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ABSTRACT

Knowing the spatiotemporal patterns of precipitation is essential to quantify water supply, flood control, soil ero-
sion, and the possibility of drought in a particular region. In other words, temporal and spatial analysis of precipi-
tationis very important for water resources management. In addition, rainfall is the most important climatological

variable in the tropical region. Although an increase in problems related to extreme rainfall events has occurred
overthelastseveral decadesin Brazil, few studies have been conducted investigating rainfall trends in this country.
Therefore, the objective of this work was to evaluate the spatial and temporal variability of rainfall in Mato Grosso
do Sul State (Brazil), during the dry season (May to September) and rainy season (October to April) over four deca-
des. For that, initially, a linear regression analysis was applied to identify the direction of the monotonic tendency
of the precipitation. Next, the trends were investigated using the nonparametric Mann-Kendall trend method.
The Pettitt test was also employed to identify any changes in the time series of precipitation. For the spatial dis-
tribution of rainfall data, the Ordinary Kriging was used. The results demonstrated that the Western region of the
State (Pantanal South-Mato-Grossense) showed a significant negative trend of precipitation in the rainy season.
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RESUMO

Conhecer os padroes espaco-temporais de precipitacédo é essencial para quantificar o abastecimento de dgua, o con-
trole de enchentes, a erosd@o do solo e a possibilidade de seca em uma determinada regido. Em outras palavras, a
andlise temporal e espacial da precipita¢do é muito importante para a gestdo dos recursos hidricos. Além disso, a
precipitacéo é a varidvel climatolégica mais importante na regiéo tropical. Embora um aumento nos problemas re-
lacionados a eventos extremos de chuva tenha ocorrido nas ultimas décadas no Brasil, poucos estudos foram condu-
zidos investigando as tendéncias de chuvas neste pais. Portanto, o objetivo deste trabalho foi avaliar a variabilidade
espacial e temporal das chuvas no estado de Mato Grosso do Sul (Brasil), durante a estagéo seca (maio a setembro) e
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chuvosa (outubro a abril) ao longo de quatro décadas. Para isso, inicialmente, foi aplicada uma andlise de regresséo
linear para identificar a dire¢Go da tendéncia monoténica da precipitacéo. Em seguida, as tendéncias foram investi-
gadas usando o método de tendéncia ndo paramétrico de Mann-Kendall. O teste de Pettitt também foi empregado
para identificar eventuais mudancas nas séries temporais de precipitacéo. Para a distribuicédo espacial dos dados plu-
viométricos, foi utilizada a Krigagem Ordindria. Os resultados demonstraram que a regiéo oeste do estado (Pantanal
sul-mato-grossense) apresentou tendéncia negativa significativa de precipitacdo no periodo chuvoso.

PALAVRAS-CHAVE

Andlise espaco-temporal; padréo de precipitacéo; variabilidade temporal; regiao tropical; andlise de tendéncias.

RESUMEN

Conocer los patrones espacio-temporales de las precipitaciones es fundamental para cuantificar el suministro de
agua, el control de inundaciones, la erosién del suelo y la posibilidad de sequia en una regién determinada. En otras
palabras, el andlisis temporal y espacial de la precipitacién es muy importante para la gestion de los recursos hidricos.
Ademds, la precipitacion es la variable climatolégica mds importante en la regidn tropical. Aunque en las dltimas
décadas se ha producido un aumento de los problemas relacionados con eventos extremos de lluvia en Brasil, se han
realizado pocos estudios que investiguen las tendencias de las precipitaciones en este pais. Por lo tanto, el objetivo de
este trabajo fue evaluar la variabilidad espacial y temporal de las precipitaciones en el estado de Mato Grosso do Sul
(Brasil), durante la estacion seca (mayo a septiembre) y la estacion lluviosa (octubre a abril) a lo largo de cuatro déca-
das. Para lograr esto, inicialmente se aplicé un andlisis de regresion lineal para identificar la direccion de la tendencia
de la precipitacién mondtona. Luego, las tendencias se investigaron utilizando el método de tendencias no paramétri-
co de Mann-Kendall. También se utilizé la prueba de Pettitt para identificar posibles cambios en la serie temporal de
precipitacion. Para la distribucion espacial de los datos de lluvia se utilizé el Kriging Ordinario. Los resultados dem-
ostraron que la regién occidental del estado (Pantanal Sul-Mato Grosso) mostré una tendencia negativa significativa

en las precipitaciones durante la temporada de lluvias.

PALABRAS CLAVE

Andlisis espacio-temporal; patrén de precipitacion; variabilidad temporal; regién tropical; andlisis de tendéncia.
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1. INTRODUCTION

Precipitation is the main input element of the water ba-
lance, in addition to being a fundamental factor in the
occurrence of hydrological processes in a watershed.
Thus, knowing the intensity, distribution, and frequency
of precipitation enable quantification of water supply,
flood control, soil erosion, and the possibility of drought
in a particular region. In addition, this knowledge is es-
sential for the effective engineering of hydraulic works.
According to Shi et al. (2015), changes in precipitation
spatiotemporal patterns have great impacts on drought/
flood risk and utilization of water resources. Extreme-
rainfall-related problems have become more of a concern
over the last few decades because of increases in their
intensity and frequency (Yilmaz and Perera 2015). Kysely
(2009) affirmed that these changes can also very likely
have serious effects on ecosystems, hydrology, and water
resources.

Precipitation distribution during the year characterizes
the climatic regime of a region. According to Longobardi
et al. (2016), an unbalanced precipitation distribution de-
termines the presence of seasons with an excessive preci-
pitation and seasons during which a deficit occurs, with
obvious implications for water resources management.
According to Smalley and L'Ecuyer (2015), even if the mon-
thly average volume or frequency of precipitation does
not change in an area, changes in the spatial and tem-
poral distribution may still be important for agriculture,
flooding, and other hydrologic applications. Milly et al.
(2008) emphasized that practical decision-making for in-
frastructure and land use under forecasts of increasing or
decreasing precipitation volume can only be completed
with this localized information.

Many studies have been conducted to investigate the
temporal and spatial variability of precipitation around
the world. Some examples can be shown from Africa (e.g.,
Oguntunde et al. 2011, Zhang et al. 2012, Nyeko-Ogiramoi
etal. 2013, Sarr et al. 2013), America (e.g., Sahoo and Smith
2009, Nalley et al. 2012), Asia (e.g., Pal and Al-Tabbaa
2009, Cong et al. 2010, Hanif et al. 2013, Shi et al. 2015,
Daneshmand and Mahmoudi 2017), Europe (e.g., Hidalgo-
Muhoz et al. 2011, Dabanl et al. 2016, Longobardi et al.
2016) and Oceania (e.g., Yilmaz and Perera 2015).

Zhang et al. (2012) evaluated the temporal and spatial
variations of precipitation and examined the relationship
of moisture flux and precipitation trends in Sudan during
the period 1948-2005. The authors verified that annual
and monthly precipitation had greater spatial variability,
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and that precipitation of the main rainy season and annu-
al total precipitation in the central part of Sudan signifi-
cantly decreased during the analyzed period. Nalley et al.
(2012) co-utilized the Discrete Wavelet Transform techni-
que and the Mann-Kendall trend tests to analyze and de-
tect trends in monthly, seasonally based, and annual data
from seven meteorological stations in Southern Ontario
and Quebec, Canada, during the period 1954-2008. The
results showed that in general, intra and inter-annual
events (up to 4 years) were more influential in affecting
the observed trends.

Shi et al. (2015) performed a comparative analysis of
spatial-temporal variability in precipitation during the
period 1951-2010 in Southwest China and reported a sig-
nificant seasonality of the rainfall distribution and quite
inhomogeneous temporal distribution of the daily rainfall
in the studied area. Hidalgo-Muhoz et al. (2011) investiga-
ted extreme precipitation events on the Southern Iberian
Peninsula (Andalusia), Spain, using 86 stations with daily
precipitation records for the period 1955-2006. The au-
thors established seasonal and monthly trends for diffe-
rent extreme-precipitation indices. Both the stability and
the significance of the trends were examined. The results
indicated a significant spatial and seasonal variability.
Yilmaz and Perera (2015) investigated the temporal and
spatial variability of extreme rainfall in Victoria (Australia).
They observed that increasing extreme rainfall trends oc-
curred for short storm durations, whereas decreasing ex-
treme rainfall trends were found for long storm durations.

Rainfall is the most important climatological variable
in the tropical region. To understand the rainfall regime,
studies are necessary that allow identifying homoge-
neous regions for the different meteorological elements.
Although anincrease in problems related to extreme rain-
fall events has occurred during the last several decades
in Brazil, few studies have been conducted investigating
rainfall trends in this country. Oliveira et al. (2021) analyzed
therisks of extreme events occurred in the South region of
Mato Grosso do Sul. The same authors affirm that tropical
climate regions are characterized for their heavy rainfall
events during the summer, and in recent years, as a result
of climate change, such events are becoming recurrent.
Thus, the objective of this work was to evaluate the spa-
tial and temporal variability in rainfall during the period
1976-2016 in Mato Grosso do Sul State (Brazil) during the
dry season (May to September) and rainy season (October
to April). Another important point presented in this article
is the detailed methodology of statistical analysis of trend
of historical data series, as well as the spatial distribution
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over the decades in dry and rainy periods.

2. METHODOLOGY
2.1. Study area

The study area is in a tropical region of the Brazilian ter-
ritory, Mato Grosso do Sul State, located in the Brazilian
Midwest (Figure 1). The total area of the State is approxi-
mately 357.125 km? The elevation of the State ranges from
200 to 600 m above sea level. The State territory is drai-
ned by the systems of the rivers Parang, to the East, and
Paraguay to the West. Most of the State is located in the
Brazilian Cerrado region. In the Northwest and Western of
the State is located 64.64% (89,318 km?) of the area of the
largest floodplain on Earth, the Pantanal (Silva and Abdon
1998).

According to the Koppen Climate Classification model
(Alvares et al. 2013), the Mato Grosso do Sul State includes
four different climates: Af, Aw, Am and Cfa. Af is defined
as a tropical, hot, without dry season. This climate, as well
as Am and Aw, is characterized by temperatures that ex-
ceed 18°C during the winter season (June to August). Aw
is defined as a tropical, hot, and humid climate. It featu-
res well-defined rainy periods (November to April) with a
range of precipitation of 750-2.000 mm and pronounced
drought from July to September. The annual average rain-
fall is 1.500 mm. Am is defined as tropical climate, and is
characterized by a monsoon pattern with two distinct se-
asons, an extremely dry winter and a rainy summer. The
annual average rainfall for this climate is up to 1.500 mm
and the rainfall of the driest month is less than 60 mm.
Cfa is a humid subtropical, oceanic climate, without dry
season, with hot summer. The temperature of the hottest
month is equal to or greater than 22°C. The monthly rain-
fall of the driest month is higher than 40 mm.

2.2. Rainfall data

Rainfall data were obtained through the Hydrological
Information System of the National Water Agency (ANA-
HidroWeb 2018). The spatial and temporal pattern of rain-
fall based on continuous observation of the monthly total
records of 149 stations distributed by the State of Mato
Grosso do Sul (Table 1), from 1973 to 2016, at regular in-
tervals of 5 years, was analyzed. For the temporal evalua-
tion of the rainfall, the year was divided into a dry season
and rainy season and the mean annual precipitation was
calculated for each of these two seasons. It should be
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noted that the periods of record differ among the moni-
toring stations; the shortest length of record is 20 years
(1992-2012), and the longest length of record is 43 years
(1973-2016).

2.3. Trend Detection Methods

First, linear regression analysis (Adamowski et al. 2010,
Zhang et al. 2012, Asadieh and Krakauer 2015) was applied
in the time series only to identify the direction of the mo-
notonic tendency of the precipitation. This method ai-
med to find a regression function that decreased the sum
of the distances between the adjusted function and the
observed data (Naghettini and Pinto 2007). According to
Tabari and Talaee (2011), the main statistical parameter
drawn from the regression analysis, slope, indicates the
mean temporal change in the studied variable. Positive
values of slope show increasing trends, while negative
values of slope show decreasing trends. The estimated
slopes were tested against the hypothesis of a null slope
by means of a two-tailed T-test at a 0,05 significance level.

The trends in annual precipitation were investigated
during the rainy season (October to April) and the dry se-
ason (May to September), using data from 149 stations,
applying the nonparametric Mann-Kendall trend me-
thod (Mann 1945, Kendall 1975). This method has been
widely used (Yue et al. 2002, Birsan et al. 2005, Shi et al.
2015, Yilmaz and Perera 2015, Longobardi et al. 2016) to
assess the presence of significant trends in meteorologi-
cal and hydrological time series. The Mann-Kendall test
uses the order of all values to evaluate if there are more
increasing or decreasing values in the data (Damberg
and AghaKouchak 2014). The null hypothesis (HO) of the
Mann-Kendall test is “there is no trend”. If the calculated
z statistic is larger than the critical values (derived from
normal distribution tables) at the specified significance
levels, then HO is rejected, and the alternative hypothesis
(HA), which is “there is a trend” is accepted (Yilmaz and
Perera 2014, 2015). In this study the test was conducted at
a 0,05 significance level.

The Pettitt test (Pettitt 1979) was employed to identify
any changes in the time series of precipitation. Using the
Pettit test, it is possible to identify the point at which a
series of data is interrupted, leaving the data series be-
fore and after that point significantly different. The null
hypothesis (HO0) of this non-parametric test is that there is
no break point, against the alternative hypothesis (HA) in
which there is a change point.
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2.4, Spatial distribution of the rainfall data

For the spatial distribution of rainfall data, the Ordinary
Kriging was used, who is a common type of Kriging in
practice. Ordinary kriging is a geostatistical tool by which
the distance between two points is used to predict the
semivariance of some dependent variable (Farmer 2016).
In this method, the trend is considered as unknown and
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Figure 1: Location of Mato Grosso do Sul State.
Source: Authors.
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constant. Ordinary Kriging estimates the unknown pre-
cipitation depth at the unsampled location as a linear
combination of neighboring observations (Zhang and
Srinivasan 2009). Cressie (1993) provide the description
of the mathematics of kriging. For analysis of the spatial
distribution of precipitation, were considered regular in-
tervals of five years.
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[ State of Mato Grosso do Sul
Bl Campo Grande City

Code Station Latitude Longitude

1754002 | Posto Correntes (MT-163) 17°3512.84"S | 54°45'24.12" W
1754004 | Pedro Severo 17°49'50.88"S | 54°18'47.16" W
1755001 Unido 17°47'25.08"S | 55°46'24.96" W
1756002 | Retiro Seguro 18°01'14.88"S | 56°43'54.84" W
1756003 | Porto do Alegre 17°37'23.88"S | 56°57'54.00" W
1757000 Porto [ndio 17°37'00.12"S | 57°42'00.00" W
1757003 | Bela Vista do Norte 17°38'29.04"S | 57°41'26.16" W
1852002 | Indaia Grande 18°59'52.08"S | 52°35'17.16" W
1852003 Cidade Chapaddo Gaucho 18°41'30.12"S | 52°35'38.04" W
1853001 Figueirao 18°43'59.88"S | 53°40'59.88" W
1853002 | Cachoeira Polvora 18°11'26.16"S | 54°15'28.08" W
1853004 Costa Rica 18°32'49.92"S | 53°08'07.08" W
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Code Station Latitude Longitude

1853005 | Coldnia Figueirdo 18°40'46.92"S | 53°38'16.08" W
1854000 | Coxim 18°30'15.12"S | 54°44'04.92" W
1854001 Pedro Gomes 18°05'54.96"S | 54°32'49.92" W
1854002 | Rio Verde de Mato Grosso 18°54'36.00"S | 54°49'55.92" W
1854003 | Jauru 18°38'57.12"S | 54°21'25.92" W
1854004 Coxim 18°3015.12" S 54°45'20.16" W
1854006 | Confluéncia do Rio Jauru 18°43'49.08"S | 54°34'42 96" W
1855000 | Fazenda Sdo Gongalo (Partic.) 18°21'00.00"S | 55°51'00.00" W
1857001 Amolar 18°02'25.08"S | 57°29'26.88" W
1857002 | Sao José do Mato Grande 18°14'11.04"S | 56°5823.16" W
1857003 | Sao Francisco 18°23'38.04"S | 57°23'27.96" W
1951002 | Paranaiba 19°39'48.96"S | 51°11'26.88" W
1951003 Fazenda Pindorama 19°23'26.88"S | 51°36'32.04" W
1951004 | Arvore Grande 19°13'45.12"S | 51°52'30.00" W
1951005 | Inocéncia 19°44'11.04"S | 51°56'00.96" W
1952000 | Alto Sucuriu 19°26'39.12"S | 52°33'29.88" W
1952001 Pontal 19°40'41 16" S 52°53'47.04" W
1952002 | Morangas 19°3312.96"S | 52°09'59.04" W
1952003 | Sao José do Sucuriu 19°57'47.88"S | 52°13'33.96" W
1953000 | Alto Rio Verde 19°22'36.84"S | 53°34'10.92" W
1953001 Vista Alegre 19°47'04.92" S 53°57'50.04" W
1953003 | Furlaneto 19°16'18.84"S | 53°29'26.88" W
1953004 | Porto de Pedras 19°0318.00"S | 53°00'54.00" W
1954002 | Rochedo 19°57'11.88"S | 54°52'42 96" W
1954003 | Rio Negro 19°26'22.92"S | 54°58'59.88" W
1954004 | Camapua 19°29'48.12"S | 53°5948.12" W
1954005 | Bandeirantes 19°55'04.08"S | 54°21'30.96" W
1954006 Fazenda Caranda 19°19'19.92"S | 54°09'39.96" W
1955000 | lguacu 19°56'40.92"S | 55°47'39.84" W
1956001 Paraiso 19°10'23.88"S | 56°42'43.92" W
1956002 | Rio Negro (Fazenda) 19°34'00.12"S | 56°12'00.00" W
1956003 | Entre Rios 19°41'48.12"S | 56°16'58.08" W
1956004 | Campo Alto 19°00"11.88"S | 56°05'20.04" W
1956005 | Bodogquena 19°52'14.88"S | 56°59'00.96" W
1956006 | Porto Carreiro (Particular) 19°57'00.00"S | 56°52'59.88" W
1956008 | Sado Sebastido 19°21'33.12"S | 56°24'33.12" W
1957000 | Corumba 19°00'00.00"S | 57°38'60.00" W
1957002 | Corumba (ETA) 19°0020.88"S | 57°36'06.84" W
1957003 | Porto da Manga 19°15'29.88"S | 57°14'07.08" W
1957004 Forte Coimbra 19°5506.96" S 57°47'21.84" W
1957005 | Piraputanga 19°1819.08"S | 57°35'35.88" W
1957006 | Porto Esperanca 19°36'02.88"S | 57°26'17.16" W
2051000 | Trés Lagoas 20°47'40.92"S | 51°42'46.08" W
2051037 | Jupia 20°48'00.00"S | 51°37'59.88" W
2051045 | Selviria 20°21'48.96"S | 51°25'26.04" W
2051046 | Aparecida do Taboado 20°04'05.88"S | 51°06'12.96" W
2052002 | Agua Clara 20°26'43.08"S | 52°54'06.84" W
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Code Station Latitude Longitude

2052003 Fazenda Rio Verde 20°06'06.84"S | 52°55'32.88" W
2052004 | Garcias 20°36'10.08"S | 52°13'05.88" W
2052006 | Porto Galeano 20°05'38.04"S | 52°09'37.08" W
2053000 | Ribas do Rio Pardo 20°26'40.92"S | 53°45'29.16" W
2053001 Usina Mimoso 20°40'36.84"S | 53°34'17.04" W
2053004 | Campos Elisios 20°57'39.96”S | 53°17'17.16" W
2054000 | Campo Grande 20°26'39.12"S | 54°43'21.00" W
2054001 Campo Grande (SBCG) 20°28'00.12"S | 54°40'00.12" W
2054002 | Sidrolandia 20°55'59.88" S | 54°58'00.12" W
2054003 | Jaraguari 20°08'60.00"S | 54°23'60.00" W
2054005 | Jaragua 20°29'35.16"S | 54°48'41.04" W
2054009 | Santa Elisa 20°29'26.16" S | 54°52'00.84" W
2054010 | Caixa d'agua 20°27'00.00"S | 54°37'59.88" W
2054011 Lageado - Tomada d'agua - SAEE 20°27'00.00"S | 54°37'59.88" W
2054012 Usina e Tratamento - SAEE 20°27'00.00"S | 54°37'59.88" W
2054013 | Conjunto Ferrovidrios - SAEE 20°27'00.00"S | 54°37'59.88" W
2054014 | DNOS - 8.DRS 20°27'06.12"S | 54°37'39.00" W
2054015 Rua Sao Paulo 565 - SAEE 20°27'00.00"S | 54°37'59.88" W
2054016 | Rua Propria 44 20°27'00.00"S | 54°37'59.88" W
2054017 | Rua Bahia 400 - SAEE 20°27'00.00"S | 54°37'59.88" W
2054018 Rua das Paineiras - SAEE 20°27'00.00" S [ 54°37'59.88" W
2054019 | Jaraguari 20°06'07.92"S | 54°26'04.92" W
2054020 | Alegre 20°2814.88"S | 54°05'48.12" W
2054021 Sidrolandia 20°57'05.04"S | 54°58'18.12" W
2055000 | Aguidauana 20°27'24.12"S | 55°40'17.04" W
2055001 Cipolandia 20°07'40.08"S | 55°23'35.88" W
2055002 Palmeiras 20°26'56.04"S | 55°25'50.88" W
2055003 | Fazenda Lajeado 20°17'31.92"S | 55°26'43.08" W
2055004 | Taboco 20°04'13.08"S | 55°38'43.08" W
2056001 Miranda 20°14'26.88"S | 56°23'44.88" W
2056003 Estrada MT-738 20°45'51.84"S | 56°05'35.16" W
2056005 | Guaicurus 20°06'06.84"S | 56°47'43.08" W
2056006 | Miranda 20°13'59.88"S | 56°22'59.88" W
2056007 | Santa Rosa 21°01'54.84"S | 56°59'17.16" W
2057000 | Taruma 20°17'26.88"S | 57°38'52.08" W
2057001 Sao Simdo 20°02'58.92"S | 57°19'17.04" W
2152000 | Porto Velho 20°48'02.16"S | 52°23'17.88" W
2152001 Porto Ueré 21°43'32.88"S | 52°20003.12" W
2152005 | Xavantina do Sul 21°17'43.08"S | 52°48'38.16" W
2152014 Fazenda Boa Esperanca 21°14'57.84"S | 52°17'17.16" W
2152016 | Fazenda Mimosinho 21°04'10.92"S | 52°59'36.96" W
2153000 | Porto Pindaiba 21°36'55.08"S | 53°03'07.92" W
2153002 | Passagem Ribeirdo Lontra 21°24'33.84"S | 53°36'47.88" W
2153003 | Xavante 21°58'55.92"S | 53°26'20.04" W
2153005 Fazenda Divisa 21°12'41.04"S | 53°57'24.84" W
2153004 | Lanceiro 21°01'22.08"S | 53°32'12.84" W
2154000 | Aroeira 21°38'49.92"S | 54°25'31.08" W
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Latitude

Longitude

21°48'21.96" S

54°36'11.16" W

20°59'38.04" S

54°30'29.16" W

21°00'00.00" S

54°00'00.00" W

21°52'18.12" S

54°04'50.88" W

21°10'58.08" S

54°44'45.96" W

21°18'06.84" S

54°11'57.84" W

21°37'06.96" S

55°08'12.84" W

21°08'57.12" S

55°49'30.00" W

21°07'05.88" S

56°28'48.00" W

21°26'26.16" S

56°05'26.88" W

21°30'42.84" S

56°42'06.12" W

21°11'30.84" S

57°0221.12"W

21°42'05.04" S

57°53'30.12" W

21°41'20.04" S

57°21'34.92" W

21°05'56.04" S

57°50'40.92" W

22°11"11.04" S

52°42'47.88" W

22°22'58.08" S

53°31'55.92" W

22°18'18.00" S

53°49'51.96" W

22°17'54.96" S

53°16'49.08" W

22°32'42.00" S

54°01'40.08" W

22°37'27.84" S

54°49'28.92" W

22°23'53.16" S

54°47'30.12" W

2274353165

54°47'31.92" W

22°24'20.88" S

54°14'07.08" W

22°04'31.08" S

54°11'21.12" W

22°04'28.92" S

54°47'02.04" W

22731:59.88"5

55°43'00.12" W

22°31'59.88" S

55°42'00.00" W

22T 06ES

55°56'36.96" W

22°43'54.84" S

55°14'31.92" W

22°05'09.96" S

55°21"11.16" W

22°06'36.00" S

56°31'39.00" W

22°00'51.12" S

57°01'55.92" W

22°13'22.08" S

57°18'16.92" W

23°04'22.08" S

53°49'14.16" W

23°03'28.08" S

54°11'38.04" W

23°40'54.84" S

54°33'42.12" W

22°58'13.08" S

54°33'47.88" W

23°26'58.92" S

54°23'36.96" W

23°05'52.08" S

55°14'36.96" W

23?15/57.96"5

55°31'27.84" W

23°39'01.08" S

55°23'30.84" W

Code Station

2154001 Porto Rio Brilhante
2154002 Vau do Balsamo
2154005 Fazenda Sdo Francisco
2154006 | Retiro Guaruja
2154007 | Capado Bonito
2154008 Fazenda Ponte
2155000 | Maracaju

2155001 Nioaque

2156000 Bonito

2156001 Jardim

2156002 Figueira (Fazenda)
2157003 | Santa Otilia
2157004 Porto Murtinho
2157005 Maraba

2157006 Barranco Branco
2252000 | Anaurilandia
2253000 | Uhe Itaipu Ivinhema
2253004 | lvinhema

2253014 | Bataipora

2253015 Fazenda Jangada
2254000 | Caarapo

2254001 Dourados

2254002 | Dourados

2254003 | Gléria de Dourados
2254004 Porto Wilma
2254005 ltapora

2255000 Ponta Pora
2255001 Ponta Pora
2255002 | Antbnio Jodo
2255003 Bocaja

2255004 | ltaum

2256001 Bela Vista

2257000 | Caracol

2257001 Sdo Carlos
2353048 | Fazenda Vaca Branca
2354000 Navirai

2354001 Iguatemi

2354002 Florida

2354004 | Colénia Bom Jesus
2355000 | Amambai

2355001 Coronel Sapucaia
2355002 Porto Sao Domingos
2355003 | Tacuru

23°38'25.08" S

55°01'09.12" W

Table 1: Rainfall monitoring stations

Source: Authors.

3. RESULTS AND DISCUSSIONS
Precipitation is the main input element of the water ba-

lance, in addition to being a fundamental factor in the
occurrence of hydrological processes in a watershed.
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Thus, knowing the intensity, distribution, and frequency
of precipitation enable quantification of water supply,
flood control, soil erosion, and the possibility of drought
in a particular region. In addition, this knowledge is es-
sential for the effective engineering of hydraulic works.
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According to Shi et al. (2015), changes in precipitation
spatiotemporal patterns have great impacts on drought/
flood risk and utilization of water resources. Extreme-
rainfall-related problems have become more of a concern
over the last few decades because of increases in their
intensity and frequency (Yilmaz and Perera 2015). Kysely
(2009) affirmed that these changes can also very likely
have serious effects on ecosystems, hydrology, and water
resources.

3.1. Rainfall temporal analysis

According to the linear regression analysis, it was obser-
ved that, during the dry season, 55,68% of the analyzed
stations presented a positive trend (increasing pattern)
and 44,32% presented a negative trend (decreasing pat-
tern). However, during the rainy season, 41,76% of the sta-
tions presented a positive trend (increasing pattern) and
58,24% presented a negative trend (decreasing pattern).
The slope of the regression analysis in the dry season va-
ried from -0,0044 to 0,0045, in the rainy season its presen-
ted a larger range, the slope varied from -0,0117 to 0,0052.

The Mann-Kendall
trends pattern in the study area. The Aw climate domain
had thirty one monitoring stations analyzed for rainfall
trend, and it comprises four regions of the State: East,
North, Northwest and Central. The Aw climate domain
presented the slope of the regression analysis varied from
-0,0037 to 0,0030 in the dry season and from -0,0117 to
0,004 in the rainy season. The Northern region showed a
decreasing tendency in the rainy season for the Porto do
Alegre station, with significant trend in the Mann-Kendall
test, p value of 0,0128 and 1 = -0,134 (Figure 2.a). The
Northwestern region also presented a decreasing ten-
dency of precipitated monthly totals in the rainy season.
Two stations presented a significant negative trend in the
Mann-Kendall test, the Sao Francisco station with 0,001 p
value and 1 = -0,208 (Figure 2.b) and the Forte Coimbra
station with 0,00005 p value and 1 = -0,217 (Figure 2.c).
However, the Eastern region presented a significant
growing tendency in the rainy season. Two stations pre-
sented a significant positive trend in the Mann-Kendall
test, the Porto Ueré station with 0,022 p value and 1 =
0,0936 (Figure 2.f), and the Fazenda Jangada station with
0,027 p value and T = 0,109 (Figure 2.9).

The Southwest region of the State, whose domain is
the Af climate, had nine monitoring stations analyzed for
rainfall trend. In the rainy season, 77,78% of the stations
showed a negative trend. The slope of the regression

test showed different rainfall
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analysis varied from -0,00096 to 0,0045 in the dry season
and from -0,0041 to 0,0023 in the rainy season. None sta-
tion located in the Af climate domain presented a signifi-
cant trend in the Mann-Kendall test.

In the climate-dominated region Cfa, Southern region
of the State, thirteen stations were analyzed. In the rainy
season, there was a predominance of a positive tenden-
cy. In the dry season there was also an increase in rainfall
trend, with nine stations showing an increasing tendency.
The slope of the regression analysis varied from -0,0044
to 0,00204 in the dry season and from -0,0033 to 0,0049
in the rainy season. Two stations presented a significant
positive trend in the Mann-Kendall test, the Antonio Jodo
station with 0,0126 p value and t = 0,119 (Figure 2.h) and
the Amambai station with 0,0267 p value and t = 0,0937
(Figure 2.i). Amambai was one of the studied cities by
Oliveira et al. (2021) that were affected by heavy rainfall in
November 2015 and experienced a disaster that lasted for
a period of 180 days, so the results of the increase tenden-
cy of rainfall in the region confirm the results presented.

The Am climate occupies a region that runs from the
Northeast to the West of the State. Ten stations were
analyzed in the Northeast region. In the rainy season four
stations showed an increasing pattern and six showed
a decreasing pattern. In the dry season eight stations
showed a negative trend. In the Western region there was
an increasing tendency of precipitation in the dry season
and decreasing in the rainy season. The slope of the re-
gression analysis varied from -0,0039 to 0,0041 in the dry
season and from -0,0069 to 0,0052 in the rainy season. The
Campos Elisios station presented a significant positive
trend in the Mann-Kendall test in both seasons analyzed.
For the rainy season it presented a T = 0,131 with 0,0107 p
value (Figure 2.d) and for the dry season a t = 0,133 with
0,0362 p value (Figure 2.e).

At the Central region is located Campo Grande city,
the capital of the Mato Grosso do Sul State. The Mann-
Kendall test results showed a significant increasing trend
at three rainfall monitoring stations near Campo Grande
city (Ribeirdo Lontra, Porto Vilma, and Cipolandia) during
the rainy season and at two rainfall monitoring stations
(Ribeirdo Lontra and Palmeiras) during the dry season. A
significant upward trend both during the dry season and
rainy season was verified at one rainfall monitoring sta-
tion (Ribeirao Lontra).

Of the rainfall monitoring stations in which significant
trends were detected during the dry period of the year,
one (Ribeirdo Lontra) has an Am climate and the other
(Palmeiras) has an Aw climate. However, among the three
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rainfall stations in which a significant trend was detec-
ted during the rainy season, only one (Ribeirdao Lontra)
had an Am climate, while the other two (Porto Vilma and
Cipolandia) had an Aw climate (Figure 3).

At the Ribeirao Lontra rainfall station, the maximum
total rainfall during the dry season did not exceed 200
mm. The Pettitt test showed an abrupt change in the
pattern of rainfall in August 1996. During 1997 and 2000,
the total rainfall of the period increased to 500 mm and
during 2009 reached 619,5 mm. During the rainy season,
which also showed a significant trend, an abrupt change
was detected during April 1995. At this station, a great va-
riability was observed in the total rainfall for the period,
during each year, such that, between 2009 and 2014, total
annual rainfall exceeded 1.000 mm, reaching 1.218,6 mm
during 2013.

At the rainfall station Porto Vilma, decreases in the
total rainfall during some alternate years was apparent,
but overall there was an increasing trend considering
the total series analyzed. The Pettit test showed a chan-
ge in the rainfall pattern at the station during April 1994.
The upward trend is evidenced by the change in the
total rainfall from 807,5 mm during the rainy season of
1986 to 1.422,7 mm during the rainy season of 1997. The
Cipolandia station showed a change in the rainfall pattern
during the 2000s, more specifically during April 2005. A
total rainfall of more than 1.800 mm was observed during
the rainy season of 2011.

The data series of the rainfall station Palmeiras pre-
sented an abrupt change identified by the Pettitt method
during July of 2000. At this station an increasing trend was
detected in the total monthly rainfall for the dry period
of each year. During 1989, 120 mm was recorded in du-
ring June. During 1994 the maximum monthly rainfall was
145 mm, during 1998 it was 160,7 mm, during 2008 it was
171,4, during 2012 it was 203,9 mm, and, in 2016, the maxi-
mum recorded rainfall of 226,1 mm during the dry season,
was recorded.

Da Silva (2004), conducted a study in Northeastern
Brazil and concluded that the relative humidity and
rainfall presented a decreasing behavior in that region.
The results also suggest that the historical trends may
be related to climatic variability in the region, which af-
fects both the semi-arid and coastal parts of the region.
Marengo (2004) identified negative rainfall trends for the
entire Amazon basin, while at the regional level there was
a negative trend in Northern Amazonia and a positive
trend in Southern Amazonia. The author observed that
the Southern part of the Amazon Basin seems to show
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similarities to the changes in precipitation in Southern
Brazil and Northern Argentina.

Moraes et al. (1998), statistically analyzing the
Piracicaba river basin in the Southeastern region of Brazil,
observed that precipitation and evapotranspiration data
showed significant increasing trends. However, the flow
data showed a significant decreasing trend. Therefore,
the most probable cause of this decreasing behavior is
the exportation of water from the basin to the metropo-
litan region of Sdo Paulo, indicating anthropogenic inter-
vention in the behavior of the hydrological cycle.
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Figure 2: Rainfall monitoring stations of different regions of Mato Grosso do Sul State.
Source: Authors.
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All the significant trends detected in the Central re-
gion were ascending. According to Lima et al. (2021) the
city of Campo Grande presents a monthly rainfall average
of approximately 150 mm in the rainy season, and appro-
ximately 55 mm in the dry season, however 0 mm and 460
mm have been registered for some months in the dry and
rainy seasons, respectively, with extreme events recur-
rently registered in the rainy season. Through a Disaster
Information Form (FIDE) of the Brazilian Ministry of
National Integration, regulated by Normative Instruction
No. 2, dated 12/20/2016 (Brazil 2016), the Emergency
Municipality (SE) was recognized by the municipality of
Campo Grande during 2006, 2010, 2011, 2014, and 2016
because of floods, landslides, local storms, and linear ero-
sion. All these hydrometeorological disasters occur more
frequently and severely if the temporal trend of rainfall in
the region is increasing. Thus, the results obtained serve
as an alert, because all rainfall stations in which a signi-
ficant trend was detected have an increasing pattern of
precipitation.

3.2. Spatial analysis of rainfall

Considering the rainy season, during all the time inter-
vals, the highest rainfall occurred in the Northeast region
of the State (Figure 4). While the lowest rainfall occurred
during the interval 1976 to 1980 was concentrated in the
South region, that is, precipitation decreased from North
to South of the State. In the intervals 1981 to 1985, 1986
to 1990 and 1991 to 1995, the lowest rainfall occurred
concomitantly in the East and West, with medium pre-
cipitation in the Central area of the State. Already, from
1996 to 2000 and 2001 to 2005 the lowest rainfall (130 to
140 mm) was concentrated in the West region. The inter-
vals 2006 to 2010 and 2011 to 2015, the area that concen-
trated the lowest rainfall was also the Western region,
however the minimum rainfall heights reached 110 mm.
Thus, the highest rainfall tends to be concentrated in
the Northeastern part of the State, with little change in
that. However, the Western region of the State, where the
Pantanal South-Mato-Grossense is located, has undergo-
ne a gradual decrease of rainfall, and in almost all periods
was the place that presented the lowest rainfall.
Considering the rainy season, in all the analyzed pe-
riods, the highest rainfall heights are concentrated in the
Northeastern region of Mato Grosso do Sul. The mon-
thly total precipitated in the months of the rainy season
showed a decrease in the region of the Pantanal South-
Mato-Grossense (Western region of the State). According
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to Bergier et al. (2018), in general the decadal trend of se-
asonal precipitation was not statistically significant for all
seasons analyzed in their study, which means that despite
the interannual variability, the average amount of rainfall
on the Brazilian Pantanal did not change significantly over
the seasons at the last nine decades. The results obtained
by Bergier et al. (2018) are according to Boers et al. (2017)
and reinforce the importance of the Amazon rainforest in
the redistribution of precipitable water in South America.
According to Nobre (2014), along the Amazon deforesta-
tion arc, precipitation decreased due to the reduction of
surface moisture fluxes.

By analyzing the dry season over time, it was verified
that the highest rainfall levels were concentrated mainly
in the Southern region of the State (Figure 5), which bor-
ders Paraguay and Parana State (Brazil). The lowest rainfall
amounts were concentrated in the North region of Mato
Grosso do Sul State. It was only in the period 1981 to 1985
that the highest rainfall intensity was concentrated more
Southwest the State. Considering the dry season, during
the intervals from 2001 to 2005, 2006 to 2010 and 2011 to
2015 it is noticeable that the highest rainfall heights are
smaller in these periods of time than others, a situation si-
milar to that happened in 1981 to 1985. It is noted that the
highest rainfall heights in the dry season of the year tend
to be concentrated in the Southern region of the State.
However, the highest rainfall in this region has been de-
creasing with time. This can be observed comparing the
periods 2006 to 2010 and 2011 to 2015, where the monthly
precipitation average reached 80 mm, with the previous
periods where the average monthly precipitation for the
dry period exceeded 100 mm. This behavior of rainfall re-
duction can also be noticed in the lowest rainfall concen-
trated in the Northern region of the State, comparing the
period from 1976 to 1980 with 2011 to 2015.
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Figure 4: Spatial distribution of rainfall during the rainy season for 5-year intervals.

Source: Authors.
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Figure 5: Spatial distribution of precipitation during the dry season for 5-year intervals.
Source: Authors.
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4. CONCLUSION

In Mato Grosso do Sul State, the most significant change
in the rainfall trend pattern occurs at the rainy season.

The monthly total precipitated in the rainy and in the
dry season showed a decrease pattern in the region of the
Pantanal South-Mato-Grossense (Western region of the
State). In the region was also detected a significant nega-
tive trend of precipitation in the rainy season.

There is a growing trend in rainfall amount in the mu-
nicipal area of Campo Grande, which has become more
pronounced during recent years. This trend is higher du-
ring the rainy season, but it is also evident during the dry
season. The observation of a significant tendency of an
in increase in the mean height of rainfall over the years
justifies the reduction in the time intervals between hy-
drometeorological disasters recorded by official means,
mainly in the urbanized area of the Municipality of Campo
Grande.

The analyses have implications for future scenarios du-
ring the rainy season, once the trend become more inten-
se and recurrent.

Hydrometeorological disasters more frequently and
severely occur if the temporal tendency of the precipita-
tion in the region is ascending.

The study of the precipitation characteristics in this re-
gion can assist public administration in decision making
regarding water resources management.
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