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RESUME

Depuis peu, les bassins de détention sont utilisés pour réduire les risques d'inondation dans les
vallées et les plaines alluviales. Les bassins sans surveillance sont dimensionnés au moyen d'un
hyétogramme de projet obtenu a partir d'un hyétogramme synthétique dérivé des courbes de
probabilité de précipitation. Pour dépasser les limites de ces méthodes, cette communication décrit
une premiére démarche pour appliquer I'approche semi-probabiliste aux bassins naturels et larges.
On suppose alors que les précipitations sont un phénoméne stochastique, c’est-a-dire un
enchainement d'orages indépendants, avec une durée et une hauteur de précipitations totale propre a
chacun, et séparés par des périodes séches. Les fonctions de distribution de probabilité des pics de
débit en amont et en aval du réservoir de détention sont dérivées dans I'hypothése que les
hydrographes de l'entrée et de la sortie soient triangulaires. Pour valider cette démarche, un cas
d’étude situé dans la région préalpine du Nord de I'ltalie a été choisi : on a modélisé un bassin de
rétention au niveau du torrent Garza, juste en amont de la ville de Brescia, bassin versant d'environ 53
km?2. Les résultats obtenus avec I'approche semi-probabiliste ont alors été interprétés et comparés aux
résultats obtenus avec la méthode de la crue de projet et les simulations continues.

ABSTRACT

Recently, detention reservoirs have been largely adopted to decrease the flood risk in valleys and
floodplains. For ungauged basins, the traditional sizing methods utilize a design hydrograph, obtained
from a synthetic hyetograph, whose volume satisfies a representative depth-duration-frequency curve.
In this work, to overcome the limits of such an approach, a proposal to apply the semiprobabilistic
methodology to large natural catchments is described. In this framework the rainfall is assumed to be
a stochastic process composed of a sequence of independent storms, each of which is described by
the total depth and the wet weather duration and is separated by interevent dry periods. The
probability distributions of the peak rates upstream and downstream the detention storage are then
derived assuming a triangular shape for the inflow and the outflow hydrographs. For validating the
model, a case study was selected in the alpine foothill area of northern Italy: a detention reservoir
aimed at the wet weather discharge control of the Garza stream and located immediately upstream the
city of Brescia, whose catchment area is about 53 km°. The performances assessed by the
semiprobabilistic approach were compared to those achieved by the design method and the
continuous simulations.
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1 INTRODUCTION

In the last decades the expansion of the urban areas in ltaly has strongly increased the flood
vulnerability of the human activities. Such a growth has been especially intensive in the northern side
of the Po Valley, the so called “Italian corridor”, where an uninterrupted anthropogenic environment
can be actually observed. Currently the floodplains, formerly devoted to farming, are mostly interested
by residential, industrial and commercial settlements. The anthropogenic activities affect the drainage
network as well, diminishing its conveyance capacity. In fact, narrowing the cross sections or
constraining the open canals into culverts are widely applied practices to broaden the urbanized
areas.

In addition, the increase in the imperviousness and the decrease in the times of concentrations, that
are both consequences of the land use change, locally enlarge the flood volumes and raise the peak
flow rates (Ranzi et al., 2002). As a result, the inundation events become more and more severe and
frequent, particularly in those areas, as the valley bottoms and the foothill plains, where the runoff
discharge rapidly slows down and the natural floodplains are wider. Additional changes in the
hydraulic regime are caused by the alteration of the sediment delivery balance and by the river
morphology dynamics (Walesh, 1989).

Following the more advanced approach (ASCE and WEF, 1998; CIRIA, 1999; USEPA, 1993), that
promotes the mitigation of the urbanization effects on the hydrological cycle, storage practices are
encouraged in spite of other flood prevention techniques, as channel widening, pathways shortening
by meander cutting, building of diversion canals or embankment elevation. Indeed, such structural
remedies can only locally attenuate the risk, which is however increased downstream. On the contrary,
the temporary storage of the wet weather discharge provides a restoration of the previous routing
capacity of the whole catchment. Moreover, these devices, that can be constructed either as concrete
basins or as open ponds by reshaping the natural landscape, own amenity and quality control
potentialities (Urbonas and Stahre, 1993).

Flood detention devices can play a major role in the urban stormwater management, but they are quite
expensive both in terms of the building costs and of the extension of the land area usually exploited.
An efficient sizing method is therefore desirable. The traditional design event approach is based on
strongly simplifying hypotheses (see for example Akan and Houghtalen, 2003). Leaving apart the
assumptions strictly regarding the catchment hydrological modelling, the most critical concerns lie in
assuming that the hydrograph return period is equal to the storm one and that the reservoir is
completely empty at any flood event occurrence. In addition, the performance of the device is
assessed only for a single severe hydrograph and not for any other possible major events. On the
other hand, the continuous simulation of the hydraulic device could provide a tool to perform more
realistic analysis, but it requires high computational times and many hydrological data which, in most
cases, are not available.

Another promising technique is suggested by the semiprobabilistic methodology. In this approach the
simplicity of the formulation is maintained and the analysis is performed not on one single event but on
all the events, as in the continuous simulation (Eagleson, 1972; Marsalek, 1978; Diaz-Granados et al.,
1984). By applying the derived probability distribution theory, the methodology is able to develop the
probability functions of the design hydrological variables starting from those describing the rainfall
stochastic process. So, the evaluation of the return period of the derived variables is conceptually
correct and the analytical relationships can be written, if suitable distribution functions are adopted.
The derivation procedure requires single event statistics, whose parameters are assessed by
analyzing long continuous rainfall time series. Further improvements are then provided by the ability of
the semiprobabilistic approach to take into account the entire range of the observed rainfall events and
their temporal sequence.

The semiprobabilistic methodology has been already used in the context of small urban catchment
(Guo and Adams, 1999; Balistrocchi et al., 2009b). Herein this method, based on a rainfall event
probabilistic model that suits the Italian climate and a simplified equation for the hydrological loss
estimate (Bacchi and others, 2008), is applied for the design of a flood detention facility aimed at the
control of the Garza stream wet weather discharge (Brescia province, Lombardy). The Garza stream
has its sources in the pre-alpine area and it encloses the medieval Brescia downtown with a
semicircular shape channel. The reliability of the model was tested by comparing the semiprobabilistic
outputs to those obtained from long term continuous simulations, outlining a quite satisfactory
agreement.
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2 METHODOLOGY

The semiprobabilistic model development requires rainfall event statistics, which must be derived by
separating the rainfall time series into individual independent events. This analysis is usually
performed by using an interevent time definition IETD and a rainfall threshold IA. The first one
represents the minimum dry weather period between two independent rainfall events (Adams and
Papa, 2000, pp. 55-59); the second one is the catchment initial abstraction of the hydrological losses
(see for example Chow et al., 1988, pp. 147-155) and allows to remove the not producing runoff
events from the sample. Therefore, the precipitation stochastic process can be represented by the
probability distribution of three random variables: the event rainfall volume, the wet weather duration
and the interevent dry weather period.

For deriving the distributions of the peak inflow rate and the peak outflow rate, that are the main
hydrological variables involved in the detention reservoir design, the probability functions of the storm
event volume v and the wet weather duration t have to be assessed: a couple of marginal distributions
suitable for the Italian climate is given in equation (1). As previously shown by Balistrocchi (2007), the
volume non exceedance probability Py, may be expressed by a three parameter Weibull function,
where the threshold |A denotes the volume lower limit, while g and ¢ are the calibration parameters
and determine the shape and the scale features respectively. A simpler exponential function is instead
satisfactory for the non exceedance probability of the rainfall duration Pry, whose parameter A equals
the theoretical mean.

B
Fv) = 1—9XP[—(V?AJ ] forv > 1A

Pr() =1-exp {— (%ﬂ for £>0

It is well known that these two random variables are dependent on each other (Eagleson, 1970, p.
186). Such a behaviour has been recently observed and modelled also for some lItalian precipitation
series recorded in various ltalian climatic regions (Balistrocchi et al., 2009a). Nevertheless, to
guarantee the analytical integration of the derived probability distributions, according to other Authors
(Eagleson, 1972; Diaz-Granados et al., 1984; Guo and Adams, 1998), the usual operative hypothesis
of independence is herein adopted. So, the joint probability density function pyr,y takes the form:

p-1 P
At = vt ”T@:%(%) eXp[_Gj_(V?AJ ] 2)

2.1 Peak inflow rate distribution

(1)

In the framework of a design method development, the hydrological losses can be estimated by using

a simplified model. Hence, a runoff coefficient ® can be applied to the rainfall portion that exceeds the
initial abstraction. The flood volume v, can be consequently evaluated, according to the expression (3).

v, =@ (v-1A) (3)

As previously suggested (Wycoff and Singh, 1976), the inflow hydrograph for a detention facility can
be approximated to a triangle, as shown in figure 1: the height equals the inflow peak rate Q, and the
base is given by the sum of the storm duration t and the catchment time of concentration t,, assumed
to be a characteristic constant time of the basin. Enforcing a fixed shape for the hydrograph is
obviously a strong limiting hypothesis, that is acceptable only if the objective is the estimation of the
peak discharge value during a severe flood. On the contrary, the implementation of the catchment
routing equations inside the derivation procedure leads to very complex analytical solutions, difficult to
manage in practice. The Qy; flow rate is related to the independent random variables t and v by the
equation (4), a deterministic relationship suitable for the application of the derived distribution theory.

_2v, _2®(v-1A)
Pl +t, t+t,

(4)

Hence, the probability distribution of the peak inflow rate Pq, can be derived as shown in (5) and
expressed by the equation (6), if the S exponent in (2) is set equal to one.
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Figure 1: Simplified hydrographs associated with the routing process

This further simplification is justified by the close to one values found for the shape parameter of the
volume distribution when the rainfall probabilistic model (1) is calibrated for this kind of structural
device (see Table 1).

20 (v—-IA t+t
Papi(q, ) =Prob {Qp, qui}zProb {t(T)gqpi}zProb {Vqu,- 2cDC +IA} (5)
(o]
St
PQpi(qp,-) :l_&exp — qpl—c (6)
qp A+2D ¢ 20

2.2 Peak outflow rate distribution

The distribution function of the outflow peak flow rate Q,, is achievable by imposing a triangular
hydrograph for the discharge routed by the detention basin, as in figure 1. The storage volume S
required for decreasing the runoff peak from Qp; to Q,, is then provided by the relationship (7).

s=%(Qp,—on)(t+tC) (7)

When this deterministic relationship is established, the equation (8) is derived, which finally results in
the non exceedance probability function Pq,,, Wwhen Sis equal to one.

~IA)- t+t, )+2S
Papo(q,, ) = Prob {on < Gpo }: Prob {2M < Gpo } = Prob {v < MHA (8)

t+1t, 20
20 oo Lo Gpo S
Pon(qpo)zl_—é/exp_ﬂ_FL (9)
Qpo A+2D ¢ 204 @7

3 CASE STUDY

A case study for applying the semiprobabilistic method was identified: a detention basin was designed
to protect the north-eastern outskirt of the Brescia city (Lombardy Region, Italy) against the flood risk
associated with the Garza stream. This natural waterbody originates from the hills located immediately
upstream the urban area, where the terrain is characterized by very steep slopes (up to 60°). In the
foothill plain the stream flows immediately in proximity of many commercial, industrial and residential
buildings and the riverbed is often constrained into culverts or very narrow open channels. In the city
downtown the canal is mainly buried and becomes part of the ancient combined and separate sewer
systems.

A suitable location for the detention basin was found in the valley bottom a few kilometres upstream
the urban area boundary, as illustrated in figure 2: the river section hosting the detention device inlet
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drains a catchment area of about 53 km? where the stream is 18 km long. The steep slopes are
responsible of high flow rates and a rapid hydrological response: following the formulation of Bacchi et
al. (1999), who analyzed several flood events in the Brescia province, the time of concentration {, was
estimated in 3.6 h by means of the relationship (10), where the catchment area A is expressed in km?,
the river length L in km and the difference AH between the mean and the minimum elevations in m.
The natural portion of the basin surface is moderately impervious and the mean Curve Number (CN)
of the SCS method (Soil Conservation Service, 1972) was formerly estimated by Natale (1994) in 75.

_ 3.3JA4+32L
JAH

The device was sized by using a traditional design method, in which the hyetograph was derived from
the intensity-duration-frequency curves (11) corresponding to a return period of 50 years, defined by
Bacchi et al. (1995) for the Brescia Pastori raingauge (located a few kilometres south of the
watershed); the point precipitation was then transformed into an areal precipitation by using the area
reduction factor proposed by Moisello and Papiri (1986). The rainfall time pattern was developed
following the Chicago method (Akan and Houghtalen, 2003, pp. 27-29) setting a storm duration double
than the time of concentration. The areal precipitation was subsequently routed by using a Nash
conceptual scheme (Nash, 1957) with two linear reservoirs and assuming the average antecedent
moisture condition (AMC 1) of the CN for the calculation of the rainfall excess. The storage constant k
of the reservoir system was set to 0.77 h by using the equation (12), where n denotes the number of
reservoirs, obtained by equalling the instantaneous unitary hydrograph peak of the Nash method and
the one characterizing the kinematic method assuming a triangular Instantaneous Unit Hydrograph
(Bacchi et al., 1989).

t; (10)

v =5471d%% (11)
t. I'(n)
K)o 12
Hydrography
I River network
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Figure 2: Contributing watershed of the detention basin
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The storage capacity was designed to be an open pond, off-line connected to the stream bed as
illustrated in figure 3a. The flood discharge is diverted into the device by a side weir combined with a
gate and released downstream by a control orifice; a pumping system is provided for completing the
tank emptying. Accounting for the local topography and geology and trying to reduce the visual impact
of the embankments, the maximum detention volume was fixed in about 200000 m*: this is expected
to decrease the peak flow rate of the design hydrograph from 94 m®/s to 72 m®/s, as the simulation of
the routing effect due to the presence of the designed basin shows (figure 3b) (Taccolini and Bacchi,
2001).

STREAM STORAGE
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Figure 3: a) hydraulic scheme; b) design inflow and outflow hydrographs (Taccolini and Bacchi, 2001)
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3.1 Calibration of the semiprobabilistic model

The 45 yearlong rainfall time series recorded at the Brescia Pastori raingauge was utilized for
calibrating the derived distributions (6) and (9). As expected, the fitting parameters of the precipitation
probabilistic model (1) are highly sensitive with regard to the thresholds IETD and IA (Bacchi et al.,
2008). In practical applications, their values should be assessed in consideration of the involved
hydrological processes, for enhancing the reliability of the overall semiprobabilistic modelling (Bacchi
et al.,, 2008). While IA has a clear physical meaning, being an incipient runoff depth that may be
assessed by some practical method, the IETD can be estimated like the minimum time between two
subsequent storms in order to consider their flood discharges as belonging to two separate flood
events. The minimum interevent time can be set equal to the catchment time of concentration, if the
interest is addressed to the inflow peak discharge distribution (6), but it should include also the storage
volume emptying time for the outflow peak discharge distribution (9), for avoiding the overlapping of
the routed discharge hydrographs.

Table 1 reports the fitting values for the Brescia rainfall time series and the mean number of
independent storm events per year 6. The IETD upper limit (48 h) accounts for the long period
expected for completing the device emptying phase, while the highest IA values are related to the CN
estimate. The scale parameters ¢ and 4 increase with both the thresholds, while the annual event
number tends to decrease. In fact, as the two thresholds rise, the number of storms that are lumped
together into larger events, or suppressed if too small, is greater. Finally, the close to one values of the
S shape parameter justify the simplification adopted in the derivation of the probability distributions.

IETD (h) 3 6 12 24 48
IA(mm) | 10 | 15 | 20 | 10 | 15 | 20 | 10 | 15 | 20 | 10 | 15 | 20 | 10 | 15 | 20
B 0.88]0.9410.89/0.8810.91]0.87|0.90/0.91]0.87|0.92|0.91]0.91]0.93]0.93|0.93

{(mm) |12.2]14.0(14.1|14.4|15.8|15.8|17.1]18.0|18.3|21.3|21.9|23.1]|29.1|29.8|30.8
A (h) 11.1]12.9]14.0]16.5[19.1120.8|24.9 |128.4 | 31.1|42.0|47.2|52.184.3|93.4 | 103
6 (nly) 29 118 |12 |1 29 | 20 | 14 | 28 | 20 | 15 | 26 | 20 | 15 | 22 | 18 | 15

Table 1: Variability of the distribution parameters for the Brescia series with regard to the IETD and IA thresholds
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3.2 Validation through continuous simulations

In order to validate the semiprobabilistic procedure, a continuous simulation of the rainfall-runoff
transformation processes occurring in the watershed was performed by implementing the hydrological
data previously described into a lumped simulation model. The semi-hourly rainfall time series
recorded in Brescia (from January 1949 up to December 1993) was used to simulate the discharge
time series at the reservoir inlet. Following the equation (3), at each time step the hydrological losses
were computed by applying a runoff coefficient ® at the rainfall depth exceeding the initial abstraction
IA. The incipient runoff depth was fixed in 17 mm, by considering the CN method formulation, while the
runoff coefficient was used as a calibration parameter: a value of 0.25 was assumed to achieve the
design event inflow peak rate (94 m%s for a return period of 50 years). The flow rate series were
obtained by applying the same Nash routing of the design procedure.

The simulation outputs were then statistically analyzed by separating the continuous discharge series
into independent events assuming an IETD of 4 h. An event based statistics (Individual Event
Statistics IES) was carried out for assessing the annual number of independent discharge events 6,
and the corresponding peak rates Q. Consistently with the rainfall probabilistic model calibration, a
number of about 16 independent events was found (see Table 1 for IA=15+20 mm and IETD=3+6h).
So, the experimental return period T was estimated by the expression (13), where Fq,; is the plotting
position of the individual event discharge peak rate.

T-— 1 (13)

0o (1-Fopi )

A different frequency curve was obtained by a more traditional procedure: the calendar annual
maximum peaks were extracted from the simulated flow series (Annual Maximum Statistics AMS). The
corresponding return period was estimated like in (14), where F’q, denotes the annual maximum
plotting position.

1
1=Fapi

T= (14)

4 RESULTS AND DISCUSSION

The statistical analysis of the results of the continuous simulation provided the frequency distribution of
the peak inflow rate reported in Figure 4, together with the probability distribution derived through the
semiprobabilistic approach and the results obtained by the design event approach. The isolated dots
(DM) correspond to the peak discharge values derived by the design event procedure (Taccolini and
Bacchi, 2001), for the three classes of Antecedent Moisture Conditions AMC (with reference to the CN
method); actually only for the return period of 50 years, that is the fixed design return period, all the
three AMC classes were considered, while a few return periods (10, 20 and 100 years) were
evaluated. The continuous line (SPM) plots the semiprobabilistic analytical curve calibrated for IETD
and IA equal to 3.8 h and to 17 mm, respectively (5=1,0, (=14.4 mm, 4=15,8 h); the two continuous
simulation frequency curves deduced by the IES and the AMS are finally shown by the dotted lines
(CS IES and CS AMS, respectively).

As Figure 4 shows, the AMS and IES analyses lead to the same result when the return period
increases over 10 years. When the return period is close to 1 year though, the two statistics supply
quite different estimates: in such a condition the IES approach is considered to be the most reliable.
The overall agreement between the continuous simulation IES output and the semiprobabilistic one is
very satisfactory and it supports the estimate of the 50 year return period Q,; in about 100 m?s. In this
case the design event procedure overestimates the peak discharge at the reservoir inlet when the third
class of AMC (wet catchment) is considered, but underestimates for the first AMC class (dry
catchment).

Perfect agreement is attained for the second AMC class (average soil moisture condition) as a result
of the calibration criterion. The performance of the second part of the semiprobabilistic model
(equation 9) was evaluated by comparing the derived probability distribution of the outflow peak
discharge to the routed peak discharge (a single dot) obtained through the design event procedure
(Figure 5). Since the results of the semiprobabilistic approach is expected to be sensitive to the time
threshold (IETD) value, the probability distribution of the outflow peak discharge was computed for
three different values of IETD (12, 24 and 48 hours), according to three different hypotheses of the
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emptying time adopted for the detention basin management. In any case, for the design return period,

the semiprobabilistic model provides estimates of the peak outflow rate which are lower than the one

supplied by the design event approach. When the IETD is set to 48 h, which may be considered a

reasonable time interval for completing the emptying phase of the analyzed storage, the SPM curve
gives however a result close to the design method. Finally, the greater the IETD is, the lower the

routing performance is: such an occurrence was expected, since the available storage volume is

reduced when the detention times are extended. This behavior has already been evidenced by other

kinds of storage device (Balistrocchi et al., 2009b).

| @ DM(AMC1) A DM (AMC1l) = DM (AMC ll) —SPM © CS IES o CS AMS|

[s/;w] “o

T [years]

Figure 4: return period of the inflow peak discharge rate estimated through the different procedures
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Figure 5: return periods of the outflow peak discharge rate estimated for different emptying times
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5 CONCLUSIONS

A semiprobabilistic procedure was developed for assessing the performances of a flood routing
reservoir, which was formerly designed by a traditional methodology. This approach, based on a
stochastic representation of the rainfall process and on a simple rainfall-runoff transformation scheme,
suggests an alternative solution which could provide a conceptually more correct procedure to
estimate the whole probability distributions of the most meaningful variables (runoff volume, peak
flood, outflow peak runoff). A continuous simulation of the river flow was performed using as input the
long rainfall time series observed at the nearest available raingauge (a few kilometres south of the
basin).

The comparison among the three different procedures used to estimate the peak flow rate
corresponding to the design return period (50 years) shows a very good agreement between the
output of the continuous simulation and the semiprobabilistic model. As expected, discrepancies are
noticeable for short return periods (a few years), in this range of frequencies different behaviours are
shown by event based statistics IES and the annual maximum statistics AMS. The results obtained by
the design event approach show a strong variability when different soil moisture conditions are
considered for the watershed. When the average antecedent soil moisture condition is selected, very
good agreement is obtained between the continuous simulation and the event based procedure, as a
result of the adopted calibration criterion.

Even if also in this approach strong simplifications have to be introduced in the representation of the
hydrological processes occurring in the watershed, in the case of the inflow peak rate the results of the
validation are supporting the efficiency of the developed model. At this step, only the first result of the
semiprobabilistic model is satisfactorily tested. Nevertheless, the agreement between the routing
performances estimated by the semiprobabilistic and the design method supports the reliability of the
first methodology as a whole. This is a favourable position in the hydraulic device design. A continuous
modelling of the storage hydraulic behaviour is obviously needed for a definitive validation.

LIST OF REFERENCES

Adams, B.J., and Papa, F. (2000). Urban stormwater management planning with analytical
probabilistic models. John Wiley & Sons, New York, NY.

Akan, A.O. and Houghtalen, R.J. (2003). Urban hydrology, hydraulics and stormwater quality.
Engineering applications and computer modeling. John Wiley & Sons, Hoboken, NJ.

ASCE, WEF (1998). Urban Runoff Quality Management. ASCE manuals and report on engineering
practice n° 87. ASCE, Reston, VA.

Bacchi, B., Larcan, E. and Rosso, R. (1989). Stima del fattore di attenuazione per la valutazione del
colmo di piena prodotto da piogge efficaci di durata finita ed intensita costante. Ingegneria
Sanitaria, 1, 6-15.

Bacchi, B., Mariani, M. and Ranzi, R. (1995). Analisi delle piogge intense e forte intensita a scala
regionale: Pianura Padana, Valtellina e Orobie. DICATA Technical Report, Brescia, IT.

Bacchi, B., Armanelli, B. and Rossigni, E. (1999). Valutazione delle portate di piena della provincia di
Brescia. DICATA Technical Report, 11, Brescia

Bacchi, B., Balistrocchi, M. and Grossi, G. (2008). Proposal of a semi-probabilistic approach for
storage facility design. Urban Water J., 5(3), 195-208.

Balistrocchi, M. (2007). Application of semiprobabilistic methods to the design and the management of
urban drainage devices. Ph.D. Dissertation, Milan Polytechnic, Milan.

Balistrocchi, M., Grossi, G. and Bacchi, B. (2009a). Copula approach to the statistical dependence of
the rainfall event variables. Proceedings of the 33" IAHR Congress Water Engineering for
Sustainable Environment, Vancouver, 9-14 August, 7032-7039.

Balistrocchi, M., Grossi, G. and Bacchi, B. (2009b). An analytical probabilistic model of the quality
efficiency of a sewer tank. Water Resour. Res., 45, W12420.

Chow, V.T., Maidment, D.R. and Mays, L.W. (1988). Applied hydrology. McGraw-Hill International
Edition, New York, NY.

CIRIA (1999). Sustainable urban drainage systems. Design manual for Scotland and Northern Ireland
(Report C521). P. Martin (Eds.), CIRIA, London, UK.




SESSION 1.7

Diaz-Granados, M.A., Valdes, J.B. and Bras, R.L. (1984). A physically based flood frequency
distribution. Water Resour. Res., 20(7), 995-1002.

Eagleson, P.S. (1970). Dynamic hydrology. McGraw-Hill, New York, NY.
Eagleson, P.S. (1972). Dynamics of flood frequencies. Water Resour. Res., 8(4), 878-898.

Guo, Y. and Adams, B.J. (1998). Hydrologic analysis catchments with event-based probabilistic
models 2. Peak discharge rate. Water Resour. Res., 34(12), 3433-3443.

Guo, Y. and Adams, B.J. (1999). An analytical probabilistic approach to sizing flood control detention
facilities. Water Resour. Res., 35(8), 2457-2468.

Marsalek, J. (1978). Synthesized and historical storms for urban drainage design. Proceedings of the
1% International Conference on Urban Storm Drainage, University of Southampton, Chichester, UK.

Moisello, U. and Papiri, S. (1986). Relazione tra altezza di pioggia puntuale e ragguagliata.
Proceedings of the 20" National Conference on Hydraulic and Hydraulic Constructions, 8-10
September, Padua, IT.

Nash, J.E. (1957). The form of the instantaneous unit hydrograph. IAHS publication 45, 3-4, 114-121.

Natale, L. (1994). Studio idrologico idraulico del bacino del torrente Garza. Report for the Lombardy
Region, Milan, IT.

Ranzi, R., Bochicchio, M. and Bacchi, B. (2002). Effects on floods of recent forestation and
urbanization in the Mella river (Italian Alps). Hydrol. Earth Syst. Sci., 6(2), 239-265.

Soil Conservation Service (1972). National engineering handbook, section 4: hydrology. U.S.
Department of Agriculture, Washington, DC.

Taccolini, S. and Bacchi, B. (2001). Torrente Garza: vasca volano nel comune di Nave. Design report
for the Lombardy Region, Milan, IT.

Urbonas, B. and Stahre, P. (1993). Stormwater. Best management practices and detention for water
quality, drainage and CSO management. PTR Prentice Hall, New York, NY.

USEPA (1993). Handbook urban runoff pollution prevention and control planning (EPA/625/R-93/004).
USEPA, Washington, DC.

Walesh, S.G. (1989). Urban surface water management. John Wiley & Sons, New York, NY.

Wycoff, R.L. and Singh, U.P. 1976. Preliminary hydrologic design of small flood detention reservoirs.
Water Resour. Bull., 12, 337-349.

10




<<
  /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


