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ISPRA

e la Ricens Assbamale

ISPRA - Italian National Institute for Environmental Protection and
Research was established in 2008 by integrating three technical-scientific
Institutions of national level:

v APAT, the Agency for Environment and Technical Services that in 2002
merged the ANPA, National Environmental Agency, with Geological,
Mareographical and Hydrographical National Services

v" ICRAM, the Institute for Marine Environmental Research

v INFS, the Institute for the Wild Fauna
ISPRA is a public research body. It responds to the environmental
protection obligations set by the national law, such as control, monitoring,

assessment, prevention, inspection, technical and scientific advice, as well
as information and communication, education and training.

The Institute acts under the vigilance and policy guidance of the ltalian
Ministry for the Environment and the Protection of Land and Sea.

http://www.isprambiente.gov.it/en/
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ISPRA

.........................

ISPRA is the national reference institution for environmental protection
from both a technical-scientific and a legal-institutional viewpoint.

Its research body characteristic allows the Institute to remain at the
forefront of knowledge and technology, as well as to ensure freedom to
act and to operate as an autonomous and unbiased organization.

ISPRA:
» Supports policies implementation
» Defines strategies

» Produces standards & methodologies for monitoring and evaluation of
the environmental status

» Makes (new) methodologies applicable
» Provides training activity
» Collaborates with Institutions and organizations at local, regional,

national, European, and international levels.
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ISPRA coordinates the SNPA - National System for Environmental
Protection composed of the agencies from 19 Italian regions and 2
autonomous provinces. SNPA has a workforce of about 10,000 units.
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Italian hydromorphological framework: IDRAIM

State of the art /
User requirements

Operational
framework

New oper. tools &
indicators based on
Copernicus data

e National activity: Regional and local Authorithies responsible
of the hymo monitoring, ISPRA and MATTM

e EU Commission activity: WG ECOSTAT (co-lead IT) & WG
Floods of the Common Implementation Strategy for WFD and
FD + Ad Hoc Task Group on Hydromorphology (co-lead IT)

* New European Standard on hymo — WG CEN
e EU project REFORM: review Hymo tool based on remote
sensing data

¢ Research and scientific studies

¢ IDRAIM-stream hydromorphological evaluation, analysis and
monitoring system, developped by ISPRA and Italian
Universities
¢ Morphological Quality Index (MQl)

e SUM-The Geomorphic Unit survey and classification System

e e-MesoHABSIM for modeling and evaluating river habitat
integrity

e Specialized training by ISPRA

e Habitat Mapping project:
¢ Developping operational tools and indicators for hymo
monitoring based on Copernicus Sentinel 1 and 2 data in
the framework of IDRAIM to support regional and local
Authorities

¢ Testing the operational tools and indicators on four river
basins

Dynamic of
control variables

Morphological

response

Trajectory concept

Pulse (e.g. floods)

Step (e.g. dams)
Progressive (e.g. climate
or basin changes)

Present ©
conditions

Time

IDRAIM

I Fase 1: Caratterizzazione del sistema fluviale |

| 1.1 - Suddivisione spoziale |

| 1.2 - Caratterizzazione e analisi delle condizioni attuali |

I Fase 2: Evoluzione passata e valutazione delle condizioni attuali |

| 2.1 - Evoluzione passata |

2.3 - Valutazione e analisi della
dinamica morfologica

2.2 - Valutazione e analisi della
qualita morfologica

Indice di Qualita Morfologica (IQM) Indice di Dinamica Morfologica (IDM)
Classificazione di Dinamica di Evento (CDE)
Fascia di Dinamica Morfologica (FDM)
Fascia di Dinamica di Evento (FDE)

| Fase 3: Tendenze future |

| 3.1- Monitoraggio: IQMm e altri strumenti di monitoraggio morfologico I

| 3.2 = Previsione e analisi di scenari futuri |

| Fase 4: Gestione |

| 4.1 - Conflitti, interazioni, priorita |

| 4.2- HMWB |
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Italian hydromorphological framework: IDRAIM
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J IDRAIM is a comprehensive methodological
framework developped by ISPRA and
Universities of Florence, Padoa, and Bozen to
support integrated management of
geomorphological river processes.

1 It accounts for the specific Italian context and
the EU Directives, namely the WFD 2000/60/EC
and FD 2007/60/EC, explicitly including
consideration of fluvial hazard (FD).

d A system for the classification and survey of
geomorphic units, named GUS, part of the
IDRAIM framework, is used to identify,
characterize and analyse the assemblage of
geomorphic units within a given reach.

d The e-MesoHABSIM system is used for
modeling and evaluating river habitat integrity.
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ASI-ISPRA project “HABITAT MAPPING”
Scientific coordination: Prof. A. Taramelli (IUSS Pavia & ISPRA)

HABITAT
MAPPING

SERVICE FOR SERVICE FOR SERVICE FOR
LAND COVER TERRESTRIAL HABITAT MARINE HABITAT
MAPPING MAPPING MAPPING

MODELS FOR
CLASSIFICATION & Fg:wz'lﬁl-OAl\fi:.F:f:;II?ANrS SPECTRAL LIBRARY —
THEMATIC MAPS

MODELS FOR MODELS FOR
CLASSIFICATION & CLASSIFICATION & —
THEMATIC MAPS THEMATIC MAPS

Developing multi-scale HYMO tools for the assessment of medium-large river
systems based on Copernicus Sentinel 1 and Sentinel 2 data
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Flowchart for the development of operational hymo tools based on
satellite data from EU Copernicus Sentinel 1 and 2

Selezione aree
e raccoltadati

Selezione di
4 bacini
campione

Selezione di9
tratti per
monitoraggi di
campo

Acquisizioni
daAPR,
misurazioni
GPS e raccolta
dati idrologici

Download di
datida

Sentinel-1(51)e
Sentinel-2 (S2)

Pre-processing

Sentinel-1:
=Creazione e

co-registrazione
distack

= Mappe speckle-

free full-res.
geo-codificate,
mascheratura

= Mappe di water

index

Sentinel-2:
= Correzioni

geometriche e
atmosferiche

= Mascheratura

Ricostruzionee
geo-locazione
fine 3D/2D del
tratto fluviale
daimmagini
Vis-IRrilevate
daAPRe GPS

Processing

Ground truth per calibrazione/validozione (CAL/VAL):
= macro-unita SUM

= granulometria

= DEM/DEM of Difference

Mappatura manuale delle
macro-unitadaS2

Classificatore (modello) Classificatore (modello)
macro-unita SUM daS1 ffa% macro-unita SUM da S2
)

Larghezza di alveo attivo %:_ 4
edialveodipienadas1

.
0
Xy
T
.

Mappatura classi
granulometrichedaS2

Stima della portatadaS1 Dinamica d'alveo

Calibrazione/validazione

CAL/VAL classificatori macro-unita SUM da mappatura manuale

CAL/VAL mappatura manuale macro-unita SUM da ground truth

CAL/VAL indicatori da ground truth e da dati idrologici

Prodotti finali

Procedure per:

= mappatura macro-
unita SUM;

= Classi granulometriche

= larghezza alveo
bagnato/stima portata

= larghezza alveo di
piena

= Indicatori di dinamica
morfologica

Upscale ascala
dibacino sui4
bacini campione

Linee guida per
implementazione a
livello nazionale e

stima valore aggiunto
per analisi
idromorfologica

|

INPUT
Collecting data from:

In-situ stream gauges

GPS instruments

Drone (UAV)

Copernicus Sentinels

J \
[

METHODOLOGY

Developing (semi-) automatic
tools to classify Sentinel images,
using in-situ data and drone
images for calibration and
validation

2 monitoring cycles, done

J \ Y

OUTCOMES

* Hymo maps &
indicators
over test sites

* Guidelines to
extend the
methodology

Distretti Idrografici post L. 221/2015
ALP1ORIENTALI - ITA

I r:oano - TR

- APPENNING SETTENTRIONALE - ITC
[ #PPENNING CENTRALE - ITE

[ #FPENNING MERIDIONALE - ITF
Il s2RoechA - TG

Il sica-mH

Test-bed sites .

] Po/Sesia (3 river reaches),
Padano river basin district

] Tagliamento (1 reach),
Eastern Alps river basin
district

] Tevere/Paglia (3 reaches),

Central Apennine river

basin district

Bonamico (2 reaches),

Southern Apennine river

basin district

Q
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Example: Orbital grain size mapping
Marchetti et al (in prep.)

The idea: a multiscale river observatory platform
which integrates low-cost drones and satellites Hypothesis:

from the EU Copernicus programme roughness
influences
spectral

reflectance

Ground-truth:

Method:
Looking for
CORR between
Sentinel 2 bands
and drone derived

sediment size

daceborne river monitoring

mece coumszcnsve _ mecoms | commecomiss
-O 140
Drones and traditional field techniques (e.g. RTK-GPS) are used to survey Q= /
local river features, e.g., topography, sediment size, vegetation, % . ///'. .
morphological habitats, to provide ground truth o Ny .
) o
g- - /,/\:—;.:;/ ° R2=0,8[|.7
FULL ROBOTIC RIVER SURVEY 8 h Ruso e

Carbonneau, Bizzi and Marchetti, 2017 (ESPL) ' D50 observed



https://www.dropbox.com/s/p01lo1l3ab3tnte/IRIS_long.mp4?dl=0
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Orbital River Indicators explored:

1) Macro-geomorphic Unit Mapping
2) Grain size classes

3) Discharge

4) Area of erosion and deposition

If working, we open to the possibility not only to map
these indicators on large scale (national, EU), but also
to create historical trajectories of these variables with
almost weekly frequency!

Not all will work. It is important to understand:

-

TEE T = i) on what river size they will work (e.g., discharge
£5 14 (. : estimation will work only on some channel type)
28 EEsal and with what accuracy ?7?;

% i) the area of erosion and deposition is very

explorative, we don’t know if we will be able to

. measure degree of morphological changes.

E g However, even simply an orbital indicator capable
._cszft to identify areas where something notable

loé 8 ‘occurred’, it would be very useful to prioritize

more accurate monitoring (e.g., with drones to
create the DoD—Dem of Difference) .
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Pixel 20x5 m
Frequency of acquisition: 6 days

““\}

DIRECT BACKSCATTER FROM
<—— D pLants@acm (X-Band) COSMO-SkyMed

-— DIRECT BACKSCATTER FROM
SOIL @ 24 cm (L-Band)

~—— (3) PLANTSOIL MULTIPLE
SCATTER @ 6 cm (C-Band)

Sentinel 1

SENTINEL 2: Multispectral optical
Pixel 10x10 or 20x20
Frequency of acquisition: 5 days
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(courtesy ESA)

1800 2000 2200 2401
nm

11 7,




1 POLITECNICO
"/ MILANO 1863

"Durham

University

gstEms N=z|nn=|=

per la Pratez)
dellarm nle nre-

ISPRA

Batittn Superioe: per 1a Protezicns
e la Ricens Assbamale

FIELD DATA @it~

agenzia spaziale

CpEem'CEJ%

Very high resolution remote
sensing data (UAV)

Ground truth to calibrate and
validate satellite data

Very high resolution
Topographic data (GPS)
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sUAV pre-processing

- e s Kilometers
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PhotoScan

3D Modeling and Mapping
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Sediment size classes

Habltat mapping
Hydromorphologncal indicators from
satellite remote sensmg

Water extraction

Indicators of processes




Overall grain size mapping: S2

Grain size estimation

Multispectral satellite data
with high repeat time

Indirect measurement
- Reflectance values

Marchetti et al. (in prep.)

500

1000

Grain size measurement

Low coast technology for
' < calibration (sUAS)

Direct measurement
- Photosieving technique
- Grain size percentiles

o
wfr

"
I:)' T
lict

15
Carbonneau, Bizzi, Marchetti, 2017 (ESPL)
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Water index: S1

The intensity of a SAR image is strongly influenced by the terrain
structure and roughness

_ Normalized VV-VH fsed stack _xm‘1
Water = no backscatter 17
100
\ 200 |
Burmes _ .
AV s LAk LAl 200
gl Forest  Croland  Mourtans m Ctty

500 ¢

600

700

800

200 400 600 800 1000
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Water index: water probability map

Water probability map 14-Jul-2017 to 26-Jul-2017

; Water mask 14-Jul-2017 to 26-Jul-2017 [@ p

water

> 90]

100 -

Azimuth
AZImuin

700 - v . = +

800

i Ly L I | 0
200 400 600 800 1000 1200 Range
Range

Asaro et al., 2017 (submitted IS.Rivers 2018)



Application: water discharge estimation




Habitat mapping: S2

-.{") Bare sediment

& Chorne Ny River features:

@ Floodplain \ . .

o= k¥ Geomorphic units
PR

Demarchi et al., 2016 (Remote Sensing)
Demarchi et al., 2016 (ESPL)

Aerial photo - NIR 40 cm Sentinel 2 - Band 04 Red 10 m
- . e

PO/Dora Baltea Junction




Application: Habitat and processes mapping

| }% J
= Lok

Elevation difference (m) ‘

-3 -2 [Jo-0.25
E-2--1 [CJo025-05
=-1--05 EH0.S5-1
CJ-05--0251-2
CJ-025-0 No change

(DoD on 2008 (A) and 2010 (B) DEMs ; Tacon, 2015)

DEM of Difference
Sediment budget, river morphodynamics, etc.
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Mapping river indicators
towards processes monitoring...

Monitoring of the evolutionary trajectories of indicators through

time, by combining:

 the high temporal frequency of Copernicus Sentinel 1 and 2 data

 repeated field survey (GPS and drone) to built high resolution
topographic data (DoD)

=» Understand river and floodplain hymo processes at large scale
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...and modeling at global scale

Low cost global river processes mapping, monitoring and modeling

Source grain size Sediment Flux [kg/yr]
. . 1.42E10
T— . Sand Coarse sand/-
e - fine gravel 151Es
. . . 5.60E7
Multiscale RS for calibration

AN 3.08E7

and validation of network- N
scale models of new

5.04E6

generation

3.16E6

CASCADE

100 km

é& 23




Thanks for your kind attention!

Italian Research and development Initiative
for Spaceborne river monitoring

Dr. Stefano Mariani, ISPRA
stefano.mariani@isprambiente.it

IRIS projecthttps://www.researchgate.net/project/Italian-Research-and-
development-Intiative-for-Spaceborne-river-monitoring-IRIS
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