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An introduction to the Wachau

The Cultural Landscape reau (UNESCO World Heritage Site) shes béween the towns Melk
and Krens along the Danub®iver for approximately 36 km. ThWachau is described by the
UNESCO as

A&X) an outstanding example
of a riverine landscape
bordered by mountains in
which material evidence of its
long historical ®olution has
survived to a remarkable
degree. Criterion (iv): The
architecture, the human
settlements, and the
agricultural use of the land in
the Wachau vividlyliistrate a
basically medieval landscape
which has evolved organaly
and hamoniously ovetimeé.!

The Wachau cultural landscape composed of an iconic mix of landscapes characterized by
terraced viticulture, traditional small scale fruit cultivatidnistoric towns filledwith a multitude of
heritage sites most of which ambuilt directly an the banks of the Danube River and badlkagainst
steep mountainous terrain.

This topography creates numerous risks for thetural heritage of theregion The location of
several historic towns (Melk, Duernstei@tein Kremg directly on the bank of iver Danube and

at the foot of the desceding mountains of the valle makes them vulnerable to Danube floods,
landslides from the steeply ascending walls of the Danubian water gap and flash floods from
tributary creeksandrivers

The old towns of Melk, ierndein, Krems and Stein are medieualtheir stuctures. Bricks, stones
and wood are the main building materials, with wood being especially in the roof constructions
and first floors. This fact makes them very vulnerable to fire, especially sinke metdieval cores

of the towns the housgand roofsare built in a way in whiclthe buildingsneighbouringeach
other are directly joined, without gaps, which would hinder the spread of fire.

Severe hazards such as landis$i, flash floods and rock fahreatening both the landscape itself
and @ assetswvhichare commonplace.

! https://whc.unesco.or g/en/list/970 (accessed20.12.2021)
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Cultural Heritage at risk in the Wachau reqgion

In Decenber 2000 thedWachau cultural Landscapbas been inscribed irhe UNESCOist of
World HeritageSitesandinhabits a broad spetrum of tangible andntangiblecultural heritage

Dry Stone Wallss tangble and intangible cultural heritage

Buiding and mairdiining dry stone walls is considergd own aaft and has been inctied by the
UNESCO aan intangible cultural heritagefor Austria just recently in 2021 Although similar
constructims made ostonehave been observenh Austriaas being as old as5)0yearsthe craft
of building andmaintain these has been widely forgotteim Austriaexceptwithin the Wachau
region wlere thistradition remairs relevant due to its mique topography.

With the first literal evidace traced bakto the 12" centuryA.D dry stone wallshape the cultural
landscape of the Wachau regiaio this day.Dry stone walls have been used digonally for
agricutural purposesusinglocally availale materialfor the creaton of terraces for viticultureas
well as foragriculturalbuildings, pathwayand even in the construction of railroadast to name
a few.

Dry stone walls are raimportant aspect ofthe cultual landscape of the Wachaand are
constructed bystakingsuitable locally available st@s above each other with only dry earth being
usedin some instances as binding materi@trudural integrity is achieved byarefully selecting
the stones ad then stacking themmethodically andmeticulously This concept of construction
reflects a resourcefficient use d locally available buding material andhas proven its value
creatingacreagefor vineyards in thesteep terrainfound within the Wacha regian.

Traditionally he craft of creating dy stone walls was maly passed on generation by generation
as oral tralition and became increasingly forgottenwith the increased mechanization of
agricutural methods after the second world war iAustria In the past decades hwever a
revitalizaion of the craft has been -

observed andan increasinghumber of
winemakes are returning to the use
and restoration of dry-stone walls
thanks to the efforts of many
stakeholdes andinterest groupsactive
in the field of heritage protection ad
winemaking.

Due to the local sourcing of buildin
material and labour intense
construction dry stone wall are
deemed as sepecially sustinable -
: . P
method and contributs to an increase
of biological divesity by creatingsmall

AR

sa@le haitats and biotopesfor

various speies.? Figure2 Dry-stone wallsin the Wachau.

©Rainer Vogler

2https://www.unesco.at/kultur/  immaterielles -kulturerbe/oesterreichisches -verzeichnis/ detail/article/troc  kensteinmauern
(accessed 22.12.2021)
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Within the Wachau there areucrently nearlythree million gjuare meters of vineultivation
area which aredirectly daced on terracesarried by dry stone allswhichtranslates to more
than 40 percenbf the total area used foviticulture in the region Therefore the craft andthe
existingdry-stone walls of te terraced viticulire of the Wachau repesentsan outstanding
exampleon how intangible and tangble cultural heritage harmoniousy complemen each
other as theupkeep andrestoration of these unique and iconic terrasses would not be possible
without the knowledge of the craft itskl® At this pint Mr. Rainer Voglemust be named as a
primary expet on this subject who is very active in tipeeservation andeaching of thecraft.
Unfortunately,a guidedtour as part é a STRENCH working tabletle Wachauwvhich would
haveincluded this topidad to be cancelledue to Cwid-19.

Castes, Palacesand Monasteries

The longhistory of settlementin the Wachawand unique landsqee hasdproduced numerous
castles ruins andmonasterieswithin the area
some of which are still in &#ge use.From the
well know ruins ofDuernstein, the castles
Aggstein& Gazzoburgto the lesser know but

beautiful cagle of Schomihl (left picture)the

Wachauis littered withculural heritage sites.
Fittinglytwo beautiful heritage sites thlelk

Abbey and Gottweig Abbeyoth of which
' contain numerous artistic treaures axl

antique libraries are located onthe most
western and eastern baler of the Wachau.

Figure3 SchossSclonbihl. © Donau
Niederdsterreich/Lachlan Blair

It shodd be noted hat although medieval and
built heritage of lder periodsis commorplace in g

the Wachau the area was also an importa &%
region during the roman era.Being part of the
roman province of Noricum the romans
appraximately settled in theWachaumore than
2000 years agand made the Wacharver valley
part of the Danubian Limes whidlecane part of |
a 7,500kilometre-long border d the roman
empire. Theroman presenceis estimated to have Figure4 Romanremains in Matern.

lasted over 400 years and hasgiven the area ©Eva Kuttner

3 https://www.noe.gv.at/noe/Trockenstein  mauern_auf_der_Liste_des_immateriellen_Kultur.ntml (accessed 2212.2021)
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additional cultural heritage sitesuch aseen inMautern which was located on a stegjic river
crossing ofhe Danubebeing a mgor trade routenorth into the so calledBarbaricum?

Agriculture (apricot tree9 & Viticulture

Originatingfrom Chinathe apricotis estimated to have been cultivated Wachau since the
mid-1%t Century AD. First writtenevidenceof its cultivation in the Wachau has beefound

dating back tathe year1509. Todhy anestimated 100.000 apri¢drees are cultivated in the
Wachau and the name dWachauer
Marille€¢ has become &ind oftrademark
and is reserved by the Austridfederal

Ministry for Agriculture only for apricots
originating from the Vdchau area. Aside
from the produce thelong tradition of
cultivating  apricots continues to §
preservethe cultural landscape of thef§
Wachauand attrads tourists every year
who wish b witnessthe blossoming of
the trees. With regards toland useand
contribution to the aesthetics of the
Wachau viticulture is a very strong

componenttaking up to 1.291 hetares of
spaceand being a strong economic factor
of the region®

Figure5 Cultural landscape Wachau.
©OWM/Robert Herbst

Artistic treasures

Aside fromnumerous buil heritagesites containing artistic decoraticm wel
aslavishly decorated churchdte Wachauareacontainsseveralarts galleries
and mwseumssuch & the Sate Gallery of Lower Austrig the Kunst Halle
Krems and the Karikatur Museuamd other notable treasurs. Just to name (£ &
one, the Venus of Willedorf: althoughthe original 11cm tall statue isomw
exhibited in natural history museumViennalocated approx. 100 kmaway
from the excavationsite a smalllocal museum and several artstallations
commemoratethis extraordinary archaeologicafind which is esthated to

being29.500 years old®

Figure 6 Venus o
Willendorf. ©NHM

4 https://www.donau -limes.at/besuchen/regionen/nibelungengau -wachau/ (accessed22.12.2021)
5 https://info.bmirt.gv  .at (accessed 22.12.2021)
8 https://www.nhm -wien.ac.at/forschung/praehistorie/forschungen/venus  -forschung (23.12.2021)
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Historic medical citycentres

Described by the UNESCO asnedievd landscape which harmmously evolved over the
centuriesmany townsin the Wachauwcontain historic citycentres Most notably thecentresof
Melk (ircluding a famous abbey),ubrnstein and Kremséteincan be listed at are further
elaborated aad assessedponin the followingsection

Summary of Cultural Heritage Assets Wachau Region

In summary thecultural hertage assets considered fthve Wachau region are

M

= 4 4 4 4 4

Historic (medieva) city centres

Monaseries

Castles

Ruins

Artistictreasures of all periods

Varioushamlets in the hirérland

Terracedvineyads (dry stone walls) anapricot trees
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Threats and lnerability (1): Ranking the MInerability of the Wachau
using the STRENGAInerability assessment methodology

The Wachauitself is aregion composed of aultural landscapefilled with towns and viliges
located along the Danube RiverThe STREMCVulnerabilityAssessmenbeing somewhat more
tailored towards single objectavas applied tothree specific sites deened to berepresentatve

and wereindividually assesed

1) Melk Abbey

Located at thewestern end of the Wachau Cultural Landscatie Melk Abbey isone of the
highlights of the UNESCO world heritage site which encompasses thie egion The Melk
Abbey was founded in 1089 is a popular tourist destination attrackting roughly half anmilli
vistors annually in the years prior to the Covi8 pandemic. The Abbey itself is located on a hill
close to the riverbanks of the Danube &iwand isfilled with cultural heritage assesst dispersed
throughout the abbies park, museum, historic libasyveellas the churcH.

® = =
- et

N : “f b

Figure7 Flooded old city of Melk, on the left the monastery. © OBH Kermer.

For the assesmentfahe Mek Abley the saftey officer of the abbey Mr. Gerhard Scheiber was
kind enough to giveprovide us withhis input. It should be underlinedhat, for the sake of
providing an example, the evaluation of only a few critesab-criteria is here preserd. The
remaining part of the assessment is therefore omitted.

7 Weblink Abbey Melk: https://iwww.stiftmelk.at/de/ (accessed 16.01.202)
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Evaluation of SUSCEPTIBN(sub-)criteria: Y Susceptibility=0.30625

Althougha large permanentwater sourcenamely theDanwbe River flows diretly below the
famousMelk Albey, which is filled withcultural heritage treasures and as itself i€utural
heritage #e, the structureof the building as well asther factors damperits susceptibility

Evaluation ofEXPOSUREBuUb-)criteria: Y Exposure=0.76

Nonethelesghe location andsignificantof the site d@slead to a highexposure raing.

Evaluation ofRESILIENC&.ub )criteria: Y Resilence=0.825

Regarding the resilience of trete the preparation measures in place as welltias work of
the local security officer inamjunction withpreviouscooperationwith the Centrefor Qultural
HeritageProtection at theDanubeUniversity Kremsvia variousin STREN€ capitalized projects
result in a stout reiience.

Vulnerability evaluation Vulnerability =0.194875

2A0K nXtXm o0f2¢ (2 KAIK GdzZf YySNI 6Af

2) Duernstein

Durnstein is a small municipality within
the Wachau Region which igsited by
roughly one millionpeople per year (pre
Covid19). The ot town and near by
hamlet, in which the popular historic
figure King Richard | of England was held
hostage, are popular tourist destinations.
Durnstein is litered with cultural hertiage
sites strongly contributing to the cultura
landscape of the Wachau &en.2

Figure8 Duernstein church seen from the castle ruin. © Kais:

For the assesent of Dirnstein Mr. Martin Jung a sgitist at the AIT (Austrian Institute of
Technology)who recently featured Durnstein in éhEU Interreg project CHEERSs kind
enough to provide us with his input.

For thecase study analysed:

Vulnerability evaluation Vulnerability = 0.351235
2 A 0 K 1(ioK+oXigh vulnerability

8 Weblink: https://www.duernstein.at/  (accessed 16.01.2022)
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3) Krems / Stein

Krems/Stein marks the saend of the Wachau Region. The Townadsyposed of two historic
NG old towns (Krems & 8in) several
museums including rmaerous cultural
heritageobjects attrackting a substaal
amount of tourists witha quarter of a
million overnight staysecorded in 2Q9.
o Other attractions inclde the Stein Prison
¥ which harbours Austrias nsv famous
inmate dfef Fritz (visiting hous areTue
and Thu08:00-11:00 &12:0014:30, Fr&
Safrom 08:00-11:00).

Figure9 Stein an der Dona® Kaiser

Vulnerability evaluation: Vulnerability =0.18242
WA (i K nowoXgh valrieraility).

Please notahat for the sake obrevity a more detailed analysis ofuBrnstein & Krems/Stein
was omitted awl can l2 examined in dtail in the STRENCH Detable D.T.1.2.2

SummaryMelk, Duernstein, Krems/Sein:

Oneway possibly definingtte vulnerabilityof the Wachau region mayebin seleting some of
the sites found \thing ard by as®ssingthe regionvia the collective averageThistrain of
thought however leaves many variabs out of the egation and may resulin a distorted
picture regardingvulnerabilitytherefore inviting a further evaluation via the WieGISTool.

Melk Abby Vulnerability =0.194875

Duernstein Vunerability =0.3512%

Krems/Stein Vulnerability =0.18242

Total Vulnerability (0.1948750.3512350.18242
/'3 =0.24284333

Chart 12 A ( K siod{10Xjgh vidinerability)
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This argumentation becomes more relevant wheésking a deeper look to the site
KremsStein whichhas a Istoric town centre filled with cultural heritage sites anghuseums
locaed diredly on the rivebanks of theflood prone Danube RiverAlthough effective flood
protection measuressuch asmobile barriersand dams have proven valuable in more recent
floodsthese protection measeswere pusted to the limt duringa flood eventin 2013 duriry
which the mobile flood protection had to bstacked upwith the use ofsandbagsTherefore,
protection measures and @acuation pans for the sites and museumsithing the floodzone
remain vital for the security of thecultural heritage as®ts within and would beneft from
prognostic data regarding the most prominent threats of the regidhankfully these are
providedby the WebGIS Tad.

What Hazardsthreaten the cultural
heritage of the Wachau regich

While the assessedites (Melk, Duernstein, Krems/Steinpredominantlycontain buit heritagethe

guestion remains orthe additional aspects of theJNESCO Wachau cultufaéritage region

namely thenatural heritageincludingthe famous apicot trees of the regionThe natural britage
does howeveinclude buit heritage elementsuch aghe typical terraced landscadeund within

the Wachauregion When gven regard to thevarious additional heritage asses such as the
historiccity centres monasteriescastles ruinsand hamletsn the hinterland just to name a fewa
wholisticpreciseassessmentemainschallenging

However, most of the heitage assets of the Wachalhaxe @mmon or indeed overlapping,
threats which can bepinpointed using the WebGIS Todlhe® major and most ¢ the time
omnipresent threatsnclude:

Flood / Flash Floo¢mainly from theDanube River anitis tributaries)

With a largeamount of culural heritage sites museums and art gierieslocated directly on the
banks ofDanube Riveand atthe foot of the descending hillflooding and flesh floodsposd's
arguablythe greatest rgkto the plentifulcultural heritagesiteswithin the Wachau.

Heavy Rain

Heavy rain can swamp and soak the steep vineyards of the Wachau valley and can cause strong

erosion and land&leswhich mgy damageheritage sites as well as the iconic terraced landscape

Landslides

A possiblecauseof heavy rain this heard may beinterlocked with it but can also appear on its
own causing damage taultural heritage sites andhe iconic stone terraces which act as
foundationfor the still thriving viticulture in the Wachau.

Pagell



iteireg @@
CENTRAL EUROPE i

STRENCH

Fire due toDraught

Fire isrecognizedas big rik to the old townsof Wachau since the roofs of the buildings often are
immediately connected, as well &3r the natural &nd cultural) landscapes, as the pastures and
shrubs are often highly dried up due to long drought periodls arguably more overlooked threat
in Austia, fire due to draughthas reached a newhreat leveldue tothe ongoing climate charmg
and global varming. In October2021 Austria experienced its largegirest firein 60 yearsvhich
appears to have beencaused ly an unusual low humidity strong windsand a negligenty
extinguished campfireThis corbination of enwonmental factorstogether with human eror
caused a prolongednd exhaustivefirefighting effort lastinginto Novemberand resulting in an
estimated 30 millionEUR damage/costPerhaps tis destructive event will become common in
Austria as it is weknown in theMediterranean area.

http s://boku.ac.at/wabo/waldbau/forschung/themen/bewirtschaftungskonzepte/waldbewir tschaft ung-und-
klimaaenderung/waldbrand/waldbrand -statistik (accessed23.12.2021)
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Examplesf pastcalamities

When enteing the Wachauit is easily observethat the dominatingaspectof the lardscape is the
DanubeRwver which has infiencedthe landscae and the human activity #hin arguablysince the
dawn of civilizationAlthoughthe human settlementsmay have benefited fronthe proximity of
the Danube iis undeniably connected with theazard of flooding which renias until ths daythe
most likely and most severe hazartb cultural heritage in the regiarAs seen in th officialflood-
map of the federal state ofLower Austiathe entire Wachauiver valleyis markedas high risk with
several tributaries of the Danube Wiag been identid aspotentiallyhazardousas well

%) 9 7 Egelsee
’ ="
Weilspkirchien - g
in der Wachy | /N
stz 0y
g (W e
Z Bai1 =5 ¥ ' nterbergern
s o (br R
it

/ OliEpbetger 9
= % Krustetten

< /T PaudoRgeEndnpach Y
Hie; \ 5';;5929/"/ 7l - =]
o ] L pal
v e %
7 1

p=— Unterwbllgl’l‘ﬁ; g

Y [ 2
Rjnd@j\ Jaujrling 4

964 m

FigurelO: Screensabts of flood map of Lower Austria with the Wachau atea

Recentrecordedflood incidences
Some of the more recentcordedflood incidencesnclude:

1 13/07/1954,large scaleiver flood in Danube regiobeing the most severe since 1899
submeging an estimatd 100.00thectares of land and requingimmediaterescue of
approx.40.000 gople.t!

1 02/07/1975, river flood in Danube region.

04/08/1991, river floodn Danube region.

1 14/08/2002, river flood in connection with heavy rain in Danube region

==

1 2008, flash fhod/overflow of the tributary Grubbach (during theonstruction of theflood
protection) in Weil3enkrichen town (Wachau).

Ohttps://atlas.noe.gv.at/atlas/portal/noe -atlas/map/Wasser/Hochwasser (accessed?20.12.2022)

Uhttps://www.wienerzeitung.at/nachrichten/chronik/ oesterreich/181398_Juli -1954-Jahrhundertflut.html (accessed
12.01.2022)
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1 04/07/2013, river flood in conection
with heavy rain in Danube region
during whichwater penetratdthe
churches of Mitterarnsdorf ah
Hofarnsdorfdestroyingthe floor.

1 18/07/2021river flood in cogunction
with flooding of tributary rivers
towards theDanuberesulting in severe
damage Abrief but powerful
thunderstorm caussmassive
destructionby creating floodigalong
the tributaries of theDanube River

resulting inalocal sate of emergency in Figurel1Austrian Army disaster relief

someof the affectedmunicipdities
forcingfederal authoritiego deploy
armyengneersto aid inthe disaster
relief efforts121314

Figurel2 Cleanup efforts. © APA

2 https://www.di  epresse.com/6009844/hochwasser-mehrere-orte -zu-katastrophengebieten -erklaert (accessed04.01.2022);
https://www.meinbezirk.at/amstetten/c -lokales/glueck -im-unglueck-letzte -gewitterzelle -ging-nicht-in-amstetten -nieder-
+video_ad772®7?ref=turate#gallery=null (accessed04.01.2022)

13 https://www.bundesheer.at/cms/artikel.php?ID=1095 2 (accessed04.01.2022)
14 https://www.bundesheer.at/cms/artikel.php?ID=1095 2 (accessed04.01.2022)
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Hydrologicaldetails on four najor floodsin the Wachau area

The four major floods thahit the Wachausince 1828re discussed in more detasincethe
hydrological detailsi.e., soil moisture and pregiitation can be linked to predctions of the
WebGIS toqldiscussed lelow.

Floodsin the Uper Damube Bain in Aufria are produed bydifferent proces®s, i.e., rairon
snow, or frontal precpitation. The upper DanubeBasin conists of two mainsub catchments
the Bawarian Danbe and thelnn, the latter daining large parts of the Austrian Alpsits
southern tributaries stem from high ainfall areasn the Calcareoug\ps, including the T,
Enns and Ybbsh#& northern tributaries joining the Bnube in Austria come from telentially
lower rainfall areas with mainly graic gedogy and includethe Aist and KampThe typcal
floods can be classified insummer and winter floods. $umer foods usually have a strong
contribution from the Alpire tributaries lller, Lech,Isar, and Inn, induak by topographially
enhanced precipitation at the nortla fringe of the AlpsWinter floods o the other hand are
usually caused by aam front with snowmeltand rainfall on saturated or frozen dpwhich
lead to high discharges in the rntbern tributaries Naab and Regel? Conflience of the
Bavarian Danubera Inn at Pasau ¢ flood tends to travel faster if main water body comes
from Alpine cathments, meaning the Inmraun and Enns.

All four major floods sice 1828, in which the systemi@aobservatiors started,were caused by
immenseprecipitation in the summer. In addition ® these major flods, snall floods have
increased in the @ century, due to more precipitation in the summer and more river
training1® The fourmajorfloodsoccurredin 1899, 198, 2002 and 20B and are marked in red

in fig. 14 below.’
:E{C}
— hﬁ ) |
—

.

1850 1850
Figurel4 Annual floods of the Danube at Vienna sinc€88

15 Skublics, D. et al., Effect of river training on flood retention of the Bavarian Danube , in: Journal of Hydrology and
Hydromechanics, 2016.

16 BIgschl, G., Nester, T., Parajka, J., Komma, J. Hochwasserprognosenan der osterreichischen Donau und Datenassimilation,
in: HyWa 2014/2, pp. 6 4872. DOI: 10.5675/HyWa_2014,2_1

17 Se note 14.
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The June 208 flood was one othe largest in the past two ceturies. Prior 0 the flood the
weather was eremely wet and old than aveage forMay; the immense preipitation leading
to the flood fell on high @il moisture levels combed with high ground water lels. At the
norther rim of the Alps the mrcipitation exeededl 300 mm oveirfour days Thehydrological
and meteorologicalcircumstancesresulted in a singlgeak, longduration flood wave at the
Inn and @Rnube, though snovall at high altitwles in he Alps reduced theunoff volume 18

The August 2002 floodias adouble event, with two minfall peaksAugust 7" and August 14
to 12). The peaksvere separaed by four days rathethan only a éw haurs, as was the case
in 2013. In comparisorto 2013 less precipitation came from the catchment of tBavarian
Danube, but significantly more from th@orthern tributaries at the @echborder, as the Kamp
and the Ast.1?

Thethree months precedingthe 1954 floodwere wetter than the mean. fie flooding event
consisted once again of two precipitation blocks, a minor event dutilg ¥ to 2"4 and a
more extreme event during Jul§" to 12, The defining fature wasthe spdial distribution
with an unusually high pregpitation in the north of the Uper Danube, sinar to, but
exeeding that of the 2013 flooéP

TheSeptember 1899 floon the other hand waquite different from the three ¢her events,

if seen from a hgrologicalpoint of vienv. The winter of 898 and 1899 had been exceptionall
dry, with very little snow falland the summer of 1899 was unusually dry as well. The August
precipitation was about one third lower than the Igrerm average meaning that the
precipitation of leading to the 1899 flod fell on sal that had mwch less moisture thathe soil
before the floods of 2013, 2002 and 1954hdpredpitation, leading to flood wasenormous

with the 48-hour precipitation excealing 200 mm over ararea of 1,000 kn?. WeiRRbach
recorded515 mm in the priod from September®8to 1421

8 BIgschl, G., Nester, T., Parajka, J., Komma, J. Hochwasserprognosenan der dsterreichischen Donau und
Datenassimilation, in: HyWa 2014/2 , pp. 64 672. DOI: 10.5675/HyWa_2014,2_1 Bldschl, G. et al., The June 2013 flood in
the Upper Danube Basin, and comparisons with the 2002, 1954 and 1899 floods, in: Hydrology and Earth System Scien@
2013.

19 See note 16.

20 See note 16.

2! See note 16.
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Fig. 15 showsthe event precijtation of the mentioned for large floodsand chart 1 the

summary ofrelevant hydrol@ical andmeteorological @tails.

2013
s 29. Mai - 4. Jun.

1954
£, 7.-12. Jul. e
e Ll g 0 100 300 300 A0 mm

22

Figurel5 Event precipitation of the four floods in the Danube catchment in the past two

centuries

22 Bloschl, G., Nester, T., Parajka, J., Komma, J. Hochwasserprognosenan der dsterreichischen Donau und Datenassimilation,

in: HyWa 2014/2, pp. 64 &72. DOI: 10.5675/HyWa_2014,2_1 fig. 2 p. 65.
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Year | Discharge Weather Precipitation | Peculiarity
in Vienna
2013 | 11.000 mA3/s | Stationary weather =300 mm Soil moisture
system in central Europe already very high,
bringing moisture from especially in
the Atlantic and the Med catchment of
Typical situation for Bavarian Danube,
Danube floods due to wet and
cold spring
North-south
gradient with
higher soil
moisture in
north, lower in
south
High ground
water levels?
2002 | 10.300 m*3/s | Stationary weather > 300 mm
system in central Europe
bringing moisture from
the Atlantic and the Med
Typical situation for
Danube floods
1954 | 9.600 m*3/s | Stationary weather > 300 mm
system in central Europe
bringing moisture from
the Atlantic and the Med
Typical situation for
Danube floods
1899 | 10.500 mA3/s | Spacious low-pressure > 500 mm Low soil moisture
area/depression from —therefore the
North Africa to Balticum, discharge in
Western Alps to Black Vienna is
Sea, bringing moisture comparatively
from NW Europe, NE low considering
Europe and the whole the amount of
Med in Danube precipitation
catchment area

Figurel6 Summary of
at, 2014

relevant hydrological and meteorological details, baseBIl@schl et

23 See note 16.

23
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Another prevagnt threat inclined by the terrairsurrounding the river Vallegre landslides

1 14/08/2002& 04/07/2021, heavy rain with consequent landslides in the whole Danube
region: partial collapse and destruction diet characteristic drgtone walls.

Wildfires area known haard and occurin the Wachau area as seen in the image bel@aken
from the d&Fire Databaseof the Universityof Natural Resources and Life Sciendesna which
depicts recorded forest and othe vegetationbased fires since the year 2000.However,
firefighters in the areaare prepaing for aninflux of wildfires due to anticipated prolonged
durationsof drought and a declining réence of the tree populatioreaed by a combination of
drought & pestsand ae already increasing their trainingfforts and see to attain expe®nce in
combatingwildfire abroadin order to enhance theicompetence$* The WelGIS tool could be a
further asséin increasing the preparedness of emergency respensin this regard
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Figurel7 Forest &Vegetation Fires since the year 2000

Zhttps:/lwww.noen.at/krems/waldbrandgefahr  -region-krems-heimische-wehren-ruesten-sich-bezirk-krems-
feuerwehreinsatz -waldbrand-nordmazedonien-print -2861944@ (accessed04.01.2022)

25 https://ffire.boku.ac.at/firedb/de/ (accessed23.12.2021)
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Taking hese threats/hazards into consideratiothe disaster likelihood and severity can be
assesseas follows:

Likelihood

Likely
Lack of
Possble Pests | maintenance/
Deterioration
Unlikely Pollutants Earthquake
Vandalism
Rare .
Violence
Insignificant| Minor Moderate Major
Impact

Rik matrix for the Wachaaulturallandscape®

26 Linda Canes, Presentation 0OWachau Cultural Landscaped STRENCH Summeschool 2021
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Ste evaluation usirmg the WebGIS Wachau Region

Location Lat 48.39018; Long15.474®

‘‘‘‘‘‘‘‘‘‘

Figurel8 Google Earth screenhots showing the location of the Wachau.

Utilized WebGIlS9ndices& Climate Variables

Extreme Description Rationalefor choiae
Event/ Index

(Heavy Rain Very heavy precipitaon days Being a mjor factor for flooding

R20mm . .| within the Wachauarea. In 2021 a
Number of days in a year with

o brief but powerful thunderstorm
precipitation larger or equal 2( ) )
mm/da caused massive eadtruction by

Y creating floodng alongthe tributaries

of the Danube Riveresulting inthe
declaration of a local state of
emergency in somelunicipdities

Precipitation due to Another

major  factor  when
extremely wet days

considering flooding, which may
increase with the ongoing
urbanization and sealing of laredong
the entire Danube possiblyresulting
in steeper risesof water levels after
increasedprecipitation

(Heavy  Rain)
R95pTOT

The total precipitation in a
year cunulated over aldays
when daily precigation is
larger thanthe 95th percentile
of daily precipitation on wet
days. A wet day is defined as
having daily precipitdt 2 y
mm/day. A threshold based ol
the 95th percentile selects
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only 5% of the most extreme
wet days over 80 yearlong
referenceperiod.
(Flooding) Highest Sday precipitation Flooding aguably renainsthe biggest
Rx5day amount threat to the UNESCO world heritage
. Site. Wachau andrequires further
Yearly maximum of cumulate( ) ) _ _
o .| consideration in disaster
precipitation over consecutive _
) preparedness and uitural heritage
5-dayperiods. .
protection
(Drought)CDD Mammum number of A possible indicator for wildfirevhich
consecutive dry days in turn can act as additional indicator
Maximum length of dry spell for flash floods In addition, increased
. . . drought may affect the culural
in ayear, hat is the maximum .
. landscapecreated by viticliure and
number in a year of )
. . | orchard farming should these be
consecutive dry days with dail
o damaged.
precipitation smaller than 1
mm/day.

(Extreme Extremely warm days Indicator of increasedthreat for
heating)Tx90p . wildfire is also can indicate a
Percentage of days in a year ) )

. . weakening resiience of local forest
when daily maximum L

. towards such due to aombinationof

temperature is greater than drouaht and pests
the 90th percentile. A g pests.
threshold based on th@80th
percentile selects only 10% of
the warmest days over a 30
yearlong reference period

WebGIS inttes aml climatevariables used.

Regardinghe usage of the \WhGIS toofor decision making in cultural heritage protection
future prognosiswere deemel to be the mostbeneficial Therefore,the extreme events as
well as climatevariableswere olserved fo the near future (202422050 and the far futire
(2072:2100) Initially the model ensemble statisticenaximum RCP 4.5 &CP8.5 were used
for a numeri@al observation When choosingthe visual observation,the model ensemble
statistics, maimum, RCP 4.5 aschosen However for the sake of visualizatn a baselinavas
seen asnecessaryin order to put the forecasted data into perspective Therefore, when
creating the visualized climate modelling in tiiéebGISTool the hisbrical observatiors were

addedaswell.
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Numerical observation

A B C D E F G H I ] K L M N

1) Near future RCP 4.5 Near future RCP 8.5 Far future RCP 4.5 Far future RCP 8.5

2 Risk Index Min Mean Max Min Mean Max Min Mean Max Min Nean Max
3 Heavy rain R20mm (days) -1 1-2 23 0 2 3 01 2 34 1-2 34 4-5
4 RI5pTOT (mm) -10-0 25-35 50-60 -20--10 30-35 50-70 0-10 40-50 70-80 20-30 50-70 90-100
5] Flooding Rx5day (mm) 6--4 4-6 15-20 -5--3 5-6 10-15 -3--2 6-7 18-22 -20 8-9 25-35
6  Extreme heating TXx90p (%) 0-5 5-10 10-15 5-7 8-10 15-20 8-10 15-20 20-25 20-25 25-30 30-35
7 Drought CCD (days) 5--3 -1-1 2-3 -5--3 -1-1 24 -5--3 0-1 2-3 -4--3 0-1 3-4

Figurel9 Numerical observation graph taken from the WebGIS tool.

Upon brief inspctino one can observeh#t the chosenExtreme Eventsare forecasted to
increse in the near and especiallye far futue.

However vigving output data from the WebGI$ool in this fashion iarguably not preentable
or pratical when communicatig with decision makersand other stakeholderssuch as the
broad publicregarding cultural heritage protectiofortungely the WeGISTool creates vivid

images of tiese values.

Visualization of Exeme Event ldices

For this purpose,the model ensemblestatistics, maximum, RCP 4.5 washosen For better
illustration the option to shaw &AUNESCO world Heritageras enablel as it encgsulatesthe
pilot ste Wachauperfectly. For eachextreme event ahistorical olservation as well as a near
future and far future map wasreated in the WebGIS

Very HeavyrecipitationDays(R20mn)

s ol Vo A 7 -~ e s ) 4B.27195 ;14,9 Leaiet

Figure20 Historical Observadn 1951¢ 2016, WebGIS too(R20mm)
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Pengerveld

ferwarth

Martinsberg

Figure21 Ensemble statistics, maximum, RCP 4.5 Near Future (@@®50), WebGIS tool.
(R20mn)

eiben:

Bohel mircher

Figure22 Ensemble statistics, maximum, RCP 4.5 Far Futurel (2@A00), WebGIS tool
(R20mn)

After observing themore or less neutral first imge of the hisbric observationshe inaease in
red colour indicatingan increasecamount of very heavyprecipitation days becomes evident
and is illustrated well.
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Precipitaton due to extremelywet days(R95pTOY

Jaidhof,

Purrath

Munidorf

Jaidhof,

ingberg)

d
Traun

Pochiam

Uengerfeld

Atzonbrug

‘Atzenbrugg

r95p_ensmax_2021-2050_rcp4s

Figure24 Ensemble statistics, maximum, RCP 4.5 Near Future @@250), WebGIS tool.

(ROHTOT
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Figure25 Ensemble statistics, maximum, RCP 4.5 Far Future (@@100), WebGIS tool.
(R95pTOY
By merely increasing the map filter from50to 06 on all 3 maps theillustration of the
darkenng and thus increase in éemely wet days bcame more concise tha with the
previously observed R20mm. Showitihgse 3 mapin sequencellustrates well the forecasted
increase irextremelywet days.

Highest 5day precipitation amounfRx5day)

Hgure 26 Historical Observation 19512016, WebGIS too[Rx5day)
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