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ABSTRACT

Introduction

Locating watershed constructions traditionally and based on field visits requires a lot of
money and time. In this study, the Analytical Hierarchy Process (AHP) approach was
used to identify suitable locations for implementing watershed constructions. Three
watersheds of Agevlar Talesh, Masouleh Fouman, and Totkabon Rudbar in Gilan
Province were selected for the study. Then, using expert opinions, 21 criteria affecting
the location of watershed constructions were identified in 8 general categories and
compared binary, and final maps were prepared with three classes of no potential,
medium potential, and high potential for the construction of structures. The results
showed that the criteria of discharge, precipitation, runoff height, and slope are of great
importance in locating suitable areas for constructing structures. The accuracy of this
method was determined using the receiver operating characteristic (ROC) curve and the
area under the curve (AUC) for the Agevlar, Masouleh and Totkabon basins was 0.945,
0.958 and 0.788, respectively. Comparing the location of the structures with the
research results showed that 90 and 99.5 percent of the Masonry wall and gabion
structures were located in the medium and high potential classes of the maps obtained
from this method, respectively, which confirms the accuracy of this method in
determining the appropriate location for the construction of watershed constructions.
Therefore, it is recommended that the Natural Resources and Watershed Management
Organization of the country use this model systematically for locating watershed
constructions.
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Methodology

The present study was conducted in three watersheds of Gilan province, including the Agevlar watersheds of Talesh
County, Masouleh of Fouman County, and Totkabon of Rudbar County, with areas of 7000, 10660, and 4660 ha,
respectively. The AHP method was used to determine suitable locations for watershed constructions. The influential
factors were examined in eight groups and 21 criteria. In order to conduct this study, a hierarchical structure was first
formed with the aim of determining the criteria, sub-criteria, options, and the relationship between them. In order to
determine the importance and value of each criterion and sub-criteria, a questionnaire was distributed among 30 people
involved in watershed development projects, and the amount and importance of the value of each criterion and sub-
criteria was determined using the standard scales of Saaty with 9 levels of intensity. The criteria were normalized in the
pairwise comparison matrix by determining the score of each criterion on its column vector. In order to ensure the
accuracy of the response, the consistency ratio (CR( was calculated and a coefficient less than or equal to 0.1 was
accepted as consistency in the judgments. Then, the weight assigned to each criterion and its related sub-criteria was
multiplied by the value of the different classes of that criterion and its related sub-criteria. Expert Choice 11 software
was used to perform the analyses. Arc GIS 10.8 software was used to combine the standardized weighted criterion
layers and determine the 10-meter buffer of the streams, and a map of suitable locations for the watershed constructions
was prepared in three classes: no potential, medium potential, and high potential. Finally, the efficiency and accuracy
of the AHP model were evaluated using the receiver operating characteristic (ROC) curve and the area under the curve
(AUC).

Results and Discussion

The results of this study showed that among the eight main categories, the importance of hydrology, topography, and
land cover groups is higher than other groups. The consistency ratio (CR) was 0.077, and the consistency in judgments
was accepted. According to this study, among the 21 influential criteria, the criteria of discharge, precipitation, runoff
height, slope, and flow accumulation were determined as the top 5 criteria, and the discharge criterion with a weight of
about 0.2 was determined as the most important criterion in determining suitable locations for watershed constructions.
The results of the final maps showed that 39.4, 97.7, and 45.0 km of streams in the Agevlar, Totkabon, and Masouleh
watersheds, respectively, have high potential for gabion and masonry wall constructions. The areas with medium and
high potential in each of the watersheds of Agevler, Totkabon and Masouleh for constructing gabion and masonry wall
structures were obtained as 79.9, 93.7 and 84.0, respectively. The results showed that out of a total of 649 structures
constructed in the studied basins, 640 structures (about 98 percent of the structures) are in the medium and high potential
range of the map obtained from the analytic hierarchy process approach, and among these, 377 structures (about 60
percent of the structures) are in the high potential range of the map obtained from this approach. This value was obtained
as about 90 percent for masonry wall structures and as about 99.5 percent for gabion structures. The results of the
receiver operating characteristic (ROC) curve and area under the curve (AUC) showed that the AUC value in the
Agevlar, Totkabon, and Masouleh watersheds was 0.945, 0.788, and 0.958, respectively, indicating the completely
adequate performance of the AHP model in determining suitable locations for constructing watershed structures.

Conclusions

Choosing the suitable location for a watershed construction is one of the most important factors that can affect the
success or failure of watershed management projects. The Analytical Hierarchy Process (AHP), as an approach based
on expert knowledge and experience, combined with the Geographic Information System (GIS) and utilizing the results
of basic studies of detailed-executive watershed management projects, is one of the most important and efficient
methods in determining the suitable location for the watershed constructions. In this study, the criteria of discharge,
precipitation, runoff height, flow accumulation, channel strength index, distance from the river and drainage density as
criteria of the hydrology group, along with the slope criterion, with a total weight of more than 75 percent, were
determined to be the most important criteria effective in determining the suitable location for gabion and Masonry wall
constructions. Considering the complexity of the topographic, eco-climatic, and edaphic conditions prevailing in
northern Iran, as one of the challenging areas in determining suitable locations for constructing watershed management
structures, it is recommended and emphasized to conduct similar research in a number of representative watershed
basins located in the provinces of Gilan, Mazandaran, and Golestan in order to achieve final criteria in locating gabion
and Masonry wall and other important watershed constructions in flood and sediment control..
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Figure (3): Criteria affecting the location of watershed constractions in Agevlar watershed

1 Service Conservation Service 3 Stream Power index
2 Dos Anjos Luis & Cabral
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Figure (3): Criteria affecting the location of watershed constractions in Agevlar watershed
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Figure (4): Criteria affecting the location of watershed constractions in Totkabon watershed
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Figure (4): Criteria affecting the location of watershed constractions in Totkabon watershed
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Figure (5): Criteria affecting the location of watershed constractions in Masouleh watershed
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Figure (5): Criteria affecting the location of watershed constractions in Masouleh watershed
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Figure (6): Flowchart of the research method
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Table (1): standard scales of Saaty with 9 levels of intensity for determining the value of criteria and sub-criteria and
pairwise comparisons
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Table (2): Randomness Index (RI)
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Table (3): The importance of the eight categories of factors affecting the location of watershed constractions based on the
standard scales of Saaty with 9 levels of intensity
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Table (4): Normalizing the category scores in the pairwise comparison matrix and determining the weight of effective factors in locating
watershed constractions
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Figure (7): Weight of influential criteria in locating watershed constractions

iz o5l Slasl gl Jawily aas 3blie sdias Lis (aslonds asein o,; K, a4 aS dble .ol oals ools Las A S
by o shrog Oledbl plo o jonds gunail o> 8 Jgdo ol ganail (DS a0 g, Aldl (i by, 4 4>l b
Agulo g plSSe ‘)J5|L_§'l sbasy> L;L:acuz,lﬁi 3 yieg S FO/e g AVIY YUY (o s Jgoz ol illas aws oo lis |y aals jo 4

A 0 55 o Lg)b}p'g'l S Ko 5 F9l8 sl Slasl gl YU il

(Mo S 3 F9lS) (6,10 sl sle sl lasl cawlin bl (1l ()50 4l (uyaiind :(8) Jgur
Table (5): Classification of the location map of suitable areas for the construction of watershed structures (gabion and Masonry wall)
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Figure (8): Final location map for the construction of watershed structures (gabion and Masonry wall) in the Agevlar, Totkabon, and
Masouleh basins.
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Figure (9): Receiver Operating Characteristic (ROC) curve and area under the curve (AUC) of the Agevlar (right), Totkabon (middle),
and Masouleh (left) basins
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Table (6): Classification of the location map of suitable areas for the construction of watershed structures (gabion and Masonry wall)
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