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Abstract. We analyzed changes in water quantity and quality at different spatial scales within the Tapajós River
basin (Amazon) based on experimental fieldwork, hydrological modelling, and statistical time-trend analysis.
At a small scale, we compared the river discharge (Q) and suspended-sediment concentrations (SSC) of two
adjacent micro-catchments ( < 1 km2) with similar characteristics but contrasting land uses (forest vs. pasture)
using empirical data from field measurements. At an intermediary scale, we simulated the hydrological responses
of a sub-basin of the Tapajós (Jamanxim River basin, 37 400 km2), using a hydrological model (SWAT) and
land-use change scenario in order to quantify the changes in the water balance components due to deforestation.
At the Tapajós’ River basin scale, we investigated trends in Q, sediments, hydrochemistry, and geochemistry
in the river using available data from the HYBAM Observation Service. The results in the micro-catchments
showed a higher runoff coefficient in the pasture (0.67) than in the forest catchment (0.28). At this scale, the SSC
were also significantly greater during stormflows in the pasture than in the forest catchment. At the Jamanxim
watershed scale, the hydrological modelling results showed a 2 % increase in Q and a 5 % reduction of baseflow
contribution to total Q after a conversion of 22 % of forest to pasture. In the Tapajós River, however, trend
analysis did not show any significant trend in discharge and sediment concentration. However, we found upward
trends in dissolved organic carbon and NO−3 over the last 20 years. Although the magnitude of anthropogenic
impact has shown be scale-dependent, we were able to find changes in the Tapajós River basin in streamflow,
sediment concentration, and water quality across all studied scales.

1 Introduction

Southern Amazonia was the first region of Brazil’s Ama-
zon area to be exposed to intensive conversion to agricul-
tural lands (Fearnside, 2016). The Tapajós River, an impor-
tant tributary of the Amazon River, lost in this basin ca. 30 %
of forest cover (ca. 500 000 km2) by 2016, mainly due to the
establishment of agro-industrial farms. The forest loss in this
river basin is projected to reach approximately 65 % by 2050
(Soares-Filho et al., 2006).

The understanding of small areas is essential to propose
solutions to maintain tropical forest services, such as wa-
ter and nutrient cycling, in the Amazon (Vedovato et al.,
2016). These areas can be well assessed by experimental
catchment studies. For example, Bleich et al. (2016) studied
10 small pristine streams in the Tapajós River basin and argue
that in case measures of conservation of small catchments
are not taken, environmental impacts on regional streams
in South Amazonia are expected to increase. Impacts at re-
gional scales have been the concern of the scientific com-
munity with regards to the role of tropical forests in the
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global climate systems, especially the effects of the Amazon
deforestation in large scales (Ometto et al., 2011). Lima et
al. (2014) argue that large-scale deforestation triggers com-
plex non-linear interactions between the atmosphere and bio-
sphere, which may impair important ecosystem services such
as water for agriculture and hydroelectric power generation.

Although it has been reported that deforestation leads to
changes in the water cycle in this region (Davidson et al.,
2012), the effects of forest clearing on the concentrations of
suspended and dissolved materials that are usually seen in
small streams are difficult to be detected in larger streams
and rivers (Thomas et al., 2004). However, the chemistry of
the large rivers in the Amazon that remained relatively un-
altered until 2000 was compromised because of the upcom-
ing growing of area occupied by pastures (Neill et al., 2001).
Additionally, analyses of land-use change impacts that were
usually limited to small plots or experimental catchments are
now possible to be applied to larger scales, such as river
basins, due to recent improvements in data collection, archiv-
ing and distribution (Eshleman, 2004). New evidence shows
that the conversion of forest to pasture is manifested in sys-
tematic changes in the hydro-climatology cycle with increase
in river discharge in large catchments in the Amazon (Souza-
Filho et al., 2016).

In this study, we examined the impact of the land-use
change on the streamflow and water quality of the Tapajós
River basin using different spatial scales and approaches.
Our objective is to identify what signatures from the land-
use change are possible to observe within and across these
scales.

2 Area of study

Our study focus on the Tapajós River basin
(ca. 500 000 km2), which is the fifth largest sub-basin
of the Amazon River and covers 7 % of the total Amazon
basin (Pavanato et al., 2016). This basin includes 7 of the
41 municipalities where Brazilian Environmental authorities
concentrate anti-deforestation efforts due to their high
incidence of forest clearing (Bragança, 2015). In order to
estimate the impacts of scale, we integrated to our study
a sub-basin of the Tapajós, the Jamanxim River basin
(37 400 km2), and a pair of micro-catchments (< 1 km2)
with contrasting land uses (forest vs. pasture) located in the
municipality of Novo Progresso, in the Brazilian state of
Pará (Fig. 1). The climate in this area is humid tropical with
a rainy season from November to May and a dry season that
extends from June to October. Mean annual precipitation
averages 1900 mm.

Figure 1. Area of study.

3 Methods

3.1 Experimental micro-catchment study

We compared the streamflow of the micro-catchments by
using empirical data from field measurements from 2013
to 2014. At the catchment outlets, we installed rectangular
weirs and a DS 5X multiparameter sonde (OTT, USA) to
measure water level and to quantify streamflow. We quan-
tified the runoff coefficient as the ratio of total streamflow to
total precipitation, and the baseflow index as the ratio of total
baseflow to total streamflow following Nóbrega et al. (2017).
In these catchments, we also collected 1 L water samples
during stormflow events for suspended sediment concentra-
tion (SSC) analysis following the method of ASTM (2000).
More details on the catchments’ characteristics and instru-
mentation setup can be found in Guzha et al. (2015).

3.2 Jamanxim River basin modelling

We simulated the hydrological behavior of the Jamanxin
River basin using the SWAT eco-hydrological model (Arnold
et al., 2012). For the setup, calibration and validation of
SWAT, we used a gradual land-use change parameterization,
field assessments, and available regional data, and then sim-
ulated a land-use change scenario in order to quantify the
changes in the water balance components due to deforesta-
tion. The model parameterization, calibration and validation
details can be found in Lamparter et al. (2016). The land-
use change scenario used in this study (Fig. 2) suggests a
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Figure 2. (a) Land-use distribution in 2011, and (b) Land-use sce-
nario (22 % of deforestation) for the year 2030 following a business
as usual approach (Gollow et al., 2017).

Table 1. Q results with SWAT for the land-use distribution and sce-
nario.

P Q Q Qbase Qbase
(mm) (mm) scenario (mm) scenario

(mm) (mm)

1639 637 685 396 405

rapid pasture expansion according the study of Gollnow et
al. (2017).

3.3 Tapajós River basin analysis

We investigated trends in Q, sediments, and hydrochemistry
and geochemistry, i.e. pH, DOC, Mg, K, HCO−3 , Si, NO−3
and Ca, in the Tapajós River using available data from the
HYBAM Observation Service (http://www.ore-hybam.org,
station code 17730000). We used Mann-Kendall test for de-
tecting either an upward or downward trend in the data se-
ries with a significance threshold set at .05. The data were
also used to quantify fluxes of nitrate and total dissolved car-
bon (DOC) using mean discharge and concentration in 5-year
periods from 1996 to 2015.

4 Results and discussion

Figure 3 shows the streamflow comparison between the two
micro-catchments. The pasture catchment has a higher runoff
coefficient (0.67) than the forest catchment (0.28). Baseflow
indices were 0.76 and 0.88 for the pasture and forest catch-
ments, respectively, showing a higher baseflow contribution
in the forest catchment. At this scale, the SSC were also sig-
nificantly higher during stormflows in the pasture (mean of
579.7 mg L−1, n= 37) than in the forest catchment (mean
of 81.8 mg L−1, n= 50). The geometric mean and 75th per-
centile for the SSC in the pasture and forest catchments were
47.2 and 26.1 mg L−1, and 886.0 and 147.8 mg L−1, respec-
tively.

For the Jamanxim River basin, simulation results show a
2 % increase in discharge (Q) and a 5 % reduction of base-
flow contribution to total Q after a 22 % conversion of forest
to pasture (Fig. 4 and Table 1). Our results are in accordance
to Davidson et al. (2012); they state that even though basin-
scale impacts of land use may not yet surpass the magni-
tude of natural hydrological variability and biogeochemical
cycles, there are some signs of a transition to a disturbance-
dominated regime, which include changes in the water cycle
in the Southern and Eastern regions of the Amazon basin.

At the scale of the Tapajós River basin, however, trend
analysis did not show any significant trend in discharge and
sediment concentration. Hydrological changes due to land-
use change are known to be primarily manifested at smaller
scales. Therefore, we ascribe the absence of visible trend at
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Figure 3. Streamflow and rainfall in the forest and pasture micro-catchments.

Figure 4. Calibration and validation with land-use update for the Jamanxim catchment.

Figure 5. Nitrate and total dissolved carbon fluxes.

a large scale to the fact that most of the deforestation in the
Tapajós River basin has occurred in its upper portion, which
produces hydrological signatures that may be buffered along
the river until its outlet. The analyses of the outflow fluxes
over the last 20 years in the Tapajós River revealed upward
trends in dissolved organic carbon and NO−3 , which have
reached an up to 10-fold increase (Fig. 5).

5 Conclusions

Effects of deforestation on large rivers of the Amazon basin
were relatively unknown due to the low degree of connec-
tion between large rivers and land uses in these basins (Neill
et al., 2001). We were able to find changes in the Tapajós

River basin in river discharge, sediment concentration, and
water quality across all studied scales. In this context, our
study adds to an increasing body of literature showing that
although the magnitude of anthropogenic impact has shown
to be scale-dependent, some changes are detectable in both
small and large rivers in the Amazon.

Data availability. The data used in this study for the micro-
catchments and Jamanxim are available from the Open Sci-
ence Framework (https://doi.org/10.17605/OSF.IO/UCDE7) and
the Spatial Data Infrastructure of the Carbiocial Project (http://gdi.
carbiocial.de/). Time series used for the trend analysis are available
from the HYBAM Observation Service (http://www.ore-hybam.
org), and discharge data used to calibrate and validate the hydro-
logical model are available from the HydroWeb platform of the Na-
tional Water Agency of Brazil (http://hidroweb.ana.gov.br/, station
code: 2650000).
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