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Abstract

The majority of Iran's area is covered by arid and semiarid climates. In these areas, wind causes
more erosion compared to water. Therefore, determination of wind characteristics especially its velocity is very
important. One of the simplest methods that can supply researchers with the origin of wind erosion in the
shortest time is synthesizing sand rose model and interpretation of aerial photographs or satellite images.

The main purpose of this research was to find the relationship of soil drift potential. Sand rose is a diagram that
shows not only the direction of wind transportation but also the wind erosion potential. Using a formula, soil
ablation potentials were determined for drawing sand rose. A computer program was used to simplify and
speed up the computations and increase the accuracy. Two stations in Sistan — Balochestan province, namely
Zabaol and Zahak were selected. These two stations are located on flat lands and are naturally faced with
higher wind erosions. The two stations are faced with the 120 days winds of Sistan and have very high drift
potential.

The results of this study show a south- southeast direction of drift potential, which exactly matches the
direction of 120 days Sistan winds. Interpretation of aerial photographs and satellite images confirmed the
sand rose study results because most of sand dunes showed a south — southeast direction of wind.
Considering the location of sand dunes result drift direction, and the distance that sand can be transported, the
locations of sand ablation was identified to be waterways and pediments of Sistan and also agricultural lands

around Zabaol and zahak.
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Introduction

In the investigation on the origin of sand directions should also be considered. Based
dunes, the study of sand dune movement, on the Koppen classification, there are
sand dune expansion direction and wind several different climate regimes in Iran of
regime are very important. Moreover, the which, arid and semi rid regions cover higher
identification of stormy and erosive winds areas than the others (Fryberger et al., 1979).
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In the study of erosion, there are
usually two kinds of indices. The first index
measures the erosive factor and the second
measures the erodibility condition. The aim of
this study was to present a methodology to
identify erosive winds (erosive factor) from
the direction point of view and to quantify
erosive force (wind energy).

As the erosive factor, wind is a vector
having direction, magnitude and disturbance
properties. Wind velocity and disturbance
have key roles in sediment ablation and the
wind ablation ability has a direct relationship
with the wind velocity. Since the best time for
(wind and water) erosion is the time of
detachment, it is very important to identify the
ablation regions in order to prevent erosion.

There are different methods for the
identification of these areas. The study of
sand dune geomorphology using aerial
photographs, satellite images and wind
regime studies will help us to identify ablation
regions. The study of sand dune morphology
and plotting sand roses are the easiest, fast
the
identification of wind ablation (Jeffrey et al.,
2002).

Lancaster (1999) and Jeffery and

and most accurate methods for

Zobeck (2002) noted that wind regime is a
useful method for the identification of wind
ablation regions, as there is a strong
correlation between wind regimes and sand
dune forms. They studied the dynamic
properties of sand dunes and found that dune
morphology is a response to wind regime and

sediment accumulation, particle size and
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1999,
For the study of the relationship

vegetation Lancaster,
1995).
between sand dune forms and wind regimes,
Fryberger and Dean (1979) used TM satellite

images. They could study the Ergs globally

(Lancaster,

and compare them with each other (Goudie
et al., 1999).

Sand rose diagrams are circle shape
plot which show wind velocity and frequency
and direction changes in the meteorological
station. The aim of sand rose diagram is to
find the weighted sum of peak-over threshold
wind speeds in a particular direction. Different
the

complement between sand drift potential

studies have indicated proper
angles and the erosive wind direction (Goudie
et al.,). Ekhtesasi (1995) found that wind rose
is not able to show sand dune direction
because all prevalent winds are not
necessarily destructive (Alijani et al., 1992).
Ashtari (2001) demonstrated this disability
and suggested the use of sand rose to find
right way of sand transition (Ekhtessassi,

2004).

Material and Methods

Study Area

The annual wind velocity of Zabol and Zahak
station in Sistan-Balochestan province were
used for this study (Table 1).

Wind Rose Plotting

Wind rose generally shows wind directions
and the mean velocity in different direction. In

order to draw wind rose, the total numbers of
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observed wind data are scaled to 100%, the

frequency of calm weather periods (wind

velocity of less than 1 knot, 0.5 m/s) and the

frequency of periods in which wind has a

Table 1: The location of the selected stations

Station Longitude Latitude Elevation (m)
Nehbandan 02°< 60° 32"« 31° 1211
Zabol 29°<61° 03"« 31° 489
Zahak 41°<61° 54" < 30° 495
Zahedan 53°< 60° 28" « 29° 1370
Khash 12°<61° 13" ¢« 28° 1394
certain direction were computed. The Computation of sand drift potential,

frequency of different wind speeds were
drawn in an arm shape figure based on its
velocity for each wind direction. The
frequency of calm weather is usually written
in the central circle of wind rose (Ahmadi,
1998). WRPLOT software with 8 and 16 wind
directions were drawn for monthly, seasonal

and annual peak over threshold wind speed.

Sand rose diagram plotting

The winds which are effective on sand dune
formation are quantified based on the sand
drift potential. Sand rose diagrams are a
circle shape diagram which shows sand drift
potential (DP) in 8 or 16 direction. The length
of each arm is scaled based on DP and the
resultant wind is showed with an arrow
coming out from the center of diagram to the
net trend direction.

The main difference between sand
rose and wind rose is that wind rose shows
the direction and velocity but the rose

diagram shows the direction of sand

transition and is related to wind speed and

gives the wind energy and erodibility.
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weighted factor and related sand rose

diagram parameters
The DP

ablation and the comparison of wind energy.

is calculated to estimate sand

The equation is as follows:

DP =VA4(V-V)) x t )
DP: Drift Potential
V: wind speed in 10-meter height
V¢ threshold wind speed at 10-meter height
t= the frequency of wind in each direction
V 2(v-v;): the weighted percentage
In order to find weighted factor, we
the threshold
measured as 6 m/s in 10-meter height
(Ekhtessassi et al., 1994).

We first calculated the square of wind

need velocity which is

speed which is multiplied by the difference
between wind threshold and observed data.
Then, the frequency of wind speed of
any given direction is divided by the total
This

weighted factor to calculate DP.

observation. is multiplied with the
Then, the DPs are added up for each
given speed of each direction. The sum of

DPs for each direction is shown by the length
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of each arm drawn from the center of
diagram. This will give us the resultant drift
potential (RDP) as an indicator of the
capability of sand drift. The angle between
RDP and the north is called resultant drift
direction (RDD). If the length of RDP is more
than 50 mm, the length is scaled by a
reduction factor called reduction factor (RF).
Reduction factor can be used for the
comparison of drift potential of different
directions.

Fryberger (1979) suggested a scale
for the comparison of wind erodibility and
energy based on the DP as follows:

1) 0<DO<79 vector unit: Weak energy

2) 80<DP<99 vector unit: Low energy

3) 200<DP<399 vector unit: Moderate energy
4) DP>400 vector unit: High energy

Results and Discussion

Table 1 shows that for Nehbandan, zahedan
and Khash station which are located in
mountainous area with rock surface, the wind
erosion is low while for Zabol and Zahak
located in plains with high frequent wind, it is
high. Sistan —Balochestan region is a closed
playa and is similar of a dust blown. It is clear
from table 2 and Fig. 1 that wind rose of
Zabol has an annual prevalent north west
wind and the second prevalent wind direction
as the north winds. Peak over threshold wind
speed wind rose indicates the north winds as
erosive winds which match wind rose
diagrams (Fig. 2). Over Drift wind rose shows
the ability of 1376.8 DP unit which is a high
value. Summer has the highest as 3580.1
DP. June and July have 4215.7 and 4148.3
DP, respectively.

Table2: The erodibility power, direction and wind speed of Zabol station

Second

] Prevalent Prevalent
Calm MEiQ F”ﬁt t | peakover ﬂfakﬁvfr Direction of Resultant Annual
Month frequency win d pre\{a;n threshold thres 3 d sand Drift Drift
(%) spee Win speed spee transformation Potential Potential
(m3/s) | direction wind ‘wind
direction direction

Jan-Dec 22.4 4.2 NW N N SSE 1269.5 1376.8

Jan-Mar 45.6 3.1 N NW NNW SSE 252.2 257.8
Apr-Jun 25 4.1 NW NW NNW SSE 1120.5 1213.5
Jun-Sep 8.8 5.3 NW N N SSE 3318.5 3580.1

Oct-Dec 50.5 3.4 NW NW NNW SSE 3721 410.2

Jan 55.5 2.9 N NW NNW SSE 120 145.3
Feb 42.9 3.2 N NW NNW SSE 292.5 318.2

Mar 38.3 3.2 N NW NNW SSE 269.5 3151
Apr 36.8 3.4 NW N NNW SE 455.3 504.7
May 25.4 4 NW N NNW SSE 1006.6 1093.8
Jun 13.2 4.6 NW N NNW SSE 1875.2 2010.4
Jul 4.3 5.4 NW N N SSE 3902.2 4215.7
Aug 5.4 5.6 NW N NW SSE 3897.1 FAFAY
Sep 17.4 4.8 NW N NW SSE 2080.7 2250.7
Oct 33.5 3.9 NW N N SSE 777.5 860.5
Nov 56.5 3.2 NW N NNW SSE 223.7 241.9

Dec 61.6 2.7 NW N NW SSE 113.7 126.1
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Wl Speed i
Sandrose-8 Df Jan Des - 1992,1999 ) - 11D
a4e-1106
RF= 253554 S.A0-5.49
RDP= 1269.4706 1P
- Ko
RDD= 152541 BNy
Total DP= 1376.5154
RODP/Total DP=0.22203
18-33
0si-1a
BE
Zahak station has the same erosive winds which match with wind rose
geographical location. As indicated in table 3 diagrams showing the south east direction of
and Fig.3, north west and north are the first sand transition (Fig. 4). Drift potential is also
and the second prevalent wind directions, very high of about 1174.5 DP. Here, again,
respectively. Peak over threshold wind speed summer has the highest DP of 2935 DP and
wind rose indicates the north west winds as June has the highest DP of 3797.1.
Sandrose-8 D[ Jan,Des - 1986,1993 )
iy Speed M)

' S40-2.40

J3-5.40

RF= 216347
RDP=1081.7373

150-334
RDD= 146.1011
Total DP= 1174 4563

051-183

RODP/Total DP=0.92105
3E

Figure4: Annual sandrose of Figure3: Annual Windrose of
Zahak station Zahak station
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Table3: The erodibility power, direction and wind speed of Zabol station

Second Prevalen
Mean First P{%Veﬂin t peak Directio
Month fre(éﬁle?cy wind ptr?/\\//iarlllsn over th?g:gol snagzi Resultant Alg:']ilfjtaI
(%) (angfsc; directio tdhrST)sehec()jl d speed transfor Drift Potential Potential
n ) wind mation
.qu direction
direction
Jan-Dec 39 4.1 NW N NW SE 1081 1174.5
Jan-Mar 52.3 3 NW N NNW SE 34.5 39.8
Apr-Jun 39.4 4 NW N NNW SSE 170.4 207.7
Jun-Sep 13 5 NW N NW SE 2764.1 2935
Oct-Dec 54 3.2 NW N NNW SSE 27.6 34.4
Jan 65 3.3 NW N NNW ESE 25.3 36.6
Feb 48.9 3.2 NW N NW ESE 44.6 53.6
Mar 42.4 2.6 N NW NNW SE 45.9 55.9
Apr 49.9 3.2 NW N NNW SE 39.3 75.6
May 37.4 4 NW N NNW S 110.5 120.5
Jun 30.8 4.4 NW N NNW S 442.4 4731
Jul 7 5 NW N N S 1508.3 1617.3
Aug 8.5 5.4 NW N NW SE 3582.2 37971
Sep 24 4.6 NW N NW S 379.4 393.2
Oct 38.1 3.6 NW N NNW S 46.7 59.7
Nov 62.6 3.3 NW N NNW ESE 7.8 16.2
Dec 42.3 2.5 NW N NW E 18.6 41.2

Generally the two stations of Zabol
and Zahak have the same wind features and
are influenced by “120-day Sistan Winds”
which has local origin and occurs in summer.
The direction of “120-day is north and north
west. The results of sand rose diagrams and
peak over threshold wind rose also prove the
above conclusion. The results of this study
also contest with the results of Kaviani and
Alijani (Ekhtessassi et al., 1994). However,
they did not mention the erdibility energy of
these winds. These winds have 10 time
erodibility energy more than central Iran,
especially in summer (Ekhtessassi et al.,
1994). The geographic location of the region,
as mentioned above, is similar to a big sand
bowl where the wind power increases due to
the circulation of wind. The satellite images

also show that that the origin of sand dunes
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around Hamon Lake is the dry rivers of the
piedmont of the mountainous area near
Nehbandan-Khash. These piedmonts are
about 20 to 60 Km from sand dunes. As the
particle size of these sand dunes fall in
moderate size and these particles are
transited in moderate distance, we can
assume these dry rivers as the origin of sand
dunes. Based on wind regime and
geomorphology of sand dunes, it can be said
that the origin of sand dunes located in east
Zabol and north Zahak is arable lands around

the plain.

Conclusion

Current wind roses can not identify the
erosive wind correctly (see Ekhtesasi (1994)
and Ashatri (2001)). The rose diagrams were

used in this study which show higher ability
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for the identification of erosive wind direction,
power, and time of occurrence and dust
winds. The results also showed its ability to

identify the origin region of sand dusts.
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