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1 1. INTRODUCTION 

 

Currently there are various climatic indices and statistical 

parameters that allow studying the behavior of rainfall, 
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whether on a daily, monthly or annual level (López et al., 

2019). Within this set of indicators, those related to the 

estimation of climatic aggressiveness and precipitation 

concentration stand out; since, over the years, it has been 

CC BY 4.0 

 

 

 

 

 

 

 

 

 

Climatic Aggressiveness and Precipitation Concentration in a 

Peruvian Amazon Basin: Alto Huallaga Interbasin 
 

Arriola, Guillermo1,* ; Villegas, Luis1 ; Marín, Noe1 ; Idrogo, César1 ; Piedra, José2 ; Palomino, Jose2 ; 

Cayatopa, Billy2  

 
1Universidad Señor de Sipán, Facultad de Ingeniería, Arquitectura y Urbanismo, Pimentel, Perú 

2Universidad Nacional de Jaén, Departamento Académico de Ingeniería Civil, Jaén, Perú 

 

Abstract: Precipitation in the central Peruvian Amazon is characterized by being seasonal and with strong intensities 

during the first months of the year, leading to flooding and the subsequent collapse of the local infrastructure in 

provinces of San Martin, Huanuco, Pasco and La Libertad Regions of Peru, which are located within the delimitation 

of the Alto Huallaga Interbasin. Therefore, the objective of this research was to evaluate the climatic aggressiveness 

and concentration precipitation in the Amazon basin, applying three indices of aggressiveness and a precipitation 

concentration index (ICP), estimated from the precipitation record of the climatic stations in the study area. The 

results show a very high correlation between mean precipitation and altitude (R2 = 0.72) and with respect to the 

aggressiveness, the modified Fournier-Maule index (IFMM) was the one with the best correspondence with respect 

to altitude (R2 = 0.72) and mean precipitation (R2 = 0.98), however, the ICP shows moderate correlations with altitude 

(R2 = 0.21) and mean precipitation (R2 = 0.16). Likewise, the extreme values of the different indices were estimated 

for different return periods and a multiple linear regression model was developed to relate climatic aggressiveness 

and the ICP to estimate the mean precipitation (R2 = 0.99). Finally, it is concluded that, the Alto Huallaga Interbasin 

presents a very low climatic aggressiveness and the concentration of rain is moderately seasonal. 
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Agresividad Climática y Concentración de Precipitaciones en una 

Cuenca Amazónica Peruana: Intercuenca Alto Huallaga 
 

Resumen: Las precipitaciones en la Amazonía central peruana se caracterizan por ser estacionales y con fuertes 

intensidades durante los primeros meses del año, conllevando a que se produzcan inundaciones y el posterior colapso 

de la infraestructura local de las provincias de las Regiones San Martín, Huánuco, Pasco y La Libertad de Perú, que 

se encuentran dentro de la delimitación de la Intercuenca Alto Huallaga. Por lo expuesto, la presente investigación 

tuvo por objetivo evaluar la agresividad climática y concentración de precipitaciones en la Cuenca Amazónica, 

aplicando para tal fin tres índices de agresividad y un índice de concentración de precipitaciones (ICP), los cuales se 

estiman a partir del registro de lluvias de las estaciones climáticas de la zona de estudio. Los resultados muestran una 

alta correlación entre la precipitación media y altitud (R2 = 0.72) y respecto a la agresividad, el índice de Fournier-

Maule modificado (IFMM) fue el de mejor correspondencia con respecto a la altitud (R2 = 0.72) y precipitación media 

(R2 = 0.98), sin embargo, el ICP muestra correlaciones moderadas con la altitud (R2 = 0.21) y la precipitación media 

(R2 = 0.16). Así mismo, se estimaron los valores extremos de los diferentes índices para diferentes períodos de retorno 

y se desarrolló un modelo de regresión lineal múltiple que relaciona la agresividad climática y el ICP para estimar la 

precipitación media (R2 = 0.99). Finalmente, se concluye que la Intercuenca Alto Huallaga presenta una agresividad 

climática muy baja y la concentración de lluvias es moderadamente estacional. 
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shown that both the aggressiveness of the rains and their 

concentration have made it possible to adequately manage the 

planning of water resources in the face of possible extreme 

events that may be associated with climate change, especially 

in Amazon basins (Zubieta et al., 2019).  

 

This is why the importance of its study arises, since by having 

seasonal variability in rainfall, these can affect the continental 

water balance of almost all the countries in South America, 

whose area of influence mainly includes the Amazon River 

and its tributaries (Da Mota et al., 2020). Likewise, 

precipitation is a variable of vital importance for hydrological, 

climatic, water resource management as well as for evaluating 

the event of natural disasters (Arriola et al., 2023). It is 

necessary to know their behavior and distribution throughout 

a hydrographic basin or in an urban area (Llano, 2018), given 

that the impact that abnormal rains can cause in short periods 

of time, will trigger extreme flows and subsequently floods 

(Caicedo et al., 2024), or in other cases, significant droughts 

generated by increased erosion (Ilbay-Yupa et al., 2019). 

 

The climatic aggressiveness estimated from the balance of 

monthly and annual precipitation establishes the erosive 

hydrological condition to which a geographic area or basin is 

exposed (Baecheler & Bravo, 2019). Hence, this indicator has 

served as a reference to adequately estimate erosivity by 

incorporating it into the original R factor of the universal soil 

loss equation, the latter known by its acronym as USLE (Bezak 

et al., 2023; Chen et al., 2023). Usually, arid areas or areas near 

the coast with low altitude tend to present high climatic 

aggressiveness, while areas with abundant vegetation and 

intermediate to high altitude show low aggressive conditions 

(Arriola et al., 2022).  

 

In relation to the concentration of precipitation, this is 

determined by means of a numerical index that establishes 

whether the precipitation obeys a uniform, seasonal or 

irregular climatic pattern (Azioune et al., 2023). Furthermore, 

the concentration can be estimated under different rainfall 

scenarios, whether daily, monthly or annual, depending on the 

orographic conditions of the study area (Llano, 2023).  

 

That is why both the concentration of precipitation and the 

climatic aggressiveness tend to show a significant 

correspondence with respect to latitude, longitude, altitude and 

mean precipitation (Arriola et al., 2022; Valdés-Pineda et al., 

2016). However, these conditions noted above will depend on 

the amount of historical records and weather stations available 

in the evaluation area (Bessaklia et al., 2018). Therefore, these 

indices are not recommended for studies with a limited number 

of stations and short-duration precipitation records (Lana et al., 

2023). 

 

According to the reviewed literature on climate 

aggressiveness, the Fournier index (IF), the modified Fournier 

index (IFM), the modified Fournier-Maule index (IFMM), are 

the most used aggressiveness estimators for the study of 

erosion processes in hydrographic basins (Back et al., 2019). 

Meanwhile, for concentration analysis, the precipitation 

concentration index (ICP) has been widely used to evaluate the 

behavior of rainfall in relation to altitude and other climatic 

variables (Olguín, 2019); including changes that have 

occurred in the precipitation pattern due to climate change 

(Diodato et al., 2020). 

However, a large amount of precipitation data is required at a 

daily level and with extensive lengths of annual records, which 

often limits this type of applications for hydrological and 

climatic studies (García-Barrón et al., 2018). 

 

Throughout the world, there are various investigations directly 

related to these indices, as indicated by Llano (2021). Despite 

this, very few studies have focused on Amazonian areas, 

especially South America.  Among the limited scientific 

contributions, notable work has been developed in Brazil, 

including studies on precipitation, its extreme pattern and the 

distribution of its seasonality and variability, which were 

analyzed by Aguiar et al. (2019), Da Motta et al. (2020), De 

Moura et al. (2021), De Brito et al. (2022) and Costa et al. 

(2023).  

 

In Peru, only three studies related to climatic aggressiveness 

and precipitation concentration have been developed, the first 

addressed by Arriola et al. (2022); while the research by 

Zubiate et al. (2017) has evaluated only the concentration of 

precipitation in a Peruvian Amazon area. Subsequently, 

Zubiate et al. (2019) carried out the largest scale analysis for 

the entire Amazon basin that covered Bolivia, Brazil, 

Colombia, Ecuador, Peru and Venezuela, whose results have 

only been validated for the precipitation concentration at a 

daily level. Therefore, it is necessary to incorporate the 

evaluation of climatic aggressiveness, that allows us to know 

the vulnerability to which the Peruvian Amazon area is 

exposed, since it could affect the abundance, richness and 

diversity of its flora and fauna (Llampazo et al., 2023). 

 

The present study aimed to evaluate the climatic 

aggressiveness and concentration of precipitation in the Alto 

Huallaga Interbasin, applying three aggressiveness indices: IF, 

IFM, and IFMM, and one of precipitation concentration: ICP, 

which are estimated from the rainfall record of the climatic 

stations available in the Peruvian Amazon area. Then, this area 

of Peru is susceptible to heavy rains, major floods and thus the 

subsequent collapse of the local infrastructure of some 

provinces of the San Martin, Huanuco, Pasco and La Libertad 

Regions of Peru, which are located within the delimitation of 

this basin. 

 

That is why, with the findings of this research, it will be 

possible to know how the aggressiveness and concentration of 

precipitation is distributed in the Alto Huallaga Interbasin, 

serving at the same time as an updated scientific basis for 

researchers interested in understanding the rainfall behavior of 

this basin of the Peruvian jungle. 

 

2. MATERIALS AND METHODS 

 

2.1 Study zone 

 

The Alto Huallaga Interbasin has a geographical area of 

30276 Km2, it is located between the coordinates 76 ° 00 ´ to 

77 ° 00 ´ west longitude and 7 º 00 ' to 11 º 00 ' south latitude 

(Figure 1). Likewise, the basin has an altitude that varies 
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between 750 m. s. n. m. up to 5500 m. s. n. m. above sea level 

and it has a rugged relief, whose slope varies from 0.20 % to 

12.00 %, highlighting in its orography the presence of various 

mountainous areas and valleys, which cause various 

ecosystems and extensive plant coverage to occur in this basin 

(Carrión, 2018). 

 

 

 
Figure 1. Location of the Alto Huallaga Interbasin, South America, Peru 

 

Politically, the Alto Huallaga Interbasin covers some 

provinces in the San Martin, Huanuco, Pasco and La Libertad 

Regions of Peru. Located in a strategic area of the central 

jungle, it allows the constant exchange of essential products 

and export such as coffee and cocoa. 

Regarding the availability of its water resources, the Alto 

Huallaga Interbasin is part of the set of basins of the Huallaga 

River, since this river in the study area has a length close to 

770 km, whose route goes from west to east. In relation to the 

rainfall pattern, these usually occur between the months of 

November to April, with maximum values between February 

and April, as shown in Figure 2 for some climatic stations of 

the Alto Huallaga Interbasin. 

 

2.2 Data collection and processing 

 

Through the collection of data, it was possible to establish that 

the Alto Huallaga Interbasin has a total of 29 climate stations 

of the conventional type. However, for the purposes of this 

investigation, only 20 stations were considered (Table 1), since 

it was decided to select a minimum record amount of 15 years 

and in each year the full 12 months for each station, as 

recommended by the SENAMHI (2018), using this criterion 

as a protocol for the collection and selection of precipitation 

information. The data collection source was obtained from the 

open access electronic portal of the Autoridad Nacional del 

Agua (ANA) of Peru, which is available for any consultation. 

 

To process the precipitations information, data quality control 

was initially used, with the purpose of establishing possible 

erroneous ranges that could originate from existing operational 

problems or that may be associated with the observation and 

collection of the precipitations in each of the climatic stations, 

as suggested by Luna-Romero et al. (2018).  

 

Therefore, an initial graphic evaluation was applied using box 

diagrams at 95 % probability, which helped to exclude the 

months considered as atypical cases found in some records, 

which exceeded the monthly mean of precipitation by more 

than three standard deviations, as refers by Manikanta, 

et al.  (2023). 

 

2.3 Climate aggressiveness and precipitation concentration 
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To determine the climatic aggressiveness and the 

concentration of precipitation, as well as their respective 

classifications, the equations presented in Table 2 were used. 

 

 
Figure 2. Box diagram of the mean rainfall of some climatic stations of the Alto Huallaga Interbasin: a) Cachicoto; b) Campanilla; 

c) Huariaca; d) Milpo; e) Ongon and f) Tingo Maria
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Table 1. Climatic stations considered in this study 

N° 
Station 

name 

Altitude 

(m. s. n. m.) 

South 

latitude 

West 

longitude 

Registration 

period 

1 Ambo 3025 10.13 ° 76.17 ° 1964 - 1998 

2 Aucayacu 586 8.93 ° 76.11 ° 1974 - 2018 

3 Cachicoto 1140 9.18 ° 76.35 ° 1964 - 1978 

4 Campanilla 290 7.44 ° 76.67 ° 1963 - 2022 

5 Canchan 1986 9.95 ° 76.29 ° 1988 - 2018 

6 Carpish 1950 9.67 ° 76.08 ° 1994 - 2018 

7 Chaglla 2800 9.85 ° 75.92 ° 1993 - 2018 

8 Huanuco 1947 9.96 ° 76.25 ° 1964 - 2018 

9 Huariaca 3355 10.43 ° 76.18 ° 1964 - 1980 

10 Jacas Chico 3673 9.88 ° 76.50 ° 1974 - 2018 

11 
La 

Divisoria 
1961 9.20 ° 75.81 ° 1995 - 2018 

12 La Morada 542 8.75 ° 76.15 ° 1966 - 1981 

13 Milpo 4256 10.60 ° 76.22 ° 1963 - 1981 

14 Ongon 1315 8.24 ° 77.01 ° 1963 - 1989 

15 San Rafael 2722 10.32 ° 76.17 ° 1966 - 2018 

16 Tananta 480 8.11 ° 76.59 ° 1993 - 2018 

17 
Tingo 

María 
660 9.29 ° 75.99 ° 1964 - 2018 

18 Tocache 512 8.18 ° 76.52 ° 1966 - 2011 

19 Tulumayo 640 9.10 ° 75.90 ° 1965 - 2018 

20 Yanahuanca 3150 10.49 ° 76.51 ° 1978 - 2018 

 
Table 2. Applied indices and their respective classifications 

Index Equation 
Classification 

Quantitative Qualitative 

Fournier 

index 

(IF) 
IFj =

(𝑃max𝑗)
2

𝑃
 

< 50 Very low 

51 - 100 Low 

101 - 150 Moderate 

151 - 200 High 

> 201 Very high 

Modified 

Fournier 

index 

(IFM) 

IFMj =
∑ (𝑃𝑖𝑗)212

i=1

𝑃
 

< 100 Very low 

101 - 200 Low 

201 - 300 Moderate 

301 - 400 High 

> 401 Very high 

Modified 

Fournier-

Maule index 

(IFMM) 

IFMMj =
(∑ 𝑃𝑖𝑗)12

i=1
2

𝑃
 

< 400 Very low 

401 - 1000 Low 

1001 - 1800 Moderate 

1801 - 2800 High 

> 2801 Very high 

Precipitation 

concentration 

index 

(ICP) 

ICPj = 100
∑ 𝑃ij

212
i=1

Pj
2  

< 10 % Uniform 

11 % - 15 % 
Moderately 

seasonal 

16 % - 20 % Seasonal 

21 % - 50 % 
Strongly 

seasonal 

≥ 51 % Irregular 

 

Where 𝑃𝑚𝑎𝑥 𝑗 is the mean precipitation of the rainiest month 

of the year j, P is the mean annual precipitation, 𝑃𝑖𝑗 is the 

monthly precipitation of the month i in the year j and 𝑃𝑗 is the 

annual precipitation for the year j. 

 

It should also be noted that among the indices shown in Table 

2, IF, IFM and ICP were cited from Ilbay et al. (2019), while 

IFMM was cited from Pizarro et al. (2008). It should be added 

that all these indices are also cited and explained in the 

research of Arriola et al. (2022). 

 

Subsequently, the correlations of these indices were 

established with respect to the altitudes and mean 

precipitations of the climatic stations of the Alto Huallaga 

Interbasin, a procedure suggested by Ilbay et al. (2019), 

Fernandez et al. (2020), Amiri & Gocić (2021), Arriola et al. 

(2022) and Lana et al. (2023), whose ranges of the correlation 

coefficient r and its variations (Table 3) were taken from 

Herrera et al. (2017). 

 
Table 3. Correlation coefficient ranks and classification 

Coefficient ranks Classification 

r = 1.00 Perfect 

0.80 < r < 1.00 Very high 

0.60 < r < 0.80 High 

0.40 < r < 0.60 Moderate 

0.20 < r < 0.40 Low 

0.00 < r < 0.20 Very low 

r = 0.00 Null 

 

Then, the extreme values of the IFM, IFMM and ICP were 

estimated for different return periods, applying for this 

purpose six theoretical distributions (Table 4) with linear 

moments, as suggested by Hosking (1990), for a significance 

level of 5 % and with the Kolmogorov-Smirnov goodness-of-

fit test, whose best-performing distributions and the values of 

the tabular delta and theoretical delta obtained for each index 

are shown in Table 5. The equations of the theoretical 

distributions shown in Table 4 were cited from the research by 

Vargas et al. (2023). 

 
Table 4. Theoretical distributions used for extreme value analysis 

Theoretical distribution Probability density function 

Normal 𝐹(𝑥)  =  (
1

√2𝜋𝑆
) ∫ 𝑒

−[(
1

2
)(

𝑥−𝑥̅

𝑆
)

2
]

𝑥

−∞

 

Exponential 𝐹(𝑥)  = 1 − 𝑒[−(
𝑥−𝜀

𝛼
)]

 

Generalized Extreme 

Value (GEV) 𝐹(𝑥)  =  𝑒
−[{

1−𝑘(𝑥−𝜀)

𝛼
}

1
𝑘

]

 

Gumbel 
𝐹(𝑥)  =  𝑒

[−𝑒
{
−(𝑥−𝜀)

𝛼
}
]

 

Weibull 𝐹(𝑥)  = 1 − 𝑒
[−(

𝑥−𝜀

𝛽
)

𝛽
]
 

Pareto 𝐹(𝑥)  =  1 − [1 − {
𝑘(𝑥−𝜀)

𝛼
}]

1

𝑘
   

 

Additionally, a multiple linear regression model was 

developed to relate climatic aggressiveness and precipitation 

concentration to estimate the mean precipitation in the Alto 

Huallaga Interbasin, with the purpose of knowing whether or 

not there is a significant relationship between said variables. 

 

3. RESULTS AND DISCUSSION 

 

According to the results found in this research, it is deduced 

from Figure 3a, that there is a high correlation between mean 

precipitation and altitude (r = 0.85; R2 = 0.72), and in relation 

to climatic aggressiveness with respect to altitude, the IF 

(Figure 3b) showed a moderate correlation (r = 0.53; R2 = 

0.28), while the IFM (Figure 3c) and the IFMM (Figure 3d) 

showed very high correlations with this variable, that is, they 

were r = 0.82 and r = 0.85, respectively. In the case of the ICP 
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(Figure 3e), a moderate correlation was established in relation 

to altitude (r = 0.46; R2 = 0.21). 

Regarding of mean precipitation, the IFMM was the one with 

the best correlation (r = 0.99; R2 = 0.98) in correspondence to 

this variable (Figure 3h). 
 

Table 5. Theoretical distributions of best fit chosen for each climatic station and for each applied index according to Kolmogorov - Smirnov test 

N° 
Station 

name 

For IFM For IFMM For ICP 

Tabular 

delta 

Theoretical 

delta 

Chosen 

distribution 

Tabular 

delta 

Theoretical 

delta 

Chosen 

distribution 

Tabular 

delta 

Theoretical 

delta 

Chosen 

distribution 

1 Ambo 0.272 0.0954 Pareto 0.272 0.0713 Pareto 0.272 0.124 GEV 

2 Aucayacu 0.2206 0.104 GEV 0.2206 0.0874 GEV 0.2206 0.1186 GEV 

3 Cachicoto 0.3512 0.0815 GEV 0.3512 0.0995 GEV 0.3512 0.0968 GEV 

4 Campanilla 0.1756 0.0876 Normal 0.1756 0.0987 Pareto 0.1756 0.1384 GEV 

5 Canchan 0.2443 0.0603 Gumbel 0.2443 0.0694 Weibull 0.2443 0.118 GEV 

6 Carpish 0.272 0.1457 Weibull 0.272 0.0964 GEV 0.272 0.0949 GEV 

7 Chaglla 0.2667 0.065 GEV 0.2667 0.0558 GEV 0.2667 0.1085 GEV 

8 Huanuco 0.1886 0.0708 GEV 0.1886 0.0644 Gumbel 0.1886 0.0553 GEV 

9 Huariaca 0.34 0.066 Pareto 0.34 0.1016 Weibull 0.34 0.0904 Pareto 

10 Jacas Chico 0.2027 0.0843 Pareto 0.2027 0.1102 Pareto 0.2027 0.0605 Gumbel 

11 La Divisoria 0.2776 0.1011 GEV 0.2776 0.1218 GEV 0.2776 0.1607 GEV 

12 La Morada 0.34 0.1152 GEV 0.34 0.1176 Pareto 0.34 0.0826 GEV 

13 Milpo 0.3772 0.1009 Pareto 0.3772 0.1104 Gumbel 0.3772 0.3498 Normal  

14 Ongon 0.2617 0.0801 Weibull 0.2617 0.068 Weibull 0.2617 0.0733 GEV 

15 San Rafael 0.1943 0.1209 GEV 0.1943 0.1107 GEV 0.1943 0.0977 Pareto 

16 Tananta 0.2667 0.0534 Normal 0.2667 0.0788 Normal 0.2667 0.1144 GEV 

17 Tingo Maria 0.1834 0.0581 Gumbel 0.1834 0.0734 Normal 0.1834 0.1093 GEV 

18 Tocache 0.2443 0.0657 GEV 0.2443 0.1077 Normal 0.2443 0.1526 Pareto 

19 Tulumayo 0.1963 0.0718 GEV 0.1963 0.0969 Weibull 0.1963 0.1281 GEV 

20 Yanahuanca 0.2236 0.0764 Normal 0.2236 0.0658 Normal 0.2236 0.0713 GEV 

 

Likewise, with the IFM (Figure 3g) a high correlation was also 

established (r = 0.94; R2 = 0.88), while the IF (Figure 3f) was 

the opposite since its correlation was moderate (r = 0.53; R2 = 

0.28). Finally, the ICP (Figure 3i) showed a low correlation 

with the mean precipitation (r = 0.40; R2 = 0.16). 

 

The results of these indices are similar to the variations 

reported in studies from various countries, highlighting 

Baecheler & Bravo (2019) and Valdés et al. (2016) for Chile, 

Gallardo et al. (2018) for Cuba, Back et al. (2019) for Brazil, 

Olguín (2019) for Bolivia, Ilbay-Yupa et al. (2019) for 

Ecuador, Fernandez et al. (2020) for Portugal and Arriola et al. 

(2022) for Peru. Despite these results, other researches carried 

out by Zubieta et al. (2017), Bessaklia et al. (2018), Huang et 

al. (2018), Amiri & Gocić (2021) and Azioune et al. (2023), 

note that there are significant variations in the low to moderate 

correlations of the ICP with respect to altitude and mean 

precipitation. 

 

However, as stated by Zubieta et al. (2019), the concentration 

of precipitation in different parts of the world is irregular and 

does not necessarily have a spatial dependence on altitude or 

the same precipitation. Furthermore, in what corresponds to 

the Amazon basins, the spatial distribution of this indicator is 

influenced by winds, temperature changes and extreme 

precipitation (Zubieta et al., 2017). 

 

In relation to the Alto Huallaga Interbasin, similar results of 

the ranges obtained from the IFM are shown in the research by 

Back et al. (2019) and Nunes et al. (2023), since their monthly 

values ranged between 10 and 70. Regarding the other indices, 

no other scientific contributions related to Amazonian areas 

were found to make the corresponding comparison. 

 

From the above and from the research findings, it is inferred 

that the IFMM is the one with the best correlation with both 

altitude and mean precipitation, while in second place 

corresponds to the IFM, consequently, both indices are 

suitable for estimating the climatic aggressiveness of the Alto 

Huallaga Interbasin. That is why Figure 4 was developed, 

corresponding to the distribution of these indices, while Figure 

5 indicates the analysis of extremes of the IFM, IFMM and 

ICP, for return periods of 5, 10 and 25 years. 

 

Likewise, the importance of using the analysis of extreme 

value adjustment for the different climatic indicators is to 

know how these indicators are spatially distributed in the study 

area and that according to the distribution of best performance, 

the possible pattern or change that they may have for different 

return periods can be known. 

 

It should be noted that both Figure 4 and Figure 5 were 

developed through the process known as inverse distance 

weighting (IDW) interpolation from the value of each index 

obtained at the respective climatic station. The IDW method is 

highly recommended for the spatial analysis of climatic 

variables in different areas and hydrographic basins, as 

suggested by Wang et al. (2022), Arriola et al. (2023), Lee et 

al. (2024) and Kabolizadeh et al. (2024). 

 

This is why this IDW technique is the most appropriate, 

especially when you want to extrapolate ranges of climatic 

indices in geographical areas where not much data is available,  
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Figure 3. Correlations with respect to altitude and: a) Mean precipitation; b) IF; c) IFM; d) IFMM; e) ICP; and mean precipitation in relation to: f) IF; g) IFM; 

h) IFMM; i) ICP 

 

 
Figure 4. Spatial distribution of climatic aggressiveness and precipitation concentration for the Alto Huallaga Interbasin: a) IFM; b) IFMM; c) ICP 
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Figure 5. Distribution of extreme values of climatic aggressiveness and precipitation concentration for the Alto Huallaga Interbasin for 5 years return periods: 

a) IFM; d) IFMM; g) ICP; 10 years: b) IFM; e) IFMM; h) ICP, and 25 years: c) IFM; f) IFMM; i) ICP
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being in this case study the estimation of the IFM, IFMM and 

the ICP for all the Alto Huallaga Interbasin. 

 

Likewise, the spatial pattern of the IFM (Figure 4a), IFMM 

(Figure 4b) and the ICP (Figure 4c) is shown, whose 

classifications according to Table 2, corresponded 

predominantly to very low for the first two indices and 

moderately seasonal for ICP. 

 

As indicated previously, Figure 5 shows the analysis of 

extremes for three return periods, by applying the theoretical 

distributions adjusted to linear moments, but unlike 

Gallardo et al. (2018) only used a distribution for the study of 

extremes of the IFM, which is not very significant for the 

estimation of maximum values. 

 

Moreover, as can be seen in Table 5, of all the theoretical 

distributions applied to each index, the GEV (Generalized 

Extreme Value) and Pareto distribution stand out as those with 

the best fit for the study area. This is because generally both 

distributions are the ones that best fit climatic variables where 

it is necessary to analyze extreme values for different return 

periods, being in this case the climatic aggressiveness index 

and the ICP. 

 

On the other hand, as expected, the patterns of climatic 

aggressiveness present low values in the southern zone, while 

the highest ranges are located in the northwest part of the Alto 

Huallaga Interbasin (Figure 5). Quite the opposite happened 

with the ICP, as this occurs because the highest precipitation 

is recorded in the middle and high areas, since said area of the 

basin covers a greater territory of the Peruvian jungle and the 

elevations are lower. 

 

4. CONCLUSIONS 

 

Climatic aggressiveness was determined using three climatic 

indices, among which the IFMM stands out as the best 

estimator. According to the qualitative classification criterion, 

the Alto Huallaga Interbasin has a very low aggressiveness, 

and is therefore, not prone to phases of erosion or degradation. 

 

Regarding the precipitation concentration evaluated through 

the ICP, they did not show good correlations, but they were in 

a moderate range, in that sense, it is inferred that the basin has 

a moderately seasonal behavior, which is a typical pattern of 

the Amazon basins of Peru. 

 

Of the theoretical distributions applied to the three climate 

indices, both the GEV distribution and the Pareto distribution 

stood out with the best fit, which allowed estimating the IFM, 

IFMM and the ICP, for return periods of 5, 10 and 25 years, 

determining that the Alto Huallaga Interbasin would become 

moderately aggressive and the precipitation concentration 

would remain in an irregular condition. 

 

A multiple linear regression equation was developed to 

associate climate aggressiveness and precipitation 

concentration, using the IFM, IFMM and the ICP indices, to 

estimate the mean precipitation, establishing very high 

correlations, which finally makes the application of these 

indices valid for the area evaluated and can be replicated for 

the study of other basins of the Peruvian Amazon. 

 

Finally, it is recommended that water resource planners and 

authorities in the Alto Huallaga Interbasin prioritize 

vulnerable areas, particularly those located in the central and 

northwest regions, as they are the most affected by extreme 

events and floods. 
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