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Resumen 

Las inundaciones son un riesgo permanente a lo largo del tiempo y es allí donde radica la 

necesidad de estudiarlo, sabiendo que pueden generarse a partir de variaciones climáticas y es 

muy notorio que influyen los eventos naturales. El objetivo es analizar el riesgo de inundación 

a partir de información geográfica y un modelo hidráulico aplicado en el río Huancabamba 

logrando tener posibles prevenciones. Se analizo un tramo de 50000 m del río Huancabamba 

por ser una zona con mayor probabilidad de inundación. Su metodología es aplicativa y 

descriptiva, con un análisis de los máximos caudales extremos y un modelo hidráulico con 

distintos periodos de retorno de 10, 20, 30, 50 y 100 años. Se concluye que la zona estudiada 

tiene un riesgo de inundación alto con la velocidad máxima de 6.87 m/s, caudal máximo de 

1860.20 m3/s y con tirante máximo de 12.56 m, sugiriendo plantear obras de defensas ribereñas 

tanto en la zona Urbana y Agrícola. 

 

Palabras clave: Riesgo de inundación, cuenca, modelo hidráulico, caudales máximos, 

información geográfica, prevención. 
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Abstract 

Floods are a permanent risk over time, and this is where the need to study it lies, knowing 

that they can be generated from climatic variations, and it is very clear that natural events 

influence. The objective is to analyze the risk of flooding based on geographic information and 

a hydraulic model applied in the Huancabamba river to have possible prevention. A 50000 m 

section of the Huancabamba river was analyzed because it is an area with a higher probability 

of flooding. Its methodology is applicable and descriptive, with an analysis of the maximum 

extreme flows and a hydraulic model with different return periods of 10, 20, 30, 50 and 100 yr. 

It is concluded that the studied area has a high risk of flooding with the maximum speed of 6.87 

m/s, maximum flow of 1860.20 m3/s and maximum depth of 12.56 m, suggesting the 

construction of riverine defenses in both urban and agricultural areas. 

 

Keywords: Flood risk, basin, hydraulic model, maximum flows, geographic information, 

prevention. 
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Introduction 

It is known that floods are a problem that occurs all over the world, it has been studied in the 

different areas in which it impacts, with the aim of finding solutions that allow a sustainable 

development of cities both in the field of infrastructure and in the social [1]. It is known that 

heavy rains have always been considered very destructive and risky for the integrity of a 

population, since they can cause flooding in the place where they are generated. 

It should be noted that the flooding of a river is a natural phenomenon, as long as it is a normal 

flood that contributes to the fertility of the soil and the transport of water. But when floods are 

large-scale and more frequent, they can damage the lives of living things, crops and people's 

habitats. 

During the last 60 years it has been possible to catalog a series of multitudes of floods in 

different parts of the world, this has led scientists to think that these types of phenomena will 

increase at high speed and that this is not only due to the colonization of flood zones, but to an 

interannual variability or an immediate climate change  in great magnitude that influence the 

change of rainfall generating  In this way disasters of greater magnitude with the passing of the 

years. 

The Ministry of the Environment [2] indicates that in Peru the El Niño phenomenon has been 

shown in 120 episodes, of which 7 have been shown significantly, and according to SENAMHI 

the most significant events of El Niño are from the years 1982/1983 and 1997/1998, since large 

economic losses of US$ were evidenced. 3283 million and US$ 3500 million equivalent to 

11.6% and 6.2% of annual GDP in 1983 and 1998, respectively. 

Given the problem, the objective is to analyze the risk of flooding based on geographic 

information and a hydraulic model applied to the Huancabamba River as it passes through the 

district of Pucara. In this way, an adequate flood management   would be developed, as well as 

identifying the areas with the   highest risk of flooding in the area under study and obtaining 

some preventive management strategy [3]. 

López Rodríguez [4], tells us how dangerous the intense rains are for the populations and their 

economies, because they can generate human and infrastructure losses. It mentions that the 

objective of the National Institute of Hydraulic Resources (INRH) is to determine reliably and 

efficiently the predictions of floods of great intensity and the impacts of floods, this from the 

use  of  ArcGIS and HEC-RAS software which perform a hydraulic simulation of the case under 

study the basin of the Sagua la Chica River,  obtaining as a result the graph of the flood zones 

for a certain flow considered. 
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There is a history of projects where they make use of ArcGIS and HEC-RAS software, since 

these facilitate a better integration between both, above all they provide a better hydraulic 

analysis and because their access is free anyone can use them for the risk analysis of a given 

area. 

Olivares Castillo [5], tells us that through hydraulic simulation with the HEC-RAS application 

model, the hydraulic behavior of a section under study can be evaluated and analyzed, while 

allowing to identify vulnerable points when overflow scenarios with different return periods 

occur. It also mentions that flows, flow hydrographs, velocities, cross sections in flood zones 

and longitudinal profiles can be established before and after a simulation.  

Comparisons of hydraulic behavior can also be conducted between two hydraulic simulation 

software’s such as IBER and HEC-RAS. 

According to Belizario Quispe, Pancca Cruz [6], tells us that using rainfall and hydrometric 

data, Statistical Analysis was conducted for different return periods, as well as the behavior of 

the riverbed and the calculation of maximum flows. It is concluded that for rivers with a simple 

geometry it is a better alternative to use the one-dimensional HEC-RAS software, since the 

introduction of the data is much easier and the results are obtained in less time, and for rivers 

with greater irregular geometry it is advisable to use the two-dimensional IBER software. 

After the search for information, it was observed that in Peru there are very few projects that 

use software to predict floods, which is why this research will give us a scientific contribution 

in the analysis and evaluation of risks caused by floods. 

 

Methodology 

Studio Area 

The project to be carried out is located in the district of Pucara southwest of the province of 

Jaen at km 117 of the Fernando Belaunde Terry Road.  

The Huancabamba River basin hydrographically is part of the Amazon Hydrographic Region, 

they are part of the Atlantic Slope and flow into the Alto Marañon Interbasin, it should be noted 

that hydrographically, it belongs to the Chamaya basin. The sample under study is a stretch of 

5000 linear meters of the Huancabamba River (figure 1), since this is the area with the most 

flooding. 
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For the study of the flows, the historical rainfall records offered by SENAHMI [7] were used, 

which are the data of the Use of the PISCO Grilled Product (Peruvian Interpolated data of the 

SENAMHI's Cimatological and hydrological Observations), these data cover from 1981 to 

2016, that  is to say that there are records of 36 years and for a hydrological analysis at least the 

record of 25 years is needed according to the Ministry of Transport and  Communications 

(MTC) [8], with this the probabilistic analysis of rainfall and the estimation of the maximum 

flows for the different return periods were carried out. 

Subsequently, the investigation was carried out as shown in figure 2, this sequence begins with 

the investigation of the geographic information of the terrain, then the analysis of the maximum 

extreme flows is carried out and ends with the hydraulic modeling with which the maps of the 

most flooded areas will be generated, which is suggested in the investigations according to 

Meng [9]. 

Figure 1: Location of the section under study on the Huancabamba Cueca Chamaya River. 

Source: Author's elaboration. 
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Geographic Information System 

To obtain the geographic information of the area under study, georeferential was obtained 

through the use of Digital Elevation Modeling better known as DEM's, which were obtained 

from the LAND VIEWER satellite granted by NASA through its website.  The DEM's that were 

used are 5 x5 m, and it was processed in the ArcMap software, these satellite images are 

downloaded in raster format and in the software, they are passed to the shapefile type in order 

to export it in dwg format and in this way to be able to align and make the stroke (Figure 3).   

It is also worth mentioning that according to [10], he mentions that with the geographic 

information system you can make predictions of flood patterns and flood risk areas. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:Research flowchart. 

Source: Author's elaboration. 
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Figure 3: Cross sections and plan alignment of the section under study. 

Source: Author's elaboration. 

 

Analysis of maximum extreme flow rates 

The analysis of maximum extreme flows is carried out from the data of the historical records 

of precipitation, in this case the data offered by PISCO, the magnitude of extreme events and 

the frequency in which they occur are related, making use of probability distributions. The 10 

stations with which they worked were determined, and the information was processed with the 

RStudio software, then the information was exported to Excel and a dynamic table was worked 

with the maximum rainfall in 24 hours for each year and for each season.  

Then the probabilistic analysis of the precipitation data was performed according to the 

recommendations of the MTC using the following distributions: Normal, Log – Normal, 

Gumbel I, Pearson III and Long – Pearson III.  

The methods mentioned above evaluate whether a range of data fits a distribution for a 

significance level of 5% or a probability of 95% for either linear or ordinary momentum, which 

is why using the Kolmogorov-Smirnov method the Goodness of Fit Test is performed for the 
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11 established stations. It is worth mentioning that according to Guillen Oviedo the criterion 

for choosing the appropriate distribution will depend on whether the probability distribution 

queues are associated with the historical rainfall record and, above all, that their trend is 

constant. 

The calculation of the flows in the different return periods was used the HEC – HMS software, 

for this Juan M. Stella tells us [11], that the calculation  of the Curve Number (CN) and the 

concentration time of each sub-basin must be made, in this case for the Upper, Medium and 

Low sub-basin. The SCS (Soil conservation Service) method was used, since it is the one that 

best relates to this project, this method is made from the characteristic curve number, which is 

calculated by the type of soil presented by the terrain of the area under study and the vegetation 

cover of the basin studied. To obtain values of the Curve Number were calculated taking into 

account the guide "Generation of the Thematic Map Curve Number" provided by the National 

Water Authority.  

The ANA provides us with raster maps of Number of Curves for three types of conditions: 

Normal conditions, Dry conditions and Wet conditions. With the help of ArcGIS, data needed 

from the Huancabamba River basin were extracted, mentioning that we worked with the Curve 

Number map under normal conditions. 

Hydraulic modeling 

Here the simulation of a one-dimensional hydraulic model of the area under study of the 

Huancabamba river basin is carried out using the HEC-RAS v.6.1 software, in order to have the 

sections, simulate the flow profiles, know the water level throughout the section and the speeds. 

In the hydraulic model, the delimitation of the axis and the margins of the river and the 

maximum flows for the different return periods that are being analyzed were considered.

Flood risk analysis 

To carry out the flood risk analysis based on the hydraulic model carried out, the tables provided 

by INDECI were used used [12], here they teach you what steps you must follow to achieve the 

elaboration of hazard, vulnerability and risk maps produced by a flood. 

According to INDECI it indicates that the danger can be determined from the intensity (depth 

and speed of the water) and the probability of occurrence, in Table 1 you can see how the 

intensity is calculated, in Table 2 the flood intensity ranges are observed, in Table 3 you will 
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see the probability that exists for a flood to be generated and Table 4 shows the probability 

ranges. 

Table 1: Table for the calculation of intensity product of a flood. 

Source: River flood risk estimation manual. 

 

 

 

 

Table 2: Table for flood intensity ranges. 

Source: Manual for River Flood Risk Estimation. 

 

 

 

Table 3: Table for calculating the probability of a flood. 

Source: Manual for River Flood Risk Estimation. 

 

 

 

 

Table 4: Table for flood probability ranges. 

Source: Manual for River Flood Risk Estimation. 

 

With regard to the flood vulnerability analysis, the different vulnerabilities presented by 

INDECI used [12] were taken into account, which are: physical, environmental and ecological, 

economic, social, educational, cultural and ideological, political and institutional and scientific 

and technological vulnerability. For each of these INDECI it offers us a series of tables to 

determine them. Once the ranges of each of the vulnerability types are established, INDECI 

tells us that the total vulnerability is the average of the vulnerabilities analyzed.  
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Already with that value of the total vulnerability we will look in table 5 in which values is the 

vulnerability that was calculated, and in this way, we will determine the degree of the 

vulnerability. 

 

 

 

Table 5: Total vulnerability table. 

Source: Manual for River Flood Risk Estimation. 

 

With regard to flood risk, INDECI offers us a probabilistic equation, where it tells us that risk 

equals danger due to vulnerability. But to calculate the level of risk, the double-entry matrix 

(Table 6) was used, where it relates the level of danger and vulnerability, to finally determine 

with that value in what range the level of danger generated by the flooding of the Huancabamba 

River is (Table 7). 

 

 

 

 

 

 

Table 6: Double-entry matrix to determine the level of risk. 

Source: Manual for River Flood Risk Estimation. 

 

 

 

Table 7: Risk level ranges. 

Source: Manual for River Flood Risk Estimation. 
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Results 

From the geographic information system 

The entire alignment of the section under study was carried out, thus placing the main axis of 

the river and its margins (left and right), its elevations of the land and the cross sections of the 

entire section (Figure 4). With all this, the longitudinal profile of the terrain of 5,000 meters and 

the cross sections that were generated at 75 meters were established and determined, with a 

strip width of 800 meters at all points. 

Figure 4: Generation of the archive of the land under study of the Huancabamba River. 

Source: Author's elaboration. 

 

From the analysis of maximum extreme flows 

In order to establish the maximum extreme flows, a probabilistic analysis had to be carried out 

at each of the stations, the goodness of fit test - probability distribution graph (Figure 5) was 

carried out and with the Kolmogórov-Smirnov method the Goodness of Fit Test was carried 

out, which was applied for each of the established return periods, thus obtaining the maximum 

rainfall for the 11 stations analyzed (Table 8). 

With the precipitation data, the calculation of the flows is carried out with the HEC-HMS 

software, obtaining the maximum extreme flows for each of the return periods (Table 9). 
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Figure 5: Goodness of fit test - graph of probability distribution of station one. 

Source: Author's elaboration. 

 

 

 

 

 

 

 

 

 

Table 8: Maximum rainfall for 24 hours. 

Source: Author's elaboration. 

 

 

 

 

Table 9: Maximum flow rates obtained from the HEC-HMS software. 

Source: Author's elaboration. 
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From the hydraulic modeling 

Here the hydraulic model was carried out taking into account the different return periods in 

order to know from what values a flood will occur, it was possible to know what levels the 

water reaches during the flood (braces) and the speeds, having a flow of 1459.20 m3 / s in a 

return period of 50 years (Figure 6) and 1860.20 m3 / s for the 100 years (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:   Hydraulic model of the braces (a) and speeds (b) of the Huancabamba River in a 

return period of 50 years. 

Source: Author's elaboration. 

 

 

 

a) 

b) 
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Figure 7:  Hydraulic model of the braces (a) and velocities (b) of the Huancabamba River in 

a return period of 100 years. 

Source: Author's elaboration. 

 

As a result, it was had that in a return period of 50 years the maximum water level is 11.85 m 

and with a maximum speed of 6.29 m/s, in a return period of 100 years it was obtained that the 

maximum water level is 12.56 m and a maximum speed of 6.87 m/s. After having the maximum 

water level and the maximum speed for each return period, the maps of a flood were made 

(Figure 8 and 9). 

b) 

a) 
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Figure 8: Map of the flooded areas of the Huancabamba River in a 50-year return period. 

Source: Author's elaboration. 

Figure 9: Map of the flooded areas of the Huancabamba River in a return period of 100 years. 

Source: Author's elaboration. 
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From the flood risk analysis 

According to the flood risk analysis from the tables offered by INDECI used [12] and the braces 

and speeds that were obtained with the hydraulic modeling, it was obtained as a result that the 

most affected areas are rice crops on both the left and right banks, but also in the urban area the 

houses of the lower part of the district of Pucara are affected.  Because these are located less 

than 1 km away. 

The level of danger, vulnerability and risk was quantified, indicating that after making the 

calculations it was obtained that the area under study will be subject to high degree hazards, a 

high level of vulnerability and a high-risk level. 

Hazard Level 

To determine this, the intensity level (Table 10) and the probability level (Table 11) were first 

calculated. After that, the intensity and probability are related (Table 12), obtaining the level of 

danger (Table 13). 

Table 10: Flood intensity level of the Huancabamba River. 

Source: Author's elaboration. 

Table 11: Level of probability of flooding of the Huancabamba River. 

Source: Author's elaboration. 
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Table 12: Relationship of intensity and probability. 

Source: Author's elaboration. 

Table 13: Flood hazard level of the area under study. 

Source: Author's elaboration. 

 

Level of Vulnerability 

Physical vulnerability (Table 14), environmental and ecological (Table 15), economic (Table 

16), social (Table 17), educational (Table 18), political and institutional (Table 19), cultural and 

ideological (Table 20) and scientific and technological (Table 21) vulnerability is calculated, 

these mentioned probabilities are calculated with the average of the aspects considered in each 

of them and to obtain the total vulnerability (Table 22) the average of all the calculated 

vulnerabilities is calculated.  
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Table 14: Calculation of physical vulnerability of the area under study. 

Source: Author's elaboration. 

 

Table 15: Calculation of environmental-ecological vulnerability of the area under study. 

Source: Author's elaboration. 
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Table 16: Calculation of economic vulnerability of the area under study. 

Source: Author's elaboration. 

 

Table 17: Calculation of social vulnerability of the area under study. 

Source: Author's elaboration. 
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Table 18: Calculation of educational vulnerability of the area under study. 

Source: Author's elaboration. 

 

Table 19: Calculation of political and institutional vulnerability of the area under study. 

Source: Author's elaboration. 
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Table 20: Calculation of vulnerability, culture and ideology of the area under study. 

Source: Author's elaboration. 

 

Table 21: Calculation of political and institutional vulnerability of the area under study. 

Source: Author's elaboration. 

 

 

 

 

 

 

 



25 

 

 

 

 

 

 

 

 

 

 

Table 22: Flood hazard level of the area under study. 

Source: Author's elaboration. 

 

Risk Level  

To determine the level of flood risk (Table 24), a double-entry matrix offered by INDECI was 

used, which relates the level of danger and vulnerability (Table 23) previously determined. 

 

 

 

 

 

 

Table 23: Relationship of hazard level and flood vulnerability of the area under study. 

Source: Author's elaboration. 

 

 

 

 

 

 

Table 24: Flood risk level of the area under study. 

Source: Author's elaboration. 
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Discussion 

The analysis of the risk of a flood of a given area is very complicated when there is no 

geographic information to correctly locate the area under study, but with the use of freely 

accessible satellite images, satellite georeferencing has been facilitated, as mentioned by 

Albano [13] in his research. 

Guido Borzi [14], tells us that you can use geographic information from satellite images in this 

case I use those of Landsat, and I apply it in the Samborombon river basin (Argentina), 

demonstrating the efficiency in the flood study. In the same way Alimi S.A [15], says that floods 

are identified as a threat due to climate change worldwide, that is why the flood study of a 

certain area is done, for this geographic information is needed that was obtained from the digital 

elevation model (DEM) of Landsat 8 achieving in this way georeferencing the area under study 

and therefore carry out the elaboration of flood maps correctly. 

Regarding the analysis of the maximum flows there are many methods to calculate them, but 

Paola Duque [16], recommends that to evaluate the hydrological behavior of the tropical basin 

of Ecuador made use of the SCS Curve Number method that were applied in the HEC-HMS 

software with respect to the different return periods obtaining in this way the correct extreme 

flows,  It is worth mentioning that the use of this software is very good and more if in the area 

where the study is carried out there is no hydrometeorological information. 

For Juan Cabrera the use of [17] the HEC-HMS model, this is a method widely used today, 

especially because it is very good since it can correctly and satisfactorily simulate the runoff 

flows of a basin under study, the use of this method agrees with the methodology used in the 

study area of the Chamaya basin of the Huancabamba River,  since in this way the maximum 

extreme flows that can produce a risk from flooding in relation to the different established return 

periods were determined. 

With regard to hydraulic modeling, it was possible to see that there are several studies and 

investigations where the use of HEC-RAS software is recommended for one-dimensional 

models since this type of modeling is simpler and especially because it is easy to handle data, 

as Roland Lowe says [18]. Thanks to this type of modeling, we can determine the flood areas 

and therefore propose alternative solutions, while Ben Khalfallah [19] indicates that the HEC-
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RAS software is suitable for a simulation of a flood, which was reflected in the study he carried 

out in the Medjerda basin of Turkey. 

Also, Devanand [20], in his article mentions the ease of the HEC-RAS software to import a GIS 

or DEM thus allowing its free use worldwide, which is why the application of the software in 

the Huancabamba River gave us correct results and allowed us to identify the areas with more 

flood danger of the entire section under study. 

Conclusions 

This article makes a contribution since it determines the factors that influence the flooding of a 

Huancabamba River basin. It is concluded that the hydrological information base of PISCO 

provided by SENAHMI can be used if there is no complete information in the stations near the 

study area. It is emphasized that having the geographic information of the area under study 

requires free access satellite images. It should be noted that after performing the flood risk 

analysis through the development of a hydraulic model it was observed that the maximum flows 

that affect more are those of the return period of 50 and 100 years, with flows of 1459.20 m3 / 

s and 1860.20 m3 / s respectively, the maximum speed is 6.87 m / s and the maximum water 

level is 12.56 m for a return period of 100 years, that is why it is recommended to plate 

alternative solutions such as riparian defenses for the right and left bank of the Huancabamba 

River in the 5000 meters of the section under study so that in this way crops and homes near 

the banks of the river can be protected. 
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