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Aims: Watershed management practices are as appropriate solutions to control nonpoint
sources of pollution at the watershed scale. Nevertheless, the best way to allocate limited
resources is a challenge for watershed management efforts. Therefore, to achieve the most
suitable strategies, the manager requires using mathematical techniques to prioritize
management practices. In this regard, in the present study, an optimization-based Decision
Support Tool (DST) was used to assign the optimal combinations of management practices at
the Taleghan Dam Watershed, Alborz Province, Iran.

Materials & Methods: To achieve the present research goals, the Soil and Water Assessment
Tool (SWAT) was applied to determine the sediment yield at the outlet of the watershed
under different combinations of management measures and was coupled with a genetic
algorithm in MATLAB computer software, which provides as the optimization engine.
Findings: the optimization results in the Taleghan Dam Watershed showed that
implementation costs for 10% and 20% sediment reduction in optimal solution were
obtained 110300% and 2355008, respectively. The cost-effectiveness ratio of scenarios 10%
and 20% sediment reduction obtained about 11030 and 11770.5 (dollars for 1% sediment
reduction), respectively. The results also showed that filter strips and seeding are the most
cost-effective option for sediment load control. Conversely, the grade stabilization structure
and detention pond are the least cost-effective option.

Conclusion: This tool is transferable to other watersheds and is one of the practical
approaches to watershed management. The presented tool could provide better information
on location, the BMPs area, and the effects of measures on NPS and flood reduction in the
watershed. The developed DST can be easily used in any other watershed.

Keywords: Integrated watershed management, Hydrologic model, Optimization algorithm,
Resources allocation.
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Introduction

In recent decades, population growth and
land-use change have increased flood and
erosion-prone areas and consequently
sediment yield and pollutants. Suspended
sedimentasanimportant Nonpoint Pollution
Source (NPS) is a widespread environmental
problem that threatens human beings. In
Iran, specifically, soil erosion is of significant
concern as it affects 120Mha out of a total of
165 Mha 21,

Applications of Best Management Practices
(BMPs) are recommended for improving
storm-water quality and quantity at field
or watershed scales ¥l. BMPs are divided
into two categories include structural or
non-structural practices. According to
implementation location, some BMPs such
as tillage management, terraces, and filters
strip are placed at field or Hydrological
Response Unit (HRU) levels, and some of
them, such as grassed waterway and grade
stabilization structures, are placed in the
tributary or main river channel.
Implementing BMPs at every watershed area
is not applicable because only a few sub-wa-
tersheds may produce large amounts of soil
loss in the watershed 571, So, the maximum
efficiency would achieve when BMPs imple-
mented in these critical sub-watersheds. An
important constraint in designing a water-
shed management program in a watershed
is the implementation and maintenance cost
of BMPs [, Therefore, for a trade-off be-
tween the hydrological impacts of BMPs and
economic benefits, there is a need to identify
optimal locations for BMPs at the watershed
scale to maximize their effectiveness while
minimizing their cost 2.

Different ways of BMPs can be applied for a
givenwatershed. Therefore,acomprehensive
decision-making framework for watershed
management is required. Such complex
problems can be solved by integrating a
distributed hydrologic model and a suitable

optimization technique -1,

A GIS-based spatial hydrologic model such as
the Soil and Water Assessment Tool (SWAT)
model "?'has been widely used in designing
BMPs to control problems of high streamflow
and NPS load in the watershed scale [1*!4, On
the other hand, optimization evolutionary
Algorithm applications such as Genetic
Algorithm (GA) coupled with SWAT could be
considered to decrease the watershed flood
and NPS load effect effectively and at least
cost [2,15,16].

Generally, BMPs are divided into two
types of implementation: river channel
networks, such as detention pond and grade
stabilization structures, and hillslopes at
farm or HRU levels, such as filter strips
and parallel terraces. Accordingly, some
previous studies [>% 101517181 determined the
placement of BMPs at sub-watersheds and
river channel networks in the cost-effective
approach by linking optimization algorithms
with watershed simulation models.

Some other studies [611161920.21] developed a
simulation-optimization model in different
conditions regarding allocating land-use and
BMPs in the cost-effective approach at farm
or HRU levels. This model was successfully
applied to maximize the NPS reduction and
minimize the cost of BMPs implementation.
In these approaches, the dynamic linkage
between SWAT and the optimization
algorithm has been substituted by a BMP
database that serves as the real-time NPS
load estimator and cost data provider. At the
same time, these tools did not explore for
BMPs scenarios at the river channel.

In summary, the previously mentioned
studies have included some of the BMPs
types (structural vs. non-structural, and river
vs. farm-HRU level), and before application
of these methods in other watersheds, users
should modify their code for the project.

In this study, a user-friendly Decision
Support Tool (DST) was developed by
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linking SWAT and a GA in MATLAB computer
program to simultaneously suggest BMPs
type and location of implementation at three
configurations of HRU, sub-watershed, and
river network. The proposed tool suggests
the optimal pattern (type and location) of
BMPs, which minimize the implementation
cost to meet users regarding reducing
the sediment load. DST was tested in the
Taleghan Dam Watershed, where watershed
management measures were urgently
required, for 10% and 20% reduction on
sediment yields over the 2005-2010 period.

Material and Methods

Decision Support Tool (DST)

In this study, a cost-effective DST was
developed. It was applied for the selection
and placement of BMPs in order to achieve
the watershed management goals. This
method was comprised of four components:
1) A well-known BMPs set were collected
based on the watershed management
practices, including detention ponds, grade
stabilization structures, filter strip, land-
use management scenario, strip cropping,
parallel terraces, and grassed waterway.
The representative parameters for the BMPs
were used according to Arabi et al. %, and
Tuppad et al. 22,

2) SWAT hydrologic model, which evaluated
the watershed baseline and the hydrological
effectiveness of the BMPs (for example,
reduction of sediment yield),

3) Economic component, which used unit
establishment cost for each BMP and then
calculated the BMPs implementation cost,
and

4) A single-objective optimization of GA,
which served as the optimization engine for
the choice and placement of BMPs to find a
solution for the problem.

The proposed framework was developed
in MATLAB computer program. Figure 1
describes the components and relationships

in the study simulation-optimization model
for BMP selection and placement.

This  user-friendly and transferable
methodology can be wused in other

[ I
¥

Max Generation? H Fitness Evaluation J

" Crossover
ot

Results

2
-

‘ Tnitialize Population ‘{ = SWAT Files Backup

Start

o

Input GA
Parameters

Figure 1) Flowchart of the proposed DST in MATLAB
computer program including input data, hydrologic
model, optimization algorithm, and their interactions

watersheds; users should only insert some
information about watershed management
plans (Figure 2). In addition, the developed
DST is included popular structural and
non-structural BMPs that users can select
favorite BMPs for placing at different HRUs
and river reaches.

In the developed DST, the procedure was
simple and completely automated for
creating watershed management plans,
hydrological effectiveness of the BMPs, and
selecting the best solution. The user only
needs to copy the “TxtInOut” file in the SWAT
project directory and paste it into the SWAT-
GA directory path. The user then selects
favorite BMPs, and SWAT parameter ID
(par_n in Figure 2b) that need to incorporate
each BMP into SWAT.

For example, when the model simulates
filter strips, it needs to determine the width
of filter strips. There are three options (10,
15, and 20m width) that the user can change
for simulating (see par value in Figure 2b).
Therefore, par-n (column 1 in Figure 2b) is
selected, and par value (column 5 in Figure


https://dorl.net/dor/20.1001.1.23222700.2021.9.4.6.8
https://ecopersia.modares.ac.ir/article-24-51168-en.html

[ Downloaded from ecopersiamodares.ac.ir on 2024-12-23 ]

[ DOR: 20.1001.1.23222700.2021.9.4.6.8 ]

31 |NSUB : Number of subbasins in the project setup

13 | OUTLET : Outlet subbasin number where the calibration is being performed
10 |IVARS : Qutput variables of concern in the watershed (Choose from values below)
24 |NMONT : Number of months in project

2 INYEAR : Number of years in project

3 INBMP : Number of BMPs

300 |MAXIT :Maximum Iterations for GA

10 | NPOP : Population Size in GA

0.7 |PC :Crossover Percentage

0.4 |PM :DMutation Percentage

0.02 |MU :Mutation Rate

par_n parname Symbol Units parvalue
FILTERW mgt m 10

2 FILTERW mgt m 15
3 FILTERW mgt m 20
4 CN_F mgt - -6
5 USLE_P mgt - 0.10
6 USLE_P .mgt - 0.15
7 USLE_P mgt - 0.20
8 CH_S2 rte - 5
9 CH_covl rte - 0.001
10 PND FR pnd - 10
11 PND_PSA .pnd - 10
12 PND_PVOL .pnd - 10
13 CN_F .mgt - -3
14 USLE_P .mgt - 0.30
15 CH_COV1 .rte % -0.012
1le CH_COv2 .rte % -0.012

Figure 2) MATLAB file of developed DST and some
input requirement

2b) is written by a user based on the desired
BMPs simulated.

It should be noted that, in the developed
DST, might be all BMPs applicable at a sub-
watershed and or might be one or some
BMPs not be applicable at a sub-watershed.
In this program, users could also eliminate
some sub-watershed (For example, sub-
watershed which previously soil and water
conservation programs have been done) to
implement BMPs. In other words, the BMP
stypes are predetermined for each BMP
configuration unit at the sub-watershed
scale. Since the aim of this study is to
reduce only sediment yield depending on
user opinion, so a single objective function
method wasused, which makes the algorithm
easier and faster to implement. The Pareto
curve considered in multi-objective function
has not been needed in the single objective
function method.

An editor of SWAT files was created in
MATLAB for modifying SWAT .rte, .mgt,
.sub, and .pnd files according to selected

parameters in the previous section.
Finally, these solutions are applied by the
optimization model to find the best one and
created new watershed management plans.
The model searches for the most minor cost
combination of BMPs in the watershed that
meets hydrologic reduction criteria defined
by the user (such as reducing NPS based on
baseline condition) as a constraint.
Optimization Algorithm

Two decades ago, extensive growth in the
development and application of genetic
algorithms (GA) in particular had been
seen to solve watershed management
problems due to its ability to solve non-
linear, nonconvex multimodal, and discrete
problems [ Heuristic  optimization
methods such as GA provide near-optimal
solutions by searching a global variable
space; however, they do not ensure optimal
global solutions °l. Nevertheless, the main
advantage of GA is to solve a discrete
problem globally which is complicated by
deterministic techniques. The deterministic
techniques need continuous solution space
and can converge to the local optimum point
[10,15,23]_

The following common elements characterize GA.
1) Generation of an initial population,
each identified as a chromosome. Each
chromosome (or individual) in the
GA represents a particular watershed
management scenario, with each variable
being represented by a gene [61°],

2) Computation of the objective function
value related to each solution and
subsequent ranking of individuals according
to his metric and selecting the fittest
solutions under specified selection rules. In
the selection process, the fittest individuals
are duplicated.

3) Selection, crossover, and mutation are the
GA operations that generate new solutions.
4) The model will run for a user to define
iterations or generations.
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To optimize the type and location of BMPs,
some appropriate GA parameters were
required. The genes were displayed by a “0
and 1” coding (or binary). In binary coding,
1 and O represent the implementation and
no BMP, respectively *°. The selection of
individuals was performed by tournament
and roulette wheel selection. For crossover
performance, a random binary vector (0 and
1) was also created (uniform crossover).
If the binary vector was 1, the algorithm
combined the genes of the first parent [°l.
Watershed Simulation Model

In the proposed framework, the SWAT
model as a time continuous and semi-
distributed hydrologic model was used.
The model has been developed and used
to predict the long-term effects of different
management scenarios on daily, monthly,
and annual streamflow [2*28, SWAT uses a
two-level classification phase. Preliminary
identification of sub-watershed is carried out
based on a topographic map, accompanied
by further discretization using land-use and
soil maps considerations. Areas with the
same soil type and land-use form of an HRU,
a fundamental computational unit assumed
to be homogeneous in hydrologic response
to land cover change [?°..

The simulation of watershed hydrology can
be divided into two main phases by SWAT,
i.e., land and routing phases. The land phase
controls the quality (amount of sediment
and nutrient) and quantity of water to the
main river networks in each sub-watershed.
The routing phase considers the movement
of water, sediments, and nutrient [2627.2%],
SWAT predicts surface runoff for daily
rainfall by using the curve number (CN)
method. Soil loss and sediment yield are
predicted using a modified version of USLE
(MUSLE). Surface runoff and sediment are
then routed to the watershed outlet [2¢].
SWAT model requires measured daily,
monthly statistical weather data, digital

elevation model (DEM), soil and land-use
maps to define the physical watershed [2°.
This study used the Sequential Uncertainty
Fitting version-2 (SUFI-2) procedure to
calibrate the SWAT model. It is an inverse
optimization approach that uses the Latin
Hypercube Sampling (LHS) procedure
and a global search algorithm to examine
the behavior of objective functions. SUFI-
2 has linked to SWAT in SWAT calibration
and uncertainty procedures the calibration
package (SWAT-CUP) 28],

Evaluation of SWAT model performance was
carried out by coefficient of determination
(R¥), Nash-Sutcliff Efficiency  (NSE),
p-factor, and r-factor B%. The R? indicates
of relationship strength between the
measured and predicted data. The range of
NSE values is between -oo to +1. Moriasi et
al. 3% classified NSE for SWAT performance
evaluation. NSE>0.75are considered “very
good,” whereas values between 0.50 and
0.65 as “satisfactory” [28],

Case Study

The Taleghan Dam Watershed, with 800 km?,
is located east of the Sefidroud Basin, Alborz
Province, Iran (Figure 3). The weighted
mean of elevation is 2948 m a.s.l. and varies
between 1989 and 4363 m a.s.l..

The design and construction of Taleghan
Dam were started in the last decade, and
water stored in the dam started in 2006. The
Taleghan Dam Watershed has undergone
rapid land-use change and water resource
system development for the agricultural,
industry, and domestic water supply [?°.
These changes could have devastating
impacts on both the water balance and
water quality of the watershed. Therefore,
identifying critical source areas and then
implementing the BMPs in the critical
areas of the watershed is necessary for the
Taleghan Dam Watershed. The peak of river
flow and sediment load occurs in spring due
to high soil antecedent moisture and spring
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rainfall events [2531:32],

Low and moderate-density rangelands cover
90% of the Taleghan Dam Watershed area. Other
land-uses (about 10% of the watershed) are
under orchid, irrigated agriculture, and dryland
farming. The analysis of the soil maps shows
that the silt loam, loamy, and clay loam are the
prominent soil textures in the watershed [33].

470000 480000 490000 500000 510000

N Legend

4026000
4026000

4017000

4017000

4008000
4003000

3999000
3999000

3990000
3990000

470000 480000 490000 S00000 S10000

-
R '% Tehran
Sefidroud— Karaj
basin  lran

Figure 3) The delineation of the Taleghan Dam
Watershed into SWAT with 31 sub-watersheds,
gauging station, stream networks and the digital
elevation model

Data Collection

SWAT model requires many data to be
defined for the physical watershed:

The climate data include rainfall and
temperature (max and min), were collected
from 8meteorological stations located
inside the study watershed from 2005 to

2010 through the Iran Water Resources
Researches Company, Tehran.

- A 25x 25 m spatial resolution digital
elevation model (DEM) was generated from
the 1:25000 topography map (National
Cartographic Center of Iran).

- Land-use and land cover maps for the year
2008 were prepared by Soil Conservation
and Watershed Management Research
Institute (SWMRI).

- A 1:50000 pedagogical soil map and
textural soil profiles description for all soil
types were obtained from the Faculty of
Agriculture, University of Tehran.

- Daily streamflow and total suspended sedi-
ments (TSS) data from 2005 to 2010 measured
at Galinak hydrometric station located in the
Taleghan Dam Watershed outlet were used for
the calibration and validation steps of SWAT.
Problem Definition

The current problem can be stated as the
designs of BMPs (type and allocation) at the
watershed scale that:

Minimize: total cost of BMPs

Subject to the following constraints:

(1) BMP implementation criteria constraints
(2) Land-use constraints

(3) Meets sediment reduction criteria

(4) Water balance in the watershed
Mathematically, this can be expressed as
Eq. (1):

Minimize Teosts = 221 2jz1 Costamp(x; ) (1)
Subject to:

SedL_ <SedL .

where TCostsis the total cost of BMPs
implemented in a watershed. CostBMP
(xi,j) is the cost of a j type of BMP
implemented in area i. The total cost
of execution of BMPs was evaluated by
establishment and maintenance costs.
Unit establishment costs were calculated
based on the list price of watershed
management practices in Iran (Plan and
Budget Organization of Iran, 2016). Also,
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Figure 4) Correlation between the simulated and observed monthly streamflow in the Taleghan Dam Watershed

3% of the establishment cost is assumed
for maintenance cost.SedL _ and SedL__ .-
indicate the maximum annual sediment
load and user-defined maximum annual
sediment load, respectively.

For this purpose, five structural and one
non-structural BMPs were selected for
placing in moderate and poor rangeland,
dryland farming, and river network to
reduce sediment yield in the Taleghan Dam
Watershed. Table 1 shows the selected BMPs,
SWAT parameters, and unit establishment
costs for the Taleghan Dam Watershed.

Each chromosome has 133 gens or
decision variables where 1 and 0 refer to

implementation and no (implementation)
BMP in a location. In this way, the possible
number of solutions is 2133,

For example, gen#80 represents placed
Grade Stabilization Structure (GSS) in sub-
watershed 18, and gen#105, which has
moderate rangeland as the land-use in sub-
watershed 30and, receives a filter strip.
After the definition of the model input, a DST
was applied for a 10% and 20% reduction in
the watershed sediment yield.

Results
SWAT Calibration and Baseline Scenario
The calibration process began with 30
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Optimal Prioritization of Best Management Practices ...

Table 1) BMP Type and unit establishment cost in the study area

Poor Rangeland (Seeding)

Convert to moderate range by Seeding

Land-use

parameters mgt e c

Detention Pond (DP)
River Channel

Grade Stabilization Structure (GSS)

pnd_pvol .pnd

3
Pnd_fr .pnd m® pond 2
volume
Pnd_psa .pnd
CH_S2 .rte Structure 5000

Table 2) Calibrated parameters of SWAT model with
their ranges and calibrated values in the Taleghan
Dam Watershed

Discharge calibration

v-SMFMN.bsn (2)-(6) 420

v-SNOCOVMX.bsn (200)-(300) 288.00

v-SMFMX.bsn (3)-(7) 491

v-ALPHA-BF.gw (0.03)-(-0.07)  0.056

v-CH-N2.rte (0.1)-(-0.2) 0.12

v-SURLAG.bsn (4)-(11) 7.51

v-SPCON.bsn (0.001)-(0.005)  0.003

v-CH_EROD.rte (0.10)-(0.40) 0.21

v-ADJ_PKR.bsn (0.50)-(2.00) 1.13

&
[}
=]
)
s
]
e
>

parameters in the SUFI-2 algorithm, but only
18 parameters were found to be sensitive to
discharge and sediment in the last iteration.
Five hundred model runs were performed
in each iteration. The parameter ranges and
calibrated values are presented in Table 2.
Uncertainty in SUFI-2, calculated based on
all sources of uncertainties by two factors,
i.e, r- and p-factors. SUFI-2 searches to
bracket most of the measured data (p-factor
approaching the maximum value of 1) with
the most petite possible uncertainty band
(r-factor approaching the minimum value of
zero) 18],

p-factor, r-factor, R?) and NSE were
calculated for the evaluation of SWAT model
performance. In streamflow calibration,
59% of observed data fell in the 95PPU,
whereas for sediment calibration, 53% of
observed data were bracketed by the 95PPU
band (Table 3).

Also, the SWAT predicted and observed data
for streamflow and sediment are depicted
in Figure4. Figure 4 clearly shows that the
simulated monthly streamflow shows a
good match with the observed monthly
streamflow.

Solution of problem

Watershed management scenarios in the

Fall 2021, Volume 9, Issue 4


https://dorl.net/dor/20.1001.1.23222700.2021.9.4.6.8
https://ecopersia.modares.ac.ir/article-24-51168-en.html

[ Downloaded from ecopersiamodares.ac.ir on 2024-12-23 ]

[ DOR: 20.1001.1.23222700.2021.9.4.6.8 ]

Table 3) Results of calibration and uncertainty analysis of SWAT in the Taleghan Dam Watershed

Streamflow Sediment
Criteria
Calibration Validation Calibration Validation
NS 0.80 0.77 0.64 0.61
R? 0.85 0.82 0.66 0.61
r-factor 0.73 0.76 0.81 0.85
p-factor 0.67 0.64 0.56 0.52

Taleghan Dam Watershed include the random
generation of combined measures (Tablel).
The simulation-based optimization model
was run by an initial population equal to 80
chromosomes. Other GA parameters required
to search the type and location of BMPs include
crossover rate, mutation rate, and generations
assigned 0.8, 0.05, and 100, respectively. The
operation parameters used for the GA are
selected based on a trial and error effort (¥l The
developed DST was applied for 10% and 20%
reduction on sediment yields at the watershed
outlet. The type and location of BMPs for 10%
and 20%sediment reduction scenarios are
depicted in Figure 5.

Finally, the effects of optimal watershed
management plans on streamflow were

analyzed. Figure 6depicts monthly streamflow
change due to BMPs implementation in the
Taleghan Dam Watershed.

According to Figure 6, each alternative BMP
design found with DST reduces the peak flow
for significant rainfall events (in spring) but
has no appreciable effects on baseflow (in
summer). This type of watershed response
is ideal since the maintenance of minimum
streamflows is vital for water quality, water
supply from the dam, and ecological function.

Discussion

NSE values for streamflow were 0.80 and
0.77 at calibration and validation stages,
respectively. Figure 4 shows that SWAT
consistently underestimated streamflow.

470000 490000 510000 470000 490000 510000 =
1 L 1 1 1 1 1 1 I 1 :
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Figure 5) Optimal spatial allocations of BMPs for the 10 and 20% sediment reduction in the Taleghan Dam Watershed
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Figure 6) Effects of optimal design watershed-scale BMP configuration on mean monthly streamflow in the

Taleghan Dam Watershed

This finding agrees with Akhavan et al. 3%
findings that showed SWAT consistently
underestimated streamflow in a region
where snowmelt plays a crucial role in
streamflow. Also, this could be due to one
or more of the other uncertainties: errors in
input data, errors in the observed data, or
errors in the model itself ['%3>3¢], NSE values
of 0.64 and 0.61 were obtained for sediment
calibration and validation, respectively. In
this case, Kaini etal. "% states thatinsufficient
sediment load data and other uncertainties
like streamflow calibration are expected to
be the causes of the lower performance of
sediment calibration.

Moriasi et al. B% recommended threshold
values of NSE for model calibration.
Calibration processes are satisfactory
when NSE is more significant than 0.50 for
streamflow and 0.55 for sediment %, The
results obtained here showed that NSE
is equal to 0.80 and 0.77 for streamflow
calibration and validation, respectively,
higher than the generally accepted minimum
NSE value (0.5) for river flow calibration 3,
NSE for sediment calibration and validation
were 0.64 and 0.61, respectively, which

are within the acceptable. Also, sediment
calibration in the Taleghan Dam Watershed
was higher than reported in previous studies
[3,8,10,37,38]_

The optimization results in the Taleghan
Dam Watershed showed that implementa-
tion costs for 10% and 20% sediment re-
duction in optimal solution were obtained
110300% and 235500%, respectively. The
cost-effectiveness ratio of scenarios 10%
and 20% sediment reduction obtained about
11030 and 11770.5 (dollars for 1% sedi-
ment reduction), respectively. The results
indicate that the cost-effectiveness ratio is
significantly lower in scenario ‘10% reduc-
tion’ than scenario ‘20% reduction’. Compar-
ison of selected scenarios showed that as the
user-defined sediment reduction increased,
the cost for a 1% reduction of sediment in-
creased. This result agrees with a previous
study [»! which state in minimum reduction
scenario (in current study 10% reduction),
GA can choose effective BMPs such as filter
strip for implementation in most critical
source areas. Therefore, BMPs combination
with maximum efficiency or the less C/E
ratio achieved. Nevertheless, in scenario
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20% reduction, the possible cheaper BMPs
and most critical source areas were select-
ed in the previous solution (10% reduction
scenario), and GA has selected other BMPs
(such as detention pond and grade stabi-
lization structure) in the moderate critical
area. Therefore, the cost-effectiveness ratio
of the scenario increased. Therefore, accord-
ing to Strauss et al. [34] ,the finding can be
concluded that evaluation of critical source
areas has demonstrated that effectiveness
is much higher when BMPs are targeted at
those areas.

In the first generation, GA was assigned
different BMPs randomly to any site (HRU
or reach of the river) and was predicted
sediment yield from the watershed outlet.
There are 80 solutions in each generation,
and the solutions are ranked based on the
cost; the least-costsolution isranked highest.
In this case, implementation costs for 10%
and 20% reduction were obtained 1120100$
and 325120089, respectively. Therefore, DST
had a non-systematic implementation of
BMP in the first generation but gradually
progressed to a more systematic selection
and placement of BMP while meeting the
constraints.

The results show that filter strip and
seeding (poor range management) is the
most cost-effective option for sediment
load reduction in all reduction cases as it
has been used more than other options in
the Taleghan Dam Watershed. Conversely,
the grade stabilization structure and
detention pond have been less used, and
it can be stated that the grade stabilization
structure and detention pond are the
least cost-effective option in the Taleghan
Dam Watershed. These findings agree
with Karamouz et al. [**! and Kaini et al.
(191 findings, which found that filter strip
effectively reduces sediments. Also,
according to Noor et al. [ finding in the
Taleghan Dam Watershed, the critical

sediment source areas have high soil
erosion and runoff. Therefore, these
areas produce high runoff volume and
exceptionally high sediment load.

Conclusion

In this paper, a Decision Support Tool
(DST) was demonstrated to find the best
combination of Best Management Practices
(BMPs) to minimize their implementation
costs and meet user define hydrological
reduction criteria. In this tool, a single
objective GA optimization model was
coupled with the SWAT simulation model.
BMPs considered in this DST were popular
structural and non-structural BMPs include
detention ponds, parallel terraces, grade
stabilization  structures, filter strips,
land-use management scenario, strip
cropping, and grassed waterway. The
cost-effectiveness ratio of scenarios 10%
and 20% sediment reduction obtained
about 11030 and 11770.5 (dollars for 1%
sediment reduction), respectively. The
results indicate that the cost-effectiveness
ratio is significantly lower in scenario ‘10%
reduction’ than scenario ‘20% reduction’.
The results also show that filter strip and
seeding (poor range management) are the
most cost-effective sediment load reduction
option in all reduction cases.

The proposed tool to the Taleghan Dam
Watershed showed that the obtained
optimum allocations could efficiently
control sediment yield in the watershed.
The presented tool could provide better
information on where changes are required,
how large the changes need to be, and how
much the changes will reduce NPS and flood
in the watershed. The developed DST can
be easily used in any other watershed. The
DST is a valuable model to find the optimal
type and locations of BMPs in a watershed
considering user define cost or hydrologic
criteria. Finally, multi-objective optimization
techniques such as Non-dominated Sorting
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Genetic Algorithm I

(NSGA-II) include

more BMPs in DST, such as tillage, to further
improve this DST.

Acknowledgments

The authors are profoundly grateful to three
anonymous reviewers for their appropriate
and constructive suggestions.

References

1.

10.

11.

Arabkhedri M. A review on major water erosion
factors in Iran. Land Manag. 2014; 2(1):17-26. (In
Persian)

Noor H., Vafakhah M., Mohammady M. Comparison
of different targeting methods for watershed
management practices implementation in
Taleghan dam watershed, Iran. Water Sci. Technol.:
Water Supply. 2016; 16(6):1484-1496.

Merriman K., Daggupati P, Srinivasan R, Toussant
C., Russell A, Hayhurst B. Assessing the Impact
of site-specific BMPs using a spatially explicit,
field-scale SWAT model with edge-of-field and tile
hydrology and water-quality data in the Eagle Creek
Watershed, Ohio. Water. 2018; 10(10):1299p.
Break H., Mrabet R., Moussadek R., Aboumaria K.
Use of a calibrated SWAT model to evaluate the
effects of agricultural BMPs on sediments of the
Kalaya river basin (North of Morocco). Inter Soil
Water Conserv. Res. 2019; 7(2):176-183.

Muleta M.K,, Nicklow ].W. Evolutionary algorithms
for multi-objective evaluation of watershed
management decisions. ]. Hydroinform. 2002;

4(2):83-97.
Panagopoulos Y, Makropoulos C. Mimikou
M. Decision support for diffuse pollution
management. Environ. Model. Soft. 2012;
30(1):57-70.

Qin CZ, Gao H.R, Zhu LJ, Zhu AX, Liu J.Z,
Wu H. Spatial optimization of watershed best
management practices based on slope position
units. ]. Soil Water Conserv. 2018; 73(5):504-517.
Artista K.S., Kaini P, Nicklow ].W. Examining the
possibilities: generating alternative watershed-
scale BMP designs with evolutionary algorithms.
Water Resour. Manage. 2013; 27(11):3849-3863.
Nicklow J.W, Muleta M.K. Watershed management
technique to control sediment yield in agriculturally
dominated areas. Water Int. 2001; 26(3):435-443.
Kaini P, Artita K., Nicklow ].W. Optimizing structural
best management practices using swat and genetic
algorithm to improve water quality goals. Water
Resour. Manage. 2012; 26(7):1827-1845.

Zhu LJ.,, Qin CZ., Zhu A, Liu ]J.,, Wu H. Effects of
different spatial configuration units for the spatial
optimization of watershed best management

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

practice scenarios. Water 2019; 11(2), 262p.
Arnold].G., Srinivasan R., Muttiah R.S., Williams J.R.
Large-area hydrologic modeling and assessment:
Part [ model development. ]. Am. Water Resour.
Ass. 1998; 34(1):73-89.

Meghdadi A.R. Identification of effective best
management practices in sediment yield
diminution using GeoWEPP: the Kasilian
watershed case study. Environ. Monit. Assess.
2013; 185(12):9803-9817.

Christopher S.F, Tank].L., Mahl U.H,, Yen H., Arnold
].G., Trentman M.T,, Sowa S.P, Herbert M.E., Ross
J.A., White M.J, Royer TV. Modeling nutrient
removal using watershed-scale implementation of
the two-stage ditch. Ecol. Eng. 2017; 108(8):358-
369.

Karamouz M., Taheriyoun M., Baghvand A,
Tavakolifar H., Emami F.Optimization of watershed
control strategies for dam eutrophication
management. J. Irrig. Drain. Eng. 2010; 136
(12):847-861.

Maringanti C.,, Chaubey I, Arabi M., Engel B.
Application of a multi-objective optimization
method to provide least-cost alternatives for
NPS pollution control. Environ. Manage. 2011;
48(3):448-461.

Srivastava P, Hamlett ].M. Robillard PD. Day
R.L.Watershed optimization of best management
practices using AnnAGNPS and a geneticalgorithm.
Water Resour. Res. 2002; 38(3):1-3.

EmamiSkardi M.]., Afshar A., Solis S.S. Simulation-
optimization model for nonpoint source pollution
management in watersheds: Application of
cooperative game theory. KSCE ]. Civil Eng. 2013;
17(6):1232-1240.

Arabi M., Govindaraju R.S. Hantush, M.M. Cost-
effective allocation of watershed management
practices using a genetic algorithm. Water Resour.
Res. 2006; 421(10):1-14.

Chiang L., Chaubey I, Maringanti C.h.,, Huang T.
Comparing the selection and placement of best
management practices in improving water quality
using a multi-objective optimization and targeting
method. Int. J. Environ. Res. Public Health. 2014;
11(3):2992-3014.

Naseri F, Azari M., Dastorani M.T. Spatial
optimization of soil and water conservation
practices using coupled SWAT model and
evolutionary algorithm. Int. Soil Water Conserv.
Res. 2021; In Press.

Tuppad P, Kannan N, Srinivasan R., Rossi C.G,
Arnold J.G. Simulation of agricultural management
alternatives for watershed protection. Water
Resour. Manage. 2010; 24(12):3115-3144.

Geng R, Yin P, Sharpley A.N. A coupled model
system to optimize the best management practices
for nonpoint source pollution control. J. Clean


https://dorl.net/dor/20.1001.1.23222700.2021.9.4.6.8
https://ecopersia.modares.ac.ir/article-24-51168-en.html

[ Downloaded from ecopersiamodares.ac.ir on 2024-12-23 ]

[ DOR: 20.1001.1.23222700.2021.9.4.6.8 ]

24.

25.

26.

27.

28.

29.

30.

31.

Prod. 2019; 220(1):581-592.

Volk M., Liersch S. Schmidt G. Towards the
implementation of the European Water
Framework Directive? Lessons learned from water
quality simulations in an agricultural watershed.
Land Use Pol. 2009; 26(3):580-588.

Noor H., Fazli S, Rostami M. Kalat A.B. Cost-
effectiveness analysis of different watershed
management scenarios developed by simulation-
optimization model. Water Sci. Technol.: Water
Supply. 2017; 17(5):1316-1324.

Neitsch S.L., Arnold J].G., Kiniry J.R, Williams
J.R. Soil and water assessment tool theoretical
documentation version 2009. Texas Water
Resources Institute, College Station, TWRI Report
TR-406, Texas, 2011.

Noor H., Vafakhah M,, Taheriyoun M., Moghaddasi
M. Comparison of single-site and multi-site based
calibrations of SWAT in Taleghan Watershed, Iran.
Int.]. Eng.2014; 27(11):1645-1652.

Abbaspour K.C. SWAT-CUP user manual, Federal
Institute of Aquatic Sci. and Technology (Eawag),
Switzerland, 2011; 105 p.

Hosseini S.H., Khaleghi M.R. Application of SWAT
model and SWAT-CUP software in simulation and
analysis of sediment uncertainty in arid and semi-
arid watersheds (case study: the Zoshk-Abardeh
watershed). Model. Earth Syst. Environ. 2020;
6(4):2003-2013.

Moriasi D.N., Arnold ].G., Van Liew M.W, Bingner
R.L., Harmel R.D., Veith T.L. Model evaluation
guidelines for systematic quantification of
accuracy in watershed simulations. Transactions
of the ASABE.2007; 50(3):885-900.

Hosseini M., Ghafouri A.M., Amin M.S., Tabatabaei

32.

33.

34.

35.

36.

37.

38.

M.R.,, Goodarzi M., AbdeKolahchi A. Effects of
land-use changes on water balance in Taleghan
Catchment, Iran. J. Agr. Sci. Technol. 2012;
14(5):1161-1174.

Vafakhah M., Nouri A., Alavipanah S.K. Snowmelt-
runoff estimation using radiation SRM model
in Taleghan Dam Watershed. Environ. Earth Sci.
2014; 73(3):993-1003.

VAULT. General study of Taleghan Watershed: Soil
Sci. Report, Faculty of Agriculture, University of
Tehran; 1993.

Akhavan S., Abedi-Koupai J., Mousavi S.F, Afyuni
M., Eslamian S.S., Abbaspour K.C. Application of
SWAT model to investigate nitrate leaching in
Hamadan-Bahar Watershed, Iran. Agr. Ecosyst.
Environ. 2010; 139(4):675-688.

Norouzi Nazar M., Asgari E., Baaghideh M., Lotfi
S. Quantifying the long-term flood regulation
Ecosystem Service under Climate Change Using
SWAT Model. ECOPERSIA 2020; 8(3):169-180.
Raeisi A, Talebi A, Abdollahi K., Torabi Haghighi
A. Effective factors on runoff generation and
hydrologic sensitivity in a mountainous watershed
(A case study: Farsan watershed, upstream of
Karoun river). ECOPERSIA 2020; 8(1):15-21
Mahzari S., Kiani F, Azimi M., Khormali F. Using
SWAT model to determine runoff, sediment yield
and nitrate loss in Gorganrood watershed, Iran.
ECOPERSIA 2016; 4(2):1359-1377.

Strauss P, Leone A, Ripa M,, Turpin N,, Lescot ].M.,,
Laplana R. Using critical source areas for targeting
cost-effective best management practices to mitigate
phosphorus and sediment transfer at the watershed
scale. Soil Use Man. 2007; 23(1):144-153.


https://dorl.net/dor/20.1001.1.23222700.2021.9.4.6.8
https://ecopersia.modares.ac.ir/article-24-51168-en.html
http://www.tcpdf.org

