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One of the major limiting factors of the Iranian agricultural sector development is the water entry. Thus, 
optimized exploitation management which is achieved through establishment of balance between 
supply and demand of this scarce resource is the only solution. This study tries to use a modern 
method for Dasht Naz of Sari in different scenarios of the total return (here normal linear programming 
program) to achieve the water shadow price (water economical value). This would be achieved by using 
the Modeling to Generate Alternative (MGA) technique, utilizing the gathered data from Dasht Naz of 
Sari Agriculture and Industry Complex, Sari city agriculture administration and sari city meteorological 
administration during 2008. The MGA technique results indicate that the water shadow price in low 
income deviations of Dasht Naz of Sari Agriculture and Industry Complex is sensitive and quite 
sensitive for high deviations. So that the water shadow price during the summer, in 50% deviation of 
total return becomes zero. Also, the water economical value in summer for the normal linear 
programming model is Rls 1030. This parameter for spring and autumn becomes zero. 
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INTRODUCTION 
 
Most water consumption in Iran is related to the 
agriculture section. The water consumption in agriculture 
section is about 90% (Amirnejad, 2006). As Iran is placed 
in the dry and semi-dry region and the problems of lack of 
water indicate the requirement to more consideration of 
the issue of water and especially the water consumed in 
the agriculture section. On the other hand, limiting entry 
in the agriculture section whose prices fluctuations affect 
the model of agriculture and types of activities in different 
regions is water. Thus, establishment of balance in water 
management is a quite important issue. In other words, 
considering the water management issue is the most 
important problem in water management (Amirnejad, 
2006) and water management means water supply/ 
demand conformity and its increased productivity (Souri 
and Ebrahimi, 1999). This study which is based on  water 
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resources demand management, tries to estimate the 
water economical value in Dasht Naz of Sari region so 
that by achieving available water resources economical 
management, the dissipation of this valuable entry and its 
optimized allocation are made possible. One of the 
common methods to determine the water shadow price is 
using the linear programming technique. Heady et al. 
(1973) used the linear programming technique to 
estimate 51 west US regions agriculture water demand 
and optimized corps distribution. The results of this study 
indicate that water final value have been zero in many 
regions and thus, the scholars consider the water price 
increase on water demand for corps cultivation as 
different in different regions. Chaudhry and Young (1989) 
used the linear programming model to evaluate the 
Pakistani Punjab Province agriculture water and 
concluded that the answers of the linear programming 
method almost indicates the agriculture water final value 
and the price of the same depends on available water. In 
Colorado, Houk and Taylor (2000) categorized agriculture 
in five types and used the linear programming  method  to 
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find the water price at each region for alfalfa cultivation. 

The results of this study show that the shallow waters 
shadow price is between 4.38 ~ 15.44 USD (Acre-Ft). 
Abubakr et al. (2009) used the linear programming and 
compiled the optimized cultivation model for the four 
regions of Helfa, Dangoula, Oldba and Moraveh in 
northern Sudanese province for 2003 to 2004 agricultural 
years. The results indicate that the farmers’ net income 
under optimized cultivation will increase with respect to 
the current conditions for 73.3, 73, 49.4 and 121%. Also, 
wheat in commercial production for Dangoula region may 
be increased up to 4.04 tons/ha. However, upon solving 
linear programming problems, in some cases, the 
answers close to optimized answer may be preferred. 
This seemingly contradicting expression will be explain-
able when thinking about the difference between the 
optimized concepts in the real world and mathematical 
models, while also this study uses this method, but due to 
any of the following reasons, the mathematical models 
may not reflect the real world completely: 
 
1) All the occurred issued have not been completely 
realized. 
2) All the possible options have not been completely 
identified. 
3) The relation between the decisions and results has not 
been completely understood. 
 
Thus, the made models optimized answer may not 
always be the best answer for the respective problem. In 
order to rectify this issue, some of the researchers 
suggest making extensive mathematical models. This is 
while increased number of variables and unknowns in the 
model highly increases the potential of error in the theory 
estimation (Soltani et al., 2000). In many of the third 
world countries, the limited capital and available agri-
culture entries may limit the farmer’s available options. 
Hence, it is required in these countries to apply precise 
analytical tools so that not only the plans made as per the 
current realities may be chosen, but also the policies 
which consider the recommended social objectives may 
become possible. In these countries, the general problem 
of lack of statistical data requires that the programming 
models are designed so that they are mean in using such 
data (Keramatzadeh et al., 2007). Using the linear 
programming technique requires applying limiting 
presumptions which decreases the ability of this method 
in solving real problems. Some of these limitations have 
been rectified to some extent through development of 
severable programming, idealistic programming, risky 
programming, while some other limitations still persist 
(Soltani et al., 2000). Due to the limiting assumptions required 

in mathematical programming, the modeling techniques of 
options establishment have become quite attractive 
which is mainly due to the fact that these techniques give 
answers which are located within an acceptable general 
interval. This technique is used by urban works engineers 
in water programming. MGA  technique  is  based on  this 
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idea that modeling should be the decision making tool 
and provide a range of possible answers, so that no 
unique answer to a certain problem may replace the 
decision maker (Soltani et al., 2000). 

It is interesting that in common (traditional) optimization 
techniques, all the non-optimized answers are withdrawn 
to find the optimized answer. By establishment of these 
options we generate series of answers which are 
meaningfully different, while are optimized or approxi-
mately optimized with respect to the designed targets. 
MGA concept to direct the results which are not directly 
of decision makers interest have been developed. Unlike 
idealistic programming, here, there is no need to consider 
quantitative weights or special priorities for special 
targets. Additionally, the MGA technique provides 
information for the decision makers which may not be 
accessible through sensitivity analysis. Also, MGA may 
be used to strengthen the common further optimization 
finding in programming application. MGA is implemented 
in various methods. The article of Gidely and Barry 
(1986) has clearly explained this issue. One of the 
common techniques which are used on these occasions 
is known as Hop Skip Jump (HSJ) method (Soltani et al., 
2000). Major advantages of HSJ include the following: 
 
1) Unlike other MGA techniques, the HSJ method may be 
implemented using any mathematical and commercial 
available programming software. 
2) HSJ is a direct and straightforward concept. 
3) It is the most practical method among MGA methods. 
 
 
MATERIALS AND METHODS 

 
The first step in HSJ method is to solve the main problem to 
determine the optimized answer and value of objective function. For 
instance, lets suppose the linear programming model main problem 
is arranged as follows: 
 

Max Z- C'X 
S.T. AX ≤ b                           
X ≥ 0                                                              (1)                          
 

Where z is the objective function value, C', vector of objective 
function factors, X, activities vector, A, limitations factors matrix and 
b, current resources vector; when the main problem is solved and 
optimized answer was obtained, then the (1) objective function 
becomes a limitation which gives the following opportunity set: 
 

C'X ≥ (1-j) Z
* 

AX ≤ b 

X ≥ 0                                (2) 
 

Where Z
*
 is the value of objective function (1) and J is the relatively 

proper negligible deviation from the objective function optimized 
value. For instance, in case J = 1%, then the main function 
deviation from optimized value will be limited to maximum 1%. 

The answers which are in this acceptable interval from the 
optimized answer study and evaluated through defining and forming 
a new objective function. Al least, the HSJ technique used the set 

of decision variables which are not zero in the main problem 
provided to the limitations defined in (1). The new objective 
functions causes that the variables  which  were  not  main  ion,  the 
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previous model solution, through which some answers will be 
obtained which are meaningfully different from the main answer. 
Eventually, this method inserts all the non-zero variables in the 
previous answer as zero. This method makes answers which 
although they are totally different with the main optimized answer, 
but still give proper answer to the objective function directed values. 
The aforementioned method continues as follows. Each time the 
summation of the decision variables which were not zero in the 
previous solution are minimized. This method stops when either the 
MGA answers are stabilized (that is the total of non-zero decision 
variables are not changed) or some enough option answers have 
been generated. The fundamental HSJ technique may be 
developed in one of the following two methods: 
 

1) Additive answers may be obtained by change in negligible level 
while keeping the objective function unchanged. For instance, if the 
answers are acceptable for the decision makers in 2% interval from 
the optimized answer, then the j value in model 2 may be 
considered as 2%. 
2) Making the objective function so that it causes determination of 
results which are directly interested by the decision makers. 
Generally, the objective function once minimizes or maximizes the 
decision variables interested by the decision makers. 
 

The HSJ method does not make a complete set of the 
approximated answers in a chosen interval from the main objective 
function. However, it should provide an extensive range of 
alternative answers (possible options) which may be directly 
interested by the decision makers (Soltani et al., 2000). There are 
factors in agriculture which may not be clarified using a single 
potential distribution. Though there have been made several efforts 

to consider risk in agriculture economical models, but it will be 
possible to do so when the established is compiled mathematical 
relation. There have been made many efforts to apply risk into the 
model for mathematical programming. However, this study tries to 
use a modern method for Dasht Naz of Sari in different scenarios of 
the total return (here normal linear programming program) to 
achieve the water shadow price (water economical value). This 
shall be achieved by using the MGA technique. Thus, we estimate 

what all may result in decreased general and total return of a 
certain region or area, whether risk or uncertainty, in the form of 
presumptive deviations of 1, 2, 3, 4, 5, 10, 20, 30 and 50 in the form 
of a percentage of the total respective normal linear programming 
and shall estimate the water shadow price affected by these 
deviations. 

Additionally, this issue is possible for all the current entries and 
most importantly, the other inserted activities in the model and in 
other words the optimized new cultivation model may also be 

calculated. 

 
 

DESCRIPTION OF ACTIVITIES 
 

This study tries to compile a model which considers all 
the main aspects of targets and limits the resources in 
Dasht Naz of Sari region. In order to show the current 
regional conditions, the status of using the resources, 
facilities and capacities of the region, in the following we 
describe the activities limits and level of resources 
availability and will then design the model. The main 
activities which are made in this region include: wheat, 
colza, grained corn, fodder corn, soybean and rice, while 
i variable associated to the aforementioned activities shall 
be as follows: Soybean i = 1, grained corn i = 2, rice i = 3, 
fodder corn i = 4, wheat i = 5, colza i = 6, and j is the 
variable related  to  spring,  summer  and  autumn  during  

 
 
 
 
which the company cultivates the corps, so that spring j = 
1, for summer j = 2 and autumn j = 3. Thus, the model 
variables shall be as follows: Xij: cultivated area of i corps 
in j season, TLj: total cultivated area in three seasons, 
TNj: required labor to cultivate on hectare of i corps in j 
season, Wij: required water to cultivate on hectare of i 
corps in j season, TWj: total water available in j season, 
Eij: required machinery to cultivate on hectare of i corps 
in j season, TEj: total available machinery in j season, Iij: 
required capital to cultivate on hectare of i corps in j 
season, TIj: total available capital in j season, and Uij: 
required urea to cultivate on hectare of i corps in j 
season. 
 
 
OBJECTIVE FUNCTION 
 
The objective function for the designed model is in the 
form of net income maximization which may be defined 
as follows: 
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Model constraints 
 
Whereas Dashtnaz Sari Agriculture and Industry 
Company wishes to devote certain area of land for the 
activities of the respective season, thus we shall apply 
certain limitations for each season: 
 

 
 
 
j = 1 for spring, j = 2 for summer 

and j = 3 for winter. 
 
 
Conclusion 
 
In 1, 2, 3, 4% deviations from the total objective function, 
the water shadow price in summer seasons, such 
deviations increases with respect to shadow price of such 
entry in linear programming. In 5% deviations, the water 
shadow price decreases in summer season. In 10 and 
20% deviations the same again increases. The shadow 
price of this entry decreases in 30% deviation. But when 
we have 50% deviation with respect to the objective 
function, then the water shadow price in summer 
suddenly becomes zero. It should be mentioned that in 
30% deviation level, the water shadow price in autumn is 
not zero anymore; that is while in normal linear pro-
gramming and other deviations, the shadow price of this 
entry is zero. Thus, the water shadow price with respect 
to the deviations from total return  which  is considered  in

jij

n

j

ij bXa 
1
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Table 1. The summary of results of MGA technique. 
 

Deviations from the 
total  objective  

function(percent) 

Total  objective  
function(IRIS) 

Removable decision 
variable 

Shadow price of water(IRIS) 

Autumn Summer Spring 

1 38117246000 - 0 1.04 0 

2 38117246130 - 0 1.049 0 

3 38117246130 - 0 1.119 0 

4 38117246000 - 0 0.94 0 

5 
Practice 1 36577154190 X21 0 0.993 0 

Practice 2 36346407230 X11 0 0.981 0 

  
 

    

10 
Practice 1 34652041810 X21 0 1.275 0 

Practice 2 34652041920 X11 0 1.33 0 

  
 

    

20 
Practice 1 30801814600 X11 0 1.341 0 

Practice 2 30801813840 X11 0 1.251 0 

  
 

    

30 

Practice 1 26951586220 X11و X53 0.019 0.813 0 

Practice 2 26951587210 X21و X63 0.041 0.856 0 

Practice 3 26951587220 X11و X53 0.067 0.859 0 

  
 

    

50 
Practice 1 19251134300 X11و X42و X53 0 0 0 

Practice 2 19251135600 X11و X21و X32و X63 0 0 0 

 
 
 

 
 

Figure 1. Shadow price of water for summer in various scenarios of deviations from 
the total return. 

 

 
 

the MGA technique format is also sensitive and the water 
shadow price sensitivity theory with respect to the 
deviation from the objective function is confirmed. Table 1 

shows the summary of results of MGA technique. Also 
Figure 1 indicate that shadow price of water is sensitive 
in respect to deviations from the  total  objective  function. 
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One of the other targets of this study is to determine the 
important entries shadow price in agriculture and 
industry. Using the normal linear programming model 
output, the land shadow price of land in spring and 
autumn are 1555700 and 6594180 IRIS, labour shadow 
price for summer 260040 IRIS, water shadow price for 
summer 1030 IRIS and machinery shadow price in spring 
is 21480 IRIS. The shadow prices of other entries used in 
Dasht Naz Agriculture and Industry Company is zero, that 
is the company has excessive items concerning this 
entry. 
 
 
RECOMMENDATIONS 
 
1) To use the optimized cultivation model will result in an 
approximated increase of 50% in the company's income. 
Thus, it is proposed that the company managers change 
the cultivation model and approach the optimized 
cultivation model. 
2) The results indicate that water in summer seas is one 
of the most important production factors, and notwith-
standing the regional high rainfalls, the company faces 
lack of water in this season which shows that the 
company's income may be increased by optimized water 
resources management. 
3) The water shadow price in summer is considerably 
higher than the received water bills. Thus, water price 
increase and approaching the shadow price level results 
in optimized allocation of this important entry and 
prevents water dissipation. 
4) Using the MGA is proposed by this study in identify-
cation of the shadow price sensitivity of an entry with 
respect to failure to achieve the respective scheduled 
return by the farmers due to any reason whether having 
potential distribution, to ease more realistic models of the 
scholars, planners and authorities of water section for 
real and correct pricing. This process may also be 
applied for any other entry. 
 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

 
 
 
 
REFERENCES 
 
Abubakr IS, El-Houri A, Babiker I (2009). Optimum winter cropping 

pattern in the northern state, Sudan. Agric. Econ.. 10: 77-86. 
Amirnejad H (2006). Natural Resources Economics. pp. 109-128. 
Chaudhry MA, Young RA (1989). Valuing irrigation water in Punjab 

province, Pakistan: A linear programming approach. Water Resour. 
Bull. 25(5): 1055-1061. 

Heady EO, Madsen HC, Nicole KJ, Hargrove SH (1973). National and 

interregional models of water demand, land use, and agricultural 
policies. Water Resour. Res. 9(4): 777-791. 

Houk E, TayloR G (2000). Valuing the characteristics of irrigation water 

in the platte. Western Agricultural Economics Association Annual 
Meeting (On-line), p. 29.  

Keramatzadeh A, Chizari AH, Yousefi A, Balali H (2007). Optimal 

Allocation of Water and Priority of Different Region in its Usage: Case 
Study of Shirvan Barzo Dam. Iran. J. Agric. Econ., 1(2): 17-34. 

Soltani GR, Zibaei M, Kehkha AA (2000). Application of Mathematical 

Programming in Economic Analysis of Agriculture. Research, 
Education and Extension Organization. Ministry of Agriculture Press. 
Tehran.  

Souri A, Ebrahimi M (1999). Natural Resources and Environmental 
Economics, pp. 157-172. 

 

 
 
 

 
 
 

 
 
 


