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This presentation covers the following areas

•
 

Observation

•

 

SEVIRI dust optical thickness

•

 

comparison with MODIS and AERONET

•
 

Dust assimilation

•

 

preliminary results
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SEVIRI dust optical thickness
Y. Pradhan1, H. Brindley2

 

& R. Saunders1
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SEVIRI overview

Schmetz

 

et al., BAMS 2002

Onboard  MSG
Sampling frequency 

15 min
Spatial resolution (ex HRV)

3km @nadir
Dust/Aerosol

Spinning Enhanced Visible and Infrared Imager



© Crown copyright   Met Office

Dust detection using thermal  
channels (1)

Courtesy: Pete Francis
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Presenter
Presentation Notes
For elevated dust, an increase in thermal contrast between the dust and the underlying surface works as a proxy to detect dust using satellite thermal imagery of the brightness temperature difference between the 10.8μm than at 12.0μm channels (BTD = BT10.8−BT12.0). A positive BTD is a reasonable indicator for clouds, while dust absorbs more at 10.8μm than at 12μm(Carlson and Benjamin (1980)), leading to a negative BTD.
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Dust detection using thermal  
channels (2)

MODIS true colour

NASA

IR Dust index

Presenter
Presentation Notes
Techniques using the BTD have some limitations specifically over land, because of the strong diurnal cycle in surface temperature, which is in turn effected by recent cloud cover or precipitation, or the arrival of a cold air mass etc. In order to overcome these meteorological effects,
a technique based on measured and forecast brightness temperatures has been implemented using the difference of observed BT from the BT forecast by the Met Office Numerical Weather Prediction system (for clear-sky conditions) which should account for the changes in the ”meteorology-of-the-day”.
	DustIndex = (BTforecast 10.8 − BTobserved 10.8 ) − (BTforecast 12.0 − BTobserved 12.0 ) …1
By applying a number of calibration thresholds, this reduces the number of ”false alarms” over the desert regions and improves discrimination of dust from cloud. The resultant Dust Index provides a qualitative yet visually powerful display of areas of airborne dust.
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Quantification of AOD over 
land

−
 

Based on the IDDI method of Legrand
 

et al. (2001)

−
 

relies on dust’s strong absorption in the 10.8μm channel

−
 

uses the dust optical properties described in Volz
 (1973).

−
 

AOD and the change in BT10.8 can be expressed as 
(Brindley

 
and Russell, 2009)

c1,2,3

 

fitted coefficients as a function of viewing zenith angle θv

Simulation criteria AOD: 0-5, Surface type: (semi) arid, 
TCWV: 2-20kg/m2, Ts: 300-330K, θv:

 

0-70º

Presenter
Presentation Notes
Dust layer obscures the incoming solar radiation (reflects back)  cools the Earth surface
Dust layer absorbs part of the radiation emitted by the ground (when d ~ λ)
Net effect of [1] and [2]  reduction of OLR
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Quantification of AOD over 
land –

 
application to SEVIRI

−
 

Met Office operational cloud mask with dust-flags was 
used to screen out cloud-only pixels

−
 

A 16-day window is considered to obtain a reference 
(clear-sky) BT10.8

−

 

corrections were applied to account for the change due to the 
change in meteorology

−
 

∆BT10.8

 

was then obtained by subtracting observed BT 
from the reference BT

Presenter
Presentation Notes
Dust layer obscures the incoming solar radiation (reflects back)  cools the Earth surface
Dust layer absorbs part of the radiation emitted by the ground (when d ~ λ)
Net effect of [1] and [2]  reduction of OLR
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Limitations

-
 

relies on accurate discrimination of dust from 
cloud

-
 

some level of background dust loading is 
always present in reality

-
 

signals from the dust layer are difficult to 
separate when very close to the ground

-
 

may have a reverse effect on BT during non-
 sunlit period

Presenter
Presentation Notes
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Comparison with AERONET

Comparison with data from 7 
AERONET locations show an overall 
rms

 

difference of 0.37 and bias 0.01
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Comparison with Aqua/MODIS
 daily, near real time

Iran
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Summary

−
 

semi-operational hourly SEVIRI τ550

 

at near-
 real-time with a pre-assessed rms

 
±0.37

−
 

capable to detect and quantify major dust 
events

Scope for improvement
−

 
dust detection (very thick layers) needs further 
improvement

−
 

address the impact of dust layer height on the 
retrieval

Presenter
Presentation Notes
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Dust assimilation
K. Ngan, Y. Pradhan, M. Brooks & D. Walters
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Aerosol / dust forecasting

•
 

Numerical Model

•
 

Dust scheme

•
 

Observations

•
 

Assimilation trials
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−

 

Limited area NWP configuration of 
MetUM

 

introduced in Apr 2008

−

 

Grid  648x400x70

 

(Mar 2010)

−

 

Horizontal Resolution 12 km

−

 

Vertical lid  80 km 

South Asia Model (SAM)

Presenter
Presentation Notes
During the year the SAM model was ported to the Met Office’s new IBM Power 6 supercomputer in June 2009, and in March 2010 the resolution was upgraded to 12km (from 17km) and 70 vertical levels (from 38). At the same time the soil hydrology scheme, which determines the soil moisture in response to surface evaporation and precipitation, was upgraded from that of Clapp and Hornberger (1978) to that of van Genuchten (1980) and the underlying soil dataset was upgraded from one based on Wilson and Henderson-Sellers (1985) to one based on the much more resent and higher resolution Harmonised World Soil Database (FAO/IIASA/ISRIC/ISSCAS/JRC (2009)). The combination of these two changes to the surface hydrology has been shown to give a more realistic forecast of soil moisture.
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Since dust particles vary widely in size, a discrete 
representation

 

is necessary. The Met Office scheme 
(Woodward 2001) uses 6 bins. 

−Emission

 

is parameterised 
using density and relative 
mass of each size bin. 

−Both wet and dry

 

deposition

 
are included.

−Direct radiative effect is 
included

Dust scheme
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SAM forecasts against AERONET (no assimilation)
−

 

under-predict AOD at low thresholds (probably due to the absence of non-dust aerosols)

−

 

relatively unbiased for 0.5<AOD<1
−

 

most difficult to predict for larger AOD events

SAM forecast skill

March 2009-March 2010 (covering 10 AERONET locations over 
Middle-east and N. Africa)

Frequency

Presenter
Presentation Notes
As in Brooks et al. (2009), more quantitative verification of the dust forecasts is performed by calculating the frequency bias (B) and Equitable Threat Score (ETS) of the SAM’s AOD against AERONET observations for a series of AOD thresholds (AODt ). 
The bias is defined as the ratio of the frequency of forecasts with an AOD above AODt to the frequency of observations above AODt . A B < 1 indicates that the model under-predicts such events, whilst B > 1 means that it over-predicts them. 
The ETS measures the fraction of observed events that were correctly predicted reduced by the fraction expected to be predicted by random chance (Schaefer (1990)). The ETS ranges from −1/3 to 1, with 1 indicating a perfect forecast and 0 indicating that the system has no skill.
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DA approach

•

 

Work within framework of existing incremental 3D-Var 
(increment resolution: 324x200 )

Key elements

−

 

Background statistics obtained via the NMC method 

−

 

Observation variable is

 

aerosol optical depth

−

 

Obs

 

err matrix (R) is assumed to be diagonal (rms

 

error 
=0.37 from comparisons of SEVIRI with AERONET)

−

 

Control variable is

 

total dust mixing ratio (after Benedetti 
et al. 2009). Total dust is obtained by summing over all 
dust bins.

Presenter
Presentation Notes
NMC method
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Ground

~5km

Bin1 Bin6

Model fields (dust mixing ratio)
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Vertical correlations 
extend throughout 
boundary layer (level 
14 ~ 1.5 km).

Background error covariance

Presenter
Presentation Notes
Nevertheless the transforms must still be derived from some kind of covariance matrix. Typically the NMC method (Parrish and Derber, 1992) is used, e.g.,
	B = 1/2(xT+30 − xT+6)(xT+30 − xT+6)T
where xT+30 and xT+6 denote 6- and 30-hour forecasts verifying at the same time.
In limited-area mode VAR prescribes horizontal correlations. Thus only vertical background statistics are needed, i.e.,
	Bij = ½<ei ej>
where ei represents the estimate of the background error (i.e., the forecast difference) at vertical level i. The angle brackets represent a horizontal average.
We have calculated B using 7 days of twice-daily NMC data (from 20100206 to 20100210) from a trial version of the current operational SAM configuration. Fig.  shows a representation of the associated B matrix. The covariances are largest along the diagonal and show the required mirror symmetry; they decay rapidly above level 15 (~1.5 km) because most of the dust is confined to the boundary layer. 
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•

 

Analysis error is smaller 
than background error 
for O-B>0

Single-cycle Analysis and 
Background

•

 

Analysed pdf

 

is intermediate between 
analysed and observed pdfs. 

•

 

fails to capture long tail

23-Jan-2010



© Crown copyright   Met Office

Trial results (1) 
Trial period: 10 Jan’10 –

 
10 Feb’10

Presenter
Presentation Notes
Trial period: 10-Jan-2010 to 10-Feb-2010.



© Crown copyright   Met Office

Trial results (2)

Captured the dust event
over Solar Village; 
Timeseries

 

over other
AERONET locations shows
little or no improvement

Presenter
Presentation Notes
Top: Time series comparisons of SAM dust forecasts of AOD at 500nm against AERONET observations during a January 2010 trial using current operational 12km SAM (PS23) with the inclusion of assimilation of SEVIRI observations. Small red crosses on the AERONET observations indicate and Angstrom exponent between -0.5 and 0.5, indicative of dust aerosol.
Bottom: Frequency Bias and Equitable Threat Score of the SAM dust forecasts of AOD at 500nm, against all available AERONET observations in a 3 hour window about the SAM forecasts for a January 2010 trial using current operational 12km SAM (PS23) with the inclusion of assimilation of SEVIRI observations.
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•
 

longer trial including dust events.

•
 

4d-Var

•
 

More realistic (non-diagonal) observation 
covariance matrix

•
 

Alternative control variables

•
 

Alternative data sources (e.g. MODIS/VIIRS)

Future Work
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Questions and answers
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