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Abstract 
        Floods are frequent and widespread 

phenomena with a devastating impact on the 

environment, infrastructures, buildings, croplands 

and, in the worst cases, involving animal and human 

lives. The paper focuses on this issue in a specific 

area in Italy: for this reason, at first it is illustrated a 

detailed analysis of the territory at the estuary of the 

Magra river, in the Liguria region, an area affected 

by this problem for a while. Then it is introduced a 

GIS river flood model developed with the software 

ArcGIS, with the support of a hydraulic model 

provided by the HEC-RAS software, which can be 

used in ArcGIS thanks to the HEC-GeoRAS 

component. This model is then compared to another 

one, provided by the University of Genova, and 

realized with the GRASS software, also with the 

support of a hydraulic model provided by the HEC-

RAS package. The results show a good level of 

agreement. 

A further validation is also carried out with a 

comparison to the official expected flooding map 

provided by the Basin Authority and it shows to be 

quite satisfactory. 
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I.INTRODUCTION 
 

       Floods are some of the most peculiar characters 

of hydrological instability and they occur when the 

water of a river cannot be contained by its levees and 

so it runs off in the surrounding zones, causing 

damages to buildings, industrial settlements, transport 

routes and rural areas. In the worst cases also animal 

and human lives are involved. 

In Italy, frequent floods take place in 

hydrographic catchments of little dimensions, because 

of abundant and localized rainfalls which are difficult 

to be predicted. These catchments are mostly located 

in Calabria and Liguria and they are characterized by 

very fast times to develop rapid floods (of some hours) 

which then are extremely dangerous, a certain cause 

of casualties, environmental damages and can 

seriously compromise the economic development of 

the interested areas. 

Floods are natural phenomena, anyway the 

high anthropization and the land sealing contribute to 

boost their frequency. 

 

 

        It is possible to decrease the risky consequences 

of floods both with structural interventions (like 

embankments, floodways, etc.) and with not 

structural ones (like the ones related to the territory 

and emergencies management). Anyway, an effective 

alert system is strongly recommended, which is based 

on forecast models connected with a monitoring 

network. 

This work is focused on the analysis of this 

problem in the area of the inter-regional basin of the 

Magra river, in the Liguria region, mainly in its 

terminal reach. It has been developed with the use of 

GIS technologies which are nowadays recommended 

in risk assessment analyses [1]. 

 

II. THE TERRITORIAL LAYOUT 
 

       The source of the Magra River 

[https://it.wikipedia.org/wiki/Magra] is in Tuscany at 

1200 m over the sea level and, after arriving in 

Liguria, it flows into the Vara river and then in the 

sea of Liguria with a wide estuary placed between the 

villages of Bocca di Magra and Fiumaretta, in the 

common of Ameglia. The city of Ameglia, in the 

province of La Spezia of the Liguria region, is located 

on the right bank of the Magra river, while the 

hamlets of Fiumaretta and Bocca di Magra are placed 

in areas adjacent to the estuary of the Magra River 

(Bocca di Magra on the right bank and Fiumaretta on 

the left). The territorial layout is illustrated in Figure 

1. 

The Magra River flows for 54 km and the 

Vara River for 65 km, before reaching their 

intersection, while nearly 16 km is the measure from 

this point to the estuary. 

The catchment 

[http://www.adbmagra.it/Pdf/PGRA_UoM_Magra_re

v_20151210.pdf] is nearly 1700 km2 wide, with 960 

km2 in Tuscany and 750 km2 in Liguria; it is the 

widest in Liguria, it is under the jurisdiction of the 

Inter-Regional Basin Authority of the Magra River 

[http://www.adbmagra.it] and it belongs to the 

Hydrographic District of the Northern Apennine 

[http://www.appenninosettentrionale.it/itc/]. 
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Figure 1: The territorial layout in Google Earth Pro 

[https://www.google.it/intl/it/earth/] and an aerial image of the 

estuary of the   Magra river [http://www.risckit.eu/np4/45/]. 

 

A.The Magra terminal reach (the estuary): the 

problem 

        The terminal reach of the Magra River is placed 

in the common of Ameglia, mainly in its hamlets 

called Fiumaretta of Ameglia and Bocca di Magra. In 

time, this area has been characterized by many floods,  

This has always been an area at risk and 

object of study [2]; besides, it has always been 

suggested to avoid constructions and perennial crops 

near the path of the river, so as to leave some areas 

free for the usual autumn floods. 

In this paper, only the final 6 km of the river 

have been analysed since this is the most critical part, 

mainly due to dense population and extensive land 

use. 

 

III. THE SOFTWARE PACKAGES 

EMPLOYED 
 

        In the work presented here, two different GIS        

software packages have been employed, so as to 

provide the two flood models which have been 

compared: ArcGIS, which is a commercial software 

package developed by Esri [http://www.esri.com], 

and GRASS (Geographic resource Analyst Support 

System), which is an open source free software 

[https://grass.osgeo.org/]. In this analysis, the ArcGIS 

Desktop release is 10.4, while the GRASS release is 

6.x. It is also important to mention another software 

which has been employed as important support to the 

previous packages; HEC-RAS is a software 

developed by the USA engineering army corps at the 

Hydrologic Engineering Centre (HEC) 

[http://www.hec.usace.army.mil/software/HEC-

RAS/]. HEC-RAS (River Analysis System) is now 

available in the 5.0.6 release and it is designed to 

perform one and two-dimensional hydraulic 

calculations for a full network of natural and 

constructed channels [3], [4]. Besides, it has been 

useful also HEC-GeoRAS which is a geographic river 

analysis system developed in ArcGIS Desktop and its 

extensions 3DAnalyst and Spatial Analyst 

[http://www.esri.com/library/fliers/pdfs/hec-georas-

arcgis.pdf]. It is a GIS tool as support of HEC-RAS 

using ArcGIS, which means that it allows managing 

all the input and output transfers between ArcGIS and 

HEC-RAS. 

 

IV. THE INPUT DATA FOR THE FLOOD 

MODEL DEVELOPMENT 

 

In this work, a flood model has been 

developed in ArcGIS and HEC-RAS, with the aid of 

HEC-GeoRAS. This model has then been confronted 

with another one developed in GRASS and HEC-

RAS and also validated with the official expected 

flooding maps, provided by the Basin Authority 

[http://www.adbmagra.it]. 

The data employed for the realization of this 

model are referred to the estuary area of the Magra 

River and they are listed hereafter; they have been 

provided by the Inter-Regional Basin Authority of the 

Magra River [http://www.adbmagra.it]: 

- DSM with a 1x1 m resolution in the WGS84 

reference system; 

- 55 cross sections of the terminal reach of the Magra 

River in the WGS84/UTM Zone 32N reference 

system. 

The 1x1 m resolution DSM is the product of 

an airborne LIDAR acquisition carried out for the 

Environmental Ministry. 

 

V. THE ARCGIS AND HEC-RAS FLOOD 

MODEL 

 

In this paragraph, it is presented a method 

for the creation of flood risk maps, based on the joint 

use of ArcGIS Desktop [http://www.esri.com], 10.4 

release, a river modelling software HEC-RAS 

[http://www.hec.usace.army.mil/software/HEC-RAS/] 

and of its extension, for GIS environments (in this 

case for the ArcGIS software), named HEC-GeoRAS 

[http://www.esri.com/library/fliers/pdfs/hec-georas-

arcgis.pdf], 

[http://www.hec.usace.army.mil/software/hec-

georas/], [5].  

This extension, as previously said, works as 

an interface between HEC-RAS and ArcGIS, allows 

extracting, from DTM/DSM models imported in 

ArcGIS, the planimetric and elevation information 
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useful for the numeric modelling with HEC-RAS and 

also to import, in a second time form HEC-RAS to 

ArcGIS, the results of the simulations for the creation 

of flood maps and the definition of the areas at risk. 

At first a thorough research has been 

conducted in literature with the aim to find other 

similar studies carried out with the software packages 

mentioned above. 

Many applications have been found and 

taken into account [6] – [16].  

To provide an ArcGIS model, describing the 

flood areas at the estuary of the Magra river, a DSM 

at 1 m resolution and 55 cross sections, provided by 

the Basin Authority [http://www.adbmagra.it], have 

been employed. The DSM choice has been made with 

the knowledge that the DSM would be richer in 

information than the DTM, since it describes the 

terrain with its natural and anthropic elements 

[https://3dmetrica.it/dtm-dsm-dem/]. This means that 

the buildings and other objects, which would interact 

with the flood event, should be considered important 

and for this reason accounted for, with the aim to 

provide a more realistic evaluation of the areas at risk. 

For this analysis, 15 profiles have been 

derived, in HEC-RAS, starting from water discharges 

of 1000 m3/s to 6400 m3/s, with a step of 400 m3/s. 

The results, provided by ArcGIS with the aid 

of HEC-GeoRAS, in the WGS84/UTM Zone 32N 

reference system, are well illustrated in Figure 2, 

which shows the hydric level evolution for the 

established water discharges, and in Figure 3 

illustrating the hydraulic hazard classes H2 and H3 

which correspond, respectively, to the 200 and 30-

year return periods flow rate (Q = 3600 m3/s and Q = 

6400 m3/s).  

 
 

Figure 2: The hydric levels evolution in meters, from Q 

= 1000 m
3
/s to Q = 6400 m3/s with a step of 400 m

3
/s. 

 
Figure 3: Maps for the Hydraulic Hazard H3 e H2, 

corresponding to the 30 and 200-year return periods, 

provided by the model developed in ArcGIS. 

 

In this figure it is possible to see that, 

because of the use of the DSM, many objects on the 

ground (mostly buildings) could be identified and 

removed from the prone to flood areas. 

 

VI. THE GRASS AND HEC-RAS FLOOD 

MODEL 

 

At the University of Genova, Laboratory of 

Geomatics DICCA 

[http://www.dicca.unige.it/geomatica/ricerca/], it has 

been developed a model for the evaluation of flood-

prone areas. It is based on the employment of a 

GRASS [https://grass.osgeo.org/] command, called 

―r.inund.fluv‖ [17], [18]. The hydraulic profiles have 

been computed in the HEC-RAS 

[http://www.hec.usace.army.mil/software/HEC-RAS/] 

software knowing the flow rate and the river cross 

sections, assuming the flow as one-dimensional and 

stationary.It requires a high-resolution Digital Terrain 

Model (DTM).  

The procedure has been applied successfully 

in many cases [19] - [21] and also to the terminal 

reach of the Magra river.  

In this case, the input data, provided by the 

Inter-Regional Basin Authority of the Magra River 

[http://www.adbmagra.it] were: 

- DTM with a 1x1 m resolution in the WGS84 

reference system; 

- 55 cross sections of the terminal reach of the Magra 

River in the WGS84/UTM Zone 32N reference 

system. 

The 1x1 m resolution DTM is the product of 

an airborne LIDAR acquisition carried out for the 

Environmental Ministry. 

The model has been testedwith the official 

expected flooding maps, supplied by the Basin 

Authority of the Magra River 

[http://www.adbmagra.it], with respect to the 200-

year return period flow rate; the results attested the 
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good quality of the procedure, with a Performance 

Index value [22],[23] of 72% [21].  

 

VII. COMPARISON BETWEEN THE 

ARCGIS AND GRASS MODELS 
 

       By qualitatively comparing the perimeters of the 

flood areas provided with the ArcGIS and GRASS 

models, it is possible to observe an excellent 

correspondence for nearly all the area taken into 

account, with the exception of some little areas for the 

30-year flood comparison (Q = 3600 m3/s), illustrated 

in Figure 4, and also for the 200-year comparison (Q 

= 6400 m3/s), illustrated in Figure 5.  

 

 
 
Figure 4: Comparison of the flood areas achieved in 

ArcGIS and GRASS, for a water discharge of Q = 3600 

m
3
/s, corresponding to the 30-year return period. 

 

 

 
 
Figure 5: Comparison of the flood areas achieved in 

ArcGIS and GRASS, for a water discharge of Q = 6400 

m
3
/s, corresponding to the 200-year return period. 

 

 

In these figures different colours have been 

chosen: 

- blue for the flood area provided by both models; 

- yellow for the flood area provided only by the 

ArcGIS model; 

- red for the area provided only by the GRASS model. 

It is possible to observe that the two models 

provide flood maps quite similar and, to quantify the 

correspondence between the two flood areas provided, 

it has been set a Performance Index [22], [23]: 

 

PI =
AGRASS    AND  AArcGIS

AGRASS   OR  AArcGIS
 

    

where:  

 

AGRASS  is the flood area with the GRASS model; 

AArcGIS  is the flood area with the ArcGIS model. 

 

The two areas have been generated with the 

AND and OR logic operators, to provide the ratio 

between the flood area accounted by both models and 

the total flood area. 

The results provided for the comparison are: 

 

PI30 = 77% for the 30-year water flow; 

PI200 = 87% for the two 200-year water flow. 

 

These values seem to provide worse results 

than the ones expected, but this can be easily 

explained. In fact, in ArcGIS, the model has been 

developed starting from a DSM model; on the other 

side, the GRASS model has employed a DTM which 

provides the terrain height without taking into 

account all the objects on it.  

For this reason, to provide a best fitting 

evaluation of the performance index, it is important 

that the gaps, occupied by the buildings and objects 

taken into account in the ArcGIS model, should be 

deleted with the aid of a topology rule (must not have 

gaps) and then added to the other ones, so as to allow 

a more significant comparison. The final results, after 

this correction, are: 

 

PI30 = 85% for the 30-year water flow; 

PI200 = 92% for the 200-year water flow. 

 

These results definitely confirm the good 

quality and the satisfying results achieved in this 

comparison analysis between the flood models 

created in GRASS and ArcGIS. 

 

VIII. VALIDATION OF THE MODEL 

DEVELOPED IN ARCGIS WITH THE 

OFFICIAL EXPECTED FLOODING MAP 

 

A validation of the achieved results, 

provided by the ArcGIS model, has been performed 

by taking into account the official expected flooding 

map, supplied by the Basin Authority 
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[http://www.adbmagra.it], adopted by PAI (Hydro 

Geologic Safety Plan) [24]; this map, illustrated in 

Figure 6, defines the Magra River areas of fluvial 

pertinence [25] for the 30 and 200-year flood return 

periods, mapping the Hydraulic Hazard levels H3 e 

H2, corresponding to the just mentioned return 

periods. This study of the river behaviour 

[http://www.adbmagra.it/Pdf/Relazione_generale_var

iante_20160629.pdf], for different flood conditions, 

has been accomplished with a two-dimensional 

numeric model, in unsteady flow, developed with 

MIKE 21 from DHI (Danish Hydraulic Institute) 

[https://www.mikepoweredbydhi.com/products/mike-

21]. 

 

 
 

Figure 6: The official river area of fluvial pertinence, for the 30 

and 200-year return periods (Hydraulic Hazard levels H3 an 

H2), provided by the Basin Authority 

[http://www.adbmagra.it].   

 

Making a comparison between the 

perimeters of the flood areas provided by the ArcGIS 

model and the official expected flooding map 

[http://www.adbmagra.it], it is possible to see a good 

agreement, with the exception of some little areas 

both for the 30-year flood comparison (Q = 3600 

m3/s), illustrated in Figure 7, and for the 200-year 

flood comparison (Q= 6400 m3/s), illustrated in 

Figure 8. 

 

 
 

Figure 7: Comparison between the perimeters of the 

flood areas achieved in ArcGIS and the official expected 

flooding map [http://www.adbmagra.it], for a water 

discharge Q = 3600 m
3
/s, corresponding to 30-year 

return period. 

 

 
 

Figure 8: Comparison between the perimeters of the 

flood areas achieved in ArcGIS and the official expected 

flooding map [http://www.adbmagra.it], for a water 

discharge of Q = 6400 m
3
/s, corresponding to the 200-

year return period. 

 

In these figures the blue area is the flood 

area taken into account by both models, in yellow 

only the area for the ArcGIS model and in red the 

flood area provided by the Basin Authority 

[http://www.adbmagra.it]. 

For this reason, to quantify the 

correspondence of the flood areas illustrated above, it 

has been adopted the Performance Index [22], [23]: 

 

PI =
APAI    AND  AArcGIS

APAI  OR  AArcGIS
 

 

where:  
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APAI is the flood area for the PAI area of fluvial 

pertinence; 

AArcGIS is the flood area with the ArcGIS model. 

 

For the 30-year water flow the result is PI30 = 65%, 

while for the 200-yaer water flow it is PI200 = 75%. 

 

The PI values are worse than the ones 

expected by simply looking at the two maps. This is 

due to the fact that for the ArcGIS model it has been 

employed a DSM, while the PAI model has been 

derived form a DTM model. With the same procedure 

adopted to make the comparison between the ArcGIS 

and GRASS models, it has been decided to delete the 

gaps in the polygon shapefile describing the flood 

area in ArcGIS. 

The new recalculated PI values are:  

PI30 = 74%, and PI200 = 80%. 

These values testify the effectiveness and 

validity of the ArcGIS model. 

 

IX. CONCLUSIONS 
 

       The subject of the project, illustrated in this paper, 

has been the analysis and study of possible floods at 

the estuary of the Magra river. For this purpose, a 

flood model has been developed with ArcGIS 

[http://www.esri.com] and then compared with 

another one, developed with GRASS 

[https://grass.osgeo.org/], provided by the University 

of Genova 

[http://www.dicca.unige.it/geomatica/ricerca/], and 

both supported by HEC-RAS 

[http://www.hec.usace.army.mil/software/HEC-

RAS/]. The results showed a high similarity and 

correspondence between the two models, reaching 

high values for a defined Performance Index [22], 

[23], which means 85% for the 30-year return period 

and 92% for the 200-year one. A final evaluation and 

validation of the model developed in ArcGIS has 

been carried out with the official expected flooding 

map, provided by the Basin Authority 

[http://www.adbmagra.it], with values of the 

performance index of 74% and 80% for the 30 and 

the 200-year return periods. This way, according to 

the achieved results, it is possible to say that the 

model developed in ArcGIS is quite effective and 

satisfactory. It is also important to explain that the 

DSM choice, would provide results useful to detect 

all the objects which could be hit by a possible flood 

and make structural evaluations. 

 

ACKNOWLEDGEMENTS 
 

      Many thanks are due to professors Bianca 

Federiciand Domenico Sguerso at the University of 

Genova[http://www.dicca.unige.it/geomatica/ricerca/] 

for the material, the support and wise advice provided 

for the realization of this work. 

Thanks also to the Basin Authority 

[http://www.adbmagra.it] for the material provided 

and to Michele Carrara for the analysis developed in 

occasion of his recently discussed degree thesis at the 

University of Bergamo, School of Engineering. 

 

REFERENCES 

 
[1] M.Peggion, A. Bernardini, M. Masera, ―Geographic 

information systems and risk assessment‖, Scientific and 

Technical Research series EUR 23058-EN, 2008. 

[2] P.Marri,M. Abbate, R. Tosetti, ―Studio idrologico del tratto 

terminale del fiume Magra‖, In: M. Abbate e V. Damiani 

(ed.), Studio ambientale del fiume Magra, Enea, Roma, 159-

175, 1989. 

[3] G.W. Brunner, ―HEC-RAS river analysis system: hydraulic 

reference manual‖. US Army Corps of Engineers, Institute for 

Water Resources, Hydrologic Engineering Center, 2010. 

[4] A.C.Cook, ―Comparison of one-dimensional HEC-RAS with 

two- dimensional FESWMS model in flood inundation 

mapping‖, Graduate School, Purdue University, West 

Lafayette, 2008. 

[5] C.T.Ackerman, ―HEC-GeoRAS; GIS Tools for support of 

HEC- RAS using ArcGIS‖, United States Army Corps of 

Engineers, Davis, 2005. 

[6] F. A. Maniyar, J. P. Bhatt,―Literature study on hydraulic 

modelling of floodplain mapping‖, International Journal of 

Research in Engineering and Technology, Vol. 04, Issue 11, 

eISSN: 2319-1163, pISSN: 2321-7308, 2015. 

[7] G. Patel Chandresh,J. GundaliyaPradip,―Floodplain 

Delineation Using HECRAS Model—A Case Study of Surat 

City‖, Open Journal of Modern Hydrology Vol.6 No.1, DOI: 

10.4236/ojmh.2016.61004, 2016. 

[8] Chidinma Blessing Okoye, Vincent NdukaOjeh,―Mapping of 

Flood Prone Areas in Surulere, Lagos, Nigeria: A GIS 

Approach‖, Journal of Geographic Information System, Vol.7 

No.2, DOI: 10.4236/jgis.2015.72014, 2015. 

[9] S. Dangol, A. Bormudoi,―Flood hazard mapping and 

vulnerability analysis of Bishnumati river, Nepal‖, Nepalese 

Journal on Geoinformatics, 20-24, 2015. 

[10] J. Yang, R. D. Townsend and B. Daneshfar,―Applying the 

HEC-RAS model and GIS techniques in river network 

floodplain delineation‖, Canadian Journal of Civil 

Engineering, Vol. 33, number 1, pages 19-28. Doi: 

10.1139/l05-102, https://doi.org/10.1139/l05-102, 2006. 

[11] A.Cook, V. Merwade,―Effect of topographic data, geometric 

configuration and modelingap-proach on flood inundation 

mapping.‖, Journal of Hydrology, Volume 377, Issues 1–2, 

20 October 2009, Pages 131-142, 

https://doi.org/10.1016/j.jhydrol.2009.08.015, 2009. 

[12] M.Masood, K. Takeuchi, ―Assessment of flood hazard, 

vulnerability and risk of mid-eastern Dhaka using DEM and 

1D hydrodynamic model‖, Nat Hazards (2012) 61, issue 2, 

pages 757-770, March 2012. https://doi.org/10.1007/s11069-

011-0060-x, 2012. 

[13] V.Merwade, A. Cook, J. Coonrod,―GIS techniques for 

creating river terrain models for hydrodynamic modeling and 

flood inundation mapping‖,Environmental Modelling & 

Software, Volume 23, Issues 10–11, October–November 

2008, Pages 1300-

1311,https://doi.org/10.1016/j.envsoft.2008.03.005, 2008. 

[14] S.Mourato,P.  Fernandez, L. Pereira, M. Moreira, ―Improving 

a DSM Obtained by Unmanned Aerial Vehicles for Flood 

Modelling‖,IOP Conference Series: Earth Environmental 

Science, 95 022014, https://doi.org/10.1088/1755-

1315/95/2/022014 (2017). 

[15] R. Amela, M. De Agostino, C. Soffia, ―Modellazione 

numerica degli alvei fluviali mediante l’uso di DSM‖, Atti 

della 15° Conferenza ASITA- Reggia di Colorno, 15-18 

novembre 2011. 

[16] E. C. Tate,D. R. Maidment, ―Floodplain mapping using HEC- 

RAS and ArcView GIS‖, Center for Research in Water 

Resources, University of Texas at Austin, 1999. 



SSRG International Journal of Geoinformatics and Geological Science ( SSRG - IJGGS ) - Volume 6 Issue 1 – Jan to Apr 2019 

ISSN: 2454 – 7484                       http://www.internationaljournalssrg.org  Page 15 

[17] B. Federici, D. Sguerso, ―Procedura automatica per la 

creazione di mappe di potenziale inonda-zione fluviale‖, 

Bollettino SIFET, 4, 25-42, 2007. 

[18] R. Marzocchi, B. Federici,D. Sguerso, ―Procedura automatica 

per la creazione di mappe di potenziale inondazione fluviale 

in GRASS: il modulo r.inund.fluv‖. Atti del IX Meeting degli 

Utenti Italiani di GRASS-GFOSS, 21-22 febbraio 2008, 161-

178, 2009. 

[19] R. Marzocchi, B. Federici,M. Cannata,T. Cosso, A. 

Syriou,―Comparison of one-dimensional and two-

dimensional GRASS GIS models for flood mapping‖, 

Applied Geomatics, 6(4), 245-254. doi: 10.1007/s12518-014-

0140-1, ISSN: 1866-9298, Springer Berlin Heidelberg, 2014. 

[20] M. Pozzoni,R. Marzocchi, A. Graf,―Roggia Scarolo - 

Zonazione della pericolosità per alluvionamento‖,Technical 

report of Institute of Earth Sciences, 2009. 

[21] I. Ferrando, B. Federici, D. Sguerso, R. Marzocchi, ―The r. 

inund.fluv tool for flood-prone areas evaluation in GRASS 

GIS: application to the terminal reach of Magra River‖, 

Geomatics Workbooks (12), FOSS4G Europe Como, 501-508, 

2015. 

[22] P. D. Bates, D. Paul, A. P. J. De Roo, ―A simple raster-based 

model for floodplain inundation‖, Journal of hydrology, 

236(1-2), 54-77, 2000. 

[23] G. Di Baldassarre, A. Castellarin, A. Brath, M. Horritt, P. D. 

Bates, ―Modellistica idraulica monodimensionale: alcune 

considerazioni applicative sul grado di dettaglio ottimale della 

descrizione topografica‖, Atti del XXX Convegno di 

Idraulica e Costruzioni Idrauliche, 261, 2006. 

[24] Various Authors, ―Piano Stralcio ―Assetto Idrogeologico‖ del 

bacino del Fiume Magra e del Torrente Parmignola‖, 

Relazione generale modificata con D.C.I. n.3 del 29/06/2016, 

Autorità di Bacino In-ter-Regionale del fiume Magra, 2016. 

[25] F. Baruffi; A. Rusconi, N. Surian, ―Le fasce di pertinenza 

fluviale nella pianificazione dei bacini idrografici: aspetti 

metodologici ed applicazioni‖, Atti Convegno Interpraevent, 

Riva del Garda, 2004. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


