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Chad-2004 by Jahi-Chikwendiu

World Press Prize 2004

(de Graaf, 2006)

Background

Dust Climatology over West Asia



Direct and indirect radiative forcing, ocean and terrestrial 
biogeochemistry and atmospheric chemistry (Mahowald et al., 2002)

Mineral dust in the Earth climate system:
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Background
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Major source areas and long-range 
transport trajectories for desert dust

Background



Location Date PM10

(µg/m3)
Reference

WHO air quality guideline 
(24-hour mean)

_ 50

Doha, Qatar 1 April 2015 1,000,000 Irfan et al. (2017)

Dalanzadgad, Mongolia 11 Mar 2010 6626 Jugder et al. (2011)

Sanandaj, Iran 5 Jul 2009 5619 Amanollahi et al. (2013)

Beer-Sheva, Israel 29 Feb 2012 5197 Krasnov et al. (2014)
Jahra city, Kuwait 27 Mar 2003 3171 Saeed and Al-Dashti (2011)
Zabol, Iran Dec 2010 3094 Rashki et al. (2012)

Bikaner, India 25/26 May 2000 2907 Yadav and Rajamani (2006)

Urumqi, China May 2004 2635 Li et al. (2008)
Abu Dhabi, UAE 20 Mar 2012 1653 Basha et al. (2015)  

Maximum PM10 levels recorded in dust storms in Asia and the Middle East 

Background

from Nick Middleton Presentation,
ESCAP meeting, Tehran,
Nov.2018
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Available at:

http://www.wmo.int/pages/prog/arep/wwrp/new/docu

ments/1121_SDS_Technical_Report_en.pdf
Ginoux et al.2012

http://www.wmo.int/pages/prog/arep/wwrp/new/documents/1121_SDS_Technical_Report_en.pdf
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Percentage change in average annual temperature by 2100 from 1960-1990 baseline
climate, averaged over 21 CMIP3 models for West Asia. The size of each pixel represents
the level of agreement between models (Met Office, 2011).

Background

Dust Climatology over West Asia
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Percentage change in average annual precipitation by 2100 from 1960-1990 baseline
climate, averaged over 21 CMIP3 models for West Asia. The size of each pixel represents
the level of agreement between models (Met Office, 2011).

Background

Dust Climatology over West Asia
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Background

Precipitation 
variation(1960-2010) 

Dust Climatology over Iran

Tmax and Tmin 
Variation(1960-2010)
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From Mazen Malkawi
presentation, 5th International
Workshop on Sand and Dust
Storms, Istanbul, TURKEY, 23-25
October 2017
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Tehran Ministerial Declaration



Combating sand and dust storms
Report of the UN Secretary-General
A/73/306 August 2018

• Monitoring, prediction and early 
warning

• Impact mitigation, vulnerability 
and resilience

• Source mitigation 
• Cross-cutting developments

Background

from Nick Middleton Presentation,
ESCAP meeting, Tehran,
Nov.2018



Contributions from 
• UN Environment (UNEP) 
• World Meteorological Organization 

(WMO)
• UN Convention to Combat 

Desertification (UNCCD) 
• Food and Agriculture Organization 

(FAO), 
• Economic and Social Commission for 

Asia and the Pacific (ESCAP), 
• UN Office for Disaster Risk 

Reduction (UNISDR)
• World Health Organization (WHO)

Background

Combating sand and dust storms
Report of the UN Secretary-General
A/73/306 August 2018

from Nick Middleton Presentation,
ESCAP meeting, Tehran,
Nov.2018



UN Coalition on Combating Sand 
and Dust Storms

• Cooperation at the global, regional and 

national levels in line with agencies’ 

ongoing initiatives and in response to 

associated international calls 

• UN bodies invited to highlight their 

agencies’ ongoing or planned initiatives 

on sand and dust storms, opportunities 

for collaborative action in this area and 

their interest in joining the Coalition

from Nick Middleton Presentation,
ESCAP meeting, Tehran,
Nov.2018
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Examples of cooperation between WMO SDS-WAS & IRIMO
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Examples of cooperation between 
WMO SDS-WAS & IRIMO
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Examples of cooperation between 
WMO SDS-WAS & IRIMO
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Examples of cooperation between WMO 
SDS-WAS & IRIMO



19

Examples of cooperation between 
WMO SDS-WAS & IRIMO
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I.R. of Iran Meteorological Organization efforts on SDS
 Monitoring:

In-situ dust
Visibility (dust estimations)
PM10/PM2.5

Remote Sensing
Ground base Remote Sensing

Photometry & Radars
 Forecasting and Early warning
 Research, capacity building and training
 Collaboration with national and International bodies (WMO SDS-WAS) 
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IRIMO operational 
Dust Forecasting 
models:

•WRF_CHEM
•DREAM8b
•EURAD

IRIMO DUST FORECASTING AND EARLY WARNING

t.me/irimodustnc



The Afternoon Constellation (A-Train)

The A-Train satellites -- Aqua (2002), Aura (2004), PARASOL (2004), CALIPSO (2006), CloudSat (2006), Glory (2011) and OCO-2 (2014) bring

together a rich array of instruments and observing strategies to better understand Earth’s changing environment and climate.
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Observation mission:

MVIRI: 3 channels

Spinning satellite

Class 800 kg

Observation missions:

SEVIRI: 12 channels

GERB

Spinning satellite

Class 2 tons

1977 2020          and      

2022

2002

Meteosat History & Future

MFG MSG

MTG-I and MTG-S

Observation missions:

Flex.Comb. Imager: 16 channels

Infra-Red Sounder

Lightning Imager

UVN

3-axis stabilised satellites

Twin Sat configuration

Class 3.6 – 3.7 tons



METOP A-B
(LOW-EARTH, SUN – SYNCHRONOUS ORBIT)

EUMETSAT POLAR SYSTEM/INITIAL JOINT POLAR SYSTEM

JASON-2 (shared with CNES, NOAA)
(LOW-EARTH, 63° INCL.  NON SYNCHRONOUS ORBIT)

OCEAN SURFACE TOPOGRAPHY MISSION

METEOSAT 8-9-10-11 (2nd GENERATION)
(GEOSTATIONARY ORBIT)

TWO-SATELLITE SYSTEM:

- METEOSAT-10: FULL DISK IMAGERY MISSION AT 0° (15 MN) 

- METEOSAT-9: RAPID SCAN  SERVICE OVER EUROPE AT 9.5°E (5 MN)

METEOSAT – 7 (1st GENERATION) 
(GEOSTATIONARY ORBIT)

INDIAN OCEAN DATA COVERAGE MISSION AT 57°5 E

(UNTIL END 2016)

EUMETSAT Satellites

-METEOSAT- 8: BACK UP  AT 3.5°E  
-METEOSAT- 11: Commissioning AT 3.4°W  
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netCDF format

Iran:
The model DREAM8 Eta is run
at IRIMO since 2012. This is a
cooperation with South East
European Virtual Climate
Change Center (SEEVCCC)
hosted by the Republic
Hydrometeorological Service
of Serbia.

Current need for Validation of 
NWP over west Asia 

WMO SDS-WAS 
IMPLEMENTATION PLAN 

2015-2020

27



28

An Example of major challenges 
for modeling over West Asia
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An Example of major challenges 
for modeling over West Asia

From the presentation Dr. Carlos Pérez 
Dust Modeling: Challenges and Perspectives, 5th International Workshop on Sand and Dust Storms, 

Istanbul, TURKEY, 23-25 October 2017
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An Example of Current Needs  and 
challenges for West Asia

Mineralogy



From the presentation Sara Basart, 6th training course SDS WAS, Turkey, 2017, 5th International 
Workshop on Sand and Dust Storms, Istanbul, TURKEY, 23-25 October 2017

DUST CYCLE AND ASSOCIATED 
PROCESSES
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From the presentation Chihan Dundar, 6th training course SDS WAS, Turkey, 2017, 5th International 

Workshop on Sand and Dust Storms, Istanbul, TURKEY, 23-25 October 2017

Some Applicable Tools for Analysis of SDS
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From the presentation Chihan Dundar, 6th training course SDS WAS, Turkey, 2017, 5th International 

Workshop on Sand and Dust Storms, Istanbul, TURKEY, 23-25 October 2017

Some Applicable Tools for Analysis of SDS
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From the presentation Chihan Dundar, 6th training course SDS WAS, Turkey, 2017, 5th International 

Workshop on Sand and Dust Storms, Istanbul, TURKEY, 23-25 October 2017

Some Applicable Tools for Analysis of SDS
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Distribution of dust sources over the Middle East. The black circled sources are numbered as 1, Lake Tana of Ethiopia; 2,Danakil Desert of Ethiopia3, northeast Sudan; 4, Jordan River 5, Hadramawt
region; 6, Empty Quarter; 7, highlands of Saudi Arabia; 8, Mesopotamia; 9, Urumia Lake of Iran; 10, coastal desert of Iran; 11, Hamun-i-Mashkel; 12, Dasht-e Lut Desert of Iran; 13, Dasht-e Kavir
Desert of Iran; 14,Qobustan in Azerbaijan; 15, Atrek delta of Turkmenistan; 16, Turan plain of Uzbekistan; 17, Aral Sea. , desert of Rajasthan in India; 18, southern drainage basin of the Hindu Kush in
Afghanistan; 19, ephemeral lakes around the city of Zabol; 20, Hamun-i-Mashkel of Pakistan; 21, Makran coast of Pakistan; and 22, Rann of Kutch in India ; 23, desert of Rajasthan in India

A 15 YEARS VIEW OF AEROSOL DUST OVER THE MIDDLE EAST,Saviz Sehatkashani, Sergio Rodríguez
5th INTERNATIONAL WORKSHOP ON SAND AND DUST STORMS, 2017



Information from reports

• reached city at 5.30 p.m. local time;

• passing of the sand storm over the fixed site lasted 

about 15min;

• storm duration less than 2h; 

• reduction of visibility to ~10m; wind velocity reached 

110 km/h; 

• temperature dropped from 33 to 18C in several min;

• at least 5 deaths, 82 injured; multiple vehicle 

collision; 

• 50 000 residential units lost power.

Theory

• Multicell storm: Intensive cold downbursts from convective cells produced high velocity 

surface wind, creating cold front which was lifting, mixing and pushing dust towards the city;

• Expected: high wind speed, drop in temperature, rise in humidity, rise in pressure, reduction 

of visibility.

OIIE

OIII

Location of METAR data

12:30UTC – visibility reduction

13:00UTC – visibility reduction

cold 
downdraft strong wind

d
u

s
t

from Ana Vukovic
Presentation, AQM2018,
Tehran Iran, Jan 24 2018

Ana Vuković, Contributions 
from: 

Bojan Cvetković, Mirjam
Vujadinović, Slobodan
Ničković, Faculty of
Agriculture, University of
Belgrade, Serbia ,SDS
National Office, South East
European Virtual Climate
Change Center, RHMSS,
Belgrade, Serbia, Theodore
M. Giannaros, Vassiliki
Kotroni, Konstantinos
Lagouvardos – NOA, Greece
Saviz Sehatkashani, ASMERC,

Iran; Reza Shahbazi, GSI,

Iran,Jose Prieto, EUMETSAT
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DUST FORECAST WITH REAL DUST SOURCES: NMME-DREAM

From the 
presentation 

Dr. Ana 
Vukovic, 

AQM2018, 
Tehran Iran, 
Jan 24 2018
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Dust forecast with the same model setup and all 3 versions of masks

✔ First time to use real dust source mask in dust forecast models -

the main priority is fulfilled!
• Dust forecast much improved
• Reduced false alarms
• Next uncertainty is size distribution of dust particles in sources
• Serves to further dust models development!

MCD GSI GSI-AGR

From the presentation Dr. Ana Vukovic, AQM2018, 
Tehran Iran, Jan 24 2018

38



39
From the presentation Chihan Dundar, 6th training course SDS WAS, Turkey, 2017, 5th International 

Workshop on Sand and Dust Storms, Istanbul, TURKEY, 23-25 October 2017

Some Applicable Tools for Analysis of SDS

NOAA-ESRL: Monthly Seasonal Composites
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A) Jan B) Feb C) Mar

D) Apr E) May F) Jun

G) Jul H) Aug I) Sep

J) Oct K) Nov L) Dec
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A 15 YEARS VIEW OF AEROSOL DUST OVER THE MIDDLE EAST,Saviz Sehatkashani, Sergio Rodríguez
5th INTERNATIONAL WORKSHOP ON SAND AND DUST STORMS, 2017



120 days wind

Iran

Afghanistan

Pakistan



D) Apr

E) May

F) Jun

S
p
ri
n
g

MODIS MOD08

A 15 YEARS VIEW OF AEROSOL DUST OVER THE MIDDLE EAST,Saviz Sehatkashani, Sergio Rodríguez
5th INTERNATIONAL WORKSHOP ON SAND AND DUST STORMS, 2017
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H) 
Aug

I) Sep

S
u
m

m
e
r

MODIS MOD08

H) Aug

G) Jul

A 15 YEARS VIEW OF AEROSOL DUST OVER THE MIDDLE EAST,Saviz Sehatkashani, Sergio Rodríguez
5th INTERNATIONAL WORKSHOP ON SAND AND DUST STORMS, 2017
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Seasonal AOD Variability over 
Iran(2002-2017)

Spring Summer

Autumn winter

Saviz Sehatkashani
et al., in Prep.

AOD 
550nm
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Seasonal variability of  visibility( 800-1500 m) 
reduction due to SDS over Iran(2002-2017)

Number of 
Days

Saviz
Sehatkashani et 

al., in Prep.

Spring Summer

Autumn Winter
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Hamidi, M., Kavianpour, M.R., Shao, Y., 2013. Synoptic analysis of dust 
storms in the Middle East. Asia Pacific J. Atmos. Sci. 

summer shamal and winter frontal dust 
storms
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Impacts of climate and synoptic fluctuations on dust storm activity over the 
Middle East (Atm. Env., 2017)
Soodabeh Namdari,  Neamat Karimi, Armin Sorooshian, GholamHasan Mohammadi5, 
Saviz Sehatkashani

Monthly mean AOD in study
region for March 2012 (left)
and March 2014 (right).

Composite anomaly chart
at 250 and 500 hPa. Colors
denote wind speed
anomaly (m s-1) and violet
solid lines represent
geopotential contour
anomalies at 500 hPa
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The Lake Urmia Environmental Disaster in Iran: A Look at Aerosol Pollution (STOTEN,2017)
Ali  Hossein  Mardi, Ali  Khaghani,  Alexander  B.  MacDonald, Armin  Sorooshian, Phu Nguyen, Neamat  Karimi, 
Parisa  Heidary, Nima  Karimi, Peyman  Saemian,  Massoud Tajrishy, Saviz Sehatkashani 

(a) Spatial distribution of AOD percent change
between 2008-2015 as compared to 2001- 2007.
Uncolored pixels represent an insufficient
number of data points. (b) Spatial distribution
of mean annual AOD for all years between
2001 and 2015. Uncolored pixels represent an
insufficient number of data points.

(a)

(b)



Identify centers around
the Lake Urmia
by BTD

from Masoud Tajrishi
Presentation, ESCAP meeting,
Tehran, Nov.2018



اهم خطرات و آسيب هاي ناشي از تداوم 
خشكي درياچه اروميه 

ايجاد ريزگردهاي نمكي ناشي از توسعه كانون هاي توليد ريزگرد در درياچه اروميه و 

مناطق شوره زار مجاور آن 

بيابان زايي و توسعه آن به محدوده هاي كشاورزي و مسكوني 

ايجاد بيماري هاي صعب العلاج در منطقه 

از بين رفتن اراضي كشاورزي 

افزايش مهاجرت از مناطق مجاور درياچه و به ويژه تخليه روستاهاي نزديك درياچه 

تشديد تغيير و نوسانات اقليمي در منطقه 
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Salt storm
Location: F of previous slide

from Masoud Tajrishi
Presentation, ESCAP meeting,
Tehran, Nov.2018
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Sand dune movements in west and east of 
the lake

ShabastarUrmia

from Masoud Tajrishi
Presentation, ESCAP meeting,
Tehran, Nov.2018



bed of Urmia Lake – Summer 2013 

from Masoud Tajrishi
Presentation, ESCAP meeting,
Tehran, Nov.2018
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE
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Dust Enhancement Techniques-
EUMETSAT DUST RGB COMPOSITE



Normalized Difference Dust Index (NDDI)

TDI) )Thermal-infrared Dust Index

BTD) )Brightness Temperature Difference

65

Verification of visibility 
estimation with RS empirical 
equation 

Dust Indices



If BT11μm- BT12μm < -0.5K   then DUST.

66

July 6,2009

Threshold 
consideration

September 17 
2008 

Verification of visibility 
estimation with RS empirical 
equation 

If BT31 < 278 K Then cloud , If BT31>288 then Bright Surface
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Visibility = 2217.46 + 1479.4*BT31-BT32 + 6844.46*NDDI

September 17 2008July 5 2009

Verification of visibility estimation 
with RS empirical equation 
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y = 0.3613x + 1689/5

R=0.751332
0
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OBS. VISIBILITY

a combination of the AOD data retrieved using dark-target and deep blue (DB) algorithms. 
Daily level-3 products (collection 5.1), consisting of daily global gridded data of aerosol 
parameters at a resolution of (110 km)

AOD from MODIS, for October–April
2015–2016 (left column) and for May–September 2015–2016 (right column)

Saviz Sehatkashani et.al., 2016
Saviz Sehatkashani et al., in Prep.

Dust Classification, visibility and AOT estimation interface 
according to their physical properties



people live in cities and breath 

a cocktail dust + pollutants

dust
sulphate

nitrate

organic mater
black carbon

(soot)
metals (Ni, As, Cd, V, Co...)

aerosols, a cocktail

of chemicals:

size:  1 nm (10-9 m) to 20 μm (10-6 m)  

human hair: 70 μm

sea salt

From the presentation Dr. Emilio Cuevas, 
Aerosols and mineral dust monitoring 

techniques Training course, Spain,2018



y = -190.6ln(x) + 493.69
R² = 0.6451
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Examples of cooperation between 
WMO SDS-WAS & IRIMO



Technical characteristics:

- Light channels: 465, 540 and 619 nm

- Possible 999 measures stored in memory

- AOD calculated in real-time

- USB data download

- Free software on web site.

- Supply : 4 batteries AA (1,5V)

- Dimensions : 210 x 100 x 35 mm

- Weight : 400 g (With batteries)

- Operating temperature : -20°C to 55°C
http://www.calitoo.com

Calitoo hand-held sun-photometer)



The measurement principle is to point
the Sun and search for the maximum
flow. The photometer keeps only the
maximum measured and then calculated
the optical depth.

The Sun alignment is done manually. It
is facilitated by the sighting device
located above the display of the Calitoo.

The calculation of optical depth uses
raw brightness measurements,
calibration coefficients, date and GPS
position as well as atmospheric
pressure.

Calitoo hand-held sun-photometer)
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Aerosol characterization using 
Calitoo hand-held sunphotometer 

at the District 22 of Tehran



Global  Global Atmospheric Watch 
Aerosol Programme
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PM10 & PM2.5 sampeling

EN 12341 & 14907 methods

Weighting 20ºC
30-35% RH

In-situ dust characterization



PM10 and PM2.5 measurements in air quality networks

1. Reference method: gravimetric method

Sampled  filterBlank filter

Conditioning

RH (50±5%) y T(20±1ºC) 24-h

- Filter weight (W1)

Conditioning

RH (50±5%) y T(20±1ºC) 24-h

- Filter weight 

(W2)

Pump

PM=
Volume

(W2-W1)
µg/m3
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In-situ dust characterization



AERONET Aerosol Robotic Network-Twenty Years of Observations and 

Research

AERONET provides a long-term, continuous public

database of aerosol optical, microphysical, and

radiative properties for aerosol research and

characterization, validation of satellite measurements,

and synergism with other databases.

The AERONET program is a federation of ground-

based remote sensing aerosol networks established

by NASA and LOA-PHOTONS (CNRS) and has been

expanded by collaborators from international agencies,

institutes, universities, individual scientists and

partners.

15 May 

1993

15 May 

2013

• >7000 citations
• >400 sites
• Over 80 countries
• http://aeronet.gsfc.nasa.go

v

Ground-based remote sensing 
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Ahvaz (Khuzestan), Zabol or Zahedan (Sistan basin) and Tehran + IASBS-
Zanjan

An Example of Current 
Needs for West Asia
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Opportunities for future cooperation 
between WMO SDS-WAS & IRIMO
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Opportunities for future cooperation among 
WMO SDS-WAS, IRIMO and other UN bodies

In-situ dust characterization

Ground-based remote sensing 



Source: UNICEF

Only
together…
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