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11. INTRODUCTION 

 

Worldwide, the study of rainfall has been widely addressed 
over the years, since its analysis has allowed us to know the 

rainfall seasonality of different geographical areas and, on the 
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other hand, rain as it is a very important component in 

hydrological studies and drainage, has managed to form part 

of the determination of the water resource for the different uses 

and requirements (Campos-Aranda, 2018). However, the 

current trends associated with climate change and water 
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Abstract: The maximum rainfall in the Peruvian north behaves seasonally, concentrating between the first months 

of the year, however, few studies have analyzed its distribution over time through an analysis of extremes. The 

objective of the research was to evaluate the parameters of location, scale and shape of the generalized extreme value 

distribution in maximum rainfall in the Peruvian north corresponding to the Pacific 5 and Pacific 6 hydrological 

regions. The maximum daily rainfall data available was collected in the climatic stations of both regions, considering 
a minimum number of 15 years of records per station and a filter based on statistical and visual analysis, for which 

138 stations were established. Subsequently, the adjustments were applied to ordinary moments and to linear moments 

of the generalized extreme value distribution and two types of hypothesis tests were used for each region that helped 

to validate the similarities of each parameter in both regions. The results show significant differences only in the 

location parameter, while, when contrasting the altitude, average rainfall and maximum rainfall of each hydrological 

region it was determined that there are high correlations with the location and scale parameters. Finally, it is concluded 

that both hydrological regions, the scale and shape parameters show a good performance for both adjustments based 

on the applied hypotheses and the location parameter showed that the Pacific 6 hydrological region is rainier than the 

Pacific 5 hydrological region. 
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Evaluación de Parámetros de la Distribución Generalizada de Valor 

Extremo en Precipitaciones del Norte Peruano   
 

Resumen: Las precipitaciones máximas del norte peruano se comportan de una manera estacional, concentrándose 

entre los primeros meses del año, sin embargo, pocos estudios han analizado su distribución a lo largo del tiempo 
mediante un análisis de extremos. El objetivo de la investigación fue evaluar los parámetros de ubicación, escala y 

forma de la distribución generalizada de valor extremo en precipitaciones máximas del norte peruano 

correspondientes a las regiones hidrológicas Pacífico 5 y Pacífico 6. Se realizó la recolección de datos de 

precipitaciones máximas diarias disponibles en las estaciones climáticas de ambas regiones, considerando una 

cantidad mínima de 15 años de registros por estación y un filtro basado en el análisis estadístico y visual, por lo que 

se estableció 138 estaciones. Posteriormente se aplicaron los ajustes a momentos ordinarios y a momentos lineales 

de la distribución generalizada de valor extremo y se utilizó dos tipos de prueba de hipótesis para cada región que 

ayudaron a validar las similitudes de cada parámetro en ambas regiones. Los resultados muestran diferencias 

significativas sólo en el parámetro de ubicación, en tanto, al contrastar la altitud, precipitación media y precipitación 

máxima de cada región hidrológica se determinó que existen altas correlaciones con los parámetros de ubicación y 

escala. Finalmente, se concluye en que ambas regiones hidrológicas los parámetros de escala y forma muestran un 
buen desempeño para ambos ajustes a partir de las hipótesis aplicadas y el parámetro de ubicación demostró que la 

región hidrológica Pacífico 6 es más lluviosa que la región hidrológica Pacífico 5. 
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resources management suggest that there must be a careful 

evaluation of the quality of the rainfall information, as well as 

the comparison of probabilities and extremes for different 
return periods (Vivekanandan, 2018). 

 

One of the main applications that rainfall has had from the 

analysis of maximum frequencies are the so-called intensity, 

duration, and frequency (IDF) curves or storm curves (Peleg 

et al., 2018); that by means of various stochastic and multiple 

correlation methods, it is possible to generate prediction 

equations for the maximum intensity for a certain duration and 

different return periods (López et al., 2018). Nevertheless, it is 

necessary to previously know the behavior of the statistical 

parameters of said rainfall frequencies for a certain distribution 

of best fit, especially if the approach is developed on a larger 
scale, for example in the implementation of hydrological 

models of hydrographic basins (Halim, 2019; Juma et al., 

2021). 

 

Current research indicates that of all the existing distributions 

for the evaluation of extremes, the one that has shown the best 

statistical response capacity of its parameters from a record of 

maximum rainfall, is the generalized extreme value 

distribution (GEVD) (Campos-Aranda, 2019; Alahmadi & 

Rahman, 2020; Seo et al., 2021). In addition, as Mashishi et al. 

(2020) and Klassou & Komi (2021) refer the GEVD can 
achieve a good adjustment to extreme rainfall for return 

periods of up to 100 years; including for maximum annual 

rainfall at daily, subdaily and short duration time scales (Yeo 

et al., 2021; Ulrich et al., 2021). Another case studied, such as 

the flow variable, has also shown very good results with the 

GEVD (Roslan et al., 2020; Campos-Aranda, 2021); reaching 

a return period of 150 years (Samantaray y Sahoo, 2020). 

 

An extreme event is related to the tails of the probability 

distribution of the observed values (Guillén-Oviedo et al., 

2020), and can be applied to any variable that involves an 

evaluation of the maximum values within a data set (Flores-
Rojas et al., 2021). In this context, the current trend of its use 

has commonly been extended to climatic variables, whose 

records can come from conventional climatic, pluviometric or 

pluviographic stations and even from satellite data (Diriba & 

Debusho, 2021). 

 

Likewise, if we refer to the application in rainfall, it is 

mentioned that the maximum rainfall events are important to 

investigate, since their evaluation allows determining the 

dangers related to intense and extreme weather (Diriba & 

Debusho, 2021). For this reason, the interest arises in studying 
this climatic variable and in somehow associating its 

maximum values with the GEVD parameters, including the 

possibility of predicting extreme events during the seasonal 

rain cycle (Alfaro et al., 2018). 

 

The GEVD is traditionally applied to estimate extreme events 

and their return period, and within the equation there are three 

parameters (location, scale and shape) that must be determined 

to be subsequently applied to some hydroclimatic variable 

(Hossain et al., 2021). With respect to the location, scale and 

shape parameters of the GEVD, Guillén-Oviedo et al. (2020) 

demonstrated that through these estimators, significant 

differences can be established that help to know the rainfall 

behavior of Central America, however there is some 

uncertainty about the validation of the results, well, as Wang 
& Xuan (2022) affirm in their applied research in England, 

they determined a series of linear correlations through these 

three parameters in relation to altitude, thus managing to 

adequately explain the variability of extreme rainfall. 

 

In Peru, the most recent study that deals with maximum 

rainfall is the one prepared by SENAMHI (2017a) which 

mentions that through a process of frequency analysis and an 

adjustment of five extreme distributions, highlighting among 

them the GEVD, ten regions of maximum rainfall can be 

delimited, but it was not possible to compare these results on 

the parameters of each distribution.  
 

Other investigations such as those of Rollenbeck et al. (2021), 

Rollenbeck et al. (2022) and, Vavrus et al. (2022) also 

analyzed the maximum rainfall in Peru, specifically in the 

northern zone of Peruvian Pacific, but without reaching the 

contrast of any extreme value distribution with their respective 

parameters and the quantification of extreme events for 

different return periods. 

 

Due to the above, there is a need to know the parameters of the 

GEVD in rainfall of Peru and with greater scope in the 
northern zone, since as indicated by SENAMHI (2017b) the 

Pacific 5 and Pacific 6 hydrological regions of Peruvian 

northwest, they are the ones that are the most prone to extreme 

storm events, which are mainly influenced by the altitude and 

seasonality of rainfall (Oruc, 2021; Arriola et al., 2022; 

Fernandez-Palomino et al., 2022). 

 

The application of the GEVD with respect to other 

distributions in the present investigation is justified because 

said distribution is the one that presents the most adequate 

adjustments and optimal statistical performances for the 

analysis of maximum rainfall extremes and their 
corresponding return periods, especially for rainy and seasonal 

periods, as indicated by research by Campos-Aranda (2018), 

Min & Halim (2020), Hossain et al. (2021), Mohamed & 

Adam (2022) and Abreu et al. (2023). Likewise, its location, 

scale, and shape parameters are better related to the climatic 

variables altitude and average rainfall, compared to other 

indicators of other distributions, which later helps to 

differentiate areas of greater or lesser rainfall, as well as its 

intensity, these results are in agreement with the findings of 

Campos-Aranda (2019) for Mexico, Guillén-Oviedo et al. 

(2020) for Costa Rica, Mashishi et al. (2020) for South Africa, 
Back & Bonfante (2021) for Brazil, Klassou & Komi (2021) 

for West Africa, Wang & Xuan (2021) for England and 

Australia, and Ulrich et al. (2021) for Germany. 

 

As noted, the application of the GEVD as indicated by the 

various investigations cited above related to the topic 

presented, is valid for the analysis of extremes in rainfall and 

for the prediction of maximum events in various return 

periods, also due to its ease of study makes its use very 

practical and valid in the evaluation of maximum rainfall, in 

this case in Peruvian north, compared to other more complex 

distributions that require specialized software. 
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For these reasons, the objective of this research was to evaluate 

the parameters of location, scale, and shape of the generalized 
extreme value distribution in maximum rainfall in Peruvian 

north corresponding to the Pacific 5 and Pacific 6 hydrological 

regions. 

 

2. MATERIALS AND METHODS 

 

2.1 Study area 

 

The Pacific 5 and Pacific 6 hydrological regions are located in 

Peruvian north (Figure 1), also these zones are part of the six 

hydrological regions of the Pacific of Peru. The SENAMHI 

(2017b) indicates that in the Pacific 5 hydrological region 

there are a total of 17 basins totaling an area of 31700.32 km2, 

while in the Pacific 6 hydrological region there are a total of 
18 basins totaling an area of 42304.87 km2. 

 

Regarding altitude (Figure 2a), average rainfall (Figure 2b) 

and maximum rainfall (Figure 2c), they are variable in both 

hydrological regions, since the Pacific 5 region presents areas 

with higher altitudes than the Pacific 6 region, also the pattern 

of rainfall is different, since in the Pacific 6 region the average 

rainfall reaches 450 mm and the maximum rainfall up to 1200 

mm, while for the Pacific 5 region the average rainfall 

fluctuates up to 90 mm and the maximum ranges up to 360 

mm.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Ubication of the Pacific 5 and Pacific 6 hydrological regions of Peruvian north 
   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. a) Altitude, b) average rainfall and c) maximum rainfall of the Pacific 5 and Pacific 6 hydrological regions of Peruvian north 
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2.2 Methodology 

 

The type of research was applied and quantitative approach. 
The population corresponded to a total of 138 climatic stations 

in the Peruvian north, of which 63 stations belong to the 

Pacific 5 hydrological region and 75 stations belong to the 

Pacific 6 hydrological region. The sources of data collection 

were obtained from the open access electronic portal of the 

ANA (Autoridad Nacional del Agua) from Peru, which is 

available for any consultation. 

 

The data collection instruments used were the formats of 

records of maximum daily rainfall with date ranges from 

January of the year 1942 to December of the year 2020, 

however this was variable since there are stations with few 
data, so it was opted to consider a minimum of 15 years of 

complete records for each station as recommended by 

SENAMHI (2018) for studies in the hydrological regions of 

the Peruvian Pacific, using this criterion as a protocol in the 

collection and selection of rainfall information, for 

consequently, the statistical analysis involved a quality control 

of the data to determine possible erroneous values that could 

result from some operational, systematic or observation 

problem (Luna-Romero et al., 2018). Due to the above, a 

graphical analysis was applied to identify outliers, box 

diagrams being very common at 95% probability, excluding 
months that differed by more than three standard deviations 

from the monthly average of the respective season (Lavado et 

al., 2013); and complementary to this, the Kolmogorov-

Smirnov goodness-of-fit test was evaluated at each climatic 

station for the adjustment to the GEVD, fulfilling satisfactorily 

in all cases. 

 

For the analysis of extremes, it began with the application of 

the GEVD function, which is shown in Equation 1: 

 

f(𝑥, 𝜉, 𝜃, 𝛾) = (
1

𝜃
) ∗ exp [− (1 + 𝛾 ∗ (

𝑥 − 𝜉

𝜃
))

− 
1
𝛾

] ∗ (1 + 𝛾 ∗ (
𝑥 − 𝜉

𝜃
))

− 
1
𝛾

     (1) 

 

Where, x is the variable to evaluate, being in this case the 

maximum rainfall, 𝜉, θ, and 𝛶 are the location, scale, and 

shape, parameters respectively of the GEVD. It should be 

noted that the function must always be with 𝛶 ≠ 0; θ > 0 and 

1 + 𝛾 (
𝑥−𝜉

𝜃
) > 0, and that the shape and location parameters 

can take any real value (Guillén-Oviedo et al., 2020). 

 

Continuing with the sequence of the investigation and with the 

purpose to achieving a greater scope and validation in the 

differences of the three parameters in each hydrological 

region, the adjustments to ordinary moments and to linear 

moments of the generalized extreme value distribution were 

applied to each record, which is included in the Hydrognomon 

program developed by Kozanis et al. (2010) and also because 

it is freely accessible software, it can be used in the different 
specialties of hydrology for statistical analysis (Arriola, 2021). 
 

As previously mentioned, the estimation methods used in the 

present investigation to adjust the GEVD to the maximum 

daily rainfall of both hydrological regions were ordinary 

moments and linear moments, which are based on the general 

theory of method of moments (Bowman & Shenton, 2014).  

 
The Ordinary moments provide the location measure that 

relates to the arithmetic average, the variance measure that 

relates to the standard deviation, the coefficient of variation 

that relates the standard deviation to the arithmetic average, 

the skewness coefficient that relates to the bias and the 

measure of kurtosis related to the coefficient of kurtosis 

(Bowman & Shenton, 2014).  

 

Regarding linear moments, Hosking (1990) developed the 

theory of linear moments, commonly known as L-moments, 

which is based on statistical ordering from the linear 

combination of data and using four linear moments, starting 
with the first linear moment that corresponds to the arithmetic 

average, then the second linear moment that is equivalent to 

the standard deviation, then the third linear moment is obtained 

from the product of the asymmetry coefficient with the second 

linear moment and finally, the fourth linear moment is 

determined by the product of the kurtosis coefficient with the 

second linear momentum. 

 

In order to know the significant differences between the two 

hydrological regions, two types of hypotheses were contrasted, 

which were based on the bootstrap method and the t-test for 
two samples of equal variances. 

 

The bootstrap method is a non-parametric technique that was 

established by Efron (1979) for the random resampling of an 

original data set and to develop subsets of data similar to the 

initial one, which are statistically in correspondence with the 

original series, since they are based on the main statistical 

estimators such as the average, the standard deviation, the 

coefficient of variation, the coefficient of bias and the 

correlation. This resampling technique has applications in 

various fields of science, among which hydrology and its 

different specialties stand out, so its use in the analysis of 
maximum rainfall extremes to compare significant differences 

in different areas is very efficient (Padiyedath-Gopalan et al., 

2019; Guillén-Oviedo et al., 2020). 

 

Regarding the t-test for two samples of equal variances, Lee & 

Kim (2023) point out that it is a test that assumes equality in 

the data of two samples, but in relation to the statistical value 

of the variance of said samples, since to test the equal means 

under independent normal samples, this test is the one that 

presents the best results, under the criterion that there is a 

similarity of the analyzed variable, being in the case of the 
present investigation a very practical application, because the 

two hydrological regions evaluated, present similar conditions 

both in the amount of data on maximum daily rainfall, in the 

number of weather stations and their location in Peruvian 

northwest. 

 

In addition, for these hypothesis tests, the criteria suggested by 

Guillén-Oviedo et al. (2020), which indicate a comparison 

through the expected values of the parameters of location 

(Equation 2 and Equation 3), scale (Equation 4 and Equation 

5) and shape (Equation 6 and Equation 7). 
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                                     𝐻𝑂−𝜉: 𝜉5 = 𝜉6                                           (2) 

                                     𝐻1−𝜉: 𝜉5 ≠ 𝜉6                                           (3) 

                                     𝐻𝑂−𝜃: 𝜃5 = 𝜃6                                          (4) 

                                    𝐻1−𝜃: 𝜃5 ≠ 𝜃6                                           (5) 

                                    𝐻𝑂−𝛾: 𝛾5 = 𝛾6                                            (6) 

                                    𝐻1−𝛾: 𝛾5 ≠ 𝛾6                                            (7) 

 

Where 𝐻𝑂−𝜉, 𝐻𝑂−𝜃 and 𝐻𝑂−𝛾 are the null hypothesis for 

location, scale and shape parameter, 𝐻1−𝜉, 𝐻1−𝜃 and 𝐻1−𝛾 are 

the alternate hypothesis for location, scale and shape 

parameter, 𝜉5 and 𝜉6 correspond to the expected value of the 

location parameter for the Pacific 5 and Pacific 6 hydrological 

regions, respectively; 𝜃5 and 𝜃6 correspond to the expected 

value of the scale parameter for the Pacific 5 and Pacific 6 

hydrological regions, respectively; 𝛾5 and 𝛾6  correspond to the 

expected value of the shape parameter for the Pacific 5 and 

Pacific 6 hydrological regions, respectively. 

 

These criteria were carried out with the purpose of having a 
global balance of these estimators for each hydrological 

region, since there is no method of analysis of comparison of 

the three parameters one by one in each climatic station, in the 

same way, in each comparison of hypothesis, the GEVD 

parameters were established with the adjustments to ordinary 

moments and linear moments, which were estimated with the 

Hydrognomon program (Kozanis et al., 2010). 

 

3. RESULTS AND DISCUSSION 

 

Table 1 shows the results of the average values of the three 
GEVD parameters for both hydrological regions of the 

Peruvian north, both with the adjustment to ordinary moments 

and to linear moments. 

 
Table 1. GEVD parameters with ordinary and linear moments of the two 

hydrological regions of Peruvian north 

Hydrological 

region 

Average values of the GEVD parameters 

With adjustment to 

ordinary moments 

With adjustment to 

linear moments 

Location  Scale Shape Location Scale Shape 

Pacific 5 11.304 1.651 0.144 8.944 1.928 0.278 

Pacific 6 53.896 1.570 0.131 43.871 1.757 0.246 

 

The location parameter obtained with both adjustments shows 

a direct relationship with the behavior of maximum rainfall in 

the two hydrological regions, since, as can be seen their values 

(Table 1), are higher compared to the other parameters, as this 

is supported in their respective investigations by Guillén-

Oviedo et al. (2020), Lima et al. (2021), Wang & Xuan (2021) 

and Wang & Xuan (2022). In addition, the ranges of this 
parameter indicate that the Pacific 6 region has more rainfall 

than the Pacific 5 region, since the values of one region with 

respect to the other varied up to 5 times for the two settings.  

 

Regarding the parameter of scale and shape, it was not possible 

to find a correspondence with the rainfall pattern, however, 

their values show similarities in each setting and in the two 

regions, so these findings could indicate the variability of 

rainfall in this part of Peru. In this sense, as mentioned by 

Guillén-Oviedo et al. (2020) and Wang & Xuan (2022) as 

there is seasonality in the analysis of rainfall in a geographic 

area, the scale and shape parameters will assume a certain 

tendency to statistical dispersion with respect to extreme 

rainfall. Then, based on these results, the distribution maps of 
each GEVD parameter were generated with the adjustment to 

ordinary moments (Figure 3) and with the adjustment to linear 

moments (Figure 4), using the inverse distance weighted 

procedure, commonly known as IDW, that determines the 

values of each point without data, but at the same time, they 

are based on the records available in the climatic stations that 

do have values, being in this case the data of the location, scale, 

and shape parameters of the GEVD, as recommended by 

Adeola et al. (2021) and Arriola et al. (2022). 

 

Regarding the spatial distribution of the GEVD parameters 

with ordinary moments (Figure 3) and with linear moments 
(Figure 4) for the study area, it can be observed that in terms 

of the location parameter. The smallest values are they mostly 

in the Pacific 5 hydrological region and the highest ranges are 

found in the Pacific 6 hydrological region, especially in the 

northwest of Peru, this effect is mainly due to the alteration of 

rainfall by the El Niño Phenomenon during the periods 1982-

1983, 1997-1998 and the first months of 2017. 

 

In relation to the scale parameter (Figure 3b and Figure 4b), it 

is shown that the smallest values are oriented towards the coast 

and the highest values tend to move away from this area. 
Regarding the shape parameter (Figure 3c and Figure 4c), it 

had a different pattern, that is, the low values move away from 

the coast and the high values tend to approach the Peruvian 

coast. From the foregoing, it can be inferred that in terms of 

these last two parameters of the GEVD, there is some 

variability of rainfall in this area, due to the behavior of 

extreme rainfall and altitude. 

 

The results of the hypothesis tests applied to the hydrological 

regions are shown in Table 2, obtaining a significant difference 

between the two regions for the location parameter, since the 

null hypothesis was rejected, which is interpreted as a variation 
in the rainfall regime extreme between the two study areas. 

Null hypotheses were accepted for the scale and shape 

parameters. Subsequently, the correlations of the three 

parameters of the GEVD with respect to altitude, average 

rainfall and maximum rainfall of each hydrological region 

were made, applying ordinary moments (Figure 5), and linear 

moments (Figure 6). 

 
Table 2. Hypothesis test for the three parameters of the GEVD based on the 

total number of climatic stations of both hydrological regions 

GEVD 

parameter 

Type of statistical adjustment 

Type of 

validated 

hypothesis 

With  

ordinary moments 

With 

linear moments 

Bootstrap 

T-test for 

two 

samples 

of equal 

variances 

Bootstrap 

T-test for 

two 

samples 

of equal 

variances 

Location 5.3 × 10-10 1.4 × 10-10 3.4 × 10-10 1.1 × 10-10 
𝐻1−𝜉: 

𝜉5 ≠ 𝜉6 

Scale 0.975 0.647 0.803 0.277 
𝐻𝑂−𝜃: 

 𝜃5 = 𝜃6 

Shape 0.692 0.400 0.588 0.330 
𝐻𝑂−𝛾: 

𝛾5 = 𝛾6  
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Figure 3. Spatial distribution of the parameters: a) location, b) scale and c) shape for the Pacific 5 and Pacific 6 hydrological regions of Peruvian north with 

adjustment to ordinary moments 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 4. Spatial distribution of the parameters: a) location, b) scale and c) shape for the Pacific 5 and Pacific 6 hydrological regions of Peruvian north with 

the adjustment to linear moments 
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Figure 5. Correlations of the location, scale and shape parameters for the Pacific 5 and Pacific 6 hydrological regions of Peruvian nor th with the adjustment to 

ordinary moments 
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These results show only the best correlations, that is, with r ≥ 

0.60 (Herrera et al., 2017), given that in the other cases the 

correlations were very low and null, as happened with the 
shape parameter, since in none of the relationships was there a 

correspondence with any of these variables. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

In the same way, with the adjustment of linear moments for the 

location parameter in the Pacific 5 hydrological region, 

regarding its correlation with the maximum rainfall (Figure 
6i), it did not show correspondence (r = 0.4354), while for the 

ordinary moments it was the opposite, since that r = 0.7631 

was determined (Figure 5c). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Correlations of the location, scale and shape parameters for the Pacific 5 and Pacific 6 hydrological regions of Peruvian north with the adjustment to 

linear moments 
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For these reasons, when contrasting the altitude, average 

rainfall and maximum rainfall of each hydrological region and 

with the application of both adjustments with respect to each 
parameter of the GEVD, it was possible to determine that there 

are high correlations with the parameters of location and scale. 

 

The case of the location parameter (Figure 5f) stands out, since 

it was obtained that the highest correlation was with the 

maximum rainfall in the Pacific 6 hydrological region (r = 

0.8936) and by joining both hydrological regions and then 

correlating them with the maximum rainfall an r = 0.9165 was 

achieved (Figure 5i), in both cases it was with the adjustment 

to ordinary moments (Figure 5). While with the adjustment to 

linear moments (Figure 6d) the best correlation of the location 

parameter of the Pacific 6 hydrological region was obtained 
with respect to the average rainfall (r = 0.9258) and the same 

happened when the two regions were combined to correlate 

them with the average rainfall, since its r = 0.9425 (Figure 6g). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

In this sense, and according to these results, the setting that 

best suits the study area is the GEVD with ordinary moments, 

since the best correlations of the location parameter with 
respect to maximum rainfall were achieved, as justified by 

Mohamed & Adam (2022), since they indicate that the GEVD 

is one of the distributions that best fits extreme rainfall events 

and for the subsequent determination of their magnitude and 

frequency, despite this Nerantzaki & Papalexiou (2022), 

together with Vivekanandan (2022) maintain that other 

adjustments should be examined, such as that of linear 

moments of the GEVD, for which reason the comparison of 

both adjustments in both hydrological regions in the present 

investigation is justified. 

 

Lastly, and as a complementary part to the results obtained in 
this investigation, the maximum rainfall of hydrological 

regions 5 and 6 of Peruvian north were determined for various 

return periods, as shown in Figure 7, also using the inverse 

distance weighted procedure, commonly known as IDW. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Maximum rainfall of hydrological regions 5 and 6 of Peruvian north for return periods of: a) 5 years; b) 25 years; c) 100 years; d) 200 years; e) 500 

years and f) 1000 years 
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It should be noted that these rainfalls were estimated with the 

application of the GEVD through ordinary moments, since as 

the findings of this investigation indicate, this adjustment 
achieved the best correlation in terms of maximum rainfall in 

both hydrological regions. 

 

As expected, the greatest accumulation of rainfall occurs in the 

Pacific 6 hydrological region than in the Pacific 5 hydrological 

region, for example, in Figure 7c for a return period of 100 

years, in region 6 the rainfall reached exceed 1000 mm, while 

region 5 reached a maximum of 330 mm, this same behavior 

occurred with all return periods, which also corroborates the 

hypothesis obtained that the location parameter of both 

hydrological regions are different. 

 

4. CONCLUSIONS 

 

There are few studies related to the determination of maximum 

rainfall in northern Peru, so this research contributes not only 

to the analysis of the GEVD, but also to the evaluation of the 

location, scale, and shape parameters in the Pacific 5 and 

Pacific 6 hydrological regions, as well as their distribution in 

this area of Peru, considering a total of 138 climatic stations 

with a minimum record of 15 years. 

 

The scale and shape parameters of both hydrological regions 
show a good performance for the adjustment both with 

ordinary moments and with linear moments, which could be 

demonstrated by applying the respective hypotheses, since for 

these two parameters the null hypotheses were accepted, for 

what we know it can be inferred that in both hydrological 

regions there is variability in the rainfall pattern, however in 

terms of correlations with altitude, average and maximum 

rainfall, only the scale parameter was the one that presented 

the best performance with respect to these climatic variables. 

 

The location parameter showed that the Pacific 6 hydrological 

region is rainier than the Pacific 5 hydrological region, since 
the average value of this parameter in region 5 was much lower 

than region 6; likewise, it is justified with the contrasting of 

the hypothesis, because the null hypothesis was rejected and 

according to the best correlations achieved with the maximum 

rainfall, they suggest that the adjustment of the GEVD with 

ordinary moments is adequate for both hydrological regions. 

However, it is recommended to study this type of adjustment 

in the other hydrological regions of the Pacific of Peru to help 

validate the findings achieved in this research. 
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