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Abstract
The aim of this study was to describe monthly series of the Standardized Precipitation Index obtained from four weather 
stations of the State of São Paulo, Brazil. The analyses were carried out by evaluating the normality assumption of the SPI 
distributions, the spectral features of these series and, the presence of climatic trends in these datasets. It was observed that 
the Pearson type III distribution was better than the gamma 2-parameter distribution in providing monthly SPI series closer 
to the normality assumption inherent to the use of this standardized index. The spectral analyses carried out in the time-
frequency domain did not allow us to establish a dominant mode in the analyzed series. In general, the Mann-Kendall and the 
Pettitt tests indicated the presence of no significant trend in the SPI series. However, both trend tests have indicated that 
the temporal variability of this index, observed at the months of October over the last 60 years, cannot be seen as the result 
of a purely random process. This last inference is due to the concentration of decreasing trends, with a common beginning 
(1983/84) in the four locations of the study. 

Key words:  Pearson type III distribution, drought, climate trends. 

Valores mensais do índice padronizado de precipitação pluvial no Estado de São Paulo, 
Brasil: tendência e características espectrais sob o pressuposto da normalidade
Resumo

O objetivo do trabalho foi descrever séries mensais do Índice Padronizado de Precipitação (SPI), obtidas a partir de quatro es-
tações meteorológicas do Estado de São Paulo, Brasil (1951-2010). As análises foram realizadas avaliando-se o pressuposto 
de normalidade das distribuições do SPI, as características espectrais dessas séries e a presença de tendências climáticas 
nessas amostras. Observou-se que a distribuição Pearson tipo III foi melhor que a gama 2-parâmetros em prover séries men-
sais do SPI mais próximas ao pressuposto de normalidade inerente ao uso desse índice padronizado. As análises espectrais 
realizadas no domínio tempo-frequência não permitiram o estabelecimento de modo (de frequência) dominante nas séries 
analisadas. De forma geral, os testes de Mann-Kendall e Pettitt não indicaram a presença de significativas tendências nas 
séries do SPI. Entretanto, verificou-se que a variabilidade temporal desse índice, observada em outubro, não pode ser vista 
como o resultado de um processo puramente aleatório. Essa última inferência é devida à concentração de tendências de 
queda, com data inicial comum (1983/1984), nas quatro localidades do estudo. 

Palavras-chave: Pearson tipo III, seca, tendências climáticas.

1. INTRODUCTION

Strongly related to a deficit in the rainfall amounts, the 
drought events can cause severe damages to human so-
ciety. Under this consideration, the standardized pre-
cipitation index (SPI) was developed by McKee et al. 
(1993) as a statistical procedure (normalized in time-
-space domain) capable of representing drought and 
flood events in a similar probabilistic way, even when 
different rainfall regimes (observed in distinct regions 
and periods) are being evaluated (Wu et al., 2007). Also 

according to Wu et al. (2007), being normally distribu-
ted is the major reason that leads the SPI to be widely 
accepted in operational mode as well as in academic 
studies all over the world.

For instance, after have applied the SPI in Nebraska, 
USA, Tadesse et al. (2005) indicated that the most oc-
currences of drought events (1950 to 1999) was prece-
ded, among others oceanic-atmospheric parameters, by 
positive values of the Southern Oscillation Index (SOI; 
related to the El Niño/southern oscillation - ENOS). 
Livida and Assemakopoulos (2007) used this drought 
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index to evaluate, on regional basis, the frequency, the 
duration and, the intensity of the drought events detec-
ted in Greece from 1951 to 2000. Mishra et al. (2007) 
employed the SPI to evaluate, among other features, the 
transition probabilities of drought events in the Kansabati 
River basin; India. By using the SPI, Zhang et al. (2009) 
observed changes in the events of drought and wetness in 
Pearl River Basin; China (1960-2005). Zhai et al. (2010) 
demonstrated that the SPI can be used to describe possi-
ble trends in the dryness and wetness severity in the re-
gions of China, as well as in other countries. Manatsa et 
al. (2010) used the SPI to address several features of agri-
cultural droughts in Zimbabwe, Africa. Li et al. (2008) 
observed that the values of the SPI computed over sou-
thern Amazon region decreased in the period of 1970 to 
1999 by 0.32 per decade. According to these authors this 
result indicates an increase trend in dryness conditions.

In Brazil, the SPI is largely used on operatio-
nal mode by governmental agricultural institutions, 
such as Empresa Brasileira de Pesquisa Agropecuária 
(EMBRAPA; www.agritempo.gov.br), Instituto Agronômico 
(IAC; www.infoseca.sp.gov.br) and, Instituto Nacional de 
Meteorologia (INMET; www.inmet.gov.br), in order 
to monitoring (possible) drought conditions in diffe-
rent regions of the country. Furthermore, the studies of 
Fernandes et al. (2010), Macedo et al. (2010) and, 
Sansigolo (2004), address the use of the SPI in the clima-
te conditions of Brazil. In order to assess the robustness of 
the SPI (among other drought indexes) in estimating the 
upland rice yield (1983/1984 - 2005/2006; Goiâna- State of 
Goiás), Fernandes et al. (2010) have addressed important 
features (including its limitations) of the use of this standar-
dized index as an agricultural drought indicator. Macedo et 
al. (2010) calculated the SPI in order to monitoring drought 
events within three rainfall homogeneous sub-regions of the 
State of Paraíba. The main purpose of Sansigolo (2004) 
was to establish a comparative performance analysis between 
the Palmer Drought Index (Palmer, 1965) and the SPI in 
Piracicaba, State of São Paulo. 

However, despite all the concerns related to the possi-
ble consequences of the global warming over the temporal 
variability of drought events, such as a possible increasing 
in its intensity and frequency, the evaluation of the presen-
ce of trend components in time series of this drought index 
seems to be still neglected in the Brazilian literature. Thus, 
considering that the analysis of long SPI series provides im-
portant information to the climate literature, which may 
be helpful in reducing the human vulnerability to drought 
events, the aim of the study was to describe the temporal 
variability of monthly SPI series obtained from four wea-
ther stations of the State of São Paulo. This description was 
carried out by evaluating (i) the normality assumption of 
the SPI distributions, (ii) the spectral features of these se-
ries (including their possible relationship with the ENOS) 
and, (iii) the presence of climate trends in these datasets.

2. MATERIAL AND METHODS

Monthly rainfall series available from four weather sta-
tions of the State of São Paulo, Brazil (Campinas, 1890 to 
2010; Jundiaí 1942 to 2010; Pindorama, 1951 to 2010 
and; Ribeirão Preto 1937-2010; figure 1) were chosen for 
this study. After Guttman (1994) has investigated the 
effect of the length of the data records on rainfall distri-
butions, he stated that at least 40-60 years are required 
for parameter estimation stability. Thus, the series were 
chosen in order to provide 60 years of data records. The 
selected series did not have missing values and their con-
sistencies were assessed in Blain (2009). Also according 
to Blain (2009) the main feature of the monthly rainfall 
series (PRE) of the State of São Paulo is its great varia-
bility in time-space domain. For a given location it can 
be observed strongly skewed rainfall distributions during 
the winter season; however, during the summer season the 
shape of these monthly distributions becomes similar to 
the “bell shape” of the Gaussian distribution.

The gamma 2-parameter distribution (Gam) is fre-
quently used in the State of São Paulo (as well as in others 
regions of Brazil) in describing monthly rainfall recor-
ds (and, therefore, in the SPI calculation algorithm). 
However, according to Guttman (1999) the Pearson 
type III (PE3) distribution, also known as gamma 3-pa-
rameter, is ‘the best universal model for the SPI calcu-
lations’. Furthermore, Wu et al. (2007) stated that the 
confidence in SPI results, obtained from the Gam distri-
bution (undefined for the 0 value), can be affected since 
this probability density function has only two free para-
meters. According to these authors, the use of alternatives 
distributions, such as the PE3, is worth to be evaluated. 
In this study, the cumulative probability associated with 
a given monthly rainfall amount [H(PRE)] was compu-
ted from these two probabilistic models (Gam and PE3). 
The Gam model was estimated as described in Wu et al. 
(2005) and Wu et al. (2007), while the PE3 was estima-
ted as recommended by Guttmann (1994, 1999) and 
Yue and Hashino (2007). In order to obtain the SPI, 
the [H(PRE)] values were subject to the standardization 
procedure based on the following equations proposed by 
Abramowitz and Stegun, (1965).
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d1=  1,432788; d2 = 0,189269; d3 = 0,001308 

Although the use of the Gam distribution in charac-
terizing monthly rainfall series of the State of São Paulo 
has already been extensively evaluated (Blain et al., 2007; 
Blain et al., 2009; Blain 2009; 2010), the use of PE3 
distribution for this purpose seems to be little assessed. 
Since the SPI is a probabilistic index, assessing the robus-
tness of the PE3 distribution in describing rainfall series 
may be seen as the first step in the study of the possibility 
of adopting this distribution in the SPI calculations. 

As discussed by Wilks (2006), Steinskog et al. (2007) 
and, Vlcek and Huth (2009), if (and only if ) the para-
meters of the theoretical distribution have not been esti-
mated from the same dataset used to evaluate the fit of 
the parametric distribution, the original algorithm of the 
Kolmogorov-Smirnov test is applicable. Thus, since the 
three parameters of the PE3 were fitted using all available 
data, the test had to be modified. Hereafter this adapted 
method will be referred as Kolmogorov-Smirnov/Lilliefors 
test (KS-L). The statistical simulations required for calcu-
lating the KS-L test were based on the procedure called 
“nonuniform random number generation by inversion”. It 

were generated Ns=100000 synthetic data samples. More 
information about the KS-L can be found in Wilks (2006).

According to Edwards and Mckee (1997) and Wu 
et al. (2007) despite the presence of equations 1 and 2 
within the SPI algorithm, for dry climates or those with a 
distinct dry season associated with strongly skewed rain-
fall distributions (in which the zero value is common), the 
SPI series may not be normally distributed. At this point, 
it is worth emphasizing that also according to Wu et al. 
(2007) the SPI is widely accepted throughout the world 
because, conceptually, ‘it is normalized to a location and 
is normalized in time’. Thus, a normality test was applied 
on the SPI values obtained from the Gam and from the 
PE3 models. The parametric distribution capable of pro-
viding the greatest number of normally distributed SPI 
series will be seen as the best probabilistic model for the 
calculations of this standardized index. The SPI series will 
be considered as coming from a standard normal distri-
bution if at least one of the following criteria is met: (a) 
Shapiro-Wilks statistic (W) equal or greater than 0.96 
(p-value equal or greater than 0.10) or (b) the absolute 
value of the median is equal or less than 0.05. For further 
information about this procedure see Wu et al. (2007). 

Following Torrence and Compo (1998) the wavelet 
analysis was used in order to decomposing the SPI series 
into time-frequency domain. Consequently, this sort of 
spectral analysis has allowed us to observe the variance 
peaks in the frequency domain and also to verify how 

 

Jundiaí Campinas

Ribeirão 
Preto

Pindorama

52º 00’ W

20º 00’ S

22º 00’ S

24º 00’ S

50º 00’ W 48º 00’ W 46º 00’ W 44º 00’ W

Figure 1. Four weather stations of the State of São Paulo, Brazil.
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those peaks vary in time. Detailed explanation of the con-
tinuous wavelet transform (CWT) used in this study can 
be found in Torrence and Compo (1998), Grinsted et 
al. (2004), Reboita et al. (2006), Blain (2009), Pezzi 
and Kayano (2009) and, Kayano and Sansigolo (2009). 
The wavelet analysis (including its statistical significance 
testing) was estimated based on the computational pro-
cedure described by Torrence and Compo (1998) and 
available at http://paos.colorado.edu/research/wavelets 
(accessed at November 30, 2010). 

As pointed out by Grinsted et al. (2004), it is fre-
quently desirable to evaluate the variability of two time 
series that may be linked to each other by some physical 
reason. In this view, and also according to Grinsted et al. 
(2004), it is of great interesting to verify whether the CWT 
of these time series have a consistent phase relationship 
and common periods of large wavelet power. Thus, in or-
der to evaluate possible influences of the ENOS over the 
temporal variability of drought and/or floods events ob-
served in the four locations under analysis, it was applied 
the squared wavelet coherence, as described in Grinsted 
et al. (2004), between the SPI and the SOI series. The 
cross-wavelet calculation algorithm can be obtained at 
http://www.pol.ac.uk/home/research/waveletcoherence 
(copyright 2002-2004; Aslak Grinsted). The SOI data is 
available at http://www.bom.gov.au/climate. It is worth 
emphasizing that values of the SOI above 8 may be seen 
as representative of La Niña events. Values below -8 may 
be seen as representative of El Niño events, while values 
between -8 and 8 usually indicate neutral conditions.

The Mann-Kendall (MK) test (Kendall and Stuart, 
1967) is largely used for evaluating the presence of tren-
ds in meteorological time series. The null hypothesis (Ho) 
associated with this test assumes that the dataset under 

evaluation is free from trends. The absence of significant 
serial correlation is also assumed. The probability of occur-
rence of the type I error (p-value) can be estimated from the 
Gaussian standard distribution. The MK test was applied 
in each one of the 12 monthly datasets (obtained from 
each weather station) in order to avoid possible influen-
ces of temporal persistence in the MK final values. In this 
case, the time span between two subsequent values within 
each monthly dataset is one year (e.g., two consecutives 
Januaries). Following Kundzewicz and Robson (2004) 
and Blain (2010), the Pettitt test (Pettitt, 1979) was 
used to detect the initial year of the climate trends observed 
in each one of the series. The p-value associated with this 
test was also estimated. Further information about the MK 
and the Pettitt test can be found in Blain (2010). 

The MK test was initially applied considering all avai-
lable data in each location. After that, the MK and the 
Pettitt tests were applied in all locations considering the 
common period of 1951-2010. Following Blain et al. 
(2007) and Blain (2010), this last procedure was carried 
out in order to enable the comparison of the temporal va-
riability of the SPI values observed in each weather station 
during the last 60 years. Figure 2 depicts the fundamental 
steps of this section.

 3. RESULTS AND DISCUSSION

Before verifying the normality assumption inherent to the 
SPI, it is worth emphasizing that after have evaluated the 
SPI calculation algorithm, Wu et al. (2007) stated that ‘in 
order to have balanced negative and positive SPI values, 
the factor t’ (equation 2) ‘must be the same under the two 
situation’: 0 < H(PRE) ≤ 0.5 and 0.5 < H(PRE) < 1. By 

Describing the precipitation series

Pearson type III Gamma 2- parameters

SPI Calculation SPI Calculation

Evaluating the normally assumption: Wu et al . (2007)

Spectral analysis SPI
Wavelet analysis

SPI -ENOS
Cross -wavelet

Trend analysisPettitt’s test Mann- Kendall

Figure 2. Schematic representation of the steps proposed as a procedure for evaluating the normality assumption of the SPI distributions, 
the spectral features of these series and, the presence of climate trends in these datasets.
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following this last consideration it becomes evident that 
H(PRE) values are critical in providing symmetric SPI 
distributions (Wu et al., 2007). Moreover, the statements 
of Edwards and Mckee (1997) and Wu et al. (2007) 
described on the previously section (equations 1 and 2 fai-
ling in provide SPI series that can be seen as coming from 
a standard normal distribution), agree with the results 
presented in Table 1, since practically all non normal dis-
tributions of the SPI are observed during the dry (winter) 
season of the State of São Paulo (Table 2; months of May 
to August). The high frequency of zeros resulted in a high 
value of H(PRE=0). In such cases, and especially for the 
SPI obtained from the Gam model, the equations 1 and 2 
have produced asymmetric distributions, since it was not 
possible to achieve a balance between the cases in which 
H(PRE) ≤ 0.5 and the cases in which H(PRE) > 0.5.

It also can be easily noted from table 1, that the 
3-parameter PE3 model was better than the 2-parameter 

gamma model in providing SPI monthly distributions 
that can meet the conceptual assumption that a given va-
lue of this probabilistic index would represent the same 
climatic condition (related to possible rainfall deficits or 
rainfall excess) for different precipitations regimes. Finally, 
considering the information of table 1 and the fact that 
the PE3 model is more flexible than the Gam model in 
fitting a data sample (Guttman, 1999), it becomes ex-
pected that the PE3 distribution will fit the rainfall data 
substantively well. This last consideration was statistically 
proven by the KS-L test, since all p-values obtained from 
this goodness-of-fit procedure were greater than 0.05. 
Thus, the following analyses presented in this study were 
carried out by considering only the SPI series obtained 
from this 3-parameter distribution. The PE3 function 
was considerate the best model in describing the observed 
data used in SPI calculations. 

Based only on the frequency domain, the spectral 
analysis of the SPI signals, carried out for the series of 
Campinas, Pindorama and, Ribeirão Preto, has indicated 
a concentration of power in the (≈) 4 year band (note that 
only the global wavelet power of Campinas - Figure 3b - 
shows a variance peak above the 5% significance level). 
In addition, it is also worth emphasizing the presence of 
a significant peak of wavelet energy in the 4-6 year band 
in the SPI signal of Jundiaí. However, extending this ap-
proach to the time-frequency domain, it can be observed   
(Figure 3a,c,e,g) a decrease in the wavelet energy after the 
beginning of the 1990’s. It is also worth emphasizing that 
in the location of Campinas, there is another period in 
which a low level of wavelet energy can also be verified 
(1935-1960; Figure 3a). Thus, considering that after the 
beginning of the 1990’s no variance peak was observed in 
the 3-6 year band, and also considering that in the lon-
gest data record of this study no significant wavelet power 
(≈ 4 band) was observed during (approximately) 25 years 
(1935-1960), the establishment of a dominant mode for 
the SPI temporal variability becomes (at least) unrelia-
ble. Finally, it is interesting to realize that although only 

Table 1. Evaluating the normality assumption of the Standardized 
Precipitation Index series (State of São Paulo, Brazil). N is 
associated with standard normal distribution. NN is associated 
with nonnormal distributions. The index calculations were based 
on Pearson type III distribution (PE3) and on gamma 2-parameters 
distribution (Gam)

Month
Campinas Jundiaí Pindorama Ribeirão 

Preto
PE3 Gam PE3 Gam PE3 Gam PE3 Gam

January N N N N N N N N
February N N N NN N N N N
March N N N N N N N N
April N N N N N N N N
May N N N N N N N NN
June N N N N N N N N
July N NN N NN NN NN N NN
August N NN N NN NN NN N NN
September N N N N N N N N
October N N N N N N N N
November N N N NN N N N N
December N N N N N N N N

Table 2. Mean (M), standard deviation (SD) and frequency of occurrence of zeros of four monthly rainfall series of the State of São Paulo, 
Brazil

Month
Campinas Jundiaí Pindorama Ribeirão Preto

M SD Freq0 M SD Freq0 M SD Freq0 M SD Freq0
January 249 100.1 0.0 243 91.8 0.0 258 101.2 0.0 279 106.0 0.0
February 200 87.4 0.0 188 77.4 0.0 213 105.3 0.0 219 101.0 0.0
March 153 70.1 0.0 159 70.5 0.0 156 75.0 0.0 166 76.3 0.0
April 64 44.5 0.0 66 40.3 2.9 70 52.3 3.3 73 56.5 135.1
May 58 47.6 2.5 65 54.4 2.9 60 51.2 5.0 55 46.8 405.4
June 47 43.5 6.6 52 52.8 2.9 31 35.2 16.7 27 31.9 1891.9
July 31 37.6 12.4 44 45.5 13.0 24 30.2 26.7 22 28.2 2162.2
August 33 33.4 14.0 34 37.3 14.5 27 34.0 20.0 20 31.1 3108.1
September 67 52.5 0.8 69 59.6 1.4 59 50.4 6.7 53 51.4 405.4
October 119 62.5 0.0 126 56.9 0.0 113 55.9 0.0 123 60.5 0.0
November 149 67.9 0.0 146 68.1 0.0 133 65.6 0.0 172 72.0 0.0
December 221 96.6 0.0 207 87.1 0.0 218 89.0 0.0 270 111.7 0.0
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Figure 3. Wavelet power spectrum (WPS) of four Standardized Precipitation Index series of the State of São Paulo, Brazil. Global Wavelet 
Power Spectrum (GWP - in variance units).

monthly SPI series are being addressed in this study, it is 
worth emphasizing that increasing the wavelet scale can 
be seen as a similar procedure of increasing the SPI time 
scale calculation. Both signals will respond more slowly to 
changes in rainfall amounts as the scale of their calcula-
tions becomes larger. 

As previously discussed, according to Grinsted et al. 
(2004) the squared wavelet coherence of two processes 
that may be linked to each other by some geophysical 
reason tends to exhibit a constant phase relationship wi-
thin several time scales. In this view, the results depicted 
in figure 4 (Campinas and Ribeirão Preto) indicate no 
remarkable relationship between the temporal variabi-
lity of the SPI and the ENSO signal. It can be verified 
that regions of figure 4 with significant coherence occur 
during short periods of time. In addition, even within 
these regions no consistent phase relationship can be 
observed between these both physical signals. The same 
features were observed (not illustrated) in the locations 
of Jundiaí and Pindorama. Thus, at least under a sta-
tistical point of view, the use of the ENSO signal in 

predicting possible drought conditions in these four lo-
cations can result in unreliable information. This last 
statement seems to agree with previous studies that also 
indicate the lack of a statistically significant ENSO in-
fluence over the rainfall variability of the State of São 
Paulo (Rao and Hada, 1984; Blain et al., 2009; Blain 
and Kayano, 2011). 

Concerning the long term trends, it is worth em-
phasizing that considering solely the significance level 
associated with the MK test, the analysis of tables 3 and 
4 indicates, in general, the presence of no important 
change in the SPI variability. The results obtained in 
most series did not reach the critical significance levels 
usually adopted in the scientific literature (5 and 10%). 
All MK values obtained from the SPI series of Campinas 
(Table 3) are associated with p-values greater than 0.10. 
Results of this trend test associated with p-values ≤ 0.05 
are observed on the months of May and September in 
Jundiaí and Ribeirão Preto, and on the month of January 
in Pindorama. All of them indicate a change to wetter 
conditions. The only negative MK value, associated with 
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a p-value ≤ 0.10, has occurred on the months of June in 
Pindorama. Considering the last 60 years (Table 4), only 
four cases associated with p-values ≤ 0.10 are observed: 
Jundiaí (January and November), Pindorama (January) 
and, Ribeirão Preto (October). 

However, before indicating the absence of any evi-
dence of climate trends in the SPI series, it is important 
to recall that according to Yue and Hashino (2003), al-
though the critical level usually adopted for rejecting the 
H0 associated with the MK is p-value=0.05, for (really) 
trend-free samples the final value of this test should be 
near to zero. The corresponding p-value should be close to 
0.5. In addition, Radziejewski and Kundzewicz (2004) 
states that even when no significant trend has been detec-
ted by statistical tests, this cannot ensure the absence of 

Figure 4. Squared wavelet coherence between the Southern Oscillation Index (SOI) and the Standardized Precipitation Index (SPI) 
obtained from the weather stations of (a) Campinas and (b) Ribeirão Preto (State of São Paulo, Brazil). The regions in which the 5% 
significance level was achieved are represented by the thick lines. An arrow pointing vertically upward is obtained when the SPI series lags 
the SOI series by 90º. An arrow pointing from left to right (horizontal) is obtained when the series are in-phase.
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any form of change in the time series. According to these 
authors, statistical evaluations may fail in detecting weak 
changes and/or changes which have occurred in the final 
years of the time series under analysis. 

Considering these last two statements, it becomes im-
portant to verify that according to the Pettitt test (Table 4) 
the beginning of a (decreasing) trend in the SPI series of 
Campinas and Ribeirão Preto (months of October; p-
-value < 0.10) was detected as being the years of 1983/84. 
The same feature is observed in the series of Jundiaí and 
Pindorama (months of October), although with p-values 
greater than 0.20. The MK final values obtained from the-
se four weather stations for the monthly series of October 
were always negative. Furthermore, it is worth emphasi-
zing that a climate change that can severely impact the 

Table 3. Mann-Kendall test applied for series of the Standardized Precipitation Index. State of São Paulo, Brazil

Month
Campinas Jundiaí Pindorama RibeirãoPreto
1890-2010 1942-2010 1951-2012 1937-2013

MK p-value MK p-value MK p-value MK p-value
January 0.52 0.61 1.84 0.07 1.95 0.05 0.40 0.69
February -0.94 0.35 -0.95 0.34 -0.55 0.58 0.27 0.79
March -0.16 0.87 -0.01 0.99 0.14 0.89 -0.62 0.54
April 0.74 0.46 0.81 0.42 1.49 0.14 0.38 0.71
May 1.04 0.30 2.86 <0.01 1.05 0.30 2.22 0.03
June -0.56 0.58 -0.61 0.54 -1.74 0.08 -0.19 0.85
July 1.05 0.29 1.47 0.14 1.17 0.24 1.08 0.28
August -1.53 0.13 0.80 0.42 -0.39 0.70 0.54 0.59
September -0.62 0.54 2.07 0.04 1.23 0.22 1.95 0.05
October -0.33 0.74 -0.06 >0.90 -0.73 0.47 -1.52 0.13
November -0.89 0.37 1.38 0.17 0.80 0.42 0.57 0.57
December -0.07 0.94 0.77 0.44 0.33 0.74 -0.09 0.93
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agricultural activities of the State of São Paulo, has already 
been described by Dufek and Ambrizzi (2007). Based 
on the evaluation of indices derived from 59 daily pre-
cipitation series, these authors described an increasing 
trend in the number of consecutive dry days observed in 
the aforementioned State. Also according to Dufek and 
Ambrizzi (2007) this climate change has occurred after 
1985 (very close to the change point -1983/84- observed 
in this study).

Thus, it can be pointed out that the variability obser-
ved in the SPI series during the transition period between 
the dry and the rainy seasons of the State of São Paulo 
cannot be seen as the result of a purely random process. In 
other words, it is unlikely that this concentration of nega-
tive MK values (Tables 2, 3 and 4; months of October), is 
just a product of chance. 

4. CONCLUSION

The Pearson type III distribution was better than the 
gamma 2-parameter distribution, in providing monthly 
SPI series closer to the normality assumption inherent to 
the use of this probabilistic standardized index. 

The spectral analyses used in this study did not allow 
us to establish a dominant mode in the SPI time series. 

Moreover, no remarkable relationship between the tem-
poral variability of this drought index and the ENSO sig-
nal was observed.

In general, the trend tests indicated the presence of no 
significant trend components in the SPI series. However, 
the results obtained from these trend tests have also indi-
cated that the temporal variability of the SPI, observed 
at the months of October over the last 60 years, cannot 
be seen as the result of a purely random process. This last 
inference is due to the concentration of decreasing trends, 
with a common beginning (1983/84), in the four SPI se-
ries of the study. Thus, the hypothesis of the presence of 
climate changes in these series cannot be rejected.
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