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Abstract

In this paper, an efficient framework is presented for optimal
allocation of groundwater resources at the activity area of local
water market within the Isfahan-Borkhar plain. In the first step,
to improve aquifer’s hydrological condition, farms’
groundwater permits are reduced using top-down and bottom-
up approaches. The bottom-up approach proposes more
acceptable strategies due to considering farms” utilities trough
creating a bargaining process among them. The second step
involves modeling the sales of groundwater permits from
farms to different industries using water exchanges integer
mathematical programming method. In this model, exchange
volume is determined in such a way as to maximize the
system’s total profit by finding the optimal production amount
of different products and the corresponding water consumption
volume. The results for the farming year 2015-2016 show that
farms increase the production amount in the industrial sector
by planting profitable crops and selling their surplus water.
However, farms still suffer losses due to reduced permits
compared to their current status. Therefore, in the third step,
the exchanges’ profits are fairly reallocated among water
buyers and sellers using Shapley cooperative game. So that
compared to the current status, the profits of farms and industry
units increase by 55% and 19%, respectively. Therefore, the
proposed framework is capable of to improve the economic
efficiency of groundwater permits use, in addition to
facilitating the implementation of the permits reduction policy.
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Table 1- Groundwater exchange potentials in the Isfahan-Borkhar plain
P ROl Cedd 3 (Swess Ol dslie lademdly -) g

County
Category Factor - Shahin
Isfahan Khomeini Borkhar  shahr and
shahr
meymeh
Changing social structure High Medium High
Water sales Lack of social control Medium High High
potential Close to city and industrial units High Medium High High
Shortage of skilled farmers Medium Medium - Medium
Total score 16 14 8 18
Prevention of garden drying - Medium Medium  Medium
Water purchase Development of greenhouse crops Medium Medium High Medium
potential Existence of building industrial units _ High High
Water salinity gespec!ally for dairy cattle Medium Medium Medium High
and broiler chicken farms)
Total score 8 10 16 16
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Farm number

Method Outcome 1 > 7] 5 5 7 8 Sum
First Permit redgctlon 3 2 1 1 1 2 1 )
e scenario
bargaining Total cost
model (Million Rial) 767.1 730.3 1,223.3 4495 349.3 438.1 668.6 4954 5,121.6
Second Permit redgctlon 3 3 2 1 2 3 2 i
L. scenario
bargaining Total cost
model 766.8 681.6 1,222.9 421.4 349.1 410.7 624.0 464.4 4,940.9

(Million Rial)

Permit reduction

. 2 2
scenario

Command and

2 2 2 2 2 -

Total cost
(Million Rial)

control

821.8 730.4 1,3105 4216 3275 4109 668.7 464.6 5,156.0
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Profit (Million Rial)
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Table 3- Monthly bought groundwater volume (m?)
(o pio) O (g 58 Ablo o> Y Jgo
Month
Technical = 5 5 5
transfer 2 2 2 - g 5 = > @ - iz 2
thod =] 5 g s 2 = = 3 g 2 =4 £
Metno 8 3 S E 2 = < = =4 =3 2 §
2 a w n
Tanker 6,099 6,274 6,274 6,099 6,274 6,274 6,251 6,538 6,538 6,251 6,538 6,538
Shared
aquifer 7,028 7,170 7,669 7,527 7,669 7,669 9,498 9,731 9,731 9,498 9,731 9,731
Sum 13,127 13,444 13,943 13,625 13,943 13,943 15,749 16,270 16,270 15,749 16,270 16,270
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1- Hydro-Economic Model

2- Water Authority

3- Expected Utility

4- Integer Variable
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