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INTRODUCTION
Apennines piedmont — hilly area

Legend: post-orogenic deposits

NE Apennines piedmont  Clay-dominated bedrock
Hilly area of Abruzzo (impermeable-erodible) el ersceacesosts

(Middle—Late Pleistocene);
Sin- and late-orogenic deposits
(3) clay, sand, and sandstone of hemipelagic
sequences with conglomerate levels (Early
Pleistocene),
(4) pelitic—arenaceous turbiditic foredeep
sequences (Late Miocene—Early Pliocene);
pre-orogenic deposits
(5) marl—clay—limestone of the Molise pelagic
sequences (Oligocene—Miocene),
(6) limestone of carbonate ramp facies (Early
Miocene—Early Pliocene),
(7) limestone and marl of slope and pelagic
basin sequences (Cretaceous—Miocene),
(8) limestone of carbonate platform sequences
(Jurassic—Miocene);
(9) major thrust (dashed if buried);
(10) major normal fault (dashed if buried);
(11) major fault with strike—slip or reverse
component (dashed if buried);
e Seismicity

el CPTI04 -CPTI15 catalog (black square), ISIDe
AN W database (black triangle).

| Magnitude scale (M.>3) Magnitude scale (M >3)
Seismicity

LOCATION MAP AND LITHOLOGICAL SCHEME OF ABRUZZO
Italy | Abruzzo

Calcareous rocks of Neogene carbonate
ramp facies

Calcareous-marly-cherty rocks of Meso-
Cenozoic slope and basin facies
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Post-orogenic  Sin- and late-orogenic Pre-orogenic
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BACKGROUND

Flooding events Regional alerting system
1 major event every 2-4 years Fo reca b 3 SEd
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= Previsioni Meteo

NON CI SONO ALLERTE

Non ci sono allerte entro 100 km
dalla tua posizione

METHODS |STUDY AREA

ULTIMO BOLLETTINO

RESULTS

Previsioni Meteorologiche dal 4 al 5
maggio 2020

: : Ais ¥ ‘ f ’ Situazione: il graduale allontanamento di una
. o X depressione balcanica verso la Turchia favorisce oggi la
Bollettino di criticita del giorno 4 progressione di un promontorio di matrice nord-africana

maggio 2020 Verso ...

Centro Funzionale d'Abruzzo Centro Funzionale
Inserito il 04-05-2020 11:06 BOLLETTING IDROGEOLOGICO Inserito il 04-05-2020 11:16
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MOTIVATION

Need for URBAN communication Case study

and Early Warning Systems The Feltrino stream and
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g _ Communicate to Protect Project

N o~ (funded by Abruzzo Region)
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CLIMATIC SETTING Y
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GEOMORPHOLOGY

" Feltrino Stream Adriatic sea

N 005°289'%

GRAVITY-DRIVEN PROCESSES
FLUVIAL PROCESSES
ANTHROPIC CHANGES (in urban areas)

METHODS

N 00S°249'V

RESULTS

Superficial deposits Structural landforms Fluvial landforms Symbology

Temperature and

Colluvial deposits —— Structural scarp —— Fluvial scarp
0 rainfall gauges

I Backiill deposits Structural surface C C Concave valley
Transitional deposits Gavity-induced landforms [ [ [ Fiatbotiom valley Hydrographic
Mainly conglomerate —— Aclive scarp < < V-shaped valley geuge
deposits ~——— Quiescient scarp <<. Asymmetric valley D Fellikio'S. béeki
Hais deposts s Mach ko Anthropogenic landforms

Conglomerate deposits - Active landslide Anthropogenic scarp

I sand-sandstone deposits Quiescient landslide ... Bank protection % Borehole (61]
Clay deposits _ | Inactive landslide
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FLOOD-LANDSLIDE EVENTS TIME-SERIES

Summary of the main historical and recent landslide and flood events (1928-2018), | |
which affected and induced damages in the Lanciano area and the Feltrino Stream. —

DATE
February 1928
July 1937
February 1938
January 1940
April 1940
August 1940
January 1941
December 1941
February 1942
August 1955
October 1955
February 1956
August 1957
November 1957
December 1957
July 1959
August 1959
January 1961
March 1961
1980
April 1992
January 1999
October 2000
April 2001
January 2003
February 2005
November—-December 2013
March 2015
January 2017
June 2018

EVENT
Landslide
Urban flood
Landslide
Landslide
Floods
Landslide
Floods
Landslide
Landslide
Floods
Landslide
Flood/Landslide
Flood/Landslide
Flood/Landslide
Landslide
Landslide
Flood/Landslide
Flood/Landslide
Landslide
Landslide
Landslide
Landslide
Landslide
Flood/Landslide
Landslide
Landslide
Landslide
Landslide
Landslide
Flood

TRIGGERING

Rainfalls
Rainfalls
Rainfalls

Snow—Rainfalls

Rainfalls
REVNEIIE
Rainfalls
Rainfalls

Snow—Rainfalls

Rainfalls
Rainfalls
Flooding
Flooding
Flooding
Snow
Rainfalls
Flooding
Flooding
Rainfalls
Rainfalls
Rainfalls
Rainfalls
Rainfalls
Rainfalls

Snow—-Rainfalls

Rainfalls

Rainfalls

Rainfalls
Snow

Rainfalls/Flooding

Rainfall triggered
events

>30 events in 92 years

>1 event/3 year




MATERIAL AND METHODS

The Feltrino Stream and the Lanciano urban area were investigated through
a drainage basin-scale geomorphological analysis
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5 Data acquisition Elaboration > Levels Products
=4 (1) acquisition of available geological, & ‘ /’
s}  geomorphological, and hazard data; [ ——=— l e
= (2) geomorphological fieldwork and R Cimaticseing | Geo Database at
o Abruzzo-Sangro Basin geomorphology-
mapping, _ SOty . i | based matrices
(3) historical heavy rainfall data Municipality of Lanciano Hydrography I
L | | GIS eologicalan ' '
analysis; poruzzo Reglon @il | (Geographical g:)mlrﬁhollogi:al U
(4) Geodatabase and GIS for data | " Information analysis | Geo-hydrological
Functional Center and System) critical areas
report of landslides

m a n age m e nt Hydrographic Office of Landslide hazard and [

oy ® the Abruzzo Region \ ’
(5) critical areas assessment 1]
(6) Early Warning System.

Flood hazard and report

ientifi licati 4
Scientific publications o ol patss Geomor}‘ﬁology-

RESULTS

Detailed Superficial hydrographic based Urban Early
geomorphological network of the urban Warning System
fieldwork and mapping area of Lanciano

—— Real-time
Integration with gl .
Products regional forecast- com;g:lgil‘t’:_:tlon Citizens alert
based mosvoriog protection and warning
purposes
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Legend

?::f;anzﬁfznmmznm EXISTING DATA
Landslide Hazard data
(PAl Abruzzo Region
Basin Authority)

INTRO

[~ Attention Area for scarps

Reports of landslides Landslide Reports
A AVI Project

(GNDCI, 1994) AVlproject (CNR-GNDCI)

Wil | anciano Municipality
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Flood hazard
I |sisitaadans N Flood Hazard data

(Abruz;c:e::n-:nsh,zms) D M d t _ P"l .
EHigh-Pz ocerse (PSDA Abruzzo Reglon
B Ve Hion -3 - Medium - P2 . .
53 s | Basin Authority)
rts of landslides ,- - ngh . P3
“Loaﬁzmmf .
et DI Ve High - P4
Reports of floods

RESULTS

Flood Reports

A AVI Project

(GNDCI, 1994) AVlproject (CNR-GNDCI)

| Wit | anciano Municipality

- Municipality of Lanciano
(Comune di Lanciano, 2008)
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MATERIAL AND METHODS

Geomorphological field survey of fluvial and anthropic drainage features
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Rainfall and Hydrometric analysis - 13 gauges
BN Type  Name  lau Long ewtion Tempon
1240  TRg Guardiagrele 42188 14.215 537 1921-2013
1245  TRg Filetto 42209 14.258 858 2006-2013
1310 TRg Orsogna 42225 14.270 410 1921-2013
%) 1330  TRg Lanciano 42.218 14.388 315 1904-2019
5 1335 TRg  S.Vito-Cle Capuano 42.282 14.437 149 2007-2019
a 1340  TRg S. Vito Chietino 42.297 14.444 128 1921-2006
'EI 1345 TRg Rocca San Giovanni ~ 42.287 14.475 79 2013-2019
1610  TRg Casoli Diga 42.096 14.258 250 1990-2019
prd 1620 TRg Pennapiedimonte 42.152 14.195 679 1920-2013
o 1625  TRg  Casoli-Piano laRoma 42.132 14.260 348 2006-2013
g 1630  TRg Casoli 42115 14.290 337 1920-2013
d 1645  TRg Atessa — Piazzano 42131 14.415 78 2015-2019
= 1660 TRg Torino di Sangro 42.233 14.544 5 1937-2013
8 6560 Hg Feltrino-S. Vito 42296 14.439 15 1986-2019

Laboratory of Tectonic geomorphology and GIS — Universita degli Studi "G. d’Annunzio" di Chieti Pescara, Italy 8



INTRO

Max Precipitation
Lanciano (1932 - 2013)
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Intense rainfall events
Lanciano (1974 - 2013)
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o
1974 1978 1982 1986 1990 1994 1998 2002 2006 2010
e Number of event >65 mm/d @ Precipitation (mm) >55 mm/d in 24h e Numbeer of event >55 mm/d @ Precipitation (mm) >55 mm/d in 24h

RESULTS Heavy rainfall events analysis

n.‘l;.u in 1h (mm)
<24
71 24.1-26
[ 26.1-28
. 28.1-30
5 mm 30.1-32 g
§ . 32.1-34 G
B 34.1-36
B 36.1-38
N 38.1-40
I >40

Max Precipitation
S. Vito (1974 -2017)

mmmmm

rrrrrrrrrrr

Intense rainfall events
S. Vito (1974 - 2017)

)| Legend
= Average maximum

rainfall in 24h (mm)
E <

© 17160.1-63
4 1 66.1-69

mmmmmmmmm

o Temperature and
rainfall gauges
reltiino s. Basin

[ 63.1-66

N 69.1-72
I 72.1-75

. BN 751-78
S mm78.1-81
. 81.1-84

B 84.1-87
. 87.1-90
. 90.1-93
. >93
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N. of events >55 mm/d

0
1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014

o

/4 N
|

24-40 mm/h Avg of max 1h rainfall in each year ;

60-93 mm/d Avg of max 1d rainfall in each year

210 mm/d max daily precipitation in the time series

Heavy rainfall events >55 mm/d (99t percentile)

0-6 events per year
range 55-130 mm/d

Maximum precipitation distribution in the study area.
(a) Distribution of average maximum rainfall in 1 h;
(b) distribution of average maximum rainfall in 24 h;
(c) diagram of the yearly maximum precipitation in 1h and 24h for the Lanciano
gauge (1932-2009);

(d) diagram of the yearly maximum precipitation in 1h and 24h for the S. Vito
gauges (1974--1995 S. Vito Chietino; 1996-2017 S. Vito—C.le Capuano);

(e) diagram of the intense precipitation and number of intense events (>55
mm/24 h) of the Lanciano gauge (1974-2013);

(f) diagram of the intense precipitation and number of intense events (>55

mm/24 h) of the S. Vito gauges (1974-1995 S. Vito Chietino; 1996-2017 S. Vitox$
C.le Capuano). M




RESULTS — Example 1 — Heavy rainfall event Feb-Mar 2015

110 mm in 24 h — cumulate rainfall
10 mm/h max rainfall intensity

By

=\ T
S. VITO - C.LE CAPUANO ) A5 ’ ,'/ Ry |

71 landslides occurred

(a) Daily rainfall of February—March 2015;
: : : , (b) hourly and cumulative rainfall of 4—-6 March 2015 in the S. Vito—

2358 TANTERERE RN (I _' 8 /) 4 o C.le Capuano gauge;

poia O S o (c) hourly and cumulative rainfall of March 2015 event in the S.
1 - 2 Sk : Vito—C.le Capuano gauge and the hydrographic level of the Feltrino
S. VITO - C.LE CAPUANO s oA | £ = S. (Feltrino-S. Vito gauge; for the gauges’ locations, see Figure 4);
’ ' > A 4 4 &€ (d) distribution of the landslides induced by the intense rainfall
events in March 2015. Blue line: The Feltrino Stream basin.

METHODS |STUDY AREA

Hourly rainfall (mm)
o S o
Cumulative rainfall (mm)

0
00:00 12:00  00:00 12:00  00:00 12:00

mmm Hourly rainfall (mm)  sssssCumulative rainfall (mm)

S. VITO - C.LE CAPUANO T N P \ -

120,
E
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Z 00:00 12:00 00:0 2:00 00:00  12:00 P —~
O mmm Hourly rainfall (mm) ssss=Feltrino S. level (cm) ====Cumulative rainfall (mm) | | jE— # /7 # \
O A
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RESULTS — Example 2 — Heavy rainfall event June 2018

70 mm in 4 h — cumulate rainfall
50 mm/h max rainfall intensity

INTRO

Flooding in 6 sites
in the Lanciano city center

METHODS |STUDY AREA

®

LANCIANO

S.VITO - C.LE CAPUANO Hourly and cumulative rainfall and
hydrographic level of the Feltrino
Stream (Feltrino-S. Vito gauge)
during the event of June 2018;

(a) Lanciano gauge;

(b) S. Vito—C.le Capuano gauge

Rainfall (mm)

00:00 00:00 12:00
s Hourly rainfall (mm)  ss===Cumulative rainfall (mm) esss=Feltrino S. level (cm)
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RESULTS — Hydrography field investigation

basln km ma.sl masl slop "/.
19 794
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H
®
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g

> egen B 0242 [ a8 | 2s1 | 475 7 ~" o6 '/ T / Sub Tot. Urban Semi-ur Natural Perimet Max. Min. Relief Average
g Superficial urban _m“_m__ / g ) ,( _ b bu' area area  ban area area CHMEIEr  olevaton elevation = slope
N ol LY S~ asin (km) (m)
— drainage network ) V0. - e R (km?)  (km?) (km?) (km?) (masl) (masl) (%)
%) . ~ YA a 1 19.794 2108 5577 12108  28.081 281 0 281 3.13
Natural main stream 2 6817 1724  1.873 3.221 16.403 283 51 232 3.42
70) Arificial main stream 3 2644 1444  0.062 1.139 11.042 241 53 188 416
8 Natural y N 4 6.083 0292 2173 3.618 11.027 339 117 222 6.74
T atural secondary stream =/, 5 2424 0455 0.113  1.856 7.145 395 188 206 8.60
— Artificial secondary stream 6 3.636 0382  0.709 2.545 7.810 405 188 217 8.39
— Anthropic drainage line 7 3.728 0.348  3.163 0217  13.401 407 119 288 4.96
Underaround channel 9 0.047  0.047 0 0 1.213 282 249 33 6.89
9 17 ‘ 7/ 10 0.074 0.042 0 0.033 1.133 277 237 40 11.08
U"'deﬁlr?“rd C:?a“"e' Y [ A= ; NS [egena d 11 0098 0098 0 0 2.496 283 246 36 5.08
) N/ b e b \ d Su icial urban
(uncertain location) I A —7)14) g B Y B 12 0018 0018 0 0 0.918 281 261 19 450
Points LEFEINT (T 98 € 0¥, bl 13 0242 0242 0 0 2.726 318 261 57 4.75
Contl Rz AN Y NS VAR il 14 0947 0827  0.017 0.102 5.490 346 264 81 3.72
onfluence ) \ ' W T e Ao saiege e 15 3311 1433 0681 1062 10379 407 250 157 373

w——  Underbridge channel
=== Underground channel

Pﬂljfg ons $ 7 A\'Sp ‘ : Underground channel
) \ \ Q\ 5 I~ =====(uncertain location)
|:| Depressed areas

Symbology NE A, Y7 Fopgons

Depressed areas

. : NN/ T Y = Symbolog
E SUb-bﬂElI’IS A < \ ) 7/ Y i ) A |I|Su:—basms

Location of the map of

Dlhe Lanciano urban area

Location of the map of AN ~NdI) ¥4 £ I/ ey
the Lanciano urban area | \" PQINT TN g N\ AN T T W Kiometres 2 |

CONCLUSION



METHODS |STUDY AREA
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RESULTS - Field investigation of critical flooding areas

Drainage network and
flooding critical areas

Example of Vico Corsea 2 area
historic center of Lanciano.

9

lood hazard

. |Medium—pP2
High—P3
Very High—P4

Reports of floods
[ IModerate—P1 A\ AVI Project

Municipality of
Lanciano

Other symbols

Sub-basins
. Cross-section

®) (!
N o trace

Critical areas

Ll Table 6

LEGEND

Detailed drainage network

Points

Confluence
Polygons

Lines
s Natural main stream
s Artificial main stream

Natural secondary
stream

Artificial secondary
stream

»+— Anthropic drainage line
= (Jnderbridge channel

=== Underground channel -aD;Zr:ssed

Underground channel
(uncertain location)

=i

e T

A Supefficial urban drainage network

[ 7 U7~ 7 Cms g -]

Vico Corsea 2 Pietrosa Square

Legend

B critical areas (Table 6)
Superficial drainage network
~+=  Anthropic drainage line
[ Depressed areas

(O Underground channel

Lithology

Superficial deposits

~ Colluvial deposits

[0 Backfill deposits

Marine deposits

[l Sand-sandstone deposits



RESULTS - Field investigation of critical flooding areas

Underground hydrography
and critical flooding areas

INTRO

Area Elevation

Id Locality Basin (m2) Lat. Long. (ma.s.l.) Category

Anthropic drainage line;

d Vico Corsea 2 13 1912 42.23114.389 263
underground channel

Depressed area;

underground channel l; . - r

b Pietrosa Square 14 6523 42.228 14.391 260

Depressed area;

C Industrialarea 14 809 42.21814.385 315 .
underbridge channel

METHODS |STUDY AREA

(I
~ ol i{i

-

Depressed area;

d Commercial area 15 14,482 42.224 14.400 251
underground channel

e Public garden 10 18,418 42.232 14.393 240 Underground channel

f St. Errico D’Amico

12 719 42.23014.390 266 Depressed area
Square
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E Moderate \[o)

) Medium No

High (\[o]

8 Very High No
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RESULTS - Flood-landslide critical areas

Geomorphology-based matrix for critical areas assessment

Flood critical areas

3) Detailed hydrographic
network

Natural main stream
Artificial main stream

Natural secondary
stream

Artificial secondary
stream

Anthropic drainage line
Underbridge channel

Underground channel
Confluence
Depressed areas

Categories of
critical area

C2—High
C2—High
C3—Very High
C3—Very High
C3—Very High
C3—Very High
C2—High
C2—High

C2—High
C3—Very High
C3—Very High

C2—High
C3—Very High

Landslide critical areas

1) Landslide hazard Z)Igr?gs?lritdseOf Degree of critical area

Moderate No Cl—Moderate

High vo [
Very High \[o] C3—Very High
Yes C3—Very High
High Yes C3—Very High
Moderate Yes C3—Very High

Attention Areas for scarps No .~ C2—High
Attention Areas for scarps Yes C3—Very High

Based on

- existing official hazard data

- Flood reporting in national and
local inventories

- Detailed geomorphological field
mapping of the natural and
artificial drainage network




INTRO

Lanciano
urban area

Feltrino
basin

METHODS |STUDY AREA
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C3—Very High I C3—Very High C3—Very High I C3—Very High

=
o
%2
>
—
O
=
O
O



<C
Ll
o
<
>
(@)
>
—
(Vp)]
%)
(@)
O
I
—
L
=

RESULTS

Laboratory of Tectonic geomorphology and GIS — Universita degli Studi "G. d’Annunzio” di Chieti Pescara, Italy ¢

€@ Local EWS stations
.| ] Feltrino sub-basin

URBAN Internet Of Things EWS:

3 weather stations (rain, temperature, wind, humidity)

1 rainfall gouge
2 hydrographic gauges

3 two-level flood sensors

1 gateway

1 webcloud geodatabase

1 Application for smartphones

Label—Type

RS1—Rainfall gauge

WS1—Complete Weather
Station 1
WS2—Complete Weather
Station 2

WS3—Complete Weather
Station 2

Hgl—Hydrographic gauge 1

Hg2—Hydrographic gauge 2

LFS1—2-Level Flood Sensor
1

LFS2—2-Level Flood Sensor
p)

LFS3—2-Level Flood Sensor
3

Gw—Gateway

Locality

S. Liberata cleaner,
Lanciano

Lanciano City Hall

Southern Lanciano

Marcianese,
Lanciano
S. Liberata cleaner,
Lanciano
Passo Tucci,
Feltrino, S. Vito
Vico Corsea 2—
Lanciano
D. Ciriaci Street,
Lanciano

Industrial area,
Lanciano

Lanciano City Hall

Lat.
42.244
42.432
42.218
42.233
42.244
42.296
42.230
42.224

42.218
42.432

Long.
14.379
14.390
14.388
14.391
14.379
14.439
14.389
14.400

14.385
14.390

Elevation
(ma.s.l.)

121.7
272.5
315
358
121.7
15




CONCLUSION - Emplacement of Early Warning System

Regional alert  Local IOT - Integrated system: From regional alert
S - 9 sensors, gauges and stations To local sensors
! 1 CERIRIE T 550 To the mobile application
o SUPPORT TO THE COMMUNICATION
5 of flood-landslide events
» and Civil Protection management
wn
D ac:gglngo ticita del giorno 4
@)
=
= WEB Server Cloud for data management Mobile Application for smartphones
A I e rt “ Protezione Civile =

=
i

Out Temp Allagamento Allagamento Allagamento
Awviso di criticita regionale del 17.12 rischio
ARANCIONE

RESULTS
|

Laboratory of Tectonic geomorphology and GIS — Universita degli Studi



CONCLUSION - Hazard communication AN
Sensibilization, Early Warning, Risk mitigation

INTRO

The integrated study is part of a regional Project in the Abruzzo area that support the

<
4 integration of the regional alarm system with local Early Warning Systems.
>
()
= The Feltrino Stream — Lanciano urban areas lead to
W - Geomorphological and field investigation of the Feltrino Basin and Lanciano urban area
ol - Flood critical areas assessment
= - Geodatabase web cloud - Internet of Things sensors and communication system
=
EWS - FROM REGIONAL ALERT, TO LOCAL SENSORS, TO MOBILE APPLICATION
§ SUPPORT to the COMMUNICATION OF FLOOD EVENTS and CIVIL PROTECTION ACTIVITIES
2

Future activities and implementations:

- Testing and calibration, Flood hydrologic and hydraulic modeling,

- Dissemination to citizens, school students etc.,

- Integration of alerting for Landslides, Wind, Snow, Seismic events etc.
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