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ABSTRACT 
 

More than a half of Iran terrain is located in arid and waterless areas and is exposed to desertification and 
sandstorm phenomenon. Sandstorm occurrence cause yearly some treats like losing agricultural farms, outbreak 
of diseases, damaged road establishments and making accidents, destruction of facilities and equipments, 
environmental damages in urban and rural areas etc. Therefore, providing scientific plans for sandstorm disaster 
management is necessary. The step to provide a plan is knowledge. This article is going to identify sandstorm 
areas by first two methods; library-based method and survey (16 indices of a 15-year period were collected.) 
After collecting the data Numerical Taxonomy Model has been used to analyze them. The obtained results show 
that sandstorm is mostly happening in Yazd and Sistan & Baluchistan provinces. In other word, center and half 
of the southeast Iran is the most risky, risk-taking and disaster-prone foci of sandstorm disaster. 
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Introduction 
 

Changes in environmental factors across the 
globe have created different climates. Increase in 
temperature, intensive wind blowing, and increasing 
precipitation in a geographical area beyond the 
normal limit always cause some losses which may 
convert to a national disaster. In Iran, climatic and 
topographic variation on the one hand and human 
meddling in natural resources on the other hand has 
caused the country to be exposed to various threats. 
Climate treats cause a high percentage in natural 
disasters [2]. Sandstorm is a special natural disaster 
that frequently occurs in deserts and their 
surrounding areas [20]. All years have seen damages 
by sandstorm in desert areas. Most of actions are 
carried out against it after occurrence and usually the 
governmental and nongovernmental organizations try 
to reduce the damages rate. This trend has always 
been seen across the country but actions are 
considered as a position and a special work has not 
been done. If an introduction of spatial distribution 
across the country for prevention sandstorms, it will 
be important. So spatial distribution would be so 
important that sandstorm has its own special 
characteristics in every place and it differs from other 
places. 

To prevent the problem, some actions have 
historically been done and in any case, authorities 
breed to solve and fight against it. However, 
unfortunately up to 1964 no action or plan was 

materialized. Then in 1965, the Organization for 
Forests and Pastures with repetitive revisions of 
plans and works carried out in foreign countries tried 
to design a plan named as "Fixation of Shifting 
Sands" from Havasabaad of Sabzevar and in 1964, 
the second station for sand fixation was established 
in Moomenabaad of Kerman. Now after 43 years, we 
see significant successes in sand fixation in 17 
provinces and providing technical help to other same 
countries.  

However, sandstorms and duststorms are the 
most basic and problematic issue in Iran and middle 
eastern countries. These storms are almost created in 
spring and summer with fast-blowing winds. So in 
spring, the country' western and central provinces are 
exposed to windstorms and gradually in warmer 
months their location distribution is rather across 
eastern and east-western provinces [8]. Most storms 
are associated with cold weather masses and they can 
displace dusts. The dusts are separated from the 
grounds by severe winds and would be displaced in 
three forms of hanging, jumping and rolling [19]. 
Very small particles of sediment or soil are moving 
over the ground in a hanging manner, larger one in a 
rolling manner and the particles with medium 
diameter are moving in a jumping manner. Jumping 
movement is the most important mode, because most 
amounts of sands would be displaced through it. 
Studies indicate that about 55 to 75 percent of the 
materials are displaced by jumping movement. In 
addition, 3 to 38 percents are carried in a hanging 
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manner and 7 to 25 percents through rolling manner. 
Movement of 50 percent of materials in a 6-
centimeter distance and its 90 percent in a 30-
centimeter distance of soil's level is done [17]. In any 
case, vast amounts of financial and humane damages 
are caused. Disaster management is a consistent and 
group work, which without support might not be 
causing increase of abilities of residents in risk-
taking communities and the most important task for 
disaster management is a comprehensive perception 
of all sources and capacities for optimal application 
[1]. 

Here in the paper, we have tried to study the 
spatial distribution of sandstorm in Iran in order to 
present the preventive methods against them. 

 
Research design: 

 
Natural disasters caused treats to the 

environment across all places and times and caused 
many financial and humane damages to the country. 
Unfortunately Iran is one of the most risky and risk-
taking countries of the world. In reality, Iran is 
located in the earth's risk-taking belt and some 
disasters like flood, earthquake, landslide, typhoon, 
draught etc have always threaten Iranian inhabitants 
[21]. For example, since 1994 to 2003, Iran sustained 
an amount of 12.34 billion dollars arising from 
damages of national disasters. In this sense, Iran is 
located at 17th in world ranking. In addition, 32698 
people have been killed through these years, which 
place Iran at 3rd in world ranking. This figure is 
prominent when we compare it with China and India 
-as the world's most populated countries 
(www.fema.gov/regions). Growing number of 
populations, limiting resources and irregularities in 
ecologic balance dominating on environment caused 
some problem because of ever-increased utilization 
of the human especially during recent decades. 
Among major problems, floods, ground erosion, and 
sandstorm in desert lands of arid, semi-arid and wet 
areas might be noted. Wind erosion and attacks by 
shifting sands on economics facilities and biological 
sources are among the most prominent factors of 
creating desert in the country. 

Sandstorm, which is referred to the strong 
upheaval of sand and dust by strong winds occur in 
subtropical regions like Iran. This phenomenon often 
occur in no green, waterless, bare deserts or the place 
where very high exploitation of lands have forced 
them to lost their plant coverage. Lands without plant 
and fast-blowing winds dominating on environment 
cause the storms to form. Sandstorm that is one of 
the most risky and dangerous phenomena for the 
local residents on health, transportation and 
navigation [6] might cause damages particularly to 
urban environment and human communities, so 
managing it is very difficult and complicated. 
Sandstorm is considered as a natural event 
originating from the climate and atmosphere. This 

event comprises 29.7 percents of natural disasters 
(www.fema.gov/regions) and causes many damages 
as follows: 

One of the most threatening effects of sandstorm 
and dust storm is vision reduction, which  usually 
causes the vision to reduce to a quarter of a mile or 
sometime to lesser. An example has been seen in 
Arizona in April 1995. This was the place the vision 
reduced to half a car's length, and following it a 
number of 24 cars crashed together, and eventually 
10 people died (http//www.disaster, an.blogfa.com). 
Severe winds make difficult conditions for driving 
and cause dangerous accidents or improper control 
on the vehicles by drivers [8]. In Iran, one of the 
indices of crashes in 2000 was seen on the Tehran-
Bandarabas transit road in a limit named as "Wind 
Channel of Meybod" where more than 40 light and 
heavy vehicles crashed. These storms sometimes 
cause cancellation or stoppage of air flights [24]. 
Also every year (spatially in recent years), many 
villages have been buried under streams of sand and 
dust storms in desert areas. For example, during last 
100 years more than three villages have completely 
buried in Yazd City around under vast masses of 
shifting sands. People safety might be risked by these 
sandstorms. Sand articles may cause breathing 
diseases spatially asthma in Iran. For example, in the 
region where the "120-day Wind of Sistan"1 is 
dominant, people suffer from breathing diseases. In 
addition, this wind is responsible for 28 percent of 
blindness in these areas and it is the most important 
factor for generating sandstorms and dusts in this 
area. The viruses and microbes in the dusts may lead 
to disease for inhabitants. Regarding the matter, that 
Iran is located at arid points of the world and it is 
also surrounded by desert areas, sandstorms cause 
problems, which some of their effects are temporary 
and local, but others are continuous and global. 
Sandstorms can destroy the agriculture, 
transportation, products, cattle, business, health and 
public welfare [22]. Agriculture processes might also 
be influenced by sandstorms. Damages to the 
production are a usual issue, but erosion is the other 
available one. With carrying available surface solid, 
an area is left valueless. Urban areas are not guarded 
against sandstorms. Therefore, sandstorms may cause 
harsh damages to communication equipments. 
Today, business is dependent on such technologies as 
computers and communication tools. This may 
influence negatively on business. The nature can  be 
damaged, trees might be uprooted, and the earth 
might be turned into desert [18]. Sandstorm leads to 
a kind of strong wind erosion reduces to less than 
11.6 km, this phenomenon is occurring. All storms 
are called sandstorm when the dominating vision 
reduces to less than one km. The universal 
assemblies verify this standard [7]. It can cause harsh 
damages through displacing a green volume of earth 
from a point to the other point. One of the 
consequences of is precipitation of eroded materials, 
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cut of roads, limitation of drivers' vision, and 
entangling in the situation. Overall, risks of 
sandstorms on transportation are less considered 
compare to risks of precipitation and fog. In most 
parts of Iran including Isfahan, Ilam, Bushehr, 
Tehran, Khorasan, Fars, Qazvin, Qom, Kerman, 
Markazi, Hormozgan and Yazd, the situation is 
prepared for making various wind erosions and 
sandstorms (Iran Technical Office for Sand Fixation 
and Desertification Prevention, 2008: 99). In these 
regions, desert lands and dunes (sand hills) cover 
about 80 millions hectares of the country's area. 
Wind erosions and dunes cause harsh damages to the 
residential places and communicative roads and 
many rural and urban areas especially in the 
country's central and southeastern vast deserts named 
"Dasht e Kavir'2 (salt desert plain) and "Kavir e 
Loot"1 (Loot desert) have forced to leave their 
homes and have migrated to the large cities. Thus, it 
is vital to identify the major foci of sandstorms and 
to plan for sustainable development. Development 
without comprehensive planning for managing 
disaster would not be a sustainable development [2]. 
 
Methods: 

 
In studying sandstorms having access to the 

reliable meteorological data in a desired period is 
very important. Therefore, an appropriate statistic 
period's length depends solely on a given climatic 
element. The compression of station network is 
sensitive to the topography of the area and climatic 
element. The early studies show that the existing 
synoptic stations of Meteorological Organization for 
the Country have perfect data for dusts and 
sandstorms. Abovementioned provinces are shown 
on climatic maps with the identity codes of 30, 31. 
32, 33, 34, 35 and 98 [17], and they have been 
reduced when consecutive data has been lost. To use 
more stations the statistics for 15 years (1992-2006) 
in 57 stations in 17 provinces have been applied. In 
addition, for completing the information and 
appropriately ranking, using the questionnaire, some 
data from the General Office for Natural Resources 
and the Institute for Unexpected Events and the 
Department of Transportation has been collected. 
After having been classified, the data has been 
analyzed by using the scientific research model of 
Numerical Taxonomy Model.  

 
Numerical Taxonomy Model: 

 
This model was proposed by Adunson in 1763 at 

first, and then was developed as a tool for ranking 
and classifying the development of nations by 
professor Helving in UNESCO Higher College of 

Economics [14]. In this model, for determining the 
units and kinds of integrated topics in a 3-
dimentional vector space and without using 
regression, variance and dependency analysis, it may 
be able to divide any set into some rather integrated 
subsets [10]. This model can also be used as a 
criterion for defining social and economical 
dimensions growth of a region [4]. Numerical 
Taxonomy Model is a method for classifying the 
subjects. There is a strong parity among elements 
comprising the subjects and this group maintains a 
maximum difference with other groups. So the 
groups are a cluster of subjects and events which are 
defined by parities or proximities of their elements 
[5]. This model is implemented in 6 phases as 
summarized below:  

After the results obtained by Numerical 
Taxonomy Model, the findings was put into GIS 
environment and ranking of provinces is formed into 
a map and finally classification was done through 
that technique.  
 
The Research Findings: 

 
The findings of the research have been practiced 

by using the Numerical Taxonomy Model in six 
above-mentioned stages (figure 1) as follows in 
detail: 
 
Stage 1: Forming data matrix: 

 
The matrix for initial data based on the indices 

used in tables 1 and 2 are provided in a column. In a 
column, the provinces and amounts for indices of 
sandstorms are provided and in the opposite 
columns, some indices for 17 provinces are provided. 
These indices include: number of storms, period of 
storm occurrence, number of critic focal points and 
their areas, amount of yearly damages to the 
environmental resources and road facilities 
influenced by sandstorms, damages to infrastructures 
and facilities of transportation, number of villages 
and cities damaged, number of people died, number 
of bridges damaged, the length of roads damaged, 
number of vehicles damaged, number of factories 
and industries damaged, number of cattle damaged 
and number of road blockages. 
 
Stage 2: Forming data standard matrix: 

 
Having prepared the data matrix, regarding the 

different indices of sandstorm in different scales, to 
separate indices from units, they would be 
standardized. Therefore, the mean and standard 
deviation each column are computed. To compute 
the standard matrix 2 formula has been used.
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Fig. 1: Different stages of Numerical Taxonomy Analysis model 
            (Hekmatnia and Mousavi, 2006:220-227, Kalantari, 2001:149-160) 

 
 
Stage 3: Computing the combined distances between 
provinces and determining the shortest distance: 

 
Having access to the standard matrix, the 

different or distance of any area from the other may 
be found in every index. As the table below shows, 
the diameter for distance matrix is zero and 
symmetric. In the table the shortest distance between 
two provinces has been indicated, which is index for 
similarity of that province with another one. 
Generally, regarding the importance of the shortest 
distance, a column was put in the end of matrix and 
the lowest amount in each row has been provided. 
This column indicates the mode for province I and 
other provinces. The nearest area to I is called the 
model for I and I area itself is referred to as the 
symmetric province for the closest area. For 
example, in table 4, row 13, the shortest distance i.e. 
3.11 is related to Kerman province. Therefore, 

Kerman is the symmetric province and Isfahan is 
called as the model province. 
 
Stage 4: Forming integrated regions: 

 
Any case similar to the respective model is the 

symmetric case linked by a vector and a graph is 
obtained, which indicates integrated provinces. The 
shortest distance for each province would be 
indicated and put in the other column and finally 
each symmetric would be linked to the respective 
model and second-class connections would be 
obtained. This action was repeated to all next 
connections would be obtained and all the graph 
areas could be connected. To obtain integrated 
provinces, the upper and lower distances have 
obtained. Finally, the combined distance of each 
province to the other one has provided as table 5. 
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Table 1: Indices of sandstorm disaster (data matrix) for 1991-2006 

 
*- Meteorology Organization of the Country, Automotive Data Center, 2008; 
**- Office of Sand Fixation and Desertification Prevention with the aid of General Offices of the Provinces for Natural Resources, 2003, 
Critic Foci of Wind Erosion; 
**- The writers: Obtained data through questionnaire from General Offices of Road and Transportation, Unexpected Disasters Institute of 
the Country, General Offices of the Provinces for Natural Resources and Police Command Center for Roads in 17 under-studying provinces 
 
Table 2: Indices of sandstorm disaster (data matrix) for 1991-2006 

 
**- The writers: Obtained data through questionnaire from General Offices of Road and Transportation, Unexpected Disasters Institute of 
the Country, General Offices of the Provinces for Natural Resources and Police Command Center for Roads in 17 under-studying provinces 

 
Table 3: Indices of sandstorm disaster (data standard matrix) 

 
The writers, 2008 (Computed through Numerical Taxonomy Model) 
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Table 4: Matrix of combined distances between desert provinces 

 
The writers, 2008 (Computed through Numerical Taxonomy Model) 

 
Table 5: Standard and optimum amounts of Under-studying indices 

 
The writers, 2008 (Computed through Numerical Taxonomy Model) 

 
Stage 5: Classification of integrated regions and 
determining the amount of development pattern: 

 
Having computed the combined distances, a 

standard matrix and optimum amount should be 
computed. The distance between any province and 
the optimum province for every index presents a part 
of a form, which the combined index for these 
distances creates a general form and indicates a 
combined distance of a province to the optimum 
province. It is shown by Cio , which is the exemplar 

of risk-taking and below the radical is the 

distance from province I to the province O and would 
be computed with the following formula 

 
In this relationship, Cio or the exemplar of risk-

taking is a parameter based upon the more small it 
indicates the more risk-taking i.e. the distance of 
province I is less than the optimum province and the 
more the Cio the less disaster-prone. Table 6 
followed by figure 2 show the exemplar of risk-
taking in the Under-studying provinces. 

 
Table 6: Risk-taking pattern of the under-studying provinces  
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The writers, 2008 (Computed through Numerical Taxonomy Model) 
Source: The Writers, produced based on data of table 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flg. 2: Frequency of sandstorm occurrence in under-studying pro during 1992-2006 
           Source: The Writers, produced based on data of table 6 
 
Stage 6: Computing the risk-taking degree of the 
provinces: 

 
After computing the exemplar risk-taking of the 

provinces, the degree of risk-taking in each province 
is computed as follows: 

 

 
 
is the mean Cio is the exemplar of risk-taking; C 

io is the degree of risk-taking; Where F I is the 
standard deviation. and S io 

 
The degree of risk-taking in the Under-studying 

provinces was computed using the Taxonomy 
Numerical Model. As table 7 shows Yazd ranks first 
and faces the most treats and risks. Fars ranks at the 
end and is encountered the least treats and risks. 
Table 7 shows the real ranking of provinces for 
sandstorm treat and figure 3 illustrate it in a good 
manner.

  
Table 7: risk-taking ranking and classifying of the under-studying Provinces based on Numerical Taxonomy Model 

 
The writers, 2008 (Computed through Numerical Taxonomy Model) 
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Fig. 3: Risk-taking degree of under-studying provinces based on NumericalTaxonomy Model 

      Source: The Writers (2008) produced based on data of table 7, row two 
 

Classifying the provinces for disaster-prone: 
 
Having determined the degree of treats by 

sandstorm in the given provinces and distinguishing 
the rank of each province, classifying the provinces 

was carried out using Geographic Information 
System (GIS). This classifying was determined based 
on risk-taking and their failure points were 
determined. Therefore, 4 levels were determined 
(table 8). 

 
Table 8: Under-studying provinces classifying for sandstorm disaster 

 
The writers, 2008 (Computed through Numerical Taxonomy Model) 

 
Level 1 is the most risky and level 4 is the least 

risky on sandstorm. In addition, results show that 
Yazd and Sistan & Baluchistan which maintaining 
high degree of risk-taking are located at level 1. In 
level 2 Kerman, Isfahan and Khorasan are located. 

Bushehr, Khouzestan, Markazi, Semnen and 
Hormozgan are located in level 3, and at the level 4 
Qazvin, Ilam, Qom, Tehran and Fars are located 
(figure 4).  

 

 
 

Fig. 4: Iran provinces ranking for sandstorm disaster 
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Conclusion: 
 
Sandstorm is arisen from movements by sand 

near the surface of the earth. Usually, with 
movement of sand and its distribution in high 
altitudes, an intense turbulence is caused by disorder 
in heat and pressure balance in the atmosphere near 
the earth's surface. It causes increasing windstorm 

and its conversion to sandstorm. Sandstorm is not 
distributed integrate across the country and it 
indicates different patterns in the terrain. Although 
sandstorm was analyzed using a 15-year statistics 
(1992-2006) throughout the country, but certainly 
regarding  he arid and semi-arid climate and the 
necessity for longer-period data a more exact results 
of sandstorm and its fluctuations would be obtained.

 
Table 9: Frequency of sandstorm in the period of 1992-2006 

 
The writers (2008) (Computed through Numerical Taxonomy Model) 

 

 
Fig. 5: Risk-taking pattern of under-studying provinces based on NumericalTaxonomy Model 
            Source: The Writers (2008) produced based on data of table 9 

 
Based on the studies was carried out by the 

authors, 614 sandstorms have occurred in the 
countries desert provinces during 1992 to 2006. 
Meanwhile, the most sandstorms have occurred in 
the late May because of passing cold season and 
begging hot season. The months of September, 
March, April and February (from beginning of fall 
season to the end of winter). This period is associated 
with cyclones and an shifting air mass, which is 
caused by sun shining on arid and bare salty lands. In 
Sistan & Baluchistan province, the highest amount of 
sandstorm is seen in September and the least 
sandstorms occur in January. Sandstorm occurs in 

Zabol because of its unique situation- the 120-day 
Wind of Sistan. Climate and atmospheric conditions 
are considered as factors affecting wind erosion, 
which is identified in 17 desert provinces for the 138 
regions under the influence of sandstorms. More than 
83counties are exposed to sandstorm and a number 
of 165 regions are covered by sandstorm in Iran 
(Kalantari, 2008:202). All regions affected by wind 
erosion in the country is amounted up to 19813495.7 
hectares from which 12836656.2 hectares is located 
in jumping off region, 1909539.25 hectares in 
transportation region and 5067300.25 hectares in 
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sedimentation area (Technical Office for Sand 
Fixation and Desertification Prevention, 2003:45). 

Generally, south eastern, central and southern 
parts of Iran are the most risky and critic regions 
influenced by sandstorms. These parts are faced 
heavy sandstorms because of vast sand distribution, 
weak plant coverage and fast-blowing winds. This 
caused the increase of sandstorm disasters in the 
provinces around. After Yazd and Sistan & 
Baluchistan provinces, which rank first in sandstorm 
disaster, Kerman, Isfahan and Khorasan maintain 
lower amounts of sandstorm. Bushehr, Khouzestan, 
Markazi, Semnan and Hormozgan locate at third 
level, and Qazvin, Ilam, Qom, Tehran and Fars set in 
fourth level of sandstorm disaster. Other main 
findings of the research are summarized as follows: 
1) Of all under-studying provinces, 17 desert ones 
are exposed to the sandstorm disaster; 2) The central 
and southeastern parts enjoy a high degree of 
instability; 3) There is no ratio regarding the number 
of storms, while Zabol in Sistan & Baluchistan has 
the highest number and Arak has the lowest number 
of storms; 4) Most storms have occurred during the 
hours of 10 to 18 in local time and just 10% has 
occurred at night; 5) Given stability and continuity of 
storms, the highest probable occurrence of storm is 
seen in the period of March to October and high 
degree of persistence with a medium level of 6 hours 
is for Zabol station in Sistan & Baluchistan; 6) A 
comparison between intense winds and the number 
of storms show that there is a close relationship 
between intense wind and storm creation at first and 
secondly a significant between different stations. In 
this sense, studies indicate that geomorphologic 
position and the kind of soil affect creation of storm; 
7) Although Sistan & Baluchistan maintains the 
highest figures for the number of storms, duration of 
storm, occurrence number and regions of critic focal 
points and the amount of damages, but Yazd is 
considered at the high. This is because of damages to 
structures, transport facilities, number of villages and 
cities damaged, people died, roads and bridges 
destroyed, vehicles damaged, damages to the 
factories and industries, cattle died and high level 
other damages by sandstorm. 
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