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ABSTRACT: Information on hydrology, and vegetation distribution is essential for the development of 
techniques and strategies to cope with droughts in semi-arid environments. The objective of this study was 
to evaluate the partitioning of gross rainfall into throughfall, stemflow, and interception loss in the Brazilian 
Northeastern Atlantic Forest, and its correlations with rainfall characteristics. The study was conducted in 
the Bica watershed, in Portalegre, state of Rio Grande do Norte, Brazil. The work was carried out in 2017, 
with monitoring of the throughfall, stemflow, and interception loss in an area   of 10 × 20 m. Total rainfall 
depths (TRD) and wind speed were measured, and the evapotranspiration (ET0) was estimated. Based on this 
information, the intensity (I), kinetic energy (KE) and intensity at intervals of 5, 10, 20, 30, 45, and 60 min of 
each rainfall event were measured. Twenty rainfall events occurred during the study period. The vegetation 
showed interception of 44.9%, throughfall of 52.9%, and stemflow of 2.2% of the total rainfall. Three principal 
components (PC) were formed in the PC Analysis, explaining more than 84% of the total variance. PC1, 
PC2, and PC3 encompassed variables related to rainfall energy to overcome the vegetation physical barrier, 
inflow and outflow, and variables dependent on the rainfall duration, respectively.
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Particionamento da chuva pelo processo
de interceptação vegetal no semiárido nordestino

RESUMO: A compreensão do comportamento hidrológico e da distribuição da vegetação em um ambiente 
semiárido é fundamental para o desenvolvimento de técnicas e estratégias para a convivência com as secas. 
Objetivou-se com esse trabalho, quantificar o particionamento da precipitação pela vegetação caracterizada 
como Mata Atlântica Nordestina bem como suas relações com as características da precipitação. O estudo 
foi desenvolvido na Bacia da Bica, em Portalegre - RN. O trabalho foi realizado durante o ano de 2017, foram 
monitorados a precipitação interna, escoamento pelos caules das árvores e perda por interceptação em uma 
área de 10 x 20 m. Com o auxílio de uma estação meteorológica realizou-se as medidas da precipitação 
pluvial (PPT) e a velocidade do vento e estimada a evapotranspiração (ETo). Com base nessas informações, 
calculou-se a intensidade (I) de cada evento, energia cinética (EC) e as intensidades em intervalos de 5, 10, 
20, 30, 45 e 60 min (I5, I10, I15, I20, I30, I45 e I60 respectivamente). No período de estudo foram registrados 
20 eventos de chuvas. A vegetação reteve 44,9% da precipitação do total, enquanto 52,9% contribuiu com a 
precipitação interna e 2,2% escoou pelos troncos. Com o auxílio de Análises das Componentes Principais, 
foram formadas três Componentes Principais (CP) explicando mais de 84% da variância total. Nas CP1, 
CP2 e CP3 foram enquadradas, respectivamente, variáveis relacionadas ao poder energético da chuva em 
ultrapassar a barreira física da vegetação, fluxo de entrada e saída e variáveis que mudam de acordo com o 
tempo de duração da chuva.
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Introduction 

Arid and semi-arid regions have constant problems due to 
water scarcity (Dunkerley, 2008a, b; Zhang et al., 2016), and 
increasingly prolonged droughts. Information on hydrology, 
and vegetation distribution is essential for the development of 
techniques and strategies to cope with droughts in semi-arid 
environments (Zhang et al., 2015; Ribeiro Filho et al., 2017).

Rainfall interception by plants affects the water balance 
in the hydrological cycle, especially in forest areas in arid 
and semi-arid regions, where the water infiltrates into the 
soil or evaporates, and there is no underground water inflow 
(Dunkerley, 2008a; Linhoss & Siegert, 2016). Rainfall in 
vegetated areas is naturally fractioned into interception loss 
- rain that is intercepted by vegetation and returns to the 
atmosphere by evaporation; throughfall - rain that passes freely 
through the vegetation, or splatters on leaves or branches, and 
reaches the ground; and stemflow - rain that is diverted by 
plant stems and reaches the ground through them (Giglio & 
Kobiyama, 2013; Izídio et al., 2013).

The part of rain that is intercepted by vegetation is affected 
by meteorological elements, especially rainfall depth, duration, 
frequency, and intensity, and wind speed (Lloyd & Marques, 
1988; Medeiros et al., 2009; Lorenzon et al., 2013; Carlyle-
Moses et al., 2014). Hydrological studies have shown some 
rainfall properties, besides the conventional parameters, that 
provide information for the understanding of hydrological 
processes in arid and semi-arid regions, such as surface runoff, 
and interception loss (Dunkerley, 2008a; Figueiredo et al., 2016; 
Zhang et al., 2016).

Thus, the objective of this work was to evaluate the 
partitioning of gross rainfall into throughfall, stemflow, and 
interception loss in the Brazilian Northeastern Atlantic Forest, 
and its correlations with rainfall characteristics. 

Material and Methods

The experiment was carried out in the Area of Relevant 
Ecological Interest of the Bica watershed in Portalegre, state of 
Rio Grande do Norte, Brazil. The landscape of this watershed is 
formed by perennial springs and a perennial waterfall, which 
increased the interest for its conservation. Figure 1 shows the 

location of the Bica watershed in the State of Rio Grande do 
Norte, Brazil, and the experimental area used for measuring 
the partitioning of rainfall.

The Bica watershed is at 6° 01' 33.04'' S and 37° 59' 27.93'' 
W. The climate of the region is tropical rainy (Aw), according 
to the Köppen classification (EMPARN, 2017); the region is 
surrounded by Sertaneja Depressions; and considering the 
precipitation index, aridity index, and risk of droughts, the 
watershed is within the Brazilian semi-arid region (Brasil, 
2017). The region presents average historical precipitation 
(1961 to 2016) of 973.8 mm (EMPARN, 2017), temperatures 
varying from 36.0 to 21.0 °C and with average of 28.1 °C, 
annual average relative humidity of 66%, and annual insolation 
of 2,700 hours (IDEMA, 2008). The vegetation of the region 
consists of Brazilian native and endemic species that occur 
in the Caatinga, Cerrado, and Atlantic Forest biomes, and 
is classified as Northeastern Atlantic Forest (IDEMA, 2008; 
Dantas, 2016; Medeiros et al., 2016).

The study was conducted from January to December 2017, 
considering the rainfall depths (TRD), air temperature, wind 
direction and speed, duration of the rainfall event (T), and 
estimated reference evapotranspiration (ET0). These variables 
were monitored using an automatic meteorological station 
(WH-1080 PC, Instrutemp®, São Paulo, Brazil), equipped with 
a pluviograph that store data with five-minute intervals. The 
ET0 was estimated using the method proposed by Hargreaves 
& Samani (1985). Based on the rainfall data, the intensity of 
the event (I), and the intensity at intervals of 5 (I5), 10 (I10), 20 
(I20), 30 (I30), 45 (I45), and 60 (I60) min, and kinetic energy 
(KE) were measured, according to the methodology proposed 
by Foster et al. (1981).

The rainfall partitioning was monitored in a plot of 200 m² 
(20 ×10 m) in the Bica watershed. Collections were performed 
after each rainfall event. A Ville de Paris rain gauge and a 
handmade recipient were installed next to the experimental 
plot to measure the total rainfall depth. Ten containers made 
from pet bottles were installed at 1.5 m height inside the 
experimental plot, and calibrated using the Ville de Paris gauge, 
following the methodology proposed by Lloyd & Marques 
(1988).

Seventy-one trees with circumference of 10 to 91.3 cm 
(mean of 9.6 cm) were found in the experimental area; the 
Hymenaea Stigonocarpa species (Jatobá) presented the highest 
density, and 91% of species found were from the Caatinga 
phytogeographical domain, according to Dantas (2016). 
The trees were divided into 6 classes according to their stem 
circumferences, following the methodology adopted by Izídio 
et al. (2013). One tree of each stem circumference class was 
selected and a collector ring was attached to their trunk with 
epoxy resin and connected to an 18-liter closed container 
through a 0.75-inche plastic hose to avoid evaporation when 
collecting the stemflow water. 

The stemflow of all trees was determined for each rainfall 
event considering that the stemflow of all trees was equal to 
the that of the sampled tree in the same class, and the sum of 
the stemflow was calculated by the number of trees in each 
class, according to Eq. 1:Figure 1. Location of the study area
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where: 
SF  - stemflow calculated for each rainfall event (mm); 
n  - number of trees in the circumference classes; 
SFi  - stemflow from the representative tree of the class i; 

and, 
qi  - number of trees of the class i.

The interception losses were estimated indirectly by the 
difference between the total rainfall depth and the amount 
of water reaching the soil, according to the methodology 
proposed by Carlyle-Moses et al. (2014), which was calculated 
using Eq. 2:

the model does not apply to the study data (Norusis, 1990). The 
selection of the number of components was extracted according 
to Norusis (1990); thus, only components with variance greater 
than one were considered. This criterion was chosen because 
any factor should explain a variance higher than that presented 
by a simple variable.

Even using the matrix of the components that were 
obtained in the extraction phase, in which the result describes 
the relationship between factors and individual variables, 
interpreting the results can be difficult. To overcome this 
limitation, an orthogonal transformation procedure by the 
Varimax method or simply rotation of the matrix of the 
factorial loads was used, generating a new matrix of factorial 
loads, which presents a better interpretation of the factors. 

Results and Discussion 

The total rainfall depth was 466.7 mm, with 20 rainfall 
events in the period studied (January to December 2017). It was 
below the average of the municipality of Portalegre (973.8 mm). 
The throughfall (Ti), stemflow (SF) and the interception losses 
(IL), presented correlations with the rainfall depths of 0.85, 
0.65, and 0.69, representing 59.2, 2.4, and 38.4% of the total 
rainfall depth (TRD), respectively. The IL varied from 9.9% 
(11/02/2017) to 92.6% (02/10/2017 and 03/11/2017) (Table 
1). These IL were higher than those found in other studies 
in semi-arid regions, in which the mean interception ranged 
from 13.0% (Medeiros et al., 2009) to 41.8% (Silva, 2017). 
However, the study area is in the Northeastern Atlantic Forest, 
near perennial water courses, and presents typical floristic 
species of the Atlantic Forest (Dantas, 2016; Medeiros et al., 
2016) and ciliary forests, which present higher interception of 
rainfall. Similar result was found by Lima & Leopoldo (2000) 
in a ciliary forest in the Cerrado biome in Brazil, with 37.6% 
of the rainfall intercepted by the vegetation. 

Sixteen rainfall events that contained the largest number 
of variables was selected to better understand the interception 

SF SFi qi
I

n

=
=
∑  

1

IL TRD T SFI= − +( )

where:
IL  - interception loss (mm); 
TRD - total rainfall depth (mm); 
Ti  - throughfall, measured under the vegetation (mm); 

and, 
SF  - stemflow (mm).

Statistical analysis of the data was carried out using the 
Statistical Package for the Social Sciences (SPSS) 16.0. The 
multivariate statistical model with hierarchical cluster analysis, 
and factorial analysis and principal component analysis (FA-
PCA) was used to identify the similarity and the determinants 
of the rainfall partitioning variability. The Tukey's test at 0.01 
probability level was also applied.

Hierarchical cluster analysis was used to standardize 
z-scores. The variables were standardized using the square 
Euclidian Distance to measure similarity, and the Ward binding 
algorithm using the variables: TRD, ET0, Wind Speed (WS), 
Rainfal Intensity (RI), T, KE, I5, I10, I15, I20, I30, I45, and I60. 
The variables considered for the FA-PCA were TRD (mm); I 
(mm); I5, I10, I15, I20, I30, I45, and I60 (mm h-1); KE (MJ mm h-1); 
ET0 (mm d-1), WS (m s-1) and T (min.).

The original data were expressed as a matrix by X = (xi,j), 
where in i = 1...n samples, and j = 1...p variables. The first step 
when applying the FA-PCA was to transform the original 
matrix data into a correlation matrix [R] (p × p), with p equal 
to the 15 variables analyzed in the study. The main reason for 
using the correlation matrix is to eliminate the problem of 
different scales and units used to measure the variables. The 
efficiency of the new description of data by components will 
depend on the percentage of total variation of each component, 
which is represented by the eigenvalues (Moita Neto & Moita, 
1997).

The variables were verified after the definition of the 
correlation matrix to identify the most specific ones, since the 
PCA defines components that may explain the correlations. 
The overall consistency of the data was measured by the Kayser 
Mayer Olkim Index (KMO), which compares the magnitude of 
the correlation coefficients observed with the partial correlation 
coefficients (Andrade et al., 2007). A KMO < 0.5 indicates that 

Datas
TDR

(mm)

Ti SF IL

(mm) (%) (mm) (%) (mm) (%)

02/10/2017 4.6 0.3 7.2 0.0 0.2 4.2 92.5

02/11/2017 37.1 32.4 87.4 1.0 2.7 3.7 9.9

02/12/2017 9.9 4.7 47.5 0.2 1.9 5.0 50.6

03/05/2017 24.7 19.6 79.1 0.6 2.6 4.5 18.3

03/10/2017 15.5 11.0 71.5 0.4 2.4 4.0 26.1

03/11/2017 4.6 0.3 7.2 0.0 0.2 4.2 92.6

03/13/2017 43.9 25.1 57.2 0.8 1.9 18.0 40.9

04/01/2017 23.5 16.5 70.2 0.4 1.9 6.5 27.8

04/11/2017 12.4 5.9 47.8 0.3 2.3 6.2 50.0

04/12/2017 6.2 1.7 28.3 0.1 1.9 4.3 69.7

04/24/2017 31.5 20.7 65.6 0.8 2.5 10.1 31.9

05/04/2017 26.0 9.5 36.7 0.4 1.5 16.0 61.8

05/11/2017 23.5 13.9 59.3 0.5 2.2 9.1 38.6

05/12/2017 19.2 14.0 72.9 0.6 3.1 4.6 24.0

05/29/2017 66.8 39.3 58.9 1.2 1.8 26.2 39.3

06/01/2017 36.5 23.6 64.7 1.5 4.1 11.4 31.1

06/02/2017 28.4 15.9 55.9 0.9 3.2 11.6 40.9

06/12/2017 9.9 7.1 72.0 0.3 2.7 2.5 25.3

06/22/2017 21.0 1.5 7.1 0.1 0.5 19.4 92.4

07/02/2017 21.6 13.2 61.0 1.1 4.9 7.4 34.1

Total 466.7 276.4 52.9 11.2 2.2 179.0 44.9

Table 1. Total rainfall depth (TRD), throughfall (Ti), stemflow (SF) 
and interception loss (IL) in the study area

(1)

(2)
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Figure 2.  Hierarchical cluster analysis by the Ward's method for 
rainfall events in the study area in 2017 

TRD - Rainfall depth (mm); ET0 - Evapotranspiration (mm day-1); WS - Win speed (m s-1); 
I - Intensity (mm h-1); T - Duration of the events (min); KE - kinetic energy (MJ ha-1 mm); 
I5 - Maximum intensity in 5 min (mm h-1); I10 - Maximum intensity in 10 min (mm h-1); 
I15 - Maximum intensity in 15 min (mm h-1); I20 - Maximum intensity in 20 min (mm h-1); 
I30 - Maximum intensity in 30 min (mm h-1); I45 - Maximum intensity in 45 min (mm h-1); 
I60 - Maximum intensity in 60 min (mm h-1); Means followed by the same lowercase letters 
in the rows do not differ by the Tukey's test at 0.01 significance level

Table 2. Number of rainfall events, and mean, maximum, 
minimum, median, and standard deviation (SD) for the variables 
in each group of rainfall events

Monitored Variables Cluster 1 Cluster 2 Cluster 3

TRD

(mm)

Nº of events 7 6 3

Mean 13.64 a 25.04 a 17.19 a

Max and Min 28.44 and 4.58 36.48 and 12.37 23.49 and 4.58

Median and SD 9.89 and 8.59 25.35 and 8.59 17.19 and 10.92

ETo

(mm d-1)

Nº of events 7 6 3

Mean 3.77 a 4.31 a 5.07 a

Max and Min 5.17 and 2.10 5.21 and 2.64 6.10 and 3.97

Median and SD 4.06 and 1.24 4.88 and 1.12 5.07 and 1.07

WS

(m s-1)

Nº of events 7 6 3

Mean 0.14 a 0.07 a 0.17 a

Max and Min 0.40 and 0.02 0.12 and 0.01 0.28 and 0.07

Median and SD 0.13 and 0.13 0.09 and 0.05 0.17 and 0.11

I

(mm h-1)

Nº of events 7 6 3

Mean 2.20 a 4.84 a 2.84 a

Max and Min 3.43 and 0.86 8.36 and 0.83 3.72 and 2.13

Median and SD 3.00 and 1.15 4.88 and 2.68 2.84 and 0.81

T

(min)

Nº of events 7 6 3

Mean 180.86 a 297.00 a 672.00 a

Max and Min 702.00 and 6.00 906.00 and 72.00 116.00 and 402.00

Median and SD 162.00 and 242.40 183.00 and 315.69 672.00 and 387.50

KE

(MJ ha-1 mm h-1)

Nº of events 7 6 3

Mean 0.14 a 0.17 a 0.16 a

Max and Min 0.17 and 0.11 0.20 and 0.11 0.17 and 0.15

Median and SD 0.16 and 0.14 0.18 and 0.03 0.16 and 0.01

I5

(mm h-1)

Nº of events 7 6 3

Mean 15.43 b 37.20 b 184.80 a

Max and Min 43.20 and 3.60 64,80 and 14.40 234.00 and 108.00

Median and SD 7.20 and 16.06 36.00 and 17.59 184.80 and 67.38

I10

(mm h-1)

Nº of events 7 6 3

Mean 10.54 c 31.80 b 106.80 a

Max and Min 28.80 and 1.80 59.40 and 14.40 117.00 and 97.20

Median and SD 3.60 and 11.40 30.60 and 15.39 106.80 and 9.91

I15

(mm h-1)

Nº of events 7 6 3

Mean 7.71 c 27.60 b 78.40 a

Max and Min 19.20 and 1.20 52.80 and 13.20 86.40 and 70.80

Median and SD 2.40 and 8.40 26.40 and 13.99 78.40 and 7.81

I20

(mm h-1)

Nº of events 7 6 3

Mean 6.04 c 23.40 b 61.80 a

Max and Min 14.0 and 0.90 45.90 and 11.70 73.80 and 53.10

Median and SD 2.40 and 8.40 20.7 and 12.57 61.80 and 10.74

I30

(mm h-1)

Nº of events 7 6 3

Mean 4.11 c 18.40 b 41.80 a

Max and Min 9.60 and 0,60 33.00 and 8.40 51.00 and 35.40

Median and SD 1.20 and 4.32 16.20 and 9.01 41.80 and 8.17

I45

(mm h-1)

Nº of events 7 6 3

Mean 2.85 c 12.97 b 28.60 a

Max and Min 6.38 and 0.40 21.95 and 6.38 36.31 and 23.54

Median and SD 1.60 and 2.80 12.37 and 5.81 28.60 and 6.79

I60

(mm h-1)

Nº of events 7 6 3

Mean 2.19 c 9.95 b 21.80 a

Max and Min 4.80 and 0.30 16.50 and 4.80 28.20 e and 17.70

Median and SD 1.20 and 2.06 9.45 and 4.26 21.80 and 5.62

losses in the rainfall events and subjected to a hierarchical 
cluster analysis. The optimum cut-off point for the formation 
of similarity groups was at 7 in the Euclidean distance, since a 
greater distance in similarity of rainfall events occurs from this 
group, resulting in the formation of three groups (Figure 2). 
The formation of groups shows the high temporal variability 
of the events, which is common in semi-arid regions (Ribeiro 
Filho et al., 2017).

According to the rainfall characteristics (Table 2), the 
intensities at intervals of 5 (I5), 10 (I10), 20 (I20), 30 (I30), 45 
(I45), and 60 (I60) min presented higher differences than the 
other variables, differing statistically at the 0.01 significance 
level for all groups formed, whereas the other variables 
presented no statistical differences. This denotes the need 
for a detailed analysis of these variables to evaluate rainfall 
events and interception by plants, since the percentage of 
interception losses decreases with rain intensity (Giglio & 
Kobiyama, 2013). The other variables presented maximums 
and minimums relatively close, and average near the medians, 
with good distribution.

The duration of the rainfall events presented the highest 
standard deviations for the three groups, directly affecting the 
other variables (TRD, ET0, I, and KE) (Table 2). The rainfall 
interval may increase the time required for the canopy to 
become completely wet and reestablish its water storage 
capacity, increasing interception losses (Dunkerley, 2008b; 
Carlyle-Moses et al., 2014).

The greatest interception losses were found in groups 1 
and 3. These events showed the lowest kinetic energies and 
intensities, thus, the greater water retention in the vegetation 
allowed the evaporation. Sadeghi et al. (2015) evaluated 
modeling process for interception rainfall by plants in the 
semi-arid region of Iran and found higher interception losses 
with the lowest rainfall depths and duration in different rainfall 
groups.

None of the groups presented uniform throughfall due 
to the low intensities and varied redistribution of the rainfall 
by the forest canopy (Linhoss & Siegert, 2016). The stemflow 
presented low percentages, usually lower than 5%, in all events; 

it was also reported for other semi-arid ecosystems by Levia & 
Frost (2003). However, group 2, which presented the highest 
rainfall depths, showed the highest stemflow (SF), because 
the canopy was already saturated and the water that reached 
the surface of the leaves followed paths through branches to 
drain. Similar result was found by Lorenzon et al. (2013) when 
evaluating different stages of forests, with the highest SF for 
classes with higher precipitation depths.

The PCA applied to the variables (TRD, IL, ET0, WS, I, T, 
KE, I5, I10, I20, I30, I45, and I60) was adequate by the KMO 
test with a value of 0.501, denoting that the factorial model 
(PCA) can be applied to the data. The correlation matrix (Table 
3) showed a good correlation (0.60) between IL and TRD 
because the vegetation water storage capacity is dependent on 
the total precipitation. Similar results were obtained by Thomaz 
& Antoneli (2015), and Rodrigues et al. (2016).

Rescaled Distance Cluster Combine
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The maximum intensities of the I5, I10, I15, I20, I30, I45, 
and I60 mm h-1 presented high correlations with each other, 
and with T. Although it is a derivation of the precipitated 
depth by the time, the high variability of the duration of the 
events caused no effect on the correlation between intensities 
and precipitated depth. Zhang et al. (2015) reported that 
the stemflow, throughfall, and interception loss increase 
with increasing intensity. Zhang et al. (2016) evaluated the 
interception of rainfall by shrubs in an arid region and found 
significant effects of I60 and rainfall depth on the interception 
loss.

The PCA resulted in three components accounting for 
84.66% of the total variance of the data (Table 4). These 
components (PC1, PC2, and PC3) express the relationship 
between factors and variables and allow the identification of 
more interconnected variables in each component. The high 
factorial weights found indicate the most significant variables 
in each factor (Andrade et al., 2007).

PC1 was represented by the variables of maximum 
intensities (I5, I10, I15, I20, I30, and I45) and the duration of 
events and had factorial weights reaching 0.99. These variables 
represent the energetic power of the rain in overcoming the 
physical barrier (vegetation) and explained more than 52.60% 
of the total variance. Figueiredo et al. (2016) evaluated a 
semi-arid region and reported the importance of the intensity, 
mainly I20 and I60 in explaining hydrological processes.

TRD, IL, and ET0 were interconnected forming PC2 
and explained 16.49% of the variance. The high correlation 
between TRD and I showed the connection between the input 
water balance (TRD) and its outputs (IL + ET0) (Table 3). The 
clustering of these variables in PC2 is related to the loss of 
continuity of rainfall events, characteristic in semi-arid regions 
(Dunkerley, 2008b). PC3 was formed by intensity, and kinetic 
energy and explained 15.57% of the total variation. Although 
these variables are connected to the energy of the rainfall 
events as PC1, they are based on the total duration of the event, 
explaining less the events because the rainwater stored by the 
canopy evaporates and saturates again during the same event 
(Dunkerley, 2008a; Zhang et al., 2016).

Conclusions 

1. The vegetation showed interception of 44.9%, throughfall 
of 52.9%, and stemflow of 2.2% of the total rainfall.

2. The rainfall redistribution was different in each group 
formed by hierarchical cluster analysis.

3. The maximum rainfall intensities presented the highest 
factorial weights, denoting the importance of this variable in 
hydrological studies in the Brazilian semi-arid region.

4. The principal components PC1, PC2, and PC3 
encompassed variables related to rainfall energy to overcome 
the vegetation physical barrier, inflow and outflow, and 
variables dependent on the rainfall duration, respectively.
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Table 3. Correlation matrix of variables related to the partitioning of rainfall by the vegetation
TRD IL Eto WS I T KE I5 I10 I15 I20 I30 I45 I60

TRD 1.00

IL 0.60 1.00

Eto 0.34 0.42 1.00

WS -0.45 -0.44 -0.25 1.00

I 0.05 -0.18 -0.06 -0.19 1.00

T -0.01 -0.22 0.26 0.67 -0.23 1.00

KE -0.02 -0.12 -0.05 -0.07 0.93* -0.19 1.00

I5 0.13 -0.11 0.18 0.16 0.06 0.40 0.17 1.00

I10 0.08 -0.18 0.21 0.26 0.13 0.58 0.22 0.95* 1.00

I15 0.06 -0.21 0.24 0.31 0.18 0.67 0.25 0.87* 0.98* 1.00

I20 0.04 -0.22 0.25 0.32 0.18 0.71 0.24 0.82* 0.96* 0.99* 1.00

I30 0.08 -0.20 0.28 0.30 0.20 0.72 0.24 0.79* 0.93* 0.98* 0.99* 1.00

I45 0.06 -0.20 0.30 0.30 0.22 0.72 0.24 0.76* 0.92* 0.97* 0.99* 1.00* 1.00

I60 0.07 -0.20 0.31 0.30 0.22 0.73 0.25 0.75* 0.91* 0.97* 0.99* 1.00* 1.00* 1.00

TRD - Rainfall depth (mm); interception loss (IL); ET0 - Evapotranspiration (mm d-1); WS - Wind speed (m s-1); I - Intensity (mm h-1); T - Duration of the event (min); KE - kinetic energy 
(MJ ha-1 mm h-1); I5 - Maximum intensity in 5 min (mm h-1); I10 - Maximum intensity in 10 min (mm h-1); I15 - Maximum intensity in 15 min (mm h-1); I20 - Maximum intensity in 20 min 
(mm h-1); I30 - Maximum intensity in 30 min (mm h-1); I45 Maximum intensity in 45 min (mm h-1); I60 = Maximum intensity in 60 min (mm h-1). * Significant at 0.01

TRD - Rainfall depth (mm); interception loss (IL); ET0 - Evapotranspiration (mm d-1); WS - Wind 
speed (m s-1); I - Intensity (mm h-1); T - Duration of the events (min); KE - kinetic energy 
(MJ ha-1 mm h-1); I5 - Maximum intensity in 5 min (mm h-1); I10 - Maximum intensity in 
10 min (mm h-1); I15 - Maximum intensity in 15 min (mm h-1); I20 – Maximum intensity in 
20 min (mm h-1); I30 - Maximum intensity in 30 min (mm h-1); I45 - Maximum intensity in 
45 min (mm h-1); I60 - Maximum intensity in 60 min (mm h-1)

Variables
Components

1 2 3

I20 0.99 0.02 0.00

I15 0.99 0.04 0.01

I30 0.99 0.05 -0.01

I45 0.99 0.05 0.00

I60 0.98 0.06 0.00

I10 0.96 0.07 -0.01

I5 0.84 0.12 -0.03

T 0.73 -0.32 -0.40

TRD 0.04 0.77 -0.28

WS 0.37 -0.76 -0.08

IL -0.24 0.71 -0.42

ETo 0.27 0.55 -0.40

Int 0.18 0.33 0.89

EC 0.24 0.30 0.87

Eigenvalue 7.36 2.31 2.18

Variance explained (%) 52.60 16.49 15.57

Cumulative Variance (%) 52.60 69.09 84.66

Table 4. Matrix of the factorial weights of the variables in the main 
components after rotation by the Varimax algorithm
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