
Identifying coupling Modes of Particulate MatterIdentifying coupling Modes of Particulate Matter
and Meteorological Fieldsand Meteorological Fields

through Singular Vector Decompositionthrough Singular Vector Decomposition

João Carlos Teixeira1

Ana Cristina Carvalho2

Maria João Carvalho1

Alfredo Rocha1

1- CESAM – Center for Eviormental and Marine 
Studies; Physics Deparment University of Aveiro

2- CENSE, Departament of Science Environmental 
Engineering, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa



2/20OverviewOverview

I   IntroductionI   Introduction

II  Motivation & ObjectivesII  Motivation & Objectives

III MethodIII Method

IV ResultsIV Results

V  Concluding RemarksV  Concluding Remarks



3/20

Saharan desert wind storms inject a 
great amount of dust in the atmosphere

Particles can travel long 
distances

Impacts:

→ Radiation Budget
→ Atmospheric Dynamics
→ Human Health 

IntroductionIntroduction
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What is known so far:What is known so far:

➔ Dust is transported westwards → driven by  meteorological patterns 
– Presents seasonal variation

➔ Detailed identification of African dust sources 
– Subtropical Eastern North Atlantic Region

➔ Atmospheric scenarios favouring African air-mass intrusions
– Mediterranean – Including Iberian Peninsula (IP)
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Why should we continue to study this?Why should we continue to study this?

➔ Identification of African dust sources are event dependent
– Definition of dust event required

Different definitions
=

Different results

It might mask different weather regimes

➔ No information about the amount of dust transported

Objective:Objective:

Identifying the weather patterns responsible for dust transport for 
the Iberian Peninsula (IP) not depending on an event base method
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Two different datasets usedTwo different datasets used
(both from (both from ECMWFECMWF))

ERA-Interim Reanalysis
(0.75º H. Resolution)

(60 vertical levels)

MACC Reanalysis
(1.25º H. Resolution)

(60 vertical levels)

January 1st, 1983
to

December 31st, 2012

January 1st, 2003
to

December 31st, 2012

The perturbation relative 
to the daily climatology 

was determined

Only 15 levels considered
(surface to 750 hPa)

weighted by the weight of the 
atmospheric column.
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22ndnd Approach Approach  

SVD Analysis
MSLP vs Dust Concentration

ID Weather Regimes
K-Mean Cluster

Analysis of Atmospheric variables + Dust
(Linking weather regimes to Dust transport) 

Analysis of coupled 
variance fields

11stst Approach Approach  

Each season treated dependently 
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SVD methodSVD method
TVUA 

mm mn V is nn

Applied to the covariance matrix

cov (A ,B)

MSLP DUST
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73.6 % of total variability 11.7 % of total variability 73.6 % of total variability 

7.1 % of total variability 3.2 % of total variability 
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EOFEOF
(MSLP daily perturbation)(MSLP daily perturbation)

 Pre filtering and data reduction
(4 first EOF retained)

K-MeanK-Mean
(K = 4)(K = 4)

W (C )=∑
k=1

K

N k ∑
C (i )=k

‖xi−mk‖
2

Minimising the variance within clusters 
Maximising the variance between clusters

ID WR responsible for the intrusion of dust

For each cluster the mean 
perturbation for other 

variables was considered

Weather RegimesWeather Regimes
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SWSW

WWWW NN

NAONAO

26.8 % of Occurrence 23.3 % of Occurrence 

21.9 % of Occurrence 27.9 % of Occurrence 
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Relative dust anomaly (%) & 
MSLP (hPa)

Relative 2 m TMP anomaly 
(%) & MSLP anomaly (hPa)

Relative Vorticity anomaly (s-1) & 
Geopotential hight at 500 hPa (m)

Dust anomaly (kg/kg) & 
wind comp. Anomaly (m/s)
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Relative dust anomaly (%) & 
MSLP (hPa)

Relative 2 m TMP anomaly 
(%) & MSLP anomaly (hPa)

Relative Vorticity anomaly (s-1) & 
Geopotential hight at 500 hPa (m)

Dust anomaly (kg/kg) & 
wind comp. Anomaly (m/s)
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Relative dust anomaly (%) & 
MSLP (hPa)

Relative 2 m TMP anomaly 
(%) & MSLP anomaly (hPa)

Relative Vorticity anomaly (s-1) & 
Geopotential hight at 500 hPa (m)

Dust anomaly (kg/kg) & 
wind comp. Anomaly (m/s)
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Relative dust anomaly (%) & 
MSLP (hPa)

Relative 2 m TMP anomaly 
(%) & MSLP anomaly (hPa)

Relative Vorticity anomaly (s-1) & 
Geopotential hight at 500 hPa (m)

Dust anomaly (kg/kg) & 
wind comp. Anomaly (m/s)
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SVD methodSVD method

➔ 1st coupling mode (73.6 %) shows strong relation between South-west 
flow and dust transport;   

➔ 3rd coupling mode (7.1 %) shows dust transport to Central Europe by 
South-west flow.

Positive anomaly located over North Africa 

➔ 2nd coupling mode (11.7 %) shows dust transport inhibition due to 
North-west flow; 

Positive anomaly Westward displacement

Positive anomaly Eastward displacement
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Weather RegimesWeather Regimes

➔ 78 % of the Weather Regimes present dust transport for the IP;

➔ 2 m Temperature shows evidence to be strongly linked to Dust lift;

➔ Persistent low pressure system over North Africa gives favourable 
conditions to dust lift

➔ Thermal Low over the IP favours Northward transport of Dust (NAO & WW);

➔ Low over North Africa + Cyclonic activity NW of Britain (WS).
– NE dust transport from the main Western dust transport belt

In SummerIn Summer

Concluding RemarksConcluding Remarks
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➔ More variability between Weather Regimes;

➔ More intense Western flow → Less dust transport to the IP;
– Only 50 % show dust transport to the IP – With less dust amounts

➔ Dust in the IP is associated to weak pressure gradients over the IP with 
a low pressure system located over Britain;

➔ Dust transport inhibition associated with a high density of cyclonic 
systems that produce strong winds.

In WinterIn Winter

Weather RegimesWeather Regimes
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➔ Sensitivity tests to the choice of K and EOF number (Monte Carlo);

➔ Analysis of the vertical structure of the dust transport for each cluster;

➔ Thorough analysis of all seasons.

On GoingOn Going

➔ Analysis of other atmospheric variables;

➔ Spatial clustering of dust concentrations 
– Finding regions with the same statistical behaviour 

Planed for The FuturePlaned for The Future
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Thank You Thank You 

The EndThe End
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