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4- Cost effectiveness analysis
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1- Standard precipitation index
2- Monte carlo simulation
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Table 1- The long-run average of the net profit and the net present value in the shares of payment (million tomans)

Al 51 alo s 51 CB13 0 oo

(Share of payments)

0% 20% 40% 60% 70% 80% 90% 100%
] s (Barley) 5 5.18 5.286 5.728 6.058 6.438 4.091 6.706 6.706
Irrigation (Wheat) p.5 4.324 3.943 5.425 5.753 6.209 5.282 6.727 6.727
network  (NPV) _alls s 3;,) 989115 903955 1360239 1481449 1637933 1686103 1770128 1856817
' (Barley) ¢ 6.486 6.506 6.821 6.963 5.027 7.046 7.048 7.048
PT;; (Wheat) p.s 6.295 6.335 7.294 7.333 7.38 7.393 7.397 7.397
(NPV) s b 5] 6967262 7056635 6843285 7194289 7347868 7645382 7977560 8320445

suios claazsly : isle
Source: Research findings
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Table 2- The optimal crops land (hectare) and the irrigation water per hectare (cubic meter) in the network and the plain

area in the shares of payment

asl Cudd &bl 4

Area Plain Irrigation network

Jypaze S Jyazeo P »

Crop Wheat Crop Wheat Barley

albolw o o ol S S

s ’w Surfac ’w &b ’m Surfac ’m Surfac

Syste  Sprinkle e Sprinkle System Sprinkle e Sprinkle e

m r r r r

0% 0 190923 0 81824 0 47600 0 20400

clsy mp 20% 0 190923 0 81824 0 47600 0 20400

" )l 40% 190923 0 0 81824 0 47600 0 20400
Y PRICR 60% 190923 0 38108 43716 0 47600 0 20400
Crops (Share of 70% 190923 0 80238 1586 0 47600 0 20400
land payments  80% 190923 0 81824 0 18491 29109 6778 13622

90% 190923 0 81824 0 47600 0 20400 0

100% 190923 0 81824 0 47600 0 20400 0

0% 0 1912.2 0 2582.7 0 5174 0 4627.3
. C sl 20% 0 1423 0 2712.1 0 5262.7 0 4673.5
Erae ol S ek
a s P 40% 0 3534.6 0 3307.1 42479 0 0 5526.3
i . 60% 0 4097.9 0 3816.3 4397.5 0 3058.9 61125
Irrigatio (g li5 4l pw
nwater  (Share of 70% 0 49925 0 4524 4634.2 0 3350.8 2862.8
per payments  80% 384.4 5067.7 968.2 4455.2 4735 0 3407.9 0
hectare ) 90%  3120.8 0 2585.1 0 4782.7 0 34226 0

100% 3120.8 0 2585.1 0 4782.7 0 3422.6 0

oo glaandl, : i3l
Source: Research findings
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Table 3- Total used water and saved water separated areas and source of water supply in shares of payment (million cubic

meters)
anl Sl 4
area irrigation network Cuid 039920 JS Olyl
gl Gl wlopw jlCaldy ppw  JUE Jwe5j 4SS JS Plain Overallarea  Aquifer
(Share of payments) Canal Well Total
0% 12254 2117 14371 1366.9 1510.61 1388.07
20% 12254 052 123.06 1387.77 1510.83 1388.29
40% 12254 11318 23571 1263.01 1498.72 1376.18
o1 b o U JS 60% 12254 150.38 272.91 122451 1497.43 1374.89
(Used water) 70% 12254  207.4  329.94 1164.52 1494.45 1371.92
80% 110.62 186.99  297.61 1182.82 1480.42 1369.8
Jol o9 )lw 90% 20.11 17218 20129 1190.49 1391.77 1362.66
First scenario 100% 29.11 17218 20129  1190.49 1391.77 1362.66
20% 0 20.65 2065  -20.87 -0.22 -0.22
40% 0 -92 -92 103.89 11.89 11.89
NN 60% 0 21292 -129.2 14238 13.18 13.18
o TS = 70% 0 -186.23  -186.23  202.38 16.15 16.15
(Saved water) 80% 1192 -16581 -1539  184.08 30.18 18.26
90% 9343  -151 5758  176.41 118.83 25.41
100% 9343  -151 5758  176.41 118.83 25.41
0% 12254 11.16 133.7  1055.12 1188.81 1066.28
20% 12254 052 123.06  1065.75 1188.81 1066.28
40% 12254 4.9 127.44  1061.38 1188.81 1066.28
00 B puae ] IS 60% 12254 588 181.34  1007.48 1188.81 1066.28
(Used water) 70% 12254 5153 17407 1014.74 1188.81 1066.28
80% 10647 5551  161.98 1010.77 1172.75 1066.28
P> Sor )l 90% 10647 53.89  160.36  1012.39 1172.75 1066.28
Second scenario 100%  106.47 53.89  160.36 1012.39 1172.75 1066.28
20% 0 10.64 1064  -10.64 0 0
40% 0 6.26 6.26 -6.26 0 0
o gt I S 60% 0 4764 4764 4764 0 0
A 70% 0 -4037  -40.37 4037 0 0
(Saved water) 80% 1607 -4435 2828 4435 16.07 0
90% 16.07  -4273  -26.66  42.73 16.07 0
100% 16.07  -4273  -26.66  42.73 16.07 0

3uios slaazil, : dsle
Source: Research findings
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Table 4- Total water seepage from agriculture and the factors of variation at the aquifer volume in the shares of payment
(heights: meter and volume: million cubic meters)

adgl g 18l pw 51 CAID 3y piew
(Share of payments)

0% __ 20% __ 40% __ 60% __ 70% __ 80% __ 90% __100%
o (Network) s, <5 5668 4864 9279  107.48 129.86 97.23 2972  29.72
Sue“:p ;;: (Plain) c.ss 54652 55478 30255 25056 177.31 177.44 1791  179.1
(Total area) sspe JS 603.2 60342 39534 35804 307.17 274.66 208.82 208.82

(Net seepage) (3 5las 35 Lalls 78442 -784.27 -981.03 -10155 -10644 -10951 -11565 -1156.5
(Net other inflows) assgys o pals 62651 62651 62651 62651 62651 62651 62651 626,51

(Aq:;'f’:‘vif j:n ’; ;;’”“;t o) -157.91 -157.76 -35452 -389.03 -437.91 -468.67 -530.03 -530.03
(Saturate thickness) s glil &Y cubus 7602 7603 5861 5555 5122 485 4306  43.06
(Aquifer volume) ylysl s3gse 18027 18030 13898 13173 12147 11501 10212 10212

suios sbaaisl, Lo
Source: Research findings
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Table 5- The cost-Effectiveness criteria of saving water and groundwater conservation for grant policy for under pressure
irrigation system

3 €SI moe o 52 PP Cadgaze o ormb cud b
&5 4o pus legal limitation of pumping Natural capacity of pumping
adyl Al-daplae gy iy J5 e SIS Fl-aie b Cgd Calagy JS§ ol Js
(Share of S Government X" et Government LXWREPT JOV
payments) CEA payments Saved water CEA payments Saved water

40% 0 0 0 243.510 8784554 213.913
60% 0 0 0 167.785 1561491.3 261.995
70% 0 0 0 139.540 2179543.4 304.133
80% 115.871 2773071 321.3196 212.569 2773070.6 589.470
90% 91.087 3527577 321.3196 665.084 3527576.5 2346.13
100% 81.979 3919530 321.3196 598.576 3919529.5 2346.13

Almause e gy cdlyy JS oyl 055 Flmass jlee cdgy sy JS gl 0,

(Y Government - (oY Government .
CEA payments Aquifer volume CEA payments Aquifer volume
40% 0 0 -1211.44 -0.0088 878455.46 -7727.8819
60% 0 0 -4912.87 -0.00541 1561491.3 -8452.4632
70% 0 0 -5101.12 -0.00435 2179543.4 -9479.0623
80% -0.0021 2773071 -5823.76 -0.00365 2773070.6 -10124.901
90% -0.00165 3527577 -5823.76 -0.00324 3527576.5 -11413.48
100% -0.00149 3919530 -5823.76 -0.00291 3919529.5 -11413.48
Gais gbeanl, : isle
Source: Research findings
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Introduction: Today, governments have to adopt different policies to offset water scarcity and balance
groundwater resources. Among the policies that have been emphasized in this regard, are subsidies and incentive
payments to use modern irrigation technology. In Iran, the policy of grants for under pressure irrigation systems
is mentioned in the budget law of the country. It is generally believed that the implementation of this policy can
save water and would lead to the conservation of groundwater resources. But, in practice this issue has not yet
been proven. It is generally believed that the implementation of this policy can save water and lead to the
conservation of groundwater resources. But, in practice this issue has not yet been proven. So, the Qazvin plain
as one of the biggest and the depleting aquifers in Iran is selected as case study.

Materials and Methods: Since, the irrigation water is supplied through the canal in the modern irrigation
network area and the agricultural wells in the traditional cultivations, the objective function of the dynamic
programming model is considered to maximize the net present value of cultivating in the irrigation network area
and the land of Qazvin plain area. The crop yield in the objective function of the model is the functional of the
quantity of water available for plant, which is expressed in the quadratic form. The groundwater pumping costs
were considered as a function of pump lift. By pumping groundwater, the saturated thickness would decrease in
two area. Therefore, the equation of the groundwater balance was formed to allow changes in aquifer stock from
one period to another. The components of this equation were considered as the difference in the inflow to the
aquifer from the outflow of the aquifer. The maximum groundwater extraction in the model is limited to the
natural capacity of pumping from wells and access to the canal water is confined by the long-term average canal
water. It is named the first scenario. The upper limit of access to canal water that supplied from combined wells
and artificial recharge was simulated according to rainfall variations and then its average long-term value was
calculated. For this purpose, the probability of occurrence of dry, normal and wet years was calculated by the
standard precipitation index (SPI) using monthly data of 60 years.

Results and Discussion: This paper presents an analytic model of the effectiveness of groundwater
conservation policies on irrigated agriculture in Qazvin plain such as grant for under pressure irrigation systems.
The results indicated that by increase in the share of grant, the groundwater used per hectare in the modern
irrigation system is lower than the flood irrigation system and gradually the modern system is chosen instead of
the flood system. With increasing share of grant the yield and net profit will be increased for each crop until the
yield reaches saturation. The results showed that in the whole area, by increasing the share of grant, total water
consumption and total groundwater are decreasing and so water will be saved. On the other hand, by increasing
the share of grant, the deep percolation into the depth decreases. Investigating the groundwater balance showed
that in the normal conditions, the increase in the share of grant cause to increase aquifer stock deficit and reduce
the groundwater head and saturated thickness. The empirical ifadings in Qazvin plain shoJed that the long term
average of the aquifer's reservoir volume is decreasing with increasing the share of grants. In the ifhal, the cos[[]
effectiveness analysis (CEA) was calculated for total saved water and the aquifer stock to the total amount of
government payments.

Conclusion: A review of the effect of grant policy for investing in the modern irrigation systems on the
water use was considered efficient on saving water. It means that with increasing the share of grant the overall
water saving in the area will increase. But, the implementation of this policy does not conserve groundwater
resources. So, for each a million tomans payment, 665 and 598 cubic meters of water are saved, respectively.
However, this policy is not effective for the conserve of groundwater resources because in the share of 100% for
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each a million tomans payment, the aquifer stock is reduced to 2912 cubic meters. As a ifnal remark[Jit is
suggested that grant policy be accompanied by a limitation on groundwater pumping and crop pattern.

Keywords: Cost-effectiveness, Dynamic programming, Grant policy, Qazvin plain, Under pressure irrigation
systems



