
Mountain Tourism, Water & Climate Change
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Cities > 1 Million People at Elevation above 2000 m

Population Million Elevation  m

Urbanization in Mountains

La Paz Mont Blanc

Estimated Permanent Urban Residents in Mountains
400 Million at > 1500m , 140Million at > 2500 m 

Estimated Number of Visitors to The Mountains (Accommodations)
330 million Ski Visitors > 1500 m  Number of Resorts > 6000



Global Tourism

2019 = 1.5 Billion Arrivals
(17% of Global Population)
Projected 2020 = ??????
Projected 2030 = 1.8 Billion

Direct  Expenditures = $ 1.5 Trillion

Data Source World Tourism Org. (UNWTO)
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Growth in Global Tourist Arrivals 
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Tourist Numbers and Destinations
In 2018 France & Spain had more Tourist 
Arrivals than the Number of People Living in 
their Countries
Italy had the same number of Tourist Arrivals 
as the Italian Population







European Alps

60-80 Million Visitors/Year

➢660 Major Resorts

The Importance of the 
European Alps for Tourism
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The importance of the European Alps in Mountain 
Tourism in 2017

Americas Asia-Pacific

European Alps Rest of Europe & C-Asia

Chamonix, France The Importance of 

the European Alps

in Mountain Tourism



Mountain Landscape Changes by Tourism

Urbanizing Mountains Snow Farming

Hans Schreier. MLWS-LFS, Univ. of B.C.



Economic Issues for Mountain Resorts
Requirements : 100-120 Days of Secure Skiing (Open at Christmas)

Viable Summer Tourism (Diversity of Activities)

Access, Scenery, Culture

Summer Activities Winter Activities

Hiking & Mt.Climbing
Mt. Biking, Swimming
Paragliding
Sightseeing, Golf

Skiing (Various Types)
Snowboarding
Ice Skating
Sledding

Conferences,Concerts, Festivals
Spas, Wellness, Health
Shopping, Culture, Entertainment

History of Alpine Tourism
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To be Economically Successful Mountain Resorts need 

Both Summer & Winter Tourism

To accommodate all these people we
are Urbanizing the Mountain Resorts



Protection for too much Snow

Protection for too little Snow
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2018 Number of Rail Passenger
To the Top of the Alps
Jungfraujoch – Aletsch Glacier
3350 m Elevation

1.07 Million in 2018

Railway



There are very few 
high elevation climate 
station with long term 
records

There is now enough 
information available 
to show that high 
mountains areas are 
warming up faster 
than many lowland 
stations.
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Mean Annual Temperature Increases in 
Santis Mt. Switzerland at 2500 M 

Increase = 2.5 o C over 120 Years
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Average Monthly Snow Accumulation by 
Decade in Golden, B.C. 1950-2019
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Promise of Snow Security







Constructed 

Water Storage 

for Snow-

Making in the 

Italian Alps



Snow Fences

Snow Making

Snow Farming

Make Snow in Winter

Preserve it over Summer

Cover it with Sawdust or Plastic

Provide Snow Base for Christmas



Additives for Snow Making:  

Ammonium nitrate, 

KCl improves quality, hardens snow

CO2 or liquid N,  Ag (LC50), 

Keolinite (enhances crystal formation)

Bacteria  Pseudomonas syrugal

(protein that catalyses ice formation) 

Water Sources In Switzerland:

For snow making: 

34% Rivers, 30% drinking water, 

21% Springs, 15% Lakes

Snow Preservation over Summer
Courchevel France
20000 m3 of Snow

Covered with Insolating Plastic 
Davos, Switzerland
20000 m3 of Snow 

Covered with 40 cm Sawdust
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Discharge at Elk Creek near Fernie 
Mean Monthly Discharge 1925-2006

Mean Max Min

Problems when Using River Water for Snow Making

Water Requirement
Timing for Snow Making

October- November

When Stream Discharges

are very Low

Impacts on 

Environmental Services 





Protection Infrastructures



Before

After

Brienz, Switzerland
Major Debris Flow in 2009







Case Study: Whistler Resorts, B.C. Canada
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Visitors in Whistler, B.C. 2008/9-2017/18

Winter
Olympics

In 2018
35000

Residents

3.5 Million
Visitors

Whistler at a Glance:

150 Hotels (30000 Beds/Days)
Other Accommodations 10000 Beds
200 Restaurants & Bars
200 Shops

37 Ski Lifts & Gondolas
Lift Capacity 70000 People/ Hour

200 Ski Runs  (50 km)
1600 m Vertical Drop
36 Snow Making Guns

4 Golf Courses (23500 Golf Rounds)
250 km of Mt. Biking Trails

Winter Visitors   45%
Summer Visitors 55% 

Ratio
1:100
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2020

Green Initiatives are Essential to Attract Tourists in Many Mountain Resorts
Whistler in Canada Hosted the 2010 Winter Olympics 
Before the Olympics Whistler Set Environmental Targets to be Reached 2020 : 

Reduction in Water & Energy Consumption
Reduction in Landfill Deposition

Reductions in Total CO2 (equ.) Emissions
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New Experiment in Whistler

4 Snow Guns to make 

Snow on Glacier in Winter

Trying to Compensate for 

Glacial Melt in the Summer

Question: Economic Viability

Glacier in the Headwaters of Whistler



Summer Tourism in Mountains







Wet v. Dry vs. Normal Year Irrigation Water Demand 

for Golf Courses (m3/ha/y)
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Average Golf Course Water Use
In the Okanagan Watershed

9700 m3/ha (20-40% over irrigated)-
Difference:  Wet & Dry Years: 29%-38% 

Average Water Use for Crops: 6100 m3/ha





Around 30000 people attempt the Peak/Year
Average  400/day
Around 60% get sick & fail to reach the peak
Around  100 rescues/year by Helicopter
500 kg/Week of Trash removed by Helicopter

1-16 death/year 

More Dangerous Climb due to Climate 

Warming Glacial Melt & Permafrost

In 2018 Set Limits of 214/Day 

because of Overcrowding

Mount Blanc 

Highest Peak 

in the Alps

Elevation 4810 m
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Number of Casulties on Mt. Everest 1953-2019

History of Mt. Everest First Successful Summit: 1953 Hillary/Tensing
Successful Climbs  1953-2019 10050 People
Attempted Climbs  1953-2019 23917 People
Casualties                   1953-2019   291  People
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North Face

Thank you!


