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Abstract

In the recent decades, continuous droughts in Iran caused a
growing withdrawal trend from groundwater resources and
reduce in surface water resources, especially storage volume
of dams. Therefore, operation of water resources requires
reviewing based on hydrologic conditions and especially,
drought. On the other side, for the definition and
characterization of drought by indices, a comprehensive
survey of data existence, index applicability and goals in
water resources operation is needed. In this article and
towards an applicable standardized index in the conjunctive
use of water resources, nonparametric functions used to
achieve integration and applicability. The status of water
resources is calculated via integration of climatic water
balance and available hydrologic water by multivariate
nonparametric function to obtain integrated drought index
(IDI). In this study, the Zayandehrud River Basin is selected
as the case study due to conjunctive use of surface and
groundwater and occurrence of recent droughts in it
Zayandehrud Dam has a key role in streamflow regulation for
downstream demands in the basin. With the index tool to
determine the condition of the subbasins, dam resource
reoperation is followed by the purpose of the minimum
drought intensity. This way of operation resulted in demands
supply reliability of more than 90%, Lenjanat aquifer balance,
storage increase of Isfahan-Borkhar and Kuhpaye-Segzi
aquifers by 400 million cubic meters, supply of Gavkhooni
wetland water right with reliability of 96% and mean increase
of 2.7 million cubic meters per month in streamflow entering
the wetland in comparison with the past. The results underline
the importance of the drought conditions consideration in the
conjunctive use of water resources at the basin.
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Fig. 1- Zayandehrud Basin and the location of its subbbasins, aquifers, and climatic and streamflow stations
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Station Name Station Type Lgr:)ordlnati; Station Name Station Type ngordmatizt
Fin Evaporation Gauge  53.3711 33.944 Damane Faridan Evaporation Gauge  50.495 33.0183
Ghale Shahrokh Evaporation Gauge  45.4531 32.6638 | Pol ZamanKhan Evaporation Gauge  50.8953 32.4986
Zayandehrud Dam  Evaporation Gauge  50.7425 32.7342 Pol Kale Rain Gauge 51.2306 32.3731
Esfahan Synoptic 51.6667 32.6167 Lenj Rain Gauge 51.5592 32.3906
Vazvan Evaporation Gauge  51.1892 33.4172 Tiran Evaporation Gauge  51.1558 32.7033
Zyar Rain Gauge 51.94 32.5061 Zefre Evaporation Gauge  51.4986 32.5019
Varzane Rain Gauge 52.6469 32.4194 Mahyra Evaporation Gauge  51.8089 32.2689
MaghsudBeyk Evaporation Gauge  52.0056 31.8128 Shahrekord Synoptic 50.85 32.2833
Neyestanak Evaporation Gauge  52.8031 32.9681 Chelgerd Rain Gauge 50.1231 32.4586

Table 2- Specifications of streamflow stations
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. Coordinates . Coordinates
Station Name Station Name
Lon Lat Lon Lat
Chelgerd 50.13083 32.4567 Pol Kale 51.2314 32.3794
Dare Dar 50.15111 32.4575 Diziche 51.5189 32.3697
Ghale Shahrokh ~ 50.45861 32.6586 Lenj 51.5575 32.3933
Eskandari 50.43083 32.8219 Mussian 51.5261 32.5769
Menderjan 50.60139 32.7656 Pol Chum 51.7703 32.585
Sad Tanzimi 50.78333 32.7182 Varzane 52.6633 32.4236
Pol ZamanKhan  50.89472 32.4983
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Fig. 2- A comparison of observed monthly drought index (gray line) and optimum method (dash line),
Esfahan-Borkhar sub-basin
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Fig. 3- A comparison of observed dam release (gray line) and results of optimum release method (dash line)
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Fig. 4- A comparison of observed dam storage volume (gray line) and results of optimum release method
(dash line)
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Fig. 5- A comparison of water allocation (gray line) and demands (dash line) in optimum method (a:
municipal, b: industrial, c: agricultural, d: environmental)
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Table 3- Reliability of optimization method for four main demand groups
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Demand Type Reliability (%)

Percent of Supply 100 95 90 80
Municipal 99 100 100 100
Industrial 89 89 89 90

Agricultural 90 92 93 95
Environmental 90 91 91 92
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Fig. 6- A comparison of observed storage of Lenjanat aquifer (gray line) and results of optimum method
(dash line)
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Fig. 7- A comparison of observed storage of NajafAbad aquifer (gray line) and results of optimum method
(dash line)
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(o bd) dine (igy @6 b (s bd) lgs -y lduo! lgdul uiis 0,5 pore dulie -A JSW
25300 -
25100
s 24900
(@)
2 24700
24500
24300 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1369 1370 1371 1372 1373 1374 1375 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389
Fig. 9- A comparison of observed storage of Kuhpaye-Sagzi aquifer (gray line) and results of optimum
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