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Introduction

Water is an important factor in the economic development of any country. Therefore, it is necessary to plan
for optimal use of water resources and economic allocation of this resource for different uses (Tajrishi &
Abrishamchi, 2004). Over the past decades, the increasing use of water resources and the low efficiency of
its consumption have caused many environmental concerns. Water markets are an economic instrument
that can be used to increase decentralization, optimize the allocation of water resources among consumers,
and reduce the effects of water scarcity. Accordingly, water markets are mainly characterized by their
capability to reallocate water for different uses so that this allocation is welcomed by those who designate
higher potential values of water and naturally, derive more rational utilization of water resources in their
own consumption (Badie Barzin et al., 2018). Given the importance of water, our research objective was to
assess the effects of local and regional water markets in the Torshiz region. Data were collected without
sampling at the level of cultivating certain crops including agricultural production, production costs, and
inputs. Crop prices were provided by the Agricultural Jihad Organization of Khorasan Razavi Province,
and the data on the demanded water products and all available water resources were provided by the District
Water Company of Khorasan Razavi province. Howitt et al. (2015) studied the effects of drought on
agricultural production in different parts of California and evaluated the role of local water markets in this
area. The results showed that drought had a negative effect on not only the volume of surface water
resources but also the depth of the groundwater supply and that the farmers were faced with inadequate
water inputs. In this regard, the creation of local and regional water markets to balance water supply and
demand has significantly reduced the effects of droughts. Additionally, the demand for irrigation water can
be a good approach to cope with the effects of droughts. For this purpose, the present study mainly aims to
investigate and evaluate the effects of the development of local and regional water markets in the Torshiz
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area and assess the potential of irrigation water transfers under drought and dehydration in the province's
cities (as water conveyor region).

Materials and Methods

This section first provides some explanations on the mathematical programming models and their
classification. Then, a comprehensive economic modeling system based on the above methods is used to
study the effects and consequences of the formation of local and regional water markets in the Torshiz
region. Finally, each step of this modeling system is fully explained. This step involves solving a linear
programming model to maximize farmers' net profits with regard to resource constraints and calibration
limits. At this stage, after solving an auxiliary linear programming model, dual values or shadow prices are
obtained for resource constraints and calibration (Howitt et al., 2012). The mathematical form of this step
of the PMP model calibration can be shown for the studied regions as follows:

6 3 3 4
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The PMP model estimates the nonlinear cost function (the quadratic equation) and calculates its
parameters. Finally, the end term of the objective function is the sum of irrigation water costs by region,
crop, and water resource. This term is written separately to emphasize that SWAP includes water costs that
vary by source.
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At this stage, which is the final stage of the programming model, a nonlinear programming model is
constructed using the calibrated nonlinear cost function, the estimated production function, and resource
constraints.

Conclusion

According to Table (1), the results indicate that with the formation of local and regional water markets
in the Torshiz area, the total cultivated area reaches 43,059 ha from 4,104 ha, which is an increase of 2.27%
for the total aquaculture land cultivated in this area.

In addition to the above findings, the results in Table (2) shows that with the establishment of local and
regional water markets, the total gross margin productivity of the farmers in this region increases from
27,616 million IRR in the base year (in the absence of local markets) to 28,794 million IRR, which
ultimately adds 4.26% to the gross margins of the farmers.

Table 1- Total aquaculture lands in the studied areas in the presence and absence of local and regional water

markets
Rate of change in Land area Land aria n bLand ar?a In died
aquaculture land change” presence o l/vater absence 0 Yvater Studied area
market market
5.31 1119 22252 21132 Kashmar
-7.62 435 5296 5732 Kohsorkh
9.11 1291 15481 14190 Khalilabad
2.27 2846 43029 41054 Total

Source: Research findings. * = per hectare
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Table 2- Total gross yields in the studied areas in the presence and absence of local and regional water markets
. Gross yield in Gross yield in
Rate of g)/r(gss yield Rate ioeﬁ(?*ross presence of water absence of water Studied area
y market” market”

4.65 668 15013 14345 Kashmar

-9.04 -486 4529 5015 Kohsorkh

11.25 996 9252 8256 Khalilabad

4.26 848 28794 27616 Total

Source: Research findings. * = in million IRR

Recommendations

According to the results, it is strongly recommended to cultivate saffron given its relative benefits in the
region (with reference to the conducted studies) and based on advocacy, policy, and promotion strategies.
It is also suggested to increase the cultivation area of this crop with respect to the dominant cropping pattern
(wheat, barley, cantaloupe, eggplant, and watermelon), taking into account its profits and low water
requirement, which will increase farmers' income and prevent immigration.

The formation of a regional water market will increase agricultural production, revenues, and
cultivations, thereby leading lead to the development of agriculture and livestock activities in other areas.
Due to the reduction of irrigated crop production in the studied dusty region under the formation of local
and regional water markets, the development of greenhouses and the cultivation of greenhouse crops can
be a suitable solution for minor problems. Therefore, it is recommended to pave the way for increasing
greenhouse crop area in order to create sustainable employment and reduce the immigration of farmers in
the region by government efforts, agricultural planners, and the officials of the Agricultural Jihad
Organization of Khorasan Razavi province.
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Fig. 1-The geographical location (Torshiz plain) of Kashmar and Khalilabad cities in Khorasan
Razavi province
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Table 1- The acreage of products in Torshiz region during the base year of 2017-2018 (hectare)
(Anonymous, 2017 a)

Studied regions

Products KHalilabad Kohsorkh Kashmar Total Acreage
Wheat 7410 972 6320 14702
Barley

1640 734 1800 4174

Saffron

3602 2320 7360 13282
cantaloupe

750 941 3510 5201

eggplant

227 473 1662 2362
watermelon

561 292 480 1333

Total Acreage 14190 5732 21132

41054
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Table 2- The productivity of water in Torshiz region during the base year of 2017-2018 (rial/m®)

Studied regions

Products KHalilabad Kohsorkh Kashmar Total Average
Wheat 555 421 491 489
Barley 466 358 421 415
Saffron 1008 748 1127 961
cantaloupe 398 313 366 359
eggplant 358 326 345 343
watermelon 329 317 330 325

Total Average 519 414 513

(P55 58 JUs) 4l Jlo 50 3d ¥ dibuin o)) i DY gazme (5156 cwd Y J9u

Table 3- Market prices of selected crops in Torshiz region the base year (rials per kg)
(Anonymous, 2017 a)
Studied regions

Products _Average
KHalilabad Kohsorkh kashmar prices of products
Wheat 14800 15000 15200 15050
Barley 13750 14000 14100 14030
Saffron 331000 335000 357500 334000
cantaloupe 11600 11500 12000 11340
eggplant 8600 8300 9500 8867
watermelon 4800 4200 5000 4830

(o 5o O9alio) 4 Jlo (o 6d 5 dilio 33 ( gwd S OT @lio J57 £ J3ur
Table 4- Total available water resources in Torshiz region during the base year (million m®
(Anonymous, 2017 b)

Surface and underground Study regions
water resources KHalilabad Kohsorkh kashmar Total
Private deep wells 24.76 16.21 29.32 70.29
Private semi-deep wells 5.85 3.26 5.21 14.32
Governmental deep wells 5.37 3.21 6.14 14.72
Channels and diversion dams 22.16 59.13 32.11 113.40
River and accumulated water 9.30 121.42 76.21 206.93
Qanat and springs 4.11 13.63 24.14 41.88
Total available water 71.55 216.86 173.13 497.54

(2o g0 Ogubeo) 4l Sl 30 axfllan 390 Gl cp 0 iw § 318 OT x> -0 J9u
Table 5- Volume of traded water between studied regions in base year (million m®)

. . Volume of Volume of .
Studied region water entered water allocated Net trading
kashmar 84.43 24.22 60.21
Kohsorkh 47.37 21.65 25.72
KHalilabad 97.31 21.30 76.01
oo YV sgas 3) 1) o 51 pise oS ol (canSo yio O P &S dgdbiee dasMe (0) Jgdr @B 4 a2y L
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Table 6- Total cultivated lands in under the conditions of existence and absence of water markets

Land surface in

Studied area absence of a water

Land surface in
presence of the water

Land Level

Change Rate change in

aquaculture land

market market (per hectare)
Kashmar 21132 22252 1119 531
Kohsorkh 5732 5296 435 -7.62
KHalilabad 14190 15481 1291 9.11
Total 41054 43029 2846 2.27
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Table 7- Total acreage of Tarshiz area after the establishment of contact between the regional water

markets
Land surface in Land surface in Land Level Rate change in
Studied area absence of awater  presence of the water Change g
aquaculture land
market market (per hectare)
Wheat 14702 15584 882 6.12
Barley 4174 4532 358 8.6
Saffron 13282 14875 1593 12.13
cantaloupe 5201 5144 56 -1.07
eggplant 2362 2302 59 -2.50
watermelon 1333 1287 45 -3.42
Total 41054 42385 1231 3.45

Sldatin cp T S50 399 pue § 3929 Ll ph 30 a7 U39l (A6 035 Egome -A J9u
Table 8 - Total gross yields in studied areas in presence and absence of regional water markets
Rate of gross Rate of

gross yield inabsence  gross yield in presence

Studied area of a water market of the water market _y_ield . gross yield
(million rials) (%)
Kashmar 14345 15013 668 465
Kohsorkh 5015 4529 - 486 -9.04
KHalilabad 8256 9252 996 1125
Total 27616 28794 848 4.26

Sldituin cp OT S5k 3529 Ll yd 38 (S39ls” id 30 T (GoLaidl b3l 9 ol skl Sl o I - Jou
Table 9- Total agricultural jobs and economic value of water at regional water markets

Land surface in . . Marginal price of Sh_adow
. Additional jobs . water price of
Studied area  absence of a water b production K

market (Labor) (m%) market water

(rial/m®) (rial/m®)

Wheat 14702 12349.68 0.17 340 2559

Barley 4174 4666.532 0.15 330 2105

Saffron 13282 47815.2 0.01 285 3340

cantaloupe 5201 -2521.35 0.17 430 1928

eggplant 2362 -2657.25 0.16 470 1419

watermelon 1333 -1994.17 0.34 510 1642

Total 41054 57658.64 394 2165
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