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Introduction 
 Seen as one major kind of sensitive natural environment, 

reservoir watersheds may provide the public with benefits from 

various functions such as water resource conservation, 

recreation and tourism, mining industry, forest industry and 

other land uses (Jabbra, 1997; Zhang et al., 2012; Dolnicar et al., 

2012). However, reservoir watersheds in Iran often face threats 

of losing environmental balance for their unique hydrologic 

characteristics (i.e., uneven distributed precipitation and rapid 

flow), unstable geologic conditions, and improper human 

activities (Sadeghi, 2009).   

 In order to efficiently prevent potential disasters and 

maintain the functions of reservoirs, various approaches 

including structure and non-structure measures were applied to 

the major reservoir watersheds for the last several decades 

(Darghouth, 2008). Without explicit definition on watershed 

management and appropriate planning techniques, many 

projects were implemented for different purposes within the 

same watershed such that some missions were over-emphasized 

and some were ignored. Besides, data for the assessment of 

management project are hard to collect for watersheds of large 

area and remote location, especially in Iran.  

 To overcome these hurdles, Geographic Information 

Systems (GIS) database and Remote Sensing (RS) techniques 

were employed to analyze essential factors for different 

objectives in this paper. With appropriate assessments on the 

criteria values, Multiple Criteria Decision Making (MCDM) 

analysis then was utilized to provide ranked alternatives from 

perspectives of natural resources conservation and sustainable 

development (Suling et al., 2010; Zhang et al., 2012). 

 

Integrated planning methodology for watershed 

management 

 For conventional single objective optimization approach, 

limited resources are distributed to meet all the constraints and 

provide the answer of decision variables to generate optimum 

value for the objective function of the problem (Steiguer, 2003; 

Mendoza and Martins, 2006; Zhang et al., 2012). Based on the 

characteristics of the objective function, constraints, and 

problem-solving techniques, many popular methods such as 

linear programming, nonlinear programming, and dynamic 

programming are applied to solve various problems both in 

social and natural sciences. Different from single objective 

optimization measures, multiple criteria decision making is the 

procedures to conduct the most preferred alternative from the 

perspective of decision maker considering several objectives to 

be achieved at same time In this way, the solution of MCDM is 

a compromised alternative that will not hugely maximize certain 

objective and ignore the others Usually, three operation phases 

are included in the MCDM: generation of non-dominated 

solutions, assessment of preference weight and priority, and 

multiple criteria evaluation (Nijkamp et.al., 1990; Tabucanon, 

1992). However, the objectives of decision making and their 

evaluation criteria should be delineated and defined before 

proceeding MCDM. As mentioned above, three major objectives 

are usually fulfilled through various watershed management 

projects. Based on the needs of reservoir watershed, different 

criteria may be utilized to reflect the performances of 

alternatives on those objectives. However, watershed spatial 

database is critical and essential for both constitution of criteria 

and evaluation of watershed management alternatives.
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ABSTRACT  

With the consideration of sustainable development, three major objectives of watershed 

management in Iran are to lessen disaster, to secure local residents and their properties, 

and to conserve natural resources. Many single-objective management projects have 

applied to Iran’s watersheds for the last several decades to achieve those objectives, 

including soil conservation projects. However, conventional planning methods are not 

capable to handle the complexity and conflicts of mutli-objective watershed management 

projects. In this study, an integrated model combining Geographic Information Systems 

(GIS), Remote Sensing (RS), soil erosion model, and multiple criteria decision making 

(MCDM) is developed and applied for the planning of reservoir watershed management in 

Joneqan watershed, Iran. Performance of individual objective for each alternative is first 

estimated with the aid of GIS, RS, and soil erosion model. After the procedures of 

MCDM, a compromising solution is suggested based on the identified preferences on 

project objectives and their performances of all objectives. Besides, a list of alternatives 

with their priorities can provide further information on the trade off relationships among 

our objectives. 
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 In this study, GIS and RS techniques were applied to 

analyze and collect the current watershed information for this 

large-area and continuous-changing subject. Combining the 

result of priorities/preferences assessment, various approaches 

of multiple criteria evaluation then can be proceeded for final 

operation phase based on the types of information (i.e., cardinal, 

qualitative, or mixed) and multiple objective method (i.e., 

discrete or continuous). No matter what kind of approach is 

selected for multiple criteria evaluation, ranking relationship of 

the alternatives is always available for decision maker to 

scrutinize. Of course, any further modification on the 

priorities/preferences assessment can also be progressed if the 

ranking relationship does not epitomize decision maker’s 

conception on this matter. Figure 1 illustrates the integrated 

model of GIS and MCDM. 

 In this paper, one of outranking methods, the analytic 

hierarchy process (or AHP) as a simple multi-criteria decision 

making (or MCDM) method for dealing with unstructured, 

multi-attribute problems. AHP was developed by Saaty (1980, 

1989) and widely studied by their authors (Bolloju, 2001; 

Kablan, 2004; Lipovetsky& Conklin, 2002). It consists of 

breaking down a complex problem into its components, which 

are then organized into levels in order to generate a hierarchical 

structure. The aim of constructing this hierarchy is to determine 

the impact of the lower level on an upper level, and this is 

achieved by paired comparisons provided by the decision maker. 

The hierarchical structure of the AHP model attempts to 

estimate the impact of each alternative on the overall objective 

of the hierarchy (Fig.1). Another advantage of the AHP is that it 

uses a consistency test to filter inconsistent judgments. Taking 

into account these advantages, many outstanding works have 

been published based on AHP (Hua et al.,2010; Suling et 

al.,2010; Mingwu et al.,2010; Qilin et al.,2011; Ge and Jun-

yan,2011; Zhang et al.,2012). They include applications of AHP 

in different fields, such as planning, selecting a best alternative, 

ranking alternatives as in our case, resource allocation, resolving 

conflicts, optimization, etc., as well as numerical extensions of 

AHP (Garcia-Cascales & Lamata, 2009). An important 

bibliographic review of MCDM tools was carried out by Steuer 

(2003).  

 
Figure 1: Integrated Model of GIS & MCDM for Joneqan 

Watershed Management 

Case Study  

The  Joneqan sub-catchment area (50°,22'-50°,47' north, 

32°,4' -22°,29' east) is a part of the great basin of the Karun 

River, and covers an area of about 903.92 km
2
, to the west and 

south west of ChahrMahal-Bakhtiari Province, SW Iran (Fig. 2). 

The relief of the area decreases from high mountains (3500 m) 

in the northwest, to hills (1900 m) in the south. The area is 

mostly semi-humid, with an annual rainfall ranging from 512.21 

mm. From geological point of view, The Joneqan sub-catchment 

is located in High Zagros of the Zagros Mountains, and 

Sanandaj–Sirjan zone. The oldest rock units in the area are 

Cretaceous limestone of the Sarvak Formation and the youngest 

are Plio-Pleistocene conglomerates of the Bakhtiari Formation. 

The lithology units are lime-marl, limestone, shale, marl, 

sandstone, and conglomerate (Yavari, 2007) (Fig.3&4).  

 
Figure2: Geographic Location of Study Area 

 
Figure 3: Topography map of two Sub-watersheds in 

Joneqan catchment 

 
Figure 4: Geological map of Study Area
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Evaluation Criteria of Watershed Management for Joneqan 

Watershed 

In this paper, the alternatives for Joneqan watershed 

management are assumed as the two sub-watersheds themselves 

such that result of MCDM represents the treatment priorities of 

these sub-watersheds. From the applied management projects, 

three major management objectives for Joneqan Reservoir are 

concluded as water resources conservation, sedimentation 

control, and water quality sustainment. As main habitat of 

animal and plant species, watershed also attacks more attention 

for its efforts on ecology conservation. In this way, 

completeness ratio of soil erosion control, water resources 

conservation, water quality, land use regulation, and ecology 

conservation were chosen as evaluation criteria. 

Completeness Ratio of Soil Erosion Control 

Completeness ratio herein is defined as the ratio of 

completed treatments to planned treatments needed to achieve 

objectives of watershed management (Creek, 2004; Gumiere, et 

al., 2009; Webb and Strong, 2011). The ratio can be calculated 

based on budget, number of construction works, or protection 

area. For soil erosion control, completeness ratio (CR) is 

estimated from the controlled volume of sediment (SC, in units 

of m3), sediment yield (SY, in units of m3), and allowable soil 

loss (SL, in units of m3) of the target watershed: CR = SC / (SY 

– SL) (1) 

From Equation (1), it is clear that both completeness ratio 

and the controlled volume of sediment will increase with more 

control measures applied to the watershed while increasing 

sediment yield from surface erosion, landslide, and channel 

sedimentation will decrease the completeness ratio. Therefore, 

the treatment priority of a sub-watershed with low completeness 

ratio of soil erosion control is higher than those with high CR 

values. In this paper, sediment yield was estimated from two 

major sources: surface erosion and landslide. To avoid sediment 

depositing in the reservoir, the allowable soil loss is set to zero 

for entire watershed (Takashikoi, 2008; Gumiere, et al., 2009) 

Erosion 

Since  soil  erosion  is  a  product  of  few  different  

interacting  factors, there  is  not  a  simple  model to  assess  all  

the contributing  elements  in  the  same  time  (Daroussin and  

King, 2001; Gumiere, et al., 2009; Webb and Strong, 2011) The  

MPSIAC model  (modified PSAIC,  1986)  was  developed 

primarily for application in arid and semi-arid areas in the 

southwestern USA, and is believed to appropriate for the same 

environmental conditions in Iran (Sadeghi, 1993). The Pacific 

Southwest Inter-Agency Committee (PSIAC) method estimates 

total annual sediment yield, not just sheet and rill erosion 

(PSIAC, 1968). The method is based on a review of a few 

representative points within a given sub-catchment, which are 

then used to project average values for the entire sub-catchment 

area. The procedure considers nine factors that depend on 

surface geology, soils, climate, runoff, topography, ground 

cover, land use, channel erosion, and upland erosion. Although 

the procedure was developed for sub-catchments in the western 

United States greater than30 km
2
; however, it has also been 

applied to smaller basins. Erosion  is  its  lack  of  accuracy  in  

processing  the  huge  number  of  data  which  should be 

digitalized  by  GIS system  and  analyzed  by  mathematical  

models  MPSIAC is an empirical  model to estimate the  

quantity  and quality of sediment. In fact quantifying and 

digitalizing the sediment data is an important breakthrough in 

sediment assessment models development. This problem could 

be partially solved by estimating models (Lufafa et al., 2003). 

Compared to other empirical methods, the PSIAC model 

considers the greatest number of factors, so the results are more 

realistic. Each factor is subdivided into different categorical 

classes, and based on the degree of impact of each factor class, a 

weighting value will be assigned to each class using the model 

tables ((PSIAC, 1968) Johnson and Gembhart, 1982) Tables 1–

6. The sum-of-weights is calculated for each integrated unit by 

the use of Eq. (2): 


n

i

WiEi
 

In which, Ei=erosion weight summation for the i
th

 map unit; 

Wi=erosion weight for each factor class; n=number of factors 

(9) for the PSIAC model.  The erosion severity and the annual 

sediment yield are estimated, based on the total sum of weights. 

In order to control the accuracy of interpolations and 

extrapolations of erosion-factor weights, Eq. (3) is applied. This 

equation evaluates the relationship between the rate of sediment 

yield in each catchment area unit in m
3
/km

2
/year (Qs), and the 

total weights of causal factors (R). QS = 0.253 e
 0.0353 R

 

Landslide 

The sediment volumes from landslide areas were cited from 

the planning report of “The Fourth Integrated Management 

Planning of Karun Reservoir” and tabulated as follow (Yavari, 

2007): 

Table 2: Sediment Volumes and Areas of Landslide for 

Joneqan Watershed 

No. of Sub-

watershed 

Landslide Area_ 

m2 

Sediment Volume(*106 

m3) 

1(A) 10.255 0.5 

2(B) 54.256 2.42 

Total 64.511 2.92 

Controlled Volume of Sediment 

From the same source as landslide data, the controlled 

volume of sediment for each sub-watershed of Joneqan 

Watershed is estimated by dividing the total volume by the 

number of sub-watersheds with the assumption of equal 

controlled sediment volume. Therefore, the value was 

431374.21 m
3
/year for each sub-watershed. 

Completeness Ratio 

With zero allowable soil loss, the estimated values of 

surface erosion, landslide volume, and controlled volume were 

then substituted into Equation (1) and concluded the 

completeness ratio of soil erosion control for A and B sub-

watershed are 22/70 and 20/44, respectively. 

Water Resources Conservation 

This criterion is utilized to evaluate the condition of water 

resources maintained by the watershed and it is highly related to 

soil type, vegetation, and slope of watershed. Besides, land 

cover condition also indicates the status of human activities and 

needs for watershed management projects. In this paper,  water 

resources conservation of sub-watershed is judged by its 

Table 1: Surface Erosion of Each Sub-watershed Estimated by USLE (Unit: tone/hectare/year) 

No. of Sub-

watershed 

geology soil climate runoff slop Land 

cover 

Land 

use 

Surface 

erosion 

Gully 

erosion 

R Erosion 

class 

1(A) 6 5 5 6 15 6 6 12 9 70 IV 

2(B) 5 7 6 5 12 4 6 12 10 67 III 
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geology through the aid of GIS and RS techniques and a 

research for water reserving capacity (i.e., Table 3) of different 

formation and lithology. Hence, the performance of each sub-

watershed on water resources conservation is listed in Table 3. 

Table 3: Estimated Water Reserving Capacity under 

Different formation (Unit: Tone/Hectare) 
Effective 

formation 

Asmari, 

Sarvak 

(limestone) 

Quaternary 

         

(sediment) 

Kashkan, 

Bakhteary 

(sandstone, 

conglomerate) 

Groundwater 

levels 

10 60.2 40 

city Soreshjan Farsan Joneqan 

Water Quality 

Water quality of these sub-watersheds will directly affect 

the function of Joneqan Reservoir which is the main water 

supply of central Iran. However, some of these sub-watersheds 

are also the main production area of high-elevation fruits and 

vegetables such that agriculture activities and application of 

fertilizer, herbicide, and pesticide will degrade the water quality. 

To represent the condition of water quality and these non-point 

source pollutions, total phosphorus loading is utilized in the 

planning report of “The Fourth Integrated Management Planning 

of Joneqan Reservoir.” With the estimated total phosphorus 

loading for two sub-watersheds were calculated as 300 and 450 

tone/ year, respectively (Yavari, 2007). 

Land Use Regulation 

To appropriately zoning the slope land in Iran, a 

classification standard of land use limitation was first legal 

started in 1976 based on the criteria of slope, effective soil 

depth, soil erosion condition, and property of bedrock 

(Solaimani, 2010). Six levels of slope land were then defined 

with three different landuse and management strategies: 

agricultural/grazing land (A/G), forest land (F), and 

conservation land (C). In general, the higher degree of the slope 

land, the more conservative strategy may be applied to it. 

However, improper land use is still one of the major problems in 

Joneqan Watershed for the attraction from high-elevation fruits 

and vegetables. As mention above, both water resources 

conversation and water quality will be affected by these so 

called “over-limitation” land use. Consequently, higher 

percentage of improper land use in a sub-watershed, higher 

priority of watershed management should be distributed to it. In 

this paper, average slope of sub-watershed and effective soil 

depth were used to analysis the classification of land use for 

incomplete detail data in erosion condition and bedrock 

property. With help from GIS, land use classification for A and 

B sub-watersheds was defined as C/A and A/G/C, respectively.  

Ecology Conservation 

As one of the top priority tasks for sustainable development 

in Iran, enhancement on the conservation of ecology species and 

habitants is also the main task for natural resources which 

covers Joneqan watershed. However, it is difficult to evaluate 

the “value” of species living in each sub-watershed without 

detail information on their activities area and habitant condition. 

To emphasize the methodology proposed herein the paper, the 

number of kinds of species (both animals and plants) this 

criterion for A and B sub-watershed 41 and 10, respectively. 

Assessment of Preference Weight and Priority 

To explore the viability of this integrated model, the 

preference weights and priorities of the Joneqan Reservoir 

Management do not really be analyzed on these criteria. After 

assigning specific weight to testing criterion, the relative 

weights of the rest of criteria are then evenly distributed.  

Multiple Criteria Evaluation by AHP method 

As mention above, the main purpose is to illustrate this 

integrated model. Therefore, the preference function of each 

criterion was assumed as followed (Hua et al.,2010; Suling et 

al.,2010; Mingwu et al.,2010; Qilin et al.,2011; Ge and Jun-

yan,2011; Zhang et al.,2012)(AHP): 1. State the overall 

objective of the problem and identify the criteria that influence 

the overall objective. 2. Structure the problem as a hierarchy of 

goal, criteria, sub-criteria, and alternatives. 3. Start by the 

second level of the hierarchy (Do pair-wise comparisons of all 

elements in the second level and enter the judgments in an n*n 

matrix? Calculate priorities by normalizing the vector in each 

column of the matrix of judgments, average over the rows of the 

resulting matrix and thus obtain the priority vector. Compute the 

consistency ratio of the matrix of judgments to make sure that 

the judgments are consistent). 4. Repeat step 3 for all elements 

in a succeeding level but with respect to each criterion in the 

preceding level. 5. Synthesize the local priorities over the 

hierarchy to obtain an overall result for each alternative. 

In this case study, the purpose of evaluation is to distribute 

higher priority to the sub-watershed with lower achievement in 

these five criteria. Therefore, intensity of preference on an 

alternative over another can be defined from previous five 

assumed functions once all the comparison between two 

alternatives (sub-watersheds) on all the criteria is made. With 

same weights on all the criteria, result of multiple criteria 

evaluation through AHP was preceded and listed in Table 4. The 

results of comparison of Criterion Values and final analysis of 

AHP were presented in 5 and 6 tables.  

Table 4. Net Outranking Flows of Sub-watersheds with 

Relative on Different Criterion 

No. of Sub-watershed A B 

Completeness Ratio 0.66 0.33 

Water Resources Conservation 0.87 0.12 

Water Quality 0.75 0.24 

Land Use Regulation 0.66 0.33 

Ecology Conservation 0.83 0.16 

Priority Level Medium Low 

Table 5. Comparison of Criterion Values 
Completeness 

Ratio 

Water 

Resources 

Conservation 

Water 

Quality 

Land Use 

Regulation 

Ecology 

Conservation 

0.121 0.418 0.196 0.110 0.210 

Table 6:  Final Analysis Result of AHP 

No. of Sub-watershed 1(A) 2(B) 

Outranking .835 0.205 

Influence of Changing Weights for Focusing Criterion 

Let the ratio of the relative weight of one focusing criterion 

and that of the other criteria be defined as importance rate in this 

study, then the influence of changing weights for the focusing 

criterion can be observed. In general, the net outranking flows 

for all sub-watersheds will change in different directions and 

paces depending on their performances on all the criteria (Hua et 

al.,2010; Suling et al.,2010; Mingwu et al.,2010; Qilin et 

al.,2011; Ge and Jun-yan,2011; Zhang et al.,2012). For example, 

Table.7 represents the results of net outranking flows for two 

sub-watersheds when water quality is selected as focusing 

criterion and the importance rate is changed from 1, 2 and 5. 

Table 7: Influence of Changing Weights of Water Quality 

No. of Sub-watershed 1A 2B 

W1 0.147 0.047 

W2 0.294 0.094 

W5 0.735 0.235 
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The change has this means that the management priority for 

sub-watershed #1 is in the medium level for its fare conditions 

on all criteria, but its priority will increase very faster than any 

other watershed when the concern about water quality is 

increasing. 

Conclusion 

With increasing emphasis on sustainable development and 

natural resources conservation, traditional planning methods are 

no longer good enough to solve the complexity and conflicts of 

multi-objective watershed management, no mention to provide 

the list of priority of potential alternatives. In this paper, an 

integrated model of GIS, RS, and MCDM for the planning of 

reservoir watershed management is explained first by conceptual 

graph to illustrate the structure, relationships among all 

components, and its operation paths of the model. 

Demonstration of operation procedures then is clearly conducted 

in the case study after five criteria being selected for the 

evaluation of alternatives In this case study, sub-watershed A is 

the top priority area in Joneqan Watershed to practice watershed 

management projects either equally considering all criteria or 

partially emphasizing on each criterion. The functions of GIS 

and RS techniques are essential and valuable for this study 

because both the criteria and alternatives of this reservoir 

watershed management project have to rely on the watershed 

spatial database. With traditional data collection methods, this 

procedure itself may last for months. With their aid, analysis can 

be proceeded easily once updated image of studying area being 

received. As one of pair-comparison method, AHP shows its 

ability on multiple criteria evaluation to provide priority list of 

alternatives under given relative weights or preference on the 

criteria. The analysis results also indicate that this method can 

give decision maker the idea about the impact of changing 

weights in one specific criterion to the ranks of alternatives. 

However, assumptions on some basic information of spatial 

database and preference functions of evaluation criteria are 

made under limitations of research time and budget. Further 

research can focus on the interview of decision maker for true 

preference functions and comparison between MCDM methods 

budget. 
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