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Abstract

In this research, with the aim of maximizing the income of
Lake Urmia basin, a linear optimization model was developed
to apply three kinds of constraints, including cropping pattern,
available water and constant prices and price elasticityof
agricultural products to optimize crop production and net
imports of crop’s virtual waterunder 18 scenarios. The
considered constrains in optimizationwere consumed virtual
water in the basin, available water and boundaries of increasing
or decreasing in the crop production. Regarding the number of
studied crops, results have a wide variation but in general, for
farm crops and horticulture products, the largest changes in
production and net imports of virtual water (comparing to the
present condition) were observed for onion, mushroom, apple
and grape. In examining the changes in basin income due to
the implementation of developed scenarios, it was found that
the scenario in which the available water is 60% of the present
condition and price elasticity is applied has the highest
profitability and is considered to be the most favorable
scenario.Altogether, with the application of the proposed
scenario, the optimum level of areas under cultivation is less
than present for more than a third of the products, and the
imports of these products should be increased for the
basin.According to the results of this research, the pressure on
the water resources of the basin will be reduces by importing
virtual water.
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Table 2- The policy of changing the pattern of cultivation, Product classification and Restrictions Imposed
(Hadinezhad, 2016)

(Hadinezhad, 2016) suwi Jloe! (s Cudga5m g DY gasms (guiuddub (CulS 565) pnts sCwlow —Y Jou>

The policy of
changing the
pattern of
cultivation

Agricultural products

Restrictions imposed

Description

Wheat, vegetables (carrots, coriander,
eggplant, lettuce, cabbage, other
vegetables), barley, forage (corn, straw,
clover, alfalfa, other), corn

Kiwi, rice, olive, citrus fruits (lemon,
orange, mandarin and other citrus fruits)

The first policy
Onion, sugar beet, kitchen garden
(cucumber, watermelon, melon and other
kitchen garden products), apple, oily
seeds (soybeans), tomato, beans (peas,
beans, peas, lentils), cantaloupe,
pomegranate, plum, potato, apricot,
hazelnut, cherry, sour cherry, grapes,
walnut, peach, quincunx, almond,
pistachios, medicinal plants (chamomile
flowers, pink, ranak, zoufa, sarshir,
serjom and mohammadi), mushroom,
pear, fig, sumac, sea-buckthorn, mulberry,
barberry, blueberries, hawthorn, nectarine

0.9< limitation <1.2

Basin consumption

0.5< limitation <2

This restriction considered because of followed
reasons: - strategic nature of wheat, barley and
fodder products,

- fresh consumption of vegetables and the
difficulty of transportation,

- low economic benefit in the event of move
for vegetables.

Due to the high water consumption of these
products and water resources problems in
Urmia lake basin, assumed that imports values
are same as base year. Other reasons for this
decision were zero production of these
products, Unwillingness of farmers and low
economic benefits

Limitation

Because of price elasticity, this restriction
considered

The second

In the medium term, it is possible to modify
the limitations of the first policy, but it is not

policy All products 0.1< limitation <10 possible to remove the restriction as the third
policy.
This policy can be taken in the long term to
The third policy All products Unlimited achieve maximum production and
consumption in the region.
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Table 3-Demand price elasticity for studied agricultural products (SabouhiandAhmadpoor, 2012)
(SabouhiandAhmadpoor, 2012) axlllae 3,90 (5555WiS OV guamme (gl LOWS  Joud (pildS -Y Jouo

Agricultural products Stretch price

Agricultural products Stretch price

demand demand
. Apple, Citrus fruits (lemon, orange, mandarin and
(sgsgggr?setbggijit%g;;}ése(igin other citrus fruits), Pomegranate, Plum, Apricot,
straw, clover, alfalfa, other), com, -0.927 Cherry, S_our Cherry, Grapes, P_each, Quincunx, -0.955
. pear, Fig, mulberry, Blueberries, Hawthorn,
rice - S
Nectarine, Kiwi
Onion, tomato, vegetables (carrots, Hazelnut, Walnut, Almond, Pistachios, Sumac,
coriander, eggplant, lettuce, cabbage, 0876 Sea-buckthorn, Barberry, Medicinal plants -0.442
other vegetables), potato, mushroom, ' (Chamomile flowers, Pink, Ranak, Zoufa, Sarshir, '
olive Serjom and Mohammadi)
Kitchen garden (cucumber,
watermelon, melon and other kitchen -0.803 Beans (peas, beans, peas, lentils) -0.528

garden products), cantaloupe

Table 4- Developed scenarios

B (y19 (S gy lww —F Jgu

Scenario Number Thepolicy  The percentage of water available The price
1 Fixed price
2 100 Price by applying price elasticity
3 Fixed price
4 80 Price by applying price elasticity
5 Fixed price
6 60 Price by applying price elasticity
7 Fixed price
8 100 Price by applying price elasticity
9 Fixed price
10 80 Price by applying price elasticity
11 Fixed price
12 60 Price by applying price elasticity
13 Fixed price
14 100 Price by applying price elasticity
15 Fixed price
16 80 Price by applying price elasticity
17 Fixed price
18 60 Price by applying price elasticity
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Fig. 2- Diagram of virtual water change of crops produced under different scenarios
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Fig. 3- Diagram of virtual water change ofHorticulture Products under different scenarios
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Fig. 4- Diagram changes of net imports of virtual water crops affected by the application of various scenarios
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Table 5- Classification of products under study based on net production changes and net exports of virtual
water in the studied area

axdlro 3490 839A5% 4O d)bm ui cajlé Ql)bl.o 9 .A“JQS u‘).:ﬁ.ﬁ uplw‘).j adlre dy90 UYW d..\us\.ih‘o -0 JB"\?'

Grouping Agricultural products

Common Features

Sugar beet, wheat, oily seeds (soybeans), tomato,
beans (peas, beans, peas, lentils), cantaloupe,
first group plum, barley, potato, sour cherry, forage (corn,
straw, clover, alfalfa, other), peach, quincunx,

almond, pear, fig, sumac, sea-buckthorn, barberry

In all scenarios, reductions in production and increase in
imports.

The 2nd Citrus fruits (lemon, orange, mandarin and other

Not producing and only imported.

group citrus fruits), olive, kiwi, rice
The 3rd . N . A
group Blueberries, mushroom Increasing in production and exports or reducing imports
Pistachios, medicinal plants (chamomile flowers, . - .
ink K f hi - q In scenarios 1 and 2 Increasing in production and exports
The 4th pink, ranak, zoufa, sarshir, serjom an or reducing imports
mohammadi), apricot, grapes, pomegranate, . L y . .
group . In other scenarios: decline in production and increase in
kitchen garden (cucumber, watermelon, melon imports
and other kitchen garden products) P
In all scenarios except scenario 6: increasing in production
The 5th Mulberry, cherry L .and_ exports. . L
group In scenario 6: decreasing in production and increasing in
imports
In all scenarios, price elasticity application leads to change
in the production and net imports.
The 6th . . A - . L
Nectarine, hawthorn In general: decreasing in production and increasing in
group - . - .y :
imports. By applying price elasticity, production and
exports amount increased.
The 7th Onion In all scenarios except scenarios 5, 6 and 12: increasing in
group production and exports.
The 8th In scenarios 2 and 4: increasing in production and exports
rou Corn while in other scenarios: decreasing in production and
group increasing in imports.
In first scenario: increasing in production and exports
The 9th S o A -
rou Walnut while in other scenarios: decreasing in production and
group increasing in imports.
In scenarios 1, 4 and 6: increasing in production and
The 10th A o L -
group Hazelnut exports while in other scenarios: decreasing in production

and increasing in imports.

The 11th Vegetables (carrots, coriander, eggplant, lettuce,

In scenarios 1, 2 and 4: increasing in production and
decreasing in imports while in other scenarios: decreasing

group cabbage, other vegetables) in production and increasing in imports.
Except scenario 6, in all scenarios, the application of price
elasticity leads to a change in the net production and
The 12th Apple import of the product.
group In general: decreasing in production and exports but by

performing price elasticity: increasing in production and
exports except scenario 6.
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Table 6- Changing the Area under cultivation and net imports in second-policy scenarios, in percent
o D o g 09 Cawlow (52 gs Lo 13 LallB Oild,lg g CuiS 4 5 el Ol gundd —F Jous

The The
existing Changing the Area under cultivation in Scenarios existing Changing net imports in scenarios
status status
Agri products Lﬁ‘rg:r Nt
N 7 8 9 10 11 12 imports 7 8 9 10 11 12
cultivati (ton)
on (ha)
Onion 4088.2 583.1 235.8 425.7 784 268.3 -79 -553365 2001 809.2 1460.8 269.1 920.7 -271
Sugar beet 18110.2 -90 -90 -90 -90 -90 -90  -169234  -622.8 -622.8 -622.8 -6228  -622.8 -622.8
Zggg:: 6919.8 -90 -90 -90 -90 -90 -90  80194.2 108.4 108.4 108.4 108.4 108.4 108.4
Wheat 478706 -90 -90 -90 -90 -90 -90 209473 2155 2155 2155 2155 2155 2155
Apple 47669 -90 900 -90 900 -90 900 -226493 -92.7 927.2 -92.7 927.2 -92.7 927.2
Oily seeds 9209.4 -90 -90 -90 -90 -90 -90 858724 7.8 7.8 7.8 7.8 7.8 7.8
Tomato 5035.8 -90 -90 -90 -90 -90 -90 275987 275 275 275 275 275 275
Citrus fruits 0 0 0 0 0 0 0 53352 0 0 0 0 0 0
Vegetables 2488.5 -90 -90 -90 -90 -90 -90 236441 218 218 21.8 21.8 218 218
Beans 105005 -90 -90 -90 -90 -90 -90  63577.6 134 134 134 134 134 134
Cantaloupe 363.2 -90 -90 -90 -90 -90 -90 7358.6 755 755 75.5 755 755 755
Pomegranate 2315 -90 -90 -90 -90 -90 -90 20141 12.9 12.9 12.9 12.9 12.9 129
Plum 1344.8 -90 -90 -90 -90 -90 -90 -4436.7 -521.8 -521.8 -521.8 -521.8 -521.8 -521.8
barley 73480.5 -90 -90 -90 -90 -90 -90 39433.2 1911 191.1 191.1 1911 1911 1911
Potato 8438.3 -90 -90 -90 -90 -90 -90 28058.1 911.8 911.8 911.8 911.8 911.8 911.8
Apricot 10203.5 -90 -90 -90 -90 -90 -90 -465.2 -5006 -5006 -5006 -5006 -5006 -5006
Hazelnut 237 -90 -90 -90 -90 -90 -90 -115.1 -192.6 -192.6 -192.6 -192.6 -192.6 -192.6
Cherry 1463.9 900 900 900 900 900 900 -956.4 41016 41016 41016 41016 41016 4101.6
Sour cherry 1571.7 -90 -90 -90 -90 -90 -90 298.6 2966.2  2966.2 2966.2 2966.2 2966.2  2966.2
Grapes 19582.6 -90 -90 -90 -90 -90 -90 4353.5 11114 11114 11114 11114 11114 11114
Forage 120650 -90 -90 -90 -90 -90 -90 7387 3189.8 3189.8 3189.8 3189.8 3189.8  3189.8
Walnut 7916 -90 -90 -90 -90 -90 -90 -26.4 -7982 -7982 -7982 -7982 -7982 -7982
Peach 3177 -90 -90 -90 -90 -90 -90 1263 1290.7 12907  1290.7  1290.7  1290.7  1290.7
quincunx 300.5 -90 -90 -90 -90 -90 -90 -98.1 -920.4 -920.4 -920.4 -9204  -9204  -920.4
Almond 6783.4 -90 -90 -90 -90 -90 -90 731 81.6 81.6 81.6 81.6 81.6 81.6
Pistachios 204.8 -90 -90 -90 -90 -90 -90 300.5 0.3 0.3 0.3 0.3 0.3 0.3
Mushroom 10.8 900 900 900 900 900 900 6803.5 -568.1 -568.1 -568.1 -568.1 -568.1 -568.1
M;ﬂ;ﬁ;ga' 972 9 9 9 90 90 90 692 2475 2475 2475 2475 2415 2475
Pear 1104.6 -90 -90 -90 -90 -90 -90 -63.2 -6252 -6252 -6252 -6252 -6252 -6252
Fig 58.1 -90 -90 -90 -90 -90 -90 346.1 66 66 66 66 66 66
Sumac 4119 -90 -90 -90 -90 -90 -90 94.1 2.4 2.4 2.4 2.4 24 2.4
bucsketi_orn 265.8 -90 -90 -90 -90 -90 -90 -1.8 -8349 -8349 -8349 -8349 -8349 -8349
Mulberry 515.6 900 900 900 900 900 900 495 -61806  -61806 -61806 -61806 -61806  -61806
Barberry 19.7 -90 -90 -90 -90 -90 -90 3.8 312 31.2 31.2 31.2 31.2 31.2
Corn 3343.6 -90 -90 -90 -90 -90 -90 0 +* +* +* +* +* +*
Blueberries 137.1 900 900 900 900 900 900 0 -* -* -* -* -* -*
Olive 0 0 0 0 0 0 0 600.5 0 0 0 0 0 0
Hawthorn 33 -90 900 -90 900 -90 900 0 +* -* +* - +* -*
Nectarine 954.4 -90 900 -90 900 -90 900 0 +* -* +* -* +* -*
Kiwi 0 0 0 0 0 0 0 8926.5 0 0 0 0 0 0
Rice 0 0 0 0 0 0 0 177906 0 0 0 0 0 0

Zero number: Lack of change compared to the present.

*+ : Net imports were zero before optimization, then the model has started importing the product.
*-: Net imports were zero before optimization, then the model has started Exporting the product.
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Table 7- Total area of crop cultivation under application of scenarios
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Scenario Area (ha) Scenario Area (ha) Scenario Area (ha) Area of Current Condition (ha)
1 815735/1 7 142657/3 13 390097/8
2 866768 8 610159/2 14 390097/8
3 750297/7 9 136222/9 15 312078/2
4 822823/4 10 603724/8 16 312078/2 940794/4
5 70759717 11 129788/5 17 234058/6
6 706157/1 12 597290/4 18 234058/6
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