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ObjectiveObjective ::ObjectiveObjective ::

A particular sequence of A particular sequence of 
meteorological conditions meteorological conditions 
consisting of longconsisting of long--
continuing precipitation, continuing precipitation, 
interrupted only by brief interrupted only by brief 

...leads to extremely ...leads to extremely 
stable snowpack stable snowpack 
layering and far layering and far 
above average snow above average snow 
depths...depths...

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

interims of warmth...interims of warmth...
depths...depths... of dimensions!of dimensions!



The site of GaltuerThe site of GaltuerThe site of GaltuerThe site of Galtuer



The climate of GaltuerThe climate of GaltuerThe climate of GaltuerThe climate of Galtuer



Year Location Deaths

1383 Vermunt pasture 3

1613 Kinge 4

1616 Wide Valley Avalanche, Birche 1

1682 Wide Valley Avalanche 5

1689 Shadow Valley Avalanche, Tschafein 29

1699 no name 4

1720 Hochegg 4

1723 Larein 1

1817 no name 2

1835 Innertschafein 6

1874 Portrinner Avalanche 1

Avalanche chronicles and corridors in GaltuerAvalanche chronicles and corridors in GaltuerAvalanche chronicles and corridors in GaltuerAvalanche chronicles and corridors in Galtuer

1874 Portrinner Avalanche 1

1919 Inner/Outer Wasserleiter Avalanche 5

1952 Larein Valley Avalanche 9

1984 Adamsberg-Portrinner Avalanche 2

1999 White Riefe- /Outer Wasserleiter Avalanche 31



General Avalanche Situation • Tyrol, February ’99General Avalanche Situation • Tyrol, February ’99General Avalanche Situation • Tyrol, February ’99General Avalanche Situation • Tyrol, February ’99



The situation escalates...The situation escalates...The situation escalates...The situation escalates...

...Governor Weingartner visits Avalanche Commission  in Galtür...Governor Weingartner visits Avalanche Commission  in Galtür...Governor Weingartner visits Avalanche Commission  in Galtür...Governor Weingartner visits Avalanche Commission  in Galtür



Final supply flights...Final supply flights...Final supply flights...Final supply flights...

...and then, disaster strikes:...and then, disaster strikes:...and then, disaster strikes:...and then, disaster strikes:



... 23.02.1999: 31 deaths in Galtuer...... 23.02.1999: 31 deaths in Galtuer...... 23.02.1999: 31 deaths in Galtuer...... 23.02.1999: 31 deaths in Galtuer...



... 24.02.1999: 7 deaths in Valzur...... 24.02.1999: 7 deaths in Valzur...... 24.02.1999: 7 deaths in Valzur...... 24.02.1999: 7 deaths in Valzur...



...evacuations amid heavy snowfall......evacuations amid heavy snowfall......evacuations amid heavy snowfall......evacuations amid heavy snowfall...

(they first wanted to get into the valley at any co st, then to get out at any cost)(they first wanted to get into the valley at any co st, then to get out at any cost)(they first wanted to get into the valley at any co st, then to get out at any cost)(they first wanted to get into the valley at any co st, then to get out at any cost)



...Rescue operations in Valzur......Rescue operations in Valzur......Rescue operations in Valzur......Rescue operations in Valzur...



...ongoing evacuations and the ‘media avalanche’......ongoing evacuations and the ‘media avalanche’......ongoing evacuations and the ‘media avalanche’......ongoing evacuations and the ‘media avalanche’...



GaltuerGaltuer ValzurValzur

DeathsDeaths 3131 77

SeriousSerious InjuriesInjuries 1111 11

LightLight InjuriesInjuries 20 bis 2520 bis 25 1111

TotalTotal buriedburied Ca. 100Ca. 100 1919

DestroyedDestroyed oror damageddamaged buildingsbuildings Ca. 60Ca. 60 1111

...Balance sheet......Balance sheet......Balance sheet......Balance sheet...

MilitaryMilitary HelicoptersHelicopters

FlightFlight HoursHours 921 Hrs. 23 Min.921 Hrs. 23 Min.

LandingsLandings 3.3013.301

NoNo.. ofof personspersons flown,flown, incinc.. rescuerescue teamsteams 18.28418.284

GoodsGoods flown,flown, inin tonstons 269,91269,91



Overall weather situation in winter 1998/99Overall weather situation in winter 1998/99Overall weather situation in winter 1998/99Overall weather situation in winter 1998/99

Normal airstream pattern in Normal airstream pattern in 
winter over the Atlantic:winter over the Atlantic:

dominated by high from dominated by high from 
AzoresAzores and low from Iceland, and low from Iceland, 
leads toleads to zoned air currents zoned air currents 
and westerlyand westerly winds.winds.

Airstream pattern in winterAirstream pattern in winter 1998/99:1998/99:

cyclonal NW current with lowcyclonal NW current with low over over 
British Isles and Atlantic highBritish Isles and Atlantic high to the to the 
southwest. Leads to strongsouthwest. Leads to strong
northwesterly airstream.northwesterly airstream.



A total of three large periods of precipitation:A total of three large periods of precipitation:A total of three large periods of precipitation:A total of three large periods of precipitation:

27.01. 27.01. –– 04.02.04.02.27.01. 27.01. –– 04.02.04.02. 17.02. 17.02. –– 25.02.25.02.17.02. 17.02. –– 25.02.25.02.05.02. 05.02. –– 16.02.16.02.05.02. 05.02. –– 16.02.16.02.



Huge snow masses throughout Tyrol:Huge snow masses throughout Tyrol:Huge snow masses throughout Tyrol:Huge snow masses throughout Tyrol:
NS NS 

February February 
'99 (cm)'99 (cm)

% % 
AverageAverage NS max NS max 

(cm)(cm) YearYear
Rank Rank 

9999 PeriodPeriod

HolzgauHolzgau 351351 508508 254254 19841984 11 18951895--9696

St. Anton a.A.St. Anton a.A. 230230 324324 398398 19701970 4 ??4 ?? 18951895--9696

GaltuerGaltuer 375375 595595 266266 19701970 11 18951895--9696

NaudersNauders 206206 479479 240240 19701970 22 18951895--9696

UmhausenUmhausen 8989 330330 134134 19701970 22 19531953--9696

PatscherkofelPatscherkofel 189189 266266 208208 19701970 22 19451945--9696

BrennerBrenner 110110 211211 300300 19351935 55 18951895--9696

InnsbruckInnsbruck 114114 422422 115115 19701970 22 19521952--9696



Snowpack development in winter 1998/99:Snowpack development in winter 1998/99:Snowpack development in winter 1998/99:Snowpack development in winter 1998/99:

Snow profile at Joechelspitze station (34 km from G altuer)Snow profile at Joechelspitze station (34 km from G altuer)Snow profile at Joechelspitze station (34 km from G altuer)Snow profile at Joechelspitze station (34 km from G altuer)



Snowpack development before midSnowpack development before mid--January:January:Snowpack development before midSnowpack development before mid--January:January:

Weak snow layering: typical early winter fundament of depth hoar, minimum snowfall. Weak snow layering: typical early winter fundament of depth hoar, minimum snowfall. 
Frequent temperature changes gives rise to meltFrequent temperature changes gives rise to melt--fr eeze crusts, breakable crusts observed freeze crusts, breakable crusts observed 
on the surface widespread.on the surface widespread.



Snowpack development until the beginning of Februar y:Snowpack development until the beginning of Februar y:Snowpack development until the beginning of Februar y:Snowpack development until the beginning of Februar y:

Loosely packed, triggerLoosely packed, trigger--sensitive old snowpack. Co ld layers of transported new snow sensitive old snowpack. Cold layers of transported new snow 
poorly bonded with old snowpack. Avalanches usually  triggered on old snowpack, since poorly bonded with old snowpack. Avalanches usually  triggered on old snowpack, since 
meltmelt--freeze crusts and breakable crusts prevent fu ll fracture.freeze crusts and breakable crusts prevent full fra cture.



Snowpack development until midSnowpack development until mid--February:February:Snowpack development until midSnowpack development until mid--February:February:

Rising temperatures at end of first period of preci pitation causes snowpack to settle and Rising temperatures at end of first period of preci pitation causes snowpack to settle and 
consolidate somewhat; thus, additional loading from  second period of snowfall insufficient consolidate somewhat; thus, additional loading from  second period of snowfall insufficient 
to trigger avalanches. Unleashed avalanches are sma ll.to trigger avalanches. Unleashed avalanches are sma ll.



Snowpack development until the end of February:Snowpack development until the end of February:Snowpack development until the end of February:Snowpack development until the end of February:

During third period of precipitation, heavy snowfal l again. Overall snow in starting zones During third period of precipitation, heavy snowfal l again. Overall snow in starting zones 
many times the average amounts, wind transport incr eases snow burden, overloaded many times the average amounts, wind transport incr eases snow burden, overloaded 
snowpack ultimately fractures and triggers huge pow der snow avalanches.snowpack ultimately fractures and triggers huge pow der snow avalanches.



Development of general avalanche danger:Development of general avalanche danger:Development of general avalanche danger:Development of general avalanche danger:

...clearly reflects weather development in winter 1 998/99!...clearly reflects weather development in winter 1 998/99!...clearly reflects weather development in winter 1 998/99!...clearly reflects weather development in winter 1 998/99!



Avalanche danger and discharged avalanches 27.1 Avalanche danger and discharged avalanches 27.1 -- 2 5.2.99:25.2.99:Avalanche danger and discharged avalanches 27.1 Avalanche danger and discharged avalanches 27.1 -- 2 5.2.99:25.2.99:



Weather and snowpack development in GaltuerWeather and snowpack development in GaltuerWeather and snowpack development in GaltuerWeather and snowpack development in Galtuer



General Extreme Value Distribution GEVGeneral Extreme Value Distribution GEVGeneral Extreme Value Distribution GEVGeneral Extreme Value Distribution GEV



Overall snow depthOverall snow depth Galtuer February 1Galtuer February 1999999Overall snow depthOverall snow depth Galtuer February 1Galtuer February 1999999



The avalanche catastropheThe avalanche catastropheThe avalanche catastropheThe avalanche catastrophe



Fracture area with snow profileFracture area with snow profileFracture area with snow profileFracture area with snow profile



Model of powder snow avalancheModel of powder snow avalancheModel of powder snow avalancheModel of powder snow avalanche



Powder Snow Avalanche Hochfuegen 24Powder Snow Avalanche Hochfuegen 24--0202--19991999Powder Snow Avalanche Hochfuegen 24Powder Snow Avalanche Hochfuegen 24--0202--19991999



OverviewOverviewOverviewOverview



Fracture area and avalanche flow lanesFracture area and avalanche flow lanesFracture area and avalanche flow lanesFracture area and avalanche flow lanes
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Danger zone mapDanger zone map GaltuerGaltuerDanger zone mapDanger zone map GaltuerGaltuer



PrimaryPrimary fracturefracture areaarea:: 26902690 mm--25502550 mm

FractureFracture depthdepth:: 22..88 mm

SuspensionSuspension gradientgradient:: 1515%%

fracturefracture areaarea:: 170170 kg/m³kg/m³

DensityDensity ofof snowpacksnowpack flowflow lanelane:: 190190 kg/m³kg/m³

Erodable snow depthErodable snow depth
and erodability parameterand erodability parameter
for various flow lane sectorsfor various flow lane sectors::

25502550mm--22002200mm:: 22..33--22..00m,m, 00..2323--00..2626 m/sm/s

22002200mm--19001900mm:: 00..88--00..77m,m, 00..2626--00..2828 m/sm/s

19001900mm--17001700mm:: 11..00--00..55m,m, 00..2929--00..3030 m/sm/s

Avalanche simulation withAvalanche simulation with AVALAVAL--1D1DAvalanche simulation withAvalanche simulation with AVALAVAL--1D1D

19001900mm--17001700mm:: 11..00--00..55m,m, 00..2929--00..3030 m/sm/s

LocationLocation VermuntbachVermuntbach HouseHouse LitznerLitzner EndEnd WinklWinkl

MaxMax.. speedspeed:: 116116 m/sm/s 117117 m/sm/s 116116 m/sm/s

SaltationSaltation layerlayer:: maxmax.. densitydensity 6565..00 kg/m³kg/m³ 6363..00 kg/m³kg/m³ 6161..00 kg/m³kg/m³

SaltationSaltation layerlayer:: maxmax.. pressurepressure 6262..33 kPakPa 4747..33 kPakPa 3232..44 kPakPa

SuspensionSuspension layerlayer:: maxmax.. densitydensity 99..55 kg/m³kg/m³ 99..00 kg/m³kg/m³ 88..55 kg/m³kg/m³

SuspensionSuspension layerlayer:: maxmax.. pressurepressure 3030 kPakPa 2727 kPakPa 2424 kPakPa

HeightHeight ofof avalancheavalanche:: 9595 mm 100100 mm 105105 mm



Results AVALResults AVAL--1D1DResults AVALResults AVAL--1D1D



Calculated Avalanche Pressures...Calculated Avalanche Pressures...Calculated Avalanche Pressures...Calculated Avalanche Pressures...

...and pictures of destruction: estimated pressures  >30 ...and pictures of destruction: estimated pressures  >30 -- 50 kPa!50 kPa!...and pictures of destruction: estimated pressures  >30 ...and pictures of destruction: estimated pressures  >30 -- 50 kPa!50 kPa!



MultiMulti--dimensional model SAMOSdimensional model SAMOSMultiMulti--dimensional model SAMOSdimensional model SAMOS



... the consequences...... the consequences...... the consequences...... the consequences...



... House `Litzner`...... House `Litzner`...... House `Litzner`...... House `Litzner`...



... Hotel `Walter`, terrace houses...... Hotel `Walter`, terrace houses...... Hotel `Walter`, terrace houses...... Hotel `Walter`, terrace houses...



... Hotel `Luggi`...... Hotel `Luggi`...... Hotel `Luggi`...... Hotel `Luggi`...



... Hotel `Luggi`...... Hotel `Luggi`...... Hotel `Luggi`...... Hotel `Luggi`...



Galtuer at 24.02.1999 (1 day after catastrophe)...Galtuer at 24.02.1999 (1 day after catastrophe)...Galtuer at 24.02.1999 (1 day after catastrophe)...Galtuer at 24.02.1999 (1 day after catastrophe)...

.. and at 17.03.1999 (3 weeks after catastrophe)..... and at 17.03.1999 (3 weeks after catastrophe)..... and at 17.03.1999 (3 weeks after catastrophe)..... and at 17.03.1999 (3 weeks after catastrophe)...



The results: reThe results: re--mapped danger zonesmapped danger zonesThe results: reThe results: re--mapped danger zonesmapped danger zones

Red Zone limit of 25kPa reduced to 10 Kpa!Red Zone limit of 25kPa reduced to 10 Kpa!Red Zone limit of 25kPa reduced to 10 Kpa!Red Zone limit of 25kPa reduced to 10 Kpa!



... Protectors of fracture area...... Protectors of fracture area...... Protectors of fracture area...... Protectors of fracture area...



... Protective dam... Protective damss......... Protective dam... Protective damss......



... with automated weather station!... with automated weather station!... with automated weather station!... with automated weather station!



Future imperative: integrated avalanche protection!Future imperative: integrated avalanche protection!Future imperative: integrated avalanche protection!Future imperative: integrated avalanche protection!



Thank you for your attention...Thank you for your attention...


