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Observed Phenomena

PN

Environmental Hazard
Climate cblavx%e = Snow avalanche
%vow\dwatev % SUrfce watey x  |andslide
SNOW wel’(ivx% Yecvtav%e % blacial fall
2 Hydraulic instability
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Terrestrvial Laser $canner

What is a Laser Scanner?

Instrument able to acquire the spatial
coordinates of a given region or surface of

an object in an way,
and with a
The laser beam is deflected by a mechanism of
rotating mirrors and oscillating, varying the
How does it work? azimuth angle and zenith angle in discrete steps,

It is based on time-of-flight distance
measurement using an infrared laser.

echo
amplitude

The system is capable of measuring even
thousands of points per second.

sampled
echo
signals

target
data

illuminating the ground of contiguous points.
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Terrestrial Laser kcmner . ESL
MAIN FEATURES
 Eye safe operation in laser: Class |
 Long range: up to 4000 m

3 High speed data acquisition up to 222,000
means./sec

 Multiple Target capability - Unlimited number of
targets

 Built-in calibrated digital camera

A high accuracy, high precision ranging based on echo
digitization and online waveform processing



Jeica

Leica Viva GS10 and G525

uﬁ GNSS technology Performance

@ RTK data-processing Accuracy
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UAY Drone

v" Multirotor quadcopter

v" Ready to Fly Design

sony NEX-1

v’ Hight time:|0 to 13 min

v' [amera mount

AlIRVISION®



{eBbee

sensefly

N v" Fixed wings
e n S e v" Ready to Fly Design
v" Hight time: a0 min

v" [amera mount

swinglet cam

senseFly

ARPA

VaIIe/ d’Aosta
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Hyaro - Geol Tlorphomeiy
ArcGIS

]
O esrl Understanding our world.

|. Morphometric Analysis
2. Hydrologic Analysis

3. Hydrographic Analysis




Hyaro - Geol Tlormphomeiy

Digital Terrain Model
2m x 2m
Analysis
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Hyaro - Geol Tlormphomeiy

|. MORPHO METRIC ANALISIS

v’ Hillshade

v" Determination of altitude and slope (min, med and max)

v" Determination of aspect

v" Evaluation of planimetric and effective surface



Hyaro - Geol Tlormphomeiy

2. HYDROLOGIC ANALYSIS
v" Removal of local pit and peak (fill) |:|:|:|:|:I:I:|] |:|:|:|:|:l:|:|:’ filed sink

Profile wiew of asink before and after running FILL
v" Fow Direction

v" Fow Accumulation and Drainage Area

D8 (SINGLE FLOW) MULTIPLE FLOW Deoo

L iremoved peak

Profile view of a peak before and after running FILL

Flow Direction Quinn et al. Tarboton
(ArcGIS) (1991) (1997)




Hyaro - Geol Tlormphomeiy

3. HYDROGRAPHWIC ANALISIS

v Stream network extraction (threshald)

v' Stream ordering

v" Hypsometric curve construction

v" Watershed delineation

v" Number of sections, length, and height difference of stream network
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Arc Hydro

Waterbody
e

Watersheds

Drainage Areas

@ HydroPoints

Hydrography

Time Series

=

Network

II HydroFeatures

Hydrography o

Channels

Terrain Surfaces

Rainfall Response

Digital Orthophotos

Understanding our world. 34
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Arc Hydro

ArcGIS Hydro Data Model GIS in Water Resources

http:/farconline.esri.com/arconline/datamodels/water.cfm Consortium
http://Mmww.crwr.utexas.edu/giswr
Hydaresture |gmp‘. | | > eature
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Quantitative Analysis on Surface
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Quantitative Analysis on Surface
Leoprocessing model
/7 tools t builder

MODEL
DEVELOPMENT

» detection of hydraulic
instability phenomena

» Evaluation of area and volumes of deposit and
erosion (Cut/Fill)







Volcanic

steam ,

U.S. Dept. of the Interior
U.S. Geological Surve

J
h

ohn Evans, Howard Periman, USGS
ttp:/iga.water.usgs.goviedu/watercycle html
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Oceans

Groundwater storage
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stations collecting
temperature, rainfall
and snowiall data

!

Linear Trend of
Precipitation and
[ Jnosavaiey | Temperature related
Meteorological Stations | °
| to Elevation

o
| N Thute - La Grande Téte
i

Precipitation [mm]
Temperature [°C]
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Elevation [m] Elevation [m]

P=a-H+b T=-c-H+d 40




Hyarological Inverse Balance
The Hydrologic Cycle ‘ p - E ) & I & K

E — P

tr P2 ;
\/O,9+(L2j

L =300+ 25T, +0,05T,”;

Q =P - Etr;
* E,. = Evapotranspiration (Turc) 120.
[ =Rainfall Q X
* x = Infiltration Coefficient R=Q-1I;
* | =Infiltration
* R =Runoff MODEL

JEVELOPMENT




Geological setting

The valley is at the contact of two basic structural Units

BED-ROCK

Piedmont Zone;

Greenstones

Calcschists

Sesia Lanzo Zone:

Gneiss

QUATERNARY MATERIAL
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SPRINGS BE

HAULOR

High flow d/evelopment
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SNOUU pack sludy area

Legend
|:| Mascognaz Basin

@  Springs
A Metereological Station f§

Test Site T.L.S.
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TLS ACOUISITION
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Mascognaz 3D.mp4
Mascognaz 3D.mp4

TLS ACQUISITION

sl DSM(0.20 mx 0.20 m
v’ partly filtered

¥ Scan Position
Hillshade DSM
High : 254

-Low:o

Legend
[ TestSite TLS
¥ Scan Position
Hillshade Snowpack Model
High : 254

-Low:O

300
1 Meters |

Snow DEM (0.20 m x .28 m
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6P measurement

>

Ground Control Points:
> dnow height
> Accuracy = [ - .o cm
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Y 4% GPS point type

Snow Accumulation

meters
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B low:0
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Joystick ToolBox Sys_set Language(if= Help

UAV & PHOTOGRAMMETRY

Real Mode

EEERGRNGEAeNN e o FLY TRACE f[#] PATHEXTRUDE .MAPDETAILS INSTRUMENT BOARD . EDITOR | contivue  pause [ connect

Amrcraft | East L ONGE: 1130000000

R HI

dji

Current point flight time:
Total flight time: 00:00:00
Total estimated time of round trip 00:21:38
Total distance of round trip:

g

=

Altitude(M):0.0 *

T —srma - Ummm

H.Speed(M/S):0.

Data di acquisizione delle immagini: 3/5/2014 @ | 2009
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1.Way point properties

Latitude 45.8170746667
Longitude 7.73598244746
Altitude 2100

TurnMode StopAndTurn
Forward_Flight_Speed 3
HeadingDegree 360
_HoldTime

- CLEAR SAVE
+1 +10 -1 -10

CANCEL UPLOAD
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UAU & PROTOGRAMMETRY

Valle d’Aosta

ISE-NET
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SNOW ACCUMULATION

+ Density
+ Aspect + Hillshade
+ Slope + Curvature
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Legend

| | TestSite T.L.S
K Scan Position
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WSL Institute for Snow and
Avalanche Research SLF

St
TS

Swiss Federal Institute for Forest,
Snow and Landscape Research WSL

AVALANGHE Module

Voellmy Friction model (1955)

 Elevation

Slope

Curiatuye

RAMMS

Rapid Mass Movement Simulation

Curvature (1/m)
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303110
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RAMMS Avalanche Simulation

BS7
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5.98

448

Flow height (m)
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(Hacial r‘r‘ f (framcies Jorasses

Septemher 2014
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Grandes Jorasses Glacier.pdf
Grandes Jorasses Glacier.pdf
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GLACIAL RISKLYS

Contact lake growth at the
Lys Glacier tongue...

|ce fall

flooding risk

Glacial lake outburst flood
GLOF




GLACIAL RISKLYS

can this lake generate an
outburst flooo and endanger
tnhabited areas downstream?

 What water volume is accumulate?
3 What volume could be released?
3 Is a "dam break” outburst possible?

rapid glaciers evolution due to climate warming

LR .
o
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GLACIAL RISKLYS
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\liclen time. . .
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Lys Glacier.mp4
Lys Glacier.mp4

Elev. (m asl)
Vertical exaggeration x 2

z.a00

=

=

380

aso

Water volume that can
produce outburst

GLACIAL RISKLYS

P
y

FONDAZIONI
MONTAGNA SICURA
MONTAGNE SURE

inner lake level

ca 1mgap i
Contact lake (+ "pack”) Debris-covered Proglacial lake level

Rocky threshold

Lys stream

T J
zo00 aco soo Boo 1.000

68



Conhclugion

Terrain analysis 2 environmental phenomena & natural instability

GIS techniques - spatialize data

TLS and Drone - integrated and fast

High resolute models - evaluation of natural dynamic phenomena

sz, | POLITECNICO
7.%,/% | DITORINO
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