


A particular sequence of
meteorological conditions
consisting of long-
continuing precipitation,
iInterrupted only by brief
interims of warmth...
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g --leads to extremely
N Stable snowpack

3
L layering and far
%.above average snow

...which, in turn, enables
huge powder snow
avalanches to be
unleashed in undreamed
of dimensions!




7
14

=3
o
—

Landeck
]

B e a Py
——

Bl

""‘i.n.aﬁ"h- o .
<
]

ITALIEN




Klimadiagramm
Galtiir (1.583 m)
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1383 Vermunt pasture

1616 | Wide Valley Avalanche, Birche
== | 1682 | Wide Valley Avalanche _

1689 | Shadow Valley Avalanche, Tschafein _
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ZAs e 1835 | Innertschafein m
’ ‘\\ 1874 | Portrinner Avalanche
1919 | Inner/Outer Wasserleiter Avalanche _
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1952 | Larein Valley Avalanche m

1984 | Adamsberg-Portrinner Avalanche _

§ 1999 Whlte Riefe- /Outer WasserlelterAvaIanche '.:_."
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Lawine uMhn-:u nm.hf mlr:tlwf.mrar.ha.mIu:hi.:-n b
Lawinen jihrlich i
Lawinen seltener Wl

kemne Jihrlichkeit ausgewiesen

Lawinenverbavung
i stitzverbauungen, Dimme, Verwehungsziune)

Gebaete mat erhishtermn Lawinenrisiko

Sitz der Sektion der Wildbach-
und Lawinenverbauung

Sonderbetrieb fiir Bodenschutz,
Wildbach- und Lawinenverbauung

Sitz der Gebietsbauleitung der
Wildbach- und Lawinenverbauung
Sitz des Wasserwirtschaftsamtes
Sitz des Kreisforstamies

Sitz einer Lawinenkommission

Grenze der Gebietshauleitung
Wildbach- und Lawinenverbauung
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The situation escalates.
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...and then, disasterstrikes:










(they first wanted to get into the valley at any co  st, then to get out at any cost)
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Galtuer Valaunr
Deaths Ak 7

Serious |hjjuress 11 il
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Normal alrstream pattern in
winter over the Atlantic:

cyclonal NW current with low ovewer
dommated by high from British Isles and Atlantic high to tloethe

4 Azores amaitmw fham ek, southwest. Leads to strong

— leads to zovertiair@ures northwesterly airstream.

~ and westerly windgs. __"WF £
o . il
o

[

‘=~ Bodenwetterlcarte vom 15.02.1899

/
- s
| and, 2N ‘ . s s
s g J M S xMW’:} \ \ 9}5 + hnf e
- Y 2
"r el 935 Ns - 3 y -
. :
;//T‘ e B e eyl e
g— e ML 3 % :
- ot i ﬁ i .":’/’.'-'- !
et 2 SE G e
- . % | r
o { ES "
5 S

' -~ ..I
lslandtief g

\H.? dyn. Tref (Eg.kaDHE]I

1‘

yn anh
(Antizvklone)




.01.1999 30. 0z2.

SNOWHEIGHT DIAS

05. 08. 11. 14. 17. 20. 23.

—
—I

-20

= _10 -3

AlR TEMPERATURE DIAS

27

I I
.01.1999 30. 02.

L _______

- WIN‘D DH.RECTION DIAS

1?. 20. 23.

WIND SPEED DIAS

_____________________________________

__________________________

27

I
.01.1999 30. 02.

27.01. -'04.02.

17.02. — 25.02.




Holzgau

. St. Anton a.A.

Galtuer
Nauders
Umhausen
Patscherkofel
Brenner

Innsbruck
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K ev%grﬁgm In winter 1998/99:
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ﬂow profile at JoechelspitZe station (34 km from G altuer)



Lage Gleitschicht: 35 cm  Neigung: 35 Grad

Windst: 0 km/h -richtg: 0 Grad

Datum/Zeit:

Handprofil
20.12.1998/14:00

Niederschlag

-4,0°C

A

o Schmelzform

O kantig
—  Eislamelle

Lage Gleitschicht: 69 cm  Neigung: — Grad

Windst: 2 km/h -richtg: 225 Grad

Handprofil

27.12.1998/15:20
Niederschlag
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Weak snow layering: typical early winter fundament

Frequent temperature changes gives rise to melt-fr
on the surface widespread.
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of depth hoar, minimum snowfall.
freeze crusts, breakable crusts observed




Handprofil
30.12.1998/14:00
Niederschlag

Handprofil
10.01.1999/11:10
Niederschlag

Hohe: 1750 m
Exposition: S

Hohe: 2210 m
Exposition: S

ort: Jochelspitze Datum/Zeit

Beobachter: Kerber Adi

Daturm/Zeit ort: Jochelspitze

Beobachter: Kerber Adi

| Lage Gleitschicht: 109 cm  Neigung: —- Grad Windst: 2 kmvh -richtg: 275 Grad Temp.: 14,0 °C Lage Gleitschicht: 67 cm  Neigung: 35 Grad Windst: 0 kmvh -richtg: 0 Grad Temp.:-8,0 °C
Sonstiges Bewolkung: 8/8 Sonstiges Bewolkung: 0/8
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Loosely packed, trigger-smMel@ldvach@old ldyaye s ofanspspaded nevesnswow
triggered on old snowpack, since

poorly bonded with old snowpack. Avalanches usually
melt-fireeze cusis and neakalble owusts prevemt full fral fractne,




Handprofil
04.02.1999/14:30
Niederschlag
Temp.: -1,0 °C

Hohe: 1750 m
Exposition: S
Windst: 2 km/h -richtg: 270 Grad

L - ort: Jochelspitze
Beobachter: Kerber Adi
Lage Gleitschicht: 119 cm  Neigung: - Grad

Datum/Zeit:

B Sonstiges Bewolkung: 2/8
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Lawinenwarndienst Tirol

Rising temperatures at end of first period of preci

consolidate somewhat; thus, additional loading from
to trigger avalanches. Unleashed avalanches are sma |l

Hohe: 1750 m
Exposition: Sud
Windst: 2 kmih -richtg: 270 Grad
Bewolkung: 8/8

ort: Jochelspitze
Beobachter: Kapeller/Kerber

Lage Gleitschicht: 179 cm  Neigung: 15 Grad
Sonstiges: BW/3

Datum/Zeit:

Handprofil
11.02.1999/10:30

Niederschlag: kein

Temp.:-14,0 °C
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Lawinenwarndienst Tirol
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pitation causes snowpack to settle and

second period of snowfall insufficient




.......

N

N
i
N

-_..
\

@

D fz::

\\\“

N\ o

— \\\\\§ -

Y

T

/
I%

7272 % /

p

I . 21,
WIIILIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’.
@ 2 oo @ W ® ©w 3 = B B

I7

/////

//

/

oo 1-2
10
\§ o o 2-3

During third period of precipitation, heavy snowfal | again. Overall snow in starting zones

many times the average amounts, wind transport incr eases snow burden, overloaded
snowpack ultimately fractures and triggers huge pow der snow avalanches.
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2y B Stationen mit groiZen Lawinen @ Stationen, wo Beobachtung nicht maglich |
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Lufttemperatur (*C) Galtdr 27.01.-25.02.1999

Lufttermperatur |

MNMeuschnee und Gesamtschnee Galtdr 27.01.-25.02_1299

| m Meuschhnee mGesamtschnes |
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1-Tages-Maximum Neuschnee 1999 = 50cm
2-Tages-Maximum Neuschnee 1999 = 90cm
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Fracture area with snow profile

Handprofil
Hone: 2570 m Datum/Zeit 01.03.1999/12:30

ort Unterhalb Grieskopf

Beobachter: Rudi Mair Exposition: SO Nigderschlag: keiner
Lage Gleitschicht: 272 cm Meigung 40 Grad Windst: 25 kmv/h -richtg: 305 Grad Temp. -25°C
Sonstiges: Anrssgebiet Katastropheniawine 23 02,1999 Bewolkung: wolkig (2/8-3/8)
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[] Staubanteil 2\ Saltation
[1 Saltationsschicht Vj Suspendierung
B FlieRanteil /" Absinken

B Schneedecke "\ Lufteintrag
‘[\\ . Untergrund ) Rickstrémung

verdrangter Luft







Ubersichtsplan Gemeinde Galtiir

Innere-, AuBere Wasserleiter Lawine, We




Fracture area and avalanche flow lanes




Danger zone map Gadtiiieer
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Primary ffeaattuee sasza: 2690 m-
Fracture digpth:

Suspension ggaaiikent:

fracture saeza: 170 kg/m3
Density of seooppakk fibow |Eme: 19 kg/ms

Erodable snow depth 2550m-2200m: 2.3-2.0m, 0.23-0.26 miss
and erodability parameter 2200m-1900m: 0.8-0.7m. 0.26-0.28 mits

for various flow lane sectors:
1900m-1700m: 1.0-0.5m, 0.29-0.30 m/s
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Height above sealevel [m]

2400

2200

2000

1800

1600

Avalanche Layers Over Track
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Lawinendruck in kPa
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Verm untbach|
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..and pictures of destruction: estimated pressures &= =30 - 50 kPa!
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... the consequences...
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.. Hotel "Walter, terrace houses...
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The results: re-nmpppddidaggeznorss

Bauperiode Gefahrenzonen Lawincnuﬂ%lﬁck 1999 0 50 100 Meter
i 2 i = [
vor 1900 I:l 1980 - 1989 Lawinen Grenzen der Gebidude

schiden

1900 - 1949 1990 - 1998 - Rote Zone m = |eichte Schiiden Bearbeitung:

I 1950 - 1959 1999 - 2002 [ 1 Gelbe Zone m garke Schiden D eilen, B Rindens

. ) Kartengrundlagen: TIRIS
1960 - 1969 | ZeTstort urgd nicht Lawinendamm Abteilung Raumordnung -
1970 - 1979 wieder errichrer nach 1999 Statistik, Land Tirol

Red Zone limit of 25kPa reduced to 10 Kpa!
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... with automated weather station!




Future imperative: integrated avalanche protection!

Type of action
active passive

FT 9 e
construction planning
measures measures

v - -
=9

&

< ‘Integrated
Avalanche Protection

N B
Pt X

artificially triggered organisational
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