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Abstract

In recent years, inter-basin water transfer projects are one of
the measures taken into consideration for the problem of water
shortage in some parts of the country. Providing the required
water resources for the downstream areas using such projects
can affect the economy of the destination basin. In this study,
the economic and social impacts on the destination basin are
evaluated for the water supply project conveying water from
Shahroud River to Qazvin plain. To achieve this goal, first
using the cost-benefit ratio (CBR) method, the project was
evaluated in terms of economical and financial profitability.
Then, using the positive mathematical programming (PMP)
method, the effects and consequences of this plan in the
destination basin were analyzed. Data and information
required for this study are related to crop years 2016-2017. The
proposed planning model was solved in GAMS software. The
results showed that the transfer of water from Shahrood river
to Qazvin plain is economicaly feasible for discount rates of 5
to 20 percent. The economic value of each cubic meter of
irrigation water is estimated as 3720 rials. The results of the
economic model showed that after implementation of the water
supply plan, the area under cultivation for profitable products
such as sugar beet, tomatoes, corn, and alfalfa is increased and
cultivated area of irrigated wheat, irrigated barley and canola
is reduced. Also the total farmers’ gross profit increases is
estimated as 6.34 to 11.5 percent after the implementation of
the water transfer plan. Finally, considering the positive effects
of implementing the water supply project, irrigation water
pricing reform is recommended to the authorities and
institutions in charge and development and continuation of
cultivation of profitable products is recommended to farmers.

Keywords:  Inter-Basin  Water  Transfer,  Positive
Mathematical Programming, Water Demand, Cost-Benefit
Analysis, Qazvin Plain.
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transfer route from Shahroud river
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Use of the dual values
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in estimating parameters
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PMP model

|
|
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Fig. 2- Calibration steps of the PMP model with the maximum entropy (ME) approach (Parhizkari, 2017)
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Table 1- Statistical information related to selected products in Qazvin plain for the base year (2017-2018)
(YYAV-2A) 4l Jlw (b o938 Cudd (£ly5 cdvinn Y gasme 43 byt o (5 bl Oledbl g Lodl> —) Joua

Acreage Yield Price Water.req”  Capital™ Labor
Products/Variables (ha) (kg/ha)  (riallkg) (m*ha) (Kg) (hha)
Wheat 12825 4631 29000 4945 1375 2400
Barley 10400 4250 26250 4460 1360 2250
Corn 7380 10638 34500 7438 1453 2910
Tomato 6253 37400 17500 8635 1437 4120
Sugar beet 2637 40760 12700 8480 1420 2720
Alfalfa 5920 11485 10530 9360 1518 2140
Canola 2650 2870 37500 7327 1390 2830

*: Calculated using NETWAT statistical software and brother

**. The sum of chemical inputs (fertilizers and toxins) is required by the farmer

Reference: Qazvin Province Agricultural Jihad Organization, 2018

Table 2- Total available water in Qazvin province during the crop year of 2018-2019 (million m3)
(cSo fio (ygaleo o 32) IWAV-AA (21,5 o (b (g8 Gliml 53 (i 1B ©f ggoom0 -F Jgoa

Surface Ground Available Share of
Type of water source water water water supply”
Deep private wells 0.00 142.6 142.6 16.8
Private semi-deep wells 0.00 80.50 80.50 9.50
Deep public wells 0.00 97.20 97.20 114
Diversion canals and dams 193.8 0.00 193.8 114
River and accumulated water 266.3 0.00 266.3 229
Aqueducts and springs 0.00 65.40 65.40 315
Total available water 460.1 375.7 845.8 100

*: In term of percentage

Reference: Qazvin Province Regional Water Company, 2018
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Table 3- Revenues and expenses of the water transfer project to Qazvin plain
T Sl gladle (b orgid cuds 4 o JUST g,b glial jl Jols slaaiy 32 5 Losel )3 ¥ Jgua

Crop year Revenues” Amount Expenses™ Amount
Agricultural income 578691.65 Initial capital for implementation 513749.117

Replace's wells drilling income 586.72 Scrapping and repairs costs 186.210

1398-1399 Adjusted income 429.235 Operation and maintenance costs 460.594
Total revenues 579707.605 Total expenses 514395.921
Agricultural income 603348.21 Initial capital for implementation  530826.43

Replace's wells drilling income 598.164 Scrapping and repairs costs 192.660

1399-1400 Adjusted income 457.200 Operation and maintenance costs 517.249
Total revenues 604403.574 Total expenses 531536.339

*and **: in terms of million rial (For the first and second years, which are the performance years)

Reference: research findings
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---- EQU RESOURCE CONSTRAINED RESOURCES

LOWER LEVEL
LAND -INF 48.065
WATER -INF 5064.500
LABOR -INF 192.0
CAPITAL -INF 2953.0

UPPER  MARGINAL
48.065 236225.0
5064.500
192.0 0.00
2953.0 0.00

Fig. 3- Estimation of water economic value in Qazvin plain before implementation of the project
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---- EQU CALIBU UPPER CALIBRATION CONSTRAINTS

LOWER LEVEL UPPER MARGINAL

GANDOM -INF 12.826 12.826 71.647

JO -INF 10.399 10.401 0.00
ZORAT -INF 7.381 7.381 278.232
GOIJE -INF 6.254 6.254 289.445
GHOGHONDAR -INF 2.637 2.637 32.909
YONIE -INF 5918 5.921 0.00
KOLZA -INF 2.650 2.650 200.374

---- VAR LX LAND ALLOCATED

LOWER LEVEL UPPER MARGINAL
GANDOM 0.00 12.826 +INF 0.00
JO 0.00 10.399 +INF 0.00
ZORAT 0.00 7.381 +INF 0.00
GOIJE 0.00 6.254 +INF 0.00
GHOGHONDAR 0.00 2.637 +INF 0.00
YONIE 0.00 5.918 +INF 0.00
KOLZA 0.00 2.650 +INF 0.00

Fig. 4- Accuracy test of the proposed planning model and reconstruction of baseline data
b Jlo odls (g5lw;l g ol &yl (550,40l 3 Juio pdw g Como (39031 —F U

Table 4- Effects of water transfer project from Alamut River tributaries to Qazvin plain on cultivation

pattern
CaiS 53501 2 (g8 Candd 4 39 g0l SRS WS poo 31 O JUH £y yted (g2l 2T 131 -F Jgo
Acreage The Scenarios of increasing water resources
Products (ha)  changes ——50, 30 % 40 % 50 %
Amount 12312 12071 11809 11553
Wheat 12825 Percent -4.17 -6.25 -8.60 -11.01
Amount 9978 9676 9436 9195
Barley 10400 Percent -4.03 -6.95 -9.27 -11.6
Amount 7381 7386 7392 7398
Corn 7380 Percent 0.02 0.08 0.16 0.25
Amount 6314 6346 6384 6416
Tomato 6253 Percent 0.98 1.48 2.09 2.61
Amount 3065 3318 3544 3771
Sugar beet 2637 Percent 16.2 25.8 34.4 43.0
Amount 6483 6794 7085 7376
Alfalfa 5920 Percent 9.50 16.7 19.7 24.6
Amount 2536 2480 2424 2367
Canola 2650 Percent 4.33 -6.41 08.52 -10.7

Reference: research findings
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Table 5- Effects of water transfer project from Alamut River to Qazvin plain on farmers' gross margin
01529188 GAIBU 39w g (p2938 Sl &y 39,90l (Sad Lud pu 51 O JUS 2,1 (512 I ST -0 Jgo

Gross The Scenarios of increasing water resources
Products margin® changes
20 % 30 % 40 % 50 %
Amount  397.108  401.783 406.396 410.991
Wheat 322.234  pereent 23.2 24.7 26.1 275
Amount  262.630  267.946 273.084 278.172
Barley 252.199 Percent 4.13 6.24 8.28 10.3
Amount  546.918 559.033 561.972 565.208
Corn 551.998 Percent 0.97 1.27 1.80 2.39
Amount  576.409  578.528 579.804 581.492
Tomato 577.108 Percent 0.12 0.25 0.47 0.75
Amount  369.681  363.961 388.921 357.88
Sugar beet 388.921 Percent -9.97 -6.41 -7.61 -8.01
Amount  285.620  282.996 280.304 278.506
Alfalfa 295.119 Percent -3.25 411 -5.02 -5.62
Amount  348.992  359.016 367.352 378.834
Canola 339.590 Percent 2.79 5.82 8.14 115
Total gross margin™ Amount  1982.371  2017.998  2047.064  2079.043
1864.108  percent 6.34 8.25 9.81 115

*and **: In terms of 100 thousand rial/hectar and 100 thousand rial
Reference: research findings
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Table 6- Effects of water transfer project from Alamut River to Qazvin plain on economic value of water
$329WS S (LBl (3,1 1 (g8 Condd &y 39,900l (GlaaS LS paw 51 O JUSI 24b (sl 2l O ST -5 Jgar

Economic value of water in The Scenarios of increasing water resources
base year* changes 20 % 30 % 40 % 50 %
Amount 2837 1989 1413 838
3720 Percent -23.72 -46.53 -62.01 -77.47

*: In terms of rial/m®
Reference: research findings
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1- Soil and Water Assessment Tool

2- Positive Mathematical Programming
3- Cost-Benefit Ratio

4- Normative Mathematical Programming
5- Liner Programming

6- Dual Value

7- Maximum Entropy

8- IlI-posed Problem

9- Support Paints

10- Cholesky

11- Marginal
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