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i s 1o be deswn 1o fhe objectivity of the process, Using visual representatinng im the form
of sketches, mmaps, collages etostera for the evalualion of nesthetic quality has shown a very flex-
ine and universally applicabde method, regardless of the scale (big and small), typotogy of land-
scape and park, L.e. arfistic and architectural works, Tn addition, it has a wide range of applica-
tions, since it s & good tool for analysis of the user's experience in other research too. The ever-
lapping of subjective and ohjective works through comparative anakyses produced results which
are helping to deaw conchision which elemenis of the observed siucture improving or
impairing the visual quality. {hn the hase of these results, its possible o tnke very precise meas-
ures for frther protection and developinent of landscapes of parks,

fis further application is possible 45 2 supplement far evaluation resgarch, protection and
improvernent of historical parts of space, toarist and recieation districts, Fusther, this methed
doesa't depend of researchers’ aquality regardmg his or her artistic skills, since the subsject is nol
the evaluation of preduced art works but the evaluation of kndscape based on the subjective
experience of different people with different lendencies. Because of this we haven't elected the
candidates with the best qualifications,

The validity of the mothod is proved through the fact that obtained resulis of evaluation are
showing the high aesthetical value of Topeider landscape and park. Since this area is under pro-
tection as namral and cultural heritage, conclusion i that the results of previous researches on

which the areai  —ted and the results of this research, are in ling. That's how the compari-
son with the re *- nrpvious researches was made, independently, fior the samme arei,
bt in a differ -+ .
EPILOG' = P

Thes s P - valng, because that concept
was lef! = ) L~ = s Contempogary thearetical
discus = =T e JL aological idea is siresses the
vahie i "= 'y of art. Today this theoretical
aest g ' d also of landscape archilecture,
as > - wetical point of view, is valuable
x ol _J: & procedurss,

e
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SNOW AND LANDSCAPE: MULTI-SCALE
AND MULTI-DISCIPLINARY ASPECTS OF SNOW COVER

Breiling M.!, Charamza P.", Frolay D2 Holko L2, Gahbey W2, Khan W4, Hostka 2.2, Patrov M7,
Pedrushing M2, Philips 8%, Popova w7 Rubingien K%, Schwarz L', Semakova E.", Shmakin AT,
Sakratov 5.2, Yakouey A%, Zokeva M.%, ot al.

Abstract: The project foctsed s lti-scale and mukti-dscaplinary aspests of seasonal soow
cover ity the landscape. The snow pliysics pammecrization takes jisio pecoat snow stucture for use m
the Gilohal Circulztion Madels {GCM). The peographic classificatian of snow chasses is hased on snow
fypes, snow Layers and crystal types, Numerical cxpertments with o GCM are performed, The outputs of
thie Darpe-scate models are linked to reional modiels and compared with measored data. The cormelations
ebween snow and hydrology are studied. The ecancenic aspecis of the snow, €. in tourison and trans-
prort, are analyzed. Three years af working together was nol enough to answer all the quiestions that we
ariginally posed, We could explore the potestial of a longer lasting cooperation: sk, with seowe spexil-
ic. stess, contributed ta the exploration of the iniemrelations of bandscape and soow i diffeeat spetzal
sonles, Research of this kind should sontinue in fisture,

INTRODUCTION

Figgure 1 The macro scale of the project with extension of Northern Eurasia

The: progact region covars
the entire former USSR
[FELIy and participating
couniries oulsida tis area;
Austria, Slovakin and
Switzatand. A% in all, 182
adrminisirative wits (oblasts,
reputlics, autonaimous bari-
{ores of the farmar USSR
phus Threa counties culsica
tha FSU) are includad. Tha
iotal project area axlends
ouer 25 milion km. Some
A0 major ivar basins or
groups of smaler rivar
basirs ane sltuated within
the mas egion. Lange-
acale shudies within the proj-
oot show haw different the
principal relatiorEhip
petwesan srow and fhe knd-
seape can be.
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From My 2004 to April 2007, the INTAS project was undertaken by seven tearms fircom
Austria, Rugsia, Slovakin, Switzerland and Usbekistan, The first results were presented with the
publication of the SNOW conference proceedings in Vienna which cu_:ulh:ﬂrd a wide spectrum of
disciplines related to snow on different spatial scakes (Breiling and Stiles 2_.1}1‘.-4]. Here, the comini-
busion provides an overview of the resulis of the INTAS core project which was also supported
by & NATO project fram Apnl 2006 fn December 2007

Syow and the landscape ave strongly related 1o each other Landscapes of high mountaimn
pegions and regions in e higher liudes are especially dependent on snow. Swow stores waler
ard protects plants. Snow contributes to landscape identity and 5 an smml_lm_ulm of ot
landzcape related processes. However, n an era of climate change, fhis patlerm likely be alter
ard there arc many possible directions.

Seasonal stow cover is an important patural phenomenon. [t substantially influences mass and
enery exchenges between the surfice of the earth and e atmospherz, and humsn lite in el in
many partz of the workd, The snow-reksted processes occur ona vancly of spatial and ternporal .l.r:-a]pe;.
— For exangle, snow albedi and effective heat conductiv-
ity ame the main snow parametars to be sccounted for in
the glibal cireulation models (GOM) that are used 0
| simmilate elimate on the seale of hermispheres. Whils the
snovw albedo is the characteristic of the surfce (e, can
be considered as the macro-scale characteristich, the
effective heat cenductiviy depends on the structe of
smow layers, Le. the micre-scale, Hence, application of 2
GOM mvolves an mportant realfi-scale aspect.

In the meso-scale landscape, snow has certuin fra-
ditionally seturving patterns which relate o scenery;

Parlicuey A1 nmuniain fandscapes, o : i ;
sy 15 disiributed unevenly Snow can the Japanese called it "vukigata” (snow fgure, e.g. as
bring wealth in the foes of soring met described by Nohguchi and Tnmi 2006). Snow pro-

:f'ﬁg;;‘:h :m'*:aﬁ':ﬁ:g};: vided "signa” m the lindscape for starting certain work
odl many cenfurias ago, Ona of the kg @nd activitics at certain dates, Currently, such knowl-
st farms of snow dale colocion orig-  edge is not used, bt it could be a rather cheap way of
nafed in Japan. Ceus,-ll,uarfems_d protection From certain threats related to snow., We do
mﬁ:ﬁﬁ:&;ﬁgﬁ:ﬂ gt know howr the snow pattern 1s refated fo lam.‘nsﬂ'!‘[ﬂ
yaar gave The signais do sterf cortar stability, lmdslides, mudflows, ete. The expansion of
Iy of wark, 6.9, A mee culbanion, oF  cpone pedistribution, either anificial :|Tn:|ugh SOW

Emﬁﬂ;ﬂ?ﬁﬂﬁ:ﬁ:;&p mmitbcing or snow removal, s e comesponding reddis-
Caunssus i dapicled and tha yoiigeds  ribution of water resources io produce the soow may
regambies {anin before be lost fifs halr clange the propertics of landscapes and vegelabons
Oihar prarmples of Inea0-52alE vesl-

gathans e stvdiod of anaw in wban i ; i
anviroaments. The oost of remouing Figure 2: The mese-scale of the project: the snow
srien G0 prapaning for i can be very  of & mountain range symbolned as vukigats

Faigh. Promafion of winfor sparls offen

rEaLlE im fransparliig masses of snow

to so-called wirdnr apaninge & the end Snow 18 not evenly distributed _Inc:all}l_. Many
of autumn. micro-climatic landscape fectors including the
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roughness of temitory, wind-exposed or wind-protecied locations, sun-cxposed or shadow
sides of e landscape, forests of other vegatation, infleeice the snow cover. In general, the
combination of these factors results in the local variztions in snow cover.

This multi-scale aspect of seasonal snow can be supplemented by its multidisciplinary
aspect. Spatial and seasonal vanability of snew cover not enly influences natural processes
{e.p. Noods, avalanches, landslides), but alse human fe (hazards, transpord, tourism, ete.).
Thus, both the snaw cover evolution and itz effects kave a multidisciplinary character. The
aim of this paper is 1o inform about seme partial results of the effort of an intemational team
deveted to climatic and econamical aspects of snow cover in Northern Eurasin

Figure 3: The micro-scale: vertical snow structure, expressed as snow stratigraplyy, com-
bined with snow classes with snow types, snow [avers and snow crystals
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=4 Pess-gralmed iy wind sinh Srmasstgr P rion it
L sl grained wka el hear —rrree— -
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My guaations rvated 1o e haad ransfar and e Mermal Bodged of eavith and Jandscapos am
relElEd b SO COVES Snow densty and te Sy walsr equivaienr [SYE) are just wo refevand foe-
turas for iharmal procasses in e wetica) siruciure of snow The slatkc anow classiicaton ale
Stemm (19405, lait siva) improvad the previcue anow cleesification sitar Rikidar {1554) based an
ciagsas of the former USSR, Stum denved siv smow clesses fom a skuetion fyrce! for he and of
Fehnsary - usually the peiod of STow masimm i the norbanm hamiegiare. Each snow peck has &
particwlar michure af smaw fypes esuiling from e composibon of diffamnd - ap o soveral narsd -
mnow layers. Snow classes and soow Hpas ag s smpifcatons of the real stuetion. Smow
resamth ceveloped increasingly on e smeler scale. A2 SLF Daves, sophishcaled snow enelysis
poBs bepamnd s scade (1598, righi sida) and uses compufor fomagraphy o gal frther dalails,

The progect had the followmg objectives and main tasks:

1. Creation of a database of snow, snow stratigraphy and long-term meteorelegical time
series i varicus fegions of Nosthem Eurasia;

2. Development of parameterization schemes of the snow cover stratigraphy olass-
es for climate and hydrological models and their testing apainst the observed data;

3 The role of snow stratigraphy ot mean  and  extreme hvdrothermal rerimes in
Mortherm Eurasia;

4. Maodellmg snow cover more precisely for the territory of Northern Eurasia;

5

Estimation of the cconomic effect of the snow cover's spatial and temporal variability
in Morthern Eurasia and future climate change.

In the following sectinns we describe the main achisvements and non-achievements in the
lme period given
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OVERVIEW OF THE RESULTS

1, DATABASE

The dafabase conlaing meteorological, snow, hydrological and economic data from
Pussia, Ushelistan, Slovakia, Austria, and Switzerland. The main meteorological datw from
Russia inchsde two data series - the short t&m synoptic data from 222 stations fior the period
1990-2000 and the long-term daily data from 223 stations. Climatic data from Slovikia
include 19 stations from the period 1590-2000, mme statian with long-term data (19511998}
and two stations with data from the last winters, Snow data covers arctic stations, regular
o ohservations from the former Soviet Union (1881-2001; the number of stations in par-
ticubar vears varics between | and 220, snow course data with mean depth, density and water
equivalent fior the years 196E-2000 {545 and 1313 stasions) and snow pits from Russia,
Sigvakia. Switzerland and Usbekistan, Hydrological data include menthly and anmial nmoffs
of major Russian rivers (s, Lena, Amur, Yenisei, Oh, Volga, Don, and Kamchatka) and one
sl mountain catchment i Slovakia, A basic description of & majer Fnssian river basin
was provaded by Krenke and Shmakin. Bascd on {lis information, Schwarz generaled 440 first
arder river districts of Norihern Eurasia ready for GI5 systems, Topoaraphic data were down-
lnaded from the USGS website and analyzed by Schwarz. This gave the altitude relations
acconding o each oblast, which would be needed far further mese-scale and kocal-seale med-
elling. Beonomic data contaim vAlious types of data from Russia and the former Sevict Union
and Slovakia, ez administration units, number of overtight stays in accommuodation fuelli-
thes. ski lifts, ete. aecording to oblast information.

ACHIEVEMENTS:

o Download possibilities of some data at INTAS 03-51-5206 snow data base site:
bty fewew, landscape fuwien. acat'intas

» Evaluation report of data used

» Links to the eriginal sites of databases with freely available data used but not compiled
bry the INTAS group

MO -ACHIEVEMENTS:
o Provision of ceotomic data for the non-Russian territories of the former Soviet Ulnion
i the oblast scale,

2. §TUDY OF SPATIAL AND TEMPORAL VARIABILITY
OF THE STRUCTURAL PROPERTIES OF SNOW,;
DEVELOPMENT OF PARAMETERIZATION SCHEME
Based on their nnalysis of 225 selected snow stations, Petrushina, Golubev and Frolov
constructed maps of snow depth and snow water equivalent (SWE) distribution over the ter-
ritory of the former Soviet Union for 3 winters with very different winber metenrological con-
ditions. The investigation was based on large-scale fieldwork, physical and mathernarical
modelling and the anatysis of meteorological data, They concluded that regional-seale snow
structure 15 mainly determined by & meteorological pattemn. Several types of anow stuctans
were identified and modelled. The most complicated snow siructure is formed in mouniaing
where the slope morphology plays a ercial rele, A simple algorithm of internal stow-stuc:
b e evolubion was developed based on 25 Russian sites with differcnt climatic condi-
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tioms (Fig 4, vight). It is planned to elaborate this algonthm in 2 global climate mode] at 2 later
date. Locally, major variations are passthle at each station (Fig 4, left).

Figure 4: Repional varations of snow cover at te end of Febraary 2005

T IS EEEERN

Vol o bl i L U-U.

Srow depth varfas af tha Jocal level socaning te vagalation and [ane-uss Covar Thar foiar CENLTAIG
depicling Fabrmne 2005 snow in difarenl vegetalion Zones in Mascow - ses laff side « ans 41 rapne-
ssnled by column 2 an the ight side. The degrae of local vaviadan i uniform from paar fo year and,
fharsiang, the regicnal picline /5 representathe despile tha focal varahons, Maw snow &md thawng
evands generalt BAicar snow lytes thal constifufe snow Gasses. Giobal cirulalian modeds cannal
produce fhe vertical strushwe of srow. By nfroducing show clisses inie giabal ciredtadion modes,
ciimarta changs forecas!s can b cansidarebly improved i fiirs.

Fopova (2006a, 2006b) studied the inter-annual variability of winter snow aceu-
mulation using long-term data and focusing on the relationships with the Morth
Atlamtic Oscillation (NAQ) anomalies and global warming, She has found that, with
respect to snow depth inter-annual variatons, there are several spatially homogencows
regions in Morthern Eurasia. The inter-annual variations of snow depth in the regions
correspond to changes in certain atmospheric circulation medes. For the major portion
of the Eurasian territory north of 550N between the White Sea and River Lena basin,
the snew-depth increase during the period 1973-1995 can be explained by the positive
NACH trend. Positive trends in runefl in the Velga and Yenised rivers since the 1970
have been caused by increased snow accumulation associated with the positive MAD
phase

Breiling and Charamza provided a stabistical testing of climate data and multple regees-
sion analysis of how goond-hased snow cover height depends on latitude in Morthern
Eurasia. This was underiaken for the refercnce period 1970 to 2000, Tn a next step, the
changes which can be expected in snow cover height with a nse of temperature were mod-
elled. This, in tum, shows how northem landscapes flow towards the "south” with regand to
snow depth and a particular warming. This was underiaken in order to assess critical smow
heights for the econcmic analysis.

ACHIEVEMENTS:
« Finding certain regularitics in large-scale snow cover distribution, independent of the
total amount of SNOW, even in exirems years.
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» Production of an algorithin on snow siratigraphy evolution dependent on meteoralogs-
citl conditions.

MOMN-ACHIEVEMENTS:
» Adjustment of the developed algonthm for the needs of GCMs
_ » [ncorporation of altitude data mto multiple regression analysis of snow height

3. SNOW STRATIGRAPHY AND ITS ROLE
IN THE HYDROTHERMAL REGIME IN MORTHERN EURASIA

Fased on the existing SPONSOR maedel (Shmakin 1968), Shmakin, Sokratoy, Golwbey and
Petroy (2006} analyzed the effect of smow cover simicture on the thesmal regime: of the underiying
soil, as well as the effect of snow structue on melling and appropriate time scales. The idea was
10 use these results i estimate the necessary paranseters it Cilohul Cirenlation Models. The mad-
elling resulls for several festing gitee in Furnsia showed that usng effective parmeters based on
fhe snow vertical structure classification keads o a better evahuation of the enermyhater balance.

Phillips enalyzed the effect of snow o the development of meuntain perafrost (Phillips et
al. 20073, and related the findings to the temtory of the former Soviet Union where permaiiost
exisls i mare than 50 of the region, Due to iis particular physical properiies, Snow cover 15
ane of the main factors influencing the distribution and evolution of pernafrost. Modifications
i snovw cover distribution caused by climate change can lead to 3 warming or conling of the
groumed. [n the former ¢ase, the geatechnical properties of the ground can chanpe, particularly if
it comtains iee, A reduction of the bearing capacity of thawing perrafrost can have costly and
dangerous consequences for any infrastructure located on the permafrost

ACHIEVEMENTS:

» Finding the way to represent fhe internal structure of snow cover in tering of effective
snow eover parameters reguired for Global Circulation Models,

« Estimation of posgible ranges of these snow cOVET paramelsss,

« Construction of a link betwesn the snow cover properlies and soil sondition, he kater
affecting requirements for infrastieture development aid mainienance n pernafros

regions

NOM-ACHIEVEMENTS:
» Due 1o lacking data, 1t could not be investigated I comfinmed for ditferent climate 2ones.

» Pararmeters have not vet been incorporated into GCMs

4. MODELLING SNOW COVER MORE PRECISELY
FOR THE TERRITORY OF THE NORTHERN EURASIA

[ addition to the nonmal dual procedure in GCMs of "snow yes" or "snow no” (explain-
inyg if smow exists/ does nod exist ol @ certan whservation point), Rubinstein, Gromoy, Ignata¥
(2006) and Khan, Rubinstein, Shimakin {2007y compated the amount of snow produced by
several general circulation models with the actually ohserved variability of snow cover and
smow water equivalent (SWE) or amount of snow, Dz to the desstic reduction of measurs-
tents in Methem Eurasia in the 1990, the reanalysis and satallite data can often only be the
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surregates of the measured data. The quality of the reanalysis of snow products varies for dif-
firent regions and periods. 1t was found that the best parformance for the territory of Northemn
Eurasia comesponded to the Hydro Metearological Centre of Russia (HMC) model. Major
pncertaintios were found in arcas with complex topography, and significant disagresments
with observational data were observed during the period of intenswve snowimelt in ;pl'in L.

In addition tothe amoeunt of sbow, Rubinstein, Gromoy, Zoloeva (2006) introduced class-
¢s of snow. The Sturm classification of 1995 was used as a base and altered by intra season-
al change of snow clisses in each surface pixel of the climate model (see Fig 5; left
Drecember and right, April), The inclusion of the combined spatial and lemperal variabiliy n;’
anow cover allowed the introduction of varying parameters of thenmal properties of Tand sur-
face as a boundary condition of GCM. The first experiments with varying albedo displayed
the model’s greal sensitivity to the snow cover parameterization scheme. The estimation of
the other stow cover parameters’ effects requires the construction of a scheme of snow-cover
feedback o the climate system.

Fig. 5 Modificaton of stati snew classificaton ofier Stumm {19957 mbe a dynemic one (2006)

Etunm [T955) based his snow classficaton an the ipical snow dapdh & the s of Fabvuany ey
e maimu of s i the northar hamisaare, Ratinsteln o al. (2006) mads fhis spprosch
dynamic steording o moath. The Decamber srow cizeses on the laff kok difevant from fioss i
April. This means & considerabie improverent willi regand i ginhay clirrale MOTeng. The feacback
of changed albedes b anok cover is nal yafl inclded @id @ fapic of fther resear

ACHIEEVEMENTS:
» Finding the way o represent sputial and temporal variability of swow cover in Targe-seale
climate models

MOM-ACHIEVEMENTS:

« Mot vet developed feed back of snow cover o the climate system

& The intra-seasonial oW cover pﬂmlll.',.}, ch;mgl: m GCMs 15 not yel linked to data TSN
sibibe for e snow-cover evolution (under 2.3}

ECONOMIC ASPECTS OF SNOW COVER

There were trials 1o link this information on snow cover with the sconomic sectors in Russian
dhlagte and countries of the former Soviet Uniou similar to previous work on the economi
importance of snew in Austria (Breiling, Charamza 1995). Agriculiure, foresiry, tounsm and
iranspart arc all snow-sesitive sectorns. Particular problems can be expected in the ranspor sec-
tar in northern Tatitudes, where snowfall may increase and change the properties of permafiost
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soils, Major durmage to the wansport infrastructre of e ms_imd vil supply can be expected in
this case. Other problens are relaed to agriculiure and imgabot.

River runodt is one of the important economic aspects of Northem Busasia, Khan et al. {20dr7a
and 2007k relaied the snow cover modelling results o the main Russin river basing' nas-off
amed o tiver discharge info the Aral Sea basin. The analysis :ihql.mrl the discrepancy I:sewre_en the
increasing trend of runoff in the Amudarys and the Byrdarya Rivers - assumingly frem sh_.nnkmg
glaciers of the Western Tien Shan Moundains - and the clu:ru'.s.mg.m:jndﬁ n precipitation arsd
s depth. Popova {2006a, 2006a) also related her smow cover distributional sh:d!cs. ber Tiver
runodf in four tiver hasins in Morthern Eurnsta (Volga, Ob. Yenisei and Lena). The positive trends
in rumedT in the Volga and Yenisei rivers since the 197{s are caused bz.-_i:wrmsed STWOW ACCUTNL-
lationt associsted with a positive phase of the North Adlantic Oscillation weather spstem. The
arahvsis showed 4 Bwer comelation between annual runef and snow depth in the O sl Lena
tiver hasins due to the higher impertance of summer precipiinton.

Figure 6. The imporiance of snow in the economy

(] s : <.

Snaw is crucial far Wiy spors srd the paionsl Incoma of Ausiri {nghf side, Kaprun Glacyer), Swilzarang s
Sipvakie amourting fo severl parcent of fa (G0F Evar doma parts i tha FEU, e the Caucasus of
Lizhakistan, depand on the svaliatdTy af snaw for winler Bism, Flongs causad WSux'g;n el of 20w am
7 Fuge protden flalt side Aocding in the Danvte Dela, and of Apnl 2000 and can sl i eApanals camags

Holke and Kostka analysed the relationshup between tourism and snow in ."-!-Itﬂ_-alna.
Seatistical data from the district of Liptovsky Mikuld§ (which is the district with the highest
rumber of the overnight stays in the Zilina region) showed that - althowgh summer remats
the main toutist season in Slovakia - winter tourism 15 almost equally important, Furiler
analysis can be focused on the assessment of the impacts of changed climatic conditions on
thus business

Shmakin, Popova, Chemavskaya, Chemkova (2006) compared the Febrary snow depth
for each of the 59 Russian administrative units in 1 951-80 (mid-century |1m1::|:|] and 1989-
2001 {the contempeorary warmang). In the western and south-weslem parts of East Enropean
plain, the amount of snow has decreased, while i most of the country there has heen a Sig
nificant increase, In addition, the vobume of snow falling on roads (which has tohe mr_m*-‘&d
by cleaning) was caleulated for cach of the administrative units. The IurgL'# increase Iﬂ_“E
expenses for snow removal from the roads occurs i the oil production regions of the [araﬁ
and Western Siberia (Tyumen, Bashkortostan, and others), where both the lc:jglh aof the T8
and snow depih are increasing. Soine reduction in expenses is taking place in nirtl-western
regions (Tver, Pskov and odhers).
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ACHIEVEMENTS:

» Comparing the overall economic situation of Buszian oblasts with natienal data from the
former USSR coundries and a first assessment of the importance of snow

* Comparing snow related probiems in Russian oblasts

NOMN-ACHIEVEMENTS:

* Comparison of different river basins in Northem Eurasia and an economic evaluation of
snowy related risks

» Companson of snow related economic impacts of non-Russian oblast'territories in
Morthem Eurasia

DISCUSSION & QUTLOOK

There i an observed discrepancy between large scale, regional and local studies and it is
it easy 1o combine the different assessments. Questions related to beauty and landscape per-
ceplions are nof yet major issues of snow rescarch. Incorporating the physical processes in
snow eover into climate modelling, and ussessimg the snow cover impacts on society and the
econonmy, is 4 long process. We indicated some points where the required data 35 still missing
ar the tension between the different approaches and different interests of the individual scien-
tfic groups mvolved is most pronounced.

Recently, snow issaes have received much mere aniention than previcusly as a result of
o utsual winters that brought sbundant snow 10 the season 200506 and scarce snow in
the seagson 200607, Along with climate change, such abnormal siteations are likely t© oceur
mare often. Particularly in ncher locations, adaptations 1o tacking or ever-abundant snow ane
under further consideration and widen the spectrum of snow-related applications. Snow sei-

ence and the development of snow-related technologies will become even more impertant in
furture.

While natural snow cover is likely 1o diminish with glebal warming, snow in the city can
become much more impertant in ftare. In case of the abundant sne, the city often becomes
polluted very quickly. Snow masses have to be ransporied cut of the cities to avoid the gen-
erateon of ice layers on snow and the oceurrence of related health and traffic nsks. On the
ntleer hand, starting in October, snow is transporied from mountain regions 1o eily centres o
promode skiing and accompany the epening of ski resorts. The actual winter tourist season s
no lenger necessarily orientated on the natural avallsbility of snow,

The current structure of ski resoris is likely fo change. During warm winters we fin small
tracks with artificial snow in an otherwise green landscape. Artificial snow making is becom-
ing more and more important, but not everyone can afford it The price of one cubic meter of
st can be as high as fve Eures in Austria. This means that soie resars cannot cope with
providing artificial snow, while others might come into existence in densely populated wrhan
areas. The existence and development of new ariificial snow making methods that may solve
problems related o extraordinary rescusce use are in progress. However, despite the techni-
cal possibalities, many people dislike skiing without the feeling of winter,
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The terms snow scicnce, snow planming, snoew eaginesring or snow architecture are used,
but so far they are part of other fields and not individua] disciplines. We believe that congid-
erable progress will occur in the near future, The interaction between snow and the landscape
- umiil recently solely dominated by natural processes - will become mereasingly more dom-
muted by burnans, Many questions developed in the arcas of landscape planning and land-
seape architeciure con be perceived as being relevant in the context of snow and lindscape
and one should try to strengthen this link. [n this context we are happy o be able to take the
opportunity of the ECLAS conference for presenting this research to a Jarger pubtlic

ACKNOWLEDGEMENT

This work was supported by the INTAS grant 03-51-5296 and the NATO ESPCLG grant
GH1WZ,

REFERENCES

Bredling B, R. Shles. sds. 2004; Technology, Tourisrn Landscaps: SNOAY. Procasdings with axtandad
ghstracts o Intamaticnal Corference at TU Vienna, 128 pp., 138N 3-900804-10-9

Bredling M., P. Chammmea 1989 The impact ol global wanrming of winbar touism and sking; a regon-
wised madel for Austian snow condSars. Regional Ervdronmentsd Change Jourmal, Voluma 1.1, pp.
d-14_ |55 1436-3798.

Hotko and Hostke 2006;

Khan, ¥, Holka, L., Rubinstein, K., Peirov, B, Breling, M. 2007a: Snow Cover Characteristics Over
Mral Sea Basin from Differert Oata Sets and their Relsfonship with Rivaer RunedT Changes, Joumal of
Maring Systems submitbad

Khan, ., Rubinstain, K., Holka, L., Braling, M., 20078 Snow Cover Charactessics Over the Main
Russian Fiver Basing &= Fepreserted by Reanalyes and Measured Deta. Joumal of spplied
Medearology and Clmatelogy submitied

Khar, V., Rubiratein, K., Shmakdn, & 2007 Compansan of snow cover characteristics over temilany of
Russls based on obhservationsl ard reanalysis data, Physics of Mmosphare and Coean, 1

hohguohi ¥, K. Gumi, #106: Yisogata « natural art on mountain sisvalized by snowe In Procesdings
12TH INTERMATIOMAL SYSMPOSILR OM FLOW VISUALIZATION Septemsar 10-14, 2006, German
Apraspace Cenler {DLR), Gllngen, Gamnany

Pelrushina, M.M., Scératoy, A5, Galubey, W.N., 2006 Effect of physico-geograptucal condfions an
amaw afruchee, Geophyaicel Regearch Abalracis, val, 8, 03239

Fhilllps 8., Springman SM, Arenson LU, edikers, 2003: Permairost Proceedings of he Sih
Intemiational Confarence on Pemmafmst Procecdings of the Bth Inderralional Conbarance an
Permafrost, Zunch, Switrerland, 21:25 July 2003

Popawa, W. 2006a: Inberanmual Vardability of Winksr Snow Accumalation and Runc in Four River
Basing of Morthem Eurasia,

Popova, W, 20080 Winkar srow dapth variability owar Mortharn Evrasia in ralation o mecent @lmas:
phara drodation changes. Internationsl Joumal of Climatalogy. submitted

Rikhier, G0, 1964 Snow cower, ils farmalion and properdies. LS. Army CRREL, Transl. B, NTIS AD
045550, Hamerver, NE, 66 po

306

ECLAS CONFERENCE 2007 - Belgrade

Rubirebein .G, Gromay 5.5, ignatay R.vw, 2006; Ofserka vesproizved eniya characlensth snezhro-
g0 pokrova v modatyaki shehchel tirkulyatsh atmasfery [Evaluation of reauits of sirulstion of snow
powar chamcterstics in general circuatien models]. lzvestiva Russian Academy of Sclences, ser.
Physkos of Mmosphers and Ocean, 43(3) 1416

Rubinstair, ¥.G, Gramay, 5. Zotoren M., 2006 Diramicheskaya kassifikatsiya srezbnogo pokrov
[A dyriarnic snow cover dassificagon]. Vychisitalnye tekhnologi [Computing Teckhroibgies], 1103), 31-
37

Shmakin, A8, 1998 The updatad varsion of SPONSOR tand surfape scheme: FILFS-niluenced
improvermsents, bn Globat and Flanetary Changa Vaolume 19, lssues 1-4, pp 48-62.

Shmakin, AB.. Popova, VY, Chamavskaya, M.M., Cherenkova, E.A., 2006 Estmales of climate
change influsnce @A seanomy branches in regicns of Russia, Inmematonal Conference on the prob-
iems of hydremnetesrcbopical safety (prediction and adaplation of the sodaty b the axdreme climale
charges). Seplernber 26-28, 2006. Mescow, Russia, Poster session abstmcls, p. 279,

Shimakin, 4.5., Sokratow, 508 Golubey, VM., Petroy, MA., 2006: Evalualion of snow properties for wse
In climate modeling applicalisns. Geophysical Research Abstracts, Val. 3, 4636

Sturm, M., Hakmgren, J., Ustan, GE., 1595 A sepsoral snow cover dassifization for local 1o global
applicalions, Jourral of Cimate, B{5), 12611283,

anT



	Acr4A1F.tmp
	Acr49E3.tmp
	BM-0000.jpg
	BM-0001.jpg
	BM-0002.jpg
	BM-0003.jpg
	BM-0004.jpg
	BM-0005.jpg


