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i 'SDS Projects from 2005

1. SDS Economic Impacts Assessment in Khuzestan, Sponsored by DoE, 2016

> Satellite Image Receive and Analysis (SIRA), Sponsored by Atmospheric
Science and Meteorological Research Center (ASMERC), 2016

5. Dust phenomena study and finding the best combating solutions, Sponsored
by (ASMERC), 2015

+ Dust sources hotspots identification in Iran, Sponsored by DoE, 2014

5. Investigate the effects of Dust Particles on Vegetation and Health Systems,
Sponsored by Vice-president for science and technology of presidency of Iran,
2015

5. Regional (West Asia) Dust Storms Baseline Situational Analysis, Sponsored
by UNEP-ROWA, 2013

7. ldentification of Regional and trans-boundary dust storm sources,
Sponsored by Vice-president for science and technology of presidency of Iran,
2010

s.  PhD and Master thesis, etc
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Sand & Dust Storm “Hot Spots” in Iran
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Cormesponding author: Farzaneh Meskayedi ( Fmoshay ediss yshoo.com)

Abstract: Dust stormes: s & challenging isom @ esvironment have brought several harmful effects o WAR. This phenomenon hae
influencel many coumrics sach as Tran, Jorkan, Fraq, Syria, Persiss Gulf couniri v Far sl conhating with
this event, provision of a comprebensive plan was on the agenda by Unived Nation Envirssocnisl Pragram- Regions] 0dTwe o WAR
[UMER.ROWAR During ihe first mestisg in Maircbd and technical sveeting in Abu Dhabi, the Tollowing report is provided is Islamic
Eepublic of Iran. Begarding the span of the i=ese, 2 concise imtroduction of Iran is presented. Then the selected areas for
implemensation of pilot projects of UMEP- ROWA in dest source (DE) aress are identified. Based on this, seo major clusters in souk
wst and south eaet of Iram are detormined s fllows DS cheser 13 This cluster consists of 4 sources with arid and semi-arnid
exiEyAleeTs aml ane other souree Witk humid ecosystem (i Howr- ARAzEnD in arth west of Iras. DS Clusier 20 This cluster consiss
ol 3 achive sounes amiil g pmi-arid 5 i S sl anl arl K aimd o sarire an Bl 2one of Hams
Isoth east of lma). It showld be noted thee, in chis repon, dust sources are primenly introduced. Also, based o & plesty of relaied
i  if oo y and detailed i are required, the GRIof University of Tebran can provide them. Diepartment of
Envircsmeni {Doll) with cooperation of Geo-Informatics Research Inssiiuic {GRI) of the Usiversity of Tehran has accomplished this

wark,

Kooy wards: Thust scem, Wiest Asia, cluster

1. Intreduction

During the last decade, Dust svorms have affected
WAR Region (WAR) destructively. For controlling
and combating with such a phenomenan, it is essenrial
that a camprehensive plan be provided. In order to da
this plan, UNEP-ROWA has been preparing a Master
Flan for Combating Soard and Dust Storms in WAR
Region (MPC-SDS-WAR) Therefore, a meeting was
teeld in Marrshi with the hosting and presence of Iran,
Irag, Jordan, Turkey, and Umied Armb Emarate. The
constiution of a technical meeting abour the program
agreed 1o mercase e wnderstanding and cooperation
of countries. According to this, techmnical meeting for
management of dust storms in WAR was held on 6 and
T May 2013 in Aba Dhobi. Mere than 350
representatives from |1 countries from WAR attended

2 well as UN agencies and regronal organszations. In
Surmmary e approvals of that meeting are as follews:

Verification of UNEP proposal reparding  the
cooperation of UM and regional organizations;

Dretermimation of Dust Storm Corridor in West Asi
Regmnn  (DSC-WARD based oo climatologically
evaluation of WOk

Additional understanding abaut SDE-WAR status
hased an oral reparts of countries and WHMO nepors of
present comdition;

Apreement on a road map consisiing of venification of
steps by leading ittee and imgs of minisir

Agreement on taking action along with documenting
af progmm. S that, @ be possible to call it
MPC-5DE-WAR:

Establishment of a trust fumd for the execution of
ust gtorm comtrol and combat projects,
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1. Dust Detection Procedure
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SCIENCE & ENGINEERING of Dust Storm
WO L1B Daia
RESEARCH ARTICLE Open Access —
Global dust Detection Index (GDDI); a new
aver water surface

remotely sensed methodology for dust storms

detection

Mehdi Samadi'*", A Carvichi Boloorani, Seyed Kazern Alavipanah', Hossein Mohamad®

and Mohamad Saeed Naaf®
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Abstract
[uast storm ocours frequently inarid and semiqanid areas of the workd This natural phenomenon, which i the result ¥
of stomrmy winds, raises a kot of dust from desen sufaces and decreases visibilicy 1o less than 1 ko in recent waars
thee temporal fraquency of cocumences and their spatial extents has been dramatically increased. West of Iran,
aspecially in spring .:n::; sarmereen, suffers from significant increases of these events w1:2rh cause several social and ¥ Dust and dry surface
aponamic problems. Detecting and recognizing the extant of dust Sperms i§ wery impotant issue in designing
WaMming sysiams, managermsant and decreasing the risk of this phencenanon. As the process of manitanng and
prediction ae related to detection of this phenomenon and it's separtion from other atmosphenc phenomena
such &5 doud, so the main aim of this esearch is esablizhing an auomated process for detection of dust masses
I this study 20 everts of dust happened in weastem part of Iran during 3000-2011 have been recognized and
shudied Tn:r'.hr aim of detecting dust events we used satelite .!|:|r'.-nl WOIDAS sensor, Firally a 'raiﬁ hased on Ew.ulsm N Bright surface Dust over
eflectance and tharmnal infiared bands has been developed. The efficiency of this method has been checkaed wing [B1E1)E2-E1)S 0.1 bright surface
dust @vents. Results shows that the model has a good performance in Jl cases. it also has the ability and robustness
to be used in any dust storm foecasting and waming system ¥
Keywords: Ramate sersing, Dust detection index, MODIS [BTHETH (BTIETH)
| mmm"_ Dark surlsce 1215 ]L Dry surface L[.: ¢
[B2E1E12 L2 1B7-BdBT 841
Introduction mave forward o destroy crop plante, ruin the mining
Every year in Iran, several natural hazards ooour which and communication facilities, reduce visibility and disturb Y
cause sovial, economic amd environmental damages.  human’s daily activities, They also impact the air and ¥ Y
Wistern dust storms, Le the dust coming from western  ground transportation, They pollute the stmasphers and
neighbors of [ran, are one of these hazards which have  reduce air quality, infleence cdoud farmation [4], obsoore 12 (BTHETH)
been incresed in both spatial ared temporal aspects during  the sunlight, and redoce the temperature [5]. They also
last decade. can accelerate the desertification procedure [G]. Their
[Dast starms are, in maost cases, the result of turbulent  direct effects on buman health are mainly depicted in
winds which raise large quantities of dust from land sur-  breathing difficulties (7). Dust over dry surface I
faces and reduce visibility ta less than 1 km [1]. They Ovr the past decsdes, Middle Fast dust starms have and noise
reach concentrations in excess of G000 |.|g;l'r|'|L in severe  caused many problems for the residents of South and
events [2]. Dust storms are generated from regions that  Southwest regions of Ian. During the recent years, there
are mainly deserts, dry lakeheds and semi-arid desset has been an increase in the trend of dust storm activities Dust storm PI".'
regions |3]. They can carry large quantity of dust and  in this region, especially in spring and summer [8]. Now, and noise

this trend is changing into the main persistent environ-
mental problem in Iran and the Middle East reghon,

* Corre pondence: NLSam i@t s i : _t

Dieseatment of Remoie Sererg ond G5, Facuiy of Gengropty, Unsssrsiy of - Mliddle East dust storms have great impacts on the qual

"h'-"y""""\':;“ . - P ity af the inhabitant’s lives, visibility and transportation, Pixels N Pixel? ¥

Gainiormuatics Research st (GAL Univensity of Tehean, Tabvan, lnn Dust storm Discrote Noise
Full st ol aathor nformaion b raibile gt the end of the ariice mll,'rﬂfllmﬂr{". I:‘fﬁ.i'f'ﬁ.“lﬂ'ﬂ. communicaion .‘y“lﬂ'ﬂﬁ. and = 1 “

( ) BioMed Central itk A i i, divianen, E.A | Figure 9 Flowchart of Global Dust Detection Index (GDOI).
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Figure 14 Evaluation of the developed dust detection method. (A) 1101 e C

Jor imaqe on 5 July 2009 and (B) Duencted dust svent

Experiments show that the bright surfaces have amounts
higher than 0.25 in the adapted (B7-B4)/(B7 + B4) index. In
the defined B2-B18 index, the dark surfaces have a thresh-
old less than 0.2, These two thresholds were adapted for
separate bright and dark surfaces from other dasses, re-
spectively (Figure 6),

The results of BTD (31-32) show that the best threshold
to separate clouds is the amounts higher than zero (Figure 7).
Results also show that for the BTD (20-31) the amounts
higher than 20 and 15 Kelvin, are dust over bright and dark
surfaces, respectively {Figure 8).

Due to the different nature of dust detection over water
bodies, the amount of threshold for some indices like
NDDI could be changeable. The existence of icy douds Is

also a problem. Experimentally a threshold more than one
in the BTD (31-32) was adapted for icy douds separation
from the dust in the image.

As shown in the flowchart (Figure 9), MODIS L1B
data defined as model input. The whole procedure is di-
vided into two parts: dust over land and dust over water.
In dust detection over land, after removing water and
clouds, the land is divided into dark and bright surfaces.
By using the defined indices, these two parts separate
from image and what remains Is dust and noise. In the
same procedure dusts over water are also discriminated,
So, all features separate from image step by step. At the
end, the results of both will be combined for making a
dust storm map. We also face some single pixels that

TECHNICAL MEETING Ol by s s

jopad mehod

Figure 15 Evaluation of the developed dust detection method, (A) 1005 T

we -

wr

3 Apdl 2017 and (B) Detected dust event
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Characterization of Dust Storm Sources
in Western Iran Using a Synthetic Approach

A. Darvishi Boloorani, $.0. Nabavi, R. Azizi, and H.A. Bahrami

Abstract Encountering numerous problems, many arcas of the world expericnce
dust storms every year. The west of Iran is considered as an arca with numerous
dust events because of vast deserts n Syria, Irxg, and the Arabian Peninsula,
In recent years, the number of dust storms and the affected arcas has remarkably
increased. The present study is an attempt (o identify west of Iran’s dust sources
using a synthetic approach including remote sensing technique of dust detection,
physi-cnlﬂnclmmlogbcni model called HYSPLIT, and analysis of the studied area’s
soil texture, land covering, and wind velocity data. Results show that there are two
main dust storm sources affecting westemn Iran: The first region is the arca between
the west bank of Euphrates and east bank of Tigris, and the second onc is the east
and south castern Arabian Peninsula a region called Rub’ Al Khali

1 Introduction

Concering the definition of World Meteorological Organization, dust storms are
resultant of weather turbulences which introduce a high mass of dust in the
atmosphere, and consequently decrease the horizontal visibility to less than
1,000 m (Goudic and Middicton 2006). In a general perspective, primary sources

A.D. Baloorani
Department of Castograply. University of Tehran, Tebaan, Iran

S.0. Nabavi (552)
Department of Physical Geography, University of Tehran, Tehran, lran
c-mail: 5.0.nabavi®gmal.com

R. Azizi
Department of Mathematical Sciemce, Sharif University of Techmology, Tebwan, lran

H.A. Baheamni
Depastment of Soil Science, Tarbiat Modares University, Tehran, lran

C.C. Helmis and P.T. Nastos (eds. ), Advances in Mereorology. 415
Climatology and Atmospheric Physics, Springer Atmospheric Sciences,
DOL 10, 1007/978-3-642-29172-2_59, ©) Springer-Verlag Berlin Hesdedberg 2012
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Fig. 1 Formation of dust storm from the arca between the eastern bank of Euphrates and the
western bank of Tigris on Jun 30, 2008; its expansion on Iran through Jul 2-3, 2008 (a-1, a-2, a-3)
and from the eastem and southeastern deserts of Arabia Saudi Arabia on Mar 1, 2007 to Mar 3,
2007 (b-1, b-2, b-3)

Fig. 2 Two examples of wind trajectory maps on Jun 30, 2008 (a) and Mar 1, 2007 (b) using
HYSPLIT model. The symbol (*) shows the locations of synoptic stations affected by dust storm

Characterization of Dust Storm Sources in Western Iran 419

Fig. 3 Two examples of wind velocity maps on Jun 30, 2008 (a) and Mar 1, 2007 (b). Vectors
show wind directions and colored background represents wind speed (ms™")

of Iraq and the east of Syria called Gypsisols that is mostly developed in and
regions with sporadic vegetation. Presence of having such soil type prepares
conditions for wind erosion, whereas southemmost area of the trajectory, i.e. the
southeast of Iraq, consists of Solonchaks soil which is also found in arid and semi-
arid regions; But one of its significant features is that the water table is high and the
soil is moist; A condition that sometimes leads to water stiliness on the soil surface
Thus, such regions are less liable to develop extensive dust sources. About 20-23%
of soil texture in the westem bank of Euphrates and the eastern bank of Tigris
consists of clay. In addition, the region has got a 50 unit of soil moisture, which is
sometimes lowered to 15 units in some areas. These types of soil texture, with low
moisture and sporadic vegetation, provide necessary conditions for wind erosion.
Although this type of soil texture is also found in the southeast of Iraq (southern
area of the trajectory), due to high soil moisture (almost 150 units), grasslands, and
brushes, the surface soil is less likely to be removed from this region. The second
trajectory includes Persian Gulf and its southem coast. Therefore, the only dust-
prone areas along this trajectory are located in its southern parts, i.e. eastern and
southeastern areas of Arabia (the desert region of Rub-Al-Khali). This part of
Arabia consists of Regosol soil, the most texture of which is composed of gravel
and sand coverings, In some parts of this region, more than 30% of soil texture is
clay and could be considered as one of the most arid regions (the soil moisture is
calculated as negligible, relatively zero) without vegetation (FAO/ITASA/ISRIC/

HOOFYA LN AN TE IO AN S oL v ANIAN T b N e e

TECHNICAL MEETING ON THE REGIONAL PROGRAMME TO COMBAT SAND AND DUST STORMS PROGRAMME (SDS)
KShangri-La Hotel, Qavrar Al Beri, Abu Dhabi, UAE, 6-7 Moy 2013
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which starts from the northwest of Iraq and the cast of Syria, ends in the west of
Iran, and the south-north trajectory that starts from the southern banks of Persian
Gulf Jeads to the west of Iran through a south-north path. Utilizing the results of
previous section, the simultancous study of soil maps, land cover, and wind velocity
along determined paths, led us to identify two main sources of dust storms in the
west of Iran: The area between the eastern bank of Euphrates and the western bank
of Tigris as the main dust sources; out of 12 dust storms, 10 cases were formed in
this region and the eastern and southeastern deserts of Arabia, Considering more

=
.

S~
S

' § | coarse soil texture of the eastern and southeastern deserts of Arabia rather than the
’ Hamft [ PO A first source, higher-velocity winds are required to form dust in this region.
) ﬂ 19E iR 4
R L 3 x ARy
R {‘r} |/ o
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4. Wind Trajectory

NOAA HYSPLIT MODEL
Backward trajectories ending at OO00 UTC 09 Aug 05
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5. Soil Properties (Soil Type)

HWSD Soil Groups
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B Solonetz-SN
Vettisol - VR

B Rock Outcrops - RK
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W Water bodies ‘WR
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Medium Medium Medium
50 150 15
nsoil Sand Fraction (%) 35 39 43
nsoll Silt Fraction (%) 45 37 34

Topsoll Clay Fraction (%) 20 24 23

Topsoil USDA Texture

P | oam loam loam
Classification
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6. Land degradation
trend analysis
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Mapping Soil Evosion and Sediment Yield Susceptibility using RUSLE, Remote Sensing
and GIS (Case study: Cham Gardalan Watershed, Iran)
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Haleh Arckhi, Al Darvishi Bolourani, Afshin Shabani, Hassan Fathizd, Salman Ahamdy-asbehin:
Mapping Soil Erosion and Sediment Yield Susceptibility using RUSLE. Remote Scnsing and G135

(Case stady: Cham Gardalan Watershed. Iran)

ABSTRACT

Thie soil erosion is the mast serious emvaronmiental problem mowatershesd areas m Imn. The main factors
aftecting the amount of soil erosion and sediment yield inchude vegettion cover, topography, soil, and climate,
In order o describe the arcas wath high soil erosion amd sediment yield risks and 1o develop adeguate erosion
preventation measures in watersheds of dams, eresion and sediment yield maps should be generated considering
these factors. The purpose of this study was o investigabe the spatinl distribution of annual soil loss and
sediment vield in Cham Gardalan watershed, Ilam Province, Iran. using Revised Universal Soil Loss Equation
(RUSLE model. Bemode Sensing (RS} and Geographic Information System| GIS) technologies were used for
erospon amd sediment yield nsk mapping, based on the s model. The B-, K-, LS., C- and - factors were
ablained from monthly and annoal mmall daes, soil map of the regron, SO-mmeter Dignal Elevation MModel
(DEME Bemaote Sensing (BS) rechniques Cwith use of MDAV, and G15, mspmi\-el:r. The mean valses of the B-
. k-, L&, - and P- factors were 26596 M) mm ha " b vear’, 029 t h MJ mm™', 1431, 048 and | ,
respectively, The study imdicated that the slope length (L) and slope steepness (51 of the RUSLE maodel [II:2 -
0,547 were the most effective factors controlling soil erosion in ithe region, The average annual soal loss and
sedimment vield is predicted up o 3851 and 1901 (1 b7 year™), respectively. The measured average annual
sediment vield 16,58 (i b year') was very close i estimated valuwe {1901 © ' wear"). Morcover, ihe resulis
indicared thar 47 46%, 11.22%, 9.69%, 11.29%, 20.34% of the study arca was usider minimmal low, moderate,
high and extreme actual erosion risks, respectively. Since 31.63% of the region is under high and extreme
erasion fsk, adoption of suitable conservation messures seems b be inevitable, The RUSLE moudel imtegrted
with RS and GIS technologies has greal potential for producing accurate and inexpensive erosion and sediment

yield risk maps in [ran.

Key wards: GIS, RS, RUSLE, Sediment vield, Soil erosion, Cham Gardalan watershed

Infroduction

Soil  erosion  in watershed  areas  and  the
subsequent deposation m rivers, lakes and reservors
are of greal concem for wo reasons. Fastly, deh
fertibe soil ks eroded from the watershed  arcas.
Secondly, there is a reduction in reservoir capacity as
well as degradation of downstream waber quality
[17]. Although sedimentation acours naturally, it is
exacerbated by poor Lland usge and land & L

apriculiure practices are some of the poor land
management proctices that accelerate soil emsion,
resulting in large increases in sediment inflow amta
streams [41]. Therefore, preventon of soil erosion {5
of paramount smpoerlance in the management and
conscrvation of natural resources [35. 48]

Land depradation by soil crosion is o serious
prablem in Iran with an estimated soil loss of 2500
<I0° 1 year”" and abouwt 94% of arable lamds and
rangelands  are an the process  of

practices adopted in the upland areas of watersheds.
Uneontrolled  deforestation due  fo forest  fires,
grazing, incomest methods of tillage and unscientific
e ding Awiher

peier
depradation [18.4230]. In terms of erosion, lranian
soils are under o seriovs nsk due o hilly topegraphy,
=oil conditions focilitating water erosion {fLe low

Saladh Arekhi Waterched Blanagemssnt Denarmeesd Aoncubuee Calblegs Ham | 'nisercity Haen

n Modeling

NVICUNCITAIICAI CIITRACT WL TG annug) ramsan o
about 39278 mm, and average temperature is 21.7
°C in summer and 4.7 °C in winter [37]. According
o land use classification, the most common land use
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most important dams in the western Iran that supplies
drinking water to the [lam City.
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Fig. 2: Land usedand cover of the study arca
Table 1= Landuselond cover ssatistics of the stody area
Loaduse lisd cover type Areidhectare) Agca %)
Lo 928 193
ke 37 1.6
|_Rainfed Agriculture 12949 2.7
Orchard 187 .7
Residential arca 313 .7
Rangeland A2 28
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Fig. 3: Methodology for estimation of soil loss and sediment yield of the study area
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W7 Land Cover and Veg.

Land cover

I Crop/mixed farming
|| Short grass

I Deciduous broadleaf tree
I Evergreen broadleaf tree

B Tall grass

| | Desert

|| Tundra

I Irrigated Crop
|| Semi-desert
I Ice cap/glacier
|| Bog or marsh
I Inland water
I Ocean

|| Evergreen shrub
P Deciduous shrub
] Mixed Woodland
I Forest/Field mosaic
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8. Geology and Geomorphology
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Morphogenetic Processes

Periods of the . Morphogenetic processes
. . Climate
continental evolution Type Agent
Late Oligocene Semiarid Mechelmlcal weath-ermg Temperature changes and wind action
Chemical weathering Groundwater
Late Miocene Wet Depositional River
, Erosional Rainwater
Pliocene Wet — -
Depositional River
Wet Depositional River
Pleistocene Chemical weathering Rainwater
Semiarid | Deposition Evaporation
Depositional River
early Holocene Wet , . .
y Chemical weathering Rainwater
late Holocene Semiarid Depositional River, wind action, evaporation

Erosional

Wind action
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= Height Anomaly Detection
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== 11. Precipitation Anomaly Detection

Precipitation Anomaly (Nov,2001-Apr,2002) Precipitation Anomaly (Nov,2002-Apr,2003)
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Precipitation Anomaly (Nov,2003-Apr,2004) Precipitation Anomaly (Nov,2004-Apr,2005)
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11. Precipitation Anomaly Detection
N I —————

Precipitation Anomaly (Nov,2005-Apr,2006) Precipitation Anomaly (Nov,2006-Apr.2007)

mec:m Anomaly (m 2007-Apr,2008)
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IRAQ - Cropland affected by Qrough! in 2 Consecutive years 2008 - 2009 www.iaulraq.org

info@iawirgaq.org

"
TURKEY AVectod Cropland SOR KM 3918 A
plang Pecentage of
begdons SOR N s 708 Afected Crepland / Talad CropLand
Pecertage of Aactas Croptand W7 %

e oo

B 2> eo%
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ARAB | | 8% - 29%

REPUBLIC

a% -5

— Governorste Doungary
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OF TRAN

River
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z S o S—— P

a Covabas Gom P
~ e -
o —avaie -
< ——— ok pase 2 an

SAUDI ARABIA

KUWAIT

B e ey
o D . S

@ IAUE=S- o+ Gl TS ik s @ OCHA ==

Source: Iraq: Cropland affected by drought in 2 Consecutive years 2008-2009, [nicr-Agency
Information and Analysis Unit, UN Office for the Coordination of Humanitarian Affairs



http://reliefweb.int/organization/iau
http://reliefweb.int/organization/ocha
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Iraq — Displacement due to Drought . &%)

UN ESCWA

12V irteresor & Crgancaton for i yaeca
IOM, July 2010
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18. Hydraulic Monitoring

-
L
[N
L
Xz
©
¢
s
™
E
—
Q
<

2007

2003

-~ .f;’..
~

o W

o

2004 2005 2006 2007 2008 2009 2010

Year

Normalized Height

) 2003 2004 2005 2006 2007 2008 2009 2010

Year




S8\ GEOINFORMATICS

/)l’“’.’;ﬂ”;-j‘i':‘ “"/ esearch Institute (GRI) 18 . H yd rau I i C IVI O n ito ri n g

ke Al

Lake Al
Qadisiyah

'\, .15Sep 2009




e GEOINFORMATICS

. %’/ , 15
~r) W / %’/’ 'k
s /////,,,/;%/44//// / ' FAO Inigation
I : J ’@%//A‘_ ;g Intensity Scale
\E C v\q
\ &
&

,—;X.‘f _*‘-’ % . g \

- N 3 N -
' L LS ’ s o

Source: Groundwater depletion in the Middle East from GRACE with implications for
transboundary water management in the Tigris-Euphrates-Western Iran region, 2013
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" SDS Current Projects

» SDS Vulnerability Mapping
» SDS Networking and Geoportal
* DusNIFF
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@™ SDS Effects Parameters
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e e~ SDS Vulnerability Parameterization

Adapted from IPCC

W

Exposure: “the nature and degree to which a system is
exposed to SDS”’;

Sensitivity: “the degree to which a system is affected,
either adversely or beneficially by SDS”’; and

Adaptive Capacity: “the ability of a system to adjust to
SDS, to moderate the potential damage from it, to take
advantage of Its opportunities, or to cope with ItS
consequences’.
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SDS Vulnerability Mapping

AOD Dust storm exposer

Dust exposer
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Low
Moderate

B High

I Very high
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Total population

SDS Vulnerability Mapping

Sensitivity
Very low
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[ Moderate
B High
I very high

Fragile population

Sensitivity
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| Low
[ Moderate
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protected areas

SDS Vulnerability Mapping

Agriculture

Sensitivity
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" Low
[ Moderate
I High
I very high

Sensitivity

|| Very low
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[ Moderate
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SDS Vulnerability Mapping

Livestock Industrial
Sensitivity ’ Sensitivity
Very low | Very low
| Low 7 Low
[ Moderate I Moderate

BN High
I Very high

\ I Very high
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SDS Vulnerability Mapping

Infrastructure development Tourism
Sensitivity Sensitivity
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Human Development Index

SDS Vulnerability Mapping

Welfare and income

Adaptive capacity
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Overlaying Vulnerability Map
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DUsNIFF:
DUST STORM NETWORK-BASED
INTEGRATED SYSTEM OF FORECAST

AND FOREWARNING



DUST STORM NETWORK-BASED
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15194 Satellite Image Receive and Analysis
(SIRA)
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a MODIS
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MODIS Cloud Mask
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Nadsweb nascom nasa.gov./allData/5/MYD35 L2/2015/041/MY¥D35 L2 A2015041.0805.005.2015041180350.hdf JIF'S

ftp:/Aadsweb nascom nasa.gov/allData/S/MYD35_L2/2015/041/MYD35_L2 A2015041.0810.005.2015041180418 hdf
ftp:/Nadsweb nascom nasa.gov/allData/5/MYD35_L2/2015/041/MYD35_L2 A2015041.0815.005.2015041 180602 hdf
ftp:/Aadsweb nascom.nasa.gov/allData/5/MYD35_L2/2015/041/MYD35_L2 AZ015041.0945.005.2015041 155404 hdf
ftp:/Aadsweb nascom.nasa.gov/allData/5/MYD35_L2/2015/041/MYD35_L2 A2015041.0950.005.201504 3214233 hdf
ftp:/Aadsweb nascom nasa.qov/allData/SMYD35_L2/2015/041/MYD35_L2 A2015041.0955.005.2015043215100 hdf
ftp:/Aadsweb nascom nasa.gov/allData/S/MYD35_L2/2015/041/MYD35_L2 AZ2015041.1125.005.201504 3205122 hdf
ftp:/Nadsweb nascom nasa.gov/allData/5/MYD35_L2/2015/041/MYD35_L2 A2015041.1130.005.2015043205135 hdf
ftp./Aadsweb nascom.nasa.gov./allData/5/MOD021KM/2015/041/MOD02 1KM.A2015041.0455.005.2015041134213 ha
ftp:/Aadsweb .nascom.nasa.gov/allData/5/MODO2 KM/ 2015/041/MO D02 1KM.AZ2015041.0500.005.2015041134320 hd
ftp:/Aadsweb nascom nasa.qov/allData/5 MODOZ2 KM/ 2015/041/MO D02 TKM AZ015041.0630.005. 2015041134230 ha
ftp:/Aadsweb nascom nasa.gov/allData/5MODOZ KM/ 2015/041/MO D02 TKM AZ015041.0635.005. 2015041134430 ha
ftp:/Nadsweb nascom nasa.gov/allData/5/MO D02 1TKM,/2015/041/MO D02 1KM AZ015041.0640.005. 2015041134331 hd
ftp./Nadsweb nascom.nasa.gov./allData/5/MOD021KM/2015/041/MOD02 1KM.A2015041.0810.005.2015041152947 hd
ftp./Aadsweb nascom.nasa.gov/allData/5/MOD021KM/2015/041/MOD021KM.A2015041.0815.005.2015041152945 hd
ftp:/adsweb nascom nasa.gov/allData/5 MO D02 TKM/2015/041/MO D02 TKM AZ015041.0820.005. 2015041152942 ha
ftp:/Aadsweb nascom nasa.qov/allData/5 MO D02 1KM/2015/041/MO D02 1KM AZ015041.0950.005. 2015041195559 ha
ftp:/Nadsweb .nascom.nasa.gov/allData/5/MO D02 KM/ 2015/041/MO D02 1KM.A2015041.0955.005.2015041195638 hd
ftp:/Aadsweb nascom.nasa.gov/allData/5/MOD03/2015/041/MODO3. A2015041.0455.005. 2015041111606 hdf
ftp:/Aadsweb nascom.nasa.gov/allData/5/ MO D03/2015/041/MOD0O3.AZ2015041.0500.005.2015041111558 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5 MO D03/2015/041/MOD03.AZ015041.0630.005. 2015041130326 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5/MOD03/2015/041/MOD0O3.AZ015041.0635.005. 2015041130342 hdf
ftp:/Aadsweb nascom.nasa.gov/allData/5/MOD03/2015/041/MODO3. A2015041.0640.005. 201504113034 3 hat
ftp:/Aadsweb nascom.nasa.gov/allData/5/MOD03/2015/041/MOD03. A2015041.0810.005. 2015041152300 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5 MO D03/2015/041/MOD0O3.AZ015041.0815.005. 2015041152314 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5/MOD03/2015/041/MOD0O3.AZ015041.0820.005. 2015041152306 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5/ MO D03/2015/041/MOD0O3. AZ015041.0550.005. 2015041152306 hdf
ftp:/Aadsweb nascom.nasa.gov/allData/5/MOD03/2015/041/MODO3. A2015041.0955.005. 2015041175207 hdf
ftp:/Aadsweb .nascom.nasa.gov/allData/5/MOD 14,201 5/041/MOD 14.A2015041.0455.005.201504108524 7 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5 MO D14/2015/041/MOD 14 AZ015041.0500.005. 2015041085239 hdf
ftp:/Aadsweb nascom nasa.gov/allData/5MOD14/2015/041/MOD 14 AZ015041.0630.005. 2015041085253 hdf
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