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Abstract. This paper has the goal of evaluating monotonic trends in the Xingu and Tapajós river basins in

the Austral Amazon region, Brazil. Non-parametric statistical tests such as Mann–Kendall, Bootstrap Mann–

Kendall, Sen and Bootstrap Sen are applied on streamflow gauging stations data, to determine the significance

and magnitude of possible trends. Data in these river basins is relatively scarce, with time series ranging from

twenty to forty years, having many gaps. Former studies indicate a decreasing trend for both annual average and

minimum streamflow values in the Tapajós river basin, with 99 % confidence level, and a decrease in maximum

values in the Xingu river basin, with 90 % confidence level. However, past analyses have only used one station

near the basin outlet. This study uses data from 7 gauging stations in the Xingu basin and 14 stations in the

Tapajós basin. Results indicate opposite trends at the 95 % confidence level for different regions in the basins,

and for different flow regimes. For the Xingu river basin, trends in the minimum flow for different sub-basins

even out at the Altamira station, near its outlet. For the Tapajós river, the southeastern part of the basin has

increasing trends, while the southwestern part decreases. At the Itaituba station, they also balance out.

1 Introduction

The Tapajós and Xingu river basins are located in the South-

ern Part of the Amazon basin, in the states of Mato Grosso

and Pará, Brazil (Fig. 1). These two rivers are among the

main tributaries of the Amazon river, whose basin is the

largest in the world, both in area as in average flow – ap-

proximately 6 million km2 and 209000 m3 s−1, respectively.

The Tapajós river basin has around 492× 103 km2 drainage

area (ANEEL, 2009) and its flow at the river gauging station

of Itaituba is about 11 700 m3 s−1. The Xingu river basin at

the hydroelectric development site of Belo Monte represents

449× 103 km2 drainage area (ANEEL, 2008) and its aver-

age flow is of 7800 m3 s−1 at the river gauging station of Al-

tamira.

There is a relevant spatial variability in precipitation in

the Amazon basin, partly due to its considerable latitudi-

nal extension. The rainiest regions, with precipitations of

3000 mm yr−1 or more, are located in the Amazon delta,

close to the Atlantic Ocean. The low portion south of the

basin (outside the Andes) presents precipitation between

500 and 3000 mm yr−1, with the rainy season between De-

cember and January.

The river discharge interannual variability is related to

fluctuations in the climatic factors such as the sea surface

temperature in the Northern Atlantic an in the Equatorial Pa-

cific (El Niño and La Niña). In El Niño (La Niña) years, the

discharges diminish (increase), especially in the basin cen-

tral regions. Some studies (Espinoza Villar et al., 2009) re-

port interdecadal oscillations of 15.5 years in the minimum

discharges, 17 years in the average discharges and bidecadal

oscillations in the maximum discharges. The oscillation in

the average discharge is connected to the South American

Monsoon System cycle. As for the maximum discharges,

the lowest values are related to the Tropical North Atlantic

Ocean and Pacific Ocean surface temperature variability and

the highest values are related to the South Atlantic Ocean

surface temperature variability.

These subbasins are relevant to the Brazilian economy in

the energetic standpoint, due to the planned expansion in
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Figure 1. Map of the Tapajós and Xingu river basins showing the

location of discharge 3 gauging stations and hydroelectric plants

(built and planned).

hydroelectric infrastructure. In Brazil, hydroelectricity rep-

resents around 77 % of electric generation and 15 % of the

entire domestic power supply. In 2010, the country’s unused

hydroelectric potential was estimated in 132 GW, while in-

stalled or in construction capacity was of 100 GW (Soito and

Freitas, 2011). Of the unexplored potential, about 45 % was

located in the North region and 18 % in the Centre-West re-

gion, which also contributes to the Amazon basin. On the

other side, 48 % of the installed or in construction capacity

were in the South or Southeast regions.

The trend for hydroelectric projects in the Amazon re-

gion is of run-of-the-river plants, that is without large dams

that make possible the seasonal regularization of discharges.

From the socio-environmental point of view, this is advan-

tageous, since the so-called power density (installed MW

per flooded km2) is higher than the historical project val-

ues. However, these plants’ power generation is more ex-

posed to climatic fluctuations, as well as the country’s ener-

getic matrix as a whole. There are studies indicating that oc-

currences of the El Niño Southern Oscillation phenomenon

(ENSO) have been more frequent, long and severe in the past

20 to 30 years than in the preceding 100 years. With the

global warming phenomenon, increases in temperature be-

tween 0.6 and 0.9 ◦C were registered in the past 100 years.

Some climate change models, such as the Hadley Center’s,

predict for the year of 2050 average reductions of 150 to

250 mm yr−1 in precipitation for the region. A review is

available in Soito and Freitas (2011).

Another relevant aspect in these basins is their land use

change dynamic, for being inserted at the regional context

of the so-called “deforestation arch”, where the expansion

of lumbering and cattle-raising activities, and posteriorly

agriculture generate large-scale change. These changes may

have important ecological implications, such as increased

tree mortality, risk of fire and acute biodiversity loss (David-

son et al., 2012). It is still not possible to determine if recent

droughts are a sign of transition to a disturbance regime due

to local changes, or if precipitation and streamflow trends are

mainly due to climate variability which makes it hard and

very risky to infer that these non-stationarities will persist

(Serinaldi and Kilsby, 2015).

2 Materials and methods

2.1 Data

Daily flow data [m3 s−1] were used, available in the

Hidroweb application, from Brazil’s National Water Agency

(ANA, 2014). The river gauging stations with longest time

series and less gaps in the data were selected, resulting in

seven stations in the Xingu river basin and fourteen in the

Tapajós river basin, detailed in Tables 1 and 2, respectively,

also in Fig. 1, along with hydroelectric plant sites (planned

or built).

Considering that in the region the hydrological year begins

in October, the annual minimum and maximum daily flows

were selected, and the annual average was calculated. When

there were less then 75 data points in the dry (humid) sea-

son, which for simplicity was considered the second (first)

semester, a year was considered a data gap for the minimum

(maximum) streamflow. The so produced time series were

then submitted to statistical tests for the detection of mono-

tonic trends.

2.2 Statistical tests

Five different tests (Mann–Kendall, Bootstrap Mann–

Kendall, Sen, Bootstrap Sen and linear regression) were used

for the evaluation of statistical significance of monotonic

trends. The statistical tests were applied using a degree of

significance alpha α= 0.05. The trend direction (increase or

reduction) was interpreted by the angular coefficient of the

linear regression and by the Sen’s slope (B) signal. Following

the literature, all resampling tests were performed using 1000

(one thousand) repetitions.

The Mann–Kendall trend test is non-parametric and rank-

based, having higher power than slope-based tests (Yue et

al., 2002). The bootstrap version of the Mann–Kendall test

(Yue and Pilon, 2004) uses the same test-statistic, however its

probability distribution is obtained empirically, for each pro-

vided time series, by means of a determinate amount of ran-

dom resampling of the data, with replacement. In this man-

ner, synthetic time series are generated, and the test-statistic
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Table 1. River gauging stations in the Xingu river basin utilized in this study.

Code Name Drain Ar. Beginning End # years

[km2
]

18420000 Fazenda Itaguaçu 3840 May 1977 Oct 2009 32

18460000 Boa Sorte 210 000 Oct 1975 Dec 2005 30

18500000 Boa Esperança 42 400 Jan 1976 Apr 2009 33

18650000 Cajueiro 35 600 Nov 1975 Dec 2006 31

18700000 Pedra do Ó 122 000 Jan 1976 Oct 2009 34

18850000 Altamira 448 000 Jan 1971 Jan 2013 42

18870000 Aldeia Bacajá 12 800 Jul 1976 Jun 1999 23

Table 2. River gauging stations in the Tapajós river basin utilized in this study.

Code Name Drain Ar. Beginning End #

[km2
] years

17093000 Fontanilhas 55 900 Jan 1978 Mar 2013 35

17120000 Porto dos Gaúchos 37 100 Sep 1973 Dec 2007 34

17121000 Caiabis (Balsa – Itapaiuna) 9750 Aug 1979 Jun 1997 18

17200000 Porto Roncador 10 800 Aug 1973 Feb 2012 39

17210000 Teles Pires 13 900 Apr 1976 Jan 2013 37

17230000
Pch Canoa Quebrada

5435 Aug 1973 Aug 2011
38

Lucas do Rio Verde

17280000 Cachoeirão 34 600 Nov 1975 Feb 2013 37

17340000 Indeco 52 200 Oct 1975 Feb 2013 37

17345000 Base do Cachimbo 465 Jun 1980 Jan 2010 30

17350000 Cachimbo 1010 Mar 1979 Feb 2013 34

17380000
Jusante Foz Peixoto

81 600 Sep 1980 Jan 2013 32
de Azevedo

17420000 Três Marias 138 000 Nov 1975 Dec 2009 34

17430000 Barra do São Manuel 333 000 Oct 1975 Apr 2009 34

17730000 Itaituba 458000 Feb 1968 May 2013 45

Table 3. p values for the statistical tests applied to discharge time series for stations in the Xingu river basin. Bold= significant 95 %

confidence.

Station 18420000 18460000 18500000 18650000 18700000 18850000 18870000

p values Q minimum

M–K 0.3524 0.0049 0.0018 0.1188 0.1737 0.7528 0.9339

BS M–K 0.3470 0.0050 0.0010 0.1030 0.1450 0.7410 0.8770

BS Sen 0.2170 0.0000 0.0010 0.1150 0.1450 0.5530 0.5970

Lin. Reg. 0.1005 0.0009 0.0030 0.0489 0.0617 0.2487 0.3919

p values Q mean

M–K 0.2227 0.0131 0.7443 0.1492 0.6930 0.6452 0.4440

BS M–K 0.2330 0.0110 0.6890 0.1570 0.6910 0.6230 0.4410

BS Sen 0.1730 0.0230 0.5650 0.1590 0.4650 0.4770 0.3310

Lin. Reg. 0.1034 0.0235 0.3811 0.0539 0.4216 0.2768 0.3212

p values Q maximum

M–K 0.1489 0.2186 0.9763 0.5115 0.4275 0.8031 0.8690

BS M–K 0.1430 0.1990 0.9750 0.5090 0.4410 0.8030 0.8030

BS Sen 0.1010 0.1850 0.7670 0.2270 0.2750 0.6310 0.6350

Lin. Reg. 0.0697 0.1048 0.4904 0.0457 0.2267 0.1836 0.4959
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Table 4. p values for the statistical tests applied to discharge time series for stations in the Tapajós river basin. Bold= significant 95 %

confidence.

Station 17093000 17120000 17121000 17200000 17210000 17230000 17280000

p values Q minimum

M–K 0.0004 0.3579 0.0051 0.0279 0.3867 0.5264 0.0796

BS M–K 0.0000 0.3550 0.0030 0.0330 0.3490 0.5270 0.0670

BS Sen 0.0000 0.1590 0.0030 0.0190 0.3650 0.3630 0.0410

Reg. Lin. 0.0037 0.0730 0.0003 0.0187 0.2115 0.1125 0.0313

p values Q mean

M–K 0.0003 0.1305 0.1195 0.4873 0.2158 0.9850 0.9999

BS M–K 0.0000 0.1170 0.0890 0.4610 0.1550 0.9490 0.9830

BS Sen 0.0030 0.0370 0.0510 0.3610 0.1390 0.7830 0.7370

Reg. Lin. 0.0007 0.0164 0.0287 0.2904 0.0589 0.3040 0.4418

p values Q max.

M–K 0.5432 0.5321 0.0467 0.5765 0.3899 0.7726 0.8456

BS M–K 0.5150 0.5290 0.0350 0.6250 0.3690 0.7050 0.8670

BS Sen 0.3110 0.3930 0.0070 0.3270 0.2810 0.6330 0.6010

Reg. Lin. 0.2178 0.2149 0.0191 0.2788 0.1992 0.2551 0.4499

Estação 17340000 17345000 17420000 17430000 17730000 17350000 17380000

p values Q minimum

M–K 0.6430 0.1823 0.7072 0.0042 0.0682 0.0330 0.2145

BS M–K 0.6770 0.1910 0.6990 0.0030 0.0000 0.0230 0.1910

BS Sen 0.5050 0.0730 0.5470 0.0050 0.0000 0.0310 0.2670

Reg. Lin. 0.2033 0.0541 0.4312 0.0007 0.0000 0.0142 0.0983

p values Q mean

M–K 0.1819 0.1010 0.7614 0.1563 0.1260 0.2095 0.0211

BS M–K 0.1570 0.0950 0.7230 0.1770 0.1450 0.2010 0.0090

BS Sen 0.1250 0.0490 0.4830 0.0610 0.0610 0.2470 0.0430

Reg. Lin. 0.2512 0.0694 0.4166 0.0271 0.0330 0.1853 0.0252

p values Q maximum

M–K 0.8063 0.0003 0.7230 0.9999 0.4137 0.4495 0.0578

BS M–K 0.8090 0.0000 0.7490 0.9770 0.4230 0.4430 0.0570

BS Sen 0.7450 0.0010 0.4570 0.7870 0.2690 0.3010 0.0570

Reg. Lin. 0.4505 0.0001 0.3872 0.2052 0.3033 0.2341 0.0351

values are calculated for each one. In the trend detection test

proposed by Sen (Sen, 1968), the B (Sen slope) test statistic

is the median of the slopes (d) between all possible sequen-

tial data pairs, considering the numerator as the difference

between the interest variable values (for example, flows) and

the denominator as the difference between these values’ oc-

currence time. The null hypothesis’ (there is no trend) region

of validity in the ordered vector of dij slopes is calculated.

In case a slope equal to zero is not in this interval, the null

hypothesis is rejected. This test does not provide a p value.

The Bootstrap Sen method (Yue and Pilon, 2004) consists

in generating, for each time series provided, a determinate

amount of random resamplings of the data, with replacement.

From these, one obtains the empirical distribution of the B

slope values. These values are ordered, and their accumulated

probability is calculated as their order number divided by the

total number of medians (number of resamplings). The linear

regression test was performed using the procedures detailed

in Naghettini and Pinto (2007).

2.3 Results and discussion

The resulting p values for the tests are shown in Tables 3

and 4 for the Xingu and Tapajós rivers, respectively. Figure 2

shows the spatial distribution of detected trends.

In the Xingu river basin, trends in the minimum and mean

discharges were found in the 5 % significance level. For the

minimum flows, the Boa Sorte station presents a decrease
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Figure 2. Map of streamflow gauging stations and sub-basins where trends were detected, and possibly affected hydroelectric sites.

Table 5. Magnitude of statistically significant (bold) or strong

trends – Xingu river basin.

Station 18460000 18500000 18700000

Q min.

BS Sen –1.241 % 3.939 % 1.796 %

Sen –0.968 % 3.529 % 1.383 %

Lin. Reg. –0.860 % 3.372 % 1.549 %

Station 18460000 18870000

Q mean

BS Sen –1.312 % 1.207 %

Sen –0.906 % 0.640 %

Lin. Reg. –0.903 % 0.693 %

and the Boa Esperança station an increasing trend. Only the

Boa Sorte station presents a significant decreasing trend in

the mean flow.

In the Tapajós river basin, trends were detected in all flow

regimes. For the minimum flows, different regions in the

basin presented opposite behaviors. In the southeastern part,

two stations present increases and one presents a decrease.

In the main course of the river, two stations present negative

trends for the annual minimum. However, increasing trends

predominate, as is observed in the Itaituba station, almost at

the basin outlet. The mean discharges portray an equilibrium

among negative trends (two stations) and positive trends (one

station). Two stations have positive significant trends in the

maximum discharges.

Trends in [m3 s−1 yr−1] were divided by the historical

mean flow for that regime (min, mean, max) to obtain their

relative magnitude – listed on Tables 5 and 6. Statistically

significant trends are shaded in gray. For the Xingu river

basin (Table 5), the significant trends may have practical sig-

nificance, with −1 to +3 % per year slope. They however

compensate each other before the river reaches the only hy-

droelectric site in its lower course, the Belo Monte plant,

where no trends were detected. For the Tapajós basin, most

significant trends were not strong. The 17121000 – Caiabis

(Balsa – Itapaiuna) Station has such high trends because its

time series is very short, and has some gaps. The 17730000

– Itaituba station data results are different from other studies

(Espinoza Villar et al., 2009) because different rating curves

were used to calculate the flow from the river stage. This

study’s results in that station suffer from inconsistencies in

the data, especially for minimum flows.

3 Conclusions

This study sought to increase the knowledge on trends in

river flow in discharge gauging stations of the austral Ama-

zon region, more specifically in the Tapajós and Xingu river

basins. It has utilized data from more stations than previous

studies, however their relative scarcity, gaps (inconsistencies

or absence of measurements) in the time series and differ-

ences in methods (rating curves and data quality screening)

remained as relevant obstacles.
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Table 6. Magnitude of statistically significant (bold) or strong trends – Tapajós river basin.

Station 17093000 17121000 17200000 17280000 17350000 17430000 17730000

Q min

BS Sen –0.321 % 8.683 % –0.417 % 0,330% 0.787 % –0.580 % 5.864 %

Sen –0.311 % 8.683 % –0.417 % 0.307 % 0.787 % –0.450 % 4.586 %

Lin. Reg. –0.249 % 8.390 % –0.429 % 0.306 % 1.024 % –0.559 % 4.648 %

Station 17093000 17120000 17380000 17121000

Q mean

BS Sen –0.322 % –0.431 % 0.883 % 2.449 %

Sen –0.310 % –0.431 % 0.631 % 2.449 %

Lin. Reg. –0.294 % –0.493 % 0.609 % 2.508 %

Station 17121000 17345000 17380000

Q max

BS Sen 2.574 % 1.761 % 0.731 %

Sen 1.839 % 1.761 % 0.619 %

Lin. Reg. 1.744 % 1.732 % 0.649 %
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