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1. Maladaptation

Some degree of climate change is now inevitable, and so
therefore is the need for responses to avoid its likely impacts. Yet
adaptation to climate change is no easy matter: decisions may fail
to meet their objectives, and they may even increase vulnerability.
This problem of increasing risks from adaptation is often termed
‘maladaptation’. We define and explain five key dimensions of
maladaptation, which we then ground with reference to the
example of responses to water stress in Melbourne. The five types
of maladaptation can be used as criteria for evaluating decisions
about adaptation.

1.1. The evolution of ‘maladaptation’

Attempts to define and find measures of successful adaptation
imply that adaptation can be unsuccessful (Adger et al., 2005;
Doria et al., 2009). Indeed, as Adger et al. (2005) argue, given the
spatial and temporal complexity of climate change problems and
responses, it is likely that actions that are judged by one group to
be successful adaptations will be judged by groups in other places
and times as being unsuccessful. Yet unsuccessful adaptation need
not mean that adaptation has significantly increased vulnerabili-
ty—it may simply mean an action did not work. There is, however,
the possibility that adaptation actions do positively increase the
vulnerability of other groups and sectors in the future. Such
outcomes have been referred to as ‘maladptations’.

The earliest uses of the term maladaptation in the context of
climate change include Smit (1993) and Burton (1997). Burton
(1997) describes how policies and practices can be maladaptive if
they increase vulnerability. Scheraga and Grambsch (1998)
describe maladaptation as a situation where the negative impacts
caused by adaptation decisions are as serious as the climate impact
being avoided. The IPCC Fourth Assessment Report did not define
maladaptation, although the earlier Third Assessment report did,
defining it as ‘an adaptation that does not succeed in reducing
vulnerability but increases it instead’ (IPCC, 2001, p. 990). The
UNFCCC does not define maladaptation.

Descriptions of maladaptation are often accompanied by brief
case studies that span a range geographical and temporal scales;
ranging from the Sahel (Heyd and Brooks, 2009), to historical Norse
settlements (Dugmore et al., 2009). They also cover a range of
sectors, including agriculture, infrastructure, water management,
and health (Reilly and Schimmelpfennig, 2000; Scheraga and
Grambsch, 1998). Few of these examples describe in any detail
how maladaptative practices arise.

Agrawal and Perrin (2009) caution that at present there prevails
a simplistic view of maladaptation, which can lead to a false
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classification of actions as maladaptive. They give the example of
the frequent classification of pastoralists’ migration in response to
drought as maladaptive, whereas detailed studies of these
responses show that they are time honoured, rational, and routine
responses to sustain livelihoods.

1.2. Definition and dimensions

Synthesising and extending insights from these previous
definitions and studies, we define maladaptation as:

action taken ostensibly to avoid or reduce vulnerability to climate

change that impacts adversely on, or increases the vulnerability of

other systems, sectors or social groups

There are at least five distinct types or pathways through which
maladaptation arises; namely actions that, relative to alternatives:
increase emissions of greenhouse gases, disproportionately burden
the most vulnerable, have high opportunity costs, reduce
incentives to adapt, and set paths that limit the choices available
to future generations. In order to show how these are manifest in
practice, we explain these with reference to decisions to
(mal)adapt to water stress in Melbourne.

1.3. Water management in Melbourne

Melbourne, the capital city of the State of Victoria, Australia, has
experienced annual rainfall below the long-term average every
year since October 1996. Since March 2008 the average level of
storage in the city’s reservoirs has been below 30% (Bureau of
Meteorology, 2009). This situation is likely to become more acute
under climate change, with streamflow and runoff both projected
to decrease substantially (IPCC, 2007).

In 2007 the Premier declared that the State had a water crisis,
recognising ‘that climate change and record low rainfall
demands a dramatic new approach to how we plan for Victoria’s
water needs’. He announced plans for two schemes: the
Wonthaggi desalinisation plant with a maximum capacity of
150 GL/annum; and the Sugarloaf Pipeline Project to transport
an additional 75GL/annum from the associated Northern
Victoria Irrigation Renewal Project to Melbourne (Office of the
Premier, 2007).

2. Five types of maladaptation

We define five types of maladaptation to climate change, and
explain these with reference to the responses to water stress in
Melbourne.
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2.1. Increasing emissions of greenhouse gases

This first type of maladaptation is well known, with the most
oft-cited example being the increased use of energy-intensive
airconditioners in response to the health impacts of heat-waves
(Kovats et al., 2006). The problem with energy-intensive adapta-
tion actions is that while they may address current needs, they
create a positive feedback by increasing emissions of greenhouse
gases, thereby increasing the likelihood that further adaptation to
climate change will be required in the future. In the Melbourne
water case, both the desalinisation and cross-basin water transfer
scheme projects will consume large amounts of energy. The
Wonthaggi Desalination Plant will lead to the emission of over a
million tonnes of CO2 equivalent gases, and its operation will
produce over 900,000 tonnes of CO2 equivalent gases each year
(Mitchell et al., 2008). Proponents argue that the desalinisation
plant will be carbon neutral because additional renewable energy
capacity equivalent to the plant’s energy demand will be added.
This extra capacity will be equal to between 70 and 90% of existing
renewable energy capacity, which could be used to reduce existing
emissions if there were alternatives to the desalinisation plant.

2.2. Disproportionately burdening the most vulnerable

Adaptation actions are maladaptive if, in meeting the needs of
one sector or group, they increase the vulnerability of those most at
risk, such as minority groups or low-income households. For
example, the Wonthaggi desalinisation plant will be located on
thirteen sites significant to the Bunurong Aboriginal community,
who vehemently oppose the development. Both it and the
Sugarloaf pipeline project will impact disproportionally on poorer
households in the form of higher water costs. The combined cost of
both projects will be at least AU$4.25 billion, with the costs to be
recovered through an estimated 11% annual increase in the cost of
water delivered to users over the period 2009–2013 (Melbourne
Water, 2009). These costs will impact disproportionately on poorer
households, who pay a higher share of their incomes on water and
power, and who do not have the same opportunities to reduce
water use that wealthier households have for reasons of income
and land tenure (Lee, 2007).

2.3. High opportunity costs

Approaches may be maladaptive if their economic, social, or
environmental costs are high relative to alternatives. Both the
Wonthaggi desalinisation plant and the Sugarloaf pipeline will
have high social costs (described above), and environmental costs,
for example the Sugarloaf Pipeline Project will lead to reduced
flows in the already critically stressed Murray River (Davidson,
2009), and the desalinisation plant will adversely affect the local
benthic marine environment (Mitchell et al., 2008).

A range of recent studies suggests that a combination of
strategies can deliver large volumes of water and reduce demand
at lower cost than the desalinisation and pipeline projects. Two of
the most significant strategies are pumping wastewater treated to
the highest standards in treatment plants into reservoirs, which
would supply 42% more water than the desalinisation and pipeline
projects combined at 60% of the cost (DSE, 2003); and increased
use of rainwater tanks to supply water for gardens and toilets,
which when installed in houses with large roof collection areas
delivers water for less capital and operating costs than the planned
alternatives (MJA, 2007). These, in combination with other policy
measures, seem likely to be able to solve Melbourne’s water
problems for less money, and fewer environmental and social costs
than the planned pipeline and desalinisation projects (Common-
wealth of Australia, 2002; DSE, 2003).
2.4. Reduce incentive to adapt

If adaptation actions reduce incentives to adapt, for example by
encouraging unnecessary dependence on others, stimulating rent-
seeking behaviour, or penalising early actors, then such actions are
maladaptive. Many households in Melbourne have taken action to
adjust to water scarcity: some have invested in simple technolo-
gies and practices to recycle grey water and to capture rainfall, and
many have changed their behaviours, for example by taking
shorter showers, or by replacing non-indigenous plant species
with natives better acclimatised to long dry periods. This suggests
that there has been a distinct change in the social norms around
water use—away from an excessive ‘consumption’ norm, to one
focussed on responsible water conservation.

These changes have been achieved with simple and cheap
policy instruments such as rebates on the purchase of rainwater
water tanks and public education. The potential further effective-
ness of such instruments, which encourages millions of water
users to take responsibility for action, saves water users money,
and creates powerful new norms, will be undermined by the
desalinisation and pipeline projects, which transfer responsibility
for responses to government, and will stifle the water conservation
norm.

2.5. Path dependency

A major issue with large infrastructural developments is the
way they commit capital and institutions to trajectories that are
difficult to change in the future. Whilst in the past large
infrastructure projects may have had some success, in the future
such path dependent responses may lead to decreased flexibility to
respond to unforeseen changes in climatic, environmental,
economic and social conditions. In other words, expensive
engineering responses such as are being implemented in
Melbourne reduce the portfolio of adaptation options in the
future. Of note here is the US$34 million desalinisation plant built
in Santa Barbara in 1990, which has never been used due to ample
rainfall since its construction. It is still maintained ostensibly as an
‘insurance policy’ (City of Santa Barbara, 2009), but more likely
because it is a sunk cost.

3. Conclusions

Adaptation strategies may increase the vulnerability of other
systems, sectors, or groups if they increase emissions of
greenhouse gases, disproportionately burden the most vulnerable,
have high opportunity costs, reduce incentives to adapt, or set
paths that limit the choices available to future generations. These
five pathways to maladaptation offer a basis by which adaptation
decisions can be screened for their possible adverse effects. Each
implies a question and a line of investigation that diligent policy
makers could ask and seek answers to before committing resources
to adaptation decisions.

The desalinisation and pipeline projects that Melbourne has
committed to in response to water stress exhibit all five types of
maladaptation. These projects might have been avoided were the
five criteria for identifying maladaptations applied. A key lesson
from this case is that maladaptation is likely given the time lag
between changes in climate and changes in institutions.

Acknowledgments

Thanks to Steve Dovers, Anna Hurlimann and Chris Walsh for
thought-provoking discussions on this topic. Research for this
paper was supported by the National Climate Change Adaptation
Research Facility, and Australian Research Council Discovery



Editorial / Global Environmental Change 20 (2010) 211–213 213
Project DP0556977. The views expressed here remain the
responsibility of the authors.

References

Adger, W.N., Arnett, N., Tompkins, E., 2005. Successful adaptation to climate change
across scales. Global Environmental Change 15, 77–86.

Agrawal, A., Perrin, N., 2009. Climate adaptation, local institutions and rural
livelihoods. In: Adger, W.N., Lorenzoni, I., O’Brien, K.L. (Eds.), Adapting to
Climate Change: Thresholds, Values, Governance. Cambridge University Press,
Cambridge.

Bureau of Meteorology, 2009. Weather Station Data. (viewed August 24, 2009)http:
//www.bom.gov.au/climate/data/weather-data.shtml.

Burton, I., 1997. Vulnerability and adaptive response in the context of climate and
climate change. Climatic Change 36, 185–196.

City of Santa Barbara, 2009. City of Santa Barbara Water FAQ: Desalinisation.
(viewed August 27, 2009)http://www.santabarbaraca.gov/Government/
Departments/PW/FAQ.htm#Desalination.

Commonwealth of Australia, 2002. The value of water: inquiry into Australia’s
management of urban water. In: Report of the Senate Environment, Commu-
nications, Information Technology and the Arts References Committee, The
Parliament of the Commonwealth of Australia, Canberra.

Davidson, K., 2009. Water policy delivers scary possibilities. The Age, Thursday June
25, p. 17.

DSE (Department of Sustainability and Environment), 2003. Water Recycling Sce-
narios for Melbourne. Green Paper Technical Paper No. 1. DSE, Melbourne.

Doria, M., Boyd, E., Tompkins, E., Adger, W.N., 2009. Using expert elicitation to
define successful adaptation to climate change. Environmental Science and
Policy 12, 810–819.

Dugmore, A.J., Keller, C., et al., 2009. Norse Greenland settlement and limits to
adaptation. In: Adger, W.N., Lorenzoni, I., O’Brien, K.L. (Eds.), Adapting to
Climate Change: Thresholds, Values, Governance. Cambridge University Press,
Cambridge.

Heyd, T., Brooks, N., 2009. Exploring cultural dimensions of adaptation to climate
change. In: Adger, W.N., Lorenzoni, I., O’Brien, K.L. (Eds.), Adapting to Climate
Change: Thresholds, Values, Governance. Cambridge University Press, Cam-
bridge.

IPCC, 2001. Climate change 2001: impacts, adaptation, and vulnerability. In:
McCarthy, D., Canziani, O.F., Leary, N.A., Dokken, D.J., White, K.S. (Eds.),
Contribution of Working Group II to the Third Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge.
IPCC, 2007. Impacts, adaptation and vulnerability. In: Parry, M., Canziani, O.F.,
Palutikof, J.P., van der Linden, P.J.,Handson, C.E. (Eds.), Contribution of Working
Group II to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge, UK, p. 976.

Kovats, S., Jendritzky, G., Hajat, S., Havenith, G., Koppe, C., Nicol, F., Paldy, A., Wolf, T.,
2006. In: Menne, B., Dordrecht, E.K. (Eds.), Heat-waves and Human Health.
Global Change and Health. Springer.

Lee, J., 2007. Climate Change and Equity in Victoria: Social Impacts of Climate
Change on Low-income Earners. Friends of the Earth, Melbourne.

Melbourne Water, 2009. Water Plan. (viewed August 26, 2009)http://www.esc.
vic.gov.au/NR/rdonlyres/EF41E3B7-14A1-4D6D-8452-29D3B6BDF1C8/0/
MW_WaterPlan_Chapters115_20081105.pdf.

Mitchell, K., Wimbush, N., Harty, C., Lampy, G., Sharpley, G., 2008. Victorian
Desalination Project Environment Effects Statement Report of the Inquiry to
the Minister for Planning. (viewed July 03, 2009)http://www.dpi.vic.gov.au.

MJA (Marsden Jacob Associates), 2007. The economics of rainwater tanks and
alternative water supply options. In: Prepared for the Australian Conservation
Foundation, Nature Conservation Council (NSW) and Environment Victoria,
MJA, Melbourne.

Office of the Premier, 2007. Media Release: Desalination And Pipelines To Secure
Water Supplies. Department of Premier and Cabinet, Tuesday June 19 (viewed
August 24, 2009)http://www.dpc.vic.gov.au.

Reilly, J., Schimmelpfennig, D., 2000. Irreversibility, uncertainty, and learning: por-
traits of adaptation to long-term climate change. Climatic Change 45, 253–278.

Scheraga, J.D., Grambsch, A.E., 1998. Risks, opportunities, and adaptation to climate
change. Climate Research 11, 85–95.

Smit, B. (Ed.), 1993. Adaptation to Climatic Variability and Change: Report of the
Task Force on Climate Adaptation. Canadian Climate Program. University of
Guelph, Ontario.

Jon Barnett*, Saffron O’Neill
Department of Resource Management and Geography,

The University of Melbourne, Victoria 3010, Australia

*Corresponding author at: Department of Resource Management
and Geography, The University of Melbourne, Victoria 3010,

Australia. Tel.: +61 3 8344 0819; fax: +61 3 9349 4218
E-mail address: jbarn@unimelb.edu.au

15 October 2009

http://www.bom.gov.au/climate/data/weather-data.shtml
http://www.bom.gov.au/climate/data/weather-data.shtml
http://www.santabarbaraca.gov/Government/Departments/PW/FAQ.htm
http://www.santabarbaraca.gov/Government/Departments/PW/FAQ.htm
http://www.esc.vic.gov.au/NR/rdonlyres/EF41E3B7-14A1-4D6D-8452-29D3B6BDF1C8/0/MW_WaterPlan_Chapters115_20081105.pdf
http://www.esc.vic.gov.au/NR/rdonlyres/EF41E3B7-14A1-4D6D-8452-29D3B6BDF1C8/0/MW_WaterPlan_Chapters115_20081105.pdf
http://www.esc.vic.gov.au/NR/rdonlyres/EF41E3B7-14A1-4D6D-8452-29D3B6BDF1C8/0/MW_WaterPlan_Chapters115_20081105.pdf
http://www.dpi.vic.gov.au/
http://www.dpc.vic.gov.au/
mailto:jbarn@unimelb.edu.au

