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Abstract—The global concern about climate change has been
increasing, since the emission of gases from human activities
contributes to the greenhouse effect in the atmosphere, indicating
significant impacts to the planet in the coming years. The study of
precipitation regime is fundamental for the development of research
in several areas. Among them are hydrology, agriculture, and electric
sector. Using the climatic projections of the models belonging to the
CMIPS, the main objective of the paper was to present an analysis of
the impacts of climate change without rainfall in the Uruguay River
basin. After an analysis of the results, it can be observed that for the
future climate, there is a tendency, in relation to the present climate,
for larger numbers of dry events, mainly in the winter months,
changing the pluviometric regime for wet summers and drier winters.
Given this projected framework, it is important to note the
importance of adequate management of the existing water sources in
the river basin, since the value of rainfall is reduced for the next
years, it may compromise the dynamics of the ecosystems in the
region. Facing climate change is fundamental issue for regions and
cities all around the world. Society must improve its resilience to
phenomenon impacts, and spreading the knowledge among decision
makers and citizens is also essential. So, these research results can be
subsidies for the decision-making in planning and management of
mitigation measures and/or adaptation in south Brazil.
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1. INTRODUCTION

ECENT studies show that increasing the average

temperature of the planet can cause an intensification of
the hydrological cycle, which can cause changes in rainfall
regimes, greatly altering the water availability of a given
region. This study is of paramount importance for various
activities, including for a generation of renewable energy
sources that are linked to the climatic conditions.

The Intergovernmental Panel on Climate Change (IPCC)
was created through an initiative of the World Meteorological
Organization (WMO) and the United Nations Environment
Program (UNEP) [2]. The IPCC was established with the
mission of evaluating research, interpreting and collecting all
relevant technical, scientific, and socioeconomic information,
as well as comprehensive, easily understood and accessible by
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all communities, including decision makers [1].

Rainfall in southern Brazil between 1990 and 2005 can be
described as well distributed, with maxima varying from 1200
to 2100 mm/year [3].

As hydroelectric plants are in the first position in the
Brazilian energy matrix, they evidence a need to know a
distribution of the pluviometric regime of the region. An
examination of the trend of the rainfall patterns is one of the
hypotheses to infer the occurrence of local climate change,
therefore the objective of this work is to present an analysis of
the impacts of climate change without rains in the Ibicui river
basin.

II. MATERIALS AND METHODS

A. Study Area Description

An evaluation of precipitation projections in the region of
the Ibicui River basin is shown in Fig. 1. The Basin extends
between geographic coordinates 28° 53 ' and 30° 51' south
latitude and 53° 39' and 57° 36" west longitude, covering 30
Cities, draining an area of 35,439 km?, counting with a total
population of 414,321 in habitants. Its main trainers are the
rivers Toropi, Jaguari, Ibicui Mirim, Ibirapuitd and Santa
Maria. Economic activities are detachment which is the
cultivation of irrigated rice, production, and mining (extraction
of sand for civil construction).

B. Data Description and Climate Model

The scenarios were generated using the models used in the
Fifth Report of the Intergovernmental Panel on Climate
Change (IPCC-ARS), based on an analysis of the seasonal
variability of precipitation and the consequent variation in
energy production.

The database used in this research is part of the Phase 5
Intercomparison of Matching Models (CMIP5) and
contributed to the preparation of the fifth IPCC-ARS report.
The data were extracted from ACCESS model (The Australian
Community Climate and Earth System Simulator).

In ARS, the scenarios are organized according to the RCPs
[4]. In this research, RCP 8.5 scenario was used which
represents a scenario with a continuous population growth,
resulting in high carbon dioxide emissions, with an increase
Up to 4 °C. This scenario is considered to be the most
pessimistic for the 21% century in terms of greenhouse gas
emissions, consistent with no policy change to reduce
emissions and strong reliance on fossil fuels [5].

The climatic projections of the precipitation series were
divided into three scenarios: Scenario-1 (2026-2050),
Scenario-2 (2051-2075) and Scenario-3 (2076-2100), the
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seasonal analysis was done for each of these scenarios.
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Fig. 1 Study area localization

Fig. 2 shows the steps of the work, the monthly
precipitation data were extracted from the IPCC-ARS
database, the information is provided in grid points, and Grads
(Grid Analysis and Display System) software was used to
extract the results. Grads is a system of visualization and
analysis of data in grid points, it works with binary data
matrices, in which the variables can have up to four
dimensions (longitude, latitude, vertical levels and time) [6].
After this stage, the historical data series and the data series
with the climatic projections were organized.

III. METHODOLOGY

The projections were divided into three 25-year scenarios:
Scenario-1  (2026-2050), Scenario-2  (2051-2075) and
Scenario-3 (2076-2100). In the sequence, precipitation
anomalies were calculated from the following equation:

APre (%) = (PMM — PMN)/ PMN)*100 (1)

where APre (%) is the precipitation anomaly in percentage;
PMM is the mean precipitation of the analyzed month; PMN
is the climatological norm corresponding to the analyzed
month.

World Meteorological Organization (WMO) defines
climatological normal as averages of climatological data
calculated for consecutive periods of 30 years.

IV. RESULTS AND DISCUSSIONS

The permanence curve is important for the study of
precipitation variability, being possible to verify the
probability of occurrence of the events that occur in the

watershed. The figures show the permanence curves for Ibicui
River Basin (Fig. 3). The permanence curve shown below
indicates that the tendency is to increase the maximum
precipitation values. When analyzed, historical data show a
probability of precipitation occurring around 11% for
precipitations above 200 mm.

IPCC-ARS data

| Extraction of precipitation data (mm) |

I Historic series organization | IOrganization of Projections I

I

I Anomaly calculations |

i

Elaboration of the Maps and Curve
of Permanence

Fig. 2 Methodology flowchart

Figs. 4-6 show positive anomalies values for the three
scenarios analyzed, mainly in the eastern half of the Ibicui
River basin, with an increment of over 50 mm, mainly in
scenarios 2 (Fig. 5) and 3 (Fig. 6), indicating a tendency in the
precipitation increase in the region of due to the impacts of
climate change.

For analysis of variance of the models, the three most
representative of projections series of precipitation in the 21"
century were evaluated.
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Fig. 3 Permanence curve of precipitation projections
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Fig. 5 Seasonal precipitation anomalies (scenario 2: 2051 - 2075)
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Fig. 6 Seasonal precipitation anomalies (scenario 3: 2076 - 2100)

Based on the average precipitation projections of the
hydrographic basin where the Ibicui River is located, it was
observed that the highest values of precipitation are found in
the east half of the basin, fluctuating around 180 mm for
scenario 1 (Fig. 7).

Scenario 2 (Fig. 8) and scenario 3 (Fig. 9) presented a
precipitation projection of 200 mm in the easternmost region
of the Ibicui River Basin and an increase of around 40 mm for

scenario 2 and 3 in relation to the first scenario analyzed, thus
verifying a trend without increased precipitation for a region
of study.

Projections of future climate change throughout the 21®
century are consistent with the forces imposed on them. Such
projections are valuable information for mitigation actions
such as planning adaptation actions and minimizing impacts
and vulnerability [6].
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Fig. 7 Precipitation projections: scenario 1 (2026 — 2050)
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Fig. 8 Precipitation projections: scenario 2 (2051 —2075)
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Fig. 9 Precipitation projections: scenario 3 (2076 — 2100)

V. CONCLUSION

The main objective of this paper was to present an analysis
of the impacts of climate change without a rainfall regime for
the Ibicui River Basin, RS, used as climatic projections of the
models belonging to the CMIP5. After an analysis of the
results for the future climate, there is a tendency, in relation to
the present climate, for higher rainfall indices, especially in
the autumn months for this Basin. In view of this projected
framework for this hydrographic region, the importance of
adequate management of the existing sources of water in the
Ibicui River basin is emphasized, since the significant rainfall
predicted for the coming years may compromise the dynamics
of the ecosystems in the region. The model showed a positive
tendency of precipitation in the period from 2026 to 2100,
designing anomalies between 25 and 60 mm in each period of
24 years for a variable precipitation. A greater amplitude is
observed in the precipitation of 2076-2100, indicating an
increase in the occurrence of large precipitation events. We are
increasing our scenarios analyzed, and it is concluded that the
rainfall index tends to an increase, changing the precipitation
regime of the region.
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