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Projekt(e)uberblick

+ CC-Snow: Effects of Climate Change on Future Snow Conditions
in Tyrol and Styria (I. call);
Lauzeit 1.1.2010 — 31.12.2011

+ CC-Snow II: Effects of Future Snhow Conditions on Tourism and
Economy in Tyrol and Styria (I1. call);

Lauzeit 1.1.2011 — 31.12.2012 CC-Snow.net

+ Weblink: www.cc-snow.at

CC-Snow i



http://www.cc-snow.at
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Auswirkungen des Klimawandels auf die natlrliche Schneedecke, die
technische Schneeproduktion, die Okonomie des Skibetriebes sowie
die Tourismusstruktur

Mittleres Szenario mit Unsicherheiten, Horizont 2050

Gekoppeltes Modellsystem fur die Skalen lokal (Skigebiete Kitzbuhel
und Schladming) und regional (Bundeslander Tirol und Steiermark)

Klima — Schneebedingungen — Zutritte je Skigebiet

Indikatoren als Schnittstelle zwischen den Modellen der
Naturwissenschaften (Klima, Schnee) und der sozio-6konomischen
Wissenschaften (Okonomie, Tourismus)

Inter- und transdisziplinares Projektsetup

Ziel: Entwicklung eines integrierten Werkzeuges zur Bewertung von
Strategien der Klimawandelanpassung im Skitourismus



Gliederung

+ Regionales/lokales Klima: A1B aus Ensembles

+ Modellierung der natirlichen Schneeverhéaltnisse auf den Skalen
+ Modellierung der technischen Beschneiung

+ Rentabilitat der technischen Beschneiung

+ Entwicklung der Nachtigungszahlen

+ Raumliche Tourismusstrukturanalyse

+ Zusammenfassung, Erfahrungen und Ausblick



CC-Snow/CC-Snow 11: Testgebiete
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Global surface warming (°C)

Winterszenarien fur die Steiermark
(ENSEMBLES A1B, 2021-2050 vs 1971-2000)

Multi-model Averages and Assessed Ranges for Surface Warming
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Vorführender
Präsentationsnotizen
This selection includes warm/cold and wet/dry conditions, concerning the upper/lower end of the changes in temperature and precipitation for the winter half year. The selected models with little warming are ICTP (RCM: RegCM3, GCM: ECHAM5-r3) with drier conditions and SMHI (RCM: RCA, GCM: BCM) with humid conditions, METNO (RCM: HIRHAM, GCM: HadCM3Q0) projects average warming and C4I (RCM: RCA3, GCM: HadCM2Q16) projects strong warming and dry? conditions.


Winterniederschlag und —temperatur

(A1B/METNO bis 2050)
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Mittlere Skisaisonlange fur Steiermark
lokal/regional (A1B/METNO bis 2050)
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Vorführender
Präsentationsnotizen
Mean ski season length in the Schladming area for the reference period 1970/71-1999/00 and changes relative to the reference period according to AMUNDSEN simulations on the basis of remapped METNO meteorology (Nov. – Apr.).
Mean ski season length in Styria for the reference period 1970/71-1999/00 and changes relative to the reference period according to SNOWREG simulations on the basis of remapped METNO meteorology (Nov. – Apr.).
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Veranderung der mittl. Saisonlange:
Hohenabhangigkeit (A1B bis 2050)
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Vorführender
Präsentationsnotizen
Altitudinal variation of the relative change in mean ski season length (Nov.–Apr.) at the local scale (Schladming and Kitzbuehel) and the regional scale (Styria and Tirol) according to simulations of the local scale snow model AMUNDSEN and the regional scale snow model SNOWREG. A histogram of the elevation distribution at the different sites is included in form of the grey areas near the y-axis.
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Technische Beschneiung / 440
Wasserverbrauch: ,,Validierung* (Schladming)
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(Schladming, Stationsdaten, Beschneiungsstrategie: pragmatic)


Vorführender
Präsentationsnotizen
Simulated snowmaking hours for the winter seasons 1985/86–2010/11 (left) and selected seasons (right) as calculated for a ski resort in the Schladming area on the basis of meteorological station recordings.
Simulated water consumption for the winter seasons 1985/86–2010/11 (left) and selected seasons (right) as calculated for a ski resort in the Schladming area on the basis of meteorological station recordings.
The indicator “snowmaking hours” is defined as the number of hours in the winter with a wet-bulb temperature below a certain threshold value.
In CC-Snow it has been refined towards four classes of wet-bulb temperature ranges (according to Formayer et al. 2009):
-2 °C to -3.5 °C (marginal)
-3.5 °C to -5 °C (moderate)
-5 °C to -6.5 °C (good)
below -6.5 °C (optimal). 
“Pragmatic” tries to produce the maximum possible amount of snow (only limited by the meteorological conditions, the number of snow guns and the maximum water consumption) from November 1 (start of the snowmaking season) to December 15.
From December 16 until the end of the snowmaking season on February 28, the model maintains a minimum snow depth of 60 cm on the slopes.
Using the available data for the ski area (180 snow cannons, 100 ha slope area), an average “snow cannon density” (number of snow cannons per square meter) was calculated.
The snow production potential (in m³/h) for a single snow cannon was calculated as ppf = −4.83 · Tw + 3.94 (Olefs et al. 2010).
By multiplying it with the snow cannon density the maximum snow production per hour and square meter was computed.
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Technische Beschneiung /

Wasserverbrauch: A1B bis 2050 (Schladmlng)
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Vorführender
Präsentationsnotizen
Seasonal number of snowmaking hours (top) and seasonal water consumption (bottom) for an exemplary ski area in the Schladming region as simulated for the period 1962–2050 (averaged over all scenario realizations).
The gray shaded areas indicate the range of the results for all realizations.
Linear trends are shown as dashed lines.
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Saisonlange: historisch vs
Szenarien (A1B bis 2050, Schladming)
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Vorführender
Präsentationsnotizen
Modelled season length for an exemplary ski area in the Schladming region as simulated for the period 1985–2011 using historical station recordings.
Modelled season length for an exemplary ski area in the Schladming region as simulated for the period 1962–2050 (averaged over all scenario realizations). The gray shaded areas indicate the range of the results for all realizations.
Linear trends are shown as dashed lines. 


Kosten-Erlos-Analyse
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Vorführender
Präsentationsnotizen
The final regression model is able to explain at least 84% of the variations in daily visitor numbers.
The impact of snow depth on daily visitor numbers is indicated to be positive and highly significant.

Daily visitor numbers are explained by various meteorological parameters including total snow depth (i.e. natural plus artificial snow depth as modeled by the local snow model AMUNDSEN), snowfall, mean temperature, rainfall, wind speed and global radiation, as well as several dummy variables, such as the days of the week, particular feast days, school holidays or ski-openings, to control for calendar effects and events.


Kumulierte Effekte auf Monatsbasis

Potentielle Auswirkungen des Klimawandels auf Skigebietsbesucher pro Monat:
Durchschnittlicher Unterschied in den Besucherzahlen je Monat zwischen
Klimareferenzperiode 1970/71-1999/00 und Klimaszenarioperiode 2020/21-2049/50
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Entwicklung
Kostenparameter

Beschneiungsstunden, Feuchttemperatur, Energiekosten, Erstzutritte

Snowmaking Hours Mean Wet Temperature
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Energiekosten fur techn. Beschneiung
AlB bis 2050, Schladming
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Vorführender
Präsentationsnotizen
Energy costs of a ski area in the Schladming region by climate scenario (in real terms, EUR 2010). The errorbars show the range of the energy price scenarios.
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Annuitatenrechnung bei preisunelastischer
Nachfrage
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Vorführender
Präsentationsnotizen
Calculated annuity for a ski area in the Schladming region by climate scenario, discount rate i and ski ticket prices (pISDchange) - overall analysis. Error bars show the range of electricity price scenarios.


Schneeverhaltnisse und Ubernachtungs-
zahlen (Winter, Gemeindebasis, aus
SNOWREG-Ergebnissen, 1970/71-1999/00)

Sensitivity of municipal winter overnight stays towards snow conditions in associated ski areas
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Vorführender
Präsentationsnotizen
Sensitivity of municipal winter overnight stays (December to March) towards overall (natural and artificial) snow conditions in associated ski areas.

A snow index was incorporated into a multiple regression model explaining municipal winter overnight stays. Such models were developed for 32 Styrian and 90 Tyrolean municipalities using monthly calibration data of 20 winter seasons (Styria) and 10 winter seasons (Tyrol), respectively, and snow data from the SNOWREG model. Holding all input variables except snow conditions constant – i.e. fixing them at their 2008/09 values – the parameter estimates from the empirically calibrated models were used along with snow scenario data to simulate municipal winter overnight stays in the reference (1970/71-1999/00) and the scenario period (2020/21-2049/50). 
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Vorführender
Präsentationsnotizen
Styria – potential climate change impacts on municipal winter overnight stays through changes in overall snow conditions (black error bars: range of climate realizations; grey error bars: additional uncertainty due to snow index choice). 

A snow index was incorporated into a multiple regression model explaining municipal winter overnight stays. Such models were developed for 32 Styrian and 90 Tyrolean municipalities using monthly calibration data of 20 winter seasons (Styria) and 10 winter seasons (Tyrol), respectively, and snow data from the SNOWREG model. Holding all input variables except snow conditions constant – i.e. fixing them at their 2008/09 values – the parameter estimates from the empirically calibrated models were used along with snow scenario data to simulate municipal winter overnight stays in the reference (1970/71-1999/00) and the scenario period (2020/21-2049/50).
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Vorführender
Präsentationsnotizen
Average density of seven indicators illustrating the spatial core-periphery structure of the study regions. Indicators:
 
Number of beds
Number of high quality hotels (4* and 5*) 
Number of holiday apartments 
Number of shops 
Number of cash machines 
Number restaurants 
Number of nightclubs


Korrelation Winternachtigungen auf
Gemeindeebene vs Transportkapazitat bei
wachsendem Umkreis der Skigebiete
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Vorführender
Präsentationsnotizen
Evolution of the rank correlation between municipal winter overnight stays and surrounding transport capacity (refined separate analysis of Styria and Tyrol).


Key findings % ,{ Qr

+ Bis 2050 erwarten wir eine Zunahme der Wintertemperaturen und —
niederschlage (ca. + 1.5 ° C und + 5% sind wahrscheinlich)

+ Die Dauer der Skisaison nimmt bis zu 3 Wochen ab, v.a. in H6hen um
2000 m, in grofRen Hohenlagen ist ein Kompensationseffekt moglich

+ Technische Beschneiung bleibt mdglich, wird aber weniger effizient,
die mdgliche Saisonlange geht um bis zu 3 Wochen zuruck

+ Technische Beschneiung wird wg. steigender Energiekosten teurer,
bleibt aber rentabel

+ In der Steiermark verlieren einige Skigebiete ihre ,,Schneesicherheit”,
in Tirol nur diejenigen in den ndrdl. Randlagen und im Zentrum
(Inntal)

Die relativen Einbussen sind am gro3ten im Nov., Marz und April

.|.

.|.

Gemeinden mit nahem, hochgelegenen Skigebiet und zentralen
Funktionen sind am wenigsten vom Klimawandel betroffen



Lessons learned

.|.

.|.

.|.

.|.

.|.

.|.

Konsortialprojekt: schwierig mit Budget (18 Monate, 4-6 Partner,
Fluktuation, Dissertationen)

Kopplung: zusatzlicher Aufwand, nicht zu unterschatzen
Task force: entscheidender Schritt zur Schnittstellenentwicklung

Inter- und transdisziplindres Arbeiten: zusatzliches Lernmoment tber
die sektorale Arbeit hinaus

Stakeholderprozess durch WV extern tUber ganze Projektlaufzeiten
Sehr interessante unterschiedliche Stakeholdererfahrungen!

Jetzt szenarienfahiges tool, geeignet zur Entwicklung von Kriterien
zur Bewertung von Anpassungsstrategien ...

Publikationen ... !



%+
) ..

Vielen Dank fur die Aufmerksamkeit!

WwWww.cc-snow.at
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