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Motivation 

• To investigate «Climatology and Spatiotemporal Variations of 
Synoptic Meteorological Dust and Sand Events Observed over the 
Middle East and Surrounding Regions during 2003-2016 Period» via 
followings: 

1. Dust Weather Climatology:  Spatial and temporal variations and 
patterns; 

2. Major Atmospheric Drivers and Controls:  Some examples; 

3. Inter-annual Variations and Long-term Trends: Regional and 
country time-series; 

4. Spatial Distribution Pattern of Long-term Trends in the Stations; 

5. Atmospheric Anomalous Circulation Types: Some examples for 
the year or periods with increased and decreased dust and sand 
storm related weather events.  

 

 

 



Data, Approach, Methodology 

• Study period: main study period of 2003-2016, and 1981-2010 climatology 

• Geographical regions included in study area: South-west Asia, Middle East, 
Northeast Africa and Saudi Arabia Peninsula   

• Number of surface synoptic meteorological stations: Total 173 was used in 
general country- and regional-based analysis, and 134 of all stations was used for 
station-based and country-based time-series analysis (e.g. analysis of correlation, 
temporal variations and trends etc.) 

• Daily synoptic data source for the WMO (WMO Code 6677: «Present weather 
reported from a manned weather station») Present Weather Dust/Sand Related 
Weather Events: www.ogimet.com 

• Data limit: Short period to analyse, however stations used in the analysis were 
characterised with a continuous and sufficient number of daily data. For instance 
almost all stations had about 90 per cent of all daily data that should be observed 
during the period from 1th January 2003 to 31 December 2016. 
 

http://www.ogimet.com/


Spatial Distribution of Stations 



Data and Methodology (short) 

• Data and map source of atmospheric associations and attributions for the 
synoptic dust/sand weather events by using Monthly/Seasonal Climate 
Composites, Means, Anomalies and Climatology of atmospheric and climatic 
variables: NOAA Earth System Research Laboratory 

• https://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl 

• Data source of atmospheric associations and attributions for the synoptic 
dust/sand weather events by using Aerosol Optical Depth (AOD) and other 
related data: 
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-
01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data, 

• For example = MYD08 M3-6-AOD-550 Dark Target Deep Blue Combined Mean 
Data Field Measurements: Aerosol Optical Depth Data Product Platform, 
Instrument MODIS-Aqua data;  

• Monthly averages of daily means, etc. 

https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data
https://giovanni.gsfc.nasa.gov/giovanni/#service=ArAvTs&starttime=2003-01-01T00:00:00Z&endtime=2016-12-31T23:59:59Z&bbox=25,20,60,40&data


Aerosol Optical Depth 
• Aerosol Optical Depth, τ, tau. Definition: 

"Aerosol Optical Thickness" is the degree to which aerosols prevent the transmission of light by 
absorption or scattering of light. The aerosol optical depth or optical thickness (τ) is defined as 
the integrated extinction coefficient over a vertical column of unit cross section. 

• The optical thickness along the vertical direction is also called normal optical thickness (compared 
to optical thickness along slant path length). 

• Aerosol Total Optical Thickness is available through Giovanni at 550 nm from MODIS; at 865 and 
869 nm from SeaWiFs; at 443, 555, 670, and 865 nm from MISR; and at a number of wavelengths 
between 342 and 500 nm from Aura/OMI. OMI also provides Aerosol Absorption Optical Depth 
for near-UV wavelengths.  

• The MISR AOD is described in the MISR: Level 2 Aerosol Retrieval ATBD. 
Applications 
(1) Atmospheric correction of remotely sensed surface features 
(2) Air Quality 
(3) Monitoring of sources and sinks of aerosols 
(4) Health and Environment 
(5) Monitoring of volcanic eruptions and forest fire 
(6) Earth Radiation Budget 
(7) Radiative Transfer Model 
(8) Climate Change 

https://disc.gsfc.nasa.gov/%E2%80%9Dhttp:/eospso.gsfc.nasa.gov/sites/default/files/atbd/atbd-misr-09.pdf


Data and Methodology (short) 

• WMO (WMO Code 6677) Present Weather Dust/Sand Related Weather Events: 

 







Methodology (short) 

• Pearson correlation coefficient r and Spearman rank correlation coefficient RS 
analysis for detecting possible statistical relationships between monthly, seasonal 
annual variations of number of synoptic dust and sand weather events and 
variations of AOD, and between AOD and other dust and sand related time-
series, etc.; 

• Mann-Kendal rank correlation coefficient (u(t)) and X () coefficient of Least 
Squares Linear Regression for detecting whether there is a long-term significant 
trend  in  the time-series of number of synoptic dust and sand weather events; 

• Determination of statistical significance of calculated test statistics (i.e. 
hypothesis tests performed for the test statistics r, Rs, u(t) and t, etc.) 





Dust Weather Climatology: Observed Spatial Distribution Pattern 

550 nm Dark Target Deep Blue Combined Monthly Mean 





Dust Weather Climatology:  Yearly Dust Regime, Monthly Variation   











Inter-annual Variations and Long-term Trends 
 in Regional and Country Time-series 









Spatial Distribution Pattern of Long-term Trends in the Stations 



Some Examples of Atmospheric Anomalous Circulation Types for 
the Year or Periods with Increased and Decreased Dust and Sand 

Storm Related Weather Events  

• Standardized monthly and annual anomaly series of Turkey for the 
period from 2003 to 2016: 



Relationships Between Number of Dust and Sand Storm Related 
Weather Events and AOD based on Country Time-series   

Turkey-

AOD

Cyprus-

AOD Syria-AOD

Israel-

AOD

Jordan-

AOD

Saudi 

Arabia-

AOD

Kuwait-

AOD Iran-AOD

Qatar-

AOD

Oman-

AOD

Egypt-

AOD

Sudan-

AOD

Pearson Cor. r 0.402 0.393 0.528 0.534 0.444 0.366 0.464 0.375 0.347 0.075 0.299 0.151

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000 0.051

N 167 167 167 167 167 167 167 167 167 167 167 167

Pearson Cor. r 0.460 0.325 0.355 0.178 0.032 0.189 0.193 -0.006 -0.187 0.140 -0.106

Sig. (2-tailed) 0.000 0.000 0.000 0.021 0.680 0.015 0.012 0.934 0.015 0.071 0.174

Pearson Cor. r 0.686 0.624 0.568 0.497 0.667 0.620 0.485 0.175 0.360 0.176

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.000 0.023

Pearson Cor. r 0.462 0.276 0.102 0.221 0.241 0.148 -0.130 0.215 -0.061

Sig. (2-tailed) 0.000 0.000 0.190 0.004 0.002 0.056 0.095 0.005 0.431

Pearson Cor. r 0.576 0.429 0.472 0.493 0.380 0.133 0.505 0.231

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.088 0.000 0.003

Pearson Cor. r 0.484 0.449 0.456 0.427 0.291 0.243 0.201

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.002 0.009 0.031

Pearson Cor. r 0.794 0.757 0.705 0.626 0.569 0.531

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000

Pearson Cor. r 0.828 0.739 0.644 0.581 0.511

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000

Pearson Cor. r 0.753 0.681 0.567 0.566

Sig. (2-tailed) 0.000 0.000 0.000 0.000

Pearson Cor. r 0.748 0.598 0.578

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.306 -0.077

Sig. (2-tailed) 0.000 0.322

Pearson Cor. r 0.263

Sig. (2-tailed) 0.001

Sudan

Qatar

Oman

Egypt
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Kuwait
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Jordan

 

Turkey

Cyprus



Relationships Between Number of Dust and Sand Storm Related 
Weather Events and AOD based on Country and Regional Time-series   

Country averages 

of AOD

Eastern regional 

AOD series

All ME and 

surroundings

Pearson Cor. r 0.412 0.392 0.494

Sig. (2-tailed) 0.000 0.000 0.000

N 167 167 167

Pearson Cor. r 0.135 0.124 0.291

Sig. (2-tailed) 0.083 0.110 0.000

Pearson Cor. r 0.568 0.564 0.671

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.172 0.151 0.277

Sig. (2-tailed) 0.027 0.052 0.000

Pearson Cor. r 0.493 0.497 0.561

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.416 0.434 0.470

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.764 0.780 0.781

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.808 0.836 0.929

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.799 0.817 0.788

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.747 0.754 0.742

Sig. (2-tailed) 0.000 0.000 0.000

Pearson Cor. r 0.195 0.212 0.382

Sig. (2-tailed) 0.012 0.006 0.000

Pearson Cor. r 0.395 0.420 0.470

Sig. (2-tailed) 0.000 0.000 0.000
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Relationships between Inter-annual Variations of Gridded AOD 
(550 nm Dark Target Deep Blue Combined Mean Data) and 
Related (other AOD variables, e.g. atmospheric dust column 

mass density, wind speed at 10 m, etc.) Time-series 







Thank you very much for your interest 
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