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a  b  s  t  r  a  c  t

The  arid  and semi-arid  regions  with  water  scarcity  are  vulnerable  to  several  stressors  such  as  urbaniza-
tion,  high  water  demand  created  by  agricultural  and  industrial  activities,  point  and  non-point  pollution
sources,  and  climate  change.  Hence,  proactive  policies  and  sustainable  water  management  strategies
that are  based  on  decision  support  systems  are  crucial  in arid  and  semi-arid  regions.  Because  of  large
expenses  and  implementation  difficulties  associated  with  the diffuse  pollution  abatement  plans,  many
authorities  are  hesitant  to  initiate,  especially  those  that  may  present  a  financial  burden  on  population.
Lake  Mogan,  a shallow  lake,  is located  in  a  semi-arid  region  dominated  by dry agricultural  activities
and  has  been  in  eutrophic  state  for the  past  20  years.  There  has  been  several  management  alternatives
suggested  to improve  the  water  quality  in  Lake  Mogan  and  one  of the  alternative  is  the  application  of
BMPs  that  include  fertilizer  management,  conservation/no  tillage,  contouring,  and  terracing  to  reduce
the  amount  of  diffuse  source  pollutants.  In this  study,  Soil  and  Water  Assessment  Tool  (SWAT)  Model  is
applied  to  evaluate  the effectiveness  of  agricultural  best  management  practices  (BMPs)  in  the  Lake  Mogan
watershed  located  in  a semi-arid  region.  The  most  effective  BMP  scenario  was  found  as  the one  in which
three  individual  BMP  scenarios  (30%  fertilizer  reduction,  no  tillage,  and  terracing)  were  combined.  With
this  scenario  average  annual  load  reductions  of 9.3%,  8.6%,  8.0%,  and  11.1%  were  achieved  in  sediment,
nitrate,  total nitrogen,  and  total  phosphorus,  respectively.  Even  with  the  most  effective  BMP  strategy,
high  levels  of nutrient  reduction  will  not  be  achieved  since  non-irrigated  agriculture  and  intermittent

low-flow  streams  accounts  majority  of  the  study  area.  The  outcomes  suggest  integrated  solutions  should
be  developed  to  improve  water  quality  in Lake  Mogan.  It is  aimed  that  this  study  will  aid  decision  makers
to  implement  effective  best  management  practices  in  watersheds  showing  similar  characteristics  (i.e.
topographical,  hydrologic  processes,  LULC  (Land  use  land  cover)  characteristics,  agricultural  activities,
meteorological  etc.)  with  the  study  area.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Nonpoint or diffuse source pollution is primarily related to
and drainage and surface runoff (Hranova, 2006). Runoff, pro-
uced either due to rainfall or snowmelt, gathers and transports
he pollutants to water bodies such as lakes and rivers. Contrary
o point source pollution arising from industrial and sewage treat-

ent plants, diffuse pollution originates from several dispersed and

oorly defined sources (EPA, 2012). Diffuse pollution is affected by
eather conditions, and land characteristics such as topography,

oil type and land management (Ritter and Shirmohammadi, 2001).

∗ Corresponding author.
E-mail address: emrealp@metu.edu.tr (E. Alp).

ttp://dx.doi.org/10.1016/j.agwat.2017.09.007
378-3774/© 2017 Elsevier B.V. All rights reserved.
Return flow from irrigated agriculture, agricultural runoff and infil-
tration, wet  and dry atmospheric deposition, runoff and snowmelt
from roads and highways can be given as examples of diffuse pol-
lution (Novotny, 2003). In rural areas, diffuse pollution is mainly
associated with agricultural activities and animal operations. Appli-
cation of fertilizers, pesticides and insecticides, irrigation return
flow, irrigation with wastewater/sludge, and diffuse pollution from
farmyards are some of the major cases of diffuse pollution in rural
areas (Hranova, 2006).

Best management practices (BMPs) are defined as the soil and
water conservation practices including social and cultural actions
which have been recognized as the effective and practical ways

for the environmental protection (Sharpley et al., 2006). BMPs are
commonly designed with the purpose of ensuring the efficient use
of agricultural chemicals; enhancing soil cover; reducing the veloc-

dx.doi.org/10.1016/j.agwat.2017.09.007
http://www.sciencedirect.com/science/journal/03783774
http://www.elsevier.com/locate/agwat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.agwat.2017.09.007&domain=pdf
mailto:emrealp@metu.edu.tr
dx.doi.org/10.1016/j.agwat.2017.09.007
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Fig. 1. Location of Lake Mogan wat

ty of surface runoff, and improving the management of livestock
aste (Cestti et al., 2003). Troeh et al. (2004) stated that soil and
ater conservation methods are usually classified into two as vege-

ative and mechanical practices. Vegetative practices ensure denser
egetative cover for a longer period. Crop rotation, efficient use of
ertilizers, and narrow row spacing can be given as examples of veg-
tative practices. These practices provide both improved product
ield and erosion control. Mechanical practices are different from
he vegetative ones in a way that they permit growing of plants
hich provide less soil protection but reducing the erosion at the

ame time. Contour tillage, no tillage, and terrace systems are some
f the mechanical BMPs. Novotny (2003), on the other hand, cate-
orized BMPs under three categories as structural, vegetative, and
anagement. The author also added that the effectiveness of each

MP  changes according to the pollutant specie in concern. More-
ver, it was stated that the pollutants and the forms of them while
hey are transported should be taken into consideration in selecting
he proper BMPs for the pollution removal. In the report prepared
y Minnesota Department of Agriculture (Miller et al., 2012) the

emoval efficiencies of agricultural BMPs were discussed based
ainly on the monitored research data but some modelling studies

specially strong and practical ones were also taken into account.
ccording to this report, the BMPs are classified as avoiding, con-
 in 20 km south of Ankara, Turkey.

trolling, and trapping BMPs. Avoiding BMPs aim at preventing the
entry of pollutants into the environment while the controlling ones
are used to control the risk of pollution if avoiding is not possible.
Trapping BMPs are specified as the last step in order for catching
the pollutants close to its source.

Evaluating the effectiveness of a specific BMP  by field trials or by
collecting monitoring data is both costly and time consuming. The
amount of pollutant loads and removal rates are highly variable in
every runoff event. The monitoring data should be collected repeat-
edly in order to successfully evaluate the performance of a BMP.
Especially for large watersheds with varying land use classes and
soil characteristics, intensive monitoring studies should be carried
out to correctly assess the effects of a particular BMP. Consequently,
such studies are not always possible at the watershed level. In this
context, watershed models stand out as useful tools since they pro-
vide an inexpensive and time saving way  for evaluating BMPs at the
watershed level.

In this study, effectiveness of agricultural BMPs were assessed
with Soil and Water Assessment Tool (SWAT), a physically based

continuous-event hydrologic model, at Lake Mogan watershed
dominated with agricultural lands. It is important to control the
agricultural diffuse pollution to prevent deterioration of water
quality in Lake Mogan. Within the scope of this study, the impacts
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Table 1
Model inputs for Lake Mogan watershed: Sources and Descriptions.

Data Type Source Data Description/Properties

Topography General Command of Mapping Digital Elevation Model (DEM), 15 m x 15 m
resolution

Soil  Field survey, soil analysis by the Central
Research Institute of Soil Fertilizer and Water
Resources Laboratory

Soil physical properties like bulk density,
hydraulic conductivity, texture etc.

Agricultural Practices Information Gölbaş ı District Directorate of Food,
Agriculture and Livestock
Central Research Institute of Soil Fertilizer and
Water Resources

Agricultural crops grown in the watershed, all
types of agricultural practices

Land  use RAPIDEYE
(May 7th 2013)

Land use classification

Meteorology General Directorate of Met

Table 2
Number of available monthly water quality data for the period 2008–2010.

Variable Yavrucak
(Calibration)

Sukesen
(Validation)

Streamflow (m3/sec) 33 33
Total Nitrogen
(kg/month)

3 9

Nitrate (kg/month) 7 7
Total Phosphorus
(kg/month)

10 16
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Total Suspended Solids
(tons/month)

10 16

f several BMPs on sediment, phosphorus, and nitrogen loads were
valuated with SWAT in two subbasins of Lake Mogan watershed
ocated in Ankara, Turkey.

. Materials and methods

.1. Study area

The study area, Lake Mogan watershed (Fig. 1), is located in
ölbaş ı County, 20 km south of Ankara, the capital city of Turkey.
he lake provides aesthetic and recreational opportunities for the
ity, and a habitat for breeding of birds. It hosts numerous different
ypes of birds including little grebe, red-necked grebe, mallard, and
adwall (Taş eli, 2006). The Ministry of Environment declared the
rea as a “Special Protection Area” in 1990.

Mogan is a shallow lake with an average depth of 4.5 m.  It is
he lake behind a natural alluvial dam covering an area of 6 km2

Özesmi, 1999). Groundwater contribution to the lake is very low.
he main water entry is through rivers with irregular regimes. The
ake is mainly fed by creeks which are usually dry during summer
DSİ,  1993). The lake is substantially fed by Sukesen creek from
he northwest, by Ç ölova creek from the south and by the wetland
amed Ç ökek marsh which is formed by Yavrucak and Baş pınar
reeks.

Lake Mogan watershed has a total drainage area of 970 km2. The
owest and highest points in the watershed are 960 m and 1700 m,
espectively. Dry farming is practiced in approximately 31% of the
atershed and 42% of the area is covered with pastures. Grain is the
ost widely grown crop in the area. Cultivation of vegetables is also

arried out on a limited scale. The climate in the study area is conti-
ental. Summers are very dry, and water shortages are experienced

n summer months.
Lake Mogan and its wetland ecosystem is under threat due to
erious pollution. Uncontrolled urbanization, point and nonpoint
ollution sources, and ineffective sewerage systems are some of
he causes of the pollution. Sediment deposition due to substances
ntering via erosion, snowmelt and drainage have continued for
eorology Precipitation, temperature, relative humidity,
wind speed and solar radiation data

many years. This deposition causes a decrease in the volume of
the lake. Biological activities in the lake have accelerated through
sediment deposition, wastewater discharge, and surface runoff.
Therefore, eutrophication process has started in the lake (Özesmi,
1999). In addition, sometimes there are uncontrolled discharges to
the lake from the industries located in the basin. Another important
pressure threatening the water quality of the lake and the streams
is the intensive agricultural activity carried out in the basin.

2.2. SWAT model description

In this study, ArcSWAT 2012 which is an ArcGIS extension
(ArcGIS Desktop 10 Service Pack 5) was used for performing SWAT
simulations. SWAT was developed by United States of Agriculture
− Agricultural Research Service (USDA-ARS) with the purpose of
predicting the impact of management practices on water, sedi-
ment and agricultural chemical yields in large ungauged basins.
It is a conceptual model operating on a daily time step. SWAT is
commonly used to model watersheds and simulate different agri-
cultural conservation practices all over the world (Santhi et al.,
2006; Bracmort et al., 2006; Lee et al., 2010; Güngör and Göncü,
2013; Liu and Lu, 2014). The model is able to simulate surface
flow, subsurface flow, soil erosion, sediment deposition, and the
movement of nutrients through watersheds. Major model com-
ponents are hydrology, weather, sedimentation, soil temperature,
crop growth, nutrients, pesticides, and agricultural management
(Arnold et al., 1998).

In SWAT, a watershed is divided into a number of subbasins.
These subbasins are then subdivided into hydrologic response
units (HRUs) having unique soil and land use properties. HRUs
are the smallest unit of the model where the hydrological pro-
cesses are calculated (Arnold et al., 2012a). The required variables
to simulate hydrological processes are precipitation, maximum
and minimum air temperature, solar radiation, wind speed and
relative humidity (Arnold et al., 1998). Depending on the evap-
otranspiration model used in the model, the required variables
change. The available evapotranspiration models are Hargreaves
(Society and Agricultural, 1985), Priestley and Taylor (1972), and
Penman-Monteith (Monteith and Moss, 1977). The nitrogen (N) and
phosphorus (P) processes are modeled by SWAT through transfor-
mation of nitrogen and phosphorus between organic and inorganic
pools in the nutrient cycle (Tuppad et al., 2010). Nutrient loss pro-
cesses modeled by SWAT from the soil are plant uptake, surface
runoff, sediment transport, lateral flow and percolation (Lacewell
et al., 2010). Nitrogen and phosphorus consumed by the plants are

estimated by the supply and demand approach (Williams et al.,
1984). QUAL2E model (Brown and Barnwell, 1987) kinetic routines
are embedded in SWAT to simulate the changes in the in stream
water quality (Arnold et al., 2012b).
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Table  3
Description of BMPs simulated for the Lake Mogan watershed.

BMP  Scenario Descriptions

Baseline Scenario Model simulation after streamflow, sediment,
and nutrient load calibration was  finalized.

Scenario-1 Fertilizer application rates were decreased by
10%.

Scenario-2 Fertilizer application rates were decreased by
20%.

Scenario-3 Fertilizer application rates were decreased by
30%.

Scenario-4 Conventional tillage operations were replaced
by  conservation tillage.

Scenario-5 Conventional tillage operations were replaced
by  no tillage.

Scenario-6 Conservation tillage was applied at low clay
(<30%) agricultural lands.

Scenario-7 No tillage was applied at low clay (<30%)
agricultural lands.

Scenario-8 Contouring was applied at agricultural lands.
Scenario-9 Terracing was applied at agricultural lands.
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Table 4
Fertilizer application rates.

Application Rate (kg/ha)

Fertilizer Type Baseline
Scenario

Scenario-1 Scenario-2 Scenario-3

Urea (46-00-00) 100 90 80 70
Amonium Nitrate
(33-00-00)

150 135 120 105

Amonium Sulfate 200 180 160 140
Scenario-10 Combination of Scenarios 3 and 5
Scenario-11 Combination of Scenarios 3, 5 and 9

.3. Model setup

ArcSWAT extension of ArcGIS 10 (Service Pack 5) was  used to
etup the SWAT project. Five basic categories of data sets required
o build a SWAT model are topography, land use, soil, climatic input
les, and agricultural practices. Descriptions of the inputs used in
his study are given in Table 1.

To generate the DEM, 30 sheets of vector maps in 1/25 000 scale
ere obtained from Turkish General Command of Mapping. These

ector maps were used to obtain the DEM of the study area by using
eostatistical interpolation methods. Forty-nine soil samples were
ollected in the field surveys to develop the soil map. The analysis of
he soil samples were performed by the Central Research Institute
f Soil Fertilizer and Water Resources Laboratory. Sixteen differ-
nt parameters including pH, organic carbon, clay, sand, and silt
ere analyzed. The spatial soil map  of Lake Mogan watershed was

enerated using Thiessen Polygons or Voronoi Polygons method.
Land use classification was carried out by using Rapid Eye satel-

ite image. The image was obtained on May  7th, 2013 and it has
ve spectral bands. Orthorectified Rapid Eye data has a spatial res-
lution of 5 m.  Total classification accuracy was 80%. The land use
lasses were determined as water bodies, forest, agriculture, road,
ettlement, mine site, fallowing land, rangeland, and bareland.

Information about the agricultural practices carried out in the
atershed was obtained from Gölbaş ı District Directorate of Food,
griculture and Livestock. Wheat and barley are the most com-
only cultivated crops in the watershed. In this study, it was

ssumed that in all agricultural lands winter wheat is cultivated,
nd the agricultural operations defined in SWAT are listed accord-
ngly. Dry farming is carried out in the region but water is supplied
rom the wells when necessary. Four different types of fertilizers
amely urea, ammonium nitrate, ammonium sulfate and diammo-
iumphosphate (DAP) are used in wheat cultivation. Cattle and
heep breeding is also performed in the watershed.

.4. Model calibration and validation

Calibration of SWAT model for Lake Mogan watershed was car-
ied out using 2007–2010 streamflow and water quality data from
avrucak monitoring station. The model validation was  performed

sing data from Sukesen monitoring station for the same period.
he simulation period includes both dry and wet periods. Year
007 was used as the warm-up period, while 2008 represents
he dry and 2009–2010 represent the relatively wet period based
(21-00-00)
DAP (18-46-00) 250 225 200 175

on the evaluation of stream flow observations. Within this sim-
ulation period there are missing monthly water quality data. As
it can be seen from Table 2, the number of monthly data avail-
able for water quality calibration and validation processes ranges
between 3 and 16. The model was calibrated for streamflow, sedi-
ment, nitrogen and phosphorus with SWAT-CUP (SWAT Calibration
and Uncertainty Procedures). SWAT-CUP, a public domain cali-
bration program (Abbaspour et al., 2007) for SWAT model, was
run using SUFI-2 uncertainty analysis. SUFI-2 method takes into
consideration all sources of uncertainties, i.e. input data (e.g. pre-
cipitation), conceptual model, model parameters and observed data
(Abbaspour et al., 2007).

Model performance was  evaluated using time series graphics,
and several statistical criteria including Nash-Sutcliffe simulation
efficiency (NSE), coefficient of determination (R2), and percent bias
(PBIAS). After streamflow calibration, sediment and water quality
calibration was  performed. For sediment calibration monthly total
suspended solids measurements, and for water quality, monthly
total nitrogen, nitrate (NO3), and total phosphorus measurements
at Yavrucak monitoring station was  utilized. Details of the calibra-
tion procedure can be found in Özcan (2016) and Alp et al. (2014).

2.5. BMP  representation in SWAT

In this study, several management practices were evaluated
with the calibrated and validated SWAT model in terms of their
efficiencies in the reduction of the amount of transported sediment
and nutrient loads. Changes in the amount of pollutants were eval-
uated at the Yavrucak and Sukesen subbasin outlets. To evaluate
the results, the changes in the amount of pollutants were com-
pared with a baseline scenario which represents current practices
carried out in the watershed. The BMPs evaluated include nutrient
management by reducing fertilizer amounts, land use management
by replacing conventional tillage methods with conservation or no
tillage, contouring, and terracing. Eleven scenarios composed of
various BMPs are generated (Table 3) and evaluated at Lake Mogan
watershed. Scenarios 1–9 include single BMP  applications and Sce-
narios 10 and 11 are the combination of scenarios, which include
several nutrient management, tillage and terracing applications.

2.5.1. Nutrient management
Nutrient management involves practices aiming to reduce the

availability of excess nutrients by controlling the timing, the appli-
cation rate, and the location for fertilizer placement. Availability of
nutrients are most effectively limited through a lowered or precise
fertilizer application rate. Three different nutrient management
scenarios were developed by reducing the fertilizer amount by 10%,
20% and 30% compared to the current fertilizer application rates. In
Table 4, the fertilizer application rates in the baseline scenario, and
Scenario-1, Scenario-2, and Scenario-3 are shown.
2.5.2. Conservation tillage—no tillage
Land use management scenarios involving different tillage oper-

ations were developed and the impact on the sediment and nutrient
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Table 5
Tillage parameters.

Tillage Operation Name Mixing Efficiency
(fraction)

Depth of
mixing (mm)

Duckfoot Cultivator
(Conventional Tillage)

0.55 150
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Table 6
USLE P values for contouring and terracing adapted from (Wischmeier and Smith,
1978).

Land Slope (%) USLE P

Contouring Terracing

1–3 0.6 0.12
3–5 0.5 0.1
5–10  0.5 0.1

Table 7
Land use percentages of Yavrucak and Sukesen subbasins.

Land Use Yavrucak Subbasin Sukesen Subbasin

Area (%) Area (%)

Water 0.03 0.1
Forest 0.00 0.03
Agricultural land 47.00 11.13
Transportation 0.43 2.08
Residential area 11.48 21.56
Mining 0.05 0.01
Fallowing land 8.46 4.58
Conservation Tillage 0.25 100
No  Tillage 0.05 25

oads were assessed at Yavrucak and Sukesen subbasin outlets. In
he current situation, the tillage operations are being carried out
ith duckfoot cultivator. In Scenario-4 and Scenario-5, conven-

ional tillage operations with duckfoot cultivator were replaced
ith conservation tillage and no tillage, respectively. Conservation

illage is a tillage method that leaves at least 30% of the soil sur-
ace covered with crop residue after planting. In no tillage planting,
n the other hand, planting is carried out by placing seeds in the
oil without tillage and maintaining previous plant residues. The
elated tillage parameters for each tillage operation in SWAT are
hown in Table 5. Troeh et al. (2004) stated that in order to select
he appropriate implementation, conservation tillage has to be flex-
ble. In other words, while in some cases it would be necessary to
eave all residue in the surface, sometimes it may  be required to
ntegrate part of the residue. In fact, deciding on the proper imple-

entation necessitates the knowledge on the amount of residues
equired to control erosion, the quantity of residue available, and
he fraction of residue integrated with each tillage operation.

In this study, none of the parameters related to hydrological
rocesses were modified to represent conservation and no-tillage
ractices. The adjusted parameters are the ones which are already
efined in SWAT database for the conservation and no-tillage man-
gement schedules. As stated by Novotny (2003) conservation and
o-tillage practices control erosion and sediment by decreasing soil
etachment. These tillage parameters affect the amount of pol-

utants that tend to transfer to the surface runoff. Hence, in this
tudy runoff generation parameters were just used to predict the
mount of runoff. The same methodology was also followed in sev-
ral other studies; e.g. Giri et al. (2014), Lam et al. (2011), Parajuli
t al. (2016). In another study carried out by Wang et al. (2013), the
mpacts of tillage practices on hydrological processes were inves-
igated. Wang et al. (2013) found that there was not a significant
ifference between conventional and no tillage practices based on
he net mean changes in soil water content during a year.

The impact of conservation and no tillage scenarios were also
ested on agricultural lands with low clay ratio (<%30) based on the
uggestion of an expert from Soil, Fertilizer and Water Resources
entral Research Institute (Scenario-6 and Scenario-7).

.5.3. Contouring—terracing
Two managerial and structural best management practices were

eveloped in Scenario-8 and Scenario-9 to evaluate their impacts
n water quality and quantity. The former is the application of con-
ouring, and the latter is the terracing at agricultural lands. Contour
arming is farming in which plowing and crop rows follow field
ontours across the slope (Novotny, 2003). Contouring reduces soil
rosion and increases infiltration. To simulate these effects, curve
umber (CN2) and the USLE Practice factor (USLE P) are adjusted in
WAT (Arabi et al., 2008). The calibrated curve number was reduced
y 3 units as suggested by Arabi et al. (2008). The USLE P values
ere modified by multiplying with the suggested values given in

able 6 to represent contouring. These values for the corresponding

ercent slope were adapted from Wischmeier and Smith (1978).

Terrace is defined as an earthen embankment, channel, or a com-
ination ridge and channel constructed across the slope to intercept
unoff (Novotny, 2003). Terracing reduces soil erosion since it
Pasture 30.91 55.22
Rangeland 1.64 5.31

allows utilization of more intensive cropping systems. Terraces are
also very effective in moisture conservation to increase crop pro-
duction (Georgia Soil and Water Conservation Commission, 1994).
In humid regions, terraces function as structures that improve the
quality of water by reducing the rill erosion, avoiding the formation
of gullies, and permitting the settling of sediment from the surface
runoff. Terracing provides holding of surface runoff and, therefore
the amount of water available for crops is enhanced in dry areas
(Schwab et al., 1993). Contouring or the contour farming is plow-
ing and the crops are planted so that field contours across the slope.
Contouring is used for both erosion control in humid regions and
for increasing soil moisture by decreasing runoff losses in subhumid
regions (Novotny, 2003; Troeh et al., 2004).

There is no standard procedure to simulate impact of terracing.
Reducing curve number by 5 units is one suggestion, while another
is reducing it by 6 units (Arabi et al., 2008). In this study, terracing in
SWAT is simulated by adjusting both erosion and runoff parameters
(Arnold et al., 2012a). In order to simulate the impact of terracing,
curve number was reduced by 5 units as suggested by Kaini et al.
(2012), Strauch et al. (2013), Tuppad et al. (2010) and USLE P was
modified by multiplying with the suggested values given in Table 6.
The parameters SLSUBBSN (i.e. the average slope length) was also
adjusted to represent terracing in several studies (Arabi et al., 2008;
Kaini et al., 2012; Shao et al., 2013) but SLSUBBSN was  not modified
in this study.

2.6. Comparison of Yavrucak and Sukesen Subbasins

Yavrucak and Sukesen subbasins differ from each other in terms
of land use, soil, and slope. Land use percentages in Yavrucak and
Sukesen subbasins are shown in Table 7. Land use map of the sub-
basins are shown in Fig. 2.

In Sukesen, more than 50% of the basin is covered with pas-
tures. In addition, Sukesen subbasin is more urbanized compared
to Yavrucak subbasin. Residential areas comprise nearly 22% of the
total area in Sukesen (Table 7). Yavrucak subbasin, on the other
hand, is mostly covered with agricultural lands (47%). Pastures also
occupy a significant portion (31%) of the basin.
The dominant soil type in Sukesen subbasin is more clayey, and
the percentage of rock is higher compared to the prevailing soil
type in Yavrucak subbasin. Yavrucak is a more flat area. Only 2% of
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Fig. 2. Land use map  of Ya

he total area has a slope higher than 10%. In contrast, nearly 55%
f the area has slopes higher than 10% in Sukesen.

. Results and discussion

.1. Model calibration and validation

The SWAT model calibration was performed with SUFI-2
ethod through 1500 runs. The objective function was  to min-

mize NSE, and the minimum value of objective threshold was
hosen as 0.5. The results showed that parameters related to snow
nd groundwater processes are the most sensitive parameters in

treamflow calibration. The calibration results indicate that the
easured and simulated streamflow values are in good agreement

n a monthly time step at Yavrucak monitoring station, (Fig. 3). For
he best simulation, p-factor and r-factor values are 0.67 and 3.12,
k and Sukesen subbasins.

respectively while NSE, R2 and PBIAS values are 0.74, 0.8 and −19.1,
respectively. The statistical criteria show that the model perfor-
mance is satisfactory to simulate hydrological processes (Moriasi
et al., 2007). The complete discussion of the model results are given
in Özcan (2016) and Alp et al. (2014).

Model sediment calibration was  performed by fixing hydrology
related calibration parameters, and adjusting sediment parameters.
A total of 20 parameters were used and 1500 runs were performed.
There is a reasonable agreement between the observed and simu-
lated sediment loads (Fig. 4).

Water quality calibration was  challenging due to limited data
availability. A total of 1500 runs were performed with 15 param-

eters. NSE and PBIAS values for water quality calibration are
calculated as −0.2 and 37.9 for NO3, 0.64 and 11.7 for TN and 0.26
and −1.5 for TP. R2 is only calculated for TP as 0.27. The results show
that some peak loads, especially for NO3, cannot be captured by the



166 Z. Özcan et al. / Agricultural Water Management 194 (2017) 160–171

Fig. 3. Observed vs. simulated streamflow for Yavrucak monitoring station.
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Fig. 4. Observed vs. simulated sedim

odel. This problem might be due to lack of complete information
bout the point sources within the watershed. Total phosphorus
oads, on the other hand, are overestimated in some months. The

ean values of the simulated (calibrated) and observed loads in
he long term from 2008 to 2010 are compared. The results show
hat when the long term averaged values are of concern, the model
erformance is satisfactory (Table 8).

Collection of additional water quality data in the study can fur-
her improve the power of the calibrated model to be used for

evelopment of a sustainable watershed plan. However, the perfor-
ance of the SWAT model developed for Lake Mogan Watershed is

cceptable to be used for the evaluation of the effectiveness of the
ad for Yavrucak monitoring station.

agricultural best management practices as a preliminary assess-
ment.

The model was validated at Sukesen monitoring station for the
model calibration period. NSE, PBIAS and R2 values of the stream-
flow validation simulation are 0.4, 62.4 and 0.35, respectively. The
mean values of observed and simulated streamflow, and nutrient
loads between 2008 and 2010 at Sukesen monitoring station are
given in Table 9.
3.2. Evaluation of BMP scenarios

SWAT model simulations were performed over a three year
period from 2008 to 2010 to evaluate and compare the effectiveness
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Table  8
Summary of model calibration: Mean values of streamflow and nutrient loads for
observed and calibrated model output at Yavrucak Monitoring Station.

Calibration

Observed Simulation

Streamflow (m3/s) 0.10 0.12
Sediment (tons) 12.1 8.3
NO3-N (kg) 1567.1 973.7
TN  (kg) 369.4 326.1
TP  (kg) 91.3 92.7

Table 9
Summary of model validation: Mean values of streamflow and nutrient loads for
observed and calibrated model output at Sukesen Sampling Station.

Validation

Observed Simulation

Streamflow (m3/s) 0.03 0.01
Sediment (tons) 23.9 1.8
NO3-N (kg) 514.9 361.7
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Table 10
Percent changes in annual average loads in the five most effective BMP  scenarios at
Yavrucak monitoring station.

Scenario Sediment (%) NO3 (%) TN (%) TP (%)

Scenario-3: 30%
reduction in fertilizer
application rate

−0.35 −6.48 −6.02 −0.51

Scenario-5: No tillage
scenario

−0.28 −1.46 −1.35 −4.50

Scenario-9: Terracing −9.18 −1.00 −0.96 −6.63
Scenario-10:
Combination of
Scenarios 3 and 5

−0.60 −7.91 −7.35 −5.06

Scenario-11:
Combination of
Scenarios 3, 5 and 9

−9.27 −8.59 −8.02 −11.08

Table 11
Percent changes in annual average loads in five most effective BMP  scenarios at
Sukesen monitoring station.

Scenario Sediment (%) NO3(%) TN (%) TP (%)

Scenario-3: 30%
reduction in fertilizer
application rate

0.37 −0.41 −0.37 0.09

Scenario-5: No tillage
scenario

−0.03 −0.07 −0.06 −3.92

Scenario-9: Terracing −0.93 −0.66 −0.62 −3.73
Scenario-10:
Combination of
Scenario 3 and 5

0.33 −0.48 −0.43 −3.85

Scenario-11:
Combination of
Scenario 3, 5 and 9

−0.84 −0.94 −0.88 −6.60

Table 12
Percentages of percent slopes in Yavrucak and Sukesen subbasins.

Slope (%) Percentages of slopes

Yavrucak Sukesen

1–3 30.3 5.5
3–5  37.1 12.2
TN  (kg) 55.3 112.9
TP  (kg) 6.2 14.2

f BMP  scenarios on water quality. The BMP  Scenario simulations
ere carried on a yearly basis and the average annual loads for

ach pollutant (sediment, NO3, TN and TP) were calculated at
avrucak and Sukesen subbasin outlets. The percent changes in
he amounts of average total annual pollutant loads (from 2008 to
010) obtained for each scenario were compared with those simu-

ated in the baseline scenario to evaluate the effectiveness of each
MP. The percent change was calculated as:

ercent change, % = (postBMP − preBMP)
preBMP

∗  100

here preBMP and postBMP are the average annual pollutant loads
efore and after BMP  is applied, respectively. The results of the five
ost effective BMP  scenarios in terms of average annual percent

hanges in sediment and nutrient loads at Yavrucak and Sukesen
onitoring stations are given in Tables 10 and 11, respectively.

 general overview of all the BMP  scenarios are provided in the
ollowing paragraphs in 3 sub sections: i) Fertilizer Application
ractices, ii) Land Management Practices iii) Combination of several
MPs

i) Fertilizer Applications Practices
In Scenario-1, Scenario-2 and Scenario-3, the reduction in fer-

ilizer application rate led to reduction in NO3 and TN loads. The
ediment and TP loads were not affected significantly. The reason
or the reductions in the nitrogen load being more pronounced
s most probably due to the types of fertilizer used in the water-
hed. The fertilizers applied in the agricultural lands (ammonium
ulfate, 21-00-00; ammonium nitrate, 33-00-00; urea, 46-00-00;
iammonium phosphate (DAP), 18-46-00) are mainly nitrogen
ased. Furthermore, as the rate of reduction in the fertilizer applica-
ion increased, the reduction in the amount of pollutants improved.
n the Yavrucak subbasin, total NO3 and TN loads were reduced

ore than 6% when the fertilizer application rate was decreased by
0%. A very similar study was carried out by Lam et al. (2011) in a
atershed of 50 km2 in Northern Germany. The study revealed that
hen the fertilizer application rate in arable lands were reduced by

0%, the simulated values of average annual loads for TN, NO3, TP
nd sediment were decreased by 8.6%, 9.9%, 1.1% and 0.82%, respec-
ively. Although the average annual nitrogen load reduction was

lightly higher than the reductions obtained at the Yavrucak sub-
asin, TP and sediment loads were not affected significantly similar
o what is observed at the Yavrucak subbasin. Park et al. (2015)
n a watershed of 50 km2 where 55% of the watershed was agri-
5–10  26.0 27.6
>10  7.6 54.7

cultural area performed another similar study. The authors found
that reducing nutrient application resulted in 8.6%, 1.1% and 0.8%
reductions in the annual TN, TP and sediment loads. Similar to the
results obtained in Lake Mogan, TP and sediment load reductions
were lower compared to TN.

ii) Land Management Practices
The two land use management scenarios, conservation tillage

and no tillage, were simulated for Lake Mogan watershed. In
Scenario-4, all tillage operations carried out with duck foot culti-
vator in agricultural lands were replaced by conservation tillage.
Scenario-4 led to reduction in NO3, TN and TP loads. However,
conservation tillage did not affect the sediment load significantly.
Annual average NO3, TN and TP loads were decreased by 0.90%,
0.84% an 1.74%, respectively. Scenario-5, no tillage scenario, seems
to be better than Scenario-4 since the calculated percent reductions
were higher. Average annual percent reductions were calculated
as 1.46%, 1.35% and 4.5% for NO3, TN and TP loads, respectively.
When Scenario-5 and Scenario-3 are compared, it is seen that the
no tillage scenario is more effective in reducing the TP load. On the
other hand, reduction in fertilizer application achieved higher per-
cent reductions in NO3 and TN loads. Similarly, Lam et al. (2011)

reported that application of tillage scenarios did not result in con-
siderable impacts on nitrogen load at the watershed outlet. Tuppad
et al. (2010) assessed the impacts of several BMPs including conser-
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Fig. 5. Percent changes in annual average

ation tillage in the Bosque River watershed in Texas and concluded
hat the application of conservation tillage resulted in 3.6% reduc-
ion in the annual average TN load at the sub-watershed level which
s close to the percent reduction calculated in the Lake Mogan

atershed. In Scenario-6 and Scenario-7, the impacts of conser-
ation tillage and no tillage operations were tested when they are
pplied on agricultural lands with low clay ratio. The implementa-
ion of these two scenarios did not have any impact on the average
nnual nutrient and sediment loads.

Scenario-9 is the simulation of terrace application over the
hole agricultural lands. The results demonstrated that the ter-

acing application reduced the TP and sediment loads more
uccessfully compared to other scenarios. In Yavrucak subbasin,
P and sediment loads were decreased by 6.6% and 9.2%, respec-
ively. The percent reductions in NO3 and TN loads, on the other
and, were 1% and 0.96%, respectively. Strauch et al. (2013) used
WAT model to assess the impacts of BMPs including terracing on
treamflow and sediment loads in the Pipiripau River Basin and
ound that the terracing scenario led to sediment load reductions
f up to 31%. The authors reported that, the terraces were imple-
ented in approximately 74% of the watershed area. Tuppad et al.

2010) stated that the long-term annual average sediment percent
eduction at the watershed outlet was estimated as 17.2% when the
erraces were implemented on 10% of the catchment area. Gassman
t al. (2006) specified that terraces achieved the greatest sediment
eduction among the simulated BMPs. Since it is possible to apply
erracing in 47% of the total Yavrucak subbasin area, the predicted
eduction in sediment loads is reasonable and inline with the pre-
ious studies. The average annual reductions achieved in Sukesen
ubbasin was comparably lower (Table 11). Since the percentage
f agricultural lands in Yavrucak (47%) is more than 4 times that of
ukesen (11%), these results are reasonable. Moreover, adjustments
f parameters to represent terracing were carried out according
o percent slope (Table 6) which are significantly different in two
ubbasins (Table 12).

iii) Combination of several BMPs
The results demonstrated that each individual BMP scenario

s effective in controlling certain types of pollutant. For instance,
educing fertilizer rate can play an important role in enhancing

nvironmental quality by lowering NO3 and TN loads in the river.
he outcomes obtained from tillage scenarios show that replac-
ng the conventional tillage operations by no tillage can reduce TP
 in the four most effective BMP  scenarios.

loads in addition to NO3 and TN loads. Neither nutrient manage-
ment scenarios nor changing tillage practices resulted in effective
sediment control in the watershed. The highest percent reduc-
tions in sediment loads were simulated in the terracing scenario.
Thus, combined effects of various BMP  scenarios were tested. In
Scenario-10, 30% fertilizer reduction and no tillage scenario were
combined. Scenario-10 achieved 0.6%, 7.9%, 7.4%, and 5.1% reduc-
tions for sediment, NO3, TN, and TP loads, respectively in Yavrucak.
In Scenario-11, nutrient management and no tillage were combined
with terracing. The highest reductions in pollutant loads among all
BMP  scenarios were obtained in this scenario. The annual average
pollutant load reductions in Yavrucak subbasin were 9.3%, 8.6%,
8.0%, and 11.1% for sediment, NO3, TN, and TP respectively.

3.3. Overall assessment of the BMPs

The results of the four most effective scenarios for each subbasin
are graphically shown in Fig. 5. Even though, the combination sce-
nario can be more than two  times effective than the single BMP
applications, the maximum reduction in pollution load is still under
11%. In this section the results are assessed in 3 categories that
affects the performance of the BMPs: Land Use Land Cover (LULC)
characteristics, agricultural practices, and wet/dry periods.

3.3.1. Land use land cover (LULC) characteristic of the study area
Pastures and agricultural lands occupy a significant part of

Lake Mogan watershed, 31% and 42%, respectively. As expected,
the impacts of agricultural BMP  scenarios on pollutant loads at
Yavrucak subbasin were higher compared to Sukesen subbasin.
In Sukesen, even the most efficient BMP  scenario achieved 0.84%,
0.94%, 0.88% and 6.6% reductions in sediment, NO3, TN and TP loads,
respectively. The reason is that the agricultural lands in Sukesen
occupy only 11% of the total subbasin area. Therefore, different
results obtained at the two subbasins were reasonable.

3.3.2. Agricultural practice
The highest percent reduction in average annual pollutant loads

is 11.1%, which is calculated for sediment in Yavrucak subbasin.

The results imply that combination of reducing fertilizer rate by
30%, changing tillage practice from duckfoot cultivator to no tillage
and implementation of terraces in agricultural lands can achieve
upmost 11.1% or lower reductions in average annual pollutant
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Fig. 6. Comparison of the percent changes in

oads. There are several reasons why low pollution load reductions
re achieved through application of these BMPs. Firstly, the model
as constructed with the assumption that only winter wheat is
roduced in all agricultural lands. Even though, the crop pattern is
ighly homogenous through the whole watershed area, the impacts
f crop rotation can also be evaluated as recommended in several
tudies (Merrill et al., 2011; Miller et al., 2012; Sharpley et al., 2006).

.3.3. The effects of wet/dry periods
Moreover, it can be argued that the effectiveness of BMPs shows
igh variations under different flow regimes and BMPs perform
etter during high flows. The monthly percent changes in both
ediment and nutrient loads and monthly average streamflow in
avrucak subbasin for Scenario-11 are given in Fig. 6. As it can be
ollutant loads with the baseline streamflow.

seen, under low flow conditions (<0.03 m3/s) the percent changes
in pollutant loads are nearly negligible. Similar discussion was
provided in a report prepared for Southwest Michigan Planning
Commission (Kieser and Associates, 2008). Chaubey et al. (2010),
likewise, mentioned that the performance of BMPs for a dry period
will be different than for a wet  period which has greater runoff, soil
erosion, and transport.

Based on these discussions, the scenario results were also eval-
uated for relatively wet periods (>0.03 m3/s) since the pollutant
transport model may  not be functioning properly when there is no

or negligible flow in the rivers. The results showed that the per-
cent reductions in the pollutant loads get a little higher when only
wet period is considered. The percent reductions in annual average
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ediment, NO3, TN and TP loads increased to 10.5%, 9.2%, 8.7% and
1.5%, respectively under wet conditions for the best simulation
Scenario-11) in Yavrucak.

. Conclusions

The results indicate that each BMP  is effective in controlling cer-
ain type of diffuse source pollutant. In addition, individual BMP
cenarios are not very effective in reducing pollutant loads. There-
ore, combined BMP  scenarios were developed and simulated. The

ost successful scenario was the one in which the amount of fertil-
zers reduced by 30% together with no tillage and parallel terraces
pplied in agricultural lands.

The scenario results were also evaluated for wet periods. The
esults showed that the percent reductions in the pollutant loads
how insignificant improvement when only wet period is consid-
red. Since the study area is a semi-arid watershed dominated by
ry agricultural activities and fed by seasonal creeks, the effective-
ess of the BMPs are low due to the climatic and hydrodynamic
haracteristics of the region.

If the best scenario is considered as an alternative for pollution
eduction in Lake Mogan watershed in practice, the following fac-
ors need to be taken into account. First of all, it is important to
onsider that the fertilizer (time and rate) and land management
ractices (tillage, terracing, etc.) may  change depending on differ-
nt soil characteristics, climate, and topography. Additionally, the
ost-effectiveness of BMPs at the watershed scale should be evalu-
ted in detail. Thus, the farmers and the decision-makers should
ake into account all the benefits and drawbacks before imple-

enting the BMPs which seem to be as a possible solution for the
ollution. Moreover, integrated solutions should be developed to

mprove water quality in Lake Mogan. It should be realized that
epresentation of various BMP  practices by changing model param-
ters bring additional uncertainties in the model results and the
ecision maker should be aware of these uncertainties and the need
o conduct a detailed uncertainty analysis before the final decision
n BMP  practices is reached.

Evaluating the impacts of different management alternatives
n pollution control is one of the steps of integrated watershed
anagement plans, which is proposed by European Union Water

ramework Directive. The goal of this study was to provide guid-
nce for decision makers to implement the most effective best
anagement practices to control agricultural diffuse pollution in

ake Mogan watershed, and in watersheds showing similar char-
cteristics with Lake Mogan.

cknowledgements

We  would like to acknowledge the Scientific and Technological
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