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Abstract

Management of dams and reservoirs must be dictated by local conditions;
in Mexico, extreme precipitation events cause severe flooding that
socioeconomic factors can convert to a disaster. A theoretical method is
proposed for the management of the controlled release of water to reduce
the risk of flooding. The methodology involves climatological and
hydrological analysis, seasonal climate forecasting, meteorological
nowcast, climatology of extreme events, and hydrological projections of
dam filling and basin response. It focuses mainly on three aspects: a)
scheduled emptying time before the rain starts, b) closing the water
release during the extreme precipitation event and c¢) maintaining a safety
margin in the level of the reservoir to gain response time. Early weather
predictions allow for early release of water, thereby effectively exploiting
river capacity before precipitation begins. The proposed method offers a
non-structural, and hence low-cost, option for dam management to

mitigate flood risk.

Keywords: dams, reservoirs, floods, risk management, precipitation,

hydrology, weather forecasting, climatology.

Resumen

La gestidn de presas y embalses debe estar dada por las condiciones
locales; en México, los eventos de precipitacion extrema provocan
inundaciones severas que los factores socioecondmicos pueden convertir
en un desastre. Se propone un método tedrico para la gestion de la
liberacion controlada de agua para reducir el riesgo de inundaciones. La
metodologia involucra andlisis climatoldégico e hidrolégico, prondstico

climatico estacional, prondstico meteoroldgico inmediato, climatologia de
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eventos extremos y proyecciones hidrolégicas de llenado de presas y
respuesta de cuenca. Se enfoca principalmente en tres aspectos: a)
tiempo programado de vaciado antes del inicio de la lluvia, b) cierre de la
liberacion de agua durante el evento de precipitacién extrema y ¢)
mantenimiento de un margen de seguridad en el nivel del embalse para
ganar tiempo de respuesta. Las predicciones meteoroldgicas tempranas
permiten la liberacién anticipada de agua, maximizando asi de manera
efectiva la capacidad del rio antes de que comience la precipitacién. El
método propuesto ofrece una opcidén no estructural y, por lo tanto, de

bajo costo para la gestidon de presas, mitigando el riesgo de inundaciones.

Palabras clave: presas, embalses, inundaciones, gestion de riesgos,

precipitacion, hidrologia, prediccién meteoroldgica, climatologia.
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Introduction

Floods cause some of the most severe forms of disaster in terms of
incidence, fatalities and economic losses. They are increasing in frequency
as a result of population growth across vulnerable terrain, land
degradation, inadequate protection measures, and the changing climate
(Berz, 2000).

Flood risk has two parts: a) the hazard, related to physical

phenomena such as precipitation and geomorphology, and b)
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vulnerability, associated with the human-social component, as human
settlements on river banks, towns on the seashore, dam management,
etc. Vulnerability to floods associated with dams has not yet been
efficiently reduced, despite the scheduled release of stored water in the
case of extreme precipitation events. Multivariate extreme events present
risks whose analysis requires a multivariate approach (Brunner, 2023);
an increasing awareness of the climatic context of floods has
demonstrated the need for a multidisciplinary approach (Merz et al.,
2014).

Recognition of a flood risk based on hydrological data must lead to
mitigation of its potential consequences, by structural means and non-
structural measures (Garcia, Suarez-Lima, & Herbas, 2017). Where
historical data are sparse or flood probability is low, flood risk analysis
may be based on the total risk factor (Chen & Lin, 2018). Some studies
of reservoir-related floods have focused on the design of dams to
minimize the associated risks (Lydzba et al., 2021); others focus on the
planning of responses to flood events (Ansori, Damarnegara, Margini, &
Nusantara, 2021). The risk of flooding downstream of a dam can be
evaluated, and hence its costs be assessed, by considering the variability
of the level in the reservoir and using the long-term operating policy
(Huerta-Loera & Dominguez-Mora, 2016). The outflow from a reservoir is
determined flexibly and the safety of the procedure depends on the
accuracy of the rainfall forecasts and the efficiency of the real-time
hydrological data collection (Someya, 2018). Management of a dam must
consider hedging to reduce the risk of shortages in the event of future
drought (You & Cai, 2008). To determine the optimal hedging strategy, a
proposed method combines particle swarm optimization with a simulation

of the water system to represent a system of reservoirs that are jointly
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operated (Spiliotis, Mediero, & Garrote, 2016). Since conditions may vary
over time, an extension of this method proposes a different set of rules
for each hydrological year, with input from a hydrological forecast if

available (Garrote, Granados, Spiliotis, & Martin-Carrasco, 2023).

Rainfall predictions can be used in model cascades to produce
hydrological forecasts. However, errors in rainfall prediction propagate
within the model, interacting at the basin level and affecting the
estimation of area and depth of a predicted flood (Rodriguez-Rincon,
Pedrozo-Acufa, & Brefa-Naranjo, 2015). Stochastic models have been
developed to determine optimal reservoir levels in a hydropower system
entailing dams operating in series; this can enhance prediction and
management of flood risks associated with dam operation (De-la-Cruz-
Courtois, Guichard, & Arganis, 2020).

In operating a dam for energy generation, the volume of the
reservoir is managed until maximum levels are reached, following a
reactive scheme. The volume of water that dams retain changes over
time, according to requirements and in response to varying patterns of
storms and precipitation (Merz et al., 2014), including the frequency and
intensity of extreme weather events (Mokhov, 2023). Reduction of the
risk of flooding triggered by extreme precipitation events requires real-
time management for each dam to avert or mitigate an ensuing disaster
(Chen & Lin, 2018; Someya, 2018; Boulange, Hanasaki, Yamazaki, &
Pokhrel, 2021; Nakamura & Shimatani, 2021).

In Mexico, floods are the main and most costly disaster faced almost
yearly, owing to the country's geography and high vulnerability to
hydrometeorological events (Pedrozo-Acufia, Brefia-Naranjo, &
Dominguez-Mora, 2014; Zufliiga-Tovar & Magafia-Rueda, 2018). Severe

floods have occurred in recent years, such as those in Veracruz in 2005
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and 2010, in Tabasco in 1999, 2007, 2020, and in Guerrero in 1997 and
2013 (Tejeda-Martinez, 2006; Gama et al., 2010; Rivera-Trejo, Soto-
Cortés, & Méndez-Antonio, 2010; Tejeda-Martinez, 2011; Pedrozo-Acufia
et al., 2014; Fernandez-Rivera, Rodriguez-Rincon, Alcocer-Yamanaka,
Brefa-Naranjo, & Pedrozo-Acufa, 2019). These floods are linked to
extreme precipitation events, but this is compounded by vulnerability due

to socioeconomic factors.

Mexico has a history of more than 100 years in the construction of
hydroelectric dams due to the advantages they offer compared to other
energy sources (Ramos-Gutiérrez & Montenegro-Fragoso, 2012).
Management of dams and reservoirs has been governed partly by
operation manuals issued by government institutions according to the
initial construction considerations. On the other hand, recent risk and
response studies have considered the minimization of loss of electrical
energy generation (Huerta-Loera & Dominguez-Mora, 2016; Pedroza-
Gonzalez, 2016). Despite the existence of the aforementioned flood

control methodologies, floods continue to occur.

We here present a theoretical model that can be implemented in
managing a dam in the lead-up to any precipitation event, and particularly
when an extreme event is forecast; the combination of hydrological theory
with knowledge of meteorology and climatology will enhance efforts to

avert a disaster downstream.
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Theoretical background and methodology

Hydrology and climate

For any given region the hydrological behavior of the basin is linked to
the pattern of the rainy season. Much of Mexico experiences a climate
with a clear demarcation into dry season (November to April) and rainy
season (May to October). At the end of the dry season, the reservoirs are
at their lowest point; as time goes by, they fill up and the risk of flooding
gradually increases in the event of any extreme precipitation. Since water
is an asset in terms of politics as well as energy, decision-makers delay
the release from dams to conserve this asset, so that the next dry period
will be faced with the largest amount of water stored. Furthermore,
towards the end of the rainy season, several factors come together to
increase the risk of flooding: the soils are saturated, the capacity of the
rivers to transport the extra water decreases, the reservoirs fill at a higher
rate due to an increase in runoff, and in the region of Mexico,
meteorological phenomena associated with the summer-autumn
transition occur, and these increase the possibility of extreme

precipitation events.

Precipitation behavior is the most important factor in determining
runoff, although it does not determine it completely. Generally, for
Mexico, annual precipitation can have a normal or bimodal behavior
(Figure 1). The northeast, central, south and southeast regions have
bimodal precipitation behavior (Magafa, Amador, & Medina, 1999), but
with different magnitudes, with the total accumulated annual precipitation

being higher in the south and southeast.
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Figure 1. Theoretical examples of monthly precipitation distribution
(vertical axis) and time (months, horizontal axis): a) normal and b)
bimodal. Variability is indicated by curves for maximum, average and

minimum.

With the precipitation distributions for a given region or basin, the
accumulated precipitation curves are obtained, that is, the accumulated
volume function (Figure 2), for which there will be a minimum and
maximum margin determined by meteorological and climatological factors

for each year.
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Figure 2. Annual accumulated precipitation volume corresponding to a
precipitation distribution, volume (m3, vertical axis), time (months,
horizontal axis): a) normal and b) bimodal, with their respective
potential variations. Horizontal orange line: Assumed maximum water
level for a reservoir. Intersection of orange line and blue curve: Date on
which maximum level is reached (determined by the pattern of

precipitation, mentioned above).

Climatological considerations allow seasonal projections or forecasts
of the rainy season for a given region, but this will depend on knowledge
of the influence of meteorological and climatological phenomena on
precipitation. In the case of Mexico, these are tropical cyclones
(Dominguez & Magafa, 2018), easterly wave activity (Pazos, Magafa, &
Herrera, 2023), the Caribbean low-level jet (CLL]), the mid-summer
drought (Magana et al., 1999; Herrera, Magafa, & Caetano, 2014; Ochoa-
Orozco, Rivera, & Herrera, 2022), the North American Monsoon (Adams
& Comrie, 1997), cold fronts, climatic oscillations such as El Niho-
Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO) and the

Atlantic Multidecadal Oscillation (AMO), and intraseasonal variability
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(Magafa et al., 1999; Méndez & Magafa, 2010; Rivera, 2021). Among
the climatic oscillations, precipitation in Mexico is strongly influenced by
ENSO; in general, under El Nifio/La Nifia phase conditions, the rainfall of
the season decreases/increases in the center and south of the country

and increases/decreases in the north (Méndez & Magafia, 2010).

Climate forecasts for the rainy season can allow reservoir filling to
be planned several months in advance. Given the maximum filling volume
levels of each reservoir (Maximum operating level, MOL; Maximum flood
level, MFL), each forecast precipitation regime will determine the
likelihood of overfilling, which will also have some variation over time
depending on whether the season behaves close to average or with a
significant anomaly (Chen & Lin, 2018). Furthermore, variability around
the peak (normal) or peaks (bimodal) of precipitation may increase. In
many bimodal cases, variability is greater at one of the precipitation
peaks, and this leads to greater uncertainty in the seasonal forecast
around that peak; hence, it is advisable to conduct a systematic week-
by-week review of both precipitation behavior and water levels in the
reservoir and rivers (Semenova, Simonov, & Khristoforov, 2023;

Vuglinskii, Cretaux, Izmailova, Gusev, & Kurochkina, 2024).

Meteorological forecasting

The meteorological forecasts for each region have achieved good precision
and reliability for four or five days on average, reducing uncertainty to
such an extent that it is now possible to consider them as input data for
hydrological models (Rodriguez-Rincén et al., 2015). Weather forecasting
is crucial for the controlled discharge from dams, since the more accurate

and the longer the forecast period, the greater the volume that can be
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extracted in a controlled manner, without waiting for the days of
maximum rainfall to occur or for the reservoir to reach maximum levels,
which would lead to a greater risk of rupture or flooding in downstream
settlements, leaving decision makers with little room for maneuver. To
anticipate the hydrology of a basin, many models require the input of
predicted precipitation rates; waiting for precipitation to occur decreases
the time available to discharge from the dam without flooding the
downstream river. The basin response time provides the forecast window
or time that decision makers have to act; if the time provided by the
meteorological forecast is added to this forecast window, decision makers
will have greater room for maneuver to operate and empty dams. Both
hydrological and meteorological forecasts provide quantitative
information on precipitation, necessary to reduce uncertainty in decision

making.

A warning of extreme precipitation events is crucial, but these are
sometimes unforeseen due to lack of information or to incorrect
interpretation of meteorological models; the products related to possible
precipitation may be underestimated, and this feeds deficient information
to the hydrological models (Méndez-Antonio, Soto-Cortés, Rivera-Trejo,
& Caetano, 2014; Lerch, Thorarinsdottir, Ravazzolo, & Gneiting, 2017).
Therefore, the meteorological howcast must be carried out by a team of
experts focused mainly on the period of the season with the that the
reservoir will reach maximum levels; working together with experts in

hydrology, they should be able to accurately predict a flash flood.
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Hydrological response

Each basin has a variable response to precipitation throughout the year,
mainly because it has a greater infiltration capacity during dry periods
and this infiltration decreases as the rainy season progresses and the soil
becomes saturated. Evaporation is also greater before the rainy season

and decreases as the atmosphere becomes saturated.

The runoff Q (m3/day) across a basin changes as the saturation of
the soil and atmosphere (s, %) increases (Figure 3a). This relationship

responds to varying precipitation (p, mm/day) (Figure 3b).

0 (m*/day)

stg)

o

s (%)

a) b)

Figure 3. Effect on runoff Q (m3/day) of soil and atmosphere saturation
s (%) for a) a fixed precipitation and b) for different values of

precipitation p (mm/day).

At the beginning of the rainy season, the climate forecast allows

estimation of the dates on which the point will be reached where, if the
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outflow of water from the reservoir is not managed, the maximum water
levels (MOL and MFL) will be reached. So, from the beginning of the rainy
season, it is possible to know when to have greater monitoring of
meteorological events. In general, these levels are reached towards the
end of the rainy season (Figure 2), when the runoff is at its maximum
(Figure 3).

If Q is integrated over a time interval (t), we obtain the volume V

(m3) accumulated in the reservoir:
V= [7Q(s(t), p(t)dt (1)

From the specifications of each dam, the equivalence of the
accumulated volume in terms of water level N (m) can be obtained,
considering that there is no discharge, even if the capacity of the storage
has decreased due to siltation, since it can be integrated from an initial

level N1 to a final level N3:
V= flslle(h)dh, (2)

Where the volume V is the integral of the area A(h) with respect to
the height h. In addition, it is possible to establish empirically, for each
dam, the relationship between the precipitation (mm/day) that occurs in
the basin area for a period of interest within the season (e.g., 3 to 5 days)
and the accumulated volume in the reservoir due to the runoff Q. This can
use data on the levels of the reservoir of interest, and spatial data on

precipitation in the basin historically and in recent years. This ensures
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that the current behavior of the basin is described, as successive changes
in land use, erosion, and other factors alter its response to precipitation

over time.

It is imperative that the maximum levels (MOL and MFL) are never
exceeded. However, the reservoir is often managed in a reactive manner,
that is, water is released until precipitation begins or the amount is
released so as not to put the dam at risk, regardless of the capacity of
the river downstream, and this can cause flooding. The dam should be
discharged at an earlier stage than is currently the case; it should begin
a matter of days before the rain associated with the meteorological
phenomenon arrives. The method proposed here helps to minimize
flooding downstream, regardless of the use of the reservoir water

(electricity generation, human consumption, agriculture, etc.).

Proposed solution

Gaining time with weather forecasting

The meteorological nowcast enables a more accurate prediction of the
range of precipitation volume in the basin due to approaching atmospheric
systems. This prediction can be made several days in advance, allowing
the discharge of the dam to begin before the precipitation occurs. The
advantage of this is that the volume g can be discharged when the river
still has a greater capacity to carry water from the dam; when
precipitation is already occurring in the region, a large part of the volume
that the river can carry derives directly from the precipitation that runs
into the river from its vicinity, and the volume of dam discharge that can

be accommodated is reduced.
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As we have seen, for a given basin, the runoff Q depends on the
precipitation p(t) and the saturation of the soil and atmosphere s(t).
Precipitation (Figure 4a shows example values) leads to runoff to the
reservoir (Figure 4b), taken as a filling rate. To avoid flooding
downstream, the discharge rate must be limited by the river capacity. The
volume that will have accumulated in the reservoir is the integral of Q
over time (see Figure 4c, where Vi and V> correspond to the maximum
levels MOL and MFL). With to as the time at which the MOL would be
reached, the volume g will be the integral of Q from to to tp. This volume
g must be evacuated several days before the MOL and MFL levels are
reached. Let S be the flow rate from the dam that the river can
accommodate (Figure 4d); this, like Q, depends on the precipitation and
the saturation of the soil and the atmosphere. The changes in S will
indicate the period (days) by which the discharge should precede the
predicted meteorological phenomenon and what volume per day should
be allowed to escape in order not to exceed the river capacity. Thus, g is
also equal to the integral of S during the estimated period before the

occurrence of precipitation.

Open Access bajo la licencia CC BY-NC-SA 4.0
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Figure 4. a) Illustrative precipitation (mm/day) for an example period

(15 August to 15 September), typifying patterns in Mexico; b) runoff
function (Q) for a basin (m3/day) in response to the precipitation
recorded in Figure 4a; c) volume (m?3) that would accumulate behind the
dam if the water were not allowed to flow out. Solid gray line, volume
(V1) that corresponds to the MOL; dashed black line, volume (V2) that

corresponds to the MFL; d) Flow rate S (m3/day) that the river can

accommodate from the dam discharge (river capacity minus the water it
carries due to runoff from its own vicinity)
[ Q(p®),s(®)dt = q = [ Sp©), s(t))dt (3)

The S function may also depend on the conditions at the eventual
river outlet; for example, its discharge into the ocean may be hindered

by a storm surge or some other phenomenon
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These are composite functions. These must be studied by both
meteorologists and hydrologists who collaborate daily for the best

management of dams and reservoirs.

Gaining time by keeping a water volume deficit

Time can also be gained by having a reserve of empty volume in the

reservoir.

It is expected that towards the end of the rainy season the reservoir
levels will be very close to the maximum. Therefore, with emphasis on
this period, a climatological study of extreme events should be carried out
(Brooks & Stensrud, 2000; Herrera, Magana, & Morett, 2018; McPhillips
et al., 2018; Brunner, 2023). Extreme precipitation events are studied
from diverse perspectives; knowledge of the meteorological phenomena
involved has been discussed above. In this section, we focus on the

statistical aspect of extreme precipitation events.

A greater understanding of these events requires that regional daily
precipitation data spanning several decades be reviewed. Precipitation
maxima are identified and the time interval [(1-n) days] of duration of
the events for which the accumulated precipitation exceeds maximum
thresholds is determined; this can be above a standard deviation or values
above some percentile of interest (Figure 5). With these climatological
analyses of the extreme precipitation events, the expected volumes that

run off to the reservoir and the river can be determined.
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Figure 5. Example of accumulated precipitation (mm) for different
extreme precipitation events occurring over an 11-day period and
exceeding one standard deviation (o). Periods during which the
precipitation exceeds the threshold for three days (dark blue), for two
days (light blue), or for one day (black); also, periods during which the

threshold was not exceeded (gray).

Taking the maximum expected precipitation volumes, it is possible

to calculate the period (discharge time in days, tq) during which water
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may be safely discharged from the dam without exceeding the river's

capacity.

Let £, be the lead time (days) with which the arrival of an extreme
event can be predicted. For each basin, we can compare the safe
discharge time with the forecast window time. If the forecast window
turns out to be less than the required safe discharge time (tqs > tp), their
difference gives the equation: ts = ts — tp. This time ts which is not
available, is equivalent to the volume that cannot be discharged during
the forecast window. Then, it is necessary to keep an empty volume in

the reservoir. This volume can be safely discharged in ts days.

The practice of retaining unfilled a proportion of the reservoir, the
“volume deficit”, allows the dam gates to be closed during extreme
precipitation events so that the river receives only the runoff downstream

of the dam.

Methodology of the proposed solution

The methodology of the proposed solution has a series of steps:

1. Hydrological and climatological characteristics are determined
for the region of interest, including the mechanisms of interaction
between them (this is done when the dam is designed and must be
reviewed from time to time).

2. A hydrological projection of the dam filling and the basin
response is made based on the climatological forecast (this is done when
the dam is designed and must be reviewed from time to time).

3. A climatological analysis of the extreme events that have
occurred in the region is carried out and thresholds for maximum

accumulated precipitation, spatial patterns and maximum duration time

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)
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are determined (this is done when the dam is designed and must be
updated).

4, Hydrological simulations of reservoir management using past
data determine the volume deficit required to allow sufficient time to
discharge the dam when extreme events occur.

5. The seasonal climatological forecast for the current year is
made as an ensemble.

6. Weekly monitoring is carried out on point 1, and on the filling
of the dam according to point 2. The weather forecast is reviewed daily
(mainly for the period in which maximum volume levels may be reached);
in case of a possible extreme event, monitoring must be carried out
frequently (nowcast).

7. The weather forecasts and the results of the analysis in point
4 are used to determine the volume g that must be discharged before the
extreme event and the period of time (the lead time, days) during which

this must be done.

The theoretical method can be applied to a single dam or to a

cascading system of dams.

Discussion and conclusions

The method presented above offers a theoretical solution to the flood risk
associated with dam management. It should now be tested for diverse
dam systems; field studies must obtain data to validate and adjust the

proposed model for each case.

Climate change is increasing the frequency and severity of extreme
events, and this has increased the need to manage the flood risk

associated with reservoirs. It is essential that reservoir prediction and
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management models are continually updated to incorporate the latest
climate projections and to ensure that planned strategies for water
release remain effective. Previous research has demonstrated the
effectiveness of similar methods in different contexts and the present
study confirms their applicability in Mexico. For example, in the context
of Japan, many cases of disaster have been examined to discover the
most unfavorable spatial patterns for a basin; this led to a detailed
methodology using models that consider the maximum spatial area of
precipitation observed in the basin (storage function model), climatology,
hydrological models, depth-area-duration curves estimated by historical

analyses, radar, and regionalization (Takeuchi & Tanaka, 2021).

The cost of building a dam to ensure that there will never be a flood
downstream is very high. For dams already built, there is a risk of flooding
associated with them; to the original cost of construction and
maintenance is added the cost of repeated flooding over time. This second
cost can be reduced by making both structural and non-structural

investments.

The method proposed here will enhance a range of strategies that
regulate the operation of dams (Gabriel-Martin, Sordo-Ward, Santillan, &
Garrote, 2020; Brunner, 2021). It contributes a non-structural
investment towards the effective regulation of storage in a reservoir. It
entails the costs of human resources: hydrologists and meteorologists to
monitor each reservoir; staff training; and collaborative agreements with
educational and research institutions, as well as with government
agencies. However, these costs are low compared with the costs that

would be incurred by structural amendments.
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Adoption of these regulatory measures will reduce the risk of
flooding and will thereby contribute to the shaping of communities that

are more resilient to climate change.

Acknowledgements

Thanks to Ann Grant for proofreading and editing, Baldemar Méndez for

suggestions.

References

Adams, D. K., & Comrie, A. C. (1997). The North American Monsoon.
Bulletin of the American Meteorological Society, 78(10), 2197-
2214. https://doi.org/10.1175/1520-
0477(1997)078<2197:TNAM>2.0.CO;2

Ansori, M. B., Damarnegara, A. A. N. S., Margini, N. F., & Nusantara, D.
A. D. (2021). Flood inundation and dam break analysis for disaster
risk mitigation (a case study of Way Apu Dam). International
Journal of GEOMATE, 21(84), 85-92.
https://doi.org/10.21660/2021.84.j2130

Berz, G. (2000). Flood disasters: Lessons from the past-worries for the
future. Water and Maritime Engineering, Proceedings of the
Institution of Civil Engineers, 142(1), 3-8.
https://doi.org/10.1680/wame.2000.142.1.3

Boulange, J., Hanasaki, N., Yamazaki, D., & Pokhrel, Y. (2021). Role of
dams in reducing global flood exposure under climate change.
Nature Communications, 12(1), 417.
https://doi.org/10.1038/s41467-020-20704-0

299

Tecnologia y ciencias del agua, ISSN 2007-2422,

Open Access bajo la licencia CC BY-NC-SA 4.0 X .
(https://creativecommons.org/licenses/by-nc-sa/4.0/) 17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Brooks, H. E., & Stensrud, D. ]. (2000). Climatology of heavy rain events
in the united states from hourly precipitation observations. Monthly
Weather Review, 128(4), 1194-1201.
https://doi.org/10.1175/1520-
0493(2000)128<1194:COHREI>2.0.CO;2

Brunner, M. I. (2021). Reservoir regulation affects droughts and floods at
local and regional scales. Environmental Research Letters, 16(12),
124016-124016. https://doi.org/10.1088/1748-9326/ac36f6

Brunner, M. 1. (2023). Floods and droughts: A multivariate perspective.
Hydrology and Earth System Sciences, 27(13), 2479-2497.
https://doi.org/10.5194/hess-27-2479-2023

Chen, Y., & Lin, P. (2018). The total risk analysis of large dams under
flood hazards. Water, 10(2), 140.
https://doi.org/10.3390/w10020140

De-la-Cruz-Courtois, O. A., Guichard, D., & Arganis, M. L. (2020).
Analytical functions from a stochastic model for extractions of a
hydroelectric reservoir after the rainy season. Ingenieria del Agua,
24(4), 235. https://doi.org/10.4995/ia.2020.12311

Dominguez, C., & Magafia, V. (2018). The role of tropical cyclones in
precipitation over the tropical and subtropical North America.
Frontiers in Earth Science, 6.
https://doi.org/10.3389/feart.2018.00019

Fernandez-Rivera, D. C., Rodriguez-Rincén, J. P., Alcocer-Yamanaka, V.
H., Brefia-Naranjo, J. A., & Pedrozo-Acufia, A. (2019).
Hydrometeorological approach for the estimation of hurricane-
induced floods. Journal of Flood Risk Management, 12(2), e12454.
https://doi.org/10.1111/jfr3.12454

300

Tecnologia y ciencias del agua, ISSN 2007-2422,
17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Gabriel-Martin, I., Sordo-Ward, A., Santillan, D., & Garrote, L. (2020).
Flood control versus water conservation in reservoirs: A new policy
to allocate available storage. Water, 12(4), 994,

https://doi.org/10.3390/w12040994

Gama, L., Ordofiez, E. M., Villanueva-Garcia, C., Ortiz-Pérez, M. A.,
Lopez, H. D., Torres, R. C., & Valadez, M. E. M. (2010). Floods in
Tabasco, Mexico: History and perspectives. WIT Transactions on
Ecology and the Environment, 133, 25-33
https://doi.org/10.2495/friar100031

Garcia, W., Suarez-Lima, Y., & Herbas, E. (2017). Evaluacién del riesgo y
medidas de mitigacidon para eventos de inundacidon en el Municipio
de Santa Ana del Yacuma (Beni, Bolivia). Acta Nova, 8(2), 165-185.
http://www.scielo.org.bo/scielo.php?script=sci_arttext&pid=S168
3-07892017000200002&Ing=es&nrm=iso&tlng=es

Garrote, L., Granados, A., Spiliotis, M., & Martin-Carrasco, F. (2023).
Effectiveness of adaptive operating rules for reservoirs. Water
Resources Management, 37(6-7), 2527-2542.
https://doi.org/10.1007/s11269-022-03386-9

Herrera, E., Magafa, V., & Caetano, E. (2014). Air-sea interactions and
dynamical processes associated with the midsummer drought.
International Journal of Climatology, 35(7), 1569-1578.
https://doi.org/10.1002/joc.4077

Herrera, E., Magafia, V., & Morett, S. (2018). Relacién entre eventos
extremos de precipitacion con inundaciones. Estudio de caso:
Tulancingo, Hidalgo. Nova  Scientia, 10(21), 191-206.
https://doi.org/10.21640/ns.v10i21.1527

301

Tecnologia y ciencias del agua, ISSN 2007-2422,
17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Huerta-Loera, S. F., & Dominguez-Mora, R. (2016). Metodologia para la
estimacion del riesgo aguas abajo de una presa en funcion de las
politicas de operacion a largo plazo. Ingenieria, Investigacion Y
Tecnologia, 17(3), 343-356.
https://doi.org/10.1016/j.riit.2016.07.005

Lerch, S., Thorarinsdottir, T. L., Ravazzolo, F., & Gneiting, T. (2017).
Forecaster’s dilemma: Extreme events and forecast evaluation.
Statistical Science, 32(1). https://doi.org/10.1214/16-sts588

tydzba, D., Rozanski, A., Sobdtka, M., Pachnicz, M., Grosel, S., & Rainer,
J. (2021). A comprehensive approach to the optimization of design
solutions for dry anti-flood reservoir dams. Studia Geotechnica et
Mechanica, 43(3), 270-284. https://doi.org/10.2478/sgem-2021-
0016

Magafa, V., Amador, J. A., & Medina, S. (1999). The midsummer drought
over Mexico and Central America. Journal of Climate, 12(6), 1577-
1588. https://doi.org/10.1175/1520-
0442(1999)012<1577:TMDOMA>2.0.CO;2

McPhillips, L. E., Chang, H., Chester, M. V., Depietri, Y., Friedman, E.,
Grimm, N. B., Kominoski, J. S., McPhearson, T., Méndez-Lazaro, P.,
Rosi, E. J., & Shafiei-Shiva, ]J. (2018). Defining extreme events: A
cross-disciplinary review. Earth’s Future, 6(3), 441-455.
https://doi.org/10.1002/2017ef000686

Méndez-Antonio, B., Soto-Cortés, G., Rivera-Trejo, F., & Caetano, E.
(2014). Modelacidon hidroldgica distribuida apoyada en radares
meteoroldgicos. Tecnologia y ciencias del agua, 5(1), 83-101.

https://revistatyca.org.mx/index.php/tyca/article/view/441

302

Tecnologia y ciencias del agua, ISSN 2007-2422,

Open Access bajo la licencia CC BY-NC-SA 4.0 X .
(https://creativecommons.org/licenses/by-nc-sa/4.0/) 17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Méndez, M., & Magana, V. (2010). Regional aspects of prolonged
meteorological droughts over Mexico and Central America. Journal
of Climate, 23(5), 1175-1188.

https://doi.org/10.1175/2009jcli3080.1

Merz, B., Aerts, J., Arnbjerg-Nielsen, K., Baldi, M., Becker, A., Bichet, A.,
Bléschl, G., Bouwer, L. M., Brauer, A., Cioffi, F., Delgado, J. M.,
Gocht, M., Guzzetti, F., Harrigan, S., Hirschboeck, K., Kilsby, C.,
Kron, W., Kwon, H.-H., Lall, U., & Merz, R. (2014). Floods and
climate: Emerging perspectives for flood risk assessment and
management. Natural Hazards and Earth System Sciences, 14(7),
1921-1942. https://doi.org/10.5194/nhess-14-1921-2014

Mokhov, I. I. (2023). Seasonal features of the changes in the frequency
of severe weather events in russian regions over the past decades.
Russian  Meteorology and  Hydrology, 48(11), 954-965.
https://doi.org/10.3103/s1068373923110043

Nakamura, R., & Shimatani, Y. (2021). Extreme-flood control operation
of dams in Japan. Journal of Hydrology: Regional Studies, 35,
100821. https://doi.org/10.1016/j.ejrh.2021.100821

Ochoa-Orozco, W., Rivera, P., & Herrera, E. (2022). Comportamiento
meteoroldgico durante la sequia de medio verano en Guatemala.
Ciencia, Tecnologia y Salud, 9(2), 150-165.
https://doi.org/10.36829/63cts.v9i2.1284

Pazos, M., Magafa, V., & Herrera, E. (2023). Easterly wave activity in the
Intra Americas Seas region analyzed with vertically integrated
moisture fluxes. Frontiers in Earth Science, 11.
https://doi.org/10.3389/feart.2023.1223939

303

Tecnologia y ciencias del agua, ISSN 2007-2422,
17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologia y

CienciaszAgua
Pedroza-Gonzalez, E. (2016). Medicién de flujo volumétrico empresas,
canales y pozos. Jiutepec, México: Instituto Mexicano de Tecnologia

del Agua. https://www.gob.mx/imta/documentos/medicion-de-

flujo-volumetrico-en-presas-canales-y-pozos

Pedrozo-Acufia, A., Brefia-Naranjo, J. A., & Dominguez-Mora, R. (2014).
The hydrological setting of the 2013 floods in Mexico. Weather,
69(11), 295-302. https://doi.org/10.1002/wea.2355

Ramos-Gutiérrez, L. J., & Montenegro-Fragoso, M. (2012). Las centrales
hidroeléctricas en México: pasado, presente y futuro. Tecnologia y
ciencias del agua, 3(2), 103-121.
https://revistatyca.org.mx/index.php/tyca/article/view/275

Rivera, P. (2021). Variabilidad intraestacional de la precipitacion en la
region sur de Guatemala durante los afios 1980-2015, influenciada
por la oscilacion Madden-Julian (Ph. D. Thesis). Universidad de San
Carlos de Guatemala: Guatemala.

http://www.repositorio.usac.edu.gt/id/eprint/20485

Rivera-Trejo, F., Soto-Cortés, G., & Méndez-Antonio, B. (2010). The 2007
flood in Tabasco, Mexico: An integral analysis of a devastating
phenomenon. International Journal of River Basin Management,
8(3-4), 255-267. https://doi.org/10.1080/15715124.2010.508746

Rodriguez-Rincén, J. P., Pedrozo-Acufia, A., & Brefia-Naranjo, J. A.

(2015). Propagation of hydro-meteorological uncertainty in a model

cascade framework to inundation prediction. Hydrology and Earth

System Sciences, 19(7), 2981-2998. https://doi.org/10.5194/hess-
19-2981-2015

304

. : ] Tecnologia y ciencias del agua, ISSN 2007-2422
Open Access bajo la licencia CC BY-NC-SA 4.0 . i’ !
(https://creativecommons.org/licenses/by-nc-sa/4.0/) 17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Semenova, N. K., Simonov, Y. A., & Khristoforov, A. V. (2023). Extended
streamflow prediction for Russian rivers. Russian Meteorology and
Hydrology, 48(12), 1019-1028.

https://doi.org/10.3103/s1068373923120026

Someya, K. (2018). Collaborative and adaptive dam operation for flood
control. Journal of Disaster Research, 13(4), 660-667.
https://doi.org/10.20965/jdr.2018.p0660

Spiliotis, M., Mediero, L., & Garrote, L. (2016). Optimization of hedging
rules for reservoir operation during droughts based on particle
swarm optimization. Water Resources Management, 30(15), 5759-
5778. https://doi.org/10.1007/s11269-016-1285-y

Takeuchi, K., & Tanaka, S. (2021). Anticipated maximum scale
precipitation for calculating the worst-case floods. Water Policy.
https://doi.org/10.2166/wp.2021.241

Tejeda-Martinez, A. (2006). Inundaciones 2005 en el estado de Veracruz.
Xalapa, México: Consejo Veracruzano de Investigacidon Cientifica y
Desarrollo Tecnoldgico-Universidad Veracruzana.
https://publicaciones.geografia.unam.mx/index.php/ig/catalog/bo
ok/68

Tejeda-Martinez, A. (2011). Inundaciones 2010 en el estado de Veracruz.
Xalapa, México: Consejo Veracruzano de Investigacidén Cientifica y
Desarrollo Tecnoldgico-Universidad Veracruzana.
https://www.uv.mx/peccuv/general/inundaciones-2010-en-el-

estado-de-veracruz/

305

Tecnologia y ciencias del agua, ISSN 2007-2422,
17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

Gty ‘W) Check for updates

O

Tecnologiay %=

CienciaszAgua

Vuglinskii, V. S., Cretaux, J. F., Izmailova, A. V., Gusev, S. I., &
Kurochkina, L. S. (2024). Prospects of using satellite Data for
Determining Water Levels in Large Lakes and Reservoirs: A case
study for Russian water bodies. Russian Meteorology and
Hydrology, 49(1), 1-8.
https://doi.org/10.3103/s1068373924010011

You, J.-Y., & Cai, X. (2008). Hedging rule for reservoir operations: 1. A

theoretical analysis. Water Resources Research, 44(1).
https://doi.org/10.1029/2006wr005481

Zufiga-Tovar, A. E., & Magafia-Rueda, V. 0. (2018). Vulnerability and risk
to intense rainfall in Mexico: The effect to land use cover change.
Investigaciones Geogréficas, 95,
https://doi.org/10.14350/rig.59465

306

Tecnologia y ciencias del agua, ISSN 2007-2422,

Open Access bajo la licencia CC BY-NC-SA 4.0 X .
(https://creativecommons.org/licenses/by-nc-sa/4.0/) 17(3), 278-306. DOI: 10.24850/j-tyca-2026-03-08


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-2026-03-08&amp;domain=pdf&amp;date_stamp=2026-05-01

	Management of dam discharge to reduce flood risk
	Introduction
	Theoretical background and methodology
	Hydrology and climate
	Meteorological forecasting
	Hydrological response

	Proposed solution
	Gaining time with weather forecasting
	Gaining time by keeping a water volume deficit
	Methodology of the proposed solution

	Discussion and conclusions
	Acknowledgements
	References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



