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ABSTRACT

This work evaluated the response of  two scenarios (4.5 and 8.5) of  the Eta Model on the quality (sediment - TSS, nitrate - NO3
- and 

phosphate - PO4
3-) and quantity (flow - Q) of  the Concordia Catchment in the Atlantic forest biome. The importance of  the work 

lies in the comparison of  both scenarios until 2099, using current agricultural practices (2016). The SWAT model normally used for 
hydrological purposes has been applied to evaluate water quality from the monitoring programme database (2010-2014). Q showed a 
non-accentuated, upward trend. Modifications in Q were transmitted to TSS and PO4

3-. There was no significant difference between 
the tested scenarios.

Keywords: Temporal variations; Hysteresis; Soil management.

RESUMO

Este trabalho avaliou a resposta de dois cenários (4.5 e 8.5) do modelo Eta sobre a qualidade (sedimento - TSS, nitrato - NO3 e fosfato 
- PO4) e quantidade (vazão - Q) na bacia hidrográfica do Ribeirão Concórdia, no bioma Mata Atlântica. A importância do trabalho 
está na verificação dos cenários até o ano de 2099, tendo em vista as práticas agrícolas atuais (2016). Foi utilizado o modelo SWAT, 
geralmente aplicado para processos hidrológicos, no sentido de avaliar a qualidade da água, por meio do monitoramento mensal na 
bacia hidrográfica (2010-2014). Q apresentou uma tendência de aumento não acentuado. Modificações em Q foram transmitidas para 
TSS e PO4. Não houve diferença significativa entre os cenários testados.

Palavras-chave: Variações temporais; Histerese; Manejo do solo.

INTRODUCTION

Climate change effects are felt in water resources and, consequently, in ecological, social, and economic systems (DIBIKE; 
COULIBALY, 2005; BRAUMAN et al., 2007; VÖRÖSMARTY et al., 2010; MEAURIO et al., 2017). These effects can be observed on 
local, regional, and global scales. The Intergovernmental Panel on Climate Change (IPCC) has already warned about the risks related 
to increased water use. According to the IPCC’s Fifth Assessment Report (AR5), the global mean surface temperature increased by 
0.85 °C from 1880 to 2012, and the beginning of  the 21st century was the hottest ever recorded (IPCC, 2013). High temperatures also 
elevate evapotranspiration rates, which are directly linked to water systems (PAPARRIZOS et al., 2016; URRUTIA; VUILLE, 2009).

To understand how these systems will respond to climate change, climate models are used, such as the general circulation model 
(GCM), which estimates scenarios of  atmospheric and oceanic circulation. These models are evaluate the impacts of  climate change 
on meteorological systems, providing different results (outputs), which feed hydrological models (GOSLING et al., 2011). With a 
GCM, it is possible to estimate the impact of  climate change and make future projections at the catchment level (SELLAMI et al., 
2016; ZHANG et al., 2016; OUYANG et al., 2015; TAN et al., 2014). To generalise the scenarios, the IPCC presented, in the AR5, the 
Coupled Model Intercomparison Project Phase 5 (CMIP5), which established four climate scenarios, called Representative Concentration 
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Pathways (RCPs) (MEINSHAUSEN et al., 2011; TAYLOR et al., 
2012). These RCPs consider different scales of  radioactive forcing 
(Wm−2) and the base value established for the pre-industrial period 
(VAN VUUREN et al., 2011).

The Soil and Water Assessment Tool (SWAT) is a 
physical‑based model applied to hydrological simulation in 
catchments. Generally, the SWAT model is used to investigate 
changes in hydrological conditions over different environments 
and practices (GASSMAN et al., 2007; KRYSANOVA; WHITE, 
2015). In SWAT, complex natural phenomena can be simulated, 
using simplified equations (BLAINSKI et al., 2017). Studies, such 
as Tan et al. (2017), Yesuf  et al. (2016) and Fukunaga et al. (2015), 
have already demonstrated the model’s reliability for simulating 
flow in tropical regions, but not for quality, which still needs 
improvement.

Recently, the impact of  climate change on hydrological 
processes has gained attention, resulting in a considerable number of  
new studies in various regions and even in some Brazilian catchments 
(MACHADO et al., 2003; LELIS et al., 2012; SILVA et al., 2011; 
BLAINSKI et al., 2014; VIOLA et al., 2015; ALVARENGA et al., 
2018; TAFFARELLO et al., 2018; COSTA et al., 2019). Impact 
assessments of  climate change are valuable information for 
managing water resources and developing management plans. 
Computational advances through geographical information 
systems (GIS) also facilitate the representation of  the changes 
(BLAINSKI et al., 2017). To achieve a satisfactory representation, 
however, a high amount of  information is needed, preferably via 
field monitoring (NEITSCH et al., 2011; ARNOLD et al., 2012a), 
which may be the limiting factor for using this tool (e.g., BEVEN, 
2001; BRESSIANI et al., 2015).

Catchment management in developing countries is still 
incipient. For example, the Itajaí-Açú River Catchment, is made 
up of  15,000 km2 in the Atlantic Forest Biome and includes 
49 municipalities. The catchment committee is active but cannot 
handle the number of  complex local activities, such as urban centres 
(i.e., public supply and industrial activities) and agricultural areas 
(i.e., irrigation and livestock). The unplanned use of  water resources 
and the effects of  climate change, however, has generated a warning 
about the availability of  water resources, both in quantity and 
quality. The site is naturally vulnerable and historically suffers from 
intense precipitation rates and floods, which are becoming more 
frequent (PIAZZA et al., 2016). One way to manage the impacts 
of  these events is to study catchment responses while determining 
possible future scenarios. Even with increasing technological 
advances, modelling water quality in Brazilian catchments is still 
incipient (BLAINSKI et al., 2017) due to the lack of  databases 
with quality data. This fact places the Concordia Catchment in a 
privileged situation in terms of  catchment management, due to 
its having a large database of  monitoring data.

This study aimed to evaluate the effects of  two climate 
change scenarios (RCP 4.5 and 8.5) using SWAT to estimate future 
scenarios of  water quantity (flow - Q) and quality (sediment – TSS, 
nitrate - NO3

-, and phosphate - PO4
3-) in the Concordia Catchment. 

The study was divided into two steps: (1) evaluation of  SWAT 
model for simulating flow; and (2) the response of  TSS, NO3

- and 
PO4

3- concentrations until 2099.

MATERIAL AND METHODS

Study site

The study site was the Concordia Stream Catchment, which 
consists of  an agricultural catchment of  30 km2. The Concordia 
Stream is a tributary of  the Lontras River, which is a tributary of  
the Itajaí River, the largest catchment on the Atlantic side of  the 
state of  Santa Catarina (Figure 1).

Besides its importance as a source of  water, the Itajaí 
River Catchment also has great economic importance. The Itajaí 
River rises in the mountain regions and sheds in the west-east 
direction to the Atlantic Ocean. The Concordia Catchment is a 
representative, sub-catchment of  the Itajaí River Catchment, as 
it presents the same type of  land use; with native forests in the 
upper areas, and agriculture and some planted forests in the less 
mountainous areas. The main crops are maize, beans, tobacco, 
soy, cassava, oats, and some fruit trees. In the bottomlands, it is 
also possible to find wetlands used for rice cultivation.

The elevation in the region ranges from 330 m in the low 
areas to 900 m in the upper areas. The precipitation rates vary 
annually from 1,800 mm to 2,200 mm (PIAZZA et al., 2016). 
Almost 60% of  the total annual rainfall occurs in the wet season 
(summer), from December to March. However, the occurrence of  
rainfall is well distributed throughout the year. Although summer 
is the wet season, the average river flow is low then, compared 
to winter, since summer is also responsible for the highest 
evapotranspiration rates (PIAZZA et al., 2018). The catchment 
climate is determined by the Serra Geral, which separates the coastal 
plain from an interior plateau, and it is characterised as humid 
subtropical (Köppen’s Cfa), with an annual average temperature of  
20°C. Land use consists of: 45% native forest, 20% pasture, 14% 
planted forests (Pinus spp. And eucalyptus ssp.), 12% agriculture, 
5% forest in the initial stage of  regeneration, 2% exposed soil, 
1% water, and 1% urban.

Hydrometeorological data

The meteorological monitoring was performed by a 
meteorological station located at an altitude of  534 m. Data were 
collected hourly and stored in a datalogger. The station follows 
World Meteorological Organization (WMO) standards, and, in total, 
it contains: a luviography, a thermo hygrometer, a leaf  wetness 
sensor, a pyranometer, a barometer and an anemometer. The data 
consists of  five years of  monitoring (April 2010 to December 
2014). To complement the period, nine years of  data (from 2002 
to 2010) from a nearby (25 km) station (Ituporanga) were used.

Daily flow data were obtained from the fluviometric 
monitoring section near the outlet. The place had three rulers to 
measure water level and was monitored by a level sensor. To validate 
the data, the site was accompanied with flow measurements. Flow 
data comprised six (06) hydrological years. Rainfall data, also over 
six (06) hydrological years (2008 to 2014), were obtained from 
the sub-hourly data of  nine (09) pluviographs randomly inserted 
in the catchment. Rainfall data between 2002 and 2008 were also 
adopted from the Ituporanga station.
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Sediment and quality data

Three variables were chosen for quality modelling: 
total suspended sediment (TSS), nitrate (NO3

-) and phosphate 
(PO4

3-), which are associated with local agricultural. They were 
also chosen due to the availability of  data from the Concordia 
Catchment monitoring programme. Sediment was monitored 
with a turbidimeter (resolution 0 to 3000 NTU), and nutrient 
concentrations were determined through biweekly samples, 
analysed by an ion exchange chromatograph.

Geospatial data

Cartographic data included digital elevation model (DEM), 
water drainage, soil type and land use. All information presented 
high spatial resolution (1 m × 1 m). The DEM in the raster 
format was obtained in the digital address SIGSC of  the Secretaria 
de Desenvolvimento Sustentável (Secretariat for Sustainable 
Development - SDS) of  Santa Catarina. The DEM was used 
to extract the flow direction and flow accumulation, create the 
drainage network, delimit the hydrographic basin and calculate the 
parameters. Land use data were generated by high-resolution image 
classification, also from SDS. The land use map was reclassified 
for SWAT requirements. Soil type data were obtained from the 
Brazilian Soil Map (EMBRAPA, 2004) in a 1:250,000 scale. All data 
processing was performed in ArcSWAT and its version within the 
geographic information software, ArcGIS 10.3.

The SWAT model

The SWAT model is a physical- and hydrological-based model 
used to evaluate the impact of  climatic variability on long‑term, 
hydrological processes in river catchments (STRAUCH et al., 2012). 

It is a continuous time model and has been used to simulate long 
periods (ARNOLD et al., 2012a). SWAT is applied to simulate 
quantitative and qualitative hydrological processes. SWAT has, 
as principle, the catchment surface and its sub-catchments, as 
delineated by DEM. The smallest sub-catchment delineated by 
SWAT is called the Hydrological Response Unit (HRU), which 
is used to calculate the water balance. Each HRU has climatic, 
edaphic, topographic, vegetative and soil components, allowing 
simulation of  flow, sediment and nutrients at different levels 
(BLAINSKI et  al. 2017). The accumulated HRUs provide the 
cumulative result, up to the catchment outlet. The hydrological 
cycle in SWAT is based on the equation of  the hydrological balance 
(ARNOLD et al., 2012a), as well as the evapotranspiration (ETo) 
estimated by the Penman-Monteith method (ALLEN et al., 1989). 
In this research, the peak flow was estimated by the modified 
rational formula. The surface runoff  was calculated by the Soil 
Conservation Service Curve Number (SCS-CN) (NEITSCH et al., 
2011), and the erosion was calculated with the Modified Universal 
Equation of  Soil Loss (MUSLE) (WILLIAMS, 1975).

Eta RCP scenarios

To understand the behaviour of  changes in atmospheric 
composition, two climate change scenarios (RCPs) were defined 
(IPCC, 2013). The RCP base provided data on emission projections 
and concentrations. 4.5 and 8.5 RCPs, which respectively represent 
medium and high emission scenarios, were used to design future 
scenarios. RCP 4.5 was a stabilisation scenario, in which the total 
radioactive force was projected as having been stabilised before the 
year 2100 using technologies and strategies to reduce greenhouse 
gases, while RCP 8.5 was a scenario of  increased greenhouse 
gas concentrations. Projection data for climatic changes were 
obtained from an historical, daily series of  the regional climatic 
Eta Model—HadGEM2-ES, with a resolution of  20 km, used 

Figure 1. Location and land use of  the Concordia Catchment in the Itajaí River Catchment, Santa Catarina, Southern Brazil.
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to detail the simulations of  the HadGEM2-ES model, in the 
proposed scenarios (BRASIL, 2016).

To correct the systematic errors of  GCMs and RCMs, bias 
removal techniques were applied, such as quantile-quantile mapping 
(BÁRDOSSY; PEGRAM, 2011), the delta change approach and 
the direct approach (LENDERINK et al., 2007), among others. 
Comparisons between different methods of  bias removal can be 
found in Themeßl et al. (2011) and Teutschbein and Seibert (2012).

Model application and data analysis

In hydrological modelling, it is indispensable to calibrate 
the model parameters using the observed fluviometric series 
(BLAINSKI  et  al., 2017). Data from 2002 to 2008 (from the 
Ituporanga station) were considered for heating the model for 
flow and precipitation. The 2009 to 2012 period was used for 
calibration. Calibration and sensitivity analysis were performed 
automatically using the internal SWAT-CUP software, with the 
sequential uncertainty adjustment algorithm (or Sequential Uncertainty 
Fitting-SUFI-2). The algorithm relies on user-defined simulations 
to map uncertainties in parameters and capture measured data with 
a prediction uncertainty of  95% (95 PPU) (ABBASPOUR et al., 
2007). Most of  the selected parameters were uncertainties of  the 
parameters themselves and are difficult to measure in the field 
because of  the lack of  more available information (BLAINSKI et al., 
2017). The range of  these values were defined based on similar 
research and adjusted to represent natural processes (SANTHI et al., 

2001; ANDRADE, 2011; ARNOLD et al., 2012b; BRIGHENTI; 
BONUMÁ; CHAFFE, 2016).

To evaluate the performance of  the SWAT, we used: the 
Nash-Sutcliffe efficiency coefficient (NSE) (NASH; SUTCLIFFE, 
1970) and the coefficient of  determination (R2) (GUPTA et al., 
1999).

The model was run on a daily and monthly basis, and, 
considering the last reference year (2016), the agricultural calendar 
followed the same behaviour for the simulated period. Thus, 
agricultural management remained the same throughout the data 
horizon (both in winter and summer), only comparing the climatic 
conditions of  the 4.5 and 8.5 scenarios. Eight future horizons 
were considered: 2015-2024, 2025-2034, 2035-2044, 2045-2054, 
2055-2064, 2065-2074, 2065-2074 and 2075-2084. The water 
quality was described by concentrations of  TSS, NO3

- and PO4
3-. 

Seasonal and annual averages and tendencies, as well as frequency 
curves, were calculated by linear regression and the coefficient of  
determination (R2), as described in Piazza et al. (2016).

RESULTS AND DISCUSSION

Calibration

Figure 2 shows the observed and simulated hygrograms for 
the calibration period (2010 to 2014). The Nash coefficients for 
daily and monthly data were 0.755 and 0.90, respectively. The SWAT 
model overestimated peak flows in extreme precipitation events. 

Figure 2. Observed and simulated hygrograms via SWAT in the Concordia Catchment, Southern Brazil.
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A possible cause for this was the reduced amount of  measured 
flow for high quotas, used in constructing the curves.

Figure 3 shows the observed and simulated chronicle for 
NO3

- and PO4
3- during the calibration process.

The Nash coefficient for daily suspended sediment was 
low (0.11), as were those for nitrate (0.13) and phosphate (0.27) 
concentrations. The monitoring frequency of  suspended sediment 
and nutrients was biweekly and did not consider baseflow or storm 
conditions. Local sediment transport processes and quality in streams 
are complex in this region, with correlations between concentrations 
of  chemical species and variations in meso-scale indices, such as 
the El-Nino-South Oscillation (ENOS) (PIAZZA et al., 2018). 
The low Nash coefficient indicates precaution concerning the 

model’s results for suspended sediments and chemical species 
used for characterisation purposes. Moriasi et al. (2007) also found 
low performances for simulation with water quality models when 
compared with hydrological modelling. However, trends in sediment 
and nutrient concentrations were adequately simulated by SWAT.

Simulation

There was no statistical difference between the averages 
of  the 4.5 and 8.5 scenarios (Table  1). The simulated, annual 
average flow showed a positive trend, indicating an increase in 
water volume in the fluviometric section over the years, as well 
as the maximum simulated flow rate (Figure 4), which refers to 

Figure 3. Observed and simulated chronicle for (A) NO3
- and (B) PO4

3- in the Concordia Catchment, Southern Brazil.

Table 1. Summary of  4.5 and 8.5 scenarios from 2015 to 2099, Concordia catchment, Southern Brazil.
Q (m3/s) TSS (mg L-1) NO3

- (mg L-1) PO4
3- (mg L-1)

4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5
M. 0.54 0.48 42.55 40.92 1.54 1.51 0.13 0.13

Med 0.24 0.23 36.40 35.27 0.82 0.79 0.12 0.12
Max 23.33 26.64 184.90 183.40 183.00 167.90 0.73 0.71
SD 1.08 0.97 25.60 24.89 3.72 3.48 0.08 0.08 

Legend: M – mean, Med – median, Max – maximum, SD – standard-deviation, Q = flow, TSS = total suspended sediment, NO3
- = nitrate, e PO4

3- = phosphate.

Figure 4. Time series of  (A) average flow (Q Avg), (B) maximum flow (max. Q) from 2015 to 2099, Concordia Catchment, Southern 
Brazil.
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extreme precipitation/flow. The trends were low due to the high 
variability of  data related to the subsequent years, with a 0.3% 
increase per year for the 4.5 scenario and 0.2% increase per year 
for the 8.5 scenario. For maximum flow rate (or extreme events), 
results were more expressive, with a 4.9% increase per year for the 
4.5 scenario and 3.6% increase per year for the 8.5 scenario. In the 
8.5 scenario, the average flow rate over the years was lower than in 
the 4.5 scenario. This is associated with the warming conditions 
imposed by the 8.5 scenario, with a higher average temperature, 
which heightened evapotranspiration rates.

The TSS presented similar behaviour to flow (Q) (Figure 5A), 
with positive correlation. The seasonal pattern (Figure 5B) indicated 
lower concentrations in autumn (April to May), with peaks in 
Spring (mainly in October). The linear regression, estimated 
by the potential equation (Figure  5C), presented a coefficient 
of  determination of  0.93 for the 8.5 scenario and 0.86 for the 
4.5 scenario. According to Blainski  et  al. (2017), conventional 
management in the region’s agricultural catchments is the main 
source of  sediments due unpaved roads and loss of  the superficial 
layer of  soil.

The interannual NO3
- concentration presented behaviour 

independent from Q and TSS (Figure 6A). The seasonal pattern 
(Figure 6B) for both scenarios (4.5 and 8.5) demonstrated higher 
concentrations in March and lower concentrations in May. March 
is the beginning of  the agricultural calendar, when farmers prepare 
their lands for crops, revolving and applying synthetic and/or 
organic fertilisers. The coefficients of  determination (Figure 6C) 
were low—0.02 for the 8.5 scenario and 0.08 for the 4.5 scenario.

The interannual variations of  PO4
3- presented similar 

behaviour to flow (Figure 7A). The seasonal pattern (Figure 7B) 
was inverse to flow for both scenarios (4.5 and 8.5), indicating 
dilution. The negative correlation was confirmed by the linear 
regression (Figure 7C). Coefficients of  determination were 0.93 
for the 8.5 scenario and 0.86 for the 4.5 scenario. Nitrate (NO3

-) 
and phosphate (PO4

3-) showed no correlation, indicating different 
sources.

Figure 8 presents the Q hysteresis results for TSS, NO3
- and 

PO4
3-. Q was the most sensitive parameter. TSS and PO4

3- (less explicit) 
presented loop-type hysteresis, indicating correlation with Q. 
The generated loop for Q x TSS presented a counter‑clockwise 
direction, which characterised an increasing regime. The Q x PO4

3- 
relationship presented a clockwise direction, indicating dilution. 
NO3

- presented no loop pattern due to the peak of  concentration 
being in March and associated with the agricultural calendar. 
The hysteresis of  NO3

- x PO4
3- also presented counter-clockwise 

behaviour.
The frequency analysis (Figure 9) corroborated the results, as 

98% of  the time (F98) Q ranged from 0.01255 m3/s to 0.01243 m3/s 
for the 4.5 and 8.5 scenarios, respectively. For TSS, F98 ranged 
from 8.729 mg L-1 for the 4.5 scenario to 9.221 mg L-1 for the 8.5 
scenario. For NO3

-, F98 ranged from 0.391 mg L-1 to 0.3886 mg L-1 
for the 4.5 and 8.5 scenarios, respectively. For PO4

3- the F98 ranged 
from 0.0267 mg L-1 for the 4.5 scenario to 0.0268 mg L-1 for the 
8.5 scenario.

The analyses of  the eight decades (2015-2024, 2025-2034, 
2035-2044, 2045-2054, 2055-2064, 2065-2074, 2065-2074 and 
2075‑2084) for Q, TSS, NO3

- and PO4
3- (Figure 10) indicated stability 

Figure 5. (A) Interannual variation of  TSS; (B) seasonal pattern of  TSS and (C) linear regression of  TSS and Q Avg, for 2015 to 
2099, Concordia Catchment, Southern Brazil.
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Figure 6. (A) Interannual variation of  NO3
-, (B) seasonal pattern of  NO3

- and (C) linear regression of  NO3
- and Q Avg, for 2015 to 

2099, Concordia Catchment, Southern Brazil.

Figure 7. (A) Interannual variation of  PO4
3-, (B) seasonal pattern of  PO4

3- and (C) linear regression of  PO4
3- and Q Avg, for the 

period of  2015 to 2099, Concordia Catchment, Southern Brazil.
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Figure 8. Hysteresis of  (A) Q x TSS, (B) Q x PO4
3-, (C) Q x NO3

- and (D) NO3
- x PO4

3- estimating both scenarios for 2015 to 2099, 
Concordia Catchment, Southern Brazil.

Figure 9. Frequency curves for the 4.5 and 8.5 scenarios (2015 to 2099), Concordia Catchment, Southern Brazil.
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in the simulated averages of  Q, TSS and nutrients. This result was 
influenced by the agricultural practices used in the calibration step 
of  the SWAT model. In other words, for the simulated scenarios, 
local agricultural practices demonstrated sustainability in the 
Concordia Catchment. Family and small/medium-sized farming 
did not present marked influences in the simulated parameters. 
Both atmospheric circulation scenarios had little influence on 
water quantity and quality in the studied catchment, since no 
changes in land use and application of  fertilisers occurred. Changes 
in hydrological processes and the transport of  sediments and 
nutrients can only be felt in a long time series, with auxiliaries of  
sampled data. For this type of  study, the frequency of  monitoring 
can be moderate (monthly or quarterly), but it should be long and 
account for all seasons. According to Rodda (1976), patterns and 
trends in water quality can only be identified with data series of  at 
least twenty (20) hydrological years—such as the case of  NO3

- in 
the United Kingdom, with over 30 years of  monitoring (BURT; 
WORRALL, 2009; HOWDEN; BURT, 2008). Only with a long 
time series can measured data be used for catchment management 

plans and to support decisions to anticipate the impacts of  climate 
change (LETA et al., 2017).

CONCLUSIONS

This study evaluated the response of  two climatic scenarios 
(RCP 4.5 and 8.5), generated by the regional Eta Model, on the 
water quantity (flow - Q) and quality (TSS, NO3

- and PO4
3), 

using data from the monitoring programme of  the Concordia 
Catchment, inserted in the Atlantic Forest Biome. No effect of  
the RCP scenarios (4.5 and 8.5) in water quantity or quality was 
identified. The stability in simulated flows, suspended sediment 
and nutrients, is explained by the influence of  conservationist 
agricultural practices adopted by local farmers. The SWAT model 
presented a satisfactory response to the average flow; however, it 
overestimated the maximums, indicating a limitation of  the model 
for properly simulating storm events. For quality simulation, the 
model also presented limitations, suggesting that further studies 
will be necessary to better understand these complex processes. 

Figure 10. Eight decades: 2015-2024, 2025-2034, 2035-2044, 2045-2054, 2055-2064, 2065-2074, 2065-2074 and 2075-2084 for the 
4.5 and 8.5 scenarios, Concordia Catchment, Southern Brazil.
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The natural vegetation presents high attenuation over human 
activities, which are not intensive, considering TSS, NO3

- and 
PO4

3-, up to the analysed horizon of  2099.
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