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ABSTRACT

Climate change has become a worldwide theme discussed in the last decades, mainly about the various expected
impacts. Some research claims that some of these impacts are already occurring, such as the change in the rainfall
regime, causing more frequent droughts and floods, an increase in sea levels, among others. Based on this, monitoring
water resources to analyze possible changes in hydrological behavior is fundamental for the proper planning and
management of these resources. Therefore, the objective of this research was to evaluate the flow behavior in the
Guaiba hydrographic region over a period of 33 years and disturb the series based on expected trends due to climate
changes to assess how the flows can be affected. For this purpose, data on maximum monthly flows for the period from
1985 to 2017 were obtained from ten fluviometric stations in the Guaiba hydrographic region, southern Brazil. These
data were evaluated using descriptive statistics and permanence curves. Afterwards, the series were disturbed and
evaluated again. Through the observation of the historical behavior of the flow it was noticed that many stations
indicate changes in the temporal variation, with a tendency to increase the number of great magnitude flows, but, on the
other hand, it is verified the temporal increase of minimum flows. The projected trends for the region indicate an
increase in the volume of precipitation and in the flow of the rivers, however they tend to be more concentrated in short
periods of time.

Keywords: Watersheds; permanence curves; climate change; trends; river flow.

Andlise de vazbes na Regido Hidrograficado Guaiba: VVariabilidade atual e

Tendénciasdevido as Mudancas Climaticas

RESUMO

As mudancas climaticas tornaram-se um tema mundialmente discutido nas Gltimas décadas, principalmente levando-se
em consideracdo os diversos impactos previstos decorrentes destas mudangas. Algumas pesquisas alegam que alguns
destes impactos ja estdo ocorrendo, como a alteracdo no regime das chuvas, ocasionando secas e inundagdes mais
frequentes, aumento nos niveis dos mares, dentre outros. Com base no exposto, percebe-se que realizar um
monitoramento dos recursos hidricos para analisar possiveis altera¢cdes no comportamento hidrolégico é fundamental
para o adequado planejamento e gerenciamento destes recursos. Assim sendo, o objetivo desta pesquisa foi avaliar o
comportamento das vazdes na regido hidrografica do Guaiba em um periodo de 33 anos e, apds, perturbar as séries com
base nas tendéncias esperadas devido as mudangas climéaticas para avaliar como as vazdes desta regido podem ser
afetadas. Para tanto, foram obtidos dados de vazes maximas mensais para o periodo de 1985 a 2017 de dez estacdes
fluviométricas da regido hidrografica do Guaiba, sul do Brasil. Estes dados foram avaliados utilizando-se estatistica
descritiva e curvas de permanéncia. Apds, as séries foram perturbadas e foram novamente avaliadas. Através da
observacdo do comportamento histérico da vazdo percebeu-se que muitas esta¢des indicam alteragcdes na variacao
temporal, com tendéncia de aumento do nimero de vazdes de grande magnitude, mas, por outro lado constata-se 0
aumento temporal de vazdes minimas. As tendéncias projetadas para a regido indicam aumento no volume da
precipitacdo e, consequentemente, na vazao dos rios, no entanto tendem a ser mais concentradas em curtos espagos de
tempo.

Palavras-chave: Bacias hidrograficas; curvas de permanéncia; mudancas climdticas; tendéncias; vazdo.
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Introduction

There are several consequences foreseen
due to climate change, and a few changes have
already been observed, such as the melting of the
polar ice caps and the occurrence of more frequent
extreme phenomena. According to Guha-Sapir,
Hoyos and Below (2016), a survey carried out by
the Research Center of Epidemiology and
Disasters (CRED), in the year of 2015, 376 natural
disasters were registered around the globe, of
which a large amount refers to climatological and
meteorological disasters, being considered the
highest number of casessince 2005.

Besides these consequences, the forecast
leans to an increase in the average level of the seas
(through the acceleration of the ice caps melting),
more often occurrences of droughts, floods,
storms, windstorms, extremely high temperatures,
among others. The water resources will also be
affected by the climate changes and, in this
scenario, an increase of warm days, affecting the
rainfall and the flow rate of rivers can be expected,
which may increase the frequency of epidemics.
Also, the foreseen scenarios indicate that lack of
water in several regions may occur, which will
bring many conflicts in order to access this
resource (ANA, 2016; Herringetal., 2016).

In Brazil, the impact scenario of water
resources may vary according to the region.
According to some projections (Marengo, 2008;
PBMC, 2013) there is a trend for an increase of
precipitations in the southem region and a decrease
in the northem and northeastern regions. On the
other hand, according to Silva et al. (2020), there is
a possible intensification in the regime of annual
precipitation in most of the hydrographic regions
of Brazil, except in the south and southeast
regions. As for flow rates, changes were projected
in a study by Milly et al. (2005) through a relative
change of flow rates in rivers of South Americafor
the periods of 1979-2000 and 2041-2060. The
forecasts indicated increases up to 40% in the
southern Brazil flow rates and a decrease up to
20% in the northeastem region.

In addition to climate change, other factors
such as demographic pressure, disordered urban
growth and lack of infrastructure and service
investments contribute to the increase in hydric
vulnerability in Brazil (Salviano et al., 2016).

Indirect consequences that can be
mentioned are the increase in food prices (due to
the losses that crops may suffer due to the greater
occurrence of thunderstorms, changes in rainfall
behavior), problemas in energy production and
population health risks (Alcantara et al., 2020).
Thus, it is clear that the low-income population

may face even more difficulty in accessing food,
resulting in a serious social impact (De Paulo and
Mendes, 2014).

Some works (Mcnamara, 2008; Crook and
Short, 2014) are showing another consequence that
may occur increasingly significantly due to climate
change, which is the likelihood of intense
migration, giving rise to the term “environmental
refugees”. An example of this is stream-dwelling
populations, which are often polluted due to poor
sanitation. With the increase in intensity and
volume of rainfall, these areas may suffer flooding,
increasing the health risk due to the presence of
pathogenic organisms in the water (Artaxo, 2020).

Given this, the trend analysis allows
observing changes in the behavior of certain
hydrological variables, which allows the
identification of regions with more significant
changes. The identification of these regions allows
us to estimate the possible damage to the changes
in socio-economic activities, helping decision-
makers in formulating public policies. Thus, public
policies become essential in reducing and
mitigating impacts. An example of this is policies
aimed at reducing greenhouse gas emissions,
considering this new climate profile. Only with the
formulation and implementation of these policies,
it will be possible to conserve the quality of life of
populations and the ecosystem as a whole (Martins
and Ferreira, 2011; Salviano et al., 2016; IPCC,
2018).

When we talk about water resources, it is
essential to constantly monitor watersheds to
assess possible changes in their hydrological
behavior, as climate change can have major
impacts on water resources (Milly et al., 2005;
Marengo, 2008; Franco et al., 2019), which may
affect both socio-economic activities and local
fauna and flora. The monitoring of watersheds can
be done by collecting hydrometeorological data,
which can be used in studies for different
applications, such as the hydropower sector, basic
sanitation, public and industrial supply, irrigation
and drainage, livestock, planning, weather
forecasting, climate changes and environmental
impacts (Salgueiro and Montenegro, 2008). In
addition, they are also extremely important for the
design of projects such as containment dams,
terraces and containment basins, urban drainage,
bridges, canals, among others (Cavalcante and
Silans, 2012).

Studies about the river flow behavior are
essential, since their knowledge makes possible to
determine appropriate values of reference flows for
water availability of a given region, being this
information fundamental for decision making and
public policy formulation in the management of
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water resources (Mello et al., 2010; Moreira and
Silva, 2013; Lima and Junior, 2018).

With changes in river flow rates there may
be an increase in the number of floods, and the
floods are the type of disaster that has the largest
number of events, with many people affected and
the greatest economic losses (da Silva et al., 2016;
Sausen etal., 2018).

Based on this and considering that river
flow rates can be affected by climate changes, the
main objective of this research was to evaluate the
historical behavior (over a period of 33 years) of
river flows in the Guaiba hydrographic region and
to assess how the flows of this region can be
affected by climate change disturbing the time
series based on expected trends, which can enables
managers to better manage the region's water
resources.

As with the studies presented, it is
expected to find changes in the flow behavior, with
a possible increase in the quantity and intensity of
extreme events in this region related to this
variable.

into 24 watersheds, which are distributed in three
Hydrographic Regions, namely: Uruguai River
Hydrographic Region, comprising the drainage
areas of the Uruguai river and Negro river and
covering about 57% of the total area of the state;
Lake Guaiba Hydrographic Region, including the
drainage areas of Guaiba and covering about 30%
of the total area; and Coastal Hydrographic
Region, which covers the other drainage areas of
water resources not included in the other Regions
and representing 13% of the total area (Sausen et
al., 2018).

In this study data were acquired from the
Guaiba  Hydrographic  Region, which is
characterized by the large industrial and urban
concentration, being the most densely populated in
the state, besides presenting diversified activities
such as industries, agriculture, agribusiness, among
others. It is located in the northeastern region of
the State, between the 28° S and 31°S parallels and
the 50°W and 54° W meridians, with a total area of
84.76354 km2 and serving a population of
5,869,265 inhabitants, representing 61% of the
total population of the State. The location of this
hydrographic region as well as the fluviometric

Methodology stations used is shown in Figure 1.
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Figure 1. Location of Fluviometric Stations in Guaiba hydrographic region.
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Materials and Methods
The methodology
following steps:
a) Acquisition of data:
The maximum monthly flow data of the
watersheds present in the Guaiba Hydrographic
Region were obtained through the Hidroweb
system, provided by the National Water Agency
(ANA) for a period of 33 years (1985to0 2017).

consisted of the

The World Meteorological Organization
recommends that, for climate studies, a series of at
least 30 years be used (WMO, 2007). The data
acquired were those available at the monitoring
stations throughout the watersheds for the intended
study time, which are listed in Table 1. It is noted
that no station was used in three watersheds in this
hidrografic region, as no data were available for
the intended period, or the data had many flaws,
which makes the study unfeasible.

Code Watershed County Latitude S Longitude W AIE:;u)de
86480000 Taquari-Antas Casca 28°37'8.04" 51°51'20.88" 480.0
86500000 Taquari-Antas Guaporé 28°50'56.04" 51°49'57.00" 260.0
85400000 Baixo Jacui Dona Francisca 29° 37'36.84" 53°21'10.08" 32.44
85900000 Baixo Jacui Rio Pardo 29°59'42.00" 52°22'32.16" 2.38
85470000 Vaca‘;\j;'r'i\r/nacacai Sao Gabriel 30°21'34.92"  54°18'47.88"  81.93
85610000 Vaca‘l’\j;a/nacaca' S40 Sepé 30°26'8.16"  53°42'50.04" 2195
85830000 Pardo Santa Cruz do Sul 29°42'21.96" 52°28'5.16" 23.97
87170000 Cai Sao Sebastido do Cai 29°35'24.00" 51°23'0.00" -0.76
87380000 Sinos CampoBom 29°41'30.12" 51°2'45.96" 211
87382000 Sinos Séo Leopoldo 29°45'32.04" 51°8'53.88" -0.42

Table 1. Description of the fluviometric stations used.

b) River flows analysis:

After having complete series, the data
variability was analyzed through the mean,
variance, coefficient of variation and F test using
Excel software. Data were grouped by periods, the
first period from 1985 to 2004 and the second from
2005 to 2017. This division was made because,
according Vieira et al. (2018), was identified
changes in the flow patterns of the Rio dos Sinos
watershed, which is part of the Guaiba
hydrographic region, mainly after 2005, through
the observation of graphs and analysis of variance
for previous and later data than 2005. With this
division it becomes possible to identify if there
were significant differences in the behavior of the
flow series in the last years when compared to
previous years.

Finally, the river flow permanence curves
were elaborated for both periods. According to
Vogel and Fennessey (1994) these curves
represent, graphically, the relationship between the
magnitude and the frequency with which the flows
are equaled or exceeded in a certain period of time,
demonstrating the flow variability over time.

c) Series disturbance:

For this stage we based on published

studies that predict changes in the river flow of the

region under study, so then disturb the series
considering projections until the year 2040.

According to a study published by the
Strategic Affairs Secretariat in 2015 (Brazil, 2015),
the flow trend in Rio Grande do Sul, considering
the IPCC RCP 4.5 scenario (intermediate scenario)
and using the regional model of ETA/MIROCS
projection, is an increase of 10% to 30% by the
year 2040. Based on this, the series were disturbed
and the data were presented as monthly averaged
graphs to indicate a possible scenario of flow rates
in the Guaiba hydrographic region over the next 20
years.

Results and discussion

Temporal Variation

After the acquisition of data and the
application of statistical analysis, the values
presented in Table 2 were obtained. The
significance of 0.05was employed in the F test.

By analyzing the Table 2, it is realized
that, in the same watershed, the water flow may
show distinct behaviors, as the stations of Guaporé
and Casca, which belong to the watershed of
Taquari-Antas river, where the Guaporé station
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presented significant differences in the variance
analysis between the two periods.

Among the ten used stations, four of them
present significant differences in the behavior of
flow rate among the evaluated periods (Guaporé,
Santa Cruz do Sul, Campo Bom and Sdo
Leopoldo). It is important to emphasize that the
ideal, when it is discussed about climate changes,
would be to evaluate the difference among periods
larger than the used ones, however the lack of

Besides the statistical analysis, in order to
evaluate the possible alterations on the behavior of
the flow rate, it is also important the visualization
of the permanence curves, since many times, when
discussing the use of theses data to hydrological
projects, the data obtained through these curves are
fundamental, such as the minimum (at 10% of time
- Q10) and maximum (90% of time - Q90)
reference flows. Figures 2, 3, 4, 5, 6 and 7 will
show the residence curves for each season

available data makes it difficult to carry out a
thorough analysis.

separated by watersheds.

Station Period Average Variance CV (%) P(F<=f)
19852004 17331 3635853 110,02

Casca 2005-2017 18539 4597835 11566 004
1985-2004 27891 12739863 127,98

CuEgort: 2005-2017 31343 17328171 13281 01697
Dona 1985-2004 1080,82 68506359 76,58

Francisca  2005-2017 954,96 70774369 88,10 0.4076
1985-2004 1859,76 1630873,70 68,67

RioPardo 54059017 180973 178407073 7381 0,2653
19852004 92,32 1239926 120,62

Sdo Gabriel 54059017 6831 9822,29 14509 00982
1985-2004 12,86 330,58 141,39

SEDEATS 20052017 1183 369,37 16248 02198
Santa Cruz do  1985-2004 9541  4854,82 73,02

sul 20052017 8251 625899 9589 004137
Sio Sebastiao  1985-2004 28898 9636347 107,42

do Cai 20052017 29521 12005550 11737 00639
1985-2004 177,75 1336107 65,03

Campo Bom 50050017 18499  21017.72 7837 000087

SdoLeopold 19852004 18534 1696266 7027 oo o

20052017 201,63 3450884 92,13

Table 2. Statistical analysis for periods before and after 2005.
CV - coefficient of variation  * statistically significant

Antas river, where the stations presented different
behaviors among them.

Figure 2 shows the permanence curves for
the stations present in the watershed of Taquari-
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Figure 2. Flow permanence curves for the Casca (a) and Guaporé (b) stations of the Taguari-Antas
watershed.
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At Casca station, it is noticed a difference
in flow behavior only when discussing about flow
rates below 20% of the time, and in these cases, the
last years presented values above those occurred
until 2004. In the other hand, at Guaporé station,
which presented a statistically significant
difference, the data presented a larger difference
between 10% to 30% of the time, also with values
above those occurred until the year 2004.

Regarding the Baixo Jacui watershed,
Figure 3, although none of the two stations show
significant differences in the statistical test, a
distinct behavior is observed between the two

analyzed periods, especially in Dona Francisca
station. In the case of this station, unlike what was
found in the Taquari-Antas river watershed, the
flow values for the period from 2005 to 2017 were
lower than the period from 1985 to 2004 in
approximately 10% to 60% of the time.

For the station located in Rio Pardo, both
years after and before 2005, the flow presents a
similar behavior, with a small distinction between
the permanence curves, both for smaller (up to
15% of time) and larger values (from 20% to 70%
of the time).
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Figure 3. Flow permanence curves for the Dona Francisca (a) and Rio Pardo (b) stations of the Baixo Jacui

watershed.

In the stations present in the watershed of
Vacacai-Vacacai Mirim river (Figure 4), the
permanence curves presented lower values in the
last 13 years compared to the years prior to 2005.
However, while the Sdo Gabriel station presented

higher values up to 5% of the time and smaller
between 10% to 60% of the time, the Sdo Sepé
station presented smaller values only between 10%
to 30% of the time.
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Figure 4. Flow permanence curves for the Sdo Gabriel (a) and S8o Sepé (b) stations of the Vacacai-Vacacai

Mirim watershed.

In the Pardo river watershed, represented
in this study by the Santa Cruz do Sul station, the
permanence curve (Figure 5) showed a very

distinct behavior between the two periods, besides
presenting a statistically significant difference.
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Figure 5. Flow permanence curves for the Santa Cruz do Sul station of the Pardo river watershed.

In this permanence curve it is possible to
verify that, in 0% to 20% of the time, the flow
increased while, in 25% to 85% of the time, the
flow decreased in the period after 2005, when
compared with the flow values of the period from
1985 to 2004. This may mean that the flow
extremes of this station may be occurring more
frequently, both of which are larger and smaller
flows.

In Figure 6, which shows the permanence
curves for the watershed of Cai river, in this study
represented by the Sdo Sebastido do Cai station, a
difference is observed mainly for flows up to 20%
of the time, with higher values for the period, as
well as a slight reduction in the period from 20% to
55% of the time.
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Figure 6. Flow permanence curves for the Sdo Sebastido do Cai station of the Cai river watershed.

Finally, at Campo Bom and S&o Leopoldo
stations, belonging to the Sinos river watershed,
there are very distinct curves between the two

periods (Figure 7), and both stations showed
statistically significant differences.
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Figure 7. Flow permanence curves for the Campo Bom (a) and Séo Leopoldo (b) stations of the Sinos river

watershed.
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By analyzing the flow permanence curves
of these stations, it is observed that from 2005
onwards, the flow rates below Q20 presented the
greatest alteration, increasing in relation to
previous years, while in certain time periods, as in
Q75, the flow presented lower values.

This may be an indicative that flow
extremes may occur more frequently in this region,
with high flow values at shorter time intervals, but
also with lower flow values at longer time
intervals, especially at the Campo Bom station.

In general, with some exceptions in certain
seasons (S&o Sebastido do Cai, Sdo Sepe, Rio
Pardo and Casca), it is clear that the distinct
behavior between the periods before and after 2005
observed by Vieira et al. (2018) in the Sinos River
watershed is also repeated in other stations in the
Guaiba Hydrographic Region, such as in the Pardo,
Vacacai - Vacacai Mirim, Baixo Jacui and
Taquari-Antas river watershed stations, with
changes in the flow behavior in recent years, some
even already showing significant differences, even
in an observation of only 33 years of data,
indicating, perhaps, more frequent extreme events,
with changes in both the maximum and minimum
flow rates.

Other studies have shown similar behavior.
According to Marengo (2001), the Parana River
watershed, which drains the southern states of
Brazil and part of Paraguay, has shown a
significant increase in flow in recent decades, with
an increase of approximately 15% since the 1960s,
an increase consistent with the increasing
precipitation values observed in this watershed.
Schuster et al. (2019), analysing the variation in
water availability of basins within the Patos
Lagoon contribution area, verified a tendency of
increase of the average flows in the simulated
basin.

The differences found among watersheds
in the same region, and even among stations in the
same watersheds, can be explained by factors such
as population growth, changes in land use and
occupation, and water uses.

Trend Analysis
After the historical analysis of the series
and taking into account the trend of increased flow

in the Rio Grande do Sul watersheds, with
anomalies of increase between 10% and 30% until
the year 2040, according to projections published
by the Strategic Affairs Secretariat (SAE - Brazil,
2015), the series disturbance was considered by
these projections. Results will be presented as
monthly averages for the two historic periods
(1985-2004 and 2005-2017) and for two
projections, one with a 10% increase in flow and
another with a 30% increase based on the acquired
historical series. Figure 8 presents the results for
all stations.

Looking at Figure 8 it is clear that, in all
stations, there are months when the river flow may
present a reduction (especially the period between
April and June for most stations), while in others it
may present even higher flows than projected (like
September and October), especially when we
observe the behavior of the averages from 2005 to
2017. Even when comparing the projections for
some stations, these values may be below or well
above expectations in some months.

Teixeira et al. (2020) verified presence of
trends, both increase and decrease, in the series of
monthly precipitation, minimum and maximum
monthly streamflow, for the Juquia river basin, Sao
Paulo, as well as growth tendency in the series of
minimum monthly streamflow.

In Rio Grande do Sul, a study by Tejadas
et al. (2016) identified changes in the average
annual river flow with an increase of 2.86% and
2.48% in scenarios A2 (the most pessimistic) and
B2 (intermediate scenario) considering a near
horizon, and 16.94% and 11.83% considering a
long term.

These data demonstrate the importance of
conducting studies that assess both a watershed's
historical series and those seeking future
projections of hydrological data, as current water
resource management practices are unlikely to be
sufficient to reduce the impacts that changes
climate change can cause on water resources,
especially with regard to water supply, flood and
flood risks, health, energy, among others
(Kundzewiczetal., 2007; Dalagnol et al., 2017).
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Figure 8. Monthly averages for the periods 1985-2004, 2005-2017 and the 10% and 30% increase projections
for the Casca(a), Guaporé(b), Dona Francisca(c), Rio Pardo(d), Sdo Gabriel(e), Sdo Sepé(f), Santa Cruz do
Sul(g), Sdo Sebastido do Cai(h), Campo Bom(i) e Sdo Leopoldo(j) stations.
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As some data from this study have shown,
trends indicate that there may be both a reduction
in river flow in some months and an increase in
others. Thus, studies on climate and water
resources may contribute to the formulation and
implementation of public policies aimed at
minimizing these impacts, considering that this
sector needs improvement in its methods and
practices to cope with the changes that may come,
in which according to Milly et al. (2008), we can
no longer consider hydrological variables as
stationary.

Conclusions

By observing the historical behavior of the
river flow in several stations of the Guaiba
hydrographic region, it was noticed that many
stations indicate changes in the temporal variation,
with a tendency to increase the river flow, but also,
through the permanence curves, the flow decrease
in certain time periods. This may indicate that
more frequent extreme events are already
occurring in these watersheds.

Projected trends for the region indicate
exactly this, with projected increases in river flow
volume, however with extreme periods such as
floods and droughts. This demonstrates the
importance of conducting this monitoring of
hydrological variables in water resources, enabling
proper management of watersheds and also
assisting decision makers in formulating public
policies appropriate to each location.

As for the river flow monitoring stations
present in this hydrographic region, there is a lack
of data in the vast majority, with few stations
having complete series of more than 30 years.
Most of the stations found had only recent data, or
data with many failures, which makes a
hydroclimatic study difficult.
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