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The "Global Dust Belt"
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Background

Dust Climatology over West
Asia
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Foods: UNEP/GRID-Europe + observed from Dartmouth Flood Observatory and frequency from Flood PREVIEW UNEP/GRID-Europe
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Cartography: P.Peduzz, UNEP, UN/ISDR, 2009
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Strong
Winds
s J—‘" psir
Blogecﬁhenﬂstry
DESERT OCEANS
Dry Soils, Ocean Blogmhamlstry
Unvegetated Surface

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

Establishing a WMO Sand and

Dust Storm Warning Advisory and
Assessment System Regional Node
for West Asia: Current Capabilities and
Needs

Technical Report

WMO-Na. 1121

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

ments/1121 SDS Technical Report en.pdf

Figuse 36 Distribution of the perdentiage number

of days par seamon (March, Apel, and May) vaths Duss
Ogpticad Degth > 0.2 over Exsern Afveca and the Neddie
Eas The colowr shadings are the same ik e Figuse 3.5,
The white drcied souIce aras e nunbored as folows:
1, Ohaliltd Desert of Kevwa; 2, coastal desert of Somalag 3,
Nogal Valley of Somadia; 4, Danabd Dosert of Exhicpia S,
Lake Tana of Ethiopia; S, nomheast Sudan; 7, Hadramaawt
regon; 8, Empty Quarter; 9, Mighlands of S Asabia
10, Josdan River Basin of Jordasy 11, Mesopotanmaa;

12, Ururnia Laba of Fan; 13, coastal Sesert of hhaey 04,
Hamun«e-Mahiked; 15, Dasht-e Lut Desemnt of Fan; 15,
Dashi-ae Kavir Desart of Fan; 17, Qobusian i AerDagasy
18, Anrek Saita of Turkmenistan; 19, Turan plain of
Urbelistarg and 20, Asad Soa. Sownce: Gmoux etal
{20120
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Background
Dust Climatology over West
Asia

Area-Averaged Time Series (MIL3MAE.004)
(Region: 42E45E, 31N-37N)

eeee Onigmal Data
e linear Fit: y = 0.0005466x+40.2592
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Aerosol Optical Depth at 555 nm (Green Band) (unitless)
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Monthly mean AOD at 555 nm from MISR for Mesopotamia (Iraq)
from February 2000 to February 2013



Background

Dust Climatology over West
Asia

Area-Averaged Time Seres (MYDVI.005)
(Region: 42E45E, 31N-37N)

eeee Origmal Data
. Linear Fit: y =-0.000107x+0.116
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Monthly mean Enhanced Vegetation Index (EVI) from MODIS for Mesopotamian
region (Iraq) from February 2002 to February 2013
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signal to noise
(wio)
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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).
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Background
Dust Climatology over West

ensemble
agreement
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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).
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Backaround
Dust Climatology over Iran
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Background

An Example of Current
Needs for West Asia

K New AERONET sites
In operation
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African Meningitis Belt

World Health e P
Organization Organization

‘Weather . Climates - Water

I Meningitis

Belt
Global Assessment

¥ ase being
rwesugate the efiects of dust partides on omamental plants, crops, trees, and animals, Dust events are

of Sand and Dust Storms e H e el e A

phenalogical stage) compared wath at heading stage. West Asa dust storms and especially in
¥an tend 1o occur at the eardy s1ages of wheat phenology having an adverse effect on wheat yield. Leaf
and content weore affected.

ha=ra woewm ot - 2, 4 and 6 day, wghe)

THecn of

compaed wih e contol Jeed.

In another experment two animal speces induding house mouse (Mus musaudus) and rat (Rartus

S o . st storms of pemods and

lung disease, J and in both speces. Bleeding (haemorrhage),
and rf in rats and ia in howse mouse. Edema {accumulation of

water in tissue) and fbeose were not affected by dust levels. Fo dustledoa nthe

number of white and red blood cells, and levels of Jlanne asparte

and other blood health indicators.

Frepas s




Background

Iranian agreements on sand
and dust stoms

Box B.10: Iranlan agreements on sand and dust storms

Title Date Place Major Provissons signatory Authorntes
Memorandurn of | 26 lan Tebwan |8 Paragraphs, Environment and Iran and Irag
Understanding 2008 Sustainable Development, a joint {Ministers)
(MO committes, workshops.

KOu 5 bl 2009 |Baghdad |6 Articles, sowrces of dust, nesw Iran and Irag
technologies on dust, dust monitoring, | {(Ministers)
training, holding mesetings in Baghdad,

Surmimary Minutes |18 Mow Tebwan  |Harmful effects of dust, field visit in Iran and Irag

of Negotiations 2009 kraq, create a dust monitoning network. | (Deputies)
in Iraq, providing information, aar
mionitonng in the area.

hanisienal 1 May Ankara  |Establishment of a point working Iran, Irag, Turkey,

Staternent Ankara |2010 group, prepared 2-year Man, SyTia (Ministers)
exchange of experiences in the field of
ervironment, weathes, dust, air quality

Track Record of |6 Aug Tehwan |13 Articles, an opesating appendix, Iran and lIrag

kmplementandg 2010 dispatch of experts, preparing of (Deputies)

Agresments on credit, tramning and assisting the kragi

Combating Dust Mateorologecal promation, health

management, progect shared views
an global, regional and sub-regional
meetings.




Background

Iranian agreements on sand
and dust stoms

2010

10 Articles and appendices,
ervironment and weather and dust, air
quality management, desertification

and implementation of the action plan.

{Ministers)

Bdateral Acton
Flan

B Jun 2011

Tehwan

10 Articles, an area of 1 rmallon
hectares sat for desertification

oper ations ower 5 years, poantly invested
by the private sector, 400-hectare
pdot plant operations in Irag, efforts
1o reduce the affects of dust,
transfer of experiences in the field of
desartification and afforestation n
kaq,.

Iran and Irag
{Ministers)

Bdateral Action

T May
2011

Baghdad

10 artiches and an appendix on
operations, began operations in Irag
I et

Iran and Irag
{Deputies)

Executiee
Doowment Against
Desartification

17 Jun
2011

7,000 hectarss of land desertification
began operations in SEvVen provinces
in Iragq; rootstock studies on

soil, wiater and wegetation, and
meteorology, follow the prossions
of the Memorandum of the Special
Committes, publc education on behalf
of the Irag government to fanmers in
sustainable agricultural productivity,
Land management and watershed
Mmanagedment.

Iran and Irag
{Deputies)

Iran, raq, Turkesy, Syria



Components of an Effective Early
Warning System

Governance and Organizational Issues

Risk Communication &
Identification Dissemination
Observing

Emergency Planning,
Preparedness and
Response

Systems &
Forecasting of
Hazards
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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

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




Ministério da Ciéncia e Ed {ca - @
Instituto de Meteorologia, I. P. Rua C = Aeroporio de Lisboa 1745077 Lisboa = Portugal  Tel.: (351) 21 844 7000 Faoc (351)21 840 2370  ewmait niormacoes@meteopt  URL: - et
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\

Dust RGB — How to get maximum of red?

Red: IR12.0-1R 10.8 ~ RGB Colors ~Preview —

Range of values: -4 ... + 2 K

So full Red means
BT(IR12.0)-BT(IR10.8)=+2 K

Ministenio da Ciéncia & Educacdo fu'_‘
Instituto de Meteorologia, I. P.  Rua C - Acopona d@ Lishoa 1749077 Lisboa - Portugal Tl - (351) 21 BS4 7000 Fasc (351) 21 B40 2370 a-mal: nfomancesfmetenpt  LURL: v__._-.‘_'

Py

18




Dust RGB — How to get maximum of red ?

BTDIR12.0-1R10.8

Another way of seeing it:

radiation at 10.8 micra
is more absorved by dust
than at 12.0 micra

EUMETRAIN Module on RGB images:
http://www.eumetrain.org/resources/operational_use_rgb.htmi

Minissério da Ciéncia e Educagto @@

Instituto de Meteorologia, I. P. Rua C - Awoporio de Lisboa 1748-077 Lisboa — Portugal  Tel- (351) 21844 7000 Fauxc (351) 21840 2370  e-mai: nformaccesi@metec.pt  URL:

19



Dust RGB — How to get minimum of green ?

~RGB Colors

IR10.8-IR 8.7

Range of values: 0 ... + 15 K

Green:

So No Green means
BT (IR10.8) - BT (IR8.7) =0

BT (IR 10.8) =BT (IR 8.7) 1910772005 15:00 (3 of 12
But dust

is not always

8 " g

a full magenta !

RGB Colors

| K [+ 1B
K1 I ] %0
| Kl [3]253

So BT (IR 10.8) > BT (IR 8.7)
This case: BT (IR10.8) -BT (IR8.7) ~5

Minsténo da Ciénca e s ..
Instituto de Meteorologia, . P. Rua C - Acroporio de Lisboa 1743.077 Lisboa ~ Portugal  Tel- (351) 21844 7000 Fax: (351) 21 8402370  e-mal: informacoesfimaeo.pt  URL: -

20



Dust RGB — The desert

—
-

Minisiénio da Ciéncia & Educagio T .
Institsto de Meteorologia, | P. Rua C - Aweoporio & Lishoa 1740077 Lishos — Portugal - Tal- (351) 21 B44 Fawc (351) 21 B4D 2370 o-mal: nformacces@metenpt URL: s’ S



Dust RGB — The desert

So DESERT

with “green”

N\ Lontribution

e 52 R sl gl sy i el 431 ) 22



Dust RGB — How to get maximum of blue ?

4

\ dfrente do nosso tempo

Blue: IR10.8
Range of values: -12°C ...

So full Blue
BT (IR10.8) = + 16°C

16°C is a
temperature

“easy to reach”
for

desert & dust

Ml
Instituto de Meteorologia, I. P. Rua C - Aeroporio de Lisboa 1745-077 Lisboa - Portugal  Telz (351) 2

Lok 5o R (sleld gl gan diida Al 4 )

%



In-situ Estimations N/ =

WMO - visibility

The greatest distance that a black object
of “suitable dimensions,” situated near the
ground, can be seen and recognized when

observed against a background of fog

_________________________________________

.___.__._.___..___.__._____,___J ________________

Forward
Scattering / \ Source
. Scattering

Angle

Fig. 11-4 A forward scatter visibility meter.




In-situ Estimations

Discarded by
Discarded Mar
Stations Usec

Data Source
Web Access

STATION STATISTIC:
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In-situ Estimations
Visibility Categorization
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In-situ Estimations
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In-situ Estimations

Ahwaz Station, Feb.- Sep.2016
Spring-summer (2009) visibility-PM10, Tehran —  °°%°
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A‘ \h Sharif University of Technology
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Some resilient aspects of urban areas to air pollution
and climate change, case study: Tehran, Iran
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Synoptical analysis

— ]

July 4, 2009

July 5, 2009

Mean Sea Level
Pressure(mb)

July 6, 2009
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Synoptical analysis
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Synoptical analysis
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Synoptical analysis

850 hPa
merdional wind
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Numerical analysis
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Spectral Analysis
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Satellite Remote
Sensing(Spectral Analysis)

il NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

+ NASA Homepage
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The MODIS Data section contains Dust in Central Africa =
everything from ATBDs to Product g &
Descriptions to tutorials on o A
ordering MODIS data from the : Atmosphcre
various DAACs. Peruse the Data
section today.
S
: Land
NEWS
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the developing newws surrounding
the MODIS project. This image of dust over central Africa was captured by
the MODIS on the Terra satellite on February 11, 2009.
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Spectral Analysis e —_—
Band3Band1Band2 Band5 Bandé Band7

—— 09}
08} Wﬂm
—— |ce Cloud
Dust Enhancement o7l — Sand
AlgOI'itth . 06} — Sol

—— Urban-Residential .
[ | ——Water___— /\

Reflectance
o
(%]

o
F'S

8.4 06 08 1 12 14 16 18 2 22 24
Wavelength (Micrometer)

NDDI = (p2.13pum — p0.469um)/(p2.13um + p0.469um)

@ Qu(2006)

p0.469um : Reflectance at the top of atmosphere in 0.469 pm

pE.lE m : Reflectance at the top of atmosphere in 2.13 pm .
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Spectral Analysis \/

//

Dust Enhancement 4 )
Algorithms: T he
- 2hc?
Akl 1
2 | ”(1(&)2? i j

2%

BT1ipm: Brightness Temperature at MODIS band 31

BT1z2m: Brightness Temperature at MODIS band 32

4

BTD= (BTuupm - BTi2pm ) |\ J
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Spectral Analysis

\\
/
Dust Enhancement
Algorithms:

3 TDI = Co +Cix BT20+C2 x BT30+ C3xBT31+C4xBT32

L1

BT: Brightness Temperature of MODIS
bands2o, 30,31and 32.

Coefficients
of equation
3L (Hao& Qu,2007)
Co C1 C2 C3 C4

-7.937 0.1227 0.0260

-.7068 0.5883
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Spectral Analysis
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Spectral Analysis /

e If TDI>=5.1K AND 278<BT31< 288 then THICK DUST

g if 3.5K<=TDI <5.1K AND 278<BT31< 288 then THIN DUST
50° E
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Spectral Analysis

If BT31-BT32<-0.5then DUST

50°E

Applying
thresholds

5 July 2009
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Spectral Analysis

/' If BT31<278K then Cloud

Applying
thresholds
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Spectral Analysis \—/
Visibility Categorization

Visibility = 2217.46 + 1479.4*BT31-BT32 + 6844.46*NDDI

i\i\ /‘fiﬁ A =
4 3 |

\
) - )

Legend

2009 455 g S A 42 o2k 4lk b
2008 ssalise o284 i) 213 5 Al |

Value
o Value
[ CJo
12 (g
| E Bl -
B B
B , . -
—F . - .
LA 2 e
0 40 80 160 240 320 ¥ ! Y 'J _
e el | 5 Uy : 0 40 80 160 240 320 L\ 4
e e | 5. W : .

5 July 2009 17 September 2008

43



Spectral Analysis

Dust Indices verification
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Spectral Analysis
Empirial AOT
—— NDDI Index BTD Index TDI Index
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Spectral Analysis

Dust Indices verification
_—

~

2.5
1.5

0.5

MODIS AOT(550nm)

0 0.5 1 1.5
Calculated AOT

Vinibility

] . T .

2.5

0 0.5 1 1.5
Calculated AOT

]

[
LA

46



Spectral Analysis

Empirical AOT verification
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Spectral Analysis

Empirical AOT verification
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Dust detection and AOT estimation using combined
VIR and TIR satellite images in urban areas of Iran

S. Sehatkashani®, VM. Vazifedoust?™*, Gh. Kamali® and A.A. Bidokhti®
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Spectral Analysis

Dust Classification APPr'oac
s

. ATSAT 1.0 : Atmospheric Analysis using Satellie Data - X

File ImageProcessing Aerosol Cloud Temprature Help ~

Open WorkSpace Ctrl+0

. C

. Command History = X

ATSAT 1:0 loaded successfully. "k
C:\MODIS-MATLAB\ATSAT\ATSAT\Rose diagram added in path list.
C:\MODIS-MATLAB\ATSATIATSAT\Plots added in path list. i
C:\MODIS-MATLAB\ATSAT\ATSAT\Line Processing added in path list.
C:\MODIS-MATLAB\ATSAT\ATSAT\Image Processing added in path list.
~ | C:\MODIS-MATLAB\ATSAT\ATSAT\H transformation added in path list. “
. ‘ . il .- 7 CAMODIS-MATLAB\ATSAT\ATSAT\Export added in path list. v B
% “ - .y N - RN {ard — .
. ATSAT 1.0 : Atmospheric Analysis using Satellie Data - X
File = Image Processing Aerosol Cloud Temprature Help ~

1. Frequency Filter
S First Order Derivative >

Second Order Derivative >
~
. ATSAT 1.0 loaded successfully.

B command History - X

Optimal

C:AMODIS-MATLAB\ATSATWATSAT\Rose diagram added in path list.

Y C:\MODIS-MATLAB\ATSAT\ATSAT\Piots added in path list.
C:\MODIS-MATLAB\ATSATIATSAT\Line Processing added in path list.
C:\MODIS-MATLAB\ATSAT\ATSAT\Image Processing added in path list.

| C:\MODIS-MATLAB\ATSAT\ATSAT\H transformation added in path list.

C\MODIS-MATLAB\ATSAT\ATSAT\Export added in path list. v
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Spectral Analysis

B import - [=] =
=] MODOZHKM. 20 haf 0
=@ View as HDF... Name: MODIS_SWATH_Type L1B
@53 MODIS_SWATH_Type L1B Dimensions:
) Band_250M N 3
) Band_s00M Name: Band_S00M
() Noise in Thermal Detectors Size: 5
[} Change in relative responses of thermal detectors Name: 20"nscans
&) DC Restore Change fer Thermal Bands. Size: 4060
{#E) DC Restore Change for Reflective 250m Bands - 2*Max. frames
() DC Restore Change for Reflective 500m Bands :::_'512” BV
(1) DC Restore Change for Reflective Tikm Bands *
E5) _HOF_CHK_TBL_702_5_1962_6
E2) _HDF_CHK_TBL_702_205_1962_206 Map: 10*nscans/20*nscans
EZ] _HDF_CHK_TBL_702_409_1962_410 Offset: 0
EEl _HDF_CHK_TBL_702_2438_1962 2439 Increment: 2
_HDF_CHK_TBL_702_4468_1962_4469 . -
_HDF_CHK_TBL_702_5280_1962_5281 Map: Max_EV_frames/2"Max_EV_frames
EE] Level 1B Swath Metadata Offset: 0
-8 View 25 EOS... Increment: 2
== gl_‘obls_swmujmus
Data Fields
- Import: HDF_EOS Swath
m SV SO0 RefSE [ Subszet selection
BSS] £V _500_Refs
99 EV_250_Aggr500_RefSB Subsetting method: | Direct Index ~
159 EV_250_AggrS00_RefSB_Uncert_Indexes El
EV_250_Aggr500_RefSB_Samples_Used
Band_250M ] I T
&) Band_500M Start Increment Length
-39 Geolocation Fields 1 1 s
50 Latitude 2 1 4080
8 Longitude 3 1 2708
Reset Selecton Parameters
Workspace variable: | EV_S00_RefSB_Uncern_indexes O import metaata
Dataset command.
EV_500_RefSE_Uncert_indexes = s
0650.006. hdf, ‘MODIS_SWATH_Type_L18",
Fielas EV_500 RefS8 Uncert indexes.Index{[1_1_1L1 1 1LIS 4060 27080 e

. ATSAT 1.0 : Atmospheric Analysis using Satellie Data

File ImageProcessing  Aerosol Cloud Temprature Help
1. Brightness Temperature Difference (BTD)
2. Thermal Infrared Dust Index (TDI)
3. Normalized Difference Dust Index (NDDI) ATSAT 1:0 loaded successfully.
4. Global Dust Detection Index (GDDI)

. Command History

C:\MODIS-MATLAB\ATSAT\ATSAT\Rose diagram added in path list.




Sistan July 2016 Dust Event
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._._Sis'ran July 2016 Dust Event W
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