# OO# ,2#1& .#, A
28# 5-0*"al *# "', % .3

H#, #1111 --)1
3'*2 7 11'#,2'121A $-C

3,900 116,000 120M

154  TOP 1% 12.2%




&KDSWHU

8VLQJ WKH ORQRSORWWLQJ 7THFKQLTXH IF
DQG $QDO\|LQJ 1DWXUDO +D]DUG (YHQWYV

&RQHGHUD ODUFR %R]]LQL &ODXGLR 5\WHU 8HOL
YHUWVFKLQJHU 7KDOLD DQG .UHEV 3DWULN

$GGLWLRQDO LQIRUPDWLRQ LV DYDLODEOH DW WKH HQG RI WKH FKDSWF

KWWS G[ GRL RUJ LOWHFKRSHQ

Abstract

Historical or present-day oblique terrestrial photographs documenting natural disasters

are abundant in archives and may be easily taken nowadays. While in most cases they

provide highly informative details, they can hardly be georeferenced, which prevents

their systematic use for analyzing and documenting the events and any related signs

"el1eS-SeZil —1e"@1E'S™eZ>81 Z1™>7®@Z—+1S1-"—"™e"4" —o
1021 1 "—"™e"4 —e] ""e(ile'SelSes” le'Z1e2">7272572—E' -

photographs in order to produce georeferenced vector data by drawing them directly on

the photographs and exchanging them with traditional geographic information systems

0 , CoeeZ-clil Z1>Z2™ 51" —1e¢'Z1S™MM™Me ESe’'"—17ele'Z71-"—"

ESeZel e1—Se758¢172Y7Z—e@l1 51 ™> " eZEe'"—1'—e>S0ee>72Ee*7>:.

Keywords: 1ZYZ —ele " E72-7Z—Se'"—31SYSeS—E‘ZedleZ' el ~ 81
pictures, georeferencing, GIS

1. Introduction: Documenting natural hazards

Se7>Se12YZ2Z—+®1zZE'1S®e1SYSS—E'Z®dleS—emees'eZ®edl:
"1 -"7—eS'—157¢ " — @il ‘ZC1<ZE " -Z1'SE£Ss>e@1l ‘Z—1+'7Z¢1"
beings[1pil —E>ZSeZel’ —1eZ4e7-7—+1S—el' —e7@e>'Se1S>7
technology and mobility, make modern society highly vulnerable to natural events, and the
sZ@7ee’—el ™ e7 _e’SeleS_Se71 el E">2-HoelAvaodition—extrérhematu—
ral events and related impacts are expected to further increase in future due to the ongoing

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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climate change [6-10pil ‘"1 -S"Z®1-S—Se¢'—e¢1—S¢7>S*1'SESs>ecel
prerequisite for keeping mountainous areas suitable for inhabitation [11, 12].

ZS>—'—eles"—-1™MS el ZYZ—ee1l>Z2™>7ZZ—+21S1Y2Z25¢1272
improve the institutional infrastructure for tackling natural hazards in a sustainable manner
[4,12-14pi1 “"@1See ™l —E+ZeZ®le'Z1et@eZ-Se E1>ZE > —-
of ongoing or past events [10, 15].

Based on these considerations, many initiatives have been generated in recent decades f
developing methods and protocols for the comprehensive and professional documentation
of natural hazards and their marks (see, for instance, the international initiative documenta -
o' —17e1-"7—¢S’—1¢’ceS o 16} ce 1ha InterregiPraject DIS-ALP—Disaster and
Information Systems of Alpine Regions [17p U011 ‘Z—1e>¢ —ele"1cz 0ol ez E"'1
~S—C¢1le EZ2+'Z081S—21<472—7E" ®1-S¢1S>'Z1E" —EZ>-

In the case of current disaster events, priority must be given to people rescue and the reestak
@' —-Z—e+1"el ™M e« C1leS-SeZe1E —-2z—"ESe'"—1S—e1e>S
e'Zloe'e—elele’'s—" ES—+1¢S5-S721-S¢1<Z172>SeZ*1™>72E
detailed collection of information documenting the event. Similarly, when there are many
simultaneous small events or when events occur in remote and poorly accessible areas an
—"1e™ZE'S 1+ ZY EZeleZzZE'1S®elre-S+e1S7>'Sele>"—Zcel
available [18, 19, only terrestrial pictures or aerial oblique pictures taken by rescue or tech-
nical teams may be available. Nowadays, they are easy to shoot and fairly good in terms ol
quality even when using portable phones.

'o—" ES—e1l™Seele’®S®e>"z®e1ZYZ—s@eleSe—e1«SE”1+" 1«
S>Z17eeZ —1e " E®2-Z—Z21'>72'1Y2Z>C1eZ¢S eZe1e7557Z@*>'Se1l
georeferenced, and as a result, are not readily suitable for reconstructing the precise locatior
of the event and the damage caused PO, 21. A great number of historical photographs thus
exist that could provide important details on areas under the risk of natural hazards [22, 23].

"1-S"71@ZE‘'1Zi’ e’ —elS—e1™ 7 _e'Se] ™M "ee, S™M I (E]"C
ized information on natural hazardous events, a user-friendly georeferencing tool for oblique
pictures is needed. In this chapter, we report on the main features, needs, and handling of
o'Z1 1-"—"™e"4  —e1e""e1('Z52SeeZ>1Se@" 15225521+ 1S e
program we developed to orthorectify and georeference oblique pictures, and present some
®eZ*C1ES®Z®1>Z2eSeZe1e"1™SeelS—e1™>7Z@Z—+1—S+7>Se1

2. What is monophotogrammetry?

'— EZ1'e1S™MM™MZS,S—EZ1' —1+'Z1 >@el'Seel"ele'Z1—"— 75+,
stereo pairs photography basically consisted of single oblique pictures. Most were produced
on glass plates, «—oer other large-format capture mediums, making it possible to depict,
and document detailed landscape features at very high resolutions and quality. Besides pro-
viding detailed views of historical landscapes, such single terrestrial photographs have the
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Figure 1.1 S’ —1Ze¢7—-7—e0e17e1e'Z1-"—"™e "4’ _eletoeZ-f1 S—

additional advantage of ease of interpretation as they represent people’s everyday perception
of the landscape [24]. Accurate georeferencing of such oblique pictures is, however, very dif -

EZeeil "ele’ EZee€¢1'Sele™1eS>1™>72Y7Z—eZe157¢’Sce721878S
being obtained from such photographs.

1TV ZoET-Z1e 1™ o 281 21" —" ™M TS —Ze5¢ 1751 -"—

the early 1970s P5p1 ‘Z>Z2'—181™ “e e S __7Ze>' EleteeZ—-1>2+SZce
5Z2@e>’'Sed17>1S75'Sel1’'—SeZe1e 1S1e’e’eSel1ZeZYSe'"—1-"e70:
As visualized in Figure 1, the basic idea is to relate to each other camera, picture, and DE}
so that a ray from the camera center and going through a selected point in the picture will
'—eZ>®@ZE12'Z1+75>5S'—1 1Sele'Z1E " >>Z@™ —e’'—eleS—e(e
consists of the following main elements and input data:

* One or more digital images shot by digital cameras or resulting from the scanning of his-
¢ ESeI™ TeTe s S™M @I Zieid1l e > E1™ Eez>Z1"—1°+Sa
™e"4' —el@CeeZ-1ES—1'S—eeZ1S—¢let¢™Z1"e1ES-2>8S1"¢
2@ Z-1SEEZ>SEC1-S¢1«Z1'ZSY e¢1’'— 2Z—EZ+1<C1e'Z":

» The digital elevation model (DEM), which is usually structured as a regular data grid
0Zieid1leZ e 1>SceeZ>1SeS0il1 ‘Z1 1-S¢1>7Z¢7>1"1'21¢S>7
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“eZefil U17>1-SC1 —(Ee7eZ1YZeZeSe' "—Bdlcz'ee’—e@d1S—-=
eSEZ1 "“eZefil Ui

« Control points (CPs) 81 “"E‘1S>7Z1™>7ZE 0Z+¢1S—e17—S—<e7 " 70e-
>7Se1S —ele""e™S e ]’ o750 ZEs"—@I1I>"E"CL ZeE>"™MEdl
Q™ jZel1E ">e’—SeZceilS real Wolld todddinates (ES, THtELHE, longitude, and
See’e7eZ1 el ' 71>72Se, “reel E "">e’—SeZ0liil oloe' " ZeelcZ
™37e75Sce¢1™eSEZel —1e'Z1e> " 7—e1 81S—el™ " ea’'cetl
Z—e'>721'-Se7i1 ‘Z1E " >>Z0e™ " —e'—e1578e, "5ee1 E"">¢'—S-=
Z— @EZeleZ o>S™M U ESel —e >-8¢’"—10Zi¢i01 > "™ “"e"2p1-¢
<Z1e'>7Z@Eeet10e2>YZCZe1l —1e'Z1 Zeel —ee>2—7—eSeet¢10Zie

— EZ1ESe'«>SeZe¢1'"—17ZE‘'1S1-"—"™e "4 —eleteeZ-01l®e —
o377, —7—0'"—See¢10Y U1l ‘Z1-8"—1e¢' —"eSe’'"—1"ele‘'Z21-"-
—T T M e ey S 765831 " —e¢1 ™™ —eel"—1e'Z175>S"'—10

whereas stereo-photogrammetry enables the calculation of the position of any common pixel
in the stereo pair.

Yil ‘Z1 1-"—"™e"4" —e]e "

‘21'—™eZ 7 —eSe’" 17l Z1 " —"™MeT4 el ™ __(E'™e71'—1
the lack of basic data (i.e., detailed digital elevation models [26p i1 ~>1 ‘721 —Se7Z§
available computing power [ 27pi1l 0e1S1>Z0eZeedle'Z1 ™'~ —77>5" 25 2§ has
long remained isolated. Only in the last 20 years have new software and tools been developec
<SmeZel " —1'71-"—""™e"429-37 Nonk-ef@ede probycts, however, really meet
©'Z1—7Z7Ze 171 ™ eZ —o’SelZ—el7@Z>@1 —1eZ>-17¢1"™Z>S.
greatly inhibiting their broad use.

Recently, improvements in digital photography (e.g., high-resolution digital cameras, digi
¢S E£Se T —17el " @eH'ESeL ™M Eez>Z1l’ —1"" sZ07eze " — 01
‘SYZ1"™Z—7e1—7Z 1™ '« Z®le >1eZYZe" ™  —e1S1le™/7
that makes it easy to handle not only by specialized researchers, but also non-expert users fo
operational purposes [21pi1l ~“1e'Sel1Z—ed1 Z1eZYZe"™Zele'7z1 1-"—"
™yZeZ—e1"—1«'Z24K WWidhhas the Toloivihg main features and characteristics (see
also ‘4™ @Ei&& T e ITE'&—"—"™e¢ 4" —ele™51eZ¢S e(ifd

» A user-friendly, intuitive, and self-explanatory interface enabling the simultaneous visual -
ization of one or more photographs of the target landscape as well as of related orthopho-
tos, maps, or other georeferenced representation of the terrain surface Figure 2 G i

* A computer-assisted, semiautomatic, and interactive calibration process for the camera.
'—E ez —o1'Z1>7ZE " —0®>ZEe " —1"e1Seel1Ze7-7—eel —1
cTESeT—1i

* An immediate estimate of the error for each control point used for the calibration of the
oblique photograph.
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e le'—-™eZ1Ze'e">1e">1Z

—'—e]1S—e1-7ZSmxki>'—eleZSe7>Z1
o Zed1™ T —

c®@01S—el1'Z’¢'e@il™ —1e'Z1™ "e e S™ @]
o 'Z1Sce’etle”1'S—eeZ71—-Se'YZ1 ,@'S™Z «Z i

[ ™M™>e =™ 50157 7¢ —7Z@1See”™ '—e1eSeS17Z{E'S—eZ10Zi*id1
E"—VYZ—¢"—SeleZ e>S™M " EL —e">-Se'" —1etoesZ-—0celld Ui
‘Z1'72S>e1 701 e Z1e " el @l Z21'Z25S’YZ1 ™" EZeel ‘Z>Z<¢
is done in order to precisely estimate and simulate the three intrinsic and the six extrinsic
ES-72>S1™S>S-ZeZsil ‘Z1¢'>271" —e>'—® EL™S>S-ZZ501
$fZ1™>  —E MSel ™™ o1 (1’12181 21 ~SeZ1EZ—Z>081S—e1ls"
o> —1e'7Z1'=SeZ1e " 1e'Z1 ™ “ZEe'"—1EZ—Z>011 ‘Z1ce’'jlZje> -
E"">e'—SeZ®l ele'Z1leZ—@1™ —'"eZ1S—ele'Z1'>221 72751
Si’eid1S—e1310>"&,S’ 4, 38hiZ11ES>Zb&Bdeilliy ‘7210
generates a sequence of collinearity equations commonly used in photogrammetry [34] that
estimates and approximates the unknown camera parameters [35] in order to progressively
minimize the error of the camera model when applied to the input data. Once camera calibra -
tion is achieved, the tool implements a model of all the extrinsic and intrinsic camera param -

ZeZ>201 ""E'le’'—2¢SeZele'Z1">'e'—Se1E&S-2Z2>S1eZ+z™1 'Z
5| GIS-Suite - 20.0-alfa-2018.03.10 el
Fie Edit View Toclk Window Help

DEdd#

Project s - B % | 5] sommascona - Alluvione 1027 (DON3456).m_photo

Olivone.m_project > L ABLKO = o

Data file(s) %
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< 1 3 | Semmascaona - Alluvione 1927 (DON32463).m_photo
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Figure2.1 ‘Z1 XiVIS™™erZe1e 1071 "—-S@E"—S1 ""e1Z2YZ—e100Z2Z21 jS-™+71
option of opening and processing more oblique images or maps of the same area to obtain a complete view of the event
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returns the theoretical 3D errors, which correspond to the deviation between the real-world
coordinates of each control point and the corresponding coordinates as calculated from the
ESe' >SS’ —1™> " EZe7>Z1701le'Z1-"—"™e 4" —el@besZ-i

It is important to note that shooting point reconstruction is implemented so as to optimize the
"YZ>eS™17e1e ' Z1E T >>Z®@ ™ —e’—el @®1'—1e'Z1'—-SeZ1e 1<Z1e
~S™M31>ZE@™ZE'YZeCil ‘201 Z1I>ZE —@e>2EeZele'Z2">2'@
respond precisely to the real camera position, and the two may ' Z by a few centimeters to
several meters.

4. MM (ESe’' — @l 0ele‘Z1l-"—"T™e "]’ 00" e

21 ™>70Z—e1'72>210272ZEeZ2172iS—™eZ0e1"¢1 1S8S™MM™MeES ™
— el ey —1e'Z1>7E " —0ee>zEe " —1"el1" e > ESe1S—e1EZ>>7—
717 EB'Z—EC1 017’ 0eeZ—el —e>See>7Ee7>7Z@1801 Z++1Sce!
workload.

4.1. Reconstructing historical natural events

A detailed reconstruction of past hazardous events may be of paramount importance for
7—eZ>@eS—e'—e15>7eSe7e1 —Se75Sel My"EZeeZ®ILlZ — —-
infrastructures. Processing and evaluating pictures of past disastrous events by means o
T T T™MeT4 017 1S1 e eC1Z E'Z—e1 SC17el>Ze>'ZY —el—o
tures, and transferring it to modern tools such as GIS.

4.1.1. Example 1: the Sasso Rosso slope failure: 1898, Airolo

‘Z1 Seee™l "ewe”1S52S1S<"YZ1e'Z1Y eeSeZ17e1l >7e710 S—=’
slope due to the decompression caused by post-glacial ice retreat. Local authorities wert
S §$>717e1e’@1S—e1™7¢1¢° 715572817 —e7Z51@7%2>YZ’ ++S—EZil -
the summer of 1898, followed by three slides of increasing size in December of the same yea
Fortunately, the authorities decided at that time to close the school and evacuate the endan
gered part of the village. Just before midnight in the night of the December 27, 1898, a series ¢
slides occurred, with a volume totaling 500,000 m3, reaching part of the village and destroying
a hotel, 11 houses, and 15 stables, while causing three deaths.

According to the reconstructed and digitalized perimeter of the debris deposit as reported in
Figure 3, the area in question covered ca. 425,000 Ai1 ‘Z1 XiV1Sew™1Z—S«ceZ
“ele'Zle'e’eS e E£7eleZ ™M @0l ™75 77517 —1S1" "> EBgute™ i
clearly identifying the area and the buildings destroyed by the event.

ZiWiXil jS—™eZ1XfAl ""el1'—1 "——-SeE"—SA1W_X]d1 'Y " —7

75’ —e1¢'21S7e7——1"¢1W_X]01l® " 2+'Z>—1 ’'5Z7>¢S—e1S—e1 "
‘ZSYCL1™>Z@E ™ 'eSe’" _1e'SelES70Z1®@ZYZ>Sel ""el1ZVYZ—ec
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Figure3.1 ‘Z1 Sceee™l "ee loee " ™Z21¢S5e7>210 ">~ « "81WA_20i10S01 >'¢'—Sel17¢e’§7
“ele'Zlee'eZl E"—e"7>1 " —1'7Z1 > —8el"«e'8727201'-SZeil0EUL >"“ZE " —
O—"e" Zele>™ =1 "—ZZ2B[iVie1S-ily
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'—1 "E'—"10 ’'5Z>eS—ell1"—1 Z—eSC1SeeZ>—""—1"—1 Z™e
Sleee> ™ —elS—ele”—e oSee’ —el SeZ>™"2e1S<"YZ1e'21-"2—
still considered to be the most damaging natural event of the last century in the region. It
¢Z0e> " CZe1™Sse1 7 0le 7 1Y eeSeZ17e1 S—-T™"1 ¢7""1S—e1 ""eZe
atleast199,366 M1G >E& 1E " —-™Z7eSe’ " —17e1e'Z1™Z5' —7e751Sele’s
¢ "e101S ZEe —ele 1S —eee1S—el HANEBDHII™IZNSIT 4T
weekday, no fatalities were recorded.

Figure 5.1 ¢"~e17e1¢‘Z1 "——S@E"—S1 ™S —10 «' Y —Z31W_X]Juil0S1 1<l > e’ —

"o’ e S E£S e 170l 71 TTelE"—e" 7501 —1Z17>'¢ —Sel17¢e’'872721'=SeZi10201 >~
EZ>>Z—o1 > "™ e i1 (0ol >"“ZEe'"—1 ele‘Z1le'e’eSe’£7e1 “"el1E " —e" 75001 " —1¢
>"—1 "—7+7>821heliS i1y
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4.2. Documenting natural events in real time

Real-time documentation of the fresh marks of hazardous events makes it possible to cap
ture many important details that may enable a realistic reconstruction of the processes that
occurred. Such improved understanding of underlying processes is, in turn, of paramount

importance to improve the simulation and modeling of natural hazards as well as possible

™3ZYZ—e'"—1S—el—"e’eSe’"—1-7S®7>Z®il ‘S—"®1"1'Z1-
hazards or natural hazard-related situations can be easily processed and mapped, regardles
of the remoteness or accessibility of the area in question.

ZiXTWIil jS—™eZ1YA1SYSeS—E‘Zoel —1 Scee’'«Z>*A1XVW"31 .

">1®SeZe¢1>72S®"— 0081210 ZEZ7>'*¢1-S—SeZ>@171'2Z1
provoked and natural occurring avalanches by means of SLF pro tools, which is a map-basec
information system (‘4™ ef&& T E'&Z—&0wZ>Y EZw,S—e, ™5~
™Z>™M @781 Z¢1>"72¢'e¢1Z@e' ~SeZ21'Z1SYSeS—E'Z1E"—+"2
number of events have been entered into the system, causing the cantonal forest service t
—'¢>Se71See1eSeS1'—e"1e'71" E'Sel e H>'ESe1SYS:S—E‘Z1
5Z0’Sc’e’e G170l Z1Z-™" ' ESe1IS™MM,"SE'12@Ze1<¢1'Z1®eZC
end, an aerial recognition mission was organized on January 24, 2018, and a number of fres
SYSeS—E‘'Zwel Z>Z1™ "¢ e, S™M  ESestCle " E2z-2Z—eZele"1c¢Z1™

Z@™'e71e 71’ (EZoe¢l —1'eZ—e'e¢’ —elez'eSceZ1l 1 —1S1c
achieved is more than acceptable Table 1 181 S —<«1ZSE ‘1’ —eeZ1>Z¢' 7>
could be measured and compared with the estimated contours by the ski resort managers.

‘Z1E -™S> " —152Y2SeZele’e—' ES—ele’ Z>Z—EZ®]l "'k
lanche size by the local ski managers Figure 6 il '—eeZ1ZYZ —eceloe‘ " Zeele"’;
~72S—17e1+'71 XiV1c<Ze ™ >Z1e'Z2'51="e>Se’"—1"—e"1e'721" E’S:

ZiXiXil jS—-™eZ1ZfA1l ™M’'55 —1>"E "0+ «ZA1XVW]d1 e+SS-

In October 2017, a rockslide moved a volume of ca. 50,000 fhdownhill from the west slope of
«'Z1 ™M'5 75 1-"7—eS'—il ‘Z1ZYZ—e1e"""1™M«SEZ1'—1S1lce’ -

Study case Object Image quality Control points Theoretical 3D-error (m)
Min Max Mean
1. Airolo Slope failure Medium 20 0.2 3.0 0.9
2. Olivone «""e10S0 Good 8 0.1 2.4 0.9
e"Tel0¢U Good 13 0.2 0.9 0.4
3. Meiringen Avalanche Good 5 0.1 0.6 0.2
4. Gstaad Rockslide Good 6 0.1 2.3 0.5
5. Adelboden Snow bridges Good 6 0.1 1.0 0.3

Table 1. Achieved theoretical 3D-error for the presented study cases.
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Figure 6.1 YSeS—E‘Ze1l'—1+'Z1 Saee'«Z>¢1@"'15>28510 Z'>'—+Z—81XVW"ruil10Su

"o’ eS e £8e’ " 1701 7Z18YSeS—EZ1™Z>' —7e751 " —1'7Z175'¢’—Se1'-SeZi10EU1

“YZ7>1'21¢72S>0010¢022081'2Z18SYSeS—E‘Z1™7>'—-7¢751S0e1Zcee'-SeZelctle'7
XiV10e>ZZ—1Ui

rockfalls, which gave security managers the opportunity to block all vehicular and pedestrian
SEEZeedle'7@1I™>ZYZ—e¢ —eleSeSe’e'7il ZYZ>e'ZeZe®dl
forest, the electric line, and trails.
—175eZ>171Se®eZeEele'Z1'—Y"eYZe1S>ZS1™>7ZE ' 0Z¢d1 Z:
©75721¢S77Z—175'—e1S1 Zeel'—@™ZEe""—il Zoe™ 71« Rl 7E
the achieved precision (Table 111 S—e1e‘Z1>7SeZ 1« Jahe 2i1A 0 1-S2—S4
image are acceptable.

ZiYil Z>'e¢’ —el1e' 7217 EB'Z—ECL1 el ™ e Ee'"—1" —e>See>72E-

Documenting protection infrastructures during particular events or climatic situations may
also be very helpful when assessing their functional capability and reliability in preventing
—Se75Se1ZYZ—+@il 7251 —Se1Z2{S-™eZ157¢SeZ®1le"1e'Z1Se0e
of snow barriers as protection against avalanches under real conditions.

ZiYIWil iS—™eZ1[A1S—Se¢Ef —ele'Z1le7z—Ee"—Se’'e¢1 elce—"

‘Z1e7—E+'"—Se1ES™Sc'e’e¢1l ele—" 1lc>'eeZ®@1S+S' —@e1S"
' Z1E ™ S>ZEele’ —Z—@'"T—"—el"ele'Z1@Z™M™M e —el sz Ee7>
ciency is that the snow never rises above the supporting area of the structure. When thes:
conditions are — "+l @Se'e Zele >1Sle'e—' ES—e1™S>el1"el1e'Z1a
from the exceeding snow cover, damaging the snow bridges located downhill, and threaten -
ing the infrastructures in the danger zone.

Snow bridge reliability can be best assessed in real conditions during exceptional snow cover
E"—e'o""—ceil "l Sele'Z1ES®Z1'—1 ¢Z¢"¢Z—10 S—"—
snowfalls combined with strong snow blowing winds that repeatedly occurred in the winter



8VLQJ WKH ORQRSORWWLQJ 7HFKQLTXH IRU 'RFXPHQWLQJ DQG $QI
KWWS G[ GRL RUJ LQWHFKRSHQ

Figure 7.1 ™'5' "5 —1>"E"0e*'*Z10 @*SSd1XVW]Ui10S01 >'e°—Sel17¢e’872721'-SeZ e
0 ZeSE ' -Z—e1S—ele>S— '+ & Z™ @ 1E"—Z1"— 17175 e’ —Sel1"¢e’8§7721'-Se7i100
Tye "™ 7o ™| Prppeictlon and 3D viewing of the digitalized zones in ESRI ArcScene. Yellow contours = detachment
zone; orange contours = transit and deposit zone.
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Working steps Time investment (min)

Min Mean Max

>Z™S58e" —1701¢S ' E1eSeS51751°218557251"'—18727Z0e'"—100 0128 ™ @dAT >+ "1

e —el1S—el [T—elE"—e>"e 1™ _eell cel 10 30 90
S—-7>S1ES >SS« " — 5 15 30
Digitalizing target objects 5 15 20
— M50 &Z i ™ 5 5 5 5

“eSe 35 90 175

Table2.1 YZ>SeZ1¢'—=721"'—YZcee—Z—ele">1'—e'Y'e7Sel 5" —eloeeZ™@el ‘Z—1™>"EZo

Figure 8.1 —~ 1<>'eeZ @10 ¢Z¢< eZ—31XVWAIILASUL >'¢'—Se1 ¢e’87271°—SeZ1 01"
™™ __eeil (<l 'e'eSe’£Se’"—1 el e Z1@—" 1¢'eeZ@I1LAEUL > “ZEs' "—1 el
highlighting in blue the parts covered by snow.

©ZSe”"—1"+1XVW]&XVW"81 “"E'1ES70721S1™S>¢’SelceS—"7
the area in question. On January 24, 2018, which was 2 days after the end of a heavy snowfe
event, a helicopter recognition mission was organized and the snow bridge area was photo-
graphed in order to document the blanketed parts ( Figure 8a i i

377 le 7107 57757 —E' —1 ™" EPigeear @B T 1 XNl 7>,
S—el1Zi™ " 3e701¢"1S1 1 ¢781-S""—el’el ™M " @ee'ceZle 1" e7—
which may fail in their protection function ( Figure 8c U i

5. Discussion

‘Z1 XiV1'Se®el™> " YZ—1e"1¢Z1S1"e's¢1lez eSceZl —cee>7-27-
'—el1e' 71 —-™MSEel " e1leZ "™ CR'ESe10eS—ees’ e ZedLSYSS—CE
natural hazards. As reported in Table 1, the achieved theoretical precision for the presentec
study cases ranges from decimeters to a few meters, which is more than acceptable for pract
cal purposes. In addition to the image quality and its resolution in particular, the precision
of the system additionally depends on the DEM resolution and on the number, clarity, and
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c'ORe> ' (Fe' T — 170l e Z1E"—e>"e1l ™" _epil ‘Z1E " —<'—Se’"—1"e1
"7 1027 101E " —@e>72Es""—0Udl Zee,o'ee>'<2971 w©1Z2ZS0e’e

TESele’e—' ES—eleZY'Se " —@1l ' —1'Z15ZE " —@e>2EeZe1l™
real world may, in contrast, occur when there are objects in the background landscape of an
image, or when areas in the landscape display a small incidence angle with respect to the cam
era ray. Here, small imprecisions in clicking on the corresponding image pixel may resultin a
great displacement of the corresponding real point where the ray intersects the DEM. In case
of crests and ridges, the ray may even overshoot the DEM and hit the background landscape
or get lost in the sky.

Additional sources of error are changes in the terrain morphology that took place between the

o' —71+'21'-SeZ1 Sele'"+1S—ele'Z1 1-2Sei>2-2—+il1l 'Ze
™M e7 "E1-Sceel-"YZ-Z—e@1™51¢t1—S¢7>8¢172YZ—ecele’E
7—e"7@E'Ze1-S>e’— @171 Z21¢75>S'—1E'S—eZ®@1-S¢1<Z1"E
(seeFigure 4 01

'~ eSH>1SEVZYZ-Z—+1 ™ 7 —e'Sel S—ele’ eSS’ ]l el 7]
SE"ZYS<eZ1™>ZE® @' " —1'SYZ1<ZZ—1>2™">eZe1’ —1' —eZ™Z_
torical landscape reconstructions [36] and treeline ecotone dynamics [37].

EE >0’ —e1e 1" 7>1SEEZ-22SeZ¢17Zi{™MZ>'7Z—EZ1Ze o £ —whst:
mentl‘'e‘e¢leZ™Z7 —e@l” " —10S01Z1Z™ " E ‘101 2Z1ZYZ—<10-
oS e @ES™Z1-S¢1'SYZ1E'S—eZ¢31S—e1e'Z17Z Z>1SYS’+S«
image regarding the extent and form of the object to be digitalized (from local land slide to
7' —Sel "Te@id1S—el0EU1" —1¢'Z1SYS ' eSceZ1 —e">_Se'"_
eS581-"e1"<e'8§271'-SeZ0el 'e*1lez'+S<eZ1 ol 7Z>7Z10zEEZ«
Sloe‘™ele’' =711 ‘Z1-"@ele' -7, E " —@7-"—eleeZ™@®@l1>Z2+S+71
®eZ?E‘1SeleZ1l B81-S™Edl > e " ™M " e"pdl' —SeZel~e1'21S>7
cceTable 2 U7

6. Conclusions

‘21-S"—1S'—17e170®'—e1e'Z1 1-"—"™e"4" —e]e""el( XV
S—el>ZE " —e>2Ee1'2172Z ZEer1™+1—Se75Se172YZ—o®1l<Ze"
>Z—="YZe1">1e@®@S™M™MZS5i1 —1e""®@1>Z@™ZE*d1'Z1+""¢1 Sce
TIMZ5Se 510" 1E T —<'—Z21'-SeZ@le>"—1e’ Z>7Z—e17Z™ " E‘'®SLS—-
ZYZ—eil ‘Z1™ " @a'<e’eCl 0leZ 72757 —E —e1lezE'1'-S+Zc
ing point enables the use of oblique aerial photographs taken from helicopters, which in turn,
opens the door to documenting natural events in highly inaccessible sites (see Example &
<eS—"7e7ele—" 1l¢>’eeZil

When suitable photographic material exists, even events dating back more than acentury can
(Z1>ZE"—0ee>72@EeZ+1 '«'1YZ5¢1®Se’@+SE">¢C1™>7ZE '~ —11
"—eS55>0081See 10 Z17ieZ—1S—ele'7Z1@ZYZ> ¢e¢1"¢1 ™Sl
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S7e¢"—Se'EL 'ee 571077 Ee""—il ‘Z—1"<o'82721'—SeZ0el1"ele'Z1
S>71¢72°>7272>7Z2—EZe1 —1e'7Z1-"—"™e" 4" _eloeteeZ-8le'Z1™"’
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(0p8

—1E —e>Se*dleZerel M>SE+ ESceZ1 ' l+'Z120721 121
¢ —S—"E1™M>"EZeeZeleZE '1Swele'Z1le"ES'£Se'"—171S1 :
—10e7E'1ESeZ0ed172—-S——7187>'Se1YZ" " E+Zell @cedl-
>72Se 0 —7817 " >7272>72—EZe1' —SeZel"e1¢'Z1 >Z1e¢>"—e31751>7

e1™570Z—281'Z1XiVI1>Z2eZS®Z171¢'Z1 1 ~"—"™e"4'—e] "
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webpage for details on the terms and conditions of use, services, and tutorial options.
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