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Land-use change has a significant influence on runoff process of any watershed, and
the deepening of this theme is essential to assist decision making, within the scope
of water resources management. The study was conducted for Mundau River Basin
(MRB) using the Soil and Water Assessment Tool (SWAT) model. The study aims
to assess the issue of land-use change and its effect on evapotranspiration, surface
runoff, and sediment yield. Input data like land use, topography, weather, and soil
data features are required to undertake watershed simulation. Two scenarios of land
use were analyzed over 30 years, which were: a regeneration scenario (referring to
use in the year 1987) and another scene of degradation (relating to use in the year
2017). Land use maps for 1987 and 2017 were acquired from satellite images.
Overall, during the last three decades, 76.4% of forest was lost in the MRB. The
grazing land increased in 2017 at a few more than double the area that existed in
1987. Changes in land use, over the years, resulted in an increase of about 37% in
the water yield of MRB. Changes have led to increased processes such as surface
runoff and sediment yield and in the decrease of evapotranspiration. The spatial and
temporal distribution of land use controls the water balance and sediment production
in the MRB.

Keywords: Land use, water balance, SWAT model, Mundal watershed.

Introduction

Land-use change is one of the leading causes of the
surface runoff variation in a watershed due to the

In the last decades, around the world, there
has been a severe change in land-use and,
consequently, modification in the hydrological and
ecological behaviors (Khare et al., 2017).
Generally, land-use change has been carried out by
human activities (Sajikumar & Remya, 2015).
Agriculture increases, deforestation, intensive
grazing, and urbanization are some examples of
human activities that resulted in a land-use change
(Worku et al., 2017).

In a watershed, alteration in land use is
essential because of its effect on the hydrological
and ecological characteristics within the area.

alterations caused in the precipitation interception,
evapotranspiration, and soil hydraulic conductivity
(Munoz-Villers & McDonnell, 2013; Yan et al.,
2013). The quantity, intensity, and velocity of
runoff increased due to a continuous increase in
deforestation, agriculture, and other anthropogenic
practices (Booth, 1991; Abbas et al., 2015).
Knowledge about the influence of land-use
change in a watershed plays a fundamental role in
the governments to articulate policy options to
minimize its effects (Worku et al., 2017). In
developing countries such as Brazil, whose
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economies are mostly dependent on agriculture and
with rapid human population growth, land-use
changes are widespread (Tufa, Abbulu &
Srinivasarao, 2014). Deforestation — mainly the
conversion of forest to agricultural land — has a
high rate of both Brazil and Indonesia, which had
the highest net loss of forest in the 1990s (FAO,
2010).

The Mundad River Basin (MRB), which is
a representative watershed of the Brazilian
Northeast, has experienced many land-use
transformations over the years. The basin was
initially formed by typical vegetation (Atlantic
Forest and Caatinga), which was decreased over
time, being replaced by pasture and agriculture,
mainly sugarcane. The urban expansion was also
one of the causes of the transformations that
occurred in MRB.

In this context, supporting tools to study
the impacts of land-use change on water quantity
and quality are essential to the implementation of
policies and assist in the management of water
resources. Researchers in various fields have
required to improve and implement multiple
instruments, including hydrological models, such
as the Soil and Water Assessment Tool (SWAT)
(Bressiani et al., 2015).

The model was developed to analyze the
impacts of land-use changes on water runoff,
sediment yield, and water quality in large
watersheds (Arnold et al., 1998). SWAT is a
versatile model that considers different
hydrological and agronomic components and has
been applied by many governmental and private
institutions, like universities and other institutions
interested in supporting decision-making in the
management of water resources (Bressiani et al.,
2015).

In Brazil and the world, several studies
have been developed aiming to verify the effects of
the land-use changes on the runoff (Coelho et al.,
2014; Rodrigues et al., 2015; Pereira et al., 2016;
Zhang et al., 2016; Kundu et al., 2017; Marhaento
et al., 2017; Fontes Janior & Montenegro, 2019)
and sediment yield (Anaba et al., 2017; Blainski et
al., 2017; Worku, Khare & Tripathi, 2017). Coelho
et al. (2014) detailed analysis of spatial and
temporal dynamics of land use and occupation of
the stream S&8o Paulo watershed, located in the
semiarid region of Pernambuco State, from 1991 to
2010. Rodrigues et al. (2015) analyzed the
dynamics of flow and water flow in the Para River
Basin, Minas Gerais, Brazil, aiming to evaluate the
impact caused by changes in land use in water
availability. Marhaento et al. (2017) studied
changes in the water balance of a tropical
catchment in Indonesia due to land-use change

using a modeling approach. Fontes Junior &
Montenegro (2019) investigated the impacts of
reforestation of the arboreal Caatinga on the
availability of water in a representative basin of the
Northeast semiarid with strong anthropic influence,
considering a period of severe water scarcity from
2012 to 2015.

In this context, the study aims to assess the
issue of land-use change and its effect on
evapotranspiration, surface runoff, and sediment
yield of the study watershed.

Material and Methods
Study area

The area of the Mundal River Basin
(MRB) extends over 4,090.39 km2. It ranges
between southern latitude 8°42'-9°36' and western
longitude 35°47'-36°39" (Figure 1), with 52.2% of
the area present in the State of Pernambuco, where
is the upstream, and 47.8% in Alagoas, where is the
downstream (APAC, 2015).

The main economic activity in this basin is
agriculture and livestock, which is maintained by
the water availability within the watershed.

The MRB is predominantly rural, has
substantial agricultural activity, including a large
dairy and broilers breeding industry. It also has
substantial sugarcane production and processing
industry. The MRB also has areas of Caatinga
vegetation, characterized by seasonally dry shrubs
and forests (Leal et al., 2005), as well as Atlantic
Forest vegetation, characterized by seasonally dry
and tropical forests (Werneck, 2011). Mangroves
and coastal vegetation are also found in the region.

The drainage area of the basin involves 34
municipalities, with part or all of the territory
included into this, being 19 municipalities in the
State of Alagoas and 15 municipalities in the state
of Pernambuco. According to Pernambuco State
Agency for Water and Climate (APAC), the
Angelim, Correntes, Palmerina, and S&o Jodo
towns are completely inserted in the basin. Brejao,
Calcado, Capoeiras, Jucati, Jurema, Jupi, and
Lajedo are partially inserted into the basin. In
Alagoas, Murici, Unido dos Palmares, S&o José da
Laje, Santana do Mundau, Satuba and Branquinha
have a part into the basin.

The climate, according to the classification
of Koppen, is Aw (Tropical, with the dry season in
winter). Most of the MRB is classified considering
the amount of rainfall, as semi-humid and a small
portion classified as semiarid, with an average
temperature of 24°C. The average annual rainfall in
the MRB is 800 mm (Alvares et al., 2014), with
precipitation declining as the distance from the
coast increases.
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Figure 1. Location map of the Mundal River Basin (MRB) and their municipalities. Font: Andrade et al.

(2020).

The basin has considerable relevance
through the high hydrological variability. There
were episodes of peaks flows with flood problems,
such as that in Santana do Mundau, Alagoas, in
2010, causing damage in several areas. The basin
also has experienced severe droughts, since part of
it is already in the semiarid portion of Pernambuco,
such as the recent exceptional drought of 2012, the
highest of the last 50 years.

Hydrological modeling
The Soil and Water Assessment Tool

(SWAT), freely available at
(http://swat.tamu.edu/), is physically based and
semi-distributed, continuous-time, the
hydrological, long-term  simulation  model

developed by United States Department of
Agriculture Research Service (Arnold et al. 1998).
The hydrological cycle in SWAT is based on the
water balance equation (Equation 1):

SW, = SWo + Xi, (P — Qs — ET — W — Qqu) EQ. (1)

where: SWt is the final soil water content in time t
(mm), and SWO is the initial soil water content in
time t (mm); t is time (days), P is precipitation in
time t (mm), Qs is a surface runoff in time t (mm),

ET is the actual evapotranspiration in time t (mm),
Ws is percolation in time t (mm), and Qgw is the
baseflow in time t (mm) (Neitsch et al., 2005).
The conceptual framework of the SWAT
model and its setup are shown in Figure 2. The
SWAT model requires four main types of input
data, including three maps and one data series (Step
1). The collection of all data used for hydrological
modeling from different sources was performed in
a previous study (Andrade, 2018). The digital
elevation model (DEM) was obtained from the
Shuttle Radar Topography Mission (SRTM),
available at Brazilian Agricultural Research
Corporation (EMBRAPA) Satellite Monitoring,
where archives are available on the altimetry of
Brazil. The land use map of the MRB was
constructed using satellite images and image
processing tools from LANDSAT 5 and 8, obtained
from the National Institute of Space Research
(INPE). The soil types map was obtained from data
provided by the EMBRAPA, based on the
information supplied by the Agroecological
Zoning of Pernambuco (ZAPE) and Alagoas
(ZAAL), which offers maps in the scale of 1:
100,000. The hydrological data were obtained from
the National Water Agency (ANA) and the
Pernambuco State Agency for Water and Climate
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(APAC). The complete daily weather data series
were obtained from the National Institute of
Meteorology (INMET), using weather stations
located in the cities of Garanhuns and Maceio.
More information can be found in Andrade (2018).

In step 2, all input data is entered into the
SWAT model. The model is coupled with the
Geographic Information System (GIS). After the
creation of the project, the first data to be inserted
in the model is DEM, to delimit drainage network
and watershed (Watershed Delineation). The
SWAT must be configured to delineate sub-basins
with defined areas, and then generate the
Hydrological Response Units (HRU's).
Considering the division of the sub-basins, the

SWAT is based on the concept of area necessary
for the formation of a watercourse.

On the other hand, the subdivision in
HRU's is made from similar characteristics of soil
use, soil type, and slope found in an area; in this
way, HRU's have similar properties. The
calculations of the variables were done separately
in each HRU, to be summed and represent each
sub-basin (Silva, 2014). Then, tabular data were
included with the series of precipitation data and
other meteorological data. After this phase, the
input data can be edited to improve the
characterization of the study area. After these steps,
the simulation with the model can be performed.

Specific Step 1: Step 2: Step 3: Step 4:
formats d ) Calibration Scenarios
required by Input data New project and validation simulations
SWAT model
g Modify
= “*+| parameters
= m [ 1. Project creation ] l Sensitivity analyzes 1 ‘ New parameters ’ "’t:l::;:l
. =
[ 2. Waterglled ] SWAT with new
Topography Land use delineation Definition of the parameters
most sensitive
e i 3 2 [ 3. HRU’s definition ] arameters R . New entries
% = 4 ">~..| (scenarios)
8 L% Calibrati t with
scce W 4. Tabular data alibration (parameter !
= == [ o —c— J modification - series 1) Step 1: modified
Soil Weather I t dat ?‘;;\T
5. Edition of SWAT Validation (\\nhout Hpiuecis it oS
P input data modification — series 2)
6. Hydrological u
[ simulation ] Verification
Land use
scenarios
Graphics Statistics

Figure 2. Conceptual framework of the Soil and Water Assessment Tool (SWAT) model and its setup. Font:

Andrade et al. (2020).

The SWAT needs calibration and
validation about evapotranspiration, percolation,
interception, water storage, and surface runoff. The
calibration and validation procedures of the MRB
(Step 3) was performed previously by Andrade
(2018) using the SWAT-CUP. The SWAT-CUP is
an independent software developed for uncertainty
and sensitivity analyses, calibration, and validation
processes, based on SWAT simulations. The
program contains five calibration procedures, 11
objective functions, and includes applications such
as visualization of the study area (Abbaspour et al.,
2007). The results related to the performance of the
model and its statistical indices can also be verified
in Andrade (2018).

Once calibrated and validated, the model
can be used to simulate scenarios of land-use
changes (Step 4), which is precisely the focus of

this study: verify the impact of land-use changes
dynamics on evapotranspiration, surface runoff,
and sediment yield. The values of the calibrated
parameters of the result generated in the SWAT-
CUP must be transferred to the SWAT model. With
the modified values, the whole process described
from stage 1 is done again, considering, now, the
changes that occurred under the different scenarios
adopted for evaluation.

Land-use scenarios

The source for the land use data for the
years 1987 and 2017 was generated from
downloaded Landsat 5 and 8 imageries from
http://www.dgi.inpe.br/CDSR/. The details of
Landsat data are presented in Table 1. Initially, the
images were converted into Universal Transfer
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Mercator and geo-referenced to a datum in which
Brazil has been selected by WGS 84.

Table 1. Sources of Landsat images. Font:
http://www.dgi.inpe.br/CDSR/.

Images Landsat 5 Landsat 8
Res?r:n‘;“o” 30x30m  30x30m
Sensor ™ oLl
Path 214/215 214/215
Row 66/67 66/67

Year 1987 2017

Classification Landsat images, supervised
classification was done adopting the maximum
likelihood classifier. Seven land use classes were
identified: i) Water, ii) Urban Area, iii) Atlantic
Forest, iv) Caatinga, v) Pasture, vi) Agriculture,
and vii) Sugarcane.

For modeling runoff response to land-use
changes, two scenarios of land use were analyzed
over 30 years, which were: a regeneration scenario
(referring to use in the year 1987) and another
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scenario of degradation (relating to use in the year
2017).

Concerning statistical analyzes, we
performed boxplots and data on the mean annual
evapotranspiration, surface runoff, and sediment
yield was subjected to analysis of variance (F test)
and test of Tukey for comparison of means at 0.05
level of significance.

Results and Discussion
Land-use changes in the Mundau River Basin

The proportion of land-use dynamics and
corresponding percentage shared during the
regeneration (referring to use in the year 1987) and
degradation (relating to use in the year 2017)
scenarios have been presented in Figure 3 and
Table 2. The study watershed has a total area of
about 4,090.39 km2. Figure 3 shows that it is clear
that the forests — Atlantic Forest and Caatinga —
were the most present types of land use in 1987,
presenting 33.26 and 22.23% of the area,
respectively. In 2017, it was noticed that the
highest percentage of land use is exclusively by
pastures, with 64.21%.

36°30'0"W 36°10'0"W 36°0'0"W 35°50'0"W

Legend

- Water
- Urban Area
- Atlantic Forest
\:| Caatinga
- Pasture
\:| Sugarcane

36°30'0"W 36°10'0"W 36°0'0"W 35°50'0"W

Figure 3. Land-use classes for Mundal Basin in the regeneration (1987) and degradation (2017) scenarios.

Font: Andrade et al. (2020).

Farias, C.W.L.A.; Montenegro, S.M.G.L.; Montenegro, A.A.A.; Lima, J.R.S.; Srinivasan, R.; Jones, C.A.

198



Journal of Environmental Analysis and Progress V. 05 N. 02 (2020) 194-206

It is confirmed that an increase in pasture
and sugarcane has been in the area in the last years.
From 1987 to 2017, urban expansion was also one
of the causes of transformations in the land use of
MRB. Considering the development in agricultural
products and practices, the areas of cultivation and
the activities of livestock have grown over time, as
well as urban expansion. These modifications
characterized significant losses of native
vegetation, destruction of part of extensive forests,
for replacement by such activities. According to
Silva (2002), there is a low percentage of forest
occupation of Atlantic Forest around the world due
to indiscriminate deforestation, especially those
that occurred in the '60s and '80s, which destroyed
essential species of fauna and flora.

As can be seen in Figure 3, the share of
forest cover in the study watershed comprised of
densely vegetated natural forest, plantation, and
shrubs in the regeneration scenario. According to
Tucci & Clarke (1997) and Bruijnzeel (1996),
forests have higher interception capacity than
pastures. In this way, the direct evaporation of the
intercepted water tends to be higher with the
presence of native forests; processes such as
infiltration and percolation of water in the soil also
tend to increase.

On the other hand, deforestation causes an
increase in the average flow of a watershed, which
can lead to problems such as extreme flood events.
Such effects may become irreversible over the
years when there are intense agriculture and
utilization of mechanization in the area.

Table 2. Land-use areas in the regeneration (1987)
and degradation (2017) scenarios of the Mundau
River Basin. Font: Andrade et al. (2020).
Regeneration Degradation

Scenario (1987) (2017)

Land use Area Area Area Area
km?) (%) (km?) (%)

Water —

WATR 10.5 0.3 26.8 0.7

Urban Area —

URBN 146.4 3.6 343.6 8.3

Atlantic

Forest — 1372.2  33.3 276.1 6.7

FRSE

Caatinga —

RNGB 917.4 22.2 264.0 6.4

Pasture —

PAST 1223.4 29.7 26495 64.2

Sugarcane —

SUGC 106.7 2.6 327.3 7.9

Agriculture —

AGRL 349.4 8.5 238.8 5.8

Figure 4 shows land-use types and
percentage area of Mundal watershed from 1987

to 2017. Overall, during the last three decades
(1987-2017), 1749.6 kmz2 (76.4%) of forest were
lost in the MRB. On the other hand, grazing land
increased 1426.1 km?, arriving in 2017 at little
more than double the area that existed in 1987. The
share of sugarcane land, for the study, watershed
rose from 2.6% in 1987 to 7.9% during 2017. The
urban portion also rose from 3.6% in 1987 to 8.3%
during 2017. Generally, during the study periods,
the share of agricultural land was more or less
constant, with a slight reduction observed in 2017.
The water bodies such as spring, streams ponds,
and small rivers accounted for a share of only 0.3%
during 1987 and increased to 0.7% during 2017
(Table 2).

1987 = 2017

o =0 En Em i im
WATR URBN FRSE RNGB PAST SUGC AGRL
Land use class

Figure 4. Land-use types and area coverage of
Mundal watershed from 1987 to 2017. WATR =
Water, URBN = Urban area, FRSE = Atlantic
Forest, RNGB = Caatinga, PAST = Pasture, SUGC
= Sugarcane, AGRL = Agriculture. Font: Andrade
et al. (2020).

The percentage change in land use class of
Mundau watershed from 1987 to 2017 is shown in
Figure 5.

m1987-2017
40 -
30 A
20 A
10 A

0 T L T T T T | —
-lO-WATR URBN FIE RIB PAST SUGC AGRL

20 A

_30 -

-40 -
Figure 5. Percentage change in land use class of
Mundal watershed from 1987 to 2017. Font:
Andrade et al. (2020).

The pasture increased by 34.6% from the
regeneration to the degradation scenarios.
According to Lima et al. (2012), grazing is
vegetation that has a few biomass and a shallow
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root system, and consequently, has a low
evapotranspiration rate; such condition leads to an
increase in the direct runoff (surface and
subsurface) to the channels, increasing the annual
mean flow in the watershed.

The net change in forest lands for the last
30 years (1987-2017) decreased by about 26.6%
and 15.8% for Atlantic Forest and Caatinga,
respectively. Marhaento et al. (2017), studying the
changes in the water balance of the Samin
catchment on Java, Indonesia using the SWAT
model, found during the period 1994-2013, that
deforestation by decreasing evergreen forest area
and mixed garden area was about 30%.
Additionally, settlements and agricultural areas
increased by 25% and 6%, respectively. Rodrigues
et al. (2015), evaluating the impact of changes in
land use in the flow of the Para River Basin, Brazil,
found that from 1983 to 2012, there was an increase
in pastoralism, with 38% of the territory in 2012.
The authors also observed that, in this period,
occurred a reduction of approximately half the area
formerly occupied by the Atlantic Forest.

In the whole study period, the increase in
the sugarcane area was about 5.3%, from the
regeneration to the degradation scenarios. During
the given periods (1987-2017), the urban area has
increased to about 4.8%, which took an additional
197.2 kmz from other land use categories. Another
share of land use class for the study area is
agriculture land, which was accounted for 8.5%
(349.5 km?) during 1987; in contrast, during 2017,
it shrunk by about 2.7% (8.5-5.8%).

Changes in water balance by following land-use
changes

The water balance of a watershed is the
main constituent of water management and is
influenced by several natural and anthropogenic
issues. Modifications of water balance components
caused by land-use change, for example, can cause
impacts on the environment, such as water stress in
plants and extreme events such as droughts and
floods (Kundu et al., 2017). Figure 6 shows the
annual water balance in the Mundal River Basin.
The results reveal the magnitude of the impact of
land-use changes on water flow. Changes in land
use over the years resulted in an increase of about
37% in water yield of the Mundal River Basin,
corresponding to 111.7 mm year?, about 1987.
This increase in flow can be explained by the
reduction of the mean evapotranspiration in the
basin, from 726.9 mm in 1987 to 603.2 mm, in
2017. Rodrigues et al. (2015) also found an
increase in water flow and a decrease in ET in the
Para River Basin when the land use for 1983 was
compared to the 2012 year. Kundu et al. (2017),
analyzing the individual and combined impacts of
future climate and land-use changes on the water
balance of the Narmada River Basin, India, found
an increase in water yield and decrease actual
evapotranspiration (ET). The authors associated
these results with the change in the Curve Number
(CN) values, a parameter used by SWAT to
calculate surface runoff that considers, among
other things, the changes that occur in land use.
According to Pereira et al. (2016), the decrease in
surface runoff is associated to the inferior values in
the CN for the Atlantic Forest, since it allows more
protection to the soil surface and, consequently,
better water infiltration.

ET (mm) |

Percolation out of soil (mm) :
Total water yld (mm)

Total aq recharge (mm) [m=—
Deep aq recharge (mm) |
Revap (mm) [

Groundwater (deep aq) (mm) |

Groundwater (shal aq) (mm)
Lateral soil (mm)
Surface runoff (mm)

m 2017
1987

Precip (mm)

0 200 400 600 800 1000 1200 1400

Figure 6. Annual water balance due to land-use change in the Mundau River Basin. PET = Potential
Evapotranspiration; ET = Actual Evapotranspiration. Font: Andrade et al. (2020).
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Although the total aquifer recharge was
higher in 2017, the percolation out of soil was also
higher in this year, possibly indicating that losses
were more pronounced when compared to 1987.
The surface runoff was also a variable that
presented higher values in 2017 when compared to
1987. This result state that a lower density of
vegetation cover, and consequently, lower
interception of precipitation by the canopy, causes
an increase in surface runoff. This condition leads
to less water use by the soil, with the reduction of
processes such as infiltration and percolation.
Vegetal cover plays an essential role in the
maintenance and balance of the hydrological cycle,
performing functions in the control of water
availability, which guarantees flow permanence
(Rodrigues et al., 2015).

Effect of land-use change on ET, surface runoff and
sediment yield

Figure 7 shows the long-term changes in
the ET, surface runoff, and sediment yield for the
regeneration and degradation scenarios. At the sub-
catchment level, long-term trends were of growth
for surface runoff and sediment production. To
evapotranspiration, we found that there was a
decrease over time, mainly due to the decrease in
forest areas, as previously mentioned. As the
Atlantic forest has higher values of leaf area index
(LAI) when compared to pastures, gas exchange
between the canopy and the environment is more
prominent (Pereira et al., 2010). Such a condition
allows an increase in evapotranspiration.
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Figure 7. Simulated ET, surface runoff, and sediment yield, including the long-term trend for the regeneration
(1987) and degradation (2017) scenarios in the Mundad River Basin. Font: Andrade et al. (2020).

Furthermore, Atlantic Forest explores the
soil more through its roots, which enables a higher
water consumption by the plants. Marhaento et al.
(2017) found that land-use change due to
deforestation and expansions of the settlement area
reduced the mean annual ET and increased the
mean annual streamflow in the studied watershed.
According to authors, occurrences in the soil
surface resulting in loss of organic matter cause a
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lower permeability and storage capacity (e.g.,
deforestation), leading to a decrease in the soil
infiltration capacity. Thereby, much of the
precipitation is converted into surface runoff.

The amplitude and dispersion of data on
simulated evapotranspiration, surface runoff, and
sediment yield in scenarios of 1987 and 2017 years
in the Mundal River Basin are shown in Figure 8.
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Figure 8. Amplitude and dispersion of data on simulated evapotranspiration, surface runoff, and sediment yield
for the regeneration (1987) and degradation (2017) scenarios in the Mundau River Basin. Font: Andrade et al.

(2020).

SWAT model results showed that it is
possible to verify that, between the years of 1987
and 2017, there was a decrease in the average
values of evapotranspiration. Mean values and
amplitudes of surface runoff and sediment yields
were increasing over the years, mainly due to the
decrease of the vegetation cover of the studied
basin. Rodrigues et al. (2015) found the highest
mean flow and amplitude in 2012 when compared
to 1983 due to the changes in land use and the
original plant cover of the Para River Basin.

Tukey's test statistic showed that there was
a significant difference between mean off all
variables studied (evapotranspiration, surface
runoff, and sediment yield) for the two scenarios:
1987 and 2017 years (Table 3). These differences
confirm the effect that changes in land use cause on
the hydrological and sedimentological processes of
a watershed. In MRB, there was a higher average
value of evapotranspiration in 1987 when
compared to 2017; and this fact can be explained
by the higher density of vegetal cover existing in
the '80s. Rodrigues et al. (2015) also found higher
mean values of evapotranspiration in the original
vegetation cover scenario when compared to
current soil use.

Table 3. Statistical evaluation for mean
evapotranspiration, surface runoff, and sediment
yield for the regeneration (1987) and degradation
(2017) scenarios in the Mundal Watershed. Font:
Andrade et al. (2020).

Scenario

Variable Regeneration Degradation

(1987) (2017)
Precipitation 10903 10903
(mm.year?) ' '
Evapotranspiration 8208 A 522 25 B
(mm.year?) ' '
Surface runoff 2633 A 4406 B
(mm.year?) ' '
Sediment yield
(tha) 0.265 A 0.947B

The lower density of vegetation cover in
2017 may be one of the leading causes of extensive
surface runoff and higher sediment yield in the
Mundal River Basin; these variables presented
higher average values when compared with the
1987 values. Rodrigues et al. (2015) found higher
average flow values in the current land use scenario
when compared to the original vegetation cover.
The surface runoff mean values ranged from 263.3
to 440.6 mm, and the sediment yield mean values
ranged from 0.265 to 0.947 t ha* between 1987 and
2017, respectively. According to Halecki, Kruk &
Ryczeq (2018), there is a close relationship
between surface runoff and erosion; that is, soil
loss is affected by the intensity of water flowing
through the soil surface. Additionally, according to
the authors, water erosion is one of the main
problems in agriculture.

According to the classification of soil
erosion risk proposed by Marks et al. (1989), soil
losses below 1 ton ha? year?! does not present
erosion risks. Values between 1 and 5 ton ha™* year
L are low risk. Thus, although MRB does not
present a risk of erosion, changes in land use over
the three decades have increased soil loss values to
the acceptable limit of risk, since values above 1
ton.ha™.year! already present low risks of erosion.
These results are a warning for the adoption of
better management practices in MRB, to prevent
adverse effects on the ecosystem caused by
erosion.

The total spatial effect of land use changes
is considered in this study and three conditions over
30 years are evaluated to get the view of the water
balance of the region with SWAT, particularly with
the actual evapotranspiration (mm), surface runoff
(mm) and total water yield (t ha'). According to
Worku, Khare & Tripathi (2017), the complex
nature of watershed, as well as spatial variation of
different land use, can modify the water and
sediment yields. Figure 9 shows the spatial
distribution of the variable's evapotranspiration,
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surface runoff, and sediment vyield for the
regeneration and degradation scenarios.

The regeneration scenario had higher
values of evapotranspiration and lower values of
runoff and sediment production, due to the higher
density of vegetation cover when compared to the
degradation scenario. On the other hand, surface
runoff was higher in 2017 when compared to 1987;
and it was probably for that reason that the
sediment production also presented higher values
in 2017 along the watershed. More specifically,
land-use changes, particularly the expansion of
pasture and sugarcane areas, may be responsible
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for a significant increase in the surface runoff and
sediment yield in the MRB. As already indicated in
Fig. 6, the change in land use between 1987 and
2017 from forests into pasture and sugarcane areas
has actively contributed to increasing the surface
runoff and sediment yield. Problems such as soil
degradation, erosion, low occupancy, are some
examples that cause continuous changes in the land
use of a watershed over time. Also, processes such
as the construction of water catchment points,
agricultural and urban expansions, deforestation
contribute significantly to these changes (Worku,
Khare & Tripathi, 2017).
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Figure 9. Land-use change impact on evapotranspiration (mm), surface runoff (mm), and sediment yield (t ha-
1) for the regeneration and degradation scenarios. Font: Andrade et al. (2020).

According to Molina-Navarro et al. (2018),
land-use changes may cause uncertain
consequences for water resources. The results
achieved in this work confirm the indispensable
role of vegetal cover in the maintenance of
hydrological processes in a watershed (Tucci and
Clarke, 1997). Such results can be adopted for
decision-making related to the management of
water resources in the area. Additionally, this
research is applicable for similar watersheds to
understand the effects of land-use change on water
yield.

Conclusion

The analysis of results showed that the
watershed experienced significant land-use change
between 1987 and 2017. This study confirmed that
most of the land use occupied by forests in the
Mundau River Basin are reducing due to pasture
and sugarcane expansion. Also, the main change in
land use involved replacing the original vegetation
by pasture in an area corresponding to 34% of the
watershed. Changes in land use over the
regeneration and degradation scenarios have led to
increased processes such as surface runoff and
sediment yield.
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On the other hand, there was a reduction in
evapotranspiration. Hence, it can be concluded that
spatial and temporal distribution of land use
controls the water balance and sediment production
in the Mundau River Basin. Then, there is a need to
adopt sustainable practices in the basin to minimize
the massive losses of native vegetation that have
occurred over the last 30 years. The SWAT model
is an essential tool to simulate the spatial and
temporal variability of evapotranspiration, surface
runoff, and sediment yield with following land-use
changes in the Mundal watershed.
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