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Abstract

The objective of this research is to analyze the risk of flooding in the Pumahuasi -
Huamancoto sector, district of Daniel Alomia Robles, department of Huanuco. Floods are
a devastating event that causes serious consequences for people, affecting the productive
zone, the urban and natural area, the environmental impact is direct since the flooded area
is difficult to recover, it also affects the fauna because they are displaced from their habitat
which leads to migration; the social impact is given because the affected inhabitants may
choose to stay in place and rebuild their homes, experiencing a financial burden; the
economic impact is that these events affect the district since the productive chain is broken.
To determine the risk, geotechnological tools were used such as: HEC-RAS, for hydraulic
modeling; ArcGIS, a well known Geographic Information System for the processing and
representation of flood risk. As a result, it is shown that, in flood risk mapping, the
predominant unit is high risk. The vulnerability analysis, developed based on the established
methodology, indicates that there are crop lands with very high, high and medium levels of
vulnerability to the occurrence of river flooding.
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Introduction

Among the natural phenomena that stand out in our country and are considered to be one
of the most relevant, mainly in the northern coast and the Amazon region, we talk about
river floods, we know that these are natural phenomena produced by the increase of the
flow caused by heavy rainfall, and it is called a disaster when it causes losses and damages
to the population and infrastructure, respectively. A disaster is understood as the
materialization of a risk on such a scale that its impacts exceed the response or recovery
capacity of the affected environmental system, and therefore requires external support.
(Veray Albarracin, 2017)

Inadequate land use planning and poverty aggravate this situation. Land use planning is a
preventive measure to project the organization and forms of occupation of the territory
considering the cultural and socioeconomic characteristics, as well as the use of
opportunities, the reduction of risks and the protection of resources in the short, medium
and long term. (Sanchez et al., 2020) In Peru, poverty, migration and informality have
caused many settlers to see as an alternative in inadequate areas, spaces to be inhabited such
as hillsides, riverbanks, public sandbanks, places prone to strong landslides, land with
fragile compaction, have been invaded and without a technical study and use of adequate
construction material have designed houses in precarious conditions. (Sanchez et al., 2020)

Flood-prone areas are those flat areas adjacent to a watercourse or body of water that are
covered during a flood, the latter being part of the normal hydrological regime that
expresses the hydrological response to excessive water input due to rainfall, rising water
tables, etc. They may have the water table close to the surface, making their soils
waterlogged. (Caruso, 2020)

In recent decades, a series of computer applications and tools, called Geographic
Information Systems (GIS), have been developed from the worldview of quantitative
geography, which have become a basic and powerful technology to capture, store ,
manipulate, analyze, model and present spatially referenced data. . (Gonzélez et
al.,2019).Highlighting its role in the development of flood risk maps; flood damage risk
maps are the real risk maps, since they are produced, on the one hand, from cartography
that locates and characterizes the physical phenomenon of floods, and, on the other hand,
from cartography that locates and characterizes the exposed elements.

The use of GIS, remote sensing, hydrological sensors, among others, represent a potential
of great value for the development of flood risk maps, which is, at present, a field open to
research. (Ribera, 2004). This research highlights the use of tools such as GIS and
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Hydraulic Modeling that represent a potential of great value for the development of flood
risk analysis.The flood levels of a river can be calculated due to hydrological and
hydrodynamic models, these contain input data such as rainfall, inputs, boundary
conditions, among others (Erasun et al., 2019).

A river flood event is represented by computer tools such as the HEC-HMS model that is
used to model hydrological factors, while the HEC-RAS and Iber models are used to model
hydraulic factors under one-dimensional or two-dimensional flow conditions (Marin and
Barros, 2016). This software package integrates several hydraulic analysis programs where
the user communicates with the system through a graphical interface. The main objective
of the model is to obtain the height of the water in rivers with permanent or discontinuous
flow regimes by calculating the wetted area of the cross sections. (Trivifio y Ortiz, 2004).
Thanks to their approaches, the HEC-RAS and HEC-HMS models have enabled great
advances in watershed studies and have been well received by the worldwide community
of engineers working in different areas related to water management (Ramos and Pacheco,
2017)

Among several very important reference articles is the Flood risk of the city of Iquitos, Peru
(2015), which identifies the areas at risk of flooding through the resulting mapping, explains
the use and application of GIS and remote sensing, in order to propose management
mechanisms and land use planning (Soria et al., 2015). The National Institute of Civil
Defense (INDECI) has reports on overflows of the Tulumayo River in times of large floods
that flooded agricultural and urban areas adjacent to its banks, which will complement the
data for our study. The knowledge of the areas with different levels of risk (Level of Danger
and Vulnerability), is used in the processes of territorial ordering and planning, so these
must represent the use that can be given and the potential damages to which this use would
be exposed (Manual for estimating the risk of river flooding-INDECI, 2011)

It should be noted that the Manual for the Evaluation of Risks Originated by Natural
Phenomena of the National Center for the Estimation, Prevention and Reduction of Disaster
Risk (CENEPRED) will be used as a guide, together with the study report presented by the
District Municipality of Daniel Alomia Robles, Leoncio Prado, Huanuco. (2020).

As we well know, a flood is a devastating event that causes serious consequences for people,
affecting both the productive zone, the urban area and the natural area. The environmental
impact is direct since the flooded area is difficult to recover, it also affects the fauna because
they are displaced from their habitat which leads to migration; the social impact is that the
affected inhabitants may choose to stay in place and rebuild their homes experiencing a
financial burden which would lead to abandon the area and start again elsewhere; the
economic impact is that these events affect the district since it breaks with the productive
chain that existed.

The contribution of this research is the timely identification of risk areas so that both the
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authorities and the inhabitants of the district of Daniel Alomia Robles are prepared to face
an emergency situation due to flooding caused by the overflowing of the Tulumayo River.
All of this will contribute to guaranteeing the protection of the inhabitants' lives and
livelihoods as well as their infrastructure. The main innovation of the research is the use of
geotechnologies such as: hydraulic modeling (HEC-RAS) to estimate or determine the
displacement time of flood waves along river channels, Geographic Information Systems
(ArcGIS) that are used for the processing and representation of flood risk. All this generates
an impact on the user because he will be able to understand the environment he occupies
and prioritize measures for the protection of the livelihoods of the population to invest and
not to rebuild. The main objective of this research is to identify and evaluate the fluvial
flood risk on the right bank of the Tulumayo River through the use of geotechnologies to
propose prevention and mitigation measures in the Pumahuasi - Huamancoto sectors, as
well as to determine through hydraulic modeling the flood areas of the Tulumayo River.

Research Method

Study area

The Pumahuasi and Huamancoto sector is located on the right bank of the Tulumayo River.
Hydrographically, it belongs to the Tulumayo River sub-basin and is bordered to the
northwest, west and southwest by the Alto Huallaga inter-basin; to the northeast by the
Aguaytia basin; and to the southeast by the Pachitea basin. It has an area of 172.04 hectares
and a perimeter of 6141.89 meters. Politically, it is located in the Daniel Alomia Robles
district, Leoncio Prado province, department of Huanuco. The study area comprises the
right bank of the Tulumayo River.
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Figure 1. Location map of the study area
Location map of the study area Pumahuasi - Huamancoto sector in the Daniel Alomia
Robles district, Leoncio Prado province, department of Huanuco. The study area comprises
the right bank of the Tulumayo River.
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Figure 2. Geomorphological map of the study area.
Pumahuasi - Huamancoto sector in the Daniel Alomia Robles district, Leoncio Prado
province, department of Huanuco. It shows the 5 predominant geomorphological units in
the study area.
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Figure 3. Geological map of the study area.
Pumahuasi - Huamancoto sector in the Daniel Alomia Robles district, Leoncio Prado
province, department of Hu&nuco. It shows the 5 geological units existing in the study area.
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Figure 4. Slope map of the study area
Pumahuasi - Huamancoto sector in the district of Daniel Alomia Robles, province of
Leoncio Prado, department of Huanuco. It is classified in 5 ranges.
According to Thornthwaite's classification, the study area is predominantly warm, very
rainy and with abundant rainfall in all seasons of the year, and to a lesser extent, warm,
semi-warm and with abundant rainfall in all seasons of the year. The climate map was
obtained from vector data published by SENAMHI. (Figure 5)
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Figure 5. Climate map of the study area.
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Method

This work is based on the hierarchical analysis procedure mentioned in the manual for the
evaluation of risks caused by natural phenomena, 2nd version (CENEPRED, 2014).

The flood hazard levels of a given area result from the relationship between the evaluation
parameter, i.e. flood height and the susceptibility of the territory, for this purpose in the
study area the triggering factors (precipitation thresholds) and conditioning factors
(geomorphological units, terrain slope, geological units, vegetation cover) were considered
(Figure 6).

-GEOMORPHOLOGY
CONDITIONAL FACTORS -GEOLOGY
-PENDING
SUSCEPTIBILITY
TRIGGERING FACTORS HYPHROMETEOROLOGY
DANGER

EVALUATION

PARAMETERS RETURN PERIOD

Figure 6. Procedure for determining flood hazard.

This procedure used in the study area is based on the CENEPRED's Manual for the
Evaluation of Risks Originated by Natural Phenomena. Thus, for the elaboration of the
hazard and vulnerability map, which from the combination of both will generate the risk
map.

a) Flood hazard mapping

The flood hazard mapping was carried out based on the analysis and interpretation, in terms
of hazard, of the manual for the evaluation of risks caused by natural phenomena, 2nd
version (CENEPRED, 2014), using information compiled from studies published by
competent technical-scientific entities INGEMMET, IGP, INEI, SENAMHI, CONIDA,
ANA, regional governments, local governments, among others). To obtain the hazard
matrix, the starting point was the susceptibility data and evaluation parameters, from which
the hazard stratification was obtained through hierarchical analysis, assigning four levels
(Table 4).
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Table 1. Application of the hierarchical order of the CENEPRED Manual for the evaluation
of risks originated by natural phenomena.

HAZARD
SUSCEPTIBILITY (S) EVALUATION PARAMETERS VALUE
Return period
(FC (S-VALUE*S
VALUE*FC WEIGHT S+(PE-
WEIGHT)+(FD WEIGHT VALUE WEIGHT VALUE WEIGHT VALUE*PE
VALUE*FD WEIGHT)
WEIGHT)
0.476 0.02 0.408 1 0.408 0.98 0.410
0.246 0.02 0.300 1 0.300 0.98 0.299
0.146 0.02 0.141 1 0.141 0.98 0.142
0.093 0.02 0.099 1 0.099 0.98 0.099
0.057 0.02 0.051 1 0.051 0.98 0.051
1.000

To obtain the hazard matrix, we conclude with the stratification of hazard levels.
b) Vulnerability mapping

Vulnerability applied to human populations depends not only on external factors such as
the existence of resources, but also on endogenous social factors (Cérdova, 2020). The
vulnerability mapping originates from the analysis of the three vulnerability factors, these
factors with their respective social and economic dimensions, each of these dimensions
housed exposure, fragility and resilience data. As a result, the vulnerability values and
therefore the four levels of vulnerability were obtained. It should be noted that the data
provided by the population census and the district cadaster helped in the creation of the
vulnerability matrix (Table 5).

Table 2. Application of the hierarchical order of the CENEPRED Manual for the
evaluation of risks caused by natural phenomena.

SOCIAL DIMENSION ECONOMIC DIMENSION

VALUE WEIGHT VALUE WEIGHT VALUE OF
SOCIAL SOCIAL ECONOMIC ECONOMIC VULNERABILITY
DIMENSION DIMENSION DIMENSION DIMENSION

0.472 0.70 0.520 0.30 0.486
0.267 0.70 0.250 0.30 0.262
0.141 0.70 0.129 0.30 0.138
0.077 0.70 0.066 0.30 0.074
0.043 0.70 0.034 0.30 0.040
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1.000
To obtain the vulnerability matrix, we conclude with the stratification of vulnerability levels.

¢) Risk mapping

Four degrees of risk were established, which will be hierarchized by colors representing the
levels of risk. The procedure for determining flood risk in the study area was taken from
CENEPRED's Manual for the Evaluation of Risks Originated by Natural Phenomena
(Figure 7 and Table 6).

DANGER

PxV=RISK

VULNERABILITY

Figure 7. Procedure to determine the flood risk in our study area, taking as a reference the
CENEPRED's Manual for the evaluation of risks caused by natural phenomena.

Table 3. Determination of the risk value

HAZARD VULNERABILITY  RISK

VALUE VALUE (P*V=R)
0.410 0.486 0.199
0.299 0.262 0.078
0.142 0.138 0.020
0.099 0.074 0.007
0.051 0.040 0.002

In the table 3 obtain the risk matrix, the risk levels are stratified
d) Hydraulic Modeling

It is often possible to find programs or software designed to carry out hydraulic modeling
of rivers or channels along a riverbed, either natural or artificial. In the case of channels in
their natural condition, it is essential to have prior information about the configuration of
the land that it has. (Rodriguez et al.,2019). According to Prieto et al., (2017) we start with
the download of daily rainfall from the Pisco Grid (SENAMHI) with the help of R software
and RStudio which was made an analysis of doubtful data by the Water Resources Council
Method, after which the goodness of fit test was performed, to prove that the distribution or
probabilistic model best fits the existing data with which the maximum corrected rainfall
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for different return periods is determined.

These corrected maximum precipitations will be used in the Dyck and Peschke method to
obtain the design precipitations for durations of less than 24 hours. Then we proceed to the
calculation of the design intensities for durations less than 24 hours, the results are analyzed
to finally obtain the Valid Intensity equation, with the elaboration of the Intensity-Duration-
Frequency Curves (IDF) for different return periods, the rainfall hietogram for the 75-year
return period was elaborated using the alternating block method, which will be used in the
Hec-HMS software (Figure 12).

Hec-HMS was initially developed to simulate rainfall-runoff processes in dendritic basins
but was later improved to solve a wide range of problems including: water supply from
large basins, flood hydrographs, and runoff from small urban or natural basins. (Cabrera-
Balarezo et al., 2019). Historically, the most used tool has been ArcGIS, which can interact
with HEC-RAS through its HE Cgeo RAS extension. (Cameron,2005).

Table 4. Maximum rainfall data in 24 hours.

STATION SINGS

N°  Year P24 (mm) N°  Year P24 (mm)
1 1981 101,77 19 1999 84,62
2 1982 112,23 20 2000 69,74
3 1983 69,48 21 2001 57,37
4 1984 71,75 22 2002 73,83
5 1985 87,76 23 2003 77,19
6 1986 65,63 24 2004 94,21
7 1987 55,03 25 2005 106,22
8 1988 77,03 26 2006 93,43
9 1989 88,07 27 2007 87,61

10 1990 59,27 28 2008 97,10

11 1991 66,32 29 2009 69,60

12 1992 83,38 30 2010 105,03

13 1993 76,03 31 2011 134,64

14 1994 70,46 32 2012 76,12

15 1995 90,32 33 2013 79,20

16 1996 81,21 34 2014 59,42

17 1997 76,17 35 2015 75,81

18 1998 62,03 36 2016 89,31

This is 36 years of information obtained from the Pisco grid (SENAMHI) and has been used
to determine the maximum flow in the Tulumayo river basin.

Table 8. IDF curve
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For the construction of the IDF curve, first a design rainfall table was made for durations
less than 24 hours using the Dyck and Peschke method. With these intensities for durations
less than 24 hours, the Valid Intensity was calculated by regression data analysis.

Table 5. Precipitation histogram
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Data entered into the HEC-HMS software to calculate the peak flow at the mouth of the basin.
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Table 6. Obtaining the peak flow through the HEC-HMS software.
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The values of the hietogram in the software are used, by means of certain processes it
determines a peak flow of 1177.6 m3/s for a return period of 75 years.

Using the Hec-HMS software, a flow of 1177.6 m3/s is determined, the Manning's
roughness coefficient of 0.030 is determined for the main channel of the river and 0.040 for
the cultivated areas, based on table N°9 Manning's roughness coefficient values, according
to the Hydrology, Hydraulics and Drainage Manual of the Ministry of Transport and
Communications (2008). Considering Prieto et al., (2017) a DEM and a satellite image of
the area are used, the riverbed and river banks are digitized, in addition to the area to be
affected before this overflow of the Tulumayo River in the Hec Ras 6.0 software. Cross
sections of the riverbed are generated and a mixed regime is considered for the natural
channel. This process will result in a raster of flooding, velocity and depth.

RESULTS

Flood Hazard

Figure 14 shows the flood hazard mapping of the study area. The highest degree of danger
(red color) is associated with the geomorphological presence of floodplain, with slopes
greater than 10° of inclination, geologically located on fluvial deposits and with
precipitation greater than 60 mm/h. The degree of danger is high (orange). There is the
geomorphological presence of a fluvial barrier, with slopes between 5° to 10° of inclination,
geologically it is located on alluvial deposits and with a precipitation greater than 30 mm/h
and less than 60 mm/h. The return period is every 75 years.
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Figure 9. Fluvial flood hazard mapping on the right bank of the Tulumayo river, in the
Pumahuasi - Huamancoto sector, Daniel Alomia Robles district, Leoncio Prado province,
department of Huanuco.

- Vulnerability

The vulnerability map is shown in Figure 15. The high degree represents houses whose built
areas are greater than 200 m2 and less than or equal to 300 m2, in addition, only 10% to
25% of the population has access to basic services. The medium level represents homes
with a floor area greater than 120 m2 and less than or equal to 200 m2 , where 25% to 50%
of the population has access to basic services.
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Figure 10. Fluvial flood vulnerability mapping on the right bank of the Tulumayo river, in
the Pumahuasi - Huamancoto sector, Daniel Alomia Robles district, Leoncio Prado
province, department of Huanuco.

— Flood risk

Figure 11 shows the risk of flooding during the Tulumayo river flood season. The high
degree is associated with high hazard and vulnerability characteristics. In addition, Figure
17 shows the area to be affected by flooding on the right bank of the Tulumayo River with
a total flooding area of 32.01 ha, considering a return period of 75 years.
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Figure 11. Fluvial flood risk mapping on the right bank of the Tulumayo river, in the
Pumahuasi - Huamancoto sector, district of Daniel Alomia Robles, province of Leoncio
Prado, Huanuco.
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Figure 12. Map of fluvial flooding on the right bank of the Tulumayo river, in the
Pumahuasi - Huamancoto sector, Daniel Alomia Robles district, Leoncio Prado province,
department of Huanuco.

Discussion

Flood hazard
The flood hazard unit that would be caused by an eventual overflow of the Tulumayo River
in the study area is high and very high, due to some factors that would influence the area,
one of which is the proximity of the population and cultivated areas to the river, as well as
the existence of high precipitation categorized as extremely rainy, and the fact that the area
is geomorphologically made up of a flood plain and has a slope of less than 15°. These
conditions cause the zones to have these levels of danger.

Vulnerability
The vulnerability to which the population settled in the study area is exposed is between
high and medium levels, as can be seen in the vulnerability map (Figure 15). Likewise, we
note that the population of the Pumahuasi - Huamancoto sector is unaware of basic
emergency and hazard prevention behaviors, therefore, they lack a culture of disaster
prevention.

Flood risk
Knowing the risk and representing it through risk mapping makes it possible to avoid,
reduce and prepare for the occurrence of a disaster. Thus, in the study area there have been
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several floods caused by the Tulumayo River; these facts confirm the importance of flood
risk management. Therefore, to calculate the flooding area, hydraulic modeling was carried
out using Hec-HMS software, where it was determined that the maximum flow that the
Tulumayo River would reach would be 1177.6 m3/s, for a return period of 75 years.
Therefore, for the intervention zone, the total area affected by an eventual flood would be
approximately 32.01 ha, affecting crop and housing areas that would generate large losses
for the settled population.

Hydraulic Modeling

According to Prieto et al., (2017) in his research he shows that in order to validate the values
obtained in precipitation, the sequence of applying the goodness-of-fit test, the flow regime
to be considered and, as in the case of a permanent one-dimensional flow and in a mixed
regime, must be followed. In addition to the Manning's roughness factor, which is extracted
from tables in use and which are valued according to the morphological and land use
characteristics, in the delimitation of the flood zone, a digital elevation model and the TIN
type were used. Subsequently, the GIS and HEC-RAS extensions were used to create the
spatial files of the model, such as the channel, cross sections, among others. Finally, the
result is a raster that allows us to characterize the flooding in the study area and thus confirm
that for a given return period the hazard, vulnerability and risk is latent near the banks of
the Tulumayo River.

Conclusions

The study was developed mainly according to the provisions of the Manual for the
Evaluation of Risk Originated by Natural Phenomena 2nd version, by CENEPRED. The
study area is in a high and very high danger zone (Figure 14) for the occurrence of fluvial
flooding of the Tulumayo River, all due to conditioning factors such as the slope and the
material dragged by the force of the flow.

The wvulnerability analysis, developed based on the methodology established by
CENEPRED, indicates that there are areas with very high, high and medium levels of
vulnerability to fluvial flooding.

The District Municipality of Daniel Alomia Robles together with the vulnerable population
should take preventive actions such as avoiding settlement in areas considered high and
very high risk; and reducing the existing risk in the study area through structural measures
such as riparian defense of the river and non-structural measures such as periodic drills.
Another option to take into account is the planting of deep-rooted trees along the entire
length of the Tulumayo riverbed environment, in order to create a natural physical barrier
that prevents the passage of water without altering the landscape system, as recommended
by some technical reports.INGEMMET technicians (2011).

The reduction of risks is directly related to vulnerability and above all to generate resilience
in the potentially affected community.
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