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1. MOTIVATION
In recent years, much effort has gone into the identification of floodprone areas through the use of hydraulic simulations, which are able
to accurately recognize flood-prone areas, but they are expensive
and time consuming; moreover, they require information not readily
available for all areas.
During the last 10 years, research has shown that the delineation of
flood prone areas can be carried out using Digital Elevation Models
(DEMs) based approaches that relay on basin geomorphologic
features. The identification of the dominant topographic controls on
the flood inundation process is a critical research question that we
try to tackle with a comparative analysis, where three different
approaches are used over the same study area. The aim of the study
is to identify and comprehend potential and limitation of different
methodologies in order to delineate new strategies to improve the
reliability of DEM-based approaches.

2. CASE STUDY AND DATASET
Analyses have been carried out for a sub-catchment of Tevere River
using, for calibration and validation, flood inundation maps made
available by River Basin Authorities.
The DEM used is derived from the NASA SRTM mission with a 3 arcseconds resolution (grid size of about 82x82 m).
The drainage network is pruned on the basis of a contributing areaslope criterion, and a channel is expected to start from locations
where the quantity AS^k > 10^6 square meters.
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Fig. 1: a) Filled Elevation Model (m
a.s.l) derived from SRTM data.
b) Summary of the Tevere Basin
Authority
studies:
reference
drainage network (dark blue),
flood-prone areas (red), Marginal
hazard areas of the sub-catchment
(green).

Marginal hazard areas are identified according to the Tevere Basin
Authority studies, as the ensemble of the DEM cells that are:
(i) directly drained by the reference network studied by the River
Basin Authority (dark blue of Fig. 1b); (ii) not recognized as prone
to floods; (iii) not flowing through the streams depicted in lightblue in Fig. 1b.
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4. CONCLUSIONS

3. EXPERIMENT AND RESULTS
3.1) Modified Topographic Index (Manfreda et al., 2011)
TIm>τ (τ=3.1)

TIm (n=0.020)

The topographic index has proven to be a good indicator for the delineation of areas exposed to flood inundation. Its ability
has been improved through a modification by changing the relative weight of the drained area Ad, with an exponent n.
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Ad [m] = drained area per unit contour length; tan(B) = Iocal gradient.
The portion of a basin exposed to flood inundation is generally characterized by a TIm higher than a given threshold, τ. The
threshold τ and n can be estimated by adopting two error functions:
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Ssim and STI = sets of domain predicted as flooded by the River Basin Authority and by the proposed procedure;
NSsim and NSTI = regions predicted as non-flooded by the hydraulic model and the proposed procedure, respectively.
For the calibration of the two parameters of the method, we used the marginal hazard areas described in the previous
section that provides a description of the flooded area along the main river and few tributaries. This portion of the basin is
characterized by a mean slope of about 10% that implies a lower ability of this model to detect the contours of flooded
areas. Nevertheless, the result of the potential flooded area obtained after calibration was satisfying.
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Fig. 3: a) Maps of the Modified Topographic
Index and b) maps of the sub-catchment
areas exposed to flood inundations according
to this method.

3.2) Linear binary classifiers (Degiorgis et al., 2012)

Hnorm>τnorm (τnorm=-0.889)

This method allows distinguishing flood-prone areas using different features related to the location
of the site under exam with respect to the nearest hazard source. Among them, one could select:
contributing area, A, distance, D, relative elevation, H, curvature, ΔH, and local slope, S. Both
single and multiple features can be selected.
In the present application, we considered linear binary classifiers based on a single feature, chosen
among relative elevation and distance, i.e. the two performing better in previous studies. In both
cases, the hydrologic path that connects the location under exam to the nearest stream is
considered when performing the estimation.
Data were normalized in such a way that each normalized feature – obtained after translation and
scaling of the original feature – lies between -1 and 1. Consequently, also the threshold in the
classifiers was normalized.
The following figure shows the Receiver Operating Characteristics curves (ROC curves) associated
with the linear binary classifiers obtained by separately thresholding each feature, and varying the
threshold - defined in terms of false positive and true positive rates.

b)
Fig. 4: a) ROC curves for the five selected features; b) maps of the floodprone areas according to the best single-feature classifier based on
relative elevation (H) .
Table 1: The threshold (τ), the
min
Features
τ
AUC
min[rfp(1- rtp)], and the AUCs
[rfp+(1-rtp)]
for the approximately optimal
H
0.32
0.72
-0.889
single-features linear binary
D
0.49
0.62
-0.861
classifiers.

3.3) Hydrogeomorphic delineation method (Nardi et al., 2006)
This method is an automated GIS-based procedure for floodplain delineation, which links a simplified inundation method with the
geomorphic properties of the stream network and hydrologic characteristics of a flood event.

(2) comparing the flow depth to the local cross section extracted from the DEM, to delineate flooded areas for a given return period.
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Fig. 2: Pictorial
representation of
the DEM-derived
quantitative
morphologic
features.

The present application of the procedure has been carried out for a flood with a return period of 200 years estimated at the basin
outlet. Given the characteristics of the methodology, it was possible to apply the procedure only in the portion of the basin with a
drainage area higher than 500 km2.
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(H) classifier

38.7%
6.2%
93.8%
61.3%

13.7%
18.3%
81.7%
86.3%

3.3)
Hydrogeomorphic
Method
2.4%
35.2%
64.8%
97.6%

Table 2: Comparison among the three investigated methods in terms of statistical measures
of the performances.

This approach consists of two major parts:

Once the stream network is derived, the peak discharge is computed using the formula proposed by Rodriguez-Iturbe and Valdes [4]
and Rodriguez-Iturbe [5] obtained from the geomorphologic instantaneous unit hydrograph (GIUH) for each stream cell as function of
the contributing area (A) by using the assumption of constant rainfall depth and peak velocity. The estimation of the variable flood
stage along the stream network is obtained from the Manning equation, where most of the information are extracted from the DEM.
For each channel reach, the DEM is used to extract the mean reach slope (S), cross-sectional area (Ac) and hydraulic radius (R) at
specific locations. The Manning coefficient (n) is assigned based on floodplain properties and assumed homogeneous in the region.

Fig. 6: Maps of the areas exposed to flood inundations according to the mentioned
methodologies, compared with those predicted by the Basin Authority of the Tevere River.
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(1) identifying a variable flood inundation depth along a stream network based on a given flood return period.
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The aim of the present work is to explore the potential of the existing simplified
methodologies for the detection of flood prone areas. With this aim three
methodologies have been used over a sub-catchment of the Tevere River using for
validation the existing flood maps. A visual comparison of the results of the
proposed methods is given in Fig. 6, where the portion of the basin in red
represents the flood-prone area over the marginal area used for calibration.
A quantitative description of the accuracy of each method can be obtained using
some simply multiple comparison statistics. The values of these metrics are given
in Table 2.

Fig. 5: Floodplain cross-section
schematic,
showing
the
measurement of the inundated
cross-section area (Ac) and wetted
perimeter (P) as a function of flood
stage (h). The flood stage is
compared
to
the
floodplain
topographic surface, Yxs(y), at points
along the cross section to obtain the
inundation-varying
hydraulic
characteristics, Ac(h) and P(h).

In the present application, the first method identifies correctly most of the flood
prone areas, (Rtp=93.8%), but it provides an overestimation of about 38.7% (Rfp).
The second method provides a lower value of Rtp (81.7%), but with a relevant
reduction of Rfp (13.7%). Finally, the third methodology produced poor
performances (Rtp=64.8%), suffering the low resolution of the DEM adopted. In
particular, the hydrogeomorphic method is highly sensitive to the resolution of the
DEM used. In fact, the DEM with 90-m resolution is adequate for the first and
second procedure, but is certainly not for the third one, that needs to accurately
capture channel and cross-section dimensions.
In general, the study provides a preliminary investigation on the potential of DEMbased procedures emphasizing the role played by some morphologic features on
flood exposure (e.g., elevation to the nearest channel, local slope, topographic
convergence). Moreover, the study also highlights the impact of spatial resolution
in the use of different algorithms.
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