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4. Optimization
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Fig 1. Location of Qushchi catchment
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Fig 2. The land use map
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Table 1. Mean values of the coefficients of the problem optimization in the current situation
Sk sl ol el s el Wl I

WUl olu 3
Soil erosion damage Net Income  Gross Income Cost Fe o g S8
Dl 5o S s ) (Se)
i Land use
(Rials/ha/y)(Jle 55 ;b 53 JL ) Annual erosion (tons/ha/y)  Area (ha)
1151960 7706029 13610029 5904000 8 408 Horticulture ¢\,
205869 4046670 7847204 3800534 14 2283 Range ~ ,»
i
2781065 2202031 4203343 2001312 10 169 ) <
Irrigated Farm
>
738994 2464019 2840660 376641 12 636 e

Dryfarming
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Table 2. Mean values of the coefficients of the problem optimization of land management practices
Sl ol el s L2l Wl SR e s o) eUl sl )
Soil erosion damage Net Income  Gross Income Cost SES o R

(JL
) Area (ha) Land use
(Rials/ha/y)(Jle 53 JkSa 55 JU ) Annual erosion (tons/ha/y)
752970 13990829 2284829 8856000 5 408 &
Horticulture
205899 4035669 7857204 3821534 10 2283 &
Range
1750050 3212030 5213343 2001312 6 169 !
Irrigated Farm

>

659547 2285580 2640000 354420 9 636 f

Dryfarming
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Table 3. Mean values of the coefficients of the problem optimization in the standard setting
S sl p ol jal s Lall el R

Soil erosion damage  Net Income Cost (Ul s Olss) e s
) 7 Area (ha) Land use
(Rials/haly)(Jlw s a5 JU ) Annual erosion (tons/ha’y)
252970 13990829 22846829 8856000 4 507 Horticulture ¢L
115194 4005670 7857204 3821534 9 2283 e
Range
1001250 3313030 5314343 2001312 4 136 !
Irrigated Farm
2
697432 3064019 3440660 376641 8 580 r _
Dryfarming
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Table 4. Simplex table for problem optimization of Qushchi land use in the current situation

Jolse o Oils ol
Factors Xl XZ —X3 X4 db ty .:l;u wb [wwr)
ol gL Er P RUnLy 3 LS Function Right position of
Function Horticulture ~ Range Irrigated Farm  Dry farming Type Relationship
-l 7706027.84 4046669.70 220202822 246401826  Max 0
Objective Function 1
Y e ol -8 -14 -10- -12 Max 0
Objective Function 2
V2 1 0 0 0 < 507
Limitation 1
[anitens 0 0 1 0 < 136
Limitation 2
Vi e 0 0 0 0 < 580
Limitation 3
B poe 1 0 1 0 < 643
Limitation 4
02t 1 1 1 1 < 3496
Limitation 5
T3 1 0 0 0 > 408
Limitation 6
\/g,@j.}.m
0 1 0 0 > 2283

Limitation 7
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Table 5. Area of land uses in both of optimal and non-optimal state

Allocated area (ha)

(USa) wily ol sl

After Optimisation (¢;le aug 3l dx

BeforeOptimisation (gl age 51 |3

Land use type (s .,8 &

507
2283
136
570

408 Horticulture ¢L,
2283 Range 5,
169 Irrigated Farm I
636 Dryfarming >
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Table 6. Calculation of profit and erosion in the current status of Qushchi watershed

Jby) S Lalls s s SV a5 Js b o) sl by Gse) comls S8
Ul s (Dl s eass JU ) Dl 3 o) (Lsa Area (ha) Land use
Total net Income Net Income Total erosion (ton/y) Annual erosion (ton/ha)
(Rial’y) (Rial/haly)
3144059832 7706029 3264 8 408 &
Horticulture
9238547610 4046670 31962 14 2283 e
Range
372143239 2202031 1690 10 169 !
Irrigated Farm
S
1567116084 2464019 7632 12 636 r i
Dryfarming
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Table V. Profit and erosion of the current status of land use optimization model in Qushchi watershed

Total net Income (Dl o 5y JL ) Dl s o) (Gl ey (a) Land use
(Rial/y) Net Income (Rial/ha/y) Total erosion (ton/y) Annual erosion (ton/ha) Area (ha)
3906956703 7706029 4056 8 507 &
Horticulture
9238547610 4046670 31962 14 2283 &
Range
299476216 2202031 1360 10 136 !
Irrigated Farm
S
1404490830 2464019 6840 12 570 r .
Dryfarming
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Table 8. Comparison of erosion before and after optimization of land use options (tons per year)

il cons f‘)\iﬁﬁhdk&\@ﬁ@) d}—SW}
standard setting land management practices current status
Slbtng Sl a3 B2 Oleang Slde s 31 S Oleae Slan leang S U3 s
after Before after Before after Before Land use
Optimization Optimization Optimization optimization Optimization Optimization
2028 2028 2535 2040 4056 3264 &
Horticulture
20547 20547 22830 22830 31960 31962 &
Range
544 544 816 1014 1360 1690 !
Irrigated Farm
4560 4640 5130 5724 6840 7632 i
Dryfarming
27679 27759 31311 31608 44218 44548 TJSI
ota




Table 9. Comparison of annual profits before and after optimization of land use options (Rials per year)

slklkl Coaxs

standard setting

ol S e Jlsl Cns

land management practices

SIS Samds
current status

. . . Y
St Sl an Glene 13 Gl e il 3 8 et Sl sileag 31 )3 S
after Optimization Before after Optimization Before after Before Land use
Optimization optimization Optimization ~ Optimization
5934956703 5934956703 5934956703 4776059832 3906956703 3144059832 ¢
Horticulture
9352697610 9352697610 9352697610 9352697610 9238547610 9238547610 &
Range
590530224 590530224 449076216 558043239 299476216 372143239 !
Irrigated Farm
1910560600 1877619900 1649619900 1840628520 1404490830 1567116084 2
Dryfarming
17755804437 17755804437 17386350429 16527429201 14849471359 14321866765 TJtsl
ota
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Table 10. Changes in total net profit after optimization of the land use in relation to different options

Sl w5l An
After Optimization

Sl w51 )3
Before Optimization

standard setting

o) s Jlesl Cgnss

land management practices

S5 Lunds
current status

Loy BISEH ol Bl s BISvS E=UL S sl B R )

el 5l (Jl 55 dLy) Increase (/) (Ul 53 dLy) Increase (/)  (Jls s JL,) current status
Increase (/) Amount (Rials/y) Amount (Rials/y) Amount
(Rials/y)

24.20 17755804437 21.39 17386350429 3.68 14849471359 14321866765
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Table 11. Erosion rate changes after land use optimizing changes in relation to different options

Sl g Sl dne
After Optimization

Sl a1 S
Before Optimization

3kl Cans

standard setting

2l Sy e Jlsl Cns

land management practices

SIS Luands
current status

J:‘“)-e‘ Ju.ﬁ)}
Increase (/)

lie

e 5 dby)

Amount (Rials/y)

‘_):“i‘)ﬁ‘ M))

Increase (/)

(JLw DL dlﬁ))

Amount (Rials/y)

Increase (/)

Sl
(JL..: DL JL;))

Amount (Rials/y)

SIS Laxd
current status

60.95

27679

42.27

31311

0.75

44218

44548
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Abstract

Optimizing Land Use Pattern to Reduce Soil Erosion,
Case Study: Qushchi Watershed

R. SokoutiOskoee!, D.Nikkami? and E.Brooshke?
Received: 2015.10.5 Accepted:2015.01.02

Soil erosion hazard in catchments are the major problems that can affect ecological balance of such areas.
This study aimed to determine the optimal use of land to reduce erosion and increase the resident's income
of Qushchi watershed in West Azerbaijan province. Income and expenses for the current land uses were
calculated with field studies. Damages resulting from the soil erosion were estimated by soil depth equal
to the specified land uses. For three different options including the current status of land uses without and
with land management, and the standard status of land uses, multi-objective linear programming model was
established by LINGO software. Then, the optimization problem of the land use was solved by simplex
method. Finally, the best option of land use was determined by comparing erosion rate and its cost in each
scenario. Then, the circumstances and the recommended conditions were compared. The results indicated
that the current surface area of current land uses is not suitable to reduce erosion and increase income of
residents and should change in the optimum conditions. At the optimum level, horticulture area of 408
to 507 (ha), irrigated land area of 169 to 136 (ha) and Dry farming of 636 to 570 (ha) should change
while conversion of rangeland area not indispensable. In addition, the results showed that in case of the
optimization of land use only, soil erosion and the profitability of the whole area will 0.75 percent decrease
and 3.68 percent increase, respectively. In case of land management practices, 42.27 percent will decrease
and 21.39 percent increase and with the standard conditions 60.95 percent will decrease and 24.20 percent
increase. The results of the sensitivity analysis showed that the change in the horticulture and range land

have the greatest impact on increasing profitability and reducing soil erosion of Qushchi watershed.
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