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Update on

• ARM Mobile Facility deployment in Niamey
• Sampling of initial results 
• Published and planned papers
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• Radiative Atmospheric Divergence using ARM Mobile Facility, 
GERB data and AMMA stations
– led by Tony Slingo, ESSC, Reading University, UK

• Links the ARM Mobile Facility with GERB (Geostationary 
Earth Radiation Budget instrument on Meteosat) & AMMA

• The objective is to derive the divergence of radiation across 
the atmosphere:
– combine the AMF measurements of the surface radiative fluxes and 

vertical structure of the atmosphere with GERB data from the top of the 
atmosphere and AMMA observations

– study the radiative properties of aerosols (desert dust, biomass), water 
vapour and clouds

– provide comprehensive observations for testing radiation codes and 
NWP and climate models

The RADAGAST project
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Overview of geography
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Overview of the main site at Niamey airport. The “instrument 
field” (right) is located about 100m from the main facility (left)

Ancillary site at Banizoumbou; 
radiometers and surface met only
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Recent Accomplishments
• AMF and RADAGAST 

background paper, 
Miller and Slingo, 
BAMS, August 2007

• RADAGAST project 
meeting, ESSC (U. of 
Reading), July 2007

• Set of papers planned 
for submission in 
October
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Overview of meteorology and 
thermodynamics during Niamey AMF 

deployment

Tony Slingo, Ali Bharmal, Pete Lamb, et al.
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Vertical cross 
section of zonal 
wind, from 
radiosondes 
launched from 
the Niamey 
airport site.

sub-tropical 
westerly jet

African 
Easterly Jet

south-westerly 
monsoon flow
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Surface energy 
balance at the 
Niamey airport 
site.
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P. Lamb and I. Lele
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Overview of radiative fluxes during 
AMF Niamey deployment

Tony Slingo, N. Bharmal, et al.
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Red: Aerosol 
Optical Thickness  
at 675nm from the 
AERONET site at 
Banizoumbou

Black: Angstrom 
exponent 

Downward Solar flux 
(daily averages Wm-2)

Purple: Total

Green: Diffuse

Grey bands: clouds

Downward solar fluxes are controlled by clouds and by aerosols

Dust 
storm
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Downward Thermal flux 
Wm-2

Black: Daily average

Red: variability

Grey bands: clouds

Column water 
vapour (cm)

Green: Radiometer

Red: Sonde 

Downward thermal fluxes are controlled by clouds, column water vapor, 
atmospheric temperatures and aerosols

Dust 
storm
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GERB reflected solar 
Wm-2

ARG: Standard product 
(50km resolution)

HR: High Resolution 
hybrid product using 
SEVIRI imager data         
(10km resolution)

Downward Solar flux 
(daily averages Wm-2)

Purple: Total

Green: Diffuse

Grey bands: clouds

GERB and AMF fluxes will be combined to calculate atmospheric divergence
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Surface Albedo Heterogeneity

Jeff Settle, ESSC
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Comparison of fluxes with 
radiative transfer models

Nazim Bharmal
ESSC, University of Reading
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DLR modelling • DLR from Prata formula and ES (pristine sky)
Downward Longwave Radiation (DLR)
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ES correlation • Correlation of DLR with AERONET
derived AOT is also significant.
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MODIS skin temperature comparison
• Use MODIS to derive a GERB-area skin temperature from AMF data.
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Clouds observed by the W-band 
radar at Niamey

P. Kollias and M. Miller
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Aircraft observations of mineral 
dust, biomass-burning aerosol 

over west Africa

Ben Johnson, UK Met Office
Jim Haywood, Simon Osborne, Glenn 
Greed, Nicholas Bellouin, Andy Jones
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Dust and Biomass Experiment 
(DABEX), Jan-Feb 2006

Dust sources

Biomass burning 
Aerosol sources

Niamey

MODIS fire counts 15-19th Jan 06
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Absorption of solar radiation
Dust Biomass

aerosol
Not absorbing

Highly absorbing

Model BB

Model

Aircraft
Mean BB

Aircraft mean dust
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MFRSR/MPL Aerosol Retrievals 
and Surface Radiative Forcing

McFarlane, Kassianov, Barnard, Flynn
(PNNL)
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MPL-derived extinction profile

Jan 21 (dust only case)

MFRSR-derived optical 
properties

Calculated/measured surface fluxes
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Calculated Daily Avg SW Radiative Effect at 
Surface due to Aerosol Only (Jan-Apr 2006)
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Initial comparisons 
of vertical extinction 
profiles from MPL 
and aircraft (FAAM) 
during DABEX

Very dusty boundary 
layer

Dusty, well mixed 
boundary layer

Dust in boundary 
layer; biomass 
burning aerosol 

above

Very thick 
elevated 
biomass 
burning 

aerosol layer
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Dust Properties Retrieved 
from AERI Observations

Dave Turner, U. Wisconsin
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Example: 8-13 µm Band Fit
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Dust Optical Depth and 
Composition Distribution
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Dust Optical Depth and 
Composition DistributionSignificantly different 

distribution of 
kaolinite+gypsum vs. 

kaolinite+quartz for the 
four periods

Kaolinite-only was best fit 
frequently during late 

monsoon period, not for 
pre/post-monsoon periods
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Evaluating Radiative & Energy Balance 
in Met Office NWP Models over Africa.

Sean Milton, Glenn Greed, Malcolm Brooks, J.Haywood, R.Allan* & A. Slingo*

Met Office, Exeter, UK

*ESSC, Reading University

RADAGAST Meeting    19 July 2007
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Importance of Aerosols for NWP 
Global UM - ARM

AOT 440nm  Banizoumbou
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Dust Event



Madison, WISeptember 18, 2007 Joint RP/Aerosol WG Meeting
© Crown copyright 2006

Net SW

Net LW

ARM
200 Wm-2

Reduction 
SW

Model
100 Wm-2

Reduction 
In SW 
due to 

inclusion 
of dust
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Tentative list of planned RADAGAST papers

• Submitted or published:
– Major dust storm; Slingo et al., Geophys. Res. Lett., 30 December 2006
– AMF and RADAGAST background; Miller and Slingo, Bull. Amer. 

Meteorol. Soc. (August 2007)
– Clouds at Niamey; Kollias and Miller, Geophys. Res. Lett., submitted

• In preparation:
– Overview: meteorology and related AMF data (Slingo, Lamb et al.)
– Overview: radiative fluxes and related data (Slingo, Bharmal, et al.)
– Comparisons of fluxes with models (Bharmal et al.)
– Comparisons with NWP model (Milton et al.) in DABEX issue
– Dust properties retrieved from AERI (Turner)
– MFRSR aerosol retrievals and radiative forcing (McFarlane, Kassianov, 

et al.)
– Heterogeneity and surface fluxes (Settle)
– Satellite detection of aerosols and clouds (Robinson)
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Aerosol vertical distribution

Dust

Biomass

aerosol

Dust

Biomass aerosol

Mixture
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