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Comparison Saharan dust — Volcanic ash (preliminary)

Parameter Desert Dust Volcanic Ash
Altitude 0-6 km 3-15 km
Depth 3-5 km 0.5-2 km
width 100-500 km 50-300 km
Critical ages < 3 days < 6 days

Max concentration 100 mg/m3 1. g/m3
Concentration after one day <5 mg/m3 <10 mg/m3
Annual mean at airports 0.2 mg/m3

Max. particle diameter in lofted layers <50 um <30 um
Particle shape, aspect ratio aspherical , 1-2 aspherical, 2
Lidar Depolarization 532 nm 0.3 0.4

Refractive index, typical, real 1.55+0.03 1.57+0.03
Imaginary (550 nm) 0.003+0.003 0.005+0.005
morphology crystalline glassy or crystalline

Main composition

like carbonates and clay

quartz, silicate more variable?

Melting temperature

960 to 1700 °C, low for clay
etc., high for quartz

lower ?7?7?

Optical appearance

Yellow to brownish

dark grey, brownish

Aerosol optical depth, after one day

< 1 away from source region

< 2

Impact on aviation

Close to airports, LTO

Free troposphere, cruise
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Global Aerosol Sources
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2006 annual average of MODIS AOT (@550) Image of the Week - February 18, 2007
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SAMUM-1 and SAMUM-2 research flights
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Sahara:

. largest desert on
o Earth (9 Mio km?).
* 50-70% of global
annual mean dust

SAMUM-2 __ emissions (Mahowald
N n et al., 2005)
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Airborne instrumentation during SAMUM-1 and SAMUM-2

DLR Falcon 20-E5 gas particles cloud
max. altitude: 42.000 ft molecules
max. endurance: 4 h

droplets

dN/dlog D, (cm ™)
>

o' 4 nm -100 ym

10° 107 10" 10° 10'
D, (Wm)

aerosol in-situ measurement techniques
condensation (CPSA/CPC)

electrical mobility (DMA)

light scattering (PCASP-100X, FSSP-300, FSSP-100)

light transmission (3-A-PSAP)
thermo-optic (thermal denuder + CPCs and Grimm OPC)

filter sampling: chemical composition & particle shape
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Lidar: vertical structure: SAMUM-1 versus SAMUM-2
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SAMUM-1: Size distributions
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Good agreement between airborne and ground measurements
»yoaltation mode™" at ground.

in all cases, particle diameters D, > 10 pm

Mostly (80%) particles smaller than 40 pm

No height dependence
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SAMUM-1: Micro
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physical dust properties

and volatile coating
(ammoniumsulfat)

m =1.531 + 0i

mean, 532nm

particles with nonvolatile core

Nonvolatile particles with
absorbing material

Mirean ssonm = 1.555 + 0.0032
Ny sonm = 0.0053
K ssonm = 0.0012
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Data from SAMUM mass concentrations up to 5 mg/m3

Table 4. Microphysical properties of pure dust aerosol over Ouarzazate (OZT) and Zagora (ZGA)
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(TSP: total suspended particulate matter;
: Weinzierl et al., 2009)
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Saharan dust mass concentration at ground in Morocco

DP1 IP1 DP2 P2 DP3
advection from advection local strong- westerly local emission plus
N Algeria low-dust period from SE wind period low-dust period advection from N Algeria
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Fig. 5. Time series of mass concentrations measured at Tinfou, Morocco. In addition, the relative abundance of quartz is shown as crosses. In the top
row, prevailing advection situations are given. Individual meteorological events are marked.

< 200 mg/m3

(Kandler et al., 2009)
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Dust aerosol optical depth at Quarzazate, Morocco
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Altitudes from LIDAR dust measurements

Occurrence frequencies
30 of dust layer depth above

- b ground near to the source
sFE 2=53 1  during SAMUM 1

20 .

15 | k

Frequency (%)

2 3 4 5 6 Tesche et al. (2009).
Dust Layer Depth (km)
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310

0.1

0.01

Light-absorbing aerosol

components

VIS + IR black carbon
brown carbon

"green"” Fe O,
near IR H,O

(NH,), SO,
9 um SiO,

Light-absorbing properties of dust are
determined by the iron oxides content.

Soot mixed with dust "closes" the
transparent window in the red to near
IR region.
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Eyjafjallajokull volcano plume, May 1, noon time
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Eyjafjallajokull volcano plume, May 1, noon time
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Emergency Aircraft, e.g. DLR-Falcon (future: HALO)

DLR Falcon 20-E5
max. altitude: 42.000 ft

: max. endurance: 4 h
aerosol & trace gas instruments

total & non-vol. aerosol, 3-A B, particle comp. & shape (4 nm - 2.5 pm)
CO (UV fluoresc.), O, (UV photom.), SO, (fluoresc.), H,O (1-point, Ly-a)

meteorological
measurements

GPaC (particle collector)
TU Darmstadt

2- ym-Wind-Lidar (heterodyne) PCASP-100X (dry accumulation
mode concentration)

FSSP-300 & 2-DC (0.3 -800 pm)
DLR & LaMP
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Number and volume - size distributions
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Nucleation, Aitken Accumulation, coarse, super coarse mode

I |
| | |

m L] II ; 'I L] III L] L] L] L] LI} II L] L] i

'E 4 : : ! measurement technique

O 10 I | |

2 ] = e
S o | |

2 10°} i | © deposton
= i

| scatterin

Z 10 2 I g g

E light transmission

= 0.025- 2.5 ym 9

L 1 -

_‘g 10 E Grimm OPC

3 0.1 -3 um

= 0 PCASP 100 -X

w 10 F

° 0.3 -20 pm

Q 1 FSSP -300

N 10 F

) 0.25 - 800 uym
E 10 - 2D-C probe

=

-

zZ -3 1

10 2 -1 0 1
10 10 10 10 10

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e/

in der Helmholtz-Gemeinschaft

Diameter D/um

DLR Institute of Atmospheric Physics

22



17 DLR Falcon flights, April 19 - May 18, 2010: OP - Iceland

2-6 km altitude
60-300 km wide, 0.5-2 km thick

Keflavik
Stornoway

Isle of Man

i

3, Lelpzig

New Quai SSfuttgart S b o
Q s — ===z=Munich

-
i

OOV oo L —
&l

[ea W0 % BE s e T dg B Bl e T |
= R el il 3t

OP —Keflavik: 2700 km

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e\,

in der Helmholtz-Gemeinschaft

DLR Institute of Atmospheric Physics



May 2: Plume sounded at 3.4 km altitude for 3 min
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May 2: 3 min measurements in top of ash plume at 60°N
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May 17, 1 hour in ash

ey s 2010
i 1‘5:-@' S

EUMETSAT/DWD MET-9 . DLR=EPA"
yellow = ash retrieval Falcon flight path within thick
red = ash + SO2 retrieval ash layer
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One hour Falcon flight in 2 km layer with >0.2 mg/m3 ash
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Just above volcanic ash layer

Main layer topped by thin layer (also seen in in-situ measurements)
Main layer very hazy

Horizon not visible

Ground (water) not visible to the side

" 7:Ney=20710, .15:54 UT, 6.4 km altitude, North Sea area

R Institute fAtmospherlé Physics



Inside volcanic ash layer at 5.5 km altitude

looking towards sun

very hazy

horizon not visible

ground/water not visible to the side
no clouds below

" 7:NIey=2010,16:10 UT, 5.5 km altitude, North Sea area

R Institute of Atmospherié Physics



Below volcanic ash layer at 2.7 km altitude

visibility much better than inside volcanic ash layer
diffuse light

horizon hardly visible

ground/water visible

" 7:NIEY20710,.16:35 UT, 2.7 km altitude, North Sea area

R Institute of Atmospherié Physics
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May 17
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Particles collected inside the ash plume at 60°N, May 2

Det | Spot| Mag WD Pressure| S31r2010 —500.0nm—
VI ETDH 40 | 44726% 102 mm - 12-14:43 PM TUDAAG Karsten Lieke

HV | Det Spot Mag | WD |Pressure 5/12/2010 10.0pm
20,0 VTl £ 0 [0t 10 M e ottt TR Kston Lo%S 20.0kVIETD 4.0 2909x/9.9 mm| - 4:08:37 PM Kirsten Lieke, TUD/IAG
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May 2, also found: ammonium sulfate, aggregates

Pressure | 81 0 |—10.0pm———

HV | Det Spot Mag WD  Pressure, 5/18/2010 2.0pm - e
200kVETD 4.0 21675x10.3 mm__ —  11:27:40 AM TUD/IAG Kirsten Lieke 200 kv SSD 84443 104 mm 120 mbar|5:4 M

20.0kVETD 4.0 16000x/10.3 mm - 11:16:47 AM TUD/IAG Kirsten Lieke

HV | Det Spot Mag WD  Pressure 5/18/2010 | ————2.0pm
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Particle composition for a) 2 May and b) 17 May
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<0.5 uym|0.5-1uym|{1 -2 ym| >2 ym <0.5um | 0.5-1ym |1 -2 uym| >2 ym
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Particle properties derived from ESM analysis

Table 4. Number of investigated particles, measured two-dimensional aspect ratio

and calculated density and complex refractive index values m for different particle

size classes.
2 May 2010 17 May 2010
Size/um <0.5 0.5-1 1-2 >2 <0.5 0.5-1 1-2 >2
Number 194 101 136 87 165 166 149 7
Aspect ratio 1.9 2.2 2 2.1 1.8 2.1 2.1
density 1.8 2.6 2.7 2.7 1.7 2.8 2.7 2.7
m (630 nm) 1.53 + 1.60 + 1.58 + 1.56 + 1.55 + 1.59 + 1.57 + —
0.001i 0.004i 0.002i 0.001i 0.001i 0.003i 0.001i
m (2 um) 1.50 + 1.56 + 1.55 + 1.54 + 1.53 + 1.56 + 1.55 + -
2x10%i  40x10°%i  20x10°i 10x10®i | 7x10%i  20x10°i 10x107°i
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Size distributions

10" e R
19 April (left) AN .
. 10’ oy .

2 May (right) e,

10° : Yoy

-
10 |
107 5 o

* 5

/

LLLLL R RRLL BRELLL BRELLL L R L L
voud ool vl ol ceod il ol
LLLL BRLLL IR B IR B IR
ol vl vod ol vl vl ol 0

I
10°

=0
A
10-4 Ll Ll Lo ol Ll Lo
4
10 T T T T T T T T T T T T T T T T T T T T
10
10°

.-'1“"&-‘6 0.@'300
o ekt
ﬂwA .)e,,:o_ o .- A
* (90. o
M-~ PCASP-100X
A OPC1.129

3
—
o_\

LALLM RRLLL BRELLL SR UL R ALY B L

10°
10

-~ M- PCASP-100X
A OPC1.129
102 _ - @ FSSP-300 (0i)
LF @ FSSP-300(0) -0~ FSSP-300 (0.004i)
10 O~ FSSP-300 (0.004i) GPaC

10_4 Ll Ll Lo ol Ll Lo

dS (dlogD)"/
um“cm’
muul 1 muul 1 mml 1 Hmul 1 HHLUI 1 mml 1 mml 111
HHU‘ T HHWI T HHWI T HHWI T HHTHI T HTHII T HHU‘ TTTIm
HHM‘ 1 Hmu' 1 muu' 1 muu' 1 HHLU' 1 mml 1 HHM‘ 111

T T T T T T T T
10°
10°
10"
10°
10
10”
10°

10'4 IR | Ll Lo Ll Ll Lo

1 10 100 01 1 10 100
g particle diameter D/um particle diameter D/pym

Vay —OO
. "Q‘o @"‘3
o oo e ¢

il

-3

| a
o)

dV (dlogD) '/
THW‘ T HUWI T HUWI T HWII T THW‘ T HUWI T HUWI TTTTT
HHMI 1 Hmﬂl 1 HHLUI 1 Hmll 1 HHMI 1 Hmﬂl 1 HHLUI 111
HHWI T HUWI T THW‘ T HWII T HHW‘ T HUWI T HUWI TTTTm
HHLUI 1 muul 1 HHM‘ 1 Hmll 1 HHU.' 1 Hmﬂl 1 HHLUI 111

o
—_—

Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV,
in der Helmholtz-Gemeinschaft

DLR Institute of Atmospheric Physics



Correlation between SO, and CO versus ash mass
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Comparison Saharan dust — Volcanic ash (preliminary)

Parameter Desert Dust Volcanic Ash
Altitude 0-6 km 3-15 km
Depth 3-5 km 0.5-2 km
width 100-500 km 50-300 km
Critical ages < 3 days < 6 days

Max concentration 100 mg/m3 1. g/m3
Concentration after one day <5 mg/m3 <10 mg/m3
Annual mean at airports 0.2 mg/m3

Max. particle diameter in lofted layers <50 um <30 um
Particle shape, aspect ratio aspherical , 1-2 aspherical, 2
Lidar Depolarization 532 nm 0.3 0.4

Refractive index, typical, real 1.55+0.03 1.57+0.03
Imaginary (550 nm) 0.003+0.003 0.005+0.005
morphology crystalline glassy or crystalline

Main composition

like carbonates and clay

quartz, silicate more variable?

Melting temperature

960 to 1700 °C, low for clay
etc., high for quartz

lower ?7?7?

Optical appearance

Yellow to brownish

dark grey, brownish

Aerosol optical depth, after one day

< 1 away from source region

< 2

Impact on aviation

Close to airports, LTO

Free troposphere, cruise
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Conclusions

- Mass concentration is difficult to measure

- High correlation between ash concentration and SO,

- S0, is a well suited volcanic plume indicator

- Vulcano Ash and Saharan Dust were comparable in may respect

DLR Institute of Atmospheric Physics
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