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Abstract: In the present study Latiandam water management was investigated using inexact five stage 
stochastic programming. Inexact five stage stochastic programming combined of dynamic and inexact 
programmingin stochastic optimization framework.Needed data were collected from regional water and 
the Tehran Province Water and Wastewater Company for 1986 to 2010. The results show that in the 
worst condition of  the next four years, respectively, in urban and agricultural sector, (0,98) and (0,65) 
million cubic meters of water shortages will occur. Reduce 0.9 cubic meters monthly consumption of 
urban sector patterns and increase irrigation efficiency of 18 percent in the agricultural sector strategies 
to the LatianDam was situation solution for face in the next three years. 
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Latiandam. 
 

INTRODUCTION 
 
 Iran with average of 260 mm.year-1 precipitation is one of word drought countries. From 415 billion 
m3.year-1 precipitation about 70% were evaporated (Tajrishi&Abrishamchi, 2004). From the whole of produced 
water, 93, 5 and 2 percentage was consumed in parts of agricultural, municipal and industrial 
(BorhaniDaryan&Mortazavi, 1999; Gelyan et al, 2007). Water resources deficit, increase of production 
expenses and limitation of financial resources is confronted exploitation of water new resources with difficult 
(BorhaniDaryan and Mortazavi, 1999). Furthermore population growth, life level improvement, development of 
industrial and agricultural and ecosystems conservation lead to increase of water demand. These factors and 
high important of water in sustainable development lead to more attention of responsible persons for managing 
offer and demand of water in programs and policies of great and regional of  country (Azarmsa, et al., 2000). 
 Latiandam is one of terrestrial dams of Tehran city. This dam supply irrigation water of region agriculture. 
About water resources management and grey fuzzy programming extensive studies have done so far. (Huang, et 
al.,1992) the first time applied method of grey programming for managing water solid loss in Canada. (Li, et al., 
2006)model of programming interval-parameter multistage stochastic applied under different conditions for 
water resources management. They in their studies except water allocation among different consumptions, 
evaluated water exchange between economical and bioenvironmental targets. The results of these studies were 
presented in the course of 81 scenarios for three consumers of municipal, agricultural and industrial and three 
periods of future. Aim of this research is evaluation of water optimum allocation and determining profit 
maximum of consumers of municipal and agricultural by method of interval-parameter multistage stochastic 
programming in condition of no confidence. If water promised to farmers in time be available, system net 
benefit would increase, and if don’t be available consumer must provide water from more expensive resources 
and or decreased its activities. These two conditions lead to consumer’s loss. (Li, et al., 2008) applied interval-
parameter multistage stochastic programming for optimizing dam water in Canada. This model composed of 
method of interval-parameter multistage stochastic to take into consideration lack of confidences collections of 
fuzzy, interval parameters and probability distribution function in frame of optimizing model. Interval Fuzzy 
multi-stageProgramming express model dynamically very well and is very suitable for solution of big problems 
and multistage as well. In this study was evaluated water resources management in duration of three periods 
under 81 scenarios. (Gelyan, et al., 2007) studied policies of exploitation of water resources in water-shed basin 
of river of Aji-Chayby method of system dynamically. For study of possible scenarios, 10 temporal series for 20 
years and for run-off of every sub basin were produced, and was evaluated level of lake water. (Rastegaripour 
and Sabouhi, 2009) applied grey programming for determining culture pattern of Ghouchan central parts. The 
results of theirs studies showed that at present, planting surface of wheat, barley and alfalfa as irrigation is more 
than upper-bound of theirs planting surface, and for barley as dry land is lower than lower-bound of its planting 
surface. Furthermore, greydegree of answer collection achieved fromgrey programming by method of grey 
phase programming decreased about 48%.  
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MATERIALS AND METHODS 
 
 Interval-parameter Multistage Programming is one of the most modern optimizing techniques. Use of 
interval-parameters in condition of no confidence and accounting profit and loss of consumers at the time of 
abundance and or deficit of water is one of excellent traits this technical. In this research programming was done 
for 4 years. So, interval factor of water offer with probability level of Ptk(k scenario in t period) apply for 
designing a collection of scenario with cluster structural 1-2-2-2-2 (Li, et al., 2007). So, one decision tree with 4 
periods (5 stages) was created for every consumer. According to this matter in the first period,2 scenarios; in the 
second period,4 scenarios; in the thrice period, 8 scenarios and in the fourth period, 16 scenarios there are that 
totally 30 scenarios was created. Formula of this model is as follows (Li, et al., 2006): 
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 Wheref is the net system benefit over the planning horizon, ܥ௜௧ is reduction of net benefit to user i per unit 

of water not delivered during period t (C୧୲>NB୧୲). itkD are the amounts by which the respective water-allocation 
targets ( ௜ܹ௧) are not met when the seasonal flows are ݍ௧௛ with probabilities ௧ܲ௞ in period ܭ ;ݐ௧ is 
the number of scenarios for period t.εሺ୲ିଵሻ୩ is the surplus water in the reservoir whenwater is delivered in period 
t - 1 under scenario k(k = 1,2,. . . ,t-1); Kt is the number of scenarios generatedin period t. 
 However, Model 2 can only reflect uncertainties inwater availability presented as random variableswhen the 
left-hand side and cost coefficients aredeterministic. An extended consideration is for moreuncertainties in the 
other parameters such as itW  ௜௧. Based on the above considerations,interval parameters are introducedܤ௜௧andܰܥ ,

into the multi-stageprogramming framework to communicate uncertaintiesin itW  ௜௧into theܤܰ ௜௧andܥ ,

optimization process. Thisleads to a hybrid inexact MSP (or IMSLP) model as follows (Li, et al., 2006).  
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 Where 

itW , 
itNB , 

tkC , 
itkD  and 

maxitW are interval parameters/variables. An interval is defined as a number 

withknown upper and lower bounds but unknown distributioninformation (Li, et al., 2006).  

 Letting W୧୲
ି and W୧୲

ା be lowerand upper bounds of 
itW . For Model C, if W୧୲ are considered as uncertain 

inputs,the existing methods for solving inexact LP problemscannot be used directly. In this study, anOptimized 
set of target values will be identified by havingy ୧୲in Model 4 be decision variables. This optimized setwill 
correspond to the highest possible system benefitunder the  uncertain  water-allocation  targets. Accordingly, Let 
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(4) 
 

 Whereݕ௜௧ are decision variables that are usedfor identifying an optimized set of target values ( ௜ܹ௧ሻin order 
to support the related policy analyses (Huang, 1996). it is difficult to determine whether ௜ܹ௧

ାor 

௜ܹ௧
ିwillcorrespond to the upper bound of the net benefit. Thus, by introducing decision variables ݕ௜௧, Model 3 

can be converted to (Model 5). 
 
)5( 

 
 When ௜ܹ௧ are known, Model 5 can be transformed intotwo deterministic submodels, which correspond to 
theupper and lower bounds of the desired objective-function value. 
 Thus, according to (Huang, 1996), thesubmodel corresponding to  f ାcan be formulated as 
follows(submodel 1): 
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optitkD  and optity  be solutions of submodel 1. Then the optimized water-allocation targets 

are ௜ܹ௧ ௢௣௧
ט ൌ 

itW ൅ optitit yW . According to Huang (1996), the sub model corresponding to f ିcan be 

formulated as follows(submodel2): 
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Wheref୭୮୲
ି  and 


optitkD besolutions of sub model 2. Sub models 1 and 2 aredeterministic linear programming 

problems. Thus, wehave solutions for Model under the optimizedwater-allocation targets as follows.                    
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 The optimal water-allocation scheme over the planninghorizon is 
 

, , ,itkopt itopt itkoptA W D i t k    
                               (9)

 

  
 With solving this model, calculate water allocation within users and water shortage under different scenario. 
 

RESULTS AND DISCUSSION 
 
 For obtaining probability of water flow intensity (water flow of down and or up) on the basis of 
precipitation data of 30 years ago in Tehran city and in dam location was accounted by standard precipitation 
index of percentage of wet and drought years. And from these percentages was used for probability of flow level 
of down and up of water output flow. Standard precipitation index (SPI)was defined as follows (NajafiHajivar, 
et al., 2006): 
 

( )iP P
SPI

S




                                    (10)
 

 
 Where: Pi annual precipitation, P precipitation of long term, and S variance of precipitation of long term. If 
SPI be more than 0 wet year, and if be lower than 0 drought year. The results showed that in location of 
Latiandam in duration of30 years ago,72% conditions is drought years and 28% is wet years. 
 Since water offer is an interval factor for 4 years of future, with application of simulation method and 
random numbers for different years, 100 times water offer simulated as random, and these numbers were 
considered by a range as minimum and maximum previous data and its variance. Whit due attention to this 
matter, 100 times random selection of offer amount for condition of water flow of few was selected from 
drought years and for other condition was selected from wet years (Sabouhi, et al., 2009). The results presented 
in table 1. 
 
Table 1: Stream flows in the four periods (supply)(݉݉ଷ). 

Flow level Probability 
 

Stream flow 
T=1 T=2 T=3 T=4 

Low 0.72 (341,389) (352,406) (368,424) (402,450) 
High 0.28 (488,583) (496,598) (503,565) (518,621) 

 
 By reason of lack of agriculture development in this region in 4 years of future, data of water allocation 
amount for farmers obtained from water amount was applied in 2010 culture season. For municipal consumers, 
population of three next years of Tehran was accounted by annual population growth rate. Demand of water for 
Tehran population by Latiandam obtained from: water amount produced by dam individual consumption pattern 
of Tehran city water. See table 2 for Target water allocation between municipal and agriculture consumptions in 
duration of programming horizon. 
  
Table 2: Water allocation targets for users (demand) (݉݉ଷ). 

  Time period 
   T=1 T=2 T=3   T=4 
 Water allocation target 
 Municipal  (248,268)  (252,295)  (291,314)  (298,321) 
 agricultural  (172,228)  (185,256)  (198,265)  (201,282) 

 
 Profit and loss of municipal consumers in lieu of 1 unit of excess water released was accounted via 
application of demand function of Tehran city water (KhoshAkhlagh, 2002) and concept of consumers excess, 
and profit and loss of citizens in lieu of 1 unit of change in water consumption amount for years ago. And for 
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three next years was predicted by method of ARIMA. The result of profit and loss of municipal consumers was 
seen in table 3. 
 
Table 3: Net benefit and penalties. 

  Time period 
   T=1 T=2  T=3  T=4  
 Net  benefit         
 Municipal (400,518) (420,530) (426,542) (486,552) 
 agricultural (65,85) (72,94) (76,104) (84,118) 
 penalty 
 Municipal (346,448) (356,460) (370,464) (394,478) 
 agricultural (20,32) (24,36) (30,40) (36,48) 

 
 For obtaining profit of three next years of farmers, at first region culture pattern was accounted, and then 
with changing 1 unit of water was accounted gross output. This process was done repeatedly till relation of 
between water consumption amount and profit obtained from it was accounted. Then via this relation and water 
allocation of Latiandam to agriculture in duration of 20 years ago, profit achieved for 20 years ago was 
accounted, and by ARIMA model was predicted for three next years. In condition of loss, different of between 
purchase price of 1 unit of water from other resources and purchase price of water portion was accounted as 
decreasing farmers profit in previous years and was predicted for three next years. The results of profit and loss 
of consumers were seen in table 4. 
 
Table 4: Solution of the IMSLP model (the first period). 

 Users  Water flow level  Probability (%) Water demand Optimized water deficit Optimized water allocation 
 Municipal L 0.72 250 (0,44) (206,250) 
 agricultural L 0.72 180 (0,38) (142,180) 
 Municipal H 0.28 250 (0,42) (208,250) 
 agricultural H 0.28 180 (0,40) (140,180) 

 
 The results were achieved with application of early data and model solution. Table 4 shows water 
optimizing allocation for 4 scenarios in the first period by IMP model. Just as in this table was seen target 
demand for municipal and agricultural consumers is equal to W11 = 250 and W21 = 180 respectively. D211factors 
show that for agricultural consumer in drought years, water deficit is equal to (0,38). In other conditions 
problem is more ambiguous, so that if other consumers don’t consume all of their target demand, water deficit 
would decrease. But for getting to target demand by other consumers, water deficit would increase. 
 Table 5 shows water optimizing allocation for possible scenarios in the second period. Factors of D121 = [0, 
51] and D122 = [0, 48] express that for consumer 1 (municipal) in condition of flow levels of down and up in the 
second period, water deficit is equal to (0, 51) and (0, 48). Answer collection of D124 = D224 = 0 show that in 
condition of flow level of much in the second period in municipal and agricultural parts there isn’t any water 
deficit if water flow level be high in the first period. 
 
Table 5: Solution of the IMSLP model (the second period). 

 Users Water flow level Probability (%) Water demand Optimized water deficit Optimized water allocation 
 Municipal L-L 0.51 268 (0,51) (217,268) 
 agricultural L-L 0.51 192 (0,32) (160,192) 
 Municipal L-H 0.20 268 (0,48) (220,268) 
 agricultural L-H 0.20 192 (0,30) (162,192) 
 Municipal H-L 0.20 268 (0,45) (223,268) 
 agricultural H-L 0.20 192 (0,27) (165,192) 
 Municipal H-H 0.07 268 0 268 
 agricultural H-H 0.07 192 0 192 

 
 Table 6 shows water optimizing allocation for two consumers in condition of all of possible scenarios in the 
third period. Amounts of D131 = [0, 85] and D231 = [0, 46] express that if water flow level in every three periods 
be down, amount of (0,85) and (0,46) unit water deficit there is for municipal and agricultural consumer in 
condition of the third period respectively. Amounts of D137= [0, 25] and D237= [0, 18]express that if water flow 
level for every three periods be much, amount of (0,25) and (0, 18) unit water deficit there is for municipal and 
agricultural consumer respectively. Also if water flow in the thrice period be much in most of the cases there 
isn’t any water deficit for municipal and agricultural consumers under thrice period. 
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Table 6 :Solution of the IMSLP model (the third period). 
 Users  Water flow level Probability (%) Water demand Optimized water deficit Optimized water allocation 
 Municipal L-L-L 0.37 293 (0,85) (208,293) 
 agricultural L-L-L 0.37 202 (0,46) (156,202) 
 Municipal L-L-H 0.14 293 (0,53) (240,293) 
 agricultural L-L-H 0.14 202 (0,38) (164,202) 
 Municipal L-H-L 0.14 293 (0,49) (244,293) 
 agricultural L-H-L 0.14 202 0 202 
 Municipal L-H-H 0.05 293 0 293 
 agricultural L-H-H 0.05 202 0 202 
 Municipal H-L-L 0.14 293 (0,50) (243,293) 
 agricultural H-L-L 0.14 202 (0,32) (170,202) 
 Municipal H-L-H 0.05 293 0 293 
 agricultural H-L-H 0.05 202 0 202 
 Municipal H-H-L 0.05 293 (0,25) (268,293) 
 agricultural H-H-L 0.05 202 (0,18) (184,202) 
 Municipal H-H-H 0.02 293 0 293 
 agricultural H-H-H 0.02 202 0 202 

 
Table 7: Solution of the IMSLP model (the fourth period). 

Users Water flow level Probability (%) Water demand Optimized water deficit Optimized water allocation 
 Municipal L-L-L-L 0.26 315 (0,98) (217,315) 
 agricultural L-L-L-L 0.26 205 (0,65) (140,205) 
 Municipal L-L-L-H 0.10 315 (0,85) (230,315) 
 agricultural L-L-L-H 0.10 205 (0,48) (157,205) 
 Municipal L-L-H-L 0.10 315 (0,87) (228,315) 
 agricultural L-L-H-L 0.10 205 (0,50) (155,205) 
 Municipal L-L-H-H 0.04 315 (0,70) (245,315) 
 agricultural L-L-H-H 0.04 205 (0,42) (163,205) 
 Municipal L-H-L-L 0.10 315 (0,85) (230,315) 
 agricultural L-H-L-L 0.10 205 (0,60) (145,205) 
 Municipal L-H-L-H 0.04 315 (0,72) (243,315) 
 agricultural L-H-L-H 0.04 205 (0,45) (160,205) 
 Municipal L-H-H-L 0.04 315 (0,62) (253,315) 
 agricultural L-H-H-L 0.04 205 (0,38) (167,205) 
 Municipal L-H-H-H 0.01 315 0 315 
 agricultural L-H-H-H 0.01 205 0 205 
 Municipal H-L-L-L 0.10 315 (0,90) (225,315) 
 agricultural H-L-L-L 0.10 205 (0,55) (150,205) 
 Municipal H-L-L-H 0.04 315 (0,65) (250,315) 
 agricultural H-L-L-H 0.04 205 (0,40) (165,205) 
 Municipal H-L-H-L 0.04 315 (0,70) (245,315) 
 agricultural H-L-H-L 0.04 205 (0,38) (167,205) 
 Municipal H-L-H-H 0.01 315 0 315 
 agricultural H-L-H-H 0.01 205 0 205 
 Municipal H-H-L-L 0.04 315 (0,75) (240,315) 
 agricultural H-H-L-L 0.04 205 (0,45) (160,205) 
 Municipal H-H-L-H 0.01 315 0 315 
 agricultural H-H-L-H 0.01 205 0 205 
 Municipal H-H-H-L 0.01 315 (0,30) (285,315) 
 agricultural H-H-H-L 0.01 205 0 205 
 Municipal H-H-H-H 0.006 315 0 315 
 agricultural H-H-H-H 0.006 205 0 205 

 
 Solution of target function  53451315,49535101f  shows two final limits from system net profit 

(Rial) in duration of programming horizon. System net profit similar to other factors of model change between 

two limits of up and down of f and f . When target water demand is doing by consumers, one design with 

the lowest profit can be suitable against water deficit. Tendency for getting to amount of system profit high is 

according to getting of higher risk and inverse. Generally in condition of   WWi . System management act 

as conservative and promise amount of low of target water demand for consumers. This problem decreases both 

factors of water deficit 

ijoptD  and water final allocation 


ijoptA  than normal condition. Just as was observed in 

this condition with occurring wet years, water used by consumer was provided, but in drought years risk 
providing water used is high. 
 Table 4 shows water optimizing allocation for 2 scenarios in the first period by Interval Multi stage 
Stochastic Linear Programming. Just as in this table was seen target demand for municipal and agricultural 
consumers is equal to W11 = 250 and W21= 180 respectively. Generally when flow level is moderate or high, 
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and target water demand wasn’t done by one of parts, water deficit was decreased. But if target demand was 
done water deficit would increase. 
 
Conclusions and Suggestions: 
 In this research Latiandam water management was evaluated by method of Interval five-stages Stochastic 
Programming. When target water demand is doing by consumers, one design with the lowest profit can be 
suitable against water deficit. Tendency for getting to amount of system profit high is according to getting of 

higher risk and inverse. Generally in condition of 
 WWi . System management act as conservative and 

promise amount of low of target water demand for consumers. This problem decreases both factors of water 

deficit 
ijoptD  and water final allocation 

ijoptA  than normal condition. When water deficit occur we can for 

water supply of Tehran use from water of other dams. In agriculture part was recommend irrigation efficiency 
increase and use of modern irrigation systems. In municipal part was recommended improvement of water 
supply networks, use of modern technologies for water consumption decrease, instruction of saving in municipal 
water consumption and consumption pattern decrease. Improvement of policy of determining prices is on 
method of suitable in this field on the condition that water price be reflection of actual price of water. 
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