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Figure 1- Location of the study area.
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Table 1- Classification of standardized
precipitation evapotranspiration index.

SPEI Values Drought Classes Row
>2.0 Extremely Wet 1
1.0t01.99 Severely Wet 2
1.0t01.49 Moderately Wet 3
-0.99t0 0.99 Near Normal 4
-1.49t0-1.0 Moderately Dry 5
-1.99t0-1.5 Severely Dry 6
<-20 Extremely Dry 7
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Figure 2- Sand dunes mobility determination chart.
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Figure 2- Graph of total annual potential evapotranspiration trend in Mahabad
Meteorological Station.
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Table 2- The percentage of monthly frequency of wind speed classes
in Mahabad Meteorological Station (1987-2019).

Month <6 6--10  10--15  15--20 >20 >6% mean
Jan 90.7 8.3 0.8 0 0 9.1 2.09
Feb 88.8 10.6 0.55 0.05 0 112 244
Mar 87.9 10.2 1.9 0 0 121 2.09
Apr 89.9 94 0.7 0 0 101 279
May 955 4.6 0.3 0.24 0 514 235
Jun 98.3 1.7 0 0 0 1.7 212
Jul 99.9 0.1 0 0 0 0.1 1.9
Aug 99.9 0.1 0 0 0 0.1 1.83
Sep 98.5 1.6 0 0 0 16 1.88
Oct 95.7 4.1 0.1 0 0 42 183
Nov 93.25 6.45 0.3 0 0 6.75 175
Dec 92.8 6.75 0.45 0 0 72 1.86
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Figure 6- Wind Rose for Mahabad station for winds with speed greater than 6 meters per second
(1987-2019).

Ol el oo solo sl A IS o S el 550 40 cdilie 10 S92 g0 slawle slodas (530S o0
I SRR P KW It T | AP U R T S R AR KYON 45 39d oo Tl 4S5 05 O 3l S JLL YY Slej
dl rels s sy (VK ) ae J8 e Cuxsg o

L oblpe olias! aVlo 3,b ggamme loo (Sitacon

50

40

In Active

w
o

N
o

Lancaster Index

10

0
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Years
ORAY=Y 1) 0blgo  cmrliciilgh olKm] 5o S 2l a¥ b Ol puads Hloged -V S

Figure 7- Chart of annual changes of Lancaster Index at Mahabad meteorological station (1987-
2019).
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Table 3- Lancaster Index sensitivity to the changes of climatic factors for sand dunes.

Percentage

Percentage

Percentage

W M Changes PET M Changes P M Changes Range
7.37 13.98 0.30 982.8 13.98 0.23 43850 827 0.23 0.3
7.09 1344 0.27 945.0 13.44 0.20 458.44 8.60 0.20 0.25
6.80 12.90 0.24 907.2 12.90 0.17 478.37 8.96 0.17 0.2
6.52 1237 0.21 869.4 12.37 0.13 49830 9.35 0.13 0.15
6.24 11.83 0.17 831.6 11.83 0.09 51823 9.78 0.09 0.1
0.00 0.00 0.0 0.00 0
510 9.68 -0.01 680.4  9.68 -0.11  358.78 11.95 -0.11 -0.1
482 914 -0.07 6426 9.14 -0.18  338.84 12.65 -0.18  -0.15
454  8.60 -0.14 604.8  8.60 -0.25 31891 13.44 -0.25 -0.2
425 8.06 -0.21 567.0  8.06 -0.33  298.98 14.34 -0.33  -0.25
397 753 -0.30 529.2 753 -0.43  279.05 15.36 -0.43 -0.3
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Figure 9- Sensitivity diagram of Lancaster Index to the changes of climatic variables for Mahabad
sand dunes.
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Table 4- Desertification risk status of meteorological stations of the province and Mahabad station
based on UNEP Index.

Station P PET P/PET  Dry Index (Al) Desertification
Urmia 311.94 1181.3 0.46 Semi Dry Severe
Piranshahr 673.17 1236.1 0.87 Wet --
Tekab 323.18 1168.1 0.50 Semi Dry Severe
Khoy 266.88 1097.9 0.36 Semi Dry Severe
Sardasht 831.18 1336.2 1.07 Wet -
Makou 304.08 1157.6 0.46 Semi Dry Severe
Mahabad 397.03 1051 0.53 Semi-wet Moderate Risk
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Extended Abstract

Introduction and Goal

Sand dunes with their unique system can be mobile or stable, and the main factor influencing their
stability is the presence of vegetation cover. The unique characteristics of sand dunes and their
high hydraulic conductivity increase the rate of rainwater infiltration. With the drying of sand
particles and the loss of cohesion between grains, weak vegetation and wind erosion will occur.

Considering the new climatic conditions prevailing in the areas surrounding Urmia Lake, the aim
of this research is to identify and examine the new sand dunes and their movement trends in these
regions. Therefore, due to the absence and their formation at the provincial level, only the
Mahabad meteorological station was examined regarding wind conditions and the Lancaster
index.

Research materials and Methods

In this research, to examine the effect of climate changes (wind and precipitation) on sand activity
and to predict the likelihood of mobility of sand dunes and sand fields, as well as the dust
generated from them, the global Lancaster method was used. Based on the Lancaster index, the
relationship between sand mobility and climatic variables was modeled. Then, sand and dust
particles move following winds with speeds exceeding the erosion threshold, which has an inverse
relationship with effective precipitation. Therefore, the necessary data including precipitation
statistics, temperature, wind, and relative humidity of the Mahabad station were obtained from
the Provincial Meteorological Organization. Also, in order to determine dry and wet years and
their effects on the increase or decrease of dust days, the SPEI index was used. Potential
evapotranspiration, frequency, and continuity of meteorological droughts can be calculated using
the SPEI index. To determine the climatic status and the risk of desertification, the aridity index
(Al) was used. Considering the precipitation and potential evapotranspiration measurements, the
aridity index was calculated using the Torrent-White method, and the desertification status of the
region was determined according to the UNEP classification. This index is an effective tool for
determining the climatic status and desertification risk of various regions.
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Results and Discussion

In this research, using the SPEI index, data on potential evapotranspiration, frequency, and
duration of meteorological drought events were collected. The results showed that the total
potential evapotranspiration at the Mahabad station was 755.98 mm per year, with an increasing
trend. About 84% of the winds recorded in this station have a speed of less than 6 m per second.
Meanwhile, the concentration of the strongest observed winds is in the months of (Mar), (Feb)
and (Apr) with 12.1, 11.2 and 10.1 percent, respectively. Additionally, 27% of the prevailing
winds had speeds between 6 to 10 meters per second, while less than 1% of the prevailing winds
had speeds between 10 to 12 meters per second. According to the Lancaster index, the mobility
of the existing sand dunes in the area over a 33-year period was less than 50, indicating that their
status was inactive. The relationship between the Lancaster index and the percentage of winds
exceeding the erosion threshold was direct, while it was inverse with the amount of precipitation.
In the Mahabad region, the rate of changes in the Lancaster index in relation to the increase or
decrease in the percentage of winds exceeding the erosion threshold was equal. The mobility of
the sand dunes is a function of changes in potential evapotranspiration in the area and has a direct
relationship with it. Therefore, with an increase in potential evapotranspiration, mobility also
increases. The aridity index obtained, according to the classification provided by UNEP, showed
that all meteorological stations in the province are in a semi-arid to humid status. Consequently,
the Mahabad region faces a medium risk of desertification, which threatens its semi-humid status.
Conclusion and Suggestions

Based on the studies conducted in West Azerbaijan Province, areas with significant sand dunes
or those currently forming have not been reported so far. However, during visits to the shores of
Lake Urmia and within the boundaries of Mahabad County, small signs of sand dune formation
were observed, which disappeared a year later due to being within the range of annual water level
fluctuations of the lake and the flow of water from the surrounding shore. In this study, while
recognizing the trend of changes in climatic elements and the correlation between these factors
as independent variables, the possible effects of climate change on the dust phenomenon and the
mobility of existing sand dunes have been investigated. In all statistical years, the mobility of
existing sand dunes in the region was less than 50 and the Lancaster index obtained for the
Mahabad synoptic station showed an inactive state. Also, based on the sensitivity analysis of the
Lancaster index, the decrease in the mobility of sand dunes with a decrease in the potential
evapotranspiration was greater than the rate of increase in mobility under conditions of increased
potential evapotranspiration. Based on the UNEP index classification, the Mahabad region has a
semi-humid aridity index with the lowest level of evapotranspiration, facing a medium risk of
desertification. Therefore, considering the prevailing climatic conditions, it is recommended to
be extremely careful and sensitive in land use and to use optimal irrigation methods in agriculture
and drinking.
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