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Avalanche forecasting-an expert system approach 
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ABSTRACT . ...\\alanrh c forecas1i1115 fur a gin·n rc[.iion is s till a di llicult task 
inrnki11g great rt>sponsibi lity .. \ 11} toob assis ting the expert i11 the decisio n- making 
prucrss a n : " elcomr. I lo\\'e\"l: r. <111 c llicit>1H a nd successfu l tool should meet th e n erds of 
the fo rf' r as Lr r . \\' ith th is i1 1 m ind, 11\'0 models were dc,·elop c·d 11sing a com rnercialh· 
a,·ai la hl r soft\ rnre: CYBERTEK-C:OC E~SYST" . a j udgrne nr proc~ssor fo r iml urti, ·~ 
df'rision -111a ki11g a prin ci p a lly data-based ex pert s~ '> t <>m . C sing \\'Cather , sno\1 a nd 
snmr-co\·e r d ata as input para meters. the models rrn luatc fo r a region the d egree of 
arnlanc he hazard. thr aspect and al titud e o f' ilw mo'>t dangTrou~ slopes. The output 
result is ba sed on thr snO\\'-COYer stabi lit} . T he nr \\' models \\'ere de' cloped and ha \'C 
been tested in t he Da,·os 1Tgio n (S\\' iss Alps) fur sc,·era l yea rs. To rate the mod eb, their 
output is com pared tu the a posteriori \T rified hazard. The first model is p urely daw ­
based. Compa red 10 o th er sta tistica l m o d els. the di fk rcnccs arc: m o re in pu t 
informa tio n about thr snm1· co\·er from s n0\1 profilrs a nd R utschblock tesu., t hr 
specific method ro sra rch fo r similar situ at ions. the concise output result and the 
kno\\'led g-<' h a s<" that in cl udes the ,·erifi cd degree or a \ ·a lanclw h azard . T he 
perform ance is abou t 60°/o. T he second, morc-reli 11ed mod el, is both darn- a nd ru le­
based . I t tries to model the d <>cision-maki ng pmccss of a p rn[.im at ic expert a 11d has a 
p<"rfo ~·mance of about 70 °/o , " ·hich is com parable ro t he accuracy of the publir 
\\·arnmg . 

1. INTRODUCTION 

..'\\·alanchc forecasting. in o ur contex t. means the daily 
a ssessment of t hr a\·alanch e hazard for a g i\-cn region. i.t. 
fo recast ing a t the rneso-scak l\ lcC:lung a nd Scharrrr. 
1993 . The resulti ng m·a lanc he \\'a rn ings a nd recommen­
d ations for the public sh o u ld d r,rribc chc m·ala 11chc 
situa tion. i.e . g iw informatio n abou t the pla ce. tlH' time 
and the pro babi li ty of re lease fo r a sp ecific t) pe of 
arn la nc he (slab or slul[ large or small. we t o r cir) . T he 
lllOSl CO ll\'Cl1 ien t ll'ay 10 ha nd le th is SO rt o f" in format ion is 
to summ arize it as a degree o r a\·ala nchc hazard. Since 
1985. in Switzerland. the d eg ree of hazard has bcr n 
defi ned in d esrrnding o rde r b~ the rrl rase p robabilit) , the 
area l ex te nt of the ins ta bili ties and the size or the 
aqtla ncl1 es Foh n. 1985) . T he scale is gen e ra lly ba~ed 
on the sn o\\'-CO\'Cr stabilit y . I t copirs the dC\·dopment or 
stepping of the most typical a\·alanche s itua tions and 
hence is not linear. Th e in tensity of an arnla nche 
situa tion increases strong ly from one deg ree 10 ano ther. 
maybe C\'e n exponrn tia lly. Con;;cqucntly , th r frcq ucnC) 
Of' the deg rees of haza rcJ cJerrraSC'S <ICCO rcJi11gl) II ith 
increasi11g degree of' hazard Fig. I . . \n y expert -.,ysiem 
should profit from th i> con cept tha t \\"as a d opted in 1993 
by the \\'Orki11g gro11p of the Europ ea n a,·a la nr hr­
ll'arn ing sen·icrs. In t his st ud ), SP\"(' n cl rgrccs or 
ava la nr he hazard are used arrord i n~ to th e struc111 rf' 
defined i11 1985: dw1ils o f th e Swiss ha /.ard scalr ha,·e also 
been g i\·r n by .\ lcClu ng a 11d Schaerr r 1993 . 

S ince d ry-slab ;\\·a lanch cs represen t the most impor­
tan t threat fo r skiers and ba ck-count ry tra\Tlkrs. 11-c 
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degree of hazard 

Fi,f!, . I. Relatiz·e.fif!Jllfll(I' of the z·erijicd degree of lw::.nrd 
i11 the Darns re,f!,ion: Im winter 1Noo11j including 1512 d 
(// f considered. L(i:ht co/1111111.1 ( le/i ) fo r the old S 1i'ijj 

lew1-degree u alr, rlnrk co/1111111s ( right) 1111d rn/11e.1 fo r the 
111'11 1~·111opea11 jil'e-dl'g1w J((i/e. 

fornsed on t h e hazard of d ry-s l<I b a,·a la nc h es. Du ring 
sp ring time. \1·c t-s11 011 a,·a lanc h r s a re partly con sid rrecl : 
the daily in c rease or thr hazard due lO \\ a rming d uring 
the da~ j -, not taken into accoun t. 

La Cha p d l e 1980 descri b ed th e tec h n iqu e for 
assess ing th e a \' a la nche ha zard : 11 ra ther , sn o\1 a nd 
sno11-ro\'e r data obsen ·ecl dail y a nd measured at se,·era l 
locatio11s re p resen1a1i1·r for a g i\'en a rea a re r\'a lua ted by 
h uma n rxpens using their kno\1 lrdgc and lo ng -term 
experience co mbined 11ith ind i,·idual intu ition . Since 
t hen the p rocecl urr has not c h anged much . The core is 
s til l fo rmrd b y the classical procr>s or syno psis supple-
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F(!!,. 2. Tiu e1<111irnl co111'e'11/io11(1/ 1111'/hod 111/1/1/eml'lllcd 
with dijferml w/1/1orti11g tool.1 lo jimrn.11 lhr (l rala11dlf 
lw:;.r11d 1111 the rrgio11al smll'. 

111c11tccl no\\·adays b) diffnc11t sons of' supporti ng- tools 

Fig . 2 . 
I IO\\'{'\TI'. dw dr m a 11cls arc stradil ) inl'n:asinµ;: morc­

f'rcqu t 11t and morc- dc1;iiltcl i11 10rmatio11 is desired . 
T ourism is still dt\Tloping and, as in man) other 

mountaino us rrµ;ions. the .\I p-, ha\T h rcome one of the 
fayouri1c pla)µ;rouncl s in Eu rope. S ki touring is \\ idl'r 
r<llH{inµ; and more popular than it \\as prtTiously. 
\"n·enhele~s. the number of' aYalanchc \·ininh ha-, not 

a ccording !) increasl'd Fi~. '.1 . 11 hich n1a y be dur 10 the 
lielll"I" education a nd a \\ an·m·ss of' the -.kic r-., presumably 
a bo d11 c lO the -,wbiliz ine, dfrcl or more freq uent ski ing 
after each -.n m' foll period 011 popular slopt'' and hopdi.d ly 

due to h l·ttl'I' 11·arn ing. 
I n the fr>nTa'>t pron·s-,es nm,ada )'· a lot ofelcnronic 

tools are im·oh'rd: acq 11i si1 io11. tramkr and repl'l' '>l'llt­
ation of' 1h e cl<1ta . data base. -,1w11-co\"lT si11111la1ion, 
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Fig. 3 .. lrnla11dlffata/itir1 in tltr Slt'iu . ll/11 l !Jfi-1 fij lo 

19!}../ !J.). Thr .Ji1talitin a/'l' <l/J/>ointrd lo tlnll rnlc~£:Olll' \ 

rli-.10 ihi11g ll'hm• tlt1' fll'fllr111cl11' aCfiden/1 //fl/1/n•111•rl: in 
b11i/di11g1. 011 r111111111111irntio11 /inn ( in1 /11rli11p, r1111/ro//cd 1ki 
111111 ) and in t/11.fi·rr /main ( back ro11nl1J). The 30yar 
m•trng1• i.1 a/mu/ 28 jata/itir'.1. indirnl1•d ~l ' thr /!tin hmkr11 
line. ·1 he .\II/id bold linl' 1/11J1L'.1 a j' _l'N1r mol'i11g m·eragr. 
Pnrmta.~1· 111e111bcr.1 gi1'1 thl' /m1/1111/111n oj jata/itir.1 i11 t/11 
free larai11 ( /() _rear a1•erag1' ) 1!11m·i11g c/ear(i• !lt1 
i11m•a1i11,~ number <!f}i1talitin in the ji'n /1•rmi11 . 1t'llflca1 
the Iola/ 1111111/ia lrmd i .1 1/a//1111111.r. 

11 umtTira I \\ e;nhn fo rcras1. clerision-ma ki ng tools and 
expert -,ystc rn,, a nd inforniarion distribu tion. E\Tn -.o. the 
cla ra th;i1 are m easured a re not the mosl rcle\'a11l ones. 
\\"hat is really needed is the s treng th com p ressi\·c, ll'Jhile 
and shc;1 r or indi,·idual '>now layers. tht' -,o-ca llcd lm,·­

l'l1tropy da t a LaChapr ll <' , 1980 or class I data 
:\fcClun~ and Schacrer. 1993 . The a\·ailablc d a ra arc 

just 111<11T or k -,s appropria1e to paramctrrize the rel n-.1n t 

pron ·sst"'" Thr interprt taLion of' these data is th e most 
d r lica1r task and hence many ~u pponing tools ha\T bern 
d eYcloprd for human cxprn s. Becau~c 1hr '1\·alanrhe 
hazard can not ye!? be calcu latrd full y in a s trict sense 
by a lgorithms . thi5 is a fie ld for hum an expl'rts and 

corre-,ponding ly !Cir txpt'l"t S\"S tcms. 

2. PRESENT APPROACHES 

T he approach desrrilwcl b y L aC:haprlle 1980 . 1hr 
classical method , still forms thc ba~i of' tlw clecision­
m a king proccd 11n· of" most a\·a lanclw-forecast scn ·icrs. Cp 
ti ll IHl\\ , 11011 l' or the wpporti11g tools ha\"(' IWC'll reliable 

enough w s11h\litute for the hu man expert and \\ill 
proh;ibl ) nc\'lT hr. Bu t may they hrrome an o bjeni\·e 
partner for · ·c1 i,n1ss ion . ._, :-\ gcnna I O\Ttvie\,. of' cl i fli.:ren t 

method-, has been gin'n b) f o hn a nd 01hcr-, 1977 , Buser 
and others 1985 and more JTcetllly by \ lcCI u ng and 

Schaercr 199'.1 . In the follo\\"ing "e f"ocus on forera-.1ing; 
m ocleb a nd tools. 

Statistical approaches 

The 111mt pop11 lar sta tist ical met h ods are the discriminan t 
anal\sis a nd the ncarc-,1 neighbours \kC:lung- a nd 

Schaner. 1993 . 
Alread y. in th r 1970s the fi1·st -.1uclirs usi11,14 di scriminan1 

analys i-. had been perform ed to line! 1he rcll'\·ant 

par-.1111etn' for a\ ala11che forcea-. 1 ing" e.g". Perla. 1970: 
.Judson and Erickson. 1973; .\ nnstrong and o tl1tr-., I !JH: 

Bois and 01hns, l !l75: Sal\\"a~. 1976. StHJ\\" a nd \\Cather 
da1a ;i re usually u-.cd toget h l'r '' iih obsc1Yations of' 
;1\-.tlam he ani\ it ). \"e\' sno\\ d epth , temprratu1"l' and 
\\ incl speed. to me111 io1 1 som e . ha\'l· proYccl to be 
importa nt. The resulis hm l' urnlinncd 1hc expcril·ntT of' 

the ;l\·alanrlw (''l)t'l"[S. But. as nonl' or tht• paramrtcrs used 
is dirr rd) related to the process o f' arnlanrhc forn1ation. it 

has no t been pmsihlc lO n ·aluate the aYalanrhe ha1.ard. 
Tht" data 11-.cd. the usua l o hscrn·d and nwa-,11red 

paranwtn s, a rc all index \ 'alues. !The dat a 11sccl a re those 

llia1 arc :1\·ai lablc and not those tlrnt an· most rclc\ am lO 

the prorrs1, of"a\·alanche fo rma tion . They arc ins1ructi\T 

10 a 11 expcn and ma) gi\'l' th r c01Ten h ints to t he kt'} 

procrss<' '>. ' uch as sculrnwnt. H o\\l'\Tr. tht' n·su lts or these 
'>tati-,ti ra l '>tudil's ha\T imprO\"<"d the undcrsiandi n~ and 
ha\t' lll'lped lO s tructure knm\'lcdgc and finall y to de\'l·lop 
rule-ba-,<'d ') stl'lm . . \cld itionall), as the 'latis1ical rnodel-, 
need long"-tcrrn data, many \·a lu ahle ob'>t'tYat io n-. hau· 
brr n in i1ia ted. Thr arcumubted data ha :-1' may 110\,. be 

mccl lO imprm l' the llll'lllOl"Y of" th e l'XIJl'l'l. 

Opnationa l sy'>trms ha -,ecl 011 the s1ati-,1ical approach. 
and using a lo ng- term d a ta basl', l1<t\T iJ<'C'n clc\'doped in 
W\'eral rountri('S and are no,,· \\ idrl ) used rBuscr a nd 
others. 1987; :'\a\·arre and others, 1987: :\ l rClu ng. l!J!J+: 
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?-. l rClung and T11 l·c·d~, 199+: l\ffrindol, 1995 both for 
loca l and for rrgional a\'a lanche forernst ing. Except fin the 
s~ stem drwlopcd by :\ lrC:lung and T\\'ttd ~ 1991 , 11 hich 
is a combination or rhr l\\'O stat istica l mrthoch. all of them 
use the nrarrst-nci!{hbour method. It is gcnerall~ assu med 
thar similar no\\' a nd 11cathrr conclitiom should !rad to 

similar arnla nche situations, i.e. that ohsrnTcl a\·ala11ches 
ofsirnil nr past d ays should he rrprcsrnta ti\·e or the p rescnt­
d ay situa tion. A geometrical distnnre in the input 
parameter space is used in searching for similar situn­
tions. T he Euclidian diswnrr hrt\\Ten the actua l-day data 
a nd the surrounding past-day datn is in some models 
cnlculatrd directly in the input paramet('r space Buser and 
others. 1987 : in o rhcr models. the input data are first 
transformed in the spare or the principal componen ts that 
\\·as cletl'1'1lli11ecl by the stati tical analysis or the data base 
l\ lc rindol, 1995) and then the ;\Ja ha lanobis distance is 

used :\ fcClung and T ,, eedy, 199+ . In some models, the 
inpu t parameters arc \\'ei!{hted accorcling to the !{eneral 
experience of the expert forecaster Buser and others. 1987 
and the 11eiglw, may e\·c:n ,·arr according to the general 
wen thrr type Bologncsi, 199'.-l hJ. The outp ut is generally 
based 011 the obserTrd a\·alanches or the ten or 30 nearest 
neighbouring days. This informntion has to be e\·a luat<'d 
by the forecaster. The simplest ""'Y to summarize this sort 
orinforrnation is to just separate bet11e('n nmlancheda_J'.\ and 
no11-aMla11che dt{J':l Oblcd a ncl Good, 1980). T n nddit ion to 
the list of the 30 nearest neighbours, \frC:lung and Tweedy 

1994 predicted the probability or a\·a fanching b) using 
discriminant analysis. For thr forecasting or a,·alanchrs at 
K ootl'lla) Pass B.C., Canada this probability is <·0111-
bined , using Baysian stnt istics. ,,·ith the expert's opinion. 
made a priori, to ra ke into accoun t addirional lm\'-entropy 
dalil e.g. the sno\\'-CO\'lT situation \\·cir a nd \kC:l11ng, 
199+. In other modeb. a number is gi\en as output 
according to thr classificat ion of obsen eel a\ alanr ht·s used 
in th e country Guy omarr·h and \ffrindol, 199 1) o r an 
aYalanchc index is calcula ted .:\anHre and o thr rs. 1987 1. 
T hese types or outpu t a rt· difli r ult to rel a te to the ilCllral 
hazard in a gi\·en region. 1 lrnce. it is diflinrlt to assrss the 
real quality of these forecast models. They certain ly 
impro\'e the reflections or uncxper ienced forecasters and 
may inO urnre exprrienrccl forecasters but rarcl\' may the) 
be ca lled a dccisin· help in de rrrmining the degrer or 
hazard in a gi,·en re~ion . 

Deterministic approaches 

The aim of the deterministic approach is to simula te th e 
a\·ala nrhl' release. \\'he reas the mosi rde\ a nt no,,·-cm·<-r 
prorr. scs may be mod cllr d Hrun a nd o thers, 1989, 1992 
and some a t tempts ban· abo been made to mod el th e 
;l\·a la nc hr forma tion (G ubler and Bader, 1989 , it is s till 
almost impossibl e to si mulate the ra11ge or the numerous 
a\·alanclw-formation processes on a mountain slope not 
to speak of a \\'ho le arra. :\ possible \\'ay ou t is to use 
different method . . for exam ple, to drYrlop an expert 
sys tem \\'h ic h a na lyzes th r simula ted Sll O\\'- CO\'C'I' s1rat ­
ig raphy Giraud, 1991 . Fohn arrd Haechlrr 1978 
d e,·elopecl a determi nistic statistical m odel ,,·hiclr relate;. 
the snO\\' acrum u la t ion by snm,·fa ll , \\'i nd a nd settlement 
to the a\·ala nc he arti\·ity. Thc modd i;. appropria te to 
d escribe a\·alanche situa tions in periods ofhca''Y snowfa ll . 
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Exp ert syst em s 

Expert systems· represent the idea uf simulating the 
deci;.ion-making process of an r:-..pe rt. \lost of thern a re 

sym bo lic compu ting system s, i.e. using rules'' hirh ''ere 
forrnulnt cd exp liritly by human ex pe rts, e.g . \IEPR.\ 
Cirnud , 1991 ) and ,\\ ' AT.OC (Bologn esi, 1993a. The 

Frc11clr ;.~s t em :\ IEPRA analyzes the s nO\\-CO\Tr 
stra tigra phy: the sllO\\ profile-, a rr simulated by the 
sno\,·-co\'C.T model C: RO CCS Brun and others, 1989 
in par<ill e l \\'ith meteorological data prm·idrd by 
SA FR AN (Durand and o thers, 1993 ) , a model for 
opt ima l interpola tion of m etrnrologicn l data. A\':-\­
LOG, assessing the a\·a lanche haza rcl slope-by-~ lope. is 
an assisting tool for th e efli ricnt art ifi cial relrase by 
explosives in the restric ted area or a ski resort. Recent ! ~, 

a hybrid expen sys tem has b<·<·n deYeloped nsing a 
neura l n r t\\·ork and ru les extrnr ted from th e data base 
11·ith ne ural nt'l\\Ork techniques Sch weizer and others, 
199 I a, b . Bolognrsi I 993 b ha-. dc,·eloprd another 
h) hrid sys tem called :'\X-f.OG b y combining the 
statis tica l mod t'I >J XD (llu er a nd otlrers, 1987) and 
the rule-based syste m 1\\' . .\ l .OG. A furt her recent 
clC\-clopmcnt is a rule-based expe rt sys tem to in te rpret 
data rrom snow p rofiles \\'ith respect to sn m,· stability 

\ lcC:lung, 1995 . 

3. A NEW APPROACH WITH THE CYBERTEK­
COGENSYS™ JUDGMENT PROCESSOR 

T n 1989, '' e brgan a ne11· approach with the idea of 
building a system for regional arnlanr hc forecast ing similar 
to the statisti cal onC's but \\'i th a diffe rent method of 
search ing for similar situa tions a nd \\'ith optimized input 
and ou tput paranwtrrs, called D,\ \ 'OS. \\'e tried to 

include some or the relcnrnt ph)sira l processc:i, i.e. 
elabora ted input para meters and to g i\·c as a result 
d irectly '' hat the ;i,·alanr hc forecaster \\otrlcl like to ha\T: 
the deg ret' or hazard Sch\\'eizer and others. unpubli~hed . 

l n 1991 , \\'e ''orkt"d out a completel y ne'' approach. 
more proress-orirntrcl and part!~ rult>-based , ,,·hich tried 
to rnodrl the reasoning o r the ;l\·alanrhe forecaster, ra iled 
\lODCL. 

Ro th models a rc: based on 1,of't\,·arc for induct i\·e 
decision-making: CYBERTEK-COG EI\'SYS 1 ~ 1 judg­
me111 processor (\'ers ion 19), '' hich is prima rily used in 
thf' fin a nce and insu rance world. 

The method: the judgment processor 

The C:\' 13ER TEK-COG Ei\'SYS DI j ud g rne n t processor is 
a cornmerciall) a\·ai lah lr soft\\'are for indur li \T au to­
matic derision-making. Since ''<' had no access to the 
source cod e. "'e did 1101 exactly knO\\ ''hat thf' system docs 

. \ traditional expert system consists of fi \'e t" lements: the 
dialogue component , the problem-soh-ing componen t, 
th e knmdedgc base. the expla natory component and 
th e u>1n po11ent for incremental learning DL-DE!'\ 
I nf( ir marik. 1988). 



Sc/111·1•i:::u and Fohn: . lrnla11d1c Jorern1li11.11, r111 c\j>t>rl ~nlfttt apjnonr!t 

holl't'\"(.T. it \\"Orks . Su. the a lgorithm c«1111ot b e !:\"in'n in 

all d e tail. but \\T sh all tr> to ou tline the e,e11eral idea 

bdow. So far, the co1T of the syste m may br ronsid erPd a 
·'black box". The juclgnH·nt processor is based 011 the fort 

tha t pragmatic experts clrcid<>. us ing the ir expe ri e nce and 

intuition rathe r than c-xplicit rules. The more complr' a 

problem , the less structured is the knm drdgc. Experts arc 

us ually able to ckcide correct ly and fast i11 a real situatio11. 

!Jo\\·e,·{'1'. they a rc usuall> h ardl y able to c-xplain their 

d ccis iom rompletcl> follo \\'ing e,;ict rule..,. Th <> e-xpcrt ·,, 

approach is to r homr the releYa nt data \\hich may dilkr 

substa nti a ll> from o ne si tuatio n to another. to dassil~· 

and to analyzC' thC' d nl<l a nd finally to rl'ach a concll1sio11. 

Building up a modd im oh·es th e folio\\ ing s te ps: 

I . . \ so-callC'd j11dg11101/ /11ob!e111 cons is ts or a list or q ll l'St ions 

and the logic rC'quired to a rri,·e a t ajudg111c11t that is. 

to reach a co11dusio11 or make a d ecision based on 

the ans\\'rrs to those qucstiom. R> s1x·ci l\·ing the 

qu es ti o11s to b e allS\\'f' rcd by yes/ no. multiple choice· 
o r numniral rl'sponses the mentor. the <''pert 

building up the sy..,tcm. ddinc.., th<' da ta need ed to 

reach a specific clt"cision and the c riteria that a rr ust'd to 

categorize o r e\·alt1att' the da ta . T ltat means l(ir 

numcricn l questions that thl' possible ::111'>\\C'rs must hr 

grou ped into so-called logical rr111.1;1'.1 up to li ,·r range' . 

so that the system ran learn ho\\ the response' i-. 

normall> <'atcgorizrd. :'\umrrira l questions ca n takr the 

form or calcula tions incJudi n !{ rondit iOl1'. 

'.l. Once a problc-m has been ddinrd. the mentor 

"traclll's" the judgmenr pro('cssor b> en1C·ri11g cxam­

plrs rra l o r rea li stic d ata and intl'rpreting t he 

sit uat io1i... rl'prese111rd b~ t hmc exam pie-.. B~ o bscn·i n!{ 

the relationship bt't\\Ten the data and the m r111or'-, 

d ecisions. the juclgment processor h11ilds a logical m odel 
tltat all<ms it to emula te' tlw 111c11tor\ derisions. The 

morl' complex tlH' problem the more situations arc 

ncC'cled. H o\\'t'\'l'I'. as mual i11 casc-ba..,ed reasoning 

sys tems. th C' pcrfc>rlllance or the system increases fiist at 

the lw ,!{inni ng \\'ith increasing number or situa t ion-.. 

reachc, a pla tt'au and linalh ma~ l'\'l'll ckrrcasc Fig. I . 

'.~. ·rhe judgnH'llt pron·sso r calcu lntcs the so-ca lled lo.~irnl 

i111po1/(ll/("l' or each q11cstio11 based on thl' obsc1"\'at ion or 

the mentor's d eci'>ion. Tht' logical importanc<" i' ,1 

m ca..,111T of how a particular qur~tion contributes to the 

logical mod l'I as a \\'hole. bas<·cl o n hO\I' man> situa tiom 

\\'ithin the kno\\ ledge base \Hlu ld h rrolll{' ind ist ingu ish­

able- il'that quc~ tion \\t·rc to be 1Trnmerl. Rased o n the 

logical importance. gi\'(:n as ;i number li·om I ... 100. 
the qu<·stions ~ll 'l' clas;,ifird as so-ra iled 111r!j111 or minor 
questions. The logical importn ncr is rnntinu ou,Jy 

updated. '>O th e systC'm ran lea rn i11 cn'mc·11tally. 

. \ ftrr su!Tic ient tra ining or thl' lllOclcl h) the mcntOI', 

th <"' model p<"'rforn 1s the fo lio" ing strps to reach a 

con cl u;,ion fc>r a nc\\ sit 11 n tion l' IHc rcd: 

I. I f" a Ill'\\' situa tion is e11CountC' rC'd, the S\'Stcm t ries to 

giq· a proposit ion for the possible decision on th e 

basi., or thr p ast kncJ\\"11 situations and o n \\hat is 

lranw d about the derision logic; pnrtirularly, tlw 
cla.ssifica t ion in to majo r and n 1i no r q urst inns lJascd 

on thr pre\·iousl> ralculatcd logical importanrL' is 

0.8 
II) 
II) 
Q) 

0.6 c: .... 
(.) 

~ 
0 

0.4 

(.) 
0.2 

0 
0 500 1000 1500 

number of situations in knowledge base 

Fi,t; . .f. . . I !l11t'rn/ e\n111/il1• t!I lh1• /H'('fi1m1a111'1' 11( a rnsr­

bawd 11•a11111i11g ~J'.\fl'/11 1t•i!lt i11cre(/\i11g /,111/ldedg<' hml' orer 
lime: th1• D. I I ·os-1- morlrl. 

11sL·d .. \ nc\\' situation is simi lar to a kncm n past 

.., itua tion from the kno\\'led gT b ase. if a certain 

11u1nber or the a ns\\'ers usuall) 80°·o to the maj or 

q 11cst ions a rc \\·it h i 11 the same lo .~ical ran,!{t'. That 

111eam that prirnaril> onl> the major questions are 
<"onsidercd for st'ardi i n~ fo r -,i111il.1r '>ituatio11s. T"·o 

pas t si tua tio ns tha t are bot h s imilar to a IW\\ 

'>i tuation lllil) h e nn· roincide in cliffrrrnt qm·stiom. 

c.~. if"a problem consists offi\'!· major quc'>tion-.. fin1r 

a11s\\Tr-, ha\l' to be in the saml' ran~e. a11cl hencr Ii\ '<' 

rlilfcrent pcmihil it ies exi'>t fo r a si111ilar situation. in 

add ition to the ea'><' ''hen a pn-, ·ious situation is 
l(iund tha t coincide'> in all ;111..,\\Trs to tlte major 

qu cstirn1..,. So sim ilar '>ituation., need not ronscq­

u enth be near. in a geom<"trica l se11'>c' in the 
p a ramrter-. space. to the nC'\\ situation . 

I I. 'l'h<" propo-.ed d<"cision i-, dcri\ eel from the -.imilar 

... i tuat in11' liiu11d using the so-ca lled (/l\l'lliott lrrf! or 

th<: di!llTcnt simil ;1r situatio11-. .. \II q uestions and 

the ir logiral importanrl' are comidcrccl to de1crmi1w 
the assertion le\l'I. It is a nun1lil'r on a -,rale of I 

I 00 tl1at reflects h cl\\ do;eh· th C' current 'li t11a tio 11 

rompal'<'., to existing -.ituatiom in the k110\\'lrdgc 

base. The closer t h e assertion ll'\ d is to 100. the mon· 
si milar tltis example i, to p1T\'i01 1sl> e11 coun1rrcd 

situations. Thr less the anS\\l'l's agree. th<' sma lle r is 

tlw a ssl'rtion lc,·cl. i.e . for each ans\\ l'r that does not 

agree. a rertai11 amount is ..,ubtracted ll·om 100. 
dCj)l'llll i n~ On thl' number o(" <fUl'S t ions and the 

logical importa n ce or the quest ion; in th{' case or 

perfen agreemen t . a so-ca lkd l'ull match. the 

asseriio11 lnTI is lwnre equal to I 00. 

111. The qunlit> of the proposed decis ion, based on the 

s imilar situations fri 11ncl . is drscri lwd b ) the so-ca lk d 

rn1ifideua In d. an indicator of hem Cl'rtai11 the .,ystc-111 

is t ha t it-. in tcrprl'tation i-. appropriate to the curren t 
si t 11at io11 : a n excla matio11 mark ! lc lr \'t'r) conliden t, 

a period for rl'asonahh- co11ficlen t or a que;tion 

mark ! for not conficle11t. .\ lcm k\'t·l of rnnlidenn· 

s uggests thnt there arr li•11 situations that thl' .,ystem 

con siders to he logi cally simi lar. o r thnt t hose 
situations that arc simi lar ha\'C r n nfl iuing in ter­

prl'tatio11!,, .\ dditionall>. thr 'imila r situatirn1s tha t 

are used to cleri\'l' the decision "ith th l' according 

a ssertion len·l a rc also g i1·cn as an cxplanatio11 . l fthc 

'>)S tl'lll is llOt able tO li ncl a deci,io 11 Oil the ha'>i'> or th l• 
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prrsent knu'' ledg(' hasr it gi\'{~S the rrsult '"nut 
possible tu makr an intnpreta1ion ... in the folio,, in~ 

sim pl~ callrd "'nu i11terprera1ion". 

In figurC' 5 1hr difkn·11 t s trps 10 reach a conelusion 
de.,cribed ahm'C are summarized in strong ly s implified 

graphical form. In Table I an e"1111plr of t ltc systrm 
output is gi\'cn. 

Since the q·arrh for sim ilar ·ituatiom forms the cure of 
rhr method. it may be railed. in the broade-,1 '>emc. a 

nearest-neigh bour method. H o\\'e\'l'I', thr m rt ric for 
sra rrhing for simi lar si1uatiom difTcrs subs tantially from 
the rn111111011Iy used distanrr mrasure, e.g. t h r Euclidian 
d ista nrr. T he categoriza t ion of the input data. the 

classification into major a nd m inor questions a nd the 
mrtrir to sea relt similar situat io ns are all non-l inear. Brie fT ) 
summa1·ized. ilw system \\'eighs and classifies the cate~or­

ized data. srarehes for similar si tuatium strong ly using the 

classificat ion and ra1cgorization, dcri\'Cs a result from thr 
similar situa1ions, dc·cribes t he quality of th r rrsult and 
finally lists the similar situations used for drri,·ing the result 

X3 
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+ and x : past s ituations with 
according output (+ or x) 

O : new situation , output unknown 

similar situations 

+ 
)( x 

XXl( )()()( + 

'<. + + + 
)()()( x + + + 
)()()( )(>( )( x + 

.t 
, 

++t 
+ ++ //+ +++ "t xxx X)( x 

(c) 

10gr1her \\'ith the peninen1 similarit) ml'asurf' . The 
ad\·anta~e of the method is the s trong concentration on 

the questions that arc considrrt'd important. The fa ct that 
t he majorit) of the <l llS\\'l' l'S to the major CJll t'St ions ha\'C tu 

be i11 the samr logical range makrs the logical importance 
of a que'>tion. co111parable 10 1he \\Tight used in a diffrrcnt 
sys tem, to a dccis i\'e factor. in contra~t 10 simila r sy~ttms. 

So d iflrren t \Trs io 11s of a mod el. a s \\e \\'ill use , wit h 1hr 
same questions hu1 ,,·ith different logica l importance 

calculated by the ~y~tem . not g i\'en arbitrarily . leading 
to a diflrrcnt parti t ion of major and minor ques tions, ,,·ill 
find \'Cl') d iffrrcn1 similar situat ions. 

The application: the avalanche hazard 

In ou r rnse thr judg mcn r p roblem is the a\'a lanche 
hazard and th e qucstiow \\'ill be callrd input paramett>rs 

a nd are. for examplt>, the '.3 d sum of ne\\ snm,· depth or 
the ai r temperature. The allS\\ rrs arr the \'alues or the 
in put paramete rs in a rral situation , e.g. 15 cm or 5 C. 

,\ real situation is lwncc de'>cribecl b) the set of input 

Fi_i:. 5. C l -Hf~R ·IF.11 ·-coGF. \ ·,1.; 1 s1 · 11 ]udgment Prn­
rr1wr: the dij/crt'lll Jle/J.1 lo 1w1ch a co11dmio11 are .t:fren 
( ;/ro11g(r 1i111/J/!fied) for a problem ll'ilh on(r three input 
/Jammeters ( .\1 • .\"2 • X·1) and one 011!/111/ parameter 
( " X .. or ··+ "). (a) !11/J11t pammt'ln 1/Jace. (b) 

Categnri~ntion. lending lo a rnhl' ( \ / . \2 • ' J ) f!f 125 
idmticn/ bo\r.1. (r) Reduction to t!te 111aj111 /1am111elers (\ 1• 

1 -1) . i.e. projertiu11 to t!ti.1 /Jlane. Sl'll'Cti11g similar 
1it11nli1J111 (all ;il11ntio11r i11 t!te .1/uuled 1q11nre1) based 011 
t!t1• fo/1011 ·i11g .1imilnri{r (()llditio11: similar 1it11atio111 arr 

all firt.1/ situati1J11.1 1eilh either \ / 1Jr \3 i11 thr .l(tllle rntego1:r 
aJ the 11e11 · situotinn. /11 t/11• Jhaded .1q1wreJ al'!' oft(')I Je1•1•rn/ 
.1i111ilnr /Jnsl Ji/11ati1111s: these sit11atio11.1 that 111'!,l' !tore 
dijfamt 011/j>ul r/Ufi·r in the third (minor) pnra111eln 
( l :J). 8a.1ed 011 the .1imi/111 .1ituatiom. rifeni11g /11 the 
lo,f!,irnl imjJor/t111n• and the minor /Hm11111•/er. the S)'J/em 
/Jro/111w1 the re.111//: i11 the abm·r rn.1e. the pro/10Jed 011/j)/// 
1;·011/d be··+ ... 1t'ilh a co1!/i.dence lel'el uJ "?' ' . i.e. 110/ 
confiden t. Jince lhl'l'I' are llJIJ 111(//!J' .1imilar situatio11.1 with 
diffem1/ out/nil. 



Scl11cl'i::.er and Fii/111: . lmfa11c/1e fr111'raJfi11g an l'\ /1e1 f .~ r1te111 a/1{1roarh 

T11b!e I. l~\am/Jfe of .1rrce11 011/f>ul : ,\JODCL model. 111b-/1robfe111 R d rase probabi li ty n C\\ sno\\ . II ]a1111al)'. 1995 
( we /e\t.for f \fila11atio11 of terms and Fi,!!,llle 8) . 7 he mb-proh/011 haJ Ji\ in/111/ /1ma111elen : the .~1·1 /r111 {lropoJcd the 0111/111/ 

la rgefor the relea.1e /nobabifi{l·. but it i.1 110/ .111re al all . JO it /m/1 a q111'.1lio11 mark . . I.I n/1/1111atio11 .Jo11r 1i111ilr11 1it11atio11;, 
are .1;:11·e11 

Cser l D: 
P roblem coclr : 

SLF 
RPR0/3_.\ S 
316 S iruation l'\o: 

. \ ·o. 

2 

D.\T.\ 
Qpntio11 

:\n\ sno\\' d epth ;->. 1.), 30, 50 r m 

3 cl sum o r Il l' \\ S il()\\' d ep th I 0. 30. GO, 100 cm 

D a tr: 

Problem name: 

App li ca11t rode: 

• l11s1cer 

8 / em 

93 

11 Ja1111mJ 1995 09: /.I 
Rdrrne /m1habili~r 111•11• 11101l' 

I /0195 ( .\II 1/11'1!(/Cd ) 

Catt}!, t11r 

#5: > .10 cm 

#·I: > GO ::; I 00 cm 

:1 Qua Ii 1 y o f nr \\· snow \ 't-ry loosr . l oo~c . s lig htly con~ol id a tcd. 

quill' co11solidated. ron solid a ted 

J/ight(r r11 11.111/ idated # ?i 

5 

S11o w tem perature 13 d ) (cold , r old -+ warm . ,,·arm - co ld , 

\1·a rrn , \\'e l 

P rm.p rc ti n· cha nges ~trongl ) \\ Cake11 in g. slig ht! ) ,,<·akeni ng . 

\\'itho ut any in fl11 r ncc , sl igh t !~· ronsol iclati 11g , s trong!~ conso li­

da ting 1 

l nncasc or SllCl\\ d l' pt h 3 d ( 0. 30, 50, 80 Cl11 

l ~TER PR ET.\ T IO:\' 
Rclca ~e proba bi lity ne \\ snm': 

\Tr~ !cl\\ , lo\1. m od era t c. la rgc, \T ry la rgc 

EX PL.\ :'\. \TI 0.\ 
.\ tclllatin· concl usion fr1r th is exa mple is situatio n .\o: 170 

R l'i ca sr probabil i ty n r \\' S llO\\ : 

It is i111pona nt to tH>ll', lrowcn·r. t h a t in the a bO\T ca~c tW\\ stHll\ d('pt h i-,: 

irh t('; tcl or: 
Less impo rt a nt d ifkrc11 ces arc 1ha t i11 th is case: 
T h e . \ SS ERTIO:\" 1.E \ ' EL fo r th is 1cn1a1in : rn11dusio n i-,: 85 

.\ tcnta t i,·e rn11dusion fo r this exa lll plc is ~ i tua t ion >Jo: ..J. I 

ro/d 

1/i,!!,hl(r ll'eakenin.!!, 

77rm 

fmp,e? 

lara1 
" 

NO:\'E 

R clcasr probability Ill' \\' sno \\': l'flJ' larg1' 
It is i111po n a nt to note, huwcH'r, t hat in tir e abmT ca se q ua lit~ o f' tl\'\\ sno\\ 1s: 

ins t«a cl o f: 

L ess important difT(: rentTs a rc tha t in th is case: 
T he ASSE RT IO.\ LE\' El. fo r t h is tcn ta ti\·r rnndusio n is: 8 1 

.\ 1cnt a 1in• ro11 c lusion frir thi;, l''\a1 11ple is situ a tion No: 86 
R d ca-.c pro ha bi Ii t y II(' \\' snm\·: l<11~ftt 

It is important to note. hcl\\ ncr. t hat in the abmT ca se qualit~ of' 11c \,. -, nm,· is: 

ins trad of: 

L rss important cl i ffrrcncc~ arc that in thi.., r ase: 

T he .\ SSERT IO.\ LE\' El. for this lrnlatiYe cond usio11 is: 81 

, \ 1c11 tati\T conrlus io 11 fo r th is rxa mple is situa tion :\o: 291 
R clt'<l'>l' p robabi li t\· nc\\ sno\\ : 11111dn11/r 

I t is importa n t to n o te. hm\T \T r, th at in the ahon • ca se lll'\1· snm r dcpt lt is : 
imtracl or: 

Less im porta n t clillc rrnccs art· that in th i.., case: 

increase o r S I)()\\ d l'pth '.1 da ) S is: 

ins tead o r: 

T ire . \ SS ERTIO:\ LE\ ' EL for th i.., trntatin· conc1 11~ ion i ... : 8 1 

# I 

#2 

#·!: > 30::; 80 r m 

> 30cm 
2:: I .) <: :10 cm 

sli g l11I ~ consolicb11ed 

IO OM ' 

slig htly consolidatccl 

q uite ronsolida ted 

> .10 c m 

~ G :::; 15 cm 

> ;) () ~ 80 cm 

~ 30 :::; 50 \Ill 

pa rn m e te r , ·alu rs \\ r at hn , no ,,· a nd ~no\\ -co\'LT cla ta 

for th <' g i\T ll day. The log ica l r <1 11ges a re , for exam ple , in 

th e ca se o r t h(' 3 d Sll lll o r nC\\ S llO \\' d epth 0 ... I 0 . 
10 ... 30 , 30 .. . 60. 60 ... 120 a nd rno r\' than 120 cm. 

Fina ll y, the deci~ ion or incc rp reta tio n i~ th e ck g rec or 

haza rd a nd in most \ 't' rsio n s of' the model DA \ "O S [ SC'l' 

bclo '' t h e a lt itude a nd t h e aspen or i hc m os t d angerous 

~ lopes . 
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4. INPUT, OUTPUT AND VERIFICATION 

\\.l' ha\T chosen ou r in p u t paramctc1·.., call f'd q uestions in 

rhc j uclg m en t p rorcssor from a data ;,et which is belie\ f' cl 

to be reprc;,rntat in· of tlw rq4ion co11sidercd Da,·os: 
aho11 t .)0 km~ : ..,c, f' n q u a n titie., a n· measu red in the 

mo rn ing a t the experim enta l plot of FI. .\ R bf' lm1· 
\\·cis;. lluhjoch, 25 10 m a.s.1. , o r a t the litt le pea k abo,·c th e 
inst itu tl', the so-called l m ti tutsgipfrl, 2693111 a.s.l.. b) th e 

a u tonrnt ir \l"C'ather station o r the s\I i ... s \ le tt'orologiea l 
l ns rit 11 tc . four q ua nri 1ics a rc p rn-.pcrti , ·c , ·a lucs fo r th e 

d ay cons idered and ten q u a n tities desc ribe t hc- artua l 
sta l<' o f the s110\I co,·c r b ased 011 slo pe m casurcmen ts 
per formed a bo11 r c\-cry 10 cl . Thrsr prin cipa l data a re 

g i,-e11 in T able '.l. 
,\ d cscript io11 or the a\'a lanche haza rd is a ssociated ll'it h 

each d ata set consisting of th f' abm-c weather. 'ilOll and 
sn0\1 -CO\Tr data. It seems most a ppropria te to choose as 
outpu t of an rxpcn system exact !~ tlw scructure tha t i;, 
usua l! ) usf'd hy forecas te rs. So the assisting tool .. speaks .. 

the same lan~uage a;, rhc forecaste r. The question thus is: 
\\" hieh degree or haza rd de;.crihes the p resent arn la nd1c 
situa tio n a nd ll'here is it loca ted ? 0111) the hig hest existing 
degree of h azard is ~i\-cn ; t ht· locat ion i;, g i,·cn b) the slopf's. 

descri bed in terms of alt it u<le and aspects. th a t a rc -.upposcd 
to hr the most dangerous in the region. So the gin·11 deg ree 
of haza rd i;, no t a t a ll a \·r ragwl O\"Cr a ll asprrts; it is 
ddini tdy \\Tong to df'al \\'i th aYcnt~es in thi . con text. 

Therefore. the a\·ala nd1e hazard is formulated lirst o r 

all as d egree of haza rd I ... 7 . Second !), thr lo\\rr limi t 

7 able 2. P1i11ri/1af data 11 1ed in thr t11 '1J dijfer('//t /) . I f"OS 
and .\ / ODCL 111odef.1. /J . Data 111ul in thr /J.l l'OS 
model: .\/ , /)a/a used in the ,\/Of)l "/. model 

I. . I I earn re111e11/.1 
D, .\I 
D . .\ I 
D . .\I 
D . \ I 
D, .\ l 
.\ r 
.\ I 

11. Prog110.1tit data 
D • .\1 
D . .\1 
.\ r 
j\ J 

111. S110n·-co1·rr data 
T) 

f) 

.\ I 
.\ I 
.\I 
.\ I 
.\ I 
.\ r 
.\ I 
\ 1 
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nc\\' S llOll depth 
to la I snm1· depth 

penetrat io n dept h 
\\'i11d speed and \\'ind direction 
a ir trmpc ra ture 
sno\\' temperat 11rc 
11e11 -,nm1· dcn\ity 

p rognos tic ai r te mpe ra tu re at 110011 
p rognos tic index or dail ~ radiat ion 

p rognos tic mean 11 ind speed 
p rognosl ic ne\\' ;,no\\' dep th 

inde:-- o f SnOll"-CO\"t'r sta biJi t~ 

depth of crit ica l layer 
res ult or Ru r;,ch bloc k tes t 
type of release RB test 
type of critical l a~ er RB test 
lo ta I sla b thickne.,s RR tf'>I 
nc\\' sn o\\' slab th ic kn ess RB test l 

type or p rofile RB tes t 
sno 11· d epth a t the t r sr si te 

date of R utschbloc k tes t 

o r the pri111arily enda ngered a ltitudes is gi,·en in str ps or 
usual! ~ 200 111 > 1200. > 1600. > 1800. > 2000. > 2200. 
> 2../00. > 2300, > 2600. > 2800ma.s.I .. Third ly. t lw main 
aspec t is d esc r ibrd as eithe r o n e o f the mf'a n d irections 
(. \" . . \"/.,.'. /~". Sli. S . . \ .II') a nd a n according \t'Ctor 

( ± ../.). ± 67 . ± 90 ) or as 1 \ trrnu slope' or all slopes. 
The 11e,tt'rl ) sector is not so freq uent! ~ r ndan~ered a nd if 
so, other asp ects arc also end a ngered , so it 11 1a> be 
de ·cribed b~ th e ot her on es. lf the ha1.ard is ~iwn . fo r 

examplr. a s ./. > 2../00111a.d .. . \ "/:' ± 90. th is m ea n., hi~h 
hazard 0 11 slo pes 11 ith aspect [i·om north\\ c~t to so 11theast 
a bo,·e 2 100 111 a . ~ . I. Three cxarnples a rr gi\T n in Figure 6. 

N 

s 

1 , > 2500 m, N ± 45. 

N 

s 

3, > 2000 m, NE ± go· 

N 

s 

5, > 1500 m, all 

F(!.(. 6. T hree e\11111/iles of hou• the regional aMla11rh1• 
ha:::arrl iJ r/eJnihf'd. 



Srh11·1·i:er and Fli1111: . lrnla11che.Jintrn.1ti11,!!, an e\/ml ~i· 1/e111 a/Jproarh 

Verification 

The "' real" m «1lanche h;u:arcl that\\'\' use i11 the data base 
or thr D. \ \ 'OS model to tc:ich tht· '-Y'>tl'm is tlw rl·su lt or 
an "'a pm.tcriori '" critical a ssessmrnt of tl1e haz ard. th r so­
ca lied l'nificatio11 Foh 11 a 11d Sclrn-rizcr, 1995 1. The 

\Tri(ica t ion ha-, a~ain the '>amr st ructur-c a s thr model 

output. Othrrn i,<\ it is hard I> possihk tu \Tril~ the 
a\·alanrhc hazard . Se\Tral s tudies Oil the \Tr ificatio11 or 

the a\·a\anrht' ha1.a rd \\ ith the hdp or the '>O-ca lled 
a\·alanche-acti,·it> indt'!>. "l'IT not su(ii c ir 111l > succcssli.11 
.Jucbon ;111d King. 198.i; Ciraud a 11cl others, 1987: 

Remund . 1993 . One n·;i so11 is that in the case \\'hen no 
;l\·a la nchcs a re pn·,ent o r ohsen ed. the aYa lanclw ha1.ard 

is 1101 JH'crssaril> , ·er> low or C'\Tn non-c:xistl'll l. I knee. it 
is oh,·io usl> "n>ll!!; to use the ob-.l'n ed a\·alandw acti,·i1y 
as the sole o utput para111eter or an a ss isting tool for 
rq~ional ;l\'ala11che forecasting. 

The m·a lanrh(' wriricat ion I'> not ide11tical to th r 
;l\nland1e hazard described i11 the public ;l\·;danrhe 

warning .. \ s the "arning is prospertiw and th e da1a base 
ma~ lw inco mplrte at the time or !Cirerasting. the 
a\·alanch t• ha1ard mi~ht h a ' r liee11 in fact lan4cr or 
smaller. J t is ahrn> s easier to a -.scss the a\·a la 11chc harn rd 

in hincbi ~h t! Opcrationa ll >, th e \Tri!ira tion has been 
done sonw da> s later con-;idcrin ~ the obsl'JYed a\·alanche 

act1\ ll ) 11aturall> and artificially rrlcasecl , t!it• past 
\\'Cather conditions. the a dditional s11ow-cO\Tr tests, tht' 
back-country skiin~ ani,·i1y and '>tTrral other. partl> 
prr,onal ohse1Yations. Sno\\-cm er Lests form a11 impor­
Lalll part or th(' \Trification \\Ork . Like the rca l-tillll' 

assessment itscll'. it i'> an c'pert task. \\"c c-.ti mate that the 
\Tri(ica tion dcsrribl's the ;\\·alancl!l' -,i1uation corn-nl) in 

about 90"'o or the days a11d thus i., much nw1-e accurate 
than llH' ft>ITC<l';t. L'sin~ the degn'l' or h .11.a rd fro111 the 
;1, ·alanrhc fon·c:ht as o utput param<·u·r would onl> he 

reasonable ir the ,,·arn ing "l'l'l' alwa)s correct. .\n 
errom·ous interprl'ta tion sh ould 1101 be enclosed in the 
data bast'. Comparin!!, the forecast eel ckgrl't' or hazard ro 

the \'crificat io11. the fo recas t Sl'l'lllS to be cn1Tt'ct i11 about 
70°'0 or the cla> '· So it Sl'l'll1S o b\ iOll\ dra t the US(' or thi, 
typr or\ nilication reprc-.cn ts a substantia l imprm l'lll('llt 
f()I· the d e \'Cltl)11lll'lll or l'X)JCrt '>Sll'llls in the Jiclc) of 
l'l'!!,ional a\·alanrhe (c>n't'as ti11 g-. Furthermore. \Trifir.uion 

is a prerequis ite for e\·alua ting thl' qualit > or an) a-,-, i -,tin~ 

tool f(>r reg ional a\·a lanchr forecasti ng and , or course, also 
for im prm in!!, the \\ arning itsl'lf'. 

5. MODELS 

l "si 11g the C YB l-:RTEK-C:OCENSYS 1 \I juclgrnrn t pro­

cessing S~S t t'lll. \\"e de\·elo1)l'cl t\\O diflc rrnt L> pc' or model: 
D.\\"OS and ~IODCL. The D.\\"OS model usl's 13 
'' 1·a tl1n, snow and snm' -CO\"lT paramewrs ;111d c\'al un trs 
the dc~rcc or hazard. the a l titude and the aspl'c t. The 
model i, cxclusin·l> data-based , "hr n ·as the ~ IODL.L 

m odel is butli data- and rule-based. It usl·s 30 input 

parameters s tep\\ ise and the ('\ alu;11io11 or the d egree or 
haza rd is the result or 11 intcrconncrtecl jud~mcnt 

problems that are formulated aC'cordin~ to the rcln·ant 

processes. The '> -,1em tries to model the deci~ion-making 
process of' ;i n t'X))l'rt a\·a!a 11d1e forecaster. 

DAVOS model 

C:eurral Jea t11rP1 : in/ml. 0111/ml and /,1101l'ledge ba11• 
T he D.\ \ 'OS model U!lt"' the input parameters g iu:·n 111 
T able :~. \lost or the ,a\ues are ealrula ted from nine 
principal \·a lues Table '.l according- to our exper ience. 

The idea \\'as to take into account certain rclc\·ant 
processes, l'.g. Ill'\\' snow sr ttlement. Detaib ha,·e been 
gin·n i11 Schweizer a nd ot hers unpublished 1. I n th e 
fOJlo\\·ing SOlllt' of" the elahoratcd paral11t't('rs are briefly 

d escribt·d. The 1tllle111e11t-q11olie11/ parameter comparl''> th e 
increase in snu\\' depth during th l' last 3d \\'ith the Slim o r 
the Ill'\\' snO\\ ckpth or the la;! 3 d . The sma llrr th l' \'aluc 
the heuer the scttleme11t. 11 owe,·er, the sett lrmcn t 

in clud es not 01il y the lll'\1 sno\I' but a lso 1he o ld-snO\\' 
sc ttlcnH' Il l. The consolidation or the surface la> er is 
described h~ thl· /mielralio11-q11oliml parameter: the penet­
ration depth today di,·idcd b) the penetration depth 
yes terda> . The h t•at tra mport in to the snm1 cO\'t'r is taken 

into account h> a degree-day parameter: the .111111 1!f" t!te 
/H1.1ili1'1• 11i1 le111/1em/11re.1 al 1101111 of t!t1' lr1.1l 2 d and the pre.1r11/ r/(~1· 

prnspccti \TI) al 2000111a.1.l. tl1t · a\·na~e a ltitude or the 
reg ion rn11sidercd . T he s110\\' tramport i-, i11dudcd b> the 
/Jf<lll•i11g-111011 · /1am111e/er: th<' Slll n or addi1ionaJ wind­
! ra nsported ~n O\\ in ll'('\,·ard s lopes O\'l'r the Ia,t 3 cl 

Fiihn .111d Han·hler. 1978 . Th e radi11ti1111 i11df\ is an 
<·, 1i111ation I, 2 or 3 or the dail y total g lobal solar 
radi ation for th e prcsrnt day. I nwans belo\1· the long­

tl'rm mean \alue for the ~i,cn da>, 2 about and 3 abo\T. 

n·sptTtin·ly. T he 111111t'-f1J1'1' r stahili{1' i11dn I to .i 1 is a11 
l'stillla((' or the state or lhl' S il()\\ ('()\"('r ('() llSidcring t\1C' 
-,nm\ profiles and Ru tsrhblock l<'sh th at arc aYai lahlc for 
the region. Th e dt'/1/h '!///if rritirnl lr!rn is <111 es t ima t io n 
l'rom the sno\\ profiles and the Rut~chblock tl'sts. \\·e 
llSt1a!I) dispO.\(' o r the SllO\\ profi)<• from thl' study plot :rncJ 
a t least 01'011e ty pical snm' prnlill' \\'ith a Rutsd1block te~t 

fi·om a slopr in th l' Da\'(>'> arra. ilw latter oft en pcrf(>rmcd 

)» OUJ'Sl'" l'S. 
Besides thl' input param<'t<T,, \\ e ha\T also rliose11 th e 

ranges ((ir each or the input paran11·1ers according lo our 

7 ab/i> 3. !11/111/ /mramr/111 a11rl logirnl ra11gt.1 Ji11 the 
n.11 ·ns 11111det 

!11p11! /inra111<'lc1 .1 

Sum or Il l' \\" Sil()\\" d epth 3 d 

Pt>11 r tration clcp t h 
Total '>110\\ dl'pth 3 d bd(1r(' 
Se1 tlt·111ent quot ic111 

Pe netration quotien t 
Sum or blO\\ ing S il ()\\' :~ cl 

.\ ir 11·111pcratu re 
T empnatu1T cli(l\.Tenn· 
Sum or the positi\'(' te111pcratures 

a t noon at 2000 m a. s. I. 13 d 
I 11de:x or radiation 
I nde, or SllO\\' -CO\TI' staliil it\· 
\\"i nd dircnio11 

Dept h of critical layn 

Bo1111darir.1 rhoit'1' 1 

I 0 l '.lO GO 120 cm 

.i 15 '30 50 cm 

70 I 00 I 30 200 cm 
0.0 I /0.36 0. 7 I I .0 

o.+ o.s 1.2 3.o 
2.) 10 15cm 

l.'i / 8/ 3 0 c 
s,o,.-, 10 c 

0.0 I 3 G I 0 C: 
I. 2. 3 
1. 2.3. i.5 
:'\\\'. :'\E, SE, S\\' , 00 
20 ~O 60 90cm 
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c>xprrience .. \ ~ mentioned abO\"t', each o r the input data is 
associated with o ne of up to fi, ·r logical range~. Afrer 
se\Tral years of data accumulation. wear(' finall y able to 

check whether t h r chosen ranges wr1T reasonable or not. 
T"o rxamples based on the 9 year data base are g i\Tn in 
Figure 7. \\' hen.'<b rhe 3 cl ·um of the tH'\,. snow depth 
seems to categorize quite \\ell. compared to the \ 'erified 
clegrrr of hazard, the se ttlement quot ient sho\\·s 110 

specific trend. This is in accord with the SlUd) or Pe rla 
1970 but it is in contra~t lO the opinion or experienced 

forrcastcrs. That probabl y does not mran that the 
se ttlement quot ient is not important al all; it might hr 
relr,·ant but 0 111 ) in crnain ·ituations, i.e. rombinatiom 
of input data. Statistical methods, in particular uni,·ar­
iall\ do not tell the wholr truth. The D.\ \ 'O S model also 
docs not consickr the se ttlement quo tient as imponanr 
Tahir ..J.. 

The output rc~ult is the m·alanchc hazard d escribed a-. 
deg ree or hazard. altitude and aspen of thr most 
dangerous slopes (see ahoH· J. 

The kno\\ !('dge base of the D:\ \ ·os model consists of 
the daily data from nine winters I December 30 April . 
i.e. 136 1 siwations. During this time prriod, 22 situatio ns 
were pairn·isr identical , i.e. eac h of the input pnra m etrrs 
of the 2 cl considered brlong to th e snmr logieal range. 
.\ bout 700 OOO OOO situa tions a re theoretica lly but. or 
course, not ph ys.ica lly possible. 

Dijfoent rrrsions: D. 1r ·os1. 1J. 11 ·os2. 
/J. I l "OSJ/ D. I 1·os32 and JJ.I r·o54 
The original version or the D A \ ·os model was ca lled 
DA \ 'OS I. The expcriencr \\"ith this , ·ersion hns g iYen rise 
to further ,·ersions. The , ·alues of the logical importance of 
the orig inal D ,\ \'OS I 'ersion T able ..J. sho" clearly that 
this \Trsio11 is hard ly able tu discriminate \\Tll. Tweh·e or 
the 13 input parameters a re considered as major ones .. \ s 
a consequence, looking for simila r s ituations means that 
ten of the prrscnt-day input parameter Yalues ha\'e to be 
in the same range.: as the p;ist-day \ ·alues. This reprcsrnts a 
\TI"\" stri ct condition for the simila rit ~ and results in a 
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Fig. 1. Comparison of the 3 d ~11111 qf the 11e1l' s1101t• depth 
( ahol'e) and the ~ett/emenl quotient ( belo1t•) u·ith the 
degree of ha::.ard to check 1d1ether the logicol rnn.f?es choun 
catfgori::..e the do/a a/J/Jropriolr~J'. A 1'erage degree of !ta::.md 
for each wlego1)' i.1 also sho1t•11. T!te data base ro11sists ~f 
1361 .1il11alio11s .Ji·om nine a·i11Jm. 

large.: number of unintcrprc.:table sit uat ions. This fac t 
seem ~ dclinitcly to be due to thr drsired o utput resu lt t ha t 
consists of th ree independent and eq ui valen t componen ts 
degree or hazard. a ltitude a nd aspec t . 

In the case ur d i!lr renr independent out put results, the 
CYBERTEK-COGE..\'SY "DI judgmrnt processor offers the 
possibility of choosing one or them a the dominant output 
result . Hence, 1,r usrd a second ,·ersion of the model 
D.\ \ 'OS: DA \ 'OS2. \\' hereas in the DA \ 'OSI 1·e1 .. io11 al l 
three results are equn lly important. in the D.-\ \"OS2 \Trsion 

Tobie ./. 1 ·alueJ of J/te logirnl i111/Jorta11ce of llte df[frrml 1•ersio11s of the /JA I ·os model. Bold 
.Jigum indicale so-((11/ed major /)(/ra//le/ers 

In/ml /J(l/'amelen D.1 r·os1 1>.1 r ·os2 D.J l'OSJI DA l 'OS32 [)A UJS./ 
'£11.\ < IOnn '£ /IS > IOn11 

. um of ne\\ snow depth 3 cl , 0 100 0 100 100 
Penetra tio11 <ll'plh 83 28 I+ 47 29 
Total snm,· dept h (3 cl hrfore J 83 65 79 60 65 
Settlement quotient 50 2 1 15 18 19 
Penetrat ion quotient 41 2+ 18 36 27 
Sttlll or blo\\'illg SllO\\ '.~ d 66 33 35 41 32 
• \ir temperature 66 23 22 18 15 
T emperature d ifference 24 15 7 17 l '.1 
Sum of the positi,·c te mperatures 

at noon a t 2000 m a.s.I. (3 cl 41 29 30 + 22 
I ndcx of radiatio n 44 11 17 11 16 
I nde" of ~now-CO\Tr sta hilit~ 100 86 81 70 77 
\\'i nd dircctio11 33 26 26 18 21 
Dept h of critic-al layer 79 51 100 47 83 
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the fin.t output rrsult, thr dc!\T('(' of' ha1:arcl , is thl' dominant 

<Jill'. Thi-; leads tu diffnent n dU('S or thr logical importa nce 

and arrordine;l~ to diffrrr11t interpretations. ;\ fo,t rrlr\·anr i' 

thl' ,mall numbl'r four of major paramrtrr' and hl' 11ce tht· 
lwurr 'rkrtion pl'rf<1r111a11n: : hardly any uni nt rrprrtahlr 

situa tions. In thr D.\ \ 'OS2 \er,ion, thr , ·;due-. of' thl' logical 

importance Sl'l'lll to bl' closer to general rxprrirncc than tu the 

IJ.\ \ 'OSI \('r,ion 11hl'rt·. for t•,a 111ple. thl' nl'\\'!>ll0\1 cl rpth has 

110 i111portancl' at a ll . Thr rra-.on i' rhr son or output result 
and 1 he pn•domi n;11u:e of 'itu,1tion-. 11 ith no Ill'\\ \110\1'. 

F rom rxpcrienr c , it i-. oh,·ious that it is quill' important 

11 het I rn fo r a gi\'l'll day there i' nr\\' snm1 or not. H e nce, 

\\'l' trircl to take in10 arrount this fact b y dl'\'l'loping- 111·0 

11e11 \'ersio11~ : one for the morr frcqucnr si tua tions 11 ithout 

snm' fa ll and ilw other fo r tht· sit uation s \1·ith snO\da ll 

the 11.\ \ 'OS3 I and D.\ \'OS32 , ·ersions. rcspccti,·ely. 

T h ese t11·0 \'ersions conc-L·ntrate 0 11 th e d egree of haza rd 

likt· the D.\ \ 'OS2 \T rsion. T he knmdrdgc base of the 

D.\ \ 'OS31 \!'n,ion runsists of a ll days from thr las1 ninl' 

\\'illtl'l'S, 11·hen thr :~cl Slim or 11!'11 '> n0\1 d epth ll"ilS Jess than 

I 0 c m : the co111pleme111ary 'l't of days 11·ith the 3 d sum or 
m·11 sno11 depth equal to or la rgtr than I 0 rm f'o nrn, the 

k1w11 ledge ba'e of the D.\ \ 'OS'.12 \T rs ion. T lw differtnlTS 

in the lo~ira l importance in the t\\'o \Trsiom a rc qu ite 

t) pirnl Tahll' ~ . The , ·alucs or the logiral i111porta11L-e o f 

the D.\ \'OS3 I 11<1 11e11· srnJ\\ \Trsion arc similar tn the 

logical imponan rr or the original D.\ \ 'OSI \T rs ion. 

II !w rens the logica l importance or thr D.\ \ 'OS32 \Trsion 
IH'\\ snow arc similar to the ones of the D.\ \ 'OS2 \·c r, ion. 

The number' or major parameters arc four and SC\Tn. 

n·,p<-cti\ rl~. for the D.\ \ 'OS3 I and D.\\ 'OS'.{2 'cr,ions; so 

they should clisrriminatr quill· 11cll . 

F in a II)' th(' output result 11·as reduced 10 llH' dcg rCl' or 
haza rd: IJ.\ \'OS I. T h e D.\ \'OS I \'Crsio11 is mo..,t 

approp ria tl' for compari-,cm 11 ith s imila r f<1recasti11~ 

model'> a nd \\(' hoped that due to the 'ing lc I~ pc or 
output the D.\ \ 'OS+ \Tr,ion sho1rld discri mina te b e tter 

ilia n 1 h e ot hrr \'l' rsio 11 s. 

I n all the dili(·1Tn1 \er-.ions the input parameter-. 

ck-.cribi11g the state of the '>ll<l\\ rm er prm ed to be 

important T ahlt' I . 

MODUL m odel 

(,'11/flal j i·a/11rt1 aud 1/ruc/11re 

T he experirnn'.., 11·ith thl' dilfi.·1T11t H'1·siom of the IJ.\ \'OS 

modl'I. described abo\T. dirrrtrd us 10 tr~ a diffe rent. 

m ore de1 rr111inistic approach. Orig inally. llT hoped tha1 
thl' D.\ \ 'OS model. b ased on 1he judg111e1ll proces,or. 

\\ <ndd he a hk to ('home the rell',·an t paranu·tcr-. from the 

I :~ input parameters areordin~ 10 the situation and 

generally 'onwhcl\\ lo rtcognizc the hidden '>ll'llcture of' 

rl'aso 11i11g behind it. Dcspi1c the satis f;1cto r~· results o r 

some of' the \Trsions or the D.\ \ 'OS model '('(' Sl'Cl ion 

bdcl\I' . it seems tha1 this a i111 \\'as too ambitious: t lH' 

problem set· rm to be too romple:-. or ilw nwthod not good 

l'l tough. So 11 ,. de r id ed to " help .. thl' '~'> tern h~ 

structuring th l' input claia. Tlw dl'sig11 or thl' \ IOD L' L 
model is tlwrdcnT quitc ' i111il ar to the 11a~ a prag111atic 

l'Xpl'rt forecaster der ides F ig. 8 . 
Fir;,t or ;di. it i;, d ccisin· \\ hct her there i' Ill'\\ SllO\\' or 

not. Either thl' c:-.pert has to a;,s('s'> the nc11-'>no11 stabilit~ 

or hl' shl' direct!) assesses, 11 illroul Ill'\\' -;110\\', the o ld-

weather, snow and 
snow cover data 

p1ospect1ve changes 
old snow 

degree ~f hazard 

Fig. 8. Struc/11re 11/ th1• . \I()/) l' L modi'/: I I 111b-/1roh/1'111.1 
and lh1•i1 11•/11ti1111. Shaded ho1t1 are 11 11~1· rn111idaed in the 
((/It '!/ I/I'll llllli l '. 

..,110\\· ;,tahi li1 ~ \\hirh 1s of1e11 'imilar to the stabil it) Id 

lll'fCl l'C, l'XlT!H ii' there is . f(11· l':\illllp le, a large inc rease or 

heal tran-.port a nd or radi;11io11 .. ·o he -. h e stl'llctlll'l's the 

in put d ata according to t he different sll'P' i11 the derision 

process. I r both the lle\\'-SllOll siahil it ~ and the old-s110\\' 

stabi lity. includin~ both th l' elfcrt or the 11eather <ls 

fi>rccast fiir today, ha\T been assessed, the t\\'o relea '>C 

probabi litic' a rc combi11ecl. Taking into accoun t the efli:ct 

or th l' tl'rrain a nd or the -.,kie r a' " tri~gl'I', the degree or 
ha1:a rd is fi11all~ determined .. \t the moment. only the 

dc~n'C' or ha1:ard is gi\'l'll: thl' ,dtitucle and the asprrt of' 

the mos l d a 11gl'l'OUS slo pe-,. as ~i \(•n in llle>s l of l he \Tl'!1ions 

of the D.\ \ 'OS model. kin· 11 o t yet been implemrnted. 

.\11h-/1rohlm11 
E;ich or the ,uh-problem s as. for l''am ple. qua/i~ )' '!/ I/I'll ' 

11111/l ' 01· 1/ahi/i(r q/11/d 111m 1• rcpre"·nts a j uclgn1 L'nt problem. 

as d escribed ahm-c, a11d is hrnrc prinripall> st ruu u rl'd 

likl' thl' D.\ \ 'OS model. Tht' clill'ert·11t ,uiJ-prohlcms a rc 

ju't smalln than the D.\ \ 'O~ mod!'!. i.('. 1·omi't of' only 
1hn·l· to eight input paranw1cr,. Of'tl'n. onl~ three or thl' 

inp111 pa ra111 ('ll'l"s are consid ered as 111a jor paraml'tl' rs. 

This is a gn·a 1 ach ·a 111agc, sinn· a much sma ller 

kno11 led .~<· ba-;<' i' suflicil'nt 10 obtai n ~ood intcrprcta­

tiom and t!H· -.ystem usua lly learns faster and better fi·o111 
the logit· behind the decision prorl''>s. Sub-problems \\il h 

onl~ ab011t fi\l· input pa ra m eters mos t ol' the time m ay 

find a s imilar pas1 ~it uation that is iden t ical 10 the Ill'\\ 

-, i111a1io11 . ba-,ecl on a kno11 ledge bast· ol' only abou t 100 
-., ituat io n,. 

!111/1/icit ru/1•1 

11 io l'\·e11 pos-. iblc not o nl> 10 h11ild up th t· k11md!'clgr base 
11·i1h rea l -., illlatio n -. but a b o 10 co nstruct realistic 

,ituatio n ' h~ , ·a rying till' major inpu t parameter' in a 

reasonable 'l'll'l'- T his i;, impo,sible in tht· D.\\'OS 
111ocld. So, if' the <''PlTl fi.•t• I' -.u 1-c about o n e or 1hc >ub­

problems Oil the in lJucnce or Oil!' or t ill' i11pu t parameters, 

maybe in ro111hinatio11 \\'ith another ont', he she 111ay 

'>)'-lt'm aticall~ rnmtruCI rt'ali,tir situa tions and drrid c 

'Y't ema l ica II)- Bu 1 this means 1101 hi n g other tha n 

i11ducling- a rule, not l''plicitly but imp li r iil ~ .. \ 11 

c'a111pk or surh an impl i(' il decisio 11 rule used in 1hc 
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'fable 5. C:eneral 11111' lo daide 011 lhr dr,!!Jl't' ~l ha::.ard in 
the 111b-/J1oble111 fin a I mng i ng: principal(!' de/mu/ml 011 
!hi' combined natural ) release prohahilit) r111d the 
influence or the skier, h11/ a/.10 rfe/m1rfr11/ 011 /fie O\Trall 
cri tica I dep1 h /~1· the potential m•ala11d1e .1i~e a11d ro/11111e 
llllrf Oil /he depth of' stable old >110\\ /~)' /hr /errai11 
ro11gl111e.1.1 

I .ow 

.\I nckra te 
l l igh 

Combined relea.1e probabili[i• 
I 'el)' lo1c ,\lodm111' High 
low 

2 ..J. 

2 3 
2 3 + 

\'alid ifo,-erall critiC'al depth II, r;1 = L> ... 50cm. else. if 
H, 111 < ISrm. I drgrceorhazardlessorirH"'1 2:50C'm 
ancl combined releme prubabilit) hig h , thrn degree of 

hazard = 6 or 7 
and if' dcprh or stable old snow H1mu11d > 60 C'lll, elsr, if 

ff1x1uml = 30 ... 60 C'l11, liwn I degree of hazard k-os or if 

H '"'""" < 30 cm, then 2 degrees of hazard less except if 
combined rclcasc probabilit) = 111odern/1>, no reduction 
or hazard, Or if' C'Olllbin cd release probability 

considerable, on ly I dcgree of hazard less. 

'>uh-problem Jina/ 11ll'rgi11,tt is gi,·en in Table 5. T his is. or 
cour e. rather exhau'>ting work but the ad,·anta!{e is that 

one i> more llexibk- in one's decision than in the case 
where one uses a strict rxpfi ('it rule. 11 is easy for example 
to include non-linear relation-. Furthermore, it is possible 
to cons truct extreme but s till rral isti c si tuations that arc 
usua ll y rarr hul of' COU rse \'Cry important. . 

0

0 Olle or the 

disach·a n ta~cs or priwipall) statistic or data -based 
models using real data may be O\'ClTOlllc. fi11ally. one 
arri\'l'S at a knmded~e base that is a mixture of rea l, 
hi'>toric situation\ decided acrnrding to thr \Trificd 
ha,rnrd a t tlHb<' timcs and realistic situations direct!~ 

derided according LO ge1H:ral kno11 ledg<' and experience. 
The problem is to ha\'e rh c appropria te mixture. 

!11/ml /Jarame/er; 
Thin~ input parameters Table 6 are used in l I sub­

problcms imcrconnccted partl y b~ rules .. \ lrcady. to 

obtai11 some of the data, a user 11·i th certain skills and 

exprrirnre is rcciuirccl. The output resu lt of a sub-problem 
is usually usc·d as an in put parameter to another sub­
problcm that appears later on in the derision-making 

process. ~fany of the inpu t-parameter \·alucs arc calculated 
u,ing rulrs rhat depend themseh-es on the input ,·alues. 
The ol'erall crilira/ dc/J/h for example depends, among orhcr 

things, on the 3d .111111 q/ bloiei11g-s11ou· de/Jiit that i' 0111) 
considered in certain situations "'hen sno11drif't is likely. 

.\lodificatio11s 
Due to the modular st ructure, it is easil y possible to 

111udi f~· any or rhr sub-problems. ;\dditio11ally, tllC' 
rclati\Tly sma ll number of input parameters in each 

sub-problem enable, the knmdedgc base to adapt quickly 
to an~ modifira1ion , as for example adding a ne11 input 
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7 able 6. lnpu! para11lt'la1 11.1ed in the .\/()/) { ·f . 111odt'I. 
Tiu• data are grou/Jed affording lo the ai•ailabili~l'. i.e. ho1l 
ea~)' ii is lo gel 1111' r/11/11 

. l. C'o111'enlio11al data 
:\e\\' snow depth 
Sum or ne\\· snow depth 3 d 
Density of nn,· SllO\\ 

Sno\\ dep th 

Change o f snow depth (3 cl ) 
Coefficient of settle111en t (3 cl ) 
Pr nrtration depth 

Coefficient of prnetratio11 depth 
Sno\\ tempe rature 

~fcan \\'i ud speed 3 d 
Sum or blo\\'ing -.nO\\' 3 d 
.\ ir temperature 

Tempera ture clifTrrenre 

B. P1og11oslic data 
:\r\r snm,· depth in the e\-cuing 

Temperature de,·clopmrnt until noon 
.\l ean ,,·ind speed uniil tornorrm,· 

Prognos tic index of radiation for tocla~ 

C. Special mow-co1•e1 data 
Result o r R LI tsch bloC'k l C'Sl 

'h ·pc of release 1Rutschblock test 

T ype of cri t ical la~('!' Rutschblork test 
Total slab thiC'knrss Ru tschblock test 
:\e,,· no\\' slab thickness R utsC'hblock test 
'l') pc or ram profile Rutschb luck test 
.\ ge of Rutschblock test 
Change or Sil()\\ drprh since Ru tschblock test 
Critical d epth or new S llO\.\' ·Jab 

Cri tica l depth of old sno\\' slab 
On·rall rri tiral depth 

EllcctiYc critical depth for sk ier triggering 
Depth or s table old -.no\\' 

parameter. Su the important su b-problem i1!/lue11ce of the 
.11.in is stead ily impro\'ecl according to the results of' 
specific study 011 slab-a,·a lanc h e release triggrrcd by a 

skier Sch\\'eizcr. 1993 . In thc sub-problem s1101l'-profile 
a11a~1·.1is. the snm,· profile with RutsC'hbloC'k test is roughly 

interpreted , a n aim that \\Ou lcl actually need a n expert 
s~stem itself: Eight principal , ·alues Table 2 arc used 
exclusiYcly for soh-ing this sub-problem. T ogether wi th 

liw sub-problem stabiliO· q/ old s1101c, it should substitu te 
the mu ·t important input parameter i11de\' of s1101c-rour 
.ilabilil)• in tht> DA \ 'OS models. So th is sub-problem is also 

under perma nent impro,·em e11t. ReC'rntl~· , l)'/Jf q/ release 
and the quali~J' <!f. tlu critical /a_)'er or the Rurschblock test 

''ere introduced. 

Oj1eralio1111/ use 
The model has to be run intcracti,·ely by an rxpcriencccl 
user. The moclrl stops if' the proposed decision in one of 
the sub-problems docs not Jrn,·e a h igh Je,·el of' confidence. 
and the user has LO rnnfirm the derision before the model 

continues co run. In the example gi,·en in Table I, rhr 

intrrprctation of the releaw prvbabili{r q/ 11eu• .inou• by the 
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Table 7. Qjiafi{J• requirements for determining the Jmfor111a11ce of the 
nA 1 ·os 111orld 

D ez·iatiu11: degree D eciatio11: altitude Dez·ialion : aspect 
1!/ ha::.ard 

Good 0 ±+OOm About right 

Fair 0 ±+00 m :\ot rnmplctel) wrong 

0 \\'rung (any resu lt ! \\' rong (any result 

±I ± 100 111 ,\ bout right 

Poor ±I > ±+00 111 Not rnm pletely wrong 

± I >±+OU m \\'rong (any result 

\\'rong >± I 1 an~ 

sys tem is la1/1,e.J, which means tha t the system is not 

con fident and th e in teracti\'(: run \\'Ou Id stop. , \ s an 
c;-.;plan<ition, fou r similar situations arc g i,·<· n wit h the 
in te rpretations large. 1•e1)' large, large and moderate. 
Comparing t he prese nt case \\' i th the firs t s in1ilar 
situ ation ind icates rather 1·e1J' large than large as output 

for the present si tua tion ; the second a nd th ird similar 
s itu a tions indicatr the output is bet\\'ccn lal/!,I' and 1'1'1)' 

huge; the fourth sit ua tion is too far from the p resent case 
to be considered . So, based 011 simil ar situations, the user 
,,·ou ld presumably c hangr the inte rp retation to 1•e l)' large. 
H o\\"C\'l'I', the i11u.: rpretat io11 proposed by the system. 

/(///{.<'. "otdd not he \\To ng but 1·e1)' h11/!,f st't' llls to be more 
consi~trn t \\'it h the present k110\\'leclgc base. 

T he lina l ou tpu t result. th t' dt'grec of haza rd, is well 
expla ined by the output results or the d iffe ren t su h­

probk1m. I r the m odel proposes a d ifferent degree of 
hazard than the user has i ndcpencl entl ~ estimated , the 

diffe1-e11lT usually beco mes ob,·ious by i11spcc ting tlte 
o ut put results of' the sub-problems. D ue to this k'a ture, 
t he user experiences the model not as a black-box sys tem 

!despite the p rincipally u11k 110\\'11 algorithm but a s a 1-cal 
supporting tool LO t he forecaster . T he in teracti\'e use or 
t lte model pro\Td to be \·cry in s t ructi\'(~ . 

6. RESULTS 

Tha11ks to \Trifica t ion d ata. it is possible to rate our 
models quil(' o hjecti\·cly, comparing the model output 
day-by-clay to th e \Trificat ion. Du r ing the las t 5 yea rs of 
opcra 1iona l 11sc>, t he kno\\'lcdge base has cont inuousl y 

inueased. Si nce the pcrforn1a11ce of the models depends 
st ro ngh on the s ta te ol' thc knm\'ledgt> base, tlw resu lts arc 
no t homogeneous. T his is especially true for the !irs t 
"int ers \\'it h \"Crs ions of' t l1e Di\ \ 'OS model. For 
consi ~tcncy bet \\'Cc n the d illcren t models and \Trsions, 
w(' will only p resent in the followi ng the perrorma ncc 

results of three \\'in ters ( 1991 92 , 1992 93 a nd 1993- 9'1). 

DAVOS model 

T o compare the interpretations p rovided by the sys tem 
\\'ith the \Tr ification, the requ irements of q ua li ty (frwr 

classes: ,l{ood. fair, /1oor, tt•ro11g 1 (Table 7) \\TIT d efined. l f 

rcsu It ) a 11 y resu It ) 

tht' , ·erilicd aspect is e.g .. \F ± ·l-5. the rating 111 the 
follo\\' ing cases. \ ·± 67 •. \ ·11 · ± 90 and S ± 90 \\'Ould be 

about rigftt. 11ot com/J/ele(J' u•rong and wrong, respccti\Tly. 
Cons idering th r d('g rre of hazard , the alt itude and the 

aspect the Di\ \ 'OS I and D,\ \ 'OS2 \ "C rsions ha\·c on 

awragr a perform a nce of' about G5 and 70% good or f air 
1sce Table 7 fo r definitions interpreta tions. n·spt'cti\'<'ly 

!T able 8 . To be able to compare the resul ts or the 
IJA \ 'OS I and IJA \ 'O S'.Z \Trsions ro the resu lts o l'd illc r(' n L 

sys tems, it is more co11\·cnien t to consid er onh' the degree 
ol' haza rd . In tha t case. in 52 and 5+% of a ll situat io ns, 
respect ively. for IJ:\ \ ·os I and Dr\ \ 'O S2, the dt'grt'e of· 

hazard \\'il S correct com p ared to the \Trifi cation. 86 and 
89<!f., of all situations, rcspcctin·ly. an· ro1Tcct or clt'\·ia te 

± I cll'grce or haza rd fro111 the \'Crilica t ion. 

Tah!i> 8 PP(/i1m1a11rc' <!/ ''"' n .1 ros1 a11d /J.J ros2 
1•erJio11.1 co)/jidrring all thrre 011tp111 r1•.111/r1: the degrer ~/ 
ha.:a rd. tft1• altitude and !he fB/Ject .. \Jean l'(ll11e.1 
( proportio11.1) 1f th1' la.11 tlua ll'i11lm ( 199! 92 lo 1993 
9./ ) for the dijferent q11alitie.1 dejined in '/ able 5 are giun 

Qpafi( i• q/ rt'oull D.11 ·os1 D.l I 'OS2 

Goud 0 .35 U.37 
Fair 0.32 0.33 
Poor 0.19 0.19 
\\' rono· 

b 0.07 u.o+ 
~o interprerarion (n.i . ) 0.07 0.07 

As the 0 11 t pu t res ult 1111 intn jJ11'/alio11 is considered as 
neither right nor \\Tong. the performance ma\· be g i\'en 
rnnsid l'ri 11g onl ) thl' i11 tnprl'ted si tua tio11s . I 11 tha t cast', 

the p roportion ol' correctly in terpreted situations degree 
or haza rd I is 55 a11d 58%. respectively. fo r Dt\ \ 'OSl a nd 
IJ.-\ \ 'O S2. T he q ua l i t ~ o f' these ,·ersions ma) d ifTCr from 
one \\·inter to anot her by about 5<!fo. An example o f' t he 
performance d u ri ng a whole "'inter is g i, ·en in Fig ure 9. 
The a \Tragc pcrcen tage or correct in trrpreta t io n s 
(consider ing 011 ly t he degree or clanger ) du ring t he 
" inter of 1993 9-~ for the OA \ 'OS2 \'lTsion "as 56% . 

329 



} 1111ma/ f!( (:/oriolop.r 

7 

"E 6 

"' 5 N 
<II 

1- verif ication -- DAVOS2 

.s:: 4 
'15 
Q) 3 
Q) a, 2 
Q) 

" 1 

0 

1.12.93 31 .12.93 30.01 .94 1.03.94 

winter 1993-94 

31 .03.94 30.04.94 

Fig . 9. Thi' dt'/!,m of lw :rml pro/10.w / /~ J' the D. I UJS2 
model co111/1arerl to the 1•erijied degree q/ ho:;,rm! .J(11 the 

11'i11ter 1993 9-1 i11 the Daz•os area. 

1-lownTr. a 'i ran be <,een in Figure 9. besides the a \·cragc 
perform a nce. it is the perror manee in cri t ica l si tuations oC 
for example. increasing or clrrrrasing h azard a t tlw 
begi11 11i11g or end or a SllO\\·fa ll period th at i cieci-.i\'C' . 
L' nfortu natel ~ . it must be a d mitted that the performance 
in the c situa ciom i-, fair to poor. 

The pcrforma nre or the ot her \'t'rsiom or the D .\ \ .0 
model is slig htl y brttr r tha n that of tlw DA \ ·o s1 a nd 
O,\ \ 'O . 2 , ·e rsions. T his fo ll ows from the co11(.'(:p t: spl it of 
th r know lcdgr hasr t DA\ 'O S3 1/32 and o nl ) one outpu t 
resul t (DJ\ \'OS4J. The per formance of the DA \ 'OS'.~ I 
,·ersio n is C \ ' ('11 \' l'I'~ goucl , a bout 75% . H own·c1-, the 
perfo rm a n r r o f' th r IJ.\ \ 'OS32 n·rsion is rat her bad at 
a bo ut 4 2% , probably due to the small er and morr 
romplt>x kncl\\ kdgt> hasr. The combined p erformance is 
a bout 6 1 °/o. The D.\\ ·os+ \Trsion tha t only p red ict'> thr 
d eg ree o f' ha1.a rd i-, on a , ·erage correct i 11 63% of all 
'>ituations. T his result re presents thr bes t p e rformance of 
a ll the d ilfrn:nt \'t'l"1ion'> of the D .\ \ 'O · m od el. H owc\'l'l'. 
considrri n~ th r performa nce clegree-h~ -drgrrr. the rr, ult 
i; some'' hat d i.,illusioning T a ble 9 . T he a\Tra~c of63°/o 
of rorreet interpretat ions is the result of 76. 55. 17 a nd 
59°10 of correct imerpreta tio ns for thr d rgrrrs or hazard I , 
2. 3 a nd the degrees ./ to 7 combined , n:spccti,·ely. I t is 
clear that th e intermedia te degrr rs of' haza rd arr thr most 
dillic ult tu fC) l'CC<I Sl. In th e ca:;e or lo\\' o r \'Cl')' high 
haza rd , th r data arr morr orten un a mbi guous. T he 
ext rem es arc easier to d ec ide. H o11'C\'Cr. since th r rxtrrmr 

Tab/I' 9. f) l'fai/ed /1e1Jor111a11re of the D.1 r·os-1- l'enio11: 
/1rog11oslir df.!!,l'l'f ~/ lw::.ord ro111/1arrd to l'l'Yf/ied dr.!!,rrl' ~/ 
ha::.ard. D egrt>n ./ 7 ( 7 neur ocrumd) are ro11de111ed . . Ill 
11i11e n ·inlfn ( 1361 .1it11at iom ) are ro11jidned 

/Jegm' q/ r 'nijied Co1 ra t11e1.1 
ha:ard (I 

0 

Prog1101tir 2 3 ·~ ... 7 

I 464 122 22 2 76 
2 8 1 280 137 15 55 
3 B BO 102 26 ~7 

I ... 7 0 2 7 13 59 

T ota l 63 
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C'\T nts a t rhe upper margin of the .,rale arc rarr. thr 
co rrectness is not a ll tha t ~ood for riiher of the.,e d egree., 
or ha1.ard. The example .,hows qui te drarl~ tha t probahl ~ 

a ll ~cnera ll y s tatistics-ha>t>d m nclcb using a da ta base 
" ith real situ atiom. arc not able to prrdi r t ran· s it uations 
eorrrr tl y. since these sorts or -, it uation a rc roo rarr. T hr 
sys tems a l" ·ays trncl to follow the t~ pc' or -,it uat ion that 
form the majorit~ ur the da ta ba~e . 

MODUL model 

C rncrally. th e results of th r i\IODl.'I. mod el are be tter 
than thost> o r th r DA \ ·os mod el. T hb fo llows from thr 
deterministic co ncept. morr in p11 t pa ra mete rs, especially 
on the snow co,·er, and much more kno\\'leclge in the form 
of the struc tu1'C su b-problems a nd of' 1hr im pl ic it rules. 
:\o\\'. 11 r a lso ha Ye three 11 inters of experience . Durin~ this 
time. the model has br rn ronti n11onsl~ imprm eel. e.g. the 
calcula tion of certain input parameters has bren ch a ne;rd . 
So thr performance has become better. ,\ \ the model runs 
in teract i\-cly. the expert ma) s light!~ inlluencr th r result 
during it> ope ra t ional u;,e. T hm, the performa nce g i,·cn 
bclo1,· may no t be quite romparablr to thr more rigorou~l y 

clctermi11ed pe rformance or the D.\ \ 'OS model and might 
br sligh1 ly too optimistic. Thr ;werage performa nce during 
the last th ree winrers 11·as 73°/., correct intr rp reta tions. i.e. 
thr proposed degree of hazard did not dn ·iate fro m the 
\'erilication. All d ays \1Trr in te r pre trd , i.e. the result 110 

i11tnjJrl'latio11 did no t occur. De\' ia tions of more than one 
dre;rrr or haza rd a re rare, in less tha n 2°10 of a ll situ a tions. 
. \n example of the prrformancr during a ' ' ho lr ''inter 
;,r ason is g i,·t>n in Fie;urc 10. Tiu: model fo llo \1·s qui te 
exactly the \'l'r ifiecl dre;rrr of' ha zard and a )1,o in times or 
increasing or d ec reasing ha.la rd . 
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F(~. 10. T he de.!!,ree ~/ha::.ard /1ro/10.w l l~J' th1• ,\/0 [) ["!. 
model com/)(/red lo thr l'erijied dr,i;rce of ha:..ard fo r the 
1ci11ter 1993-94 in the /)aro1 area. 

Experience sho,, . ., tha t the ,\I O D L' L model is morr 

sensi t i\'t' to s ing le input para meter\. . \ '' ro ng input 
parameter or a \\Tong der ision in one of rlw su h-problrms 
ma ~ ha,·e su b~ tant i a l nmsequl'll('t'S in th e en d. i. e. 
somet imes C'\Tn a cha nge in th e d r g rrr o f' h aza rd o f' one 
or t\\'o steps. Th is is especial ly due to the sma lle r number 
of' inpu t param eters treil ttcl a t 0 11n· in a sub-proble111 , d ue 
also to the fa c t that thr ou1p111 r<'su lt of' a s11h-problr m is 
oftrn used aga in a s inpu t in <11t0tl1n sub-proble m, a nd 
part ly clur to th r fort that th e inpu t d a ta arc s t rict)~ 

categorized . Th e latter problem might be 1-emo\'Ccl b~· 

int roduci ng fuzz~ logic. i.e. d d i n in,g blurred ca tegories. 
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Comparison of different models 

lkra11st' in llw last \\inrcrs a nca res1-neighho11rs a \ a la nrlw­

forccasti n~ 111odd ''as used b~ the a\·ala n chc-\\·arnin!{ 
;,rrt ion at S FI S AR . it i, poss ib le 10 rompare our m odeb to 

this type of mod e l. ca lled \' E. X _ \lOD \ki. tcr. 1991 tha t 

was Ut'\Tlo ped from the \'X D model Bust'!' and ot hers, 

1987 . T hc o ut put rrs 11 l1 o r th is modrl is, hesidf'-. the 

obserwd a\·alanches of the ten nearest days lookin,!{ back 

10 yrars, the a\·cragc or tht' fo rerast('cl degr('e o r hazard or 

these trn nearest neigh bouring cla\'s. in conLras t to o m 

nwdels that use till' ,·eri lied d egree of ltaza rcl. :\ l'\'l'l'thdt"'s. 

this type of' o utput i the o n ly onr arnilahle fo r comparison 

"·itl1 our ,·erified degree of hazard . T he pe rcentage of 

correct in1er p re1at ions or the \'E:\_\IOD mocl rl duri11~ 

the las t th n:t' w i11tns 1991 92 to 1993 9+ \\·as 38 +i"o. 

depending o n ho\\ the a\Tragr d <'gree o r h azard i-, 

rou nded. H O\\ e\'lT. since this operational nearest-nei!{h­

hou rs sy-.1rm n et'ds sl i~htl ~ d ifTrrent inpu t para nH'tt'l',, this 

rcsuh docs not m ean tha t the nearest-neighbours method i' 

not as ~ood as our method. I t represenh just a co111 pari,on 

bct\\TCn system s that (\'i\Ts t he same ou tpu t rt'su lt : th<' 

degree of h azard. 

Figure 1 1 is a comparison or d iflerent fo recasting 

models and the effcrti\ 'l' fo recasti ng "·ith th e \Triliecl 
clrgrer or hazard for the Da \'OS area d uring the last th ree 

win ters 199 1 92 to 1993 9+ . The increasing pe r formance· 
of the D:\\ 'O S I, D.\\'OS2, D.\\ 'OS-1 a nd \ lODL' L 

models foll o\\'s fi ·om 1 hr concept: the more n u nwrous a nd 

more st runured the in put pa rameters or the less n umerow, 

the ou tp ut paranH'll'r '. the hcurr the perfo rm a nce. 
T he tra nsi t ion to the fi n·-clegrec hazard scale \\OLdd 

inrrea-.c· th t' pe rf(irma nrc or a n ~ or th l' mod eb "~ 

probab l ~ less than 1°0. since -,i1ua1ions \\·it h a high 

degree of ha;;ard are rare. 
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Fig. 11. Co111/Hll'i1011 of lh1• /mfor111a11ce of lhl' 1/a/i.1/irn/ 

.fi111•rn 1/ 11111dd . \ '/~·.r_. I I () /) . 1!{ 0111Ji111r dijferml Jorcrn.1/ 
1110d1h 1J.11 ·os1. n .1 f'()S2. IJ . I UJSI (//Id.\/() /){'/.. 
and q{ 1h1· /111h!ir 11 ·11m111g Bl ·r.un I.\ . during the Ihm 
1t·i11/fr1 1991 92 /11 1993 9./. ·1 he rclali1'1'.freq11l'llr_J' '!l 1111 
dfl'i11li1111.fi11111 lh1· l'l'lificd degree'!! ha:ard iu the Daro1 
area 11 g1nn. 

7. CONCLUSIONS 

T lt t· C:YBERTEK-C:O C ENS\'S 1 
\ I judgm ent processor, 

fo lio\\ ing t IH' idea or indun i\'(1 decisio11-111aki11g, (J l'O\'l'd Lo 

be usefu l software for den· lop ing spec ific applica t ions in the 

field of a\·a la ndw-ha1.arcl a-,sess1m·n t. L" sing \\'t'a lh er , snow 

and sno\1-rcn-rr d aia a' inp11 1 paramr trn •. the d nelo1wcl 
models e\ a luate the a\·a la ncl1e hazard for a gi\Tn 1Tg1on. 

The nr" features are the c hoice of elaborate inpu t 

paramctt·r,. rsprcia lly morr -, 11 0\\ -CO\ er data. the 11on­

li1war rategorization of the input d ata. the -,pccifir 

a lgori thm for the st>a rch for .,jmi la r ' itua1io11' and li n a lly 

the rn1Ki'c outp u t result. T hr arnlandw ha1.arcl i-, de-,cribecl 
as degrer or hazard. alti tude a 11d aspect or th e most 

cndan(\'CJTcl ~lopes, for the fir.,t ti m (' accordin!{ to the ,raJc 
U\t'd i11 the forecasts. T his '>Ort or outpu t rrs11h is mmt 

cflicirn t for thr p u rpose or a\·alanchc forecasting: it is m uch 

n 1ore appropria te co the problrm than. for e:-.;1mpk, thC' 

011t p1 11 ";l\·a lanrh C' , 110 11-m·a lanche clay". The use of' o h­

scn ·a1iona l arn la n ch r d arn a lone is insuflicielll for both 
frireca'>ting ;111d \Trilica tion. Th e gi\'('11 outpu t rrs11l1 is 

pos,iblr due 10 t he rffort or penmtnt•n tl~ \'eri f\ ·ing the 

a\·alanchc hazard. \ 'eri!lcation is thr most stri king frat urr 

a nd romplctr' th r d arn set <ll th e pre,ent ti1ne n ine 

\\ in ters of \leather. snow and sn o\1-CCl\Tr data \\ ith a 

ccll-rr-,pond i n~ \ erifi rd de~rC'e o f h a1.ard p robabl y a . . 
u n1 q ue 'n1e,. 

T he \ IHJ\\-CO\ e r data prO\Tcl to be \Try importa n t. 
. \ nually. it i., \\·r ll kno\\n tha t a\a la nche foret-;1,ti ng 

ckpntcls SI ro11gl ~ O il the state or t he S il()\\ CO\'C'r. H o\\('\ r r. 

apart from th e F rrnch \ I EPRA m odel , unt il IH>" h a rd ly 

<Ill) of the l)IT,en t m oclcb ha\T takrn in to accoun t th is 

ob,·io11' fi1r1. \lcC:lung a nd T" eecl y 199+ in trodu ced 
th e sno\\· CO\ er somrhm,· impl ic it! ) in thei r 111odel b) 
C011lhini 11g Iii(' l'S timates or the n10clel a nd of the exp ert. 
or course. th is sort o f' d a ta is no t eas il ~ ;11·ai labk bu t it is 

<1 11 illusio n to l''\f>l'l't that a suppo rti ng tool witho ut a ny 

sno\1-rmcr d a ta is as po\\etful a s th l' expert fo recaster. 

Thl' pn·se11L-cl a~ mctcorolog' pl ays an impor tant role b ut 
mm t or thl' t illlc it is not the d ccisin• Olll'. 

The i11tcra< t iu· U S(' or the m o dels prm 1·cl LO be a 

, ub, ta ntia l ach a ll tagc and especially the \ IODL' L mod el 

i' \·er~ i1Nn1c ti\ t'. l 1 is \t'r~ appropriate for the u·a inin g 

of ju nior l(1n·c;1sHT <. \\'ith a certa in basic kno\\ ledge. T he 

modd rnn h~ a j u nio r forecaste r 111;1) ach inT a bo u t the 
\a111e p('rf(1rm,1nce about 70°,. o n a\era~1· as a -,en io r 

<·:-.pert forecast!'r u sin g- the comTn tional lllC'thod<.. 

T hr D.\ \ 'O S m od el, a clata-ba~wcl 111od el. and the 

\fOD L" l. n1mll'l, a com bined da ta - a nd ru k -ba<,cd m od el. 

h:n·r achinrd a pnfii rrnance of' abo ut 60°10 and 70 75°0 , 

res p('rti\'l· ly. There exist no rom pa ra blc or si 111 ila r rcsu lts, 

based on a lo11g- L!Tlll operat ion a l test. of a nv d ifkrr111 

systrm for the fo recast ing or tlH' region:1 l ;1\'ala nr he h azard . 

Ho\\ n er. the pe r formance of a system canno t b r f't tll y 

described h~ an a' rrage perce11tagl' of rnrrcrt intl'rpret­
a tio ns rnmparecl to \Tri fi ration : th r performance in critical 

sit u a Lion., i., cl cci-.i \'l' . In such o;i t ua t io ns. all prl'sen t models 

a re \ti ll not good enough. In ernlua ti n!,\' till' perfon natl<T or 

Otlr sy\tcms, \\{' ha\(' hCl'll q uill' r i ~Ol'OU\. Qf COll rSt'. a 

d tTiat ion of one clC!{l'Cl' or hazard d or:- not mean the \illlH' 

in a ll -.i1uati11ns: it depends m1 thl· dt·g1Tl' or haza rd and on 

t he ti irection or th r de\·ia tion. He)\\('\ (' I', in rnntrasl to the 

preft'l't'lll'l' of SOll ll' a\·ala nche-forecast ing Sl'l'\'iecs, \\'(' th ink 

that a \·a lanrhc \\ a rning is 0111~ dTir il'lll :111d fai r in th l' lo ng 

tcnn irno margin ofsccuri t\' is included in the fii rccas t. \\'e 

admit 1hat, in a s pecific critica l sit ua tion , a warn ing t hat is, 

for l'xamplt'. one clegTer a bow the la ll cr on' crifi<'cl h a /.ard 

m a) help pr!'\'l' 11t a lTid ents. Bu t. if tht· f(> rerasted degree is 

u s 11all~ lOO hig h , the \\'arning'> hcconw incfTirirn t a nd th e 

" a rn ing se1Yice " ·i ll soon lose its crrdibi l it~. So. in 
l'Ond u-.ion. \\(' l'Oll'>i cle r a dl'\ ia ti 011 of Olle degree e ither 



]oumal ~l (;/nrio!ogl' 

up or d0\111 as a \ll"Ol l!{ decision, i nckpenden tl ) of' the 
d egree of' hazard. 

The next s te p in the cle, ·clopment "·ill be to apply the 
modeb in difk re nt regions to assess thei r perfo rma nrf'. 
. \ dditiona lly. sr\·rral of thr sub-problems will b e further 
imp ro,·ed a nd it is also pla nned to determi ne th e a ltit ude 
a nd lh t' aspecl o r the most d a ngerous slopes in 1he 
\lODCL m od e l. The corresp onding sub-problems still 
ha\'(' to hr clt'\' t' lo prd . Fin a lly, th e haza rd or we1-sno \\ 
a \'a la nr hes in spring rime ,,· ill be ta ken into accoun t more 
specifirnlly. Th e l\IODUL model contains g reat p otential 
fo r ru t ll re d r , ·rlo pmr n ts . 
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