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Overview of DABEX (Dust and 
biomass experiment)

Jim Haywood, Simon Osborne & Ben Johnson
AMMA SOP0 Meeting, Toulouse, 6-10th November 2006



© Crown copyright 2004 Page 2Page 2

DABEX overview

MODIS fire counts 15-19th Jan 06

Niamey



© Crown copyright 2004 Page 3Page 3

DABEX overview
Dust sources

BB aerosol
sources

BB aerosol
sources

• 3 Flights to the NE for dust

• 6 Flights to the south for 
biomass

• 3 Flights near Niamey

• Flying over Aeronet sites

BB = “Biomass-burning”
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Gold
Silver Aircraft:

Bronze Set-up Set-up Pack-up Niamey -
Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Niamey Dakar

Date 11-Jan-06 12-Jan-06 13-Jan-06 14-Jan-06 15-Jan-06 16-Jan-06 17-Jan-06 18-Jan-06 19-Jan-06 20-Jan-06 21-Jan-06 22-Jan-06 23-Jan-06 24-Jan-06 25-Jan-06 26-Jan-06 27-Jan-06 28-Jan-06 29-Jan-06 30-Jan-06 31-Jan-06 01-Feb-06 02-Feb-06
Day Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu
Niamey Terra Time (UTC) 10 24 10 12 10 54 9 59 10 42 10 30 10 17 11 00   L 10 05 10 48 9 53   L 10 36 10 24 10 11 10 54 9 59 10 42
13.31N Distance (km) 77 399 751 722 429 107 221 922 546 600 872 279 62 374 775 696 453
2.07E MODIS y y y y y y y y y y y y y y y y y

MOPPITT y y y y y
MISR y y y

Aqua Time (UTC) 12 42 13 24 13 12 13 55 13 00 13 43 12 48 13 30 12 36   L 13 18 13 06 13 49   L 12 54 13 37 12 42   L 13 24 13 12 13 55 13 00 13 43
Distance (km) 870 278 67 1102 374 776 696 450 1017 125 200 951 523 626 845 304 42 1128 348 801
MODIS y y y y y y y y y y y y y y y y y y y y
AIRS y y y y y y y y y y y y y y

EnviSat (AATSR) Time (UTC) 9 38 10 15 9 44 10 21 9 49 10 26 955 9 24 10 32 10 00 9 29 10 06 9 35 10 12 941 10 17 9 46
Distance (km) 545 446 390 600 237 753 79 918 907 91 761 230 608 388 450 539 295

Djougou Terra Time (UTC) 10 24 10 12 10 55 10 00 10 43 10 31 10 19 11 01   L 10 06 10 49 9 54   L 10 37 10 25 10 12 10 55 10 00 10 43
9.76N Distance (km) 46 367 792 697 465 140 196 969 521 643 849 315 19 342 817 672 491
1.6E MODIS y y y y y y y y y y y y y y y y y

MOPPITT y y y y y
MISR y y y

Aqua Time (UTC) 12 41   L 13 23 13 11 13 54   L 12 59 13 42 12 47   L 13 30 12 35   L 13 17 14 00   L 13 05 13 48 12 35 13 36 12 41   L 13 23 13 11 13 54 12 59 13 42
Distance (km) 1015 147 184 980 511 650 838 322 1164 43 1158 339 829 663 599 989 170 158 1005 486 676
MODIS y y y y y y y y y y y y y y y y y y y y y
AIRS y y y y y y y y y y y y y

EnviSat (AATSR) Time (UTC) 9 39 10 16 9 45 10 21 9 50 9 19 10 27 9 56 9 25 10 33 10 02 9 30 10 07 9 36 10 13 9 42 10 18 9 47
Distance (km) 516 487 360 643 202 1050 700 64 892 955 112 736 274 577 425 422 583 264

B156 B157 B158 B159 B160 B161 B162 B163 B164 B165 B166 B167

DABEX Flights were timed to coincide with good 
satellite coverage…

Gold  = Coverage by 5 or more aerosol-related satellite instruments
Silver = Coverage by 4 or more aerosol-related satellite instruments

Clear skies

B159 & B160 best case studies

…and clear skies (as far as possible)
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Vertical distribution 

Dust

BB aerosol

Dust

BB aerosol

Mixture

-------- 0.45 μm

---------- 0.55 μm

---------- 0.70 μm

Nephelometer
wavelengths

Dust

BB aerosol
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Schematic of aerosol transport

Dust

Aged BB aerosol
& small amount of dust

Fresh BB

5kft

15kft

North
(20oN)

South
(10oN)

Niamey
(14oN)

Fires
Mixtures
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Physical and optical properties of 
dust and biomass-burning (BB) 

aerosols

Ben Johnson
AMMA SOP0 Meeting, Toulouse, 6-10th November 2006



© Crown copyright 2004 Page 8Page 8

PCASP 
size distribution
(0.05 – 1.5μm):

BB aerosol dominated by fine particles• BB aerosol dominated by  
fine particles

• Dust dominated by coarse 
particles

From Mie calculations
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Mixing of fresh smoke and dust

Fresh biomass mixed with dust

Fresh smoke mixing with dust

Fires
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Variability of size distribution:  Elevated aged BB 
aerosol
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“Aging” of BB aerosol

• Growth of particles via coagulation and condensation of VOCs
• Collaboration with Uni. Leeds UKCA group to model this process 
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Single scattering albedo (ω)

R2 = -0.907

Dust

BB
aerosol

All SLR data from DABEX

Huge range of values

Dust virtually non-absorbing 
(ω~1) !

BB aerosol highly absorbing 
(ω = 0.75 - 0.9)
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Extinction coefficient (Kext)
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All SLR data from DABEX

Kext ~ 1 m2/g for dust

Kext ~ 4 m2/g for BB aerosol
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Angstrom exponent (Å) measured from the 3-
wavelength nephelometer
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Dust

BB
aerosol

All SLR data from DABEX

Positive angstrom exponent 
indicates that radiation is 
scattered preferentially at 
shorter wavelengths

Ǻ ~ 0 for dust 

Ǻ ~ 0.7 - 1.4 for BB aerosol
(SAFARI: Å ~ 2, 
Mie calcs for pure BB: Å~2.3)
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Mean optical properties (@ 550nm) from DABEX 
and past campaigns

Data source Observed 
ω

Mie-calculated 
Kext (m2 g-1)

Fresh BB
DABEX B162 

0.7-0.85
+/- 0.05

3.7 0.50

Aged BB
mixed with dust
DABEX

0.73-0.90
+/- 0.05 

2.5 0.62

DUST
DABEX B160 & B161 

0.99-1.0
+/- 0.02

1.1 0.69

Aged BB
SAFARI A790

0.88-0.91
+/-0.03

5.0 0.59

Fresh BB 
SAFARI A790 

0.84-0.88
+/- 0.04

3.9 0.52

DUST
SHADE A797
(Sept 2000)

0.92-0.98
+/- 0.02

0.42 0.74

Mie-calculated  
asymmetry 
parameter

ndust= 1.53 + 0.0003i, ρdust = 2.65 g cm-3, nBB= 1.54 + 0.035i, ρBB = 1.35 g cm-3 , r < 1.5μm
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Summary

Biomass-burning aerosol had very high SW 
absorption (x2 SAFARI), whereas dust was 
virtually non-absorbing.

Huge variation in size distributions and optical 
parameters, mainly due to variable proportions 
of dust and biomass aerosol.

We invite collaboration especially for case 
studies of B159 (19th Jan) & B160 (20th Jan) 
(e.g. chemical analysis) 
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The end

Thank you for your attention!
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