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A B S T R A C T
This paper addresses a methodology for analyzing spatio-temporal 
rainfall variability as a tool to support action planning that could 
mitigate negative impacts and reduce conflicts over water use in 
the Pajeú river basin, located in the semi-arid region of the state of 
Pernambuco. We used daily rainfall data from 11 rainfall stations, 
between 1964 and 2016, provided by the Pernambuco Water and 
Climate Agency (Agência Pernambucana de Águas e Clima — APAC) 
and the National Water Agency (Agência Nacional de Águas — ANA). 
This analysis employed the RClimDex software to calculate rainfall-
related climate extremes indices, aiming at monitoring and detecting 
climate changes and alterations in the regional rainfall pattern. 
The results indicated a change in the rainfall pattern in the Pajeú river 
basin, and all climate indices obtained converge toward the increase 
in water scarcity in the area, contributing to the recurrent droughts 
that impact the region.
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R E S U M O
Este artigo aborda uma metodologia de análise da variabilidade espaço-
temporal da precipitação como ferramenta para subsidiar o planejamento 
de ações que venham a mitigar os impactos negativos e reduzir os 
conflitos pelo uso da água na bacia hidrográfica do rio Pajeú, localizada 
na porção semiárida do estado de Pernambuco. Foram utilizados dados 
diários de precipitação de 11 postos pluviométricos, no período de 1964 
a 2016, fornecidos pela Agência Pernambucana de Águas e Clima (APAC) 
e pela Agência Nacional de Águas (ANA). Para esta análise, utilizou-se 
o software RClimDex para calcular os índices de extremos climáticos 
provenientes de precipitação pluviométrica, visando monitorar e 
detectar as mudanças do clima e a alteração do padrão pluviométrico 
da região. Os resultados indicaram modificação no padrão pluviométrico 
na bacia do Pajeú, e todos os índices climáticos calculados convergem 
para o aumento da escassez hídrica na região, contribuindo para as 
recorrentes secas que abalam a região.

Palavras-chave: RClimDex; mudanças climáticas; semiárido.
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Introduction
Climate change has increased water stress in several river basins in 

Brazil and in the world, leading to greater pressure for water resourc-
es management, especially in low rainfall areas, such as the Brazilian 
Northeast semi-arid region. According to studies by the Brazilian Pan-
el on Climate Change (PBMC, 2014), this region is one of the most vul-
nerable to the impacts of climate change in Latin America (Marengo 
et al., 2018; Silva et al., 2020). Bork et al. (2017) state that most studies 
on climate change assessing certain Brazilian locations show an in-
creasing trend in extreme events throughout this century compared to 
the climate of the last century. Such a finding allows predicting severe 
drought or heavy rainfall problems in the future.

For Grassi et al. (2013) and Zhang et al. (2014), extreme climate 
events are directly related to climate change, inducing hydrological and 
thermal anomalies, which affect the livelihood of the population and 
modify existing relationships.

In addition to climate factors, the semi-arid region of the North-
east negatively stands out for its high rates of socioeconomic vulnera-
bility and low human development index due to the great poverty in 
the area, increasing the migration potential (Nobre et al., 2019; Galvão 
et al., 2020). 

Moreover, agriculture is a very common economic practice in the 
region, especially dryland farming (Lemos and Santiago, 2020), which, 
given the low investments in agricultural techniques, completely relies 
on the availability of natural resources, thus suffering with potentially 
negative impacts on water resources and compromising the economy 
and quality of life of the local population (Huang et al., 2016).

Regarding future scenarios, projections by the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change (IPCC, 
2014) indicate an increase in the frequency of extreme events in 
semi-arid regions of the planet, causing longer droughts as a conse-
quence of the reduced rainfall, as well as the rise in temperatures in the 
upcoming decades. As a result, evapotranspiration will increase, while 
water availability will decrease (Sobral et al., 2018; Cardoso et al., 2019; 
Santos et al., 2019). IPCC’s Fifth Assessment Report also showed that 
extreme climate events are associated with increased frequency, severi-
ty, and duration of precipitation (Seley et al., 2014; Yilmaz et al., 2014).

According to the Report of the Brazilian Panel on Climate Change 
(PBMC, 2013), the Northeastern semi-arid region will likely have its 
rainfall reduced by up to 20% by 2040. This report also indicates that 
Brazil should become at least 3°C warmer by the end of the centu-
ry, and rainfall might increase, on average, by 30% in the South and 
Southeast regions and decrease by up to 40% in the North and North-
east regions (Souza et al., 2018). 

These PBMC percentages are climate prognoses estimated in mean 
values based on IPCC optimistic and pessimistic scenarios, which 
point to an increase of 1–3°C and 2–4°C, respectively (Montenegro 
et al., 2010; Cavalcante Junior et al., 2016).

This paper aims to present a method to analyze spatio-temporal rain-
fall variability in the Pajeú river basin as a tool to support action planning 
that could mitigate negative impacts and reduce conflicts over water use. 

Method

Study area
The selected study area was the Pajeú river basin, located in the 

Sertão of Pernambuco State, a semi-arid region of the Brazilian North-
east. It is located between the coordinates 07°16’20” and 08°56’01” S 
and 36°59’00” and 38°57’45” W, specifically in the Pernambuco Sertão 
and São Francisco mesoregions. 

The Pajeú river basin covers 27 municipalities, 16 of them com-
pletely within the basin area. It involves all Pajeú microregions and 
part of the Sertão of Moxotó, Salgueiro, and Itaparica. It has an area of 
16,685.63 km2, that is, 16.9% of the total area of Pernambuco, making 
it the largest river basin of the state in territorial extension (Figure 1).

From a climate perspective, the basin area is characterized by 
very irregular rainfall, with January to April as the main rainy season. 
Sertão  rains originate from cold fronts, upper tropospheric cyclon-
ic vortices (UTCV), and the intertropical convergence zone (ITCZ). 
The last one is the main rainfall production system in the Pernambuco 
semi-arid region (Pernambuco, 2006). 

In the Pernambuco Sertão, rainfall starts in December (extreme 
west) and is associated with cold front instabilities and UTCV. As of 
February or March, depending on the year, ITCZ begins to act through-
out the Sertão, which is already in its main rainy season. 

Total annual precipitation usually fluctuates between 400 and 
1,200 mm. The dry season can last from 7 to 10 months, and semi-arid-
ity is very pronounced in the lower region, near the São Francisco Riv-
er, where total annual values often range from 400 to 500 mm. Rainfall 
increases in the north, reaching averages between 700 and 800 mm. 

We selected the Pajeú river basin as a case study for this statistical 
method of precipitation analysis due to its economic and social rele-
vance in the semi-arid region of Pernambuco, besides it being the larg-
est basin of the state in territorial extension. Thus, we emphasize the 
importance of implementing this methodology, using river basins as a 
planning unit to design short- and medium-term actions. 

Data acquisition and analysis
This work assessed 52 years of daily rainfall data — 1964 to 2016. 

Data were collected from the Pernambuco Water and Climate Agency 
(Agência Pernambucana de Águas e Clima — APAC), through its on-
line database (APAC, 2021), and the National Water Agency (Agência 
Nacional de Águas — ANA), from its hydrologic information system 
(HIDROWEB) (ANA, 2021). 

Among the rainfall stations located in the Pajeú river basin, 11 were se-
lected for their good data quality and homogeneity, with few issues, and for 
representing a satisfactory spatial distribution of the whole basin (Figure 2). 
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Evaluation of climate extremes indices
We used the RClimDex software, version 3.2.1, to identify trends 

in climate extremes indices. Recommended by the World Meteorolog-
ical Organization (WMO), the software calculates climate extremes 
indices to monitor and detect climate changes. It was developed by 
Byron Gleason, a researcher at the National Climatic Data Center 
(NCDC) of the National Oceanic and Atmospheric Administration 
(NOAA). This software is available for free on the Expert Team on Cli-
mate Change Detection, Monitoring and Indices (ETCCDMI) website 
(http://cccma.seos.uvic.ca/ETCCDMI).

RClimDex 3.2.1 calculates all 27 basic indices (11 related to precipita-
tion and 16 to temperature) recommended by the ETCCDMI and provides 
statistical information for each index, including: linear trend calculated 
by the least-squares method, statistical significance of the trend (p-value), 
coefficient of determination (R²), and standard error of estimate, in ad-
dition to annual time-series graphs. The software was used to obtain all 
rainfall-related climate indices, whose values are listed in Table 1.

 
Figure 1 – Spatial location of the Pajeú river basin.
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Figure 2 – Spatial distribution of rainfall stations in the Pajeú river basin. 
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Index Index name Definition Unit Equation

PRCPTOT Total annual precipitation in wet days Total annual precipitation in wet days (RR*≥1 mm) mm
1

I

j ij
i

PRCPTOT RR
=

=∑

CDD Consecutive dry days Maximum number of consecutive days with RR*<1 mm days RRij ≥ 1mm

CWD Consecutive wet days Maximum number of consecutive days RR≥1 mm days RRij ≥ 1mm

R10 mm Number of days with precipitation above 10 mm Number of days per year with precipitation ≥10 mm days RRij ≥ 10mm

R20 mm Number of days with precipitation above 20 mm Number of days per year with precipitation ≥20 mm days RRij ≥ 20mm

R50 mm Number of days with precipitation above 50 mm Number of days per year with precipitation ≥50 mm days RRij ≥ nnmm

SDII Simple daily intensity index Total annual precipitation divided by the number of wet 
days (defined as PRCPTOT≥1 mm) mm/day 1

W

w
wj

j

RR
SDII

W
=

=

∑

Rx1day Maximum 1-day precipitation amount Monthly maximum precipitation in 1 day mm Rхldayj = max(RRij)

Rx5day Maximum consecutive 5-day precipitation amount Monthly maximum precipitation in 5 consecutive days mm Rх5dayj = max(RRkj)

R95p Very wet days Total annual precipitation with RR>95 percentile mm
W

j wj
w 1

R95 p RR
=

=∑

R99p Extremely wet days Total annual precipitation with RR>95 percentile mm
W

j wj
w 1

R99 p RR
=

=∑

Table 1 – Climate indices related to daily rainfall with definitions and units.

*RR: daily rainfall rate.
Source: RClimDex (2004).

The climate indices described above generate annual time series 
graphs composed of trends and calculated by the least-squares linear 
regression method, with statistical significance, showing the adjust-
ments of these linear trends for the graphs. 

Data quality control is a prerequisite for calculating indices using 
the RClimDex 3.2.1 software and consists of the following procedures: 
• replace all missing values (which must already be coded as -99.9) 

for internal formats recognized by R (i.e., declares them as not 
available); 

• replace all unacceptable data matrix values by -99.9, including pre-
cipitation values less than zero (notably absurd). 
The p-value calculated by Student’s t-test represents the level of sta-

tistical significance. If the p-value of any index is equal to or less than 
0.1, the index trend is statistically significant at 90%; if it is equal to or 
less than 0.05, the statistical significance is at 95%, and p-values less 
than 0.01 show a trend with statistical significance at 99%.

This study adopted Student’s t-test because it is one of the most 
widely used distributions in statistics, with applications ranging from 
statistical modeling to hypothesis testing. Other methods could also be 
used, such as Mann-Kendall, linear regression, and Pettitt parametric 
tests; however, the RClimDex software employs Student’s t-test in its 
operational package.

The present investigation used this test to evaluate whether the 
trend values obtained were significant or not. Student’s t-test is one of 

the most widely used distributions for small samples and in meteoro-
logical studies (Kousky and Kayano, 1994; Kayano and Kousky, 1996; 
Castro, 2002; Silva and Sousa, 2013). It can be calculated by Equation 1:

tc = t/√((n-2) + t^2) (1)
 
In which:
tc = percentile value; 
c = degree of freedom — we used=95 or 95%;
t = percentile value.

Maps were generated with the calculated climate index data us-
ing the Golden Software Surfer, which allows complete visualization 
of the spatial behavior of the studied variable. We adopted the kriging 
method, which is based on data interpolation, obtained using tabu-
lar data and geographic location. In kriging, intermediate data values 
are preserved, and the result is a continuous surface of smoother data, 
minimizing the contrasts between polygons. Kriging uses mathemati-
cal functions to add larger weights in positions closest to the sampling 
points and lower weights in the farthest positions, thus creating new 
interpolated points based on these linear data combinations (Viola 
et al., 2010). 

After the spatial trend analysis of climate extremes indices, we 
performed a time analysis of each index to have an overview of the 
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interannual climate variability throughout the Pajeú river basin. To this 
end, we calculated the weighted average of the basin with the Thiessen 
method. 

Results and Discussion
The analysis of spatio-temporal rainfall variability in the Pajeú riv-

er basin showed a significant change in precipitation pattern and be-
havior throughout the study site. Over the 52 years analyzed, we could 
identify both the decrease in total annual precipitation and the increase 
in consecutive days without rainfall, a situation that converges toward 
a state of water scarcity in the region. In addition to reduced precipita-
tion and increased dry days, we found a decreasing trend in daily rain-
fall intensity and number of days with moderate and strong rainfall.

Table 2 describes the trend values of climate extremes indices cal-
culated based on rainfall data from the Pajeú river basin, covering the 
period between January 1964 and December 2016. 

Values highlighted in gray are statistically significant; those in gray 
and italics have p<0.1; those in gray and bold have p<0.05. 

Values without a gray background in the table presented p>1 and 
no statistical significance, as their reliability was below 90%. As a result, 
they were not considered in the analyses, since it is not safe to state that 
they are actual trends. 

Table 2 shows that, among all indices calculated, those with the 
highest number of statistically significant results were the total annu-
al precipitation index (PRCPTOT) and the number of days with rain 
above 10 and 20 mm (R10 mm and R20 mm, respectively).

Total annual precipitation analysis
First, the PRCPTOT analysis revealed a marked decrease in pre-

cipitation, detected in all municipalities that presented statistical sig-
nificance. 

According to this result, the study area showed a rainfall reduction 
ranging from 107.6 mm to 380.5 mm in the 52 years analyzed. The mu-
nicipality of Floresta had the lowest rainfall reduction, with a rate of 
-2.07 mm/year, while Carnaíba presented the highest rainfall decrease, 
with a rate of -7.61 mm/year, as shown in Figure 3.

Figure 3 also demonstrates that the lowest rainfall reduction oc-
curred in the southern part of the basin, which is closer to the São 
Francisco River and has the highest semi-aridity index according to the 
climate classification of the basin. The rainfall reduction in the study 
area over 52 years corroborates the history of water scarcity that has 
been affecting the semi-arid region of the Brazilian Northeast, which 
currently faces the most severe drought in recent decades.

PRCPTOT 
(mm)

CDD 
(days)

CWD 
(days)

R10mm 
(days)

R20mm 
(days)

R50mm 
(days)

SDII  
(mm/day)

Rx1day 
(mm)

Rx5day 
(mm)

R95p 
(mm)

R99p 
(mm)

Afogados da Ingazeira 0.906 0.345 -0.03 0.072 0.029 0.012 0.085 0.225 0.458 1.392 0.504

Betânia -4.945 0.546 -0.015 -0.145 -0.06 -0.016 -0.029 -0.439 -1.081 -1.346 -0.701

Carnaíba -7.617 -0.987 0.009 -0.328 -0.175 0.006 -0.15 0.167 -0.895 0.085 0.782

Floresta -2.073 0.002 -0.027 -0.103 -0.039 -0.016 -0.183 -0.08 -0.446 -1.231 0.51

Iguaraci -5.021 0.572 -0.004 -0.12 -0.076 -0.006 0.035 -0.261 -0.272 -1.231 -1.204

Itapetim -3.661 0.191 -0.001 -0.175 -0.077 0.004 -0.039 -0.246 -0.301 0.008 -0.573

Mirandiba -4.885 -0.074 -0.056 -0.177 -0.09 -0.046 -0.181 -0.388 -0.473 -1.523 -0.231

São José do Egito -2.37 -0.299 -0.002 -0.109 -0.07 -0.002 0.019 0.112 -0.328 -0.055 -0.175

Serra Talhada -4.398 0.525 -0.009 -0.126 -0.031 -0.018 0.022 0.021 -0.298 -1.291 -0.201

Triunfo -5.321 0.703 -0.057 -0.164 -0.096 0.003 0.037 -0.302 -0.472 -0.295 -0.479

Tuparetama -4.348 0.42 -0.055 -0.337 -0.151 0.008 -0.211 0.377 -0.114 0.959 -1.158

Table 2 – Trends in rainfall-related climate extremes indices for 11 municipalities along the Pajeú river basin.

 
Figure 3 – Spatial distribution of total annual precipitation in the Pajeú 
river basin from 1964 to 2016. 
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Considering that the historical average rainfall of the Brazilian 
Northeast semi-arid region, particularly of the Pajeú river basin, rang-
es from 400 to 800 mm a year, we found a loss of approximately a whole 
year of precipitation during these 52 years (1964–2016), a situation that 
tends to worsen if this scenario becomes a reality. This rainfall vari-
ation in the region can be attributed to large-scale circulation, while 
rainfall intensity might influence climate variability. 

Similar results were found by Assis (2016) in an analysis of the São 
Francisco river basin, in the Submédio stretch, which covers part of the 
Pernambuco semi-arid region and part of mid-northern Bahia, where 
even higher decreasing trends in rainfall have been detected, reaching 
approximately 14 mm/year in the Araripina microregion. 

The study evidenced the need to deepen the analysis of climate ex-
tremes indices, given the economic, political, and social importance of 
the Pajeú river basin to the state, as it is the largest basin of Pernambu-
co. The Pajeú River is the largest tributary of the São Francisco River, 
and its basin extends across important municipalities whose economy 
relies on agriculture, both irrigated and dryland farming — the latter 
completely dependent on climatic factors.

Moncunill (2006) conducted a study in Ceará and also found neg-
ative trends in annual precipitation between 1974 and 2003. We under-
line that few studies in Northeastern Brazil use this methodology, which 
is more concentrated and widespread in the South, Southeast, and Mid-
west regions of Brazil, as well as other South American countries.

The Brazilian semi-arid region is not the only one experiencing 
an increase in water scarcity. Vargas-Amelin and Pindado (2014) in-
vestigated the Mediterranean region of Spain, also characterized by a 
semi-arid climate, and found a decrease in rainfall when analyzing a 
70-year period (1940 to 2010).

Figure 4 shows the linear trend calculated for total annual precip-
itation, also from 1964 to 2016. This analysis revealed that, in most 
years, the total annual precipitation was below the trend line, that is, 
over these 52 years, rainfall gradually remained below the historical 
average rainfall for the region. 

Total annual precipitation reached its highest values in 1967, 1974, 
and 1985. These results are a consequence of strong and moderate La 
Niña events, which contributed to the higher total rainfall in these 
years. On the other hand, years with total annual precipitation below 
the historical average were more prevalent, with a gradually decreasing 
trend in these rainfall values. As shown in the graph in Figure 4, 1993, 
1998, and 2012 stand out for having the lowest total annual precipita-
tion values, not reaching 200 mm/year. 1993 and 1998 are associated 
with strong El Niño events, inhibiting rainfall in Northeastern Brazil. 
Despite the lack of El Niño events, 2012 was an extremely dry year due 
to acting systems and sea surface temperature anomaly (SSTA).

Another important factor in the time trend analysis of the total an-
nual precipitation index is that rainy years, with annual rainfall above 
average, occurred mainly until the late 1980s, with a predominance 
of dry years thereafter. This rainfall pattern change in the Pajeú river 
basin demonstrates a possible climate variation. This detailed analysis 
is made separately for each year in the following sub-section, which 
addresses the rainfall anomaly index.

Analysis of consecutive dry and wet days
According to Table 2, the analysis of the indices number of consec-

utive dry days (CDD) and maximum number of days with precipita-
tion above 1 mm (consecutive wet days — CWD) shows an increasing 
trend in dry days and consequent decrease in rainy days among the 
municipalities that presented statistical significance. These indices are 
inversely proportional and complementary. 

CDD variation fluctuated between 0.34 days/year and 0.70 days/
year in Afogados da Ingazeira and Triunfo, respectively. Namely, Tri-
unfo, which stands out from other municipalities for its local micro-
climate and higher annual rainfall rates, also has the highest trend in 
consecutive days without rain. 

Triunfo did not show statistical significance in the total annual pre-
cipitation index, so we can state that, in addition to the higher num-
ber of dry days, the city might also be experiencing a gradual decrease 
in precipitation. CWD variation ranged from -0.02 (Floresta) to -0.05 
(Triunfo).

Although not high, the CDD and CWD trend variation is signifi-
cant since the Pajeú river basin already shows a reduction in its annual 
rainfall. Figure 5 depicts the CDD and CWD spatial distribution.

The time analysis of these indices reveals that some years reach 120 
CDDs. Once more, 1993, 1998, and 2012 stand out since these years 
had the longest dry period in addition to the highest annual rainfall 
reduction. In a similar study, but that calculated the rainfall anomaly 
index, Assis et  al. (2015) also identified 1993, 1998, and 2012 as the 
driest years of the whole series of data studied (1964–2014) for river 
basins in the Pernambuco semi-arid region.

The graph showing the number of CWDs indicates a decreas-
ing time trend, that is, increasingly fewer successive rainy days. 
Again, 1993, 1998, and 2012 stand out, this time for having less 

Figure 4 – Linear trend of total annual precipitation in the Pajeú river 
basin from 1964 to 2016.
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(a) (b)  

Figure 5 – (A) Spatial distribution of the number of consecutive dry days and (B) consecutive wet days (rain >1 mm) in the Pajeú river basin in days/year 
(1964–2016). 

than five CWDs per year. The CDD increase and CWS decrease 
mean not only less rain in the study area, as evidenced by the 
PRCPTOT index, but the progressive concentration of rains in a 
shorter interval. 

Nóbrega (2010) analyzed 35 rainfall stations in the Sertão of Per-
nambuco and found similar results, indicating a higher number of dry 
days in the rainy season. Nóbrega et al. (2015) investigated the entire 
state of Pernambuco from 1978 to 2010 using the same methodology 
for the assessment of climate extremes indices, concluding that rains 
are becoming increasingly concentrated in a few days over the year 
in the Sertão and Agreste of Pernambuco. Sertão also had the highest 
numbers and extremely dry spells. Figure 6 illustrates the CDD and 
CWD time trends.

Analysis of days with strong and moderate precipitation
The analysis of R10 mm, R20 mm, and R50 mm points to negative 

trends in all indices, that is, a reduction in days with rain above 10 mm, 
20 mm, and 50 mm per year. 

These indices are directly proportional to total annual precipitation 
and CDD since, when annual rainfall decreases and the number of dry 
days increases, rainfall becomes less intense; thus, days with moderate 
(10 mm and 20 mm) and strong (50 mm) rains are increasingly sporadic.

Comparing the results of Table 2, the R10 mm index rang-
es from -0.10 days/year to -0.33 days/year in Floresta and Tupare-
tama, respectively. The R20 mm index varies from -0.06 days/year 
(Betânia) to -0.175 (Carnaíba). In turn, the R50 mm index ranges 
from -0.002 days/year to -0.046 days/year in Floresta and Mirandi-

ba, respectively. Figure 7 shows the spatial distribution of R10 mm, 
R20 mm, and R50 mm.

The time trend of the R10 mm index reveals a decreasing line, 
with 1974 and 1985 standing out with the highest peaks. Therefore, 
these years had more days with precipitation equal to or above 10 mm. 
The region had approximately 40 days of moderate rainfall in 1974 and 
around 50 days in 1985.

 1974 and 1985, which presented the greatest number of days with 
moderate rainfall, also had the highest total rainfall in the calculation 
of the PRCPTOT index. On the other hand, 1993 and 1998 showed the 
lowest number of days with moderate rainfall, not exceeding the five-
day range. We highlight that these years also presented the lowest total 
annual precipitation in the PRCPTOT index. This finding shows the 
proportion between the index calculations, which are complementary.

As in the R10 mm index, the linear trend of the R20 mm index was 
negative, indicating a lower number of days with precipitation above 
20 mm. The highest peaks occurred in 1967, 1974, and 1985, with ap-
proximately 15 days of moderate rainfall. 

According to the PRCPTOT index, these same years showed high-
er total annual precipitation. After calculation of the weighted average 
for the time analysis, the R50 mm index showed no noticeable trend 
and thus was not considered for this analysis. Figure 8 presents the 
linear time trend graphs of the R10 mm and R20 mm indices. 

Daily rainfall intensity analysis
The simple daily intensity index (SDII), which represents the daily 

rainfall intensity and results from the proportion between total annual 
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precipitation and the number of rainy days, presented both positive 
and negative trends. However, municipalities with statistical signifi-
cance showed a prevalence of negative trends, with a decrease in dai-
ly rainfall intensity; only one city had a positive trend for this index 
— Afogados da Ingazeira, with a value of 0.085 mm/day. Regarding 
negative indices, Tuparetama stood out, with -0.211 mm/day, as seen 
in Table 2.

Municipalities with a decrease in daily rainfall intensity also had a 
reduction in total annual precipitation. The only municipality with an 

upward trend in daily rainfall intensity also experienced an increase in 
total annual precipitation, albeit without statistical significance. 

Similar results were found by Silva et al. (2012) in a study of the 
state of Bahia from 1970 to 2006, which assessed climate change detec-
tion indices. They identified a downward trend in daily rainfall inten-
sity and total annual precipitation in the Baixo São Francisco region. 
According to the authors, this rainfall variation can be attributed to 
large-scale circulation, while rainfall intensity might influence climate 
variability.

Figure 7 – Spatial distribution map of the climate indices (A) R10 mm, (B) R20 mm, and (C) R50 mm in the Pajeú river basin in days/year (1964–2016).

Figure 6 – (A) Linear trend of the number of consecutive dry days and (B) number of consecutive wet days (rain >1 mm) in the Pajeú river basin in days/year 
(1964–2016).
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Figure 8 – (A) Linear trend of the number of days/year with precipitation ≥10 mm — R10 mm and (B) ≥20 mm — R20 mm in the Pajeú river basin (1964–
2016).

Figure 9 depicts the SDII spatial distribution, which clearly 
evidences a decrease in daily rainfall intensity throughout the 
basin, except for Afogados da Ingazeira, in the northernmost 
part of the basin, which presents an increase in the daily rainfall 
intensity index.

The time analysis of the daily rainfall intensity index showed no 
trend, as, after the calculation of the weighted average, heavy rains are 
distributed to other rainfall stations; thus, the average value does not 
represent the reality of each municipality.

Monthly maximum precipitation analysis
The Rx1day and Rx5day indices, which correspond to the max-

imum 1-day and consecutive 5-day precipitation amount, present-
ed a statistically significant trend in few municipalities, three for 
the Rx1day index and two for the Rx5day index. Nonetheless, both 
showed negative trends, converging toward a decrease in Rx1day 

and Rx5day. This result is complementary to the total annual pre-
cipitation index since as total annual precipitation decreases, so 
does the precipitation amount in one and five consecutive days. 
 The Rx1day index ranges from -0.302 in Triunfo to -0.439 mm/day 
in Betânia. 

Figure 10 demonstrates the Rx1day spatial distribution, indi-
cating a gradual daily rainfall intensity, decreasing as it approaches 
the southern part of the basin, which is closer to the São Francisco 
River and classified as the most semi-arid area of the Pajeú river ba-
sin. Since the Rx5day index presented statistical significance in only 
two municipalities, we could not interpolate the values in the map.

Concerning time trends, the Rx1day and Rx5day indices present 
the monthly maximum 1-day and consecutive 5-day precipitation 
amounts. The results displayed in the graph correspond to the month 
(in one year) with the highest precipitation value in mm for the period 
(one day/five days).

Figure 9 – Spatial distribution map of the simple daily intensity index in 
the Pajeú river basin in mm/day (1964–2016). 

Figure 10 – Spatial distribution map of the Rx1day index in the Pajeú river 
basin in mm/day (1964–2016). 
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Conclusions
The climate index results indicate a precipitation pattern change in 

the Pajeú river basin, given the homogeneity of the trends presented.
 The decrease in total annual precipitation, in addition to the rise in 

consecutive dry days, corroborates other indices, showing signs of in-
creased water scarcity in the region. These answers contribute to stud-
ies of recurrent droughts that progressively affect the semi-arid region 
of the Brazilian Northeast.

This projection of increased water scarcity points to a trend in 
greater demand for water use and conflicts in the basin, as the basin 
water is widely used for irrigation. 

In this context, implementing public policies that promote strat-
egies for reducing these conflicts and ensure regional sustainability is 
crucial. This analysis and the methodology applied can be extended 
and used in other river basins with similar characteristics.

As shown in Figure 11, the Rx1day index did not exceed 60 mm 
in any of the 52 years analyzed. 1993 and 1998 stood out once again 
because they presented the lowest accumulated rainfall in one day. 
The  analysis of the Rx5day index revealed that the maximum value 
of concentrated precipitation in 5 consecutive days almost reached 
150  mm in many years, especially in the first half of the data series 
analyzed. The highest rainfall peaks were in 1974, which, as indicated 
in the PRCPTOT calculations, was one of the years with the greatest 
annual precipitation.

The climate extremes indices R95p and R99p, which correspond 
to wet and extremely wet days, presented statistical significance in 
only two and one municipalities, respectively. Therefore, they were not 
considered in this analysis, since the study area presented, in previous 
indices, a trend in rainfall scarcity and gradual precipitation reduction, 
making the analysis of wet days ineffective for the present investigation. 
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