
230
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Cloud with dust shows 7-9-10 big differences

2007-Feb-22 12:00 Sahara desert, 7E, 32N
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Cloud with dust shows 7-9-10 big differences

2007-March-09 12:00 Sahara desert, 14E, 29N
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