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GISHIECHNIGUES for Avalanche
_PathMyYEspIne andenow SCIENCES




Eor many years the Swiss;, Canadian; and other snow: scientist have been
using GIS to meniter, decument, and model avalanche eccurrence, snew
profiles, and weather. In the United States the: use has lheen limited toronly.
a few areas. Untilrecently almost allfavalanche and snewpit data
ebsenvations were: recorded on hard copy and or did not have a spatial
compenent. With the' current advances in techinology: this has beceme
afifordable and reasonable to implement. This; paper presents the
teclhnigues for huilding avalanche atias maps, sourced: frem newly: collected
and legacy data. Thisiwill alser present the Integration off a digital snewpit
profile’program for the pocket pc withl ArcPad and GRS fior the collection of
SNEWPIL clhsernvation) data that has a spatial reference. These advamnces will
make! it possible te bringl elservations and data inte a GIS for referencing,
modeling), andisharng. The histercal avalanche: path data Is leaded inito)a
database that can relate the hard copy snewpit and weather data. These
data layersican be displayed over other GIS base layersi such as DEM, DRG,
DOQ, soeils/geelegy, and vegetation cover. lntegration off realtime Weather
and snow profile data can ve added to this fier analysis. Digital data
collection teols Will'lbe: displayed that can load new: data directly/ i te a GI'S
Datalase withihittle: hand entry.




GIS DATA MODEL FOR AVALANCHE AND SNOW STUDIES




Historical (legacy) data canibe used as references in the GIS
when the hand drawn avalanche patihs are digitized and loaded in te
a geodatabase. Avalanche path data (censisting off avalanche
archive records and photegraphs, avalanche mapping ofi starting
ZONes, size, freguency. andf area extent ofi danger), snowpit, and
Weather data can be converted firen hard copy: ter digital. The
Weather data Is often in digital’ and can be linkedt eor leaded to the
avalanclie and snewpit profile database as wellt
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The base data layers such as DRG (digital topo map) and DOO
(aerial phetography) previde visuallinformation andl the ability to
identify, avalanche terrain. These can also help in referencing the
topography. of the avalanche areas. The DEVM (digital elevation
moedel) allews varoeus: terrain analy/ses: mean slope;, minimun siope,
maximum slepe; mean aspect, and curvature. Whenithe avalanche
path data 1s everlaid en the DEM it can be analyzed using| the
nearest neighlkher medel. This data type IS Becomine moere: readily,
availakle and at higher resplution (mest efi ther US s now: available
at 10m; and there'is 2 meter datal fior seme: areas) and accuracy.
Much eff It I1s free fiem the USGS, or the USDA as wellias many. state
GIS data clearing hoeuses.

Other Important GIS data layers are the: hydrography: (fVers;
streams andllakes), geelegy, Vegetation,, tree rng, buildings and
ioads. Hydrography: data snews drainages Where avalanches could
e constructed by potential ter@in traps. Vegetation and geologic
layers and eften combined with slope anglesiand curvature to help
gauge friction’ parameters (destructive fierce) firem the various sizes
off the velume ofi the avalanche’s release. Tree rnng| data can help
document and predict the freguency’ and sizes, ofi avalanches aleng
thelr tracks. Buillding zoning and road data can define potential
areas that willFsuiffer destruction.
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The 2004 United States
Observational Guidelines were
used as the template for the
GIS geodatabase deS|gn
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The analyst can use the GIS to combine this data with real time weather
and snow data of the area by moedern digitall collection teels te assess risk
and level off danger. The advent ofi pocket computers and moebile GIS/GRPS
software hias made: it possikle to collect digital field data aboeut avalanche
paths andi snow: profiles. Thisidata can' be integrated with ther histerical
avalanche database aiter It has beeni brought mio: the digital framewerk.
LLikewise it Is; pessible to take the histericalldata inte the field for a
reference andl create a new file fior the: latest eccurrence. By collecting a
RewW weather andl spew. prefile: and giving It a spatial pesition withra GRS
poInt It possible te hyperink snewpit profile graphs; phetographs; and
Weather station lecations te a speciiic spatial place. hhis s useful mrviewing
the changes tera parnticular place over a seaseniand the: anility ter guickly,
call up pastintermation.

Snow Profile
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Lsing ArcGIS and ArcPad to
map historic avalanche paths
and collect realtime snow and

avalanche data.




Remote weather stations can send weather data every: half hour
py phone line or wireless transmission. Threugh the internet a
weather program called Meteorologix can bring real time [Doppler
radaf weather Images directly inte the GI'S; seftware view Windew.
As wellras digital cellection By hand held computer from traditienal
Weather and Snew, olasernvation) sites. With these new teo)s It IS
possihle to have this real time data guickly and! it is; easily’ jeined
Withrand cempared ter past years

Regionalrandlocal datasets canranalyzed andf then he used to
create varieus map/computer eutputs: Snew depthrandl cover
stability, avalanche hazand/iecater (atlas), equency, damage,
ferecast, rsk, and zoning maps. These can e useful fior forecasting,
controllwork, Zoning plans and the need for mitigation structures.

In conclusion, there are: many benefits to: using GIS and digital
data for avalanche and snoew.science. This paper documented the
various data types and thelr pessible applications. It also
demonstrated sene of the new teols available: for data cellection
andl the: way Injwhnich weather information can e delivered in real
time.




References:

Gruber, U., 2001: Using GIS fer Avalanche Hazard Mapping in Switzerland.
Erom the 2001 ESRI User Conference.

Stoffel, A., Bralbec, B., Stockli, U., 2001: GIS Applications at the: Swiss
Federall Institute off Snow: andl Avalanche Research.

Maggioni, M., Gruler, U., Stefiel, A., 2002: Definition and Charactersation
off Potential Avalanche Releaser Areas. Swiss Federal Institute off Snew and
Avalanche Research:

Mclaren, Si., 2000: Suitability: Mapping of Avalanche Tirgger Sites on the
Northr Shoere Moeuntams, Vancouver using a Digital Elevation Medelrand GIS.
UniGIS, Simeni Eraser University.

Tracy, L., 2004: GIS in Avalanche Hazard Management. liceland
Vieteorolegical Office.

Comunelle, G., Ciolli; M., Cherubini, P., 2001: Mappingl Avalanche Risk
using GIS and Dendrochrenelogical Tlechnigues. Erom, Conference “Iree
RINGS and People”, Daves, Switzerand.

McCollister, C., Birkeland, K., Hansen, K., Aspinall, R., Coamey, R., 2002.
Exploring; Mulit-scaler Spatiall Ratterns i Historicall Avalanche Data, Jackson
IHoler Mountain Resert, Wyenming. Presented 2002 Internationall Smow
Science Workshop.

Canadian Avalanche Association, 2002: Guidelines for Snow: Avalanche Risk
Determination and Mapping in Canada.

Canadian Avalanche Association, 2004: Tihe Course Profile for; “The
Intreduction te Snow: Avalanche Mapping Course.”




Biography:

DOUGLAS SCOTT
CONSULTANT
IDEA INTEGRATION/AVALANCHE MAPRING
637 B, S BROADWAY, #247
BOULDER, CO. 80305
305-910-5247

Currently: a GIS Consultant. Former ski patrolman and helicopter ski

guide with a LLevel IFAmercan Avalanche School certificate, 30 years
off winter moeuntaineering experience inf North America and Eurepe. |

am anr Authoerized ESRI Instructor andi recenily: created ArcPad skins

for the Juniper Systems Archer and Allegro CX.




