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Objective

Vulnerability and Severity

Warning the repercussions of the residence time of water in the study area, also the damage
caused to homes by floods.

Increasing depth and water speed, the damage
increase. At higher speeds, the water has greater
capacity to transport objects. The damage will be
considerable if it erodes the riverbed and will depend
on the magnitude of the force of impact. It has called
vulnerability to the susceptibility of the houses were
damaged when a threat of certain intensity occurs.
(For the case study, the houses and their contents or
furniture).
Vulnerability index is the proportion of the total cost
of the damage to houses where some flooding occurs
is calculated as follows:

Study area and available information
The basin of the Papaloapan River, occupies 41.11 % of the total land area of the state with an
area of 28.636 km2, also provides most of freshwater discharge with approximately 44.829
million cubic meters per year, representing 42.28 % of the total for the state. The determining
hydrological river system for this region is the Papaloapan River basin, and secondarily the
Actopan River, La Antigua and Jamapa.

Hydrology.
Historic
flooding in the basin of
Jamapa river, data are
daily rainfall of 29
weather stations, all in
the state of Veracruz,
daily data runoff of 2
hydrometric stations are
located in the State of
Veracruz , measuring
runoff Cotaxtla and
Jamapa rivers , which are
shown.

D  IvC

Where:
C Total cost of damage
IV Vulnerability index (between 0 y 1)

Concepts
area are shown in Figure,
and the results of the
search
for
hydro
meteorological events in
the basin of river Jamapa
too;
3
types
of
phenomena
were
distinguished:

Hydrographs of Paso del
Toro and El Tejar are very
similar in shape and the
magnitudes were as
follows, 182 m3/s in El
Tejar and 541 m3/s Paso
Del Toro.

On October 3, 4 and 5,
2005,
came
Stan
Hurricane, on this date
the weather station
In The Paso del Toro 30056 (El Tejar) recorded In September 17, 2010
station, on September the event as shown:
came Hurricane Karl, 3th
23, 1974, was recorded
Category, with winds of
an average daily flow of
120
km/h
causing
838.8 m3/s. Another
flooding in several areas
important event was on
of Veracruz.
July 29, 1972, El Tejar
Distribution of curve
station.
numbers were used to
find the number of days,
to be considered in the
construction
of
hyetographs the density
Tropical cyclones that
spectra, and it was
may have influenced the

calculated
with
a
computer
program
developed
for
this
purpose, which uses the
Fast Fourier Transform.
It was decided that the
rainy were 10 days. The
values corresponding to
the weather station and
Mata Anona and El Tejar
The
values
corresponding to the
Weather Station El Tejar
and Mata Anona with
simultaneity factors.
Applying the rain factors
(Chen 1983) to each
station, the ten days
hyetographs
are
obtained with an hour
bars, then the effective
time hyetographs of rain
are
shown
with
simultaneity factor of
extraordinary events for
El Tejar and Mata Anona.

It was used for location of urban areas; topographic
maps use scale 1:50,000; the location of each house is
obtained by INEGI as digital information.

Risk: the expected value of losses, produced by the
occurrence of a phenomenon of natural or
anthropogenic origin, a particular physical or social
entity.

When vulnerability analysis is carried out in a
community exposed to flood danger, the best way to
reduce vulnerability, identifies the most vulnerable
households and consequently take corrective
measures.

To estimate the vulnerability functions for each kind
of housing, CENAPRED proposes a number of
configurations of furniture and household according
to the Basic Guide for the State and Municipal Atlas
Hazard and Risk, then the vulnerability curves are
presented 5 types of houses.
Damage to the analysis, It has been identified 5 types
of houses in the urban area of Veracruz. Calculating
the cost of content and cost furniture. The graphic
types are from I, II and III reach a depth of two meters
because they are single-level homes, not houses type
IV and V that are houses with two or more levels.

The analysis procedure is performed by the coordinate
data for each house, its respective dimension of land and
water elevation at that point for each return period,
obtaining a value for each of these.

Severity maps
Thus, with maximum depths and certain
maximum speeds, it can be obtained maps of
severity, where the color scale indicates in red
the worst option. Severity maps for each
return periods analyzed are presented in the
following figure.

Finally, on the study area as shown in Figure
20 obtained the Expected Annual Damage.

Mathematical model and Mathematical model results
To give a solution, we propose a method of finite
differences. For the application of the mathematical
model were written several computer programs in
Visual Basic language. The application of computer
programs was exhaustive and it was necessary to
simulate many possible options to define hydraulic
conditions for various probabilities of occurrence
overflow flooding rain river basin.

Digital elevation model in the study area

The application of computer programs was exhaustive and that there was need to simulate many
possible options to define hydraulic conditions for various probabilities of occurrence floods
overflow rain river and basin itself
The inputs to the computer program were precipitation in each grid cell calculation every hour
for 2 specific days of a hydrological study and a mesh with specific terrain elevations for the area
of interest
A resultant product from the mathematical modeling corresponds to the envelope of depths and
maximum velocities for the entire simulation period, in other words, a map with maximum
values, not necessarily from the same simulation time is obtained, the maximum values may
occur at different times but the worst value considered is the maximum.

Satellite image with envelopes depths Satellite image with envelopes velocities
maximum values resulting from mathematical maximum values resulting from mathematical
modeling in the historical event of 2010.
modeling in the historical event of 2010

4. CONCLUSIONS
Flooding in the lower part of the basin is generated by the overflowing of rivers, due to runoff in the
upper area in the basin, the result of extreme rainfall by the presence of weather events, such as
tropical cyclones and cold fronts, the rain produces, in the lower area, not drained efficiently, and
when the Jamapa leads an important river flow due to the slope of the terrain.
Not necessarily, the works that are constructed reduce flood damages. Sometimes the water that
temporarily occupied an area of land can be moved to other regions where it could cause further
injury; therefore, it is convenient to carry out comprehensive studies of a whole watershed to evaluate
the goodness of the proposed works, usually with simulation surface flow models covering the basin
where flood areas are located.
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