
Limits to Adaptation

Limits to 
adaptation

Introduction 
Adaptation is essential to address climate change 
impacts. However, the capacity of natural and human 
systems to adapt is limited, either by the severity of 
the climatic perturbation, or by vulnerabilities in the 
system.  This is one of six regional case studies of the 
limits to adaptation that explore the underlying causes 
and potential to transcend these limits. 

Context
The snow-covered mountains of the Australian alps are 
nationally and internationally important due to their 
conservation significance, ecosystem services and economic 
value. They extend over 500 km between Sydney and 
Melbourne in southeastern Australia and occupy 25,000 
km2 or 0.3% of the country. Within the Australian Alps are 
11 national parks/reserves that extend across most of the 
bioregion. These are popular tourism destinations particularly 
in the summer. There are 10 ski resorts in or adjacent to the 
protected areas with winter visits worth AU$906 million 
in 2005. There are also population centers dependent to a 
large extent on jobs and incomes generated from tourism. 
Agriculture and other productive industries surrounding the 
Australian alps are dependent on water from the mountains, 
including for irrigation. Much of southeastern Australia 
depends  on the Australian alps for its water resources and 
hydroelectric power.

Current stresses 
Current stressors on the natural values of the region include 
fire, grazing by feral animals and livestock, weeds and 
impacts from tourism.  

Stressors for the tourism industry include factors which 
affect their competitiveness, including their remoteness 
from large centres of population, and the relative costliness 
of skiing holidays in Australia compared to many overseas 
competitors.  There is competition among Australian ski 
resorts, from ski resorts overseas and from other types of 
tourism destinations within Australia.

At the local government scale, general stressors include 
changes in local land use and demographic changes in local 
communities.  

Future climate 
Predicted increases in temperature and decreasing 
precipitation due to climate change will result in dramatic 
changes in the region, with snow cover already declining 
by approximately 30% since 1954. Under the worst case 
scenario, by 2020 there will be a +1oC temperature increase 

combined with -8.3% precipitation resulting in a 60% 
reduction in the area receiving 60 days or more of snow. By 
2050 the worst case scenario is for a +2.9oC temperature 
rise combined with -24% precipitation resulting in a 96% 
reduction in snow cover.

In addition to these direct changes, there are associated 
secondary biophysical effects including more cloud free 
days, lower humidity and increased total solar radiation. 
More variable and extreme climatic regimes and erratic 
weather events such as high intensity rain storms can also 
be expected. Warmer temperatures are expected to lead to 
increasing frequency and intensity of bushfires. 

Impacts of future climate change 
The Australian alps benefit from relatively long term data 
on climate and detailed modelling of climate change 
compared with many other locations in Australia. As a 
result there is reasonably detailed research and modelling 
of climate change impacts on the biota, water supplies and 
winter tourism. Because of the close relationship between 
temperature, precipitation and natural snow cover there 
is general acceptance by researchers, parks agencies, local 
government, the tourism industry and tourists that climate 
change is affecting, and will continue to affect the region.

Published research for the region has identified a range 
of direct and indirect impacts, the majority of which are 
ecological/physical (70%) and economic impacts (10%). 
The most common impacts identified are the loss of snow 
cover, loss of endemic species and communities, increases in 
invasive species, increases in the intensity and frequency of 
fires and decreased winter visitors. Of these, the loss of snow 
cover, together with the follow-on effects, and the loss of 
endemic species and communities were considered to be the 
most significant.
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‘While snow-making is the primary climate change 
adaptation response by the ski tourism industry, it will 
not be economically or physically viable, or socially 
acceptable, in the future.’

When 16 stakeholders in the region, drawn from parks 
agencies, local government and researchers, were 
surveyed, identified impacts were similar to those from 
published research, i.e., mostly ecological/physical (70%) 
and economic impacts (18%). The most common were the 
loss of snow, the loss of endemic species and communities, 
increased frequency and intensity of fires, and decreased 
water availability. The biggest impacts of climate change, 
as identified by the stakeholders, were the loss of snow, 
together with the follow-on effects, and increases in fire 
frequency and intensity.

Adaptation: options and barriers
Stakeholders in the region are fairly advanced in planning 
and utilising a range of climate change adaptation strategies 
as well as acknowledging a wide range of biophysical, 
economic and social limits to those strategies. Ecological 
and physical adaptation strategies revolve around increasing 
the resilience of the region by controlling/limiting invasive 
species, rehabilitating disturbed sites, restoring endemic 
communities and connectivity, establishing assurance 
populations (off-site conservation of endangered species) 
for threatened animals and plants, reducing soil erosion and 
suppressing/controlling fires. Technical/physical strategies 
included increasing snow cover from activities including 
snow making and super grooming. Economic strategies 
included diversifying tourism in winter and summer and 
increased real estate sales. 

Biophysical, economic, ecological and social limits on many 
of these strategies mean that major impacts of climate 
change will still occur. Thus, while snow making is the 
primary climate change adaptation response by the ski 
tourism industry, it will not be economically or physically 
viable, or socially acceptable, in the future. Current threats to 
ecosystems are still likely to impact on the region in future 
despite adaptation strategies. For example, management 
strategies for feral animals and plants have only slowed the 
spread of some species under current conditions, and so 
are unlikely to adequately deal with increased threats from 
weeds and feral animals under climate change.

Policy implications: limits to adaptation
Social, governance and knowledge issues play an important 
but largely under-recognised role in limiting climate change 
adaptation in the Australian alps. Given that these limits are 
fairly flexible or dynamic in nature compared to ecological 
limits, which are currently the most recognised threshold, 
there is great potential for them to play a very significant role 
both positive and negative in the future. 

Greater recognition of the national importance of the alps 
as a catchment by stakeholders in the region is critical 
considering the importance of water from the alps for 
Australia’s economy. This is an important social limit that 
was not recognised by many stakeholders who were more 
focussed on local or regional limits.

While several conflicts have arisen and/or are likely to arise 
among stakeholders in relation to the flow-on effects of 
various adaptation strategies such as snow making, there is 
also a great potential for collaboration in relation to other 
strategies such as managing fire, weeds and feral animals in 
the region. 

This document summarises key findings from the NCCARF report  
‘Climate change adaptation in the Australian alps: impacts, strategies, 
limits and management’ by Clare Morrison and Catherine Pickering.   
Download the report at www.nccarf.edu.au 
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