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environmental problem that causes the loss of topsoil and nutrients, reduces fertility,
and thus decreases in crop yield. Evaluating and preparing a risk map and
estimating the lost economic value due to the loss of soil nutrients can provide the
basis for rational planning to prevent and control wind erosion. The aim of this
research is to estimate the economic consequences of wind erosion in the Hamoon
wetland, which is considered as one of the centers of dust production in the Sistan
plain. This research has been done in two stages; first, using the IRIFR model, which
is an experimental model to estimate the intensity of wind erosion, an attempt has
been made to investigate the erosion intensity, prepare a map of erosion classes
(danger), as well as determine the amount of annual sediment production in Hamoon
wetland. In the second stage and the economic discussion on the topic, in two parts
and using the information obtained from the first stage, using two methods of risk
assessment and alternative cost, to prepare a risk map, and the economic value lost
due to the loss of the main nutritional elements of the soil action has been taken due
to wind erosion in the proposed region. The findings show that Hamoon lagoon has
five risk classes in which, the low-risk class has the largest area with 41.15 percent.
In terms of economics, from the point of view of the risk map, the largest area of the
wetland includes the intensity of risk with 59.93 percent in the very low class, 32.68
percent in the very high class, and 7.36 percent in other classes. The amount of lost
economic value of the main soil elements due to wind erosion in the mentioned
wetland is estimated to be 994 billion Rials.
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_ Wind Erosion and Economic Estimation of its Impacts

Extended Abstract

Introduction

he occurrence of drought and the consequent reduction of vegetation cover and the drying
of Hamoon wetland as well as the 120-day winds in the Sistan region have created
conditions for wind erosion and the occurrence of dust storms, which are among the most
sensitive areas to wind erosion in this region. The consequences of wind erosion include
the disappearance of traditional jobs such as agriculture and animal husbandry, increase
in unemployment and poverty in the region, the spread of fake jobs, the spread of various
diseases, an increase in irrigation and fodder costs, the sharp decrease in the income of
farmers and ranchers, and the decrease in production. The research has prepared an
economic risk map resulting from wind erosion in the wetland, as well as a quantitative
estimation of the economic value of lost food elements due to wind erosion there.

Methodology

In order to investigate the economic issues and reach an economic risk map as well as
obtain a quantitative estimation of the lost economic value in this research, in the first
stage, using the IRIFR model, we prepared a map of wetland erosion classes (the risk map
needed to calculate the equation of the risk), and then by estimating the amount of
precipitation, the amount of produced sediment was used to quantitatively estimate the
lost economic value. In the second stage, the risk equation was used to prepare a map using
the IRIFR model. Then, based on the existence of various uses in Hamoon wetland, a map
of endangered species was prepared. In this part, firstly, based on the method of damage
estimation according to the information of the organization and experts’ group, the amount
of risk was estimated for each user unit, and then the amount of risk was calculated
separately for all users of each erosion class. In the next step, the vulnerability map of the
elements at risk was classified in terms of economic, ecological, and user experts’
viewpoints. Finally, the risk level was calculated and classified based on these three
factors, and the risk map was prepared in GIS software. In the second economic part, to
estimate the lost economic value of the main nutrients of the soil due to erosion, the
replacement cost method was used, through the information on the amount of production
sediment obtained from the IRIFR model, the amount of nutrients lost from the soil was
calculated (by Sampling from the wetland location and laboratory estimations of nutrients
in the soil), the total amount of nutrient loss based on erosion in the area was calculated
and then, considering the price of substitute fertilizers to compensate for the elements, the
lost economic value of all elements was estimated using the replacement cost method.

Results and discussion

The results indicate that Hamoon wetland includes five erosion classes (danger), in which
the highest erosion class corresponds to the low erosion class with 122,167 hectares
(41.15%) and the lowest one corresponds to the very high erosion class with 13,573
hectares (4.57%). The results of the damage estimation illustrate that the highest damage
is related to roads (3145 million Rials per unit), followed by hand-planted forests (300
million Rials per unit), agricultural lands, pastures, and groves (150 million Rials per unit
each), whereas the least damage is related to residential areas (10 million Rials per unit).
Then, the amount of wind erosion potential damage of different classes was investigated.
The highest amount of damage is related to land uses of classes 2 and 3 (9,843,664 and
6,045,232 million rials, respectively), and the lowest amount of damage is related to
classes 4 and 1 (respectively, 85,715 and 628,977 million rials). In the following, the
frequency of economic risk intensity classes of the study area was investigated. The
findings indicate that very low risk classes, 59.93% (177,885 hectares), low risk classes,

The Journal of Spatial Planning

133



2.31% (6884 hectares), medium risk classes, 0.60% (1800 hectares), high risk classes,
4.45%. (13,217 hectares), and very high-risk classes have occupied 32.68% (97,028
hectares). Findings also show the highest and lowest amount of P element is 16.8 and 3.2
ppm, respectively, and the average of the samples for this element is 10.44 measurements.
The highest and lowest amount of K elements are 400 and 90 ppm, respectively, and 247
ppm for this element were measured in all samples. The highest and lowest amount of the
N element is 0.06 and 0.02%, respectively, and the average of all samples for this element
is 0.037%, which is equal to 3700 ppm, that the value of each element is used as CU. In
total, the highest amount of lost value in the amount of 994 billion Rials is related to the
very high erosion class and the lowest amount is related to the very low erosion class in
the amount of 32 billion Rials.

Conclusion

This research tried to first estimate the economic risk of wind erosion in each of the
working units of Hamoon wetland, and then calculated the lost economic value due to this
erosion in the wetland. The results revealed the most erosion is related to forests, pastures,
agricultural lands and groves. Among the most important reasons for high erosion in the
mentioned parts, it can be mentioned the changes in land use (residential constructions and
road construction) as well as the indiscriminate grazing of livestock, and the continuation
of this situation can increase the intensity of erosion to the central and southern parts as
well. Another issue in this field is the lack of international joint working groups (between
Iran and Afghanistan) in the division of rights and water management, which unfortunately
is due to the non-compliance of rights by Afghanistan, and is the most important factor in
the drying up of the wetland water and the growth of wind erosion in the region. The
amount of lost economic value in the study area, on the one hand is due to the prevailing
poverty in the region and on the other hand due to the increase in the intensity of erosion
in the coming years (due to drought, water crisis, climate changes, and land use changes).
This trend will not only threaten the food security in the Sistan region, but also make this
region more dependent on the import of food resources from other provinces and
neighboring countries than in the past. In order to reduce the severity of wind erosion and
the effects caused by it, first of all, it is necessary to use scientific models and methods of
wind erosion measurement in the field of policy-making in order to obtain a better
understanding of the state and trend of the wetland, and more detailed plans should be
presented to adjust the problems. Also, the quantitative estimation of the economic value
will provide the possibility for managers and policy makers to identify the focal points and
prevent the increase in the severity of the crisis with accurate information on the amount
of damage caused. Another political solution is to form a secretariat between Iran and
Afghanistan, so that on the one hand, the parties' interests can be determined more
precisely, and on the other hand, operational projects can be defined to prevent the
formation of problems and negative consequences in this field. Finally, it is necessary to
develop monitoring mechanisms in order to prevent land use changes and indiscriminate
livestock grazing. In this context, the formation of integrated wetland management with
the presence of the management and planning organization and other stakeholders and
actors in this field in order to manage these areas.
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Figure 1. Location of Hamoon wetland
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Table 2. Evaluation of wind erosion using IRIFR model in Hamoon wetland

IRIFR 355 53 0sels OV SLt 5l 3 gla 08 Y (IS

VEY (e slaasl

MNUTITN

0ITAH

SSTOE HHTE HITLE

WrEETN

SSTOE TR B1ITWCE

IErN

30BN

Figure 2. Classes of soil erosion of Hamoon wetland in the IRIFR model
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Table 3. breadth and percentage of erosion classes using the IRIFR model in Hamoon wetland
VEOY (e slaasl

3L b 51 (U gslatl Ky 5,5 5 Y-
555 S lol (i [ o (55,58 (B et 5 me s ol Il Sy LAE ot S
GGl o 5 8 lls ¥ S b (e Dbl 5 Sles ol lasg 5 LUK ¢ ol ge slael,
Glaao s ab g e glaolsle 5 Sl @ axxl e es O ol 5 Gudoaan] ds 0,50 s
3551850 ¥ Jsdor 53 535505 (Sl p585 S 3) Jlo SO (b olie Slamls ol oo
b d OIS a3 el @l s sl ll ol S Olpe 0 Jsr U3 5 bt
Loslr & byje i 4 el p i 45 das e 0L el 5500 il Lol sl 1))
(#0325 (s an Jls Osdee T 0) B8 s IS GraskS 53 JUs ke YIYO)
10) s (Sl by e bt o 508 5 s a3 Jls Oseken 100 £10S 58) ajliady 5 @31

.&L.w‘cb_}.g (J?‘})J JL{.)U};-L:‘

Lad LirloT g5 31 ya0li p aolibad

VFO



_ J/’Q/j’jbﬂdéwyéjj/:ejd)pﬂujj

O}ﬂu%)\(ljybldﬁ)gwr }.i.i

60°57°0"E 61°17°20"E 61°37'40"E

9N
390N

L
30°590°N

30°38'40°N
L
30°3840°N

- i T

60°570"E 61°17'20"E 61°37°40"E.

Figure 3. Hamoon wetland land use map
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Table 4. Estimation method of damages caused by wind erosion
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Table 5. Estimation of potential damages caused by wind erosion in the land uses of each erosion class of Hamoon
wetland
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Table 6. Vulnerability class of elements at risk in Hamoon wetland
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Figure 4. Economic risk intensity zoning map in Hamoon wetland
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Table 7. Frequency of economic risk intensity classes of Hamoon wetland
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Table 8. Sedimentation rate in each erosion class of Hamoon wetland
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Table 9. Results of soil analysis in ten different areas of Hamoon wetland
Vo e ke 0T slie eige 5l S i le

VB St 3 3550 glle olie 51K a lie danlous 5 ol b WS 8 53 ascguy Olsme 3550 0 5
.CM«:\AJQZJJ‘}TJI\'J)J@&M&u}w%ﬁjsJﬁ}awll&«ﬂwdls@))M)\vﬁar:dkw%jy
Sl p S 8 3 PONCK sl 6l (Dpe Dk DN aspun 136 ol S Ol KL O Jous
K e 4 5ua Olge p 508 5 i Dol 0 3500 S0 0 S Lo WF00 Ol5a b oS A il b
0 S e YEYFALY Olsa L oS bt Jula 3 oDIS 5 WY 8015 Ol Lol Ghulo 3 b8 0 by e o 5
b:L_).) ‘);._)'l.m)ﬁ w%mjofja g,..:}'JS MNJ.a.&h))M Q\J:.a (ﬁ«JSV‘s}U‘iJZ“:‘ﬁ) C,w:\ ol ;)ﬂﬂjtﬁﬁ

Wl s 350 S e S s YAYAAV,YA Ol b oS Lt 2ol b IS 5 FOTAVEV,PA Ol e

Lad inloT g s 3 ya0li  dolibas

AR



Opela OVE il b gla s s N K P e ole cbp,ia S ltie Ve Jga

AEE
Dy Dy II,‘; Dy Dy Al D oy | | ke e N
a .
J Mg/ha m x5 Mg/ha Ppm 5 Mg/ha Ppm (a) 3 "
)
AYOYY =
ARACVAAY FEVYYP YVer YEYEAN ARRESRNG YV ARRA#A VWA 2 VoY \YSY A 1
\YY\PY
VOAYAYD,0 YAy, YVeu AN AFOYFY Y YV Yfrq YEOA Y VoY A DA I y,5
ACARIN
VFAFYALY FVYAOVY e | TVl 445AF # YEAFEL ) YEV | OFTATO | VederAY | VFE | vy it Ly
YERVY
FOFAVEVY | AYESVWVAL | PVes [ Raresey AYYTAY A YEV | AYANQ0 | YOVVAYD | Ve FF | rrsasy v L3
\rovr e
FYAFEY Y TYVIAVAY . YV YAYAYV,Y ARINA SV YV AYYVYF EARERA A 4 Vo ff AVYYA,\ AV
sL

Table 10. The amount of total loss of nutrients, P, K, N in the erosion classes of Hamoon wetland
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Table 11. The price of fertilizers replaced food elements in 1400
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Table 12. Total wasted economic value of the main soil nutrient elements in Hamoon wetland erosion classes
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