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Abstract . T
Water scarcity is one of the most important and influential = 39w 9 <S8 5ol )5 Jolge (255138 136 5 (p e 1 (S ol dgueS
factors affecting the crop patterns and the farmers profits. This . s e R . P R A TR N
research was conducted to evaluate the effects of rainfall i o8l sk pials Sl b sl B Ol el g 9lis
reduction on cultivation pattern and farmers profits in the = «skie (! (gl il plosl GRS — Sl o pl adg> 50 555liS 390
Tashk-Bakhtegan basin. To this purpose, a hybrid model o s .
which included two parts; i.e. hydrological and economic, was ) L oladl s (Km0 Jold o il Jae S )
used. In the hydrological section, the water evaluation and Sl @l 2bjil g gyl Joo ((Seiglg st isk ) 00,5 ooliul
planning system model (WEAP) and in the economic section, by Cade e b dols . 5 s
the positive mathematical planning model (PMP) were used. (PMP) 52y custo sjosteliyy e sl i 2 5 (WEAP)
In this research, the effects of rainfall reduction on the Ve ol gyl 93 )3 (5,b (EalS Bl Budod opl > 50 eolatul
agricultural sector were determined in two scenarios of 20 and Ot 4 b5 O e e bl @ysliS LB  ego Fe g
40% reduction by determining the amount of water delivered _
to this sector and then the reaction of farmers was examined 9 <iS o¥l b 1 lpslsST Jedl S o 5 0 e (i
through their cultivation pattern and profits. This modeling  |5oe anlid ;5 clddlaio s gl o oyl 133,52 o gm0
was done regionally in 5 distinct zones of the Tashk-Bakhtegan ) _ ] i
basin and compared to the base year (2006-2007). The results = -5 pLs! V5=V V)l Jlo @ Conas 5 (50 ~Silo 49> ||
of this research showed that in the scenario of 20% rainfall o i)k il 8o )3 Yo gl (slynl Loy (Ui Budios o ol
reduction, the area under cultivation and farmers profits were L B ) )
decreased by 33% and 29%, respectively, and in the scenario | 9 8k (EalS 20> YA 5 TV 5 4 ol550liS dg g S
of 40% rainfall reduction, the same were decreased by 36% dgw g Sy aw LialS lie (i)l el aop T ool
and 32%, respectively. Among the different crops, the most
changes in the area under cultivation were related to alfalfa and
the area under cultivation of rice did not changed due to its CuiS ) w9 39 w5g & bgrpe S ) s Slyd (ke
high profits.
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Fig. 2- Conceptual framework for hydro-economic modeling
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Table 1- Water delivered to farmers in rainfall reduction scenarios
o9k e slags U pd (4] 59liS @ (g O Y Jaua

Region Delivered Water Delivered Water A% Delivered Water A%
(Base Year) (Scenario 1) (Scenario 1) (Scenario 2) (Scenario 2)
1 370.72 287.42 -22.47 276.71 -25.36
2 429.26 429.26 0.00 424.19 -1.18
3 552.56 340.05 -38.46 318.50 -42.36
4 475.93 294.41 -38.14 284.56 -40.21
5 97.13 66.25 -31.79 64.29 -33.81
Basin 1925.60 1417.38 -26.39 1368.24 -28.94
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Table 2- Crop area in the scenario of 20% rainfall reduction
O AR Vo T gg1 )l ;5 O guane CulS o5 gehaw Y Jga

Crop Wheat Barley Alfalfa Rice
Area Base Base Base
(ha) Base Year Scenariol A% Scenariol A% Scenariol A% Scenariol A%
Year Year Year
R1 34967.0 25441.1 -27.2 2195.0 2195.0 0.0 1163.0 1163.0 0.0 5370.0 5370.0 0.0
R2 39279.0 39279.0 0.0 5590.0 5590.0 0.0 2331.0 2331.0 0.0 1.2 1.2 0.0
R3 66895.5 37303.2 -44.2 5319.9 0.0 -100.0 2768.3 0.0 -100.0 12629.4 12629.4 0.0
R4 59104.5 29397.8 -50.3 4921.1 0.0 -100.0 1723.7 0.0 -100.0 11904.7 11904.7 0.0
R5 10586.0 5591.4 -47.2 2513.0 2513.0 0.0 255.0 0.0 -100.0 93.0 93.0 0.0
Basin 210832.0 137012.6 -35.0 20539.0 10298.0 -49.9 8241.0 3494.0 -57.6 29998.2 29998.2 0.0
(Changes in the total crop area in the basin=-32.93)
Table 3- Farmers profit in the scenario of 20% rainfall reduction
- & - . ol &
. Wheat Barley Alfalfa Rice
Profit
(10° Rial) Base . Base . Base . Base .
Year Scenariol A% vear Scenariol A% Year Scenariol A% Year Scenariol A%
R1 87.39 63.58 -27.2 6.10 6.10 0.0 4.36 4.36 0.0 48.98 48.98 0.0
R2 94.44 94.44 0.0 11.90 11.90 0.0 12.62 12.62 0.0 0.02 0.02 0.0
R3 265.14 147.85 -44.2 8.84 0.00 -100.0 18.84 0.00 -100.0 122.07 122.07 0.0
R4 206.70 102.81 -50.3 9.43 0.00 -100.0 10.56 0.00 -100.0 108.58 108.58 0.0
R5 22.47 11.87 -47.2 5.21 5.21 0.0 0.37 0.00 -100.0 0.44 0.44 0.0
Basin 676.13 420.55 -37.8 41.48 23.22 -44.0 46.74 16.98 -63.7 280.08 280.08 0.0
(Changes in the total profit of the farmers in the basin = -29.06)
Table 4- Crop area in the scenario of 40% rainfall reduction
o3k Bl Fell 591 Ui 3 O¥ gm0 CuilS 4 5 s —F Joua
Crop Wheat Barley Alfalfa Rice
Area Base Base Base
(ha) Base Year Scenario2 A% Year Scenario2 A% Year Scenario 2 A% Year Scenario2 A%
R1 34967.0 23815.9 -31.9 2195.0 2195.0 0.0 1163.0 1163.0 0.0 5370.0 5370.0 0.0
R2 39279.0 39279.0 0.0 5590.0 5590.0 0.0 2331.0 2331.0 0.0 12 1.2 0.0
R3 66895.5 32581.8 -51.3 5319.9 0.0 -100.0 2768.3 0.0 -100.0 12629.4 12629.4 0.0
R4 59104.5 27187.3 -54.0 4921.1 0.0 -100.0 1723.7 0.0 -100.0 11904.7 11904.7 0.0
R5 10586.0 5192.2 -51.0 2513.0 2513.0 0.0 255.0 0.0 -100.0 93.0 93.0 0.0
Basin 210832.0 128056.2 -35.0 20539.0 10298.0 -49.9 8241.0 3494.0 -57.6 29998.2 29998.2 0.0

(Changes in the total profit of the farmers in the basin = -36.26)
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Table 5- Profit of farmers in the scenario of 40% rainfall reduction
09k BRI ¥l (59 )l 13 (41559l g 0 Jgu

i Wheat Barley Alfalfa Rice
Profit
(10° Rial) 3i2$ Scenario 2 A% 522? Scenario 2 A% 32;? Scenario 2 A% 322? Scenario2 A%
R1 87.39 59.52 -31.9 6.10 6.10 0.0 4.36 4.36 0.0 48.98 48.98 0.0
R2 94.44 94.44 0.0 11.90 11.90 0.0 12.62 12.62 0.0 0.02 0.02 0.0
R3 265.14 129.14 -51.3 8.84 0.00 -100.0 18.84 0.00 -100.0 122.07 122.07 0.0
R4 206.70 95.08 -54.0 9.43 0.00 -100.0 10.56 0.00 -100.0 108.58 108.58 0.0
R5 22.47 11.02 -51.0 5.21 5.21 0.0 0.37 0.00 -100.0 0.44 0.44 0.0
Basin 676.13 389.19 -42.4 41.48 23.22 -44.0 46.74 16.98 -63.7 280.08 280.08 0.0

(Changes in the total profit of the farmers in the basin = -32.07)
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1- Systems Analysis

2- Hydro-Economic Model

3- Integrated Water Resource Management
4- Virtual Water

5- Water Footprint

6- Input-Output Models (I0M)

7- Opportunity Cost

8- Positive Mathematical Programming

9- Physics-based 3-D Hydrologic Model
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