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Abstract 
The analyze of the El Niño, La Niña, and Neutral years phenomena and their influence on the temporal 
distribution of precipitation and air temperature is of great importance in agricultural systems, with the view to 
adapt crop management in order to reduce the risks of losses, optimizing rainwater and contributing to food 
security. The aim of this paper was to characterize variations in annual, monthly, and dekads rainfall in normal 
years and in those in the two extreme ENSO events in the municipalities of Tangará da Serra, Rondonópolis, and 
Sinop, in Mato Grosso state. Historic data were used, from INMET and ANA, covering 1970 to 2016. Probable 
annual precipitation was determined via the gamma distribution. In the three municipalities studied, the period 
considered as rainy falls between October and April and the dry season falls between May and September. The 
average annual rainfall for the municipalities is 1800, 1900, and 1500 mm, for Tangará da Serra, Sinop, and 
Rondonópolis, respectively. The effects of the ENSO, besides causing a 100 mm reduction in average annual 
precipitation, also cause little summers (“veranicos”) in the months of November and February. The 
municipalities of Tangará da Serra, Rondonópolis, and Sinop presented high levels of rainfall in Neutral years. 
The effects of the ENSO reduce rainfall levels but increase the number of rainy days. The Neutral years are more 
suitable to agriculture at regions of Mato Grosso State, followed by El Niño years, with concentrated rainy 
period and La Niña, with higher occurrence of veranicos, that maybe mitigated with use of irrigations systems. 

Keywords: climatic phenomena, distribution probability, El Niño, La Niña, Neutrals 

1. Introduction 
Mato Grosso state, one of the richest in Brazil in terms of diversity, with three of the most important biomes in 
the country (Cerrado, Pantanal, Amazon), has presented accelerated economic growth in the last decades, 
together with demographic growth (Marinho et al., 2016). The area is also one of the main agricultural regions in 
Brazil. At the beginning of the 21st Century, it took over as the biggest producer of grains in the country. The 
regions of Sinop, Rondonópolis, and Tangará da Serra are municipalities of great agricultural importance 
(Câmara, 2012). 

According to data from “National Supply Company” CONAB (2016), soy productivity in Mato Grosso has 
declined since 2007, when it was 3100 kg ha-1 to 2956 kg ha-1 in the harvest of 2015/2016 growing season. One 
of the key factors that caused this reduction is climatic variability. CONAB also states that there was a delay in 
planting in various states and the occurrence of “veranicos”, periods of time with x feature, generated a reduction 
of the last harvest. Due to the increase in area, production in the 2015/16 harvest, estimated at 96.9 million tons, 
is greater in relation to the 2014/15 harvest, but with lower productivity per unit area. 

Alves et al. (2016), evaluated the perception of agricultural producers and identified changes in rainfall pattern 
as the main factor limiting productivity, since certain conditions may increase the incidence of pests and diseases, 
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The climate of the regions is classified as AwA, BwA, and CwA according to Koppen classification, for Tangará 
da Serra, Sinop, and Rondonópolis, respectively; that is, it is a hot and humid climate, with a rainy season in the 
summer and drought in the winter, thus characterizing it as seasonal (Souza et al., 2013).  

To determine the different levels of rainfall probability, the incomplete gamma distribution probabilistic model 
described by Thom (1958) was used, in which the density of probability function is given as shown in Equation 
1. 

        (1) 

where, : form parameter (dimensionless); : scale parameter (mm); e: Napier’s logarithm base; x: total 
precipitation (mm); and    : symbol of the gamma function, defined as in Equation 2. 

         (2) 

The form (α) and scale (β) parameters, which enable the cumulative gamma distribution to be calculated for a 
given random variable, were estimated using the moments method, usually used to equate the average Xഥ and the 
variance S2 of the sample with the average, as shown in Equations 3 and 4 (Assis et al., 1996). 

                   (3) 

                   (4) 

The probable precipitations were then determined at 10, 25, 50, 75, and 90% probability, for subsequent analysis 
and discussion of the data. 

2.3 ENSO Phenomena 

Precipitation was not analyzed in accordance with the normal calendar year, as this phenomenon occurs from 
July of one year to June of the next, and so the data were tabulated in order to isolate the period of ENSO 
interference. The years in which the ENSO phenomena occurred in the period from 1961 to 1992 were 
characterized by Podestá et al. (1999), and the phenomena occurring after 1992 and until 2003 were described by 
Berlato, Farenzena, and Fontana (2005), in accordance with the Podestá et al. (1999) methodology. Those years 
in which there was no influence of ENSO phenomenon were considered neutral (Table 1). 

 

Table 1. List of years used at work classified by Podestá at al. (1999) and Berlato, Farenena and Fontana (2005) 

Event Occurred Years 

EL NIÑO 
1977-1978 1978-1979 1979-1980 1982-1983 1986-1987 1987-1988 
1990-1991 1991-1992 1992-1993 1994-1995 1997-1998 2002-2003 
2004-2005 2006-2007 2009-2010 2014-2015 2015-2016 

LA NIÑA 
1970-1971 1971-1972 1972-1973 1974-1975 1975-1976 
1976-1977 1983-1984 1984-1985 1973-1974 1988-1989 
1995-1996 1998-1999 1999-2000 2000-2001 2007-2008 

NEUTRAL 
1980-1981 1981-1982 1985-1986 1989-1990 1993-1994 
1996-1997 2001-2002 2003-2004 2005-2006 2008-2009 
2010-2011 2011-2012 2012-2013 2013-2014 

Note. Data adapted of INPE/CPETEC (2016). 

 

The determination and analysis of the annual rainfall probability were carried out using the gamma distribution 
probabilistic method, characterized by Thom (1958) and recently used by various authors, such as Silva et al. 
(2007), Dallacort et al. (2011), and Ramos et al. (2015), using 10, 25, 50, 75, and 90% probability levels, for the 
three municipalities in Mato Grosso, and observing pattern in ENSO years. 

3. Results and Discussion 
3.1 Pattern of Average Annual, Monthly, and Dekads Rainfall 

The average annual precipitation observed in the period from 1970 to 2016 in the municipalities of Tangará da 
Serra, Sinop, and Rondonópolis had a variation in rainfall levels when under the effect of the ENSO. For all the 
municipalities, Neutral years have higher annual averages, reaching a difference of 100 mm. Similar results were 
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months or years is becoming more and more relevant in agricultural planning. By knowing the minimum level of 
precipitation in the region with a margin of certainty, planning about planting periods and efficient use of 
supplementary irrigation can be carried out, obtaining better use of available water and ensuring reliability in 
decision making.  

In Table 3, we can observe that the municipalities of Sinop and Tangará da Serra present higher precipitations in 
La Niña years. As for Rondonópolis, the highest precipitations are found in El Niño years. 

 

Table 3. Probable annual rainfall for municipalities in years of El Niño, La Niña and Neutral 

Municipality Event 
Annual rainfall probable (mm) 

10% 25% 50% 75% 90% 

Sinop 

EL NINO 2279.7 2064.2 1841.1 1634.7 1462.8 
LA NINA 2328.2 2158.1 1979.0 1810.0 1666.6 
NEUTRAL 2270.6 2105.2 1931.0 1766.7 1627.1 

Tangará da Serra 

EL NINO 2233.3 2031.9 1822.7 1628.4 1465.9 
LA NINA 2263.9 2054.7 1837.7 1636.7 1468.8 
NEUTRAL 2081.4 1880.2 1672.2 1480.2 1320.6 

Rondonópolis 

EL NINO 1806.8 1640.7 1468.4 1308.5 1175.1 
LA NINA 1785.2 1599.7 1409.1 1234.3 1090.0 
NEUTRAL 1672.8 1507.5 1336.8 1179.6 1049.1 

 

Comparing with the results from Ramos et al. (2015), who quantified the rains in Diamantino, a municipality 
close to those studied, the highest rainfall levels were observed in Neutral years, followed by El Niño, with La 
Niña having the lowest levels. The pattern of the rains thus differs from region to region. Besides the variability 
in rains found during ENSO events, we can observe that the municipality of Sinop presents the highest probable 
rainfall level compared to the others, and Rondonópolis presents the lowest probable rainfall level. 

With relation to the probability of monthly rains, we can observe in Figure 6 that, in January, Tangará da Serra 
presents the highest probability in El Niño years, with the probable volume of precipitation decreasing monthly. 
As for La Niña, there is little variation between January, February, and March, with it decreasing markedly in 
April and May; however, there is a peak in rainfall levels in November. For Neutral years, the rainiest months 
are February and March, with a 90% probability that in the months of May to September, no precipitations 
occur. 
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4. Conclusion 
The municipalities of Tangará da Serra, Rondonópolis, and Sinop present higher rainfall levels in Neutral years, 
and the effects of the ENSO reduce rainfall levels, but increase the number of rainy days. 

The effects of the ENSO present a similar pattern in the three municipalities, with the presence of veranicos in 
La Niña years and more concentrated rains in El Niño years. 

In Neutral years, the intensity of rains is greater, and the number of rainy days is lower, providing evidence of 
the occurrence of veranicos with periods of more than 8 days without rain. 

In La Niña years are observed the lowest mean air temperature in all regions studied. 

The Neutral years are more suitable to agriculture at regions of Mato Grosso State, followed by El Niño years, 
with concentrated rainy period and La Niña, with higher occurrence of veranicos, that maybe mitigated with use 
of irrigations systems. 

This work can be used in government planning, as well as in rural insurance and agricultural financing. 
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