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Abstract

Controlling and reducing the watershed's erosion and sedimentation is essential
to ensure the continuity of projects implemented to develop land and water
resources and improve sustainability, performance, and longevity. Sediment
control is also critical in managing the river basin in limiting the transport of
solids, improving water quality, sustaining aquatic life, and preventing damage
to downstream aquatic environments and ecosystems. Estimating the potential
effects of land-use changes on surface runoff and soil erosion requires distributed
hydrological modeling methods. In addition to naturally occurring sediments,
changes in land-use types for different applications can be a primary cause for
the increase in sediment rates in the watershed. This study used the Soil and
Water Assessment Tool (SWAT), a rainfall-runoff model, to evaluate land
use/cover changes (i.e., deforestation) and their impact on sediment load under
different scenarios. For the baseline (no changes) scenario, the watershed is
calibrated using the flow and sediment data measured from the rain gauge station
during the time step to estimate the post-deforestation changes at the sub-
catchment scale of the study area. The study results indicated that the total surface
runoff and sediment yield for the selected sub-catchment in the deforestation
scenario with the highest spatial distribution, due to the high erosivity (24%
increase) of excessive surface runoff after deforestation, sediment yield increased
3.5-fold. In contrast, due to the removal of trees and vegetation's canopy, the
evapotranspiration, leaf area index, and dissolved oxygen transported into reach
showed the inverse ratios, and the values decreased by 5%, 24, and 17%,
respectively, in compared with the baseline scenario. In terms of watershed
management, therefore, the application of hydrological models such as SWAT
rainfall-runoff and erosion models can be a helpful method for decision-makers
to apply for the protection of forests from intensive impacts such as deforestation
and limiting their socio-environmental effects.

Keywords

Rainfall-runoff model, Deforestation, Agriculture, Soil erosion,
Watershed management, Goksu-Canakdere

delta. There are complex interactions on the scale of

Erosion and sedimentation issues and their impact on
water resources and the environment are unavoidable
and remain significant challenges for watershed
management with high soil erosion rates. Erosion
processes remove rock or soil and lead to the formation
of mineral sediment. The sediment moves with water
(surface runoff), wind, or ice, and deposits in new
locations by gravity acting on the particles. Water's
kinetic energy causes the wash of sediments down from
the surface into a stream and eventually to the river's

river sections and basins, which affect the movement of
sediments and the generation of habitat types in the river
(Bettess et al., 2011; Gellis et al., 2016). Sediment can
accumulate under, in, or around structures such as
bridges, conduits, reservoirs, and water intakes. This
process leads to cracks in the riverbed, severe stream
instability, and eventually unusual flow around
engineering structures such as bridge piers or culverts.
Unlike frequent low-flow flood events, rare high-flow
flood events can transport more sediment, leading to
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sudden sediment accumulation. Different phenomena
such as ground deformations or landslides can also lead
to the overrun of sediments in the river system and form
an unexpected build-up of sediments deposition.

In addition to the naturally-occurring sediment, it
may also originate from human practices on the land.
The impact of agriculture, deforestation, mining,
urbanization, and road building on soil erosion rates is
inevitable (Amundson et al., 2015; Hassan et al., 2017).
In agricultural activities, soil erosion occurs through the
field's topsoil wearing away off by the natural physical
or chemical forces of water and wind or through forces
incorporated with the farming activities such as plowing
and tillage (Ritter, 2012). The world's rapid population
growth leads the urbanization and changing land-use.
On the other hand, population growth leads to increased
food demand in many countries. Hence the agricultural
sector is being put under excessive pressure to produce
and provide enough food for the growing communities.
With soil erosion, the most productive and valuable soil
profile used for agricultural purposes will be lost
through the reduced capacity of the soil for storing water
and nutrients with the poor physical and chemical
properties of the subsoil (Langdale et al., 1992).
Degraded land is also often unable to retain water,
exacerbating flooding. The impact of soil erosion is not
just the loss of fertile land. It leads to increased water
pollution and reduces dissolved oxygen, reducing fish
and other species. Therefore, the loss of productive
topsoil with rich organic matter lowers the crop yield
potential due to the degraded soil structure and the
reduction of nutrients that were contained in the organic
matter (Brevik, 2006; Wardle et al., 2004), increased
production costs (Pimentel and Burgess, 2013), and thus
will cause the increased demand for agricultural
commodities.

Consequently, the above reasons will create an
impetus to convert forests and grasslands into farmland
(Izquierdo and Grau, 2009). Forests have a variety of
ecological and hydrological benefits, for example,
contributing to enhanced infiltration and water retention.
Therefore, filtration in the soil column helps to improve
water quality (Bredemeier, 2010). Furthermore, the
combining effects of vegetation, litter cover, and less
water yield imply lower erosion rates under forest cover,
primitive sedimentation, mitigating flood hazards, and
affecting both the soil quality and the downriver aquatic
environments ( Farley et al., 2005; Owens et al., 2005;
Schiiler, 2006).

Degradation of forests for agriculture and timber
leads to a significant increase in soil erosion rates by
losing forest-derived leaf litter and plant roots. The role
of the leaf litter is to protect the soil below from wind
and water erosion and protect the plant roots that hold
soil particles to and below the soil surface.
(Avwunudiogba and Hudson 2014; Pimentel et al.,
1995; Wenger et al., 2018). In addition to logging, forest
fires have been the most common method of destroying
forests. Forest fires either have a natural origin or are
caused by human activities. Depending on the situation,
natural wildfires are caused mainly by lightning,
volcanoes, meteors, and coal seam fires. However, on a
global scale, only about 4% of forest fires are caused by
natural causes; in all other cases, humans are responsible

for fires-whether directly or indirectly, intentionally or
due to negligence (WWF, 2017). The anthropic causes
of fires are agriculture displaying and ranching, which
are constitute the highest level of association with forest
fires (Juarez-Orozco et al., 2017).

Forest degradation by converting forest lands to dry
farming and deforestation-induced impacts soil
redistribution. In addition, these activities can lead to
species loss and degradation of ecosystem functions,
consequently affecting terrestrial ecosystems (Maxwell
et al., 2016; Rocha-Santos et al., 2016). Therefore,
through the changes in hydrological processes,
degradation of forests for agriculture cause clear impacts
to the freshwater in the downstream and estuarine
environments with an increase in the amount of
sediment (lwata et al., 2003; Jenkins et al., 2007,
Pattanayak and Wendland, 2007).

Predicting the potential effects of land-use changes,
for example, deforestation and degradation of forests for
agriculture on runoff and soil erosion, require the
development of distributed hydrological modeling
methods. The ecological, biological, climatological,
biodiversity, socio-economic, and hydrological impacts
of the deforestation and degradation of the forests have
been investigated throughout various studies (Aliye et
al., 2014; Bonan, 1999; Chrisphine et al., 2015; Hughes
et al., 2000; Li et al., 2016; Symes et al. 2018; Wilk et
al., 2001). Conversely, the potential of applications of
the hydrologic and numerical models have not been
thoroughly investigated to improve the conception of
deforestation impacts on runoff and erosion-
sedimentation and to plan relevant mitigation strategies
by managers against the negative consequences of
degradation of the forest,

This study investigates the potential of applying the
SWAT hydrological model to examine the impact of
degradation of forests for agriculture on sediment load.
The purpose of this study is to evaluate the hydrological
consequences of possible deforestations and their effects
on streamflow and use runoff and erosion models to
analyze their respective impacts on sediment load.

Materials and Methods

In the context of this work, we investigated the effect
of land-use changes, namely the degradation of forests
for agricultural activities, on surface runoff and
sediment yield at the sub-basin scale. To this end, we
designed land-use change (deforestation) scenarios. To
predict the hydrological response to the changes, we
applied the rainfall-runoff model using the
meteorological and basin characteristic data (land-use,
soil, and topography). The model is calibrated using
observed flow and suspended sediment concentration
data. In terms of management practices, the findings in
this study can be used in dealing with hydrological risks
and environmental issues in the Goksu-Canakdere
rivers' watershed.

Site description

The Goksu-Canakdere rivers' watershed (40° 59” N,
29° 51” E), with an area of approximately 800 km?, is in
north-east of Istanbul and west of Kocaeli province,
Turkey, reaching into the Black Sea (Figure 1). Its
climate is characterized by the Black Sea region, the
Balkans, and Anatolia. The two main tributaries in the
study area are Goksu and Canakdere, with a total length
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of 122 and 77 km, respectively. The geological types
include clay-limestone, sandy limestone, sandstone, and
limestone (Citiroglu et al., 2011). The topographic
pattern is partly undulating, ranging from 1 to 649 m
elevation. The annual temperatures range from 8°C to
15°C, and annual rainfall ranges from 350 to 1400 mm
(Aksoy et al., 2010). The average annual rainfall in the
basin is about 815 mm, and the average annual
temperature is about 14.8 °C. (State Meteorological
Service (MGM). Flow and suspended sediment data
were purchased from the Turkish State of Hydraulics
(DSI), which was collected from rain gauge stations
located in major rivers. Goksu-D02A004 (41° 04' 40" N,
29° 46' 34" E), and Canakdere-D02A149 (41° 04' 19" N,
29° 51' 08" E) are two rainfall stations used to measure
flow and sediment data. The total rainfall catchment area
for collecting data from these two stations is 782 square
kilometers. The predominant land-use type in the
watershed is agriculture (55.2%) and forest (43.6%).
The largest forest area is in the central part of the
watershed between Istanbul and Kocaeli Province,
mainly covering Pure Oak Stands forests, with the rest
being Mixed Stands Forest species (Atalay, 1986).

Land-use change scenario

Forests after agricultural lands are the most
extensive in the region. Since most of the watershed is
dedicated to agricultural activities and the fast-growing
need for agricultural products to provide food resources,
thus deforestation and conversion of forests into
agricultural land is possible in the study area. Forest
fires have always been the most common method of
destroying forests and turning forests into farmland.
Inland management agricultural activities play an
important role in erosion control, agricultural pollutants,
and water quality. Changes in land-use for agricultural
purposes will also affect the hydrological response of
the watershed. To study the impact of deforestation (i.e.,
after different forest fire scenarios) on the watershed,
such as surface runoff, erosion, and sediment load, we
designed baseline (pre-deforestation) and post-
deforestation scenarios. This study was performed in
two phases. The first phase corresponds to the baseline
scenario. The model is calibrated and verified based on
current land-use and meteorological data that have not
changed from 2005 to 2017. The relevant rainfall event
characteristics and model parameters did not change for
the first scenario. In the second phase of the study, the
forest patches which are destroyed due to the forest fires
(forest fire scenarios) and converted to the non-irrigated
arable land are defined for use in the model to analyze
the effects of land-use change and its impacts on flow
rates and sediment fluxes. In the proposed scenarios,
homogeneous forest patches with 25%, 50%, and 100%
burnt forest areas are defined for use in the model (Table
1). In this step, the land-use map is modified and used as
a model input in the post-deforestation scenarios.

SWAT Model

Hydrological modeling involves simulating the
conversion process of precipitation to runoff. In general,
the hydrological model has two main components. In the
first component, precipitation contributes to the
formation of the hydrograph, while in the second
component, the water flow distribution is used to
determine the hydrograph profile. Therefore, the

rainfall-runoff process can include rainfall simulation in
the basin, infiltration and rainwater loss, and finally, the
trend and movement of excess water in the area. In
contrast, the first three processes are related to the first
component and the last process attributed to the second
component of the hydrologic model. This study has
applied the SWAT model, a physical-conceptual model,
to simulate the hydrological conditions and sediment
response for the current watershed situation and
different forest fire scenarios. The SWAT hydrological
model is a semi-distributed model functioning on daily
or sub-daily time steps and process-based, time-
continuous simulation. It can be implemented for
different management conditions over extended periods
in small to large complex watersheds divided into
hydrological response units (HRUs) based on dem, soil,
and land-use types. The model developed to estimate the
impacts of different management methods on
hydrological and water quality processes, sediment
yield, and pollution loads (Arnold et al., 1993; Yen et
al., 2014) and is also used to analyze the effects of
climate, soil, vegetation and agricultural activities on the
discharge and chemical yields in watersheds. SWAT is
being applied to model streamflow, sediment, and
nutrient transport within a watershed (Neitsch et al.,
2011) and find a good action plan, which depends
mainly on the integrated watershed model (Collins and
McGonigle, 2008; De et al., 2013). This model
anticipates the effects of land management practices or
climate change on sediment transport and hydrological
response at the surface over the water catchments with
different soils, land uses, and management practices
(Neitsch et al., 2005).

Model set-up

In the SWAT model, the watershed is subdivided
into multiple micro-basins, and each micro-basin is
further subdivided into homogeneous parts named
hydrological response units (HRUs). Each HRU is a
homogeneous combination of land-use, management,
topographical, and soil characteristics in each sub-basin
(Arnold et al., 2012) to calculate water balance. Water
balance in each HRU is an essential issue behind all
processes in SWAT, as it affects plant growth,
sediments movement, nutrients, pesticides, and
pathogens. Water balance (Equation 1) is a function of
inputs driven by climate parameters such as rainfall,
temperature (maximum and minimum), solar radiation,
wind speed, and relative humidity. The hydrological
processes simulated by SWAT are including of surface
runoff, evapotranspiration, lateral flow, infiltration,
canopy storage, percolation, groundwater flow, tile
drainage, water redistribution in the soil profile, return
flow and recharge by infiltration from surface waters,
ponds, and tributaries.

SWy = SWp + Zf:l(Rday — Qsurf = Eq — Wseep —
Qgw) @
where, the final soil water content, SW,(mm H-0) at the
simulation time t (days), is obtained from the sum of
SW, (mm H20), the initial soil water content on day i,
and the amount of total precipitation, Ry,, (MM H20)
on day i, when the total losses on day i including the
amount of surface runoff, Qg,,r(mm Hz0), the amount
of evapotranspiration, E,(mm H;0), the amount of
water that percolates from the soil profile, wse, (MM
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H20), and the amount of return flow @,,(mm H:0), are
subtracted from the total precipitation. SWAT uses the
SCS curve number procedure (USDA, 1972) and the
Green and Ampt (Green and Ampt, 1911) infiltration
method to predict surface runoff. Penman-Monteith
(Monteith, 1965), Hargreaves (Hargreaves and Samani,
1985), and Priestley-Taylor (Priestley and Taylor, 1972)
are three methods recommended by the model to
estimate potential evapotranspiration (PET). In order to
predict the erosion of each HRU and the sediment yield
of the sub-basin, the SWAT model uses the Modified
Universal Soil Loss Equation (MUSLE) (Williams,
1975), as shown in Equation 2.

056
Sed =11.8 % (Qsury * dpeak * areanru)  * Kuysip *
Cyste * Pysie * LSyspg * CFRG (2)

In which, Sed is the sediment yield to the stream
network at the outlet on a given day (metric tons), Qs s
is the surface runoff volume from a given rainfall event
(mm ha™), gpeqr is the peak flow rate in m3s, areay,,
is the area of the HRU (ha), Kyq.z is soil erodibility
factor (0.013 metric ton m? h-/(m® — metric ton cm))
which is a soil property available from the Universal
Soil Loss Equation (USLE), Cyg.r is the USLE cover
(crop/vegetation) management factor and can be
derived from land cover data, Py, 5 is the USLE support
conservation practice factor, the erosion baseline
practice factor, which is a field-specific value, LSy, is
the USLE topographic (slope length-gradient) factor,
and CFRG is the coarse fragment factor.

SWAT requires different input data to represent
water and sediment vyield spatial variability. The
required input data are soil and land use/cover feature
maps, topographic maps (Digital Elevation Model
(DEM)), and climate data. The watershed's land-
use/cover types are mainly agricultural and forest land.
The CORINE Land Cover (CLC, 2018) dataset of the
EU Copernicus Land Monitoring Service is used as land
use/cover data to generate hydrological response units
(HRU) for each sub-basin area. A significant land
use/land cover is divided into 16 land-use categories,
converted from the original land-use category to the
appropriate SWAT land-use classification code, and
defined using a lookup table, as shown in Table 2. The
soil characteristic data was obtained from the Turkish
soil dataset prepared by an interdisciplinary team
composed of soil scientists, geologists,
geomorphologists, and GIS experts (Cullu et al., 2018).
The main soil types were reclassified according to the
soil texture and hydrological soil groups (FAO soil
classification), provided by the European Commission
and the European Soil Bureau Network (Kik and
Burgess, 2010). The meteorological data is obtained
from the MGM (State Meteorological Service) for
thirteen hydrological years (2005 to 2017) and simulated
the SWAT model. The measured flow and sediment data
collected from the Goksu and Canakdere rain gauge
stations are used for model calibration and verification.
The main steps of the input and fitting process of the
SWAT model are shown in Figure 2.

> Outlet
—— Stream

®  Reservoir

40.9[5“N

4 Regulator
®  Gauging station \
B lake
Forest
[ oeforestation
Elevation (m)
10
170
B 330
B 490

WIEN—— )

T
B ss0 29.70°F

T T
29.85°E 30.00°E

Figure 1. The location map of the study area, Goksu-Canakdere rivers' watershed
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Table 1. Description of scenarios used in this study. The mean degraded area is relative to the total watershed area (%)

Forest Patches Land-use Change

Scenarios

Degraded Forest Mean Degraded Area to Total

Condition (Forest Fires) (%)  Area (ha) Watershed Area (%)
Baseline No land-use change - - -
Scenario 1 Pastures + woodland + Mixed forest 25 2900 35
Scenario 2 Mixed forest + Broad leaved forest 50 5800 7
Scenario 3 Broad leaved forest 100 11000 14

Model performance evaluation

The model evaluation was performed based on the
calibration and validation with a comparison of the
measured and simulated discharge and sediment loads to
constrain the model and achieve more robust
characterizations of the land and the stream phases over
the time step. The coefficient of determination (R2) and
the Nash-Sutcliffe efficiency coefficient (NSE) (Nash
and Sutcliffe, 1970) are two objective functions based
on error statistics that were used as statistical and
graphical model evaluation techniques to assess the
model performance (Moriasi et al., 2007). The values of

R? and NSE are determined by Equations 3 and 4,
respectively.

R? = LE@mi= @)@ @)
Zi(Qm,i— @m)” Zi(Qsi— Qs)
©)
NSE =1-—

4)
where Q is a variable (for example, discharge), m and s
represent observed or simulated, and i is the i*®
observed or simulated data.

Zi(Qm_ Qs)z
Zi(Qm,i_ Qm)z

Table 2. Land use/cover distribution of the study area based on CORINE land cover classes classification and the converted land
cover classes for the corresponding SWAT land cover codes with the coverage area and percentage of the watershed.

CORINE SWAT Land-use Area coverage

ID Code Definition (ha) (%)
112 URMD  Discrete urban fabric 178.8 0.23
121 UIDU  Industrial units 62.2 0.08
131 UMES  Mining sites 65.2 0.08
133 URCS  Construction sites 266.5 0.34
211 AGRL  Rain-fed arable land 26130.5 331
212 CRIR Permanent irrigated land 477.7 0.60
222 ORCD  Fruit trees and berry gardens 1763 2.23
231 PAST  Pastures 69.5 0.09
242 CRGR  Mixed agriculture patterns 961.1 1.22
243 CRDY  Agricultural land 16686 211
311 FODB  Deciduous forest 27975.6 354
312 FRSD  Evergreen forest 118.7 0.15
313 FRST Mixed forest 1128.8 1.43
321 GRAS  Grasslands 277.2 0.35
324 TUWO  Conditional woodland-shrub 2604.8 3.30
512 WATR  Water areas 200.2 0.25
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Figure 2. Flowchart of the fitting process

Results and discussion

Hydrological and sediment yield assessment

In this study, for water balance modeling and the
ability to perform a combined calibration-uncertainty
analysis, the Sequence Uncertainty Fitting - version 2
(SUFI-2) algorithm (Abbaspour et al., 2007) is used for
the model calibration. The parameter uncertainty in the
SUFI-2 algorithm is calculated based on the uncertainty
of the entire input and output sources, such as the
uncertainty of input precipitation data, land-use, soil
types, and measured data. The simulation uncertainty is
quantified by the 95 Percent Prediction Uncertainty (95
PPU) and the P-factor. 95PPU is calculated at the 2.5%
(Lower 95PPU) and 97.5% (Upper 95PPU) levels of the
cumulative distribution function of the output variable
obtained from the Latin hypercube sampling method,
disallowing 5% of the very bad simulations. The relative
width of the 95% probability band is the R-factor. Auto
calibration and validation and uncertainty analysis of the
model was performed monthly using the SUFI-2 method
within SWAT-CUP software (SWAT Calibration and
Uncertainty Procedures) (Abbaspour et al., 2000).
Thirteen relative sensitivity value parameters were
evaluated and determined during the parameter
estimation process in this study. The hydrological and
sediment models were calibrated and validated using
observational data from two rainfall stations for 2005 to
2013 and 2014 to 2017. Two years of data are used as
the warm-up period for the model calibration.
Sensitivity analysis results indicated that the most
sensitive hydrological and sediment parameters were the
SCS runoff curve number (CN2) and channel erodibility
factor (CH_COV1), respectively. For the hydrological

model, the second group of parameters with similar
significance was the base flow alpha-factor
(ALPHA_BF), the groundwater delay (GW_DELAY),
and the threshold water depth in the shallow aquifer
(GWQMN). For the sediment model, the exponent
parameter for calculating the channel sediment routing
(SPEXP), the average slope length (SLSUBBSN), the
linear parameter for calculating the channel sediment
routing (SPCON), the soil erodibility factor in USLE
(USLE_K), and the USLE support practice factor
(USLE_P) were the following sensitive parameters.

This study uses R? and NSE as objective functions to
assess the model predictions and performance. The NSE
values for discharge and sediment were obtained as 0.85
and 0.63 for calibration and 0.94 and 0.42 for validation
periods, respectively. Model predictions of discharge
and sediment loads were also evaluated in terms of
coefficient of determination (R? = 0.86 and R? = 0.65)
for calibration periods, respectively. Although the flow
model performed well, the consistency between the
observed and simulated sediment loads during the
validation period was not satisfactory (NSE <0.5).
However, for the validation period, higher performance
values of the flow model (R? = 0.94) and good sediment
model performance (R? = 0.58) were obtained, which
indicates that the estimation of the research process is
favored.

The linear regression analysis was performed to
assess the relationship between monthly measured flow
and suspended sediment for the 2005-to-2017-time steps
(Figure 3). The result shows the high correlation
between the measured monthly flow and the suspended
sediment with a coefficient of determination of 0.85.
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Figure 3. The relationship between monthly measured flow and suspended sediment (2005-2017)

Deforestation impacts on discharge and sediment

yield

According to the scenarios under consideration, the
resulting forest burnt areas and converting these areas to
farmland is approaching between 3500 and 11000
hectares, corresponding to the model execution from the
minor deforestation (scenario 1) to the massive
deforestation (scenario 3), respectively. According to
the designed scenarios, the average percentage of
deforestation following forest fires is 8%, and the
maximum amount is up to 14% of watershed's total area.
The effects of deforestation due to the forest fires and
changing land-use type for agricultural activities and its
impact on discharge and sediment was evaluated by
modifying the model land-use type of the input data. To
this end, forest patches (i.e., the FODB land-use type in
the SWAT code, as shown in Table 2) and lands
overlapped by considered area for deforestation and its
spatial distribution have been changed for the non-
irrigated arable land (i.e., the AGRL land-use type in the
SWAT code) for each scenario (scenarios 1 to 3). These
changes are introduced into the SWAT database to
generate new land-use categories. Finally, the model
was re-run for each scenario using the new inputs and
parameters to assess discharge and sediments yield. The
model results of all scenarios for the water balance
components are summarized according to the annual
time step, as shown in Table 3.

In each SWAT simulation, different output files are
generated, such as the HRU output file (output.hru), the
sub-basin output file (output.sub), and the main channel
or reach section output file (output.rch). Table 4
provides a brief description of the output variables
demonstrated in the output summary files in Table 3.
The output summary files from the HRU's, subbasins,
and streams have provided averaged amounts over the
entire simulation period for deforestation scenarios of
selected sub-watershed in the study area. The model
output shows that in the range of variations in the values
of different scenarios, in comparing with the baseline
scenario, the average annual total water yield (i.e., the

total amount of surface runoff, lateral flow, and
baseflow) of the deforestation sub-watershed increased
by 3 to 10%. Succeeding the increase in water yield, and
due to the high erosiveness ability of excessive surface
runoff, and land preparation operations for agriculture
such as plowing, disc harrowing, rake and slope leveling
or wedding, thus the sediment yield after the forest fires
and changing into the farmland has a significant increase
of 3.5 times in compared with the sediment yield before
the land-use change. After a significant increase in
sediment yield, organic nitrogen and phosphorus were
two components that increased remarkably, especially in
Scenario 3, where they were 2-fold and 2.5-fold higher,
respectively, than the baseline scenario (no change in
land-use).

Increases in organic nitrogen and phosphorus may
result from the imbalance on their inputs and outputs'
cycle. In addition, land use conversion (deforestation) to
cropland leads to accumulation and increase of nitrogen
and phosphorus sources from litter decomposition and
soil mineralization. (Aber, 1992; Watson et al., 2000).
In contrast, the actual evapotranspiration and leaf area
index decreased by 5% and 24%, respectively, in
selected sub-basins due to deforestation and the removal
of trees and vegetation from the ground.
Correspondingly, the total transported nitrogen,
phosphorus, and sediment into the reach indicate a
significant increase in the post-deforestation scenario.
The amount of dissolved oxygen transported out of
reach during the time step showed the inverse ratio and
decreased 11 to 17% after deforestation compared to the
baseline scenario.

In addition to the quantitative statistics (Table 3),
Figures 4 and 5 also provide an intuitive comparison of
the graphical representations and the spatial distribution
of the total annual amounts of surface runoff and amount
of water (water yield) and sediment (sediment yield) that
leaves the sub-basins and contributes to streamflow in
the reach before (baseline) and post-deforestation
(scenarios 1 to 3) scenarios within the time step for the
selected subbasins in the study area. The average annual
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streamflow from each sub-basin and the amounts of in Figure 4 and Figure 5, respectively. Each sub-basin
sediment transported with water into the reach during has a unique number assigned to it during the watershed
the time step is also superimposed on the spatial delineation phase of the model.

distribution map of water and sediment yield, as shown

Table 3. Based on the model output of deforestation scenarios, a summary of the water balance components in yearly time steps.
Model outputs were obtained from scenarios and average hydrologic response to deforestation during the simulation period of 13

years (2005 to 2017).
Outputs Variables Baseline  Scenariol  Scenario2  Scenario 3 Variations (%)
SYLD 758 863 896 1135 14-50
SEDP 44 46 47 54 4-23
HRU USLE 1163 1247 1299 1557 7-34
ORGN 237 260 264 311 10-31
ORGP 40 46 47 56 13-39
LAIP 123 120 119 93 24-2
WYLD 3897 4003 4074 4265 3-10
SURQ 1877 1997 2082 2325 6-24
SYLD 381 741 949 1702 95-347
SUB SEDP 28 39 46 70 40-153
ORGN 159 239 292 458 50-188
ORGP 26 44 56 91 70-254
ET® 6502 6421 6351 6167 5-1
SED_IN 0.51 1.13 1.38 2.25 121-341
RCH: TOT_N 2.6 2.66 2.79 3.28 2-26
TOT_P 0.87 0.89 0.94 11 2-27
DISOXP 1.02 0.9 0.87 0.85 17-11

2 All values in baseline and scenarios are multiplied by 10°, ® There is an inverse ratio.
*The values in the table are presented for the selected sub-watershed of the study area.

Table 4. A brief description of the output variables that have been demonstrated in the output summary files (Arnold, 2012)

Outputs  Variable name Definition
SYLD Sediment yield (metric tons/ha)
SEDP Mineral phosphorus absorbed to sediment (kg P/ha)
USLE Soil loss calculated with the USLE" equation (metric tons/ha)
HRU ORGN Transported amount of the organic nitrogen out of the HRU and into the

reach (kg N/ha)

ORGP Transported amount of the organic phosphorus with sediment into the reach

(kg P/ha)
LAI Leaf area index at the end of the time step
WYLD Water yield, the total net amount of water that exit the sub-basin (mm H20)
SURQ Surface runoff contribution to streamflow during the period (mm H20)
SYLD Sediment yield (metric tons/ha) from the subbasin
SUB SEDP Mineral phosphorus attached to sediment (kg P/ha)
ORGN Transported amount of the organic nitrogen out of the sub-basin and into the
reach (kg N/ha)
ORGP Organic phosphorus transported with sediment into the reach (kg P/ha)
ET Sub-basin actual evapotranspiration during the time step (mm)
SED_IN Transported sediment with water into reach during the period (metric tons)
RCH TOT_N Total surface runoff nitrogen (kg)
TOT_P Total surface runoff phosphorus (kg)
DISOX_IN Transported dissolved oxygen into reach during the period (kg O2)

“Universal Soil Loss Equation
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Figure 4. The total annual amounts of water yield for baseline and post-deforestation (scenarios 1 to 3) scenarios at the sub-
catchment scale in time step (2005-2017)
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Figure 5. The total annual amounts of sediment yield for baseline and post-deforestation (from 1 to 3) scenarios at the sub-catchment
scale in time step (2005-2017)




Rouhollah Nasirzadehdizaji and Dilek Eren Akyuz

Int J Agric Environ Food Sci 6 (1): 108-120(2022)

The progressive increase of deforestation area brings
along a gradual increase in the annual mean flow rates,
and the maximum runoff occurred in scenario 3 with the
highest spatial distribution of deforestation where the
surface runoff increased by 24% in compared with the
baseline scenario and has raised from about 144 mm to
179 mm. In consequence of the degradation of forest and
conversion, it into the farmland, a high contribution of
the surface runoff to the streamflow and a significant
increase in the amount of sediment transported into the
stream has been observed that indicates a large amount
of soil loss has occurred during the simulation time step.
The amount of sediment eroded from HRUs and
transported to the hydrological network of the selected
sub-basins varied between 64.3- and 87.3-ton ha-1.
Post-deforestation conditions resulted in an almost 50%
increase compared with the baseline scenario,
corresponding to an erosion rate increase of 29-ton ha.
Accordingly, soil loss from HRUs calculated with the
USLE equation between the baseline and the scenario
with the highest distribution of deforestation (scenario
3) changed from 89.5 to 119.8 (ton) and increased by
34% for the time step.

Erosion rates and sediment yield analysis identify
areas with very high soil losses and their spatial
distribution. The highest sedimentation rates were
estimated particularly at sub-basins 5, 11-13, 51, and 54
of the selected area. Different parameters such as soil
type and land topography (land on steep slopes) in the
area can affect the erosion process and soil loss and
cause to increase in soil erosion rate and sediment loss
under high runoff conditions. According to the post-
deforestation scenario analysis, the sedimentation rate of
almost all distribution areas is very high, and the erosion
rates would be above the tolerable soil losses limit
(Verheijen et al., 2009). This result indicates that the
selected sub-watershed has different areas where soil
erosion is a substantial issue, and land degradation
would be possibly higher than the soil formation rates in
the watershed.

Model predictions and outputs indicate that after
changes in land use/land cover due to deforestation,
there is a high possibility of soil loss, sedimentation, and
an increase in surface runoff. The hydrological and
sediment model's outputs suggest that there are
problems in landscape susceptibility to erosion and soil
loss, and it is necessary to identify areas in the watershed
that are at greater risk of erosion when land use/cover
changes occur. Hence, the method used in this study can
be helpful for decision-makers and an efficient approach
to apply for the protection of forests from intensive
impacts such as forest fires or deforestation.
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