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ABSTRACT

Aim of the study

Aim of the study is to provide a comparative assessment of event based (EBA4SUB) and continuous (COS-
MO4SUB) modeling approaches for rainfall-runoff modeling for small and ungauged basins, focusing on the
influence of the Antecedent Moisture Condition (AMC) of the soil on the estimated design peak discharge.

Material and methods

The event based approach is the EBA4SUB software. It consists in selecting a design rainfall event, esti-
mating the rainfall excess, and transforming it into the direct hydrograph. The continuous approach is the
COSMO4SUB framework. It consists in generating a long synthetic rainfall time series at sub-daily resolu-
tion that feeds a continuous rainfall-runoff model. Then, a discharge time series is determined, providing the
estimation of the runoff and the related peak discharge.

Results and conclusions

Results show the critical role of antecedent moisture condition (AMC) and how subjective the event-based
approach is for determining the design hydrograph and peak discharge. In the event-based approach, AMC
is arbitrarily selected by the analyst, while in the continuous modeling it is automatically determined using
the synthetic rainfall input. Our findings indicate that the event-based approach systematically leads to a con-
siderable overestimation of floods if AMC III (wet soil) is assumed or to a slight underestimation of floods if
AMC II (average condition for soil humidity) is selected.

Keywords: Continuous modeling, COSMO4SUB, design hydrograph, EBA4SUB, event-based approach,
rainfall-runoff modeling

INTRODUCTION EC, 2007, FEMA, 2009). Methods for estimating DH

are strongly dependent on watershed characteristics
The design hydrograph (DH) estimation is a funda- and data availability. In this contribution, we inves-
mental topic in hydrology, being required for a num-  tigate the case of “small” and “ungauged” basins. For
ber of applications, from hydraulic structure designs “small” we refer to basins where it is reasonable to
to flood risk-mapping procedures (Directive 2007/60/  assume a linear behavior and to apply the instanta-
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neous unit hydrograph (IUH) theory (Dooge, 1973).
Small basins are usually “ungauged”, i.e. without dis-
charge observations, which are needed for calibrating
advanced hydrological models. This in turn yields a
critical task for the analyst. Generally, only digital
elevation models (DEMs) with a standard resolution,
land use / land cover digital support, soil type and rain-
fall data are available.

In the literature, two distinct methodologies for
evaluating DH in small and ungauged basins are gen-
erally recommended: the ‘event-based’ scheme and the
‘continuous simulation’ approach. The ‘event-based’
scheme defines DH through the rainfall-runoff trans-
formation of a design hyetograph that is characterized
by an assigned return period (Tr) and that is usually
deduced employing the Depth-Duration-Frequency
(DDF) or the Intensity-Duration-Frequency (IDF)
curves (Hsieh et al., 2006; Alfieri et al., 2008). The
more recent ‘continuous simulation’ approach consists
in generating a long synthetic rainfall time series, cali-
brated with observed data, and transforming it through
a continuous rainfall-runoff model. From the obtained
runoff time series, DH is derived according to the fol-
lowing steps. 1) A driving-variable (usually the peak
discharge) is defined. 2) Flood events are analyzed,
and each event is characterized by peak discharge, to-
tal volume, and total duration values. 3) Annual siev-
ing is applied and the sampled hydrograph is selected
by choosing the event with the maximum value of the
driving-variable. 4) Non-dimensional hydrographs are
derived from the sampled ones by dividing their bases
by duration and multiplying their ordinates by dura-
tion/volume ratio. 5) Datasets of driving and non-driv-
ing variables (usually volume and duration) are put
together by analyzing the sampled non-dimensional
hydrographs. 6) The best-fitting statistical distribution
is estimated for the driving-variable dataset. 7) The
statistical relationships between driving and non-driv-
ing parameters are derived. 8) Inference on the return
value of driving-parameter is carried out and the re-
lated expected values of the non-driving parameters
are obtained from the settled relationships. 9) A stan-
dardized design hydrograph is defined. 10) The DH
is obtained from the standardized hydrograph, which
corresponds to the driving-parameter with assigned
return period, by multiplying its basis by the expect-
ed duration, and its ordinates by the expected volume/
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duration ratio (Moretti and Montanari, 2008; Grimaldi
etal., 2012a,b).

The event-based scheme is widely applied since it
is based on the easily available DDF or IDF curves but
this approach involves some assumptions whose ef-
fects are difficult to quantify. The simplified shape (of-
ten rectangular) of the assumed hyetograph, the con-
cept of critical rainfall duration (usually equal to the
basin time of concentration) and the lack of informa-
tion about the antecedent soil wetness condition can
result in a great uncertainty (Hoes and Nelen, 2005;
Verhoest et al., 2010).

In order to overcome such drawbacks, in the last
few years, continuous modeling approaches have been
developed and many authors have evaluated their per-
formances with respect to event-based methods (Nna-
di et al., 1999; Alfieri et al., 2008; Viglione and Blo-
schl, 2009; Nishat et al., 2010; Grimaldi et al., 2012b;
Winter et al., 2019). The aforementioned literature
focused on the comparison between the design hy-
drograph peak discharges, volumes, and durations ob-
tained with both the methodologies, and this revealed
that event-based approaches usually tend to underesti-
mate the flood peaks and volumes. In particular, many
authors highlighted the uncertainty in the flood inun-
dation mapping procedure caused by the subjective
selection of key parameters and by the simplification
of the involved hydrological and hydraulic processes
occurring in the watershed (Merwade et al., 2008; Di
Baldassarre et al., 2010; Kalyanapu et al., 2012).

Literature analyses support the hypothesis that the
main cause for the differences in the two methodolo-
gies is related to a combined effect of the infiltration
process and the simulated rainfall pattern. For ex-
ample, the realistic rainfall time pattern given by the
continuous approach influences the initial losses and
allows preservation of the rainfall peaks. The event-
based approaches, based on a simple representation
of rainfall processes, have been the simplest and most
commonly applied procedures for decades but their re-
sults are often impacted by conceptual hypotheses and
assumptions. The more recent continuous approach
seems to overcome some drawbacks of the event-
based approach, removing the subjective hypothesis
needed to combine the rainfall and infiltration models.
Literature analysis reveals that, although the contin-
uous scheme is able to provide useful results, further
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investigations are necessary, for instance concerning
infiltration modeling.

In this study, we apply both the methodologies with
the aim of investigating the influence of the Anteced-
ent Moisture Condition (AMC) on the estimated de-
sign peak discharge for a selected case study located in
central Italy. In particular, we compare the design peak
discharges, characterized by different return periods,
obtained by two recently developed methodologies.
The first scheme pertains to the event-based approach
(EBA4SUB) (Grimaldi and Petroselli, 2015; Piscopia
et al., 2015; Petroselli and Grimaldi, 2018), the sec-
ond implements a continuous framework (COSMO-
4SUB) (Grimaldi et al., 2012ab). Both methodologies
are characterized by state-of-the-art modules and have
been designed for small and ungauged basins.

MATERIALS AND METHODS

Data set

The selected case study is the watershed of the Vezza
River, a right tributary of the Tiber River, which is lo-
cated in the Lazio Region, central Italy (see: Fig. 1).
The watershed outlet, which is ungauged, was select-
ed at the confluence with the Tiber River, determining
atotal contributing area equal to 168.1 km?. Elevations
range from 63 m to 1052 m, while the average basin

slope is around 10%. The basin DEM was derived,
thanks to the Italian Geographic Military Institute
(IGMI, 2003), by the interpolation of 1:25.000 contour
lines reported in the raster dataset. The analyzed DEM
is characterized by a 20 m spatial resolution and by
a spatial and vertical accuracy of 5-10 m and 1-5 m,
respectively. It is noteworthy that the IGMI DEM was
chosen since it represents the official topographic data
source used by Italian River Basin Authorities when
dealing with flood mapping procedures. Land cover
was graciously provided by the CORINE project (Eu-
ropean Commission, 2000).

Rainfall data, consisting of 71 years (from 1928 to
2015, with gaps) of annual maxima observations for
durations of 1, 3, 6, 12, and 24 hours, plus 22 addition-
al years (from 1994 to 2015) at high resolution (from
1 minute to 15 minutes) were retrieved from the near-
est rain gauge station, in the Viterbo City. Indeed, an-
nual maxima of cumulative rainfall data characterized
by the durations of 1, 3, 6, 12, and 24 hours consti-
tute the national standard data provided each year by
the Italian River Basin Authorities to the hydrological
community.

Daily and hourly rainfall observations occurring
from 1994 to 2015 were used as input of the Hye-
tosR 1.1 software (Koutsoyiannis and Onof, 2001),
designed for the temporal stochastic simulation of

10 Kilometers

High: 1052

Low: 63

Fig. 1. Vezza river basin case study. Localization (Italy and Lazio region, in grey, left), DEM and drainage network (right)
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the rainfall process at fine time scale (sub-daily).
HyetosR 1.1 software uses the Bartlett—Lewis rect-
angular pulses rainfall model (Onof and Wheater,
1993,1994), and disaggregation techniques that ad-
just the finer scale values in order to obtain the re-
quired coarser scale values without affecting the sto-
chastic structure of the data (Koutsoyiannis, 2001).
The model was calibrated on the observed rainfall
data, preserving the mean, variance, auto covariance
and proportion of dry and wet periods for both dai-
ly and hourly data (Grimaldi et al., 2016). Data was
then used to generate a synthetic rainfall time series
of 500 years at 1-hour resolution. Such synthetic
rainfall time series represents the input data for the
event-based and the continuous modeling approaches
adopted in this study, as explained below.

Event-based modeling approach - EBA4SUB
framework

The 500 years synthetic rainfall time series obtained
using HyetosR 1.1 was analyzed extracting the 500
annual maxima of cumulative values with the standard
durations of 1, 3, 6, 12, and 24 hours. Such values
allowed the calculation of the DDF curves that were
based on the empirical Weibull formulation for return
periods T, equal to 10, 20, 50 and 100 years, according
to the following:

S L (1)
n+1 T

r

Where j = 1,..., n denotes the j* observation of the
samples arranged in ascending order and characterized
by the return period 7. The empirical Weibull formu-
lation was selected for its simplicity and because it is
widely used in hydrological applications (Alfieri et al.
2008; Grimaldi et al. 2012a). Moreover, we generate
a 500 years synthetic rainfall time series and we ana-
lyze return periods up to 100 years; therefore, we do
not have to extrapolate design values for periods greater
than the time series length. This leads us to approxi-
mate the probability by an empirical distribution rather
than a parametric one. The common two-parameters
(a and n) DDF curve has been selected as functional
shape for expressing the design gross rainfall as follows:

P=at" (2)
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Where P is the cumulative gross rainfall value (mm),
t the rainfall duration (h), a (mm/h) and n (dimension-
less) the curve parameters related to the return period.
The DDF curves were used as input rainfall data for the
Event-Based Approach For Small and Ungauged Basins
(EBA4SUB) conceptual rainfall-runoff model (Grimal-
di and Petroselli 2015, Piscopia et al. 2015, Petroselli
and Grimaldi 2018). The framework consists of the fol-
lowing modules: A) design gross rainfall estimation and
design hyetograph selection, B) excess rainfall estima-
tion, and C) rainfall-runoff transformation.

In module A), EBA4SUB can use real precipita-
tion events observed at rain gauges, or employ, like
in the present work, the DDF curves, selecting differ-
ent design rainfall patterns. In detail, the cumulative
value for the design rainfall characterized by the in-
vestigated return period was estimated employing Eq.
(2), assuming a rainfall duration equal to the time of
concentration of the basin that was estimated equal to
8 hours using the Giandotti (1934) formula:

151+
I=—pm— (3)
08VH

Where T is the time of concentration of the catch-
ment, A is the catchment area (km?), L is the length of
the main river (km), and H is the difference between
the catchment average elevation and the outlet eleva-
tion (m).

The areal reduction factor (ARF) has been applied
according to Leclerc and Schaake (1972) to account
for reduction due to spatially extended rainfall vari-
ability. Finally, the rectangular, symmetric triangular
and symmetric Chicago hyetographs were selected for
the estimation of the design gross rainfall hyetograph
(Alfieri et al. 2008).

In module B), for each of the considered design
gross rainfall hyetographs, the excess rainfall estima-
tion was performed applying the SCS-Curve Number
method (NRCS 2008). We are aware that the SCS-CN
method has its limitations. For instance, it is restricted
to certain geographic regions and land use types, it
does not describe the spatial variability of runoff, and
it is definitely not an infiltration equation, so its use is
not appropriate for estimating the incremental rainfall
excess at finer timescales during a storm event (Garen
and Moore, 2005; Eli and Lamont, 2010). However,
it is one of the most used abstraction models world-
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wide (Ponce and Hawkins, 1996). In the years, sev-
eral modifications and improvements of the method
have been developed (Geetha et al., 2007; Durbude
et al., 2011; Bartlett et al., 2016a,b; Read and Vogel,
2015; Ogden, 2017), but in the present study we refer
to the original formulation for simplicity. The Curve
Number (CN) value, as a weighted average for the
whole basin considering the specific land cover and
soil type, was automatically estimated by EBA4SUB.
Additional hypotheses had an initial abstraction ratio
assumed to be equal to 0.2, as suggested in the orig-
inal formulation, and a Hydrologic Soil Group equal
to B, selected based on available soil data. The CN
estimation was performed, using look-up tables that
link CN with land cover / soil type, both in Anteced-
ent Moisture Condition (AMC) II (average condition
for soil moisture; CN 68.1) and in AMC III (wet soil;
CN 82.9). EBA4SUB estimates the excess rainfall
employing the CN4GA (Grimaldi et al., 2013a,b)
module, that combines the SCS-Curve Number meth-
od with the Green-Ampt (1911) infiltration scheme.
However, in this specific analysis, in order to reduce
the computational time of the continuous modeling,
we preferred to use the classical SCS-CN method.

In module C), the rainfall-runoff transformation
was performed using the width function-based instan-
taneous unit hydrograph (WFIUH-1par) (Grimaldi
et al., 2012). WFIUH-1par calculates the time distri-
bution of the concentration of all DEM cells to the out-
let estimating the surface flow velocity both in river
network cells and in hillslope cells:

RO = o

)
where L, (m) and L, (m) are the drainage path in the
channel and along the hillslope, respectively, and are
related to the DEM cell x of the watershed. The pa-
rameters v, (m-s™') and v, (m-s™) are the velocity
values in the channel and along the hillslope. The
WFIUH is estimated as in the following. First, the
DEM is preprocessed to remove spurious points such
as pits and flat areas (Petroselli and Fernandez Alva-
rez, 2012). Second, hillslope cell velocities are cal-
culated employing a formula linking the hillslope ve-
locity to local slope and land cover (Grimaldi et al.,
2010). Third, river network cell velocity is calibrated
by the model assuring that the center of the WFI-
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UH mass is equal to the basin lag time (7). T, is
estimated proportionally to the time of concentration
(T) according to the relation 7, = 0.67, (Chow et al.
2008). After having defined the WFIUH, the runoff
hydrograph ¢(f) (m*-s™') is described by the follow-
ing equation:

q(t) = Aj WFIUH ( —7)- Pn(9dt (5)
0

where A is the catchment area (km?), t the time (h), t
a dummy variable (h), Pn(t) the height of previous-
ly determined excess rainfall (mm/h). The analysis
was conducted at 1-hour time resolution and allowed
the DH estimation, with the corresponding peak dis-
charge, for the specified return periods.

Continuous modeling approach -

COSMO04SUB framework

The 500 years synthetic rainfall time series at 1 hour
resolution obtained using HyetosR 1.1 was used as in-
put data of the simulation framework named COSMO-
4SUB (COntinuous Simulation MOdel For Small and
Ungauged Basins). COSMO4SUB (Grimaldi et al.,
2012a,b) consists of a multistep procedure character-
ized by a rainfall generator, an infiltration and rainfall
excess model, and a rainfall-runoff model.

Regarding the second step, the excess rainfall esti-
mation was performed applying again the SCS-Curve
Number method (NRCS 2008), by automatically
changing the AMC condition based on the cumulative
value of rainfall occurred in the previous 5 days with
COSMO4SUB. It is important to note that the contin-
uous implementation of the SCS-CN method requires
an additional parameter called the event separation
time. This represents the no-rain time interval that
separates two sequential events that can be considered
independent in terms of initial infiltration conditions.
In this work, the event separation time was assumed
equal to 24 hours, following Grimaldi et al. (2012a,b).
Moreover, AMC selection was performed according
to the official NRCS (2008) formulation, evaluating
the cumulative rainfall in the 5 days before the gener-
ic rainfall event (P5d) and considering the vegetation
growing season (assumed from May to November) or
dormant season (assumed from December to April).
AMC I (dry condition of soil) was defined for P5d
lower than 12.7 mm (dormant season) or lower than
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35.6 mm (growing season). AMC II (normal or aver-
age condition) was defined for P5d ranging between
12.7 mm and 27.9 mm (dormant season) or ranging
between 35.6 mm and 53.3 mm (growing season).
AMC III (wet condition for soil) was defined for P5d
higher than 27.9 mm (dormant season) or higher than
53.3 mm (growing season).

Regarding the third step, the same WFIUH-1par
of the event-based modeling approach was used. The
analysis was performed, as for the event-based ap-
proach, at 1-hour timescale. At the end of the COS-
MO4SUB simulation, 500 years of continuous runoff
at 1-hour time resolution were available. From the re-
sulting runoff time series, 500 annual maxima of peak
discharge were selected and their return period was
estimated applying the empirical Weibull formulation
(Eq. 1) for 10, 20, 50 and 100 years.

RESULTS AND DISCUSSION

The DDF curves obtained analyzing the 500 years
synthetic rainfall time series are shown in Figure 2.
The design peak discharges (Q,) computed from both
approaches are reported and shown in Table 1 and Fig-
ure 3. The percentage differences between the contin-
uous modeling, assumed as reference, and the investi-
gated event-based approaches are reported in Table 2.
Differences in peak discharges between the two mod-
eling approaches are evident.

A first comment concerns the obtained wide range
given by the EBA4SUB implementations for each
return period and the assumed AMC conditions. The
wide variability decreases by increasing the return
period. For instance, considering the rectangular hy-
etograph, for 7, 10 years, O, ranges from 66.4 m’-s™'
(AMC 1I) to 170.4 m3-s' (AMC III), with an in-
crease of 256%, while for 7 100 years O, ranges from
177 m*-s7' (AMC II) to 324.8 m3 - s7! (AMC III), with
an increase of 183%. A similar behavior is confirmed
also with the Chicago hyetograph and with the trian-
gular hyetograph.

These results highlight the critical role of AMC
and how subjective the event-based approach is for de-
termining the design hydrograph and peak discharge.
Indeed, it is well known in the literature that flood gen-
eration is strongly influenced by soil moisture at the
moment of rainfall. For instance, Papaioannou et al.
(2018) state that “the uncertainty induced in hydrolog-
ical modelling, in particular concerning the antecedent
soil moisture conditions, requires to move to more rig-
orous (stochastic) methodological approaches, instead
of quantifying the flood risk on the basis of the return
period of rainfall”.

A second comment concerns the range of peak dis-
charge obtained considering different rainfall patterns
in the event-based approach for the selected AMC.
The Chicago hyetograph always yields greater values
of peak discharge than the triangular or rectangular
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Fig. 2. The DDF curves obtained with the empirical Weibull formulation on the 500 years synthetic rainfall time series
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hyetographs, which always restitute lower values for
peak discharge. Such difference increases with 7. For
instance, for AMC II, the percentage difference be-
tween the peak discharges obtained with the Chicago
hyetograph and with the rectangular one is equal to
9.4% for T = 10 years, while it increases up to 14%
for T.= 100 years. The same percentage differences,
in case of AMC 11, are 18.5% and 22.2% respectively,
thus highlighting the importance of selecting a specific
temporal rainfall distribution.

Such behavior is in line with recent literature. For
instance, Watgga (2016) reported that the hyetograph
shape impacted up to 20% of the differences in peak
discharges, while Oliveira and Stolpa (2003) deter-
mined that gross rainfall rectangular distribution with
duration equal to the catchment time of concentration
generates significantly lower peak flows compared to
other hyetograph shapes. As it can be seen from the
obtained results, both AMC selection and gross rain-
fall pattern selection determine a notable uncertainty
in peak discharge values estimated with the event-
based approach. However, the uncertainty inherent in
the estimation of the soil moisture antecedent to rain-
fall appears to be predominant.

Conversely, it is true that the continuous modeling
approach is able to automatically adjust AMCs based
on rainfall data. Regarding the results obtained with

COSMOA4SURB, it is interesting to note that O, values
are positioned inside the range of values provided by
EBA4SUB with AMC II and with AMC III. Indeed,
for any T’ and for any selected gross rainfall pattern,
COSMO4SUB QO ) values are much lower than the
corresponding ones obtained with EBA4SUB — AMC
111, and are slightly larger than the ones obtained with
EBA4SUB — AMC II. For instance, for 7. 10 years,
COSMOA4SUB Q, values are 20%-28% higher than
EBA4SUB — AMC 11, and 85%—125% lower than
EBA4SUB — AMC III. Again, the percentage differ-
ences decrease with increasing 7. For T, 100 years,
COSMO4SUB Q, values are 7%-20% higher than
EBA4SUB — AMC 11, and 47%-89% lower than
EBA4SUB — AMC I11.

From an engineering point of view, it seems that
simultaneously assuming an AMC III condition and
arainfall duration equal to the basin time of concentra-
tion produces an unrealistic scenario, which represents
the upper threshold for design peak discharge, for any
return period. On the contrary, a combination of AMC
II and critical rainfall duration seems to be more real-
istic, as reproduced by the COSMO4SUB Q, values.
Looking at Figure 3, we can synthetically state that
there is a certain similarity between the peak discharge
values estimated with the event-based approach in
AMC 1II condition (for all the investigated gross rain-

600
e COSMO4SUB —— EBA4SUB — AMC Il + Rect.
----- EBA4$UB — AMC Il — Rect. e EBA4SUB — AMC Il + Chic.
500 EBA4SUB—AMCH—Chic: EBAGSUD —ANIU T+ |r'rahg.
----- EBA4$UB — AMC Ill — Triang.
- 400 p——— B
IU) _________________________________
o o —”_— ---------------------
5, 300 T R
OQ - o JESA R
200 St P ———— |
—
100 ///
]
0
0 20 40 60 80 100
T, (years)

Fig. 3. Relationship between design peak discharge and return period for the investigated approaches
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Table 1. The obtained design peak discharge values

Design peak discharge, m*-s™!

Tr (y) 10 20 50 100

COSMO4SUB 92.07 121.42 162.33 220.89
EBA4SUB — AMC I - Rect. Hyet. 66.39 86.45 142.22 177.04
EBA4SUB — AMC II - Triang. Hyet. 70.03 91.82 152.50 191.45
EBA4SUB — AMC II — Chic. Hyet. 73.32 96.72 162.97 205.39
EBA4SUB — AMC III — Rect. Hyet. 170.39 201.20 279.04 324.80
EBA4SUB — AMC III - Triang. Hyet. 191.67 228.03 321.06 389.33
EBA4SUB — AMC III — Chic. Hyet. 209.01 249.55 354.92 417.32

Table 2. Percentage differences between peak discharge estimated with COSMO4SUB and with the event-based approaches

differences (%) between COSMO4SUB respect to:

Tr (y) 10 20 50 100
EBA4SUB — AMC II — Rect. Hyet. 27.9 28.8 124 19.9
EBA4SUB — AMC II — Triang. Hyet. 239 244 6.1 13.3
EBA4SUB — AMC II — Chic. Hyet. 20.4 20.3 —0.4 7.0
EBA4SUB — AMC III — Rect. Hyet. —85.1 —65.7 -71.9 —47.0
EBA4SUB — AMC III - Triang. Hyet. —-108.2 —87.8 -97.8 -76.3
EBA4SUB — AMC III — Chic. Hyet. -127.0 -105.5 —-118.6 —88.9

fall hyetographs) and the peak discharge values pro-
vided by the continuous modeling approach. In such
circumstances, in our opinion, the continuous mod-
eling approach should be preferred because it favors
safety and because it minimizes the user subjectivity.
Namely, with the continuous modeling approach, the
choice of AMC, of the hyetograph shape, and of the
rainfall duration can be avoided. Conversely, it seems
that if the event-based approach in AMC III condition
is employed, the estimated peak discharges appear
overestimated. This is particularly true with a gross
rainfall distribution characterized by non-constant
rainfall intensity, like the Chicago hyetograph. In fact,
by definition, the Chicago hyetograph is the upper lim-
it of rainfall depth since it represents the critical rain-
fall for all partial durations of the event. The effect of
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the combined selection of the Chicago hyetograph and
AMC 1II leads to the limiting peak discharges in the
worst speculated conditions.

Our results seem to confirm findings found in the
literature. For instance, Grimaldi et al. (2012b) com-
pared the continuous modeling approach with event-
based approaches applied with AMC II and differ-
ent rainfall patterns: they concluded that estimations
from the continuous modeling approach are generally
greater than from event-based approaches, with dif-
ferences, for 7100 years, approximately of 20% and
40%, when considering Chicago and rectangular hy-
etograph, respectively. Also, the differences between
O, obtained with the two approaches decrease with
the increase in 7. Moreover, Grimaldi et al. (2013c)
analyzed the flood maps determined with both ap-
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proaches, determining an average difference of 34%
between O values, with the continuous modeling ap-
proach values again being higher than the event-based
approach. The authors concluded that inundation map-
ping based on a design hydrograph, using event-based
approach, should be used with caution since the flood
volume, which can be for instance estimated employ-
ing empirical formula based on the peak discharge,
may be significantly underestimated. Finally, Winter
et al (2019) determined that O, values obtained with
the continuous modeling approach were systemati-
cally higher than with event-based approaches, with
differences up to approximately 40% for 7" 100 years.
In their paper, the authors argued that the event-based
approach results could not fully account for the vari-
ability of possible flood events, which can possibly
lead to sensibly lower runoff volumes. Therefore, the
use of the event-based approach may lead to an un-
derestimation of peak discharge in comparison to the
continuous modeling approach, and this is particularly
important in applications like flood mapping since the
potential damage is influenced by both flood peak and
runoff volume.

SUMMARY AND CONCLUSIONS

In this contribution, the benefit of continuous model-
ing compared to the event-based approach for the es-
timation of the design peak discharge for small and
ungauged basins is illustrated. Two recently developed
methodologies, both characterized by state-of-the-art
modules, were adopted. EBA4SUB is a typical event-
based approach consisting in a series of modules such
as design gross rainfall estimation, excess rainfall es-
timation, and rainfall-runoff transformation. COSMO-
4SUB is a continuous simulation framework that em-
ploys a long synthetic rainfall time series and produces
the corresponding runoff time series that can be ana-
lyzed statistically, in order to derive annual maxima
of computed peak discharge. The case study demon-
strated the relevant role of the Antecedent Moisture
Condition (AMC) on the estimated results. Notably, in
the event-based approach, AMC is arbitrarily selected
by the analyst, while in the continuous modeling it is
automatically determined using the synthetic rainfall
input. Our findings indicate that the event-based ap-
proach systematically leads to an overestimation of
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floods if AMC 1II is assumed (up to approximately
90% for T. 100 years, Chicago hyetograph) or to an
underestimation of floods if AMC II is selected (down
to approximately 20% for 7' 100 years, rectangular hy-
etograph).

This is only one among the numerous additional
benefits of the continuous framework. In fact, its ap-
plication allows avoiding several modeling choices
present in the event-based approach, including the se-
lection of the hyetograph shape and the critical rain-
fall duration assumption. This work confirms that the
major drawback of the event-based approach is due to
the high level of subjectivity of this procedure (in par-
ticular the estimation of the AMC) that significantly
affects results.
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EWALUACJA HYDROGRAFOW KONCEPCYJNYCH W MALYCH ZLEWNIACH NIEWYPOSAZONYCH
W STACJE POMIAROWE: OCENA POROWNAWCZA PODEJSCIA BAZUJACEGO NA ZDARZENIACH (EBA4SUB)

Z METODA MODELOWANIA CIAGLEGO (COSM04SUB)

ABSTRAKT

Cel pracy

Praca ma na celu stworzenie oceny pordéwnawczej podejscia bazujacego na zdarzeniach (EBA4SUB) z meto-
da modelowania ciaglego (COSMO4SUB) uzywanych do tworzenia modelu opad—odptyw w matych zlew-
niach niewyposazonych w stacje pomiarowe, ze szczegdlnym uwzglednieniem wptywu uwilgotnienia gleby
przed wystapieniem opadow (ang. Antecedent Moisture Condition, AMC) podczas przewidywanego sptywu

Szczytowego.

Materiaty i metody

Oprogramowanie EBA4SUB korzysta z podejscia bazujacego na zdarzeniach. Wprowadza si¢ do niego dane
dotyczace zdarzenia opadowego i szacowanej skali opadu w celu wygenerowania bezposredniego wykresu
hydrograficznego. Model COSMO4SUB korzysta z podejscia ciagltego. Model generuje dane na podstawie
szeregobw czasowych dlugotrwatych syntetycznych opadow deszczu o czgstotliwosci wyzszej niz codzienna.
Dane te sa wykorzystywane w modelu opad—odptyw. Naste¢pnie okresla si¢ szeregi czasowe sptywu, co po-
zwala na oszacowanie odptywu i powiazanego splywu szczytowego.
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Wyniki i wnioski

Wyniki §wiadcza o kluczowej roli uwilgotnienia gleby przed wystapieniem opadow (AMC) oraz o tenden-
cyjnosci podejscia bazujacego na zdarzeniach podczas okreslania koncepcyjnych hydrografow oraz spltywu
szczytowego. Podczas stosowania podejscia bazujacego na zdarzeniach analityk arbitralnie wybiera AMC,
natomiast w przypadku podejscia bazujacego na modelowaniu ciggtym, AMC jest okres$lane automatycznie
przy uzyciu danych dotyczacych opadow syntetycznych. Z badania wynika, ze podejécie bazujace na zdarze-
niach prowadzi do regularnego i znacznego przeszacowywania skali powodzi, gdy zaktada sig¢, ze AMC jest
na poziomie III (gleba wilgotna) oraz do nieznacznego niedoszacowywania skali powodzi, gdy zaktada sig,
ze AMC jest na poziomie II (gleba $rednio wilgotna).

Stowa kluczowe: modelowanie ciagte, COSMO4SUB, hydrograf koncepcyjny, EBA4SUB, podejscie bazu-
jace na zdarzeniach, modelowanie opad—odptyw
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