
58
RBCIAMB | v.57 | n.1 | Mar 2022 | 58-71  - ISSN 2176-9478

A B S T R A C T
This work aimed to analyze the average temperature and rainfall in the 
Southern and Steppe regions of the State of Rio Grande do Sul, Brazil, 
obtained by three global climate models regionalized by the Eta model 
(CANESM2, HADGEM2-ES and MIROC5) for the historical period, and 
two future climate scenarios (RCP 4.5 and RCP 8.5), subdivided into three 
periods: F1 (2006-2040), F2 (2041-2070), and F3 (2071-2099). The analysis 
was conducted by applying the trend tests Mann Kendall’s, Sen’s Slope 
and Pettitt’s to the dataset. The study noted an increase in temperature, 
and that the highest temperatures will occur at the end of the century. 
For the three climate models, temperatures will be milder in the RCP 4.5 
scenario, mostly, when compared to the RCP 8.5. For those scenarios, a 
significant increase up to 0.95°C/year was observed in the temperature of 
all series, with the years of change in the mean values occurring between 
2048 and 2060. The projections also suggest that there may be an increase 
in the average accumulated rainfall in the future periods analyzed, with 
exception of the result found with CANESM2 model at the RCP 8.5 
scenario, which showed a significant decrease of annual rainfall in all 
series, ranging approximately from -3,1 to -6,6 mm/year. Those significant 
changes in mean of the rainfall series are expected for the late 2070’s. 
With exception of this result, most cities and models indicate an increase 
in rainfall regimes, with clear variations between models and scenarios.

Keywords: climate models; RCP 4.5 and RCP 8.5; climate changes; ETA 
regional model; nonparametric trend tests.

R E S U M O
Este trabalho teve como objetivo analisar a temperatura média e a 
precipitação da região sul e Campanha do estado do Rio Grande do 
Sul, obtidas por três modelos climáticos globais regionalizados pelo 
modelo ETA (CANESM2, HADGEM2-ES e MIROC5) para o período 
histórico e dois cenários climáticos futuros, RCP 4.5 e RCP 8.5, 
subdivididos em três períodos: F1 (2006–2040), F2 (2041–2070) 
e F3 (2071–2099). A análise foi conduzida aplicando-se os testes 
de tendência Mann-Kendall, Sen’s Slope e Pettitt. Foi observado 
o aumento na temperatura média; as maiores temperaturas 
ocorrerão no final do século. Sob os três modelos, as temperaturas 
serão mais amenas no cenário RCP 4.5 quando comparadas às do 
cenário RCP 8.5, no geral. Nesses cenários foram identificadas 
tendências de aumento na temperatura de até 0,95°C/ano em todas 
as séries, com mudança abrupta entre 2048 e 2060. As projeções 
também indicam aumento na precipitação média acumulada 
nos períodos futuros, com exceção dos resultados obtidos com 
o CANESM2 sob o cenário 8.5, cuja precipitação demonstrou 
diminuição significativa em todas as séries, variando entre -3 e -6 
mm/ano. Ademais desse resultado, grande parte dos municípios e 
modelos indica o aumento nos regimes pluviométricos, com claras 
variações entre modelos e cenários.

Palavras-chave: modelos climáticos; RCP 4.5 e 8.5; mudanças 
climáticas; modelo regional ETA; testes de tendência não paramétricos.
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Introduction
Climate variability can change the economic and social dynam-

ics of a population (Gomes Junior and Ely, 2021), since it is closely 
linked to power generation, agricultural activities, tourism and, even 
if indirectly, to the entire productive sector. Climate changes can be 
perceived through variations that occur over time, such as the increase 
in the air temperature, strong storms, floods, among others (Queiroga 
et al., 2022). 

Due to the climate changes, it is reported that this may result 
in more extreme events occurring around the world (Yuan et  al., 
2017), so the importance of researches like this on this topic can be 
highlighted, especially at tropical regions, where rainfall events have 
greater intensity and, consequently, potential to flooding (Oliveira, 
2019). Regarding extreme weather events, there is a high occurrence 
of rainfall extremes that affect the southern and steppe region of the 
state of Rio Grande do Sul (RS), in the Southern of Brazil. For ex-
ample, Kulman et  al. (2014) assessed the occurrence of drought in 
the RS in the period of 1981 to 2011, and concluded that there were 
22 occurrences of drought in the municipality of Bagé, in Steppe re-
gion of RS, being considered the region with the highest recurrence 
of drought events. Brondani et  al. (2013), in a study about the oc-
currence of droughts and water supply problems in the municipality 
of Bagé, concluded that the city residents of Bagé have noticed the 
existence of drought in the municipality at least in the last 25 years, 
which has caused lack of water for public supply. According to Fer-
nandes et  al. (2021), the 2019/2020 drought event occurred in the 
first quarter of 2020 with great intensity and expansion, as we can see 
through the impacts caused on the population in the municipality of 
Pelotas, during the summer of 2019/2020. The Santa Bárbara Dam, 
mainly responsible for supplying the municipality, reached the his-
torical level of retreat, being 4,40 meters below the normal level since 
its construction (Diário Popular, 2021; Silveira, 2020). In addition, 
drought events have frequently occurred in different regions of the 
RS along the recent decades, which have directly affected agricultur-
al activities and, consequently, the gross domestic product in the RS 
(Braz et al., 2017). 

As mentioned by Quesada-Montano et al. (2018), the occurrence 
and magnitude of droughts and floods have increased in many locations 
in the world, causing, as a consequence thereof, impacts related to the 
environment, society and economy (Winsemius et al., 2018). Thereby, 
not only drought events have occurred in the RS, but also flood events 
have been more frequently observed. Based on the flooding records, 
Pereira and Nunes (2018) separated the events of intense precipitation 
into “cases of attention” and “cases of alert” and both showed a positive 
trend in Pelotas in the period (1964-2013).

According to Nedel et al. (2012), the climate in the RS state suffers 
interference from extreme weather events because it is influenced by 
atmospheric systems that favor the occurrence of some natural disas-
ters, such as droughts and floods. There are scientific evidences that the 

El Niño-Southern Oscillation (ENSO) phenomenon has high interfer-
ence on the climatic anomalous rainfall in the RS state (Rao and Hada, 
1990; Grimm et al., 1998; Britto et al., 2008), and despite some monthly 
variation, in general, the periods of El Niño (La Niña) are associated 
with precipitation above (below) the normal in RS (Grimm, 2009).

According to Miguel (2017), climate models are computation-
al tools applied to meteorology and climate sciences, to carry out 
studies about the changes in atmospheric phenomena, and allowing 
researchers to simulate the past, the present climate, and the future 
climatic variability and its changes and projections for the globe. For 
example, Ongoma et  al. (2018) investigated future changes in tem-
perature and rainfall over equatorial east Africa by applying trend 
tests on a dataset obtained by CMIP5 multimodel ensemble, consid-
ering the Representative Concentration Pathway (RCP) 4.5 and RCP 
8.5 scenarios, and the results showed a significant increase in both 
variables until the end of the century, especially in 1-day and 5-day 
events of rainfall.

To explicitly simulate the smaller scales controlled by local 
aspects it is necessary to refine the grid of general circulation cli-
mate models, which can be done with the use of regional climate 
modeling (Marengo et  al., 2010; Chou et  al., 2012). Many stud-
ies of regional climate modeling simulating future scenarios for 
South America can be found. Chou et al. (2014a; 2014b) assessed 
climate change in South America according to two global climate 
models downscaled by the Eta model, and they found, in general, 
that the climate change response of the Eta simulations nested in 
HADGEM2-ES is larger than the Eta nested in MIROC5. Using the 
same regional model, Dereczynski et al. (2020) found that simulat-
ed trends are compared to observed trends using extreme tempera-
tures and precipitation indices for South America. Some of these 
specifically address RS. Cera and Ferraz (2015) used the RegCM3 
model and found that future climate data (2070-2086) maintained 
the same precipitation trend as the present climate for southern RS. 
Tejadas et al. (2016) employed an optimistic and pessimistic scenar-
io according to IPCC AR4 (the Fourth Assessment Report of the In-
tergovernmental Panel on Climate Change) and found anncreasee 
in the streamflow at the Mangueira lake watershed, in the south of 
RS, between 2030-2070. 

Silva et al. (2020) analyzed the future scenarios of the Brazilian 
hydrographic regions (HR) according to different regional climate 
models. RS is inserted in two hydrographic regions, Uruguay to the 
west and South Atlantic to the east. The results show that Uruguay 
HR will present smaller increase in temperature in relation to the 
present climate than the South Atlantic HR. As for the precipitation, 
the authors found no significant differences in both RH with respect 
to the present climate.

The southern half of Rio Grande do Sul has agriculture and live-
stock as the main base of its economy, the first being linked to the 
climatic conditions of the region, as this is a fundamental factor for 
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the proper development of crops, thus ensuring good results (Radin 
and Matzenauer, 2016).

Therefore, the purpose of this study was to analyze the average 
annual temperature and the annual rainfall data generated by three 
general circulation models regionalized by using the Eta model for 
the Southern and the Steppe regions of the state of Rio Grande do 
Sul. Further, anomaly trends were also assessed for the rainfall annual 
data sets.

Material And Methods

Study area
The state of Rio Grande do Sul is located in the southern region 

of Brazil (Figure 1). The state is divided into nine functional planning 
regions and the two regions under study account for a total population 
of 1,103,276 inhabitants (FEE, 2015). The climate of Rio Grande do 
Sul is classified as Humid Mesothermal, being influenced by the polar 
air masses and the Tropical Continental and Atlantic zones, where the 
summers are hot and the winters rigorous (SEPLAG, 2020).

Projeta data
Numerical daily data on rainfall and monthly averaged air tem-

perature are generated by the Center for Weather Forecast and Climate 
Studies of the National Institute for Space Research (CPTEC/INPE) 

and posted on the PROJETA (Climate Change Projections for South 
America Regionalized by the Eta Model) Platform (Chou et al., 2014a, 
2014b; Lyra et  al., 2018) (available at: https://projeta.cptec.inpe.br), 
with a 20-km resolution grid.

According to Moura et  al. (2010), ETA is a mesoscale model of 
primitive equations, and its version that runs on CPTEC/INPE is hy-
drostatic, with 28 vertical layers covering practically all South America. 
The ETA model was developed by the University of Belgrade togeth-
er with the Institute of Hydrometeorology of Yugoslavia (Vieira et al., 
2015). The PROJETA platform, on the other hand, aims to automate 
the data of climate projections from the ETA model, offering a simple 
platform with quick results to requests made by users, thus reducing 
waiting time (Hölbig et al., 2018).

Series of three general circulation models: CANESM2 (Arora 
et al., 2011; Chylek et al., 2011), HADGEM2-ES (Martin et al., 2011), 
and MIROC5 (Watanabe et  al., 2010) were regionalized according 
to the Eta model (Mesinger et al., 2012), for the base period, which 
comprises the years from 1961 to 2005, and for the projections of 
two future climate scenarios, RCP (Representative Concentration 
Pathways) (Van Vuuren et al., 2011) 4.5 and 8.5 (optimistic and pes-
simistic scenarios, respectively), which cover the years from 2006 to 
2099. For better understanding, future scenarios have been subdivid-
ed into F1 (2006 to 2040), F2 (2041 to 2070), and F3 (2071 to 2099). 
Projections were obtained by city, totaling 27 cities, part of the Steppe 
and Southern regions. The analysis by cities is useful because it meets 
the needs of decision makers in each municipality, as pointed out in 
Nunes and Silva (2013) and Pereira and Nunes (2018). The coordi-
nates of the three models used to download each one can be seen in 
Figure 2.

Annual analysis of average temperature and total rainfall
For the analysis of the annual numerical data of rainfall and aver-

age temperature, the annual averages for each model were calculated, 
considering the base period, as well as the future periods for climate 
scenarios RCP 4.5 and RCP 8.5. Thus, the annual averages of the base 
period were compared with the annual averages of future projections 
for each city.

To detect trends in these variables, considering all series, 
Mann-Kendall and Sen’s Slope nonparametric trend tests were applied. 
The Mann-Kendall (MK) test (Mann and Whitney, 1947; Kendall, 
1975) is widely used to detect time trends in hydrometeorological se-
ries (Zamani et al., 2017), while Sen’s Slope (SS) test (Sen, 1968) pro-
vides the magnitude of the trend, when it is statistically significant.

The Pettitt test (Pettitt, 1979) is a nonparametric homogeneity 
test used to identify a significant turning point in the series of a vari-
able. It verifies if two observations belong to the same population, 
locating the point of sudden change in its mean. This test is widely 
used, for example, in studies carried out by Lima et  al. (2021) and 
Ribeiro et al. (2021).Source: elaborated by the authors. 

Figure 1 – Map of Rio Grande do Sul, and of the Southern and Steppe regions.

https://projeta.cptec.inpe.br
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Anomalies
The anomalies of a variable are usually positive or negative depar-

tures from the normal climatology mean for a season and study area 
(Fazel-Rastgar, 2020). Thus, the average annual value of each future 
(F1, F2 and F3) was considered for each model regionalized by the Eta 
model for scenarios RCP 4.5 and RCP 8.5, and also for the base period 
(Lopes et al., 2021). 

Results and Discussion

Analysis of the average temperatures of the southern and 
steppe regions of RS

The results of the trend tests are shown in Table 1. In general, 
the application of the MK test to the base period series indicated 
that, for the CANESM2-ETA and HADGEM2-ES-ETA models, 
the series of all cities show a significant trend of increasing av-
erage annual temperatures, with the exception of Tavares for the 

HADGEM2-ES-ETA model. This partially agrees with Sansigolo 
and Kayano (2010), who, considering the average of data observed 
over the entire RS, found a non-significant trend (1960-2006) for 
the maximum temperature, but a significant positive trend for the 
minimum temperature. The IPPC AR5 (IPCC, 2013) also indicates 
a positive trend for the 1901-2012 period. Conversely, the MI-
ROC5-ETA model did not predict a significant trend for any city 
for the base period. For future scenarios RCP 4.5 and 8.5, all models 
indicate an average annual temperature increase trend. 

In the temperature analysis for the Steppe region, in the RCP 
4.5 and 8.5 scenarios, the CANESM2-ETA (Figure 3A), HAD-
GEM2-ES-3TA (Figure 3B) and MIROC5-ETA (Figure 3C) mod-
els indicate a trend of temperature increase average for future pe-
riods for both scenarios, with scenario RCP 8.5 presenting higher 
values when compared to RCP 4.5. For the RCP 4.5 scenario, the 
MK test indicated a significant trend of average temperature in-
crease for the MIROC5-ETA model, which was also observed for 

Source: elaborated by the authors. 
Figure 2 – Points of the climate models in each city in the study area.
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the RCP 8.5 scenario, but it is smaller when compared to the oth-
er models for the same scenario, as observed by Chou (2014b), 
where the MIROC5 model presented lower values when compared 
to HADGEM2-ES.

The analysis of annual average temperatures for the RCPs 4.5 and 
8.5 scenarios of the CANESM2-ETA (Figure 3D), HADGEM2-ES-ETA 
(Figure 3E) and MIROC5-ETA (Figure 3F) models for the southern re-
gion indicate an increased temperature trend by the end of the century. 
For the RCP4.5 scenario, the CANESM2-ETA model presents values 
above 20°C, this analysis being very similar to that observed for the 
same scenario and model in the Steppe region, where the same trend 
was observed by Anjos et al. (2018), who used the same models in an 
analysis for the municipality of Pelotas, located in the southern region. 
The MK test results were the same for the municipalities in this region. 
The HADGEM2-ES-ETA model for the two scenarios, when compared 
to the others, has a lower average tendency of increase when compared 
to the others. As for the MIROC5-ETA model, the MK test revealed 
that the rising trends are significant for the Southern region in both 
future climate scenarios.

The average temperature results observed for the Southern and 
Steppe regions for the two future scenarios corroborate Bravo et  al. 
(2011), who, when analyzing the projections of 20 Global Climate 
Models (GCM) for AR4 considering two futures (2030 and 2070) and 
two scenarios — A2 (more pessimistic) and B2 (more optimistic) — 

for the Taim region (Santa Vitória do Palmar and Rio Grande), found 
projections that suggest an increase in temperature for all the months 
of the years analyzed, but with discrepancy between the results of the 
models used.

Therefore, studies covering the Southern and Steppe regions, and 
involving Rio Grande do Sul as a whole, agree with these results, indi-
cating a growing increase in temperature, from 1 to 3°C, on average, 
until the end of this century. The results of the IPCC AR5 indicate pos-
itive trends of this order of magnitude over the studied region (Collins 
et al., 2013).

Analysis of annual rainfall in the steppe and southern regions
The results of the trend tests are shown in Table 2. In general, the 

MK test applied to the base period series indicated that the CANESM2-
ETA and HADGEM2-ES-ETA models found that no city had a signifi-
cant trend to increase or decrease total annual rainfall. 

This, in general, is consistent with the results of the IPCC’s AR5 for 
1951-2010 (Hartmann et al., 2013). For 1960-2006 over the entire RS, 
Sansigolo and Kayano (2010) also did not find any significant trend 
in annual total numbers of observed precipitation. Cera and Ferraz 
(2015) analyzed the precipitation trend (1982-2006) of observed data 
and the data simulated by the RegCM3 model, both at grid points, and 
over the study region a spatially heterogeneous behavior was observed, 
with most of the points having a positive trend (with or without statis-

Table 1 – Results of Mann-Kendall, Sen’s Slope and Pettitt nonparametric tests applied to the series of average annual temperatures for the cities in the Steppe 
and Southern regions of RS.

Scenario

Mann-Kendall’s test Sen’s Slope test Pettitt’s test

Significant temporal trend1 Magnitude of the trend2

(min. – max.)   No. of series Year(s)
(Changing point)1

CANESM2-ETA Model

Current (Base) In all series 0.0163 – 0.02141 18 1976; 1983.

RCP 4.5 In all series 0.0206 – 0.02231 27 2055; 2056; 2057.

RCP 8.5 In all series 0.0351 – 0.95312 27 2048; 2049; 2050

HADGEM2-ES-ETA Model

Current (Base) In all series, except for Tavares 0.01422 – 0.0256 16 1968; 1972; 1973; 1984

RCP 4.5 In all series 0.01305 – 0.02140 27 2056; 2058

RCP 8.5 In all series 0.01473 – 0.04415 27 2048; 2052; 2054; 2058.

MIROC5-ETA Model

Current (Base) None of the series - - -

RCP 4.5 In all series 0.0096 – 0.0113 27 2036; 2054; 2057.

RCP 8.5 In all series 0.01875 – 0.0526 27 2044; 2048; 2049; 2057.
1at 5% significance level; 2°C.year-1. 
Source: elaborated by the authors. 
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tical significance) and some points in the Southern region of RS having 
a negative trend.

The simulated data, on the other hand, showed positive trends with 
significance between 90 and 99.9%. Salviano et  al. (2016) used grid 
points data from CRU (Climatic Research Unit) and identified a sig-
nificant positive trend (1961-2011) in the studied region only in three 
months (February, April and May). 

Caballero et  al. (2018) analyzed data in the city of Pelotas, on 
1982-2015, and also found no significant trend in annual total fig-
ures. The MIROC5-ETA model, on the other hand, found a signifi-
cant trend for both regions for the base period. For future scenario 
of RCP 4.5, few cities (CANESM2-ETA and HADGEM2-ES-ETA) or 
none (MIROC5-ETA) showed a trend in the series. For the RCP 8.5 
scenario, the series of all cities indicate a trend towards increase in 

total annual rainfall, except for the city of Tavares (HADGEM2-ES-
ETA), which may have occurred due to its geographical position, and 
may thus suffer interference from local circulations, more difficult to 
be detected by climate models.

The results of the SS test (Table 2) indicate the magnitudes of the 
significant trends of total annual rainfall for the base period, ranging 
from 4.82 to 9.32 mm/year for the MIROC5-ETA model. For cities that 
showed trends for the RCP 4.5 scenario, the magnitudes ranged from 
2.079 to 3.01 mm/year. For the RCP 8.5 scenario, they ranged from 
-6.632 to 3.68 mm/year. The RCP 8.5 scenario of the IPCC AR5 over 
the study region shows a positive trend but without 90% agreement 
between the models for the periods 2046-2065 and 2081-2100 (Collins 
et al., 2013). The results of the Pettitt’s test show that, for the base pe-
riod, the MIROC5-ETA model could detect the trend changing point 

Source: elaborated by the authors. 

Figure 3 – Annual average temperature for base and future periods (F1, F2 and F3) for scenarios RCP 4.5 and RCP 8.5 for: (A) CANESM2-ETA model for 
Steppe region. (B) HADGEM2-ES-ETA model for Steppe region. (C) MIROC5-ETA model for Steppe region. (d) CANESM2-ETA model for the Southern 
region. (E) HADGEM2-ES-ETA model for the Southern region. (F) MIROC5-ETA model for the Southern region.
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in the series of all 27 cities, and this generally occurred between 1980 
and 1990. For scenario RCP 4.5, it was possible to detect the year of 
significant trend changing point over the series of total annual rainfall 
for the future period in only 3 (CANESM2-ETA) and 4 (HADGEM2-
ES-ETA) of the 27 series, in years of the F1 and F2 periods. For the sce-
nario RCP 8.5, the test detected the trend changing point in practically 
all series, in years within all future periods: F1, F2 and F3.

Many researchers have been using Pettit’s test in association with 
other tests to analyze statistical changes in temperature and rainfall 
time series, and also in other variables as streamflow, evapotranspi-
ration, wind speed, etc., although studies including climate models on 
their investigation are scarce in Brazil. Penereiro e Meschiatti (2018) 
investigated temporal trends in temperature and rainfall series in Bra-
zil by applying MK’s and Pettitt’s test, and found increasing trends of 
both variables in the majority of series with significant trend all over 
the country. Using MK’s and Pettitt’s tests, Ouhamdouch et al. (2020) 
found significant increasing trends in evapotranspiration and stream-
flow at the Essaouira basin, Morocco, expected to the late 2050’s (F2 
period), when under the RCP 8.5 scenario of an ensemble of models 
including CANESM2.

Also, while investigating the human influence in hydrological 
and meteorological variables in the northwest of Iran from sce-
narios generated by the CANESM2 model, Dariane and Pouryafar 
(2021) found through MK’s and Pettitt’s test results that, under 
the RCP 8.5 scenario, the study area will face a notable increasing 
trend in the average temperature and a decreasing trend in the 

precipitation and streamflow, with an abrupt change especially in 
the years between 2050 and 2100. A last example of application of 
Pettitt’s test is a dataset of climate variables obtained by climate 
models is the study conducted by Sane et al. (2019) in a river basin 
in the southwest of Senegal, which found significant trends and 
the moment of the abrupt change in the streamflow series simu-
lated for this basin.

Of course, despite the clear and important differences between the 
studies’ locations and their climatological particularities, it is clear that 
the use of nonparametric trend tests like MK, SS and Pettitt can be 
helpful to investigate the observed time series of the variables and their 
projections under different future scenarios.

Figure 4 showed the average annual rainfall values for the Southern 
and Steppe regions in the base period with the three general models. 
According to the MK test, no city showed a trend in the series for the 
base period with the CANESM2-ETA and HADGEM2-ETA models, 
the opposite of what was indicated by the MIROC5-ETA model, which 
still indicated lower average annual precipitation for the base period. 

The three futures of the RCP 4.5 e 8.5 scenarios according to the 
CANESM2-ETA model are shown in Figure 5. Comparing the base 
period with future scenario F1, there are signs that, in some cities, the 
average rainfall range will remain the same (Dom Pedrito, Lavras do 
Sul, Bagé, and others) and will increase in others (Amaral Ferrador, 
Herval, Piratini, among others). For the F2 period, it was observed 
that in some cities the average rainfall will remain in the same range, 
while, in others, there will be an increase. In F3, there will be a decrease 

Table 2 – Results of Mann-Kendall, Sen’s Slope and Pettitt nonparametric tests applied to the series of average annual rainfall for the cities in the Steppe and 
Southern regions of RS.

Mann-Kendall’s test Sen’s Slope test Pettitt’s test

Significant temporal trend1 Magnitude of the trend1,2

(min. – max.) No. of series3 Year(s)
(Changing point)1

CANESM2-ETA Model

Current (Base) No cities - - -

RCP 4.5 3 cities 2.092 – 2.949 3 2039; 2050.

RCP 8.5 All cities -6.632 – -3.189 27 2068

HADGEM2-ES-ETA Model

Current (Base) No cities - - -

RCP 4.5 5 cities 2.079 – 3.01 4 2062; 2065

RCP 8.5 26 cities 1.294 – 6.13 26 2029; 2032; 2033; 2034; 2074; 2076

MIRO C5 Model

Current (Base) All cities 4.819 – 9.32 27 1985; 1986; 1987; 1989; 1990

RCP 4.5 No cities - - -

RCP 8.5 All cities -5.84; 2.33 – 3.68 27 2058; 2059; 2061; 2068.
1at a 5% significance level; 2mm/year; 3no. of series for which the changing point was significant.
Source: elaborated by the authors. 
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in rainfall in three cities. The MK test applied to the CANESM2-ETA 
model for the RCP 4.5 climate scenario found a significant trend of 
increasing rainfall only for the cities of Amaral Ferrador, São Lourenço 
do Sul, and Turuçu. Of these, São Lourenço do Sul is one of the cities 
that suffers the most from flooding issues.

The results of the CANESM2-ETA for the RCP 8.5 scenario, F1 
period of this projection, shows an annual rainfall increase similar to 
that of the RCP 4.5 scenario, but includes a greater number of cities 
with values between 1,900 and 2,100 mm. In the second future period 
(F2), there is an increase in rainfall in several cities, when compared to 
F1. For F3, there is a decrease in rainfall, when compared to F1 and F2, 
in practically all cities in the region. 

The MK test applied to the total annual rainfall series of the 
CANESM2-ETA model for the RCP 8.5 scenario, indicated a down-
ward trend for all cities, due to the behavior of future F3 in the 
series. Although there are increases between future periods F1 and 
F2, when the series are analyzed for the entire future period (2006-
2099), the test indicates a decrease due to the behavior of the vari-
able in future F3.

The results of total average annual rainfall with the HADGEM2-
ES-ETA model for the three future periods in the RCP 4.5 and 8.5 sce-

nario (Figure 6) are varied. In the F2 period, there is an increase in the 
total accumulated rainfall range in most cities. In the periods F2 and 
F3, there is a change in the average accumulated rainfall range. Despite 
the differences between the future periods in the HADGEM2-ES-ETA 
model and the RCP 4.5 scenario, the MK test indicated a significant 
trend of increasing total annual rainfall over the century only for the 
cities of Arroio Grande, Capão do Leão, Jaguarão, Rio Grande and São 
José do Norte. According to Chou et  al. (2014b), this positive trend 
of increased advantage was already expected for the study region, and 
Anjos et al. (2018) also observed the trend of increased precipitation 
in their study for the municipality of Pelotas using the same climate 
models applied in this study.

For the RCP 8.5 scenario, the HADGEM2-ES-ETA model found, for 
the F1 period, an increase in average total annual rainfall in Dom Pedrito 

Source: elaborated by the authors. 

Figure 4 – Average rainfall for cities in the Southern and Steppe regions, in 
the base period (1961-2005), for the three regional climate models.

Source: elaborated by the authors. 

Figure 5 – Average total annual rainfall for cities of the Southern and 
Steppe regions, according to the CANESM2-ETA model, scenario RCP 4.5 
and RCP 8.5, for the three future periods (F1, F2 and F3).
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and Pedras Altas, and a decrease for Rio Grande and São José do Norte, 
when compared to the base period. Comparing the F1 and F2 periods, 
there are projections of increased rainfall in most cities. Comparing the 
F3 period with the F2 period, most cities tend to maintain the same range 
of average total annual rainfall values, when compared to the base period. 
The trend analysis at the level of significance considered by the MK test 
for the HADGEM-ES-ETA model and the RCP 8.5 scenario, suggested a 
significant trend of increasing total annual rainfall over the century for all 
cities, except for the city of Tavares, which showed no trend.

The projections of the MIROC5-ETA model for scenario RCP 4.5 
(Figure 7) were different from the other models, in addition to finding 
no decrease in average rainfall for future periods F2 or F3, as happened 

in some cities in the other models. The analysis of the base period to 
the F1 period shows that the great trend is for the same average rain-
fall ranges of the base period to be kept, except in four cities, which 
increased the annual average of rainfall, and Piratini, which is the only 
city in which the average is lower in the F1 period than in the base pe-
riod. Despite these increases in total annual rainfall between the base 
period and future periods, they are not significant, according to the 
MK test, when analyzing the entire series of future climate scenario 
RCP 4.5 with the MIROC5-ETA model. 

Analyzing the RCP 8.5 scenario, the MIROC5-ETA model (Fig-
ure 7) found increasing rainfall when comparing the F1 period with 
the base period. For the F2 period, there was an increase in the city 

Source: elaborated by the authors. 

Figure 6 – Average total annual rainfall for cities of the Southern and 
Steppe regions, according to the HADGEM2-ES-ETA model, scenario RCP 
4.5 and RCP 8.5, for the three future periods (F1, F2 and F3).

Source: elaborated by the authors. 

Figure 7 – Average total annual rainfall for cities of the Southern and 
Steppe regions, according to the MIROC5-ETA model, scenario RCP 4.5 
and RCP 8.5, for the three future periods (F1, F2 and F3).
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of Candiota. When comparing the F2 and F3 periods, there are only 
increases in total annual rainfall, observed in ten cities. It is important 
to note that the city of Dom Pedrito, which had the highest total annual 
rainfall value, increased even more in the last future period, going up to 
the range of 1,500 to 1,800 mm.

These increases between different future periods justify the signif-
icant trend detected by the MK test. Contrary to what was found for 
scenario RCP 4.5, the MIROC5-ETA model found, for scenario RCP 
8.5, a significant trend of increasing rainfall in virtually all cities, except 
Dom Pedrito, which showed a significant trend of decreasing rainfall 
throughout the century.  

There are no great similarities between the three models and the 
scenarios of the projections, and the MIROC5-ETA model differs from 
the others in that it does not show decreases in total average annual 
rainfall in future periods when compared to the base period. In addi-
tion, for some cities, higher rainfall values were observed in the most 
pessimistic scenario (RCP 8.5).

The values of total annual rainfall of the climate models bring some 
uncertainty when it comes to inferring the trend of rainfall regimes for 
the cities, as some tend to increase, others show peaks of increase and 
then decrease, and others remain constant for much of the time. The 
same was observed by Bravo et al. (2011), who, in addition to assess-

Source: elaborated by the authors.

Figure 8 – Anomalies in total annual rainfall (R) for scenario RCP 4.5 and 
8.5 with the three regional climate models (CANESM2-ETA, HADGEM2-
ES-ETA and MIROC5-ETA) for future F1.

Source: elaborated by the authors.

Figure 9 – Anomalies in total annual rainfall (R) for scenario RCP 4.5 and 
8.5 with the three regional climate models (CANESM2-ETA, HADGEM2-
ES-ETA and MIROC5-ETA) for future F2.
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Source: elaborated by the authors.

Figure 10 – Anomalies in total annual rainfall (R) for scenario RCP 4.5 and 
8.5 with the three regional climate models (CANESM2-ETA, HADGEM2-
ES-ETA and MIROC5-ETA) for future F3.

ing temperature projections, found both an increase and a decrease in 
rainfall regimes, and observed uncertainties, especially in long-term 
future periods (2070). Gonçalves and Back (2018), when researching 
rainfall trends in the southern region of Brazil in the period from 1976 
to 2015, considered the series stationary, since 83% did not have any 
significant trends of increase or decrease in rainfall volume.

The three models suggest an increase in rainfall for a large part 
of the Steppe region, including the city of Bagé, which, as already 
mentioned, has recurring periods of drought. Thus, it can be ex-
pected that, in the coming years, when compared to the base pe-
riod, there will be greater water availability in the city and in the 
adjacent regions. 

The cities of Pelotas and São Lourenço do Sul may also experience 
an increase in rainfall. The two cities have already suffered serious flood-
ing problems, including the municipality of São Lourenço do Sul, which 
in 2011 presented an event of large volumes of precipitation that ended 
up affecting approximately 15 thousand people (Rocha, 2011). There-
fore, it is extremely important to carry out periodic climate models and 
forecasts, as a way to issue alerts to the population, in order to avoid or 
minimize the occurrence of impacts arising from these extreme events.

Anomalies
In the RCP 4.5 scenario, for the first period (F1) (Figure 8), there 

are signs of positive rainfall anomalies for all cities in the projections 
of the CANESM2-ETA and MIROC5-ETA models. As for the HAD-
GEM2-ES-ETA model, there are negative anomalies for some cities in 
the Southern region. 

The calculation of anomalies in the RCP 8.5 scenario for the 
F1 period, represented in Figure 8, with the three climatic mod-
els, according to the projections of the CANESM2-ETA and MI-
ROC5-ETA models, indicate positive anomalies for all cities. The 
HADGEM2-ES-ETA model, on the other hand, presents negative 
anomalies for 14 cities. This result, when compared to scenario RCP 
4.5, is different, since for the same model only positive anomalies 
were observed in the same period.

For the second period (F2) in the RCP 4.5 scenario (Figure 9), 
anomaly calculations are positive for all cities, in the three models. 
In the last future period (F3) (Figure 10), for the same scenario, the 
projection is the same as the F2 future period, with the three models 
suggesting positive anomalies for rainfall averages. 

For the F2 period (Figure 9), the CANESM2-ETA and MIROC5-ETA 
models indicate positive anomalies for all cities. The HADGEM2-ES-
ETA model projects positive anomalies, except for the cities of São José 
do Norte, Rio Grande and Tavares. Figure 10 presents the anomalies 
found for the F3 period. The HADGEM2-ES and MIROC5 models proj-
ect that annual rainfall anomalies will be positive for all cities. 

The CANESM2 model, however, does not have the same projec-
tion, finding that the anomaly will be negative for cities in the South-
ern region, differing from that projected in scenario RCP 4.5, which 
indicated positive anomalies for the 27 cities. This result of negative 
precipitation anomaly of the CANESM2 model for the RCP 8.5 sce-
nario and of positive anomaly of the same model for the RCP 4.5 sce-
nario is in accordance with what was observed by Anjos et al. (2018) 
for the municipality of Pelotas, which makes up the southern region.

Conclusions
The present study carried out in the South region and Rio 

Grande do Sul Campaign using the CANESM2, HADGEM2-ES and 
MIROC5 models regionalized by the ETA model and made avail-
able on the PROJETA Platform, indicate a possible increase in the 
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average temperature until the end of the 21st century, regardless 
of which path of greenhouse gas emissions and preservation of the 
environment humankind chooses to follow, since the two scenarios 
of future climate projections (RCP 4.5 and RCP 8.5) indicate this 
increase. However, the average annual temperatures will be milder 
according to the projection of scenario RCP 4.5, and harsher when 
considering a more pessimistic scenario (RCP 8.5).

Analyzing the total annual rainfall averages in the different peri-
ods (base and future), it is concluded that there are indications that 

rainfall may increase in volume over time in the two future scenarios, 
whereas in RCP 8.5 this increase can be repeatedly observed. There 
are also models that project a decrease in rainfall after a peak period. 
Therefore, a probable increase in total annual rainfall is foreseen in 
the future, when compared with the values of the base period. The 
analysis concludes that the anomalies can be positive or negative in 
the total future annual rainfall in both projections, however, there is 
a predominance of positive anomalies for the periods, scenarios and 
models analyzed. 
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