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3. Potential impacts of climate change: the global picture

3.1 What do we mean by Impacts
of Climate Change?

Climate change will obviously affect many

natural and human systems and activities. 

We know this from observations of effects of

year-to-year and longer-term changes in the past,

and indeed from differences between regions

with different average climates. However, the

impact of a given climate change on a particular

system or activity depends on its vulnerability

and adaptability. If the system or activity does

not adapt to the change, the impacts will be

larger. Adaptation may be automatic, or it may

be conscious and planned. Automatic

adaptation tends to occur in natural systems,

such as migration of fauna or flora to more

suitable environmental regions. Planned

adaptation tends to occur in human systems.

This might be as simple as delaying planting of a

crop until there is rainfall, or planting a smaller

area if a drought is feared. Or it may be more

complex, involving research, planning and

investment, for example in developing or

selecting a different cultivar or crop variety,

developing an irrigation system, or switching

from growing wheat to grazing cattle or even

developing a tourism industry.

Therefore, when we talk about climate change

impacts we need to be clear whether we are

talking about the direct effects without

adaptation, or the effects after some automatic

or planned adaptation. In agricultural impact

studies, most impact assessments in the 1980s

and early 1990s used the assumption of no

adaptation, and therefore may have over-

estimated the adverse impacts. On the other

hand, the same studies often ignored other

possibly adverse effects such as from extreme

events, insects or disease. Other, more recent

studies used the opposite assumption, that there

is perfect foresight or prescience and optimal

adaptation. However, perfect adaptation

depends on perfect anticipation of the climate

changes. As this is not possible, adaptation will

never be perfect. Moreover, even in the case of

perfect foresight, adaptation will have costs as

well as benefits, and these also should be 

taken into account – otherwise the prescient

assumption leads to an under-estimate 

of impacts. 

One of the aims of climate change science is 

to improve the accuracy and credibility of

projections of climate change and associated

impacts, in order to improve the ability to make

optimal adaptations.

The degree to which particular impact

assessments have taken adaptation and its costs

into account is often not clear, and future

adaptation will depend on future technological

and social developments which cannot be

perfectly predicted. So any estimates of realistic

impacts can only be approximate and provide

guidelines to what may occur and how it might

be optimised. Part of any scientific assessment 

of impacts must be to take into account likely

adaptations. This was attempted by the IPCC in

its Third Assessment Report (TAR), and is further

attempted here.
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3.2 IPCC Conclusions Regarding
Impacts and Their Costs

The IPCC assesses the published literature but

does not carry out new, targeted research, so 

it is inevitable that the TAR’s answer to the

question of effects and costs is only an

approximation. For the most part the IPCC has

only sample projections of impacts and costs 

for climate changes assumed to impact

instantaneously on society as it is now. 

These projections are uncertain because of poor

understanding of changes in extreme events,

adaptive capacity, the effects of the rate of

change, and changes in exposure and adaptive

capacity associated with different

socioeconomic and technological futures.

Moreover, many of the potential costs cannot 

be expressed in monetary amounts, despite the

understandable desire of economists to do so.

Even when attempts have been made to express

costs in economic terms, for example by

attaching a monetary value to human life, 

they have been subjectively value-laden 

and politically controversial.

Instead of attempting to express all costs in

monetary terms, the TAR summarised the effects

in terms of estimated ranges of warmings up 

to the year 2100 resulting from the range of

‘plausible’ greenhouse gas emissions according

to the SRES, and qualitative estimates of impacts

in terms of five major categories or ‘reasons for

concern’. These conclusions are summarised in

Figure 3.1, adapted from the Synthesis Report,

figure SPM-3.
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Figure 3.1. 
Projected global warming up to 2100 for the range of SRES scenarios (left), and a qualitative
representation of five major reasons for concern (right). The reasons for concern are discussed in
the text. Ranges of uncertainty of warmings at 2100 for individual SRES scenarios are shown in
the middle. Note that these indicate that, even with the uncertainties, the warming ranges for
different SRES scenarios can differ significantly by 2100. As indicated in the right hand columns,
these ranges of warmings lead to quite different degrees of risk (with darker shading in the
columns indicating more negative impacts), for each of the five reasons for concern.
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3. Potential impacts of climate change: the global picture

Although the estimated impacts in Figure 3.1

are expressed qualitatively at the global scale,

they are for the most part based on numerous

quantitative local examples for a range of

scenarios. The impacts clearly become more

severe in the global aggregate as warming

increases, and probably more severe with

greater rates of warming (although there are

fewer studies on this point). The five categories

are the result of synthesising many hundreds of

climate change impact studies. They are:

• Risks to unique and threatened systems:

Natural systems are vulnerable to climate

change, and more systems will be damaged

irreversibly as global warming increases.

• Risks from extreme climate events: Changes

in extreme events are likely to be a major

cause of impacts on ecosystems, crops, and

society. In recent decades these risks have

been demonstrated by a rise in damages from

such events. Irrespective of whether this rise

is due to changes in extremes or to changes

in exposure (such as increasing population

and investment in hazardous areas), the

recent increase in damages shows increasing

vulnerability (McCarthy et al., 2001, chapter

8; Changnon and Changnon, 1999;

Changnon et al., 2000; Pielke and 

Landsea, 1998). 

• Distribution of impacts: Numerous but

incomplete impacts studies lead to the broad

conclusion that adverse impacts are likely to

be greater and occur earlier in low-latitude

developing countries than in mid- and high-

latitude developed countries. As warming

increases with time even the more developed

countries will experience adverse effects, but

the poorer countries will remain more

seriously affected.

• Aggregate impacts: These are poorly

quantified and multiple measures are needed

because many impacts cannot be expressed

objectively in monetary terms. The consensus

is that net global market impacts may be

small (positive or negative, 1 or 2% of GDP)

at small global warmings (less than 2 or 3 °C),

but will become increasingly negative 

at greater warmings. Most people are

expected to be negatively affected even 

at small warmings.

• Risks from future large-scale discontinuities:

There is an unquantified potential for large-

scale and possibly irreversible changes in

Earth systems resulting in impacts at regional

and global scales. Table 3 summarises some

of these discontinuities, which are caused by

gradual changes in the climate system.

In regard to aggregate impacts, efforts have been

made to quantify impacts in terms of monetary

costs, and to weigh these costs against those of

mitigation (reducing greenhouse gas emissions)

in some sort of decision-making framework.

However, this runs into a number of difficulties,

including the large uncertainties about impacts

at particular levels of greenhouse gases, the

uncertainties about the efficiency and

acceptability of mitigation policies which might

lead to those levels, and the subjectiveness of

monetary costings for such things as human life,

health, or the loss of biological diversity or

cultural heritage. There is also the complication

that lags in the climate and social systems mean

that actions taken, or not taken, today may have

consequences many years, even centuries, into

the future (see section 2.1.5). This requires

decisions about how we treat future costs of

delayed impacts in relation to present costs of

mitigation. Such treatment usually involves the

controversial topic of discount rates (Portney 

and Weyant, 1999). These issues are discussed

in the TAR Working Group III report (Metz 

et al., 2001). 

Newell and Pizer (2001) argue that, as future

discount rates are uncertain, this uncertainty

should be included in any integrated cost-

benefit analysis, and that doing so leads to a

marked rise in the valuation of future costs from

climate change. Tol (2003) goes further and

argues that the possibility of major climate

disasters can make the discount rate go negative,

thus placing a large premium on taking

mitigation action now.
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The TAR’s estimated ranges of warming for

different scenarios, and qualitative estimates of

impacts for the five reasons for concern, are

shown in Figure 3.1. The objective of the

UNFCCC, in Article 2, is to avoid a

concentration of greenhouse gases that might

lead to “dangerous interference with the climate

system”. The TAR is far from providing a precise

quantitative estimate of what would cause such

interference. What we have is a qualitative

assessment of five reasons for concern. What 

is needed, given the uncertainties, is a more

quantitative multi-dimensional risk assessment.

Figure 3.1 at least hints at the dimensions of this

risk. IPCC assessments provide technical

information, however, the judgement of what

would constitute ‘dangerous interference’

essentially is a matter for decision by

governments.

3.3 Putting Impacts in a Risk
Assessment Framework for
Decision-Making 

Many everyday decisions are made on the basis

of a conscious or unconscious risk assessment,

where risk is defined in terms of the probability

of a particular climatic outcome multiplied by

the consequences of that outcome. As we have

seen in section 2.1.4, consequences will not

vary in direct proportion to the magnitude of

climate change, due to the possibility of abrupt

changes, physical, ecological and societal

thresholds for effects, and instabilities in

physical, ecological and social systems. 

Many examples of such thresholds and

instabilities are given later in this report.

Smoothly varying “cost functions” are thus 

gross simplifications of reality, even at the 

global aggregate level if the possibility of major

disasters are taken into account.

Decisions made at a global level ideally would

take account of the sum total of probabilities

and consequences for a myriad of local and

regional effects, which will fall unevenly

between locations depending on the existing

climate, geographical situations and

socioeconomic circumstances. Even decisions

made on the balance of risks at a national level

will involve many subjective judgements and

imponderables. They must weigh up the interests

of different segments of society that may be

impacted differently, of impacts incurred at

different times in the future, and of impacts that

cannot be readily costed in economic terms

such as loss of species, heritage or sustainability.

Moreover, impacts at the national level will be

conditioned by, and include effects of, impacts

elsewhere in the world. This may affect

economic growth, terms of trade, political

stability and conflict, the need for aid, and

population movements and pressures (some 

of these issues are discussed in sections 4.3.9

and 4.5.8).

Recent attempts to weigh up the risks and to try

to answer the question of what constitutes a

dangerous level of greenhouse gases, or even a

dangerous level of climate change, include the

Synthesis Report of the IPCC Third Assessment

(Watson and Core Writing Team, 2002). 

The Synthesis Report makes the important

general point that climate change decision

making is essentially a sequential process under

uncertainty. It is about determining what the best

course is for the near-term given the expected

long-term climate change and accompanying

uncertainties, and requires frequent revision as

new information comes to hand which alters the

level of uncertainty.

Put simply, risk management is about avoiding

unacceptable consequences. In the climate

change context there are two strategies or broad

categories of responses or action which might

be taken to avoid unacceptable consequences.

These are adaptation and mitigation. 

Adaptation is a strategy that reduces the adverse

consequences, and increases the positive

consequences, of any level of climate change.

Mitigation is a strategy that reduces the level of

climate change, or, given uncertainty, reduces

the probability of reaching a given level of
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climate change. Adaptation allows larger levels

of climate change to be acceptable, while

mitigation reduces the probability of exceeding

the adaptive capacity of the system. 

Given the inertia in the climate and

socioeconomic systems (see section 2.1.5), some

level of climate change is now inevitable. 

Also, given that even present climate variability

leads to adverse impacts (e.g., the impact of

major floods, droughts or tropical cyclones), a

level of adaptation is necessary to cope with 

any unavoidable level of global warming and

associated effects. Adaptation is thus a necessary

strategy for at least coping with the inevitable

climate changes. It is doubtful, however,

whether the adaptive capacity exists to cope

with large climate change. This will depend 

on the severity of the change, location and

socioeconomic circumstances. The strategy must

be to reduce the probability of reaching levels 

of climate change to which we cannot adapt. 

This is neatly summarised in Figure 3.2

developed by Jones (2003), and can be read

in conjunction with Figure 3.1 where the

consequences, in terms of the five major reasons

for concern identified by McCarthy et al. (2001),

are qualitatively displayed.
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Various attempts have been made to arrive at

estimates of what constitutes a ‘dangerous level

of greenhouse gases’, for example, see O’Neill

and Oppenheimer (2002) and Schneider (2001).

However, in view of the above discussion, these

must be seen as interim attempts, fraught with

uncertainty and, as is inevitable, to some extent

subjective in their judgements.

Moreover, the question of assigning probabilities

to future levels of greenhouse gases and degrees

of climate change is contentious, and how this

should be incorporated into decision-making is

still being debated (e.g., see New and Hulme,

2000; Gritsevski and Nakicenovic, 2000;

Schneider, 2001; Pittock et al., 2001; Katz,

2002; Heal and Kristrom, 2002; Tol, 2003). 

Titus and Narayanan (1996) and Vaughan and

Spouge (2002) have both used groups of experts

to arrive at estimated probabilities of major

contributions to global average sea level rise

from disintegration of the West Antarctic Ice

Shelf, and find non-negligible chances of effects

by 2100 (see discussion in section 2.1.4). 

Jones (2001) developed a risk assessment/

management framework for climate change

impacts that hinges on estimating the

probabilities of climate change in excess of key

threshold for impacts. With reference to 

Figure 3.2, this means estimating the cumulative

probability of global warming exceeding some

threshold amount in °C that would lead to

unacceptable outcomes. Estimating such

cumulative probabilities is less uncertain (i.e.,

more robust) than estimating the chance of a

particular scenario of change occurring. 

As discussed in section 2.1.4, large-scale

singular events or catastrophes may dominate

any long-term risk assessment due to the

possible existence of low-probability events of

very large impact. Tol (2003) even argues that

such events could result in negative economic

growth that would logically lead to negative

economic discount rates, meaning that costs

borne in the distant future would loom

increasingly larger than present costs in any

cost-benefit analysis.

3.4 Links to Issues of Equity,
Sustainability and Other
Environmental Problems

The TAR, and especially the Synthesis Report

(Watson and the Core Writing Team, 2001)

make the general point that climate change

impacts are part of the larger question of how

complex social, economic and environmental

subsystems interact and shape prospects for

sustainable development. Most subsystems that

will be affected by climate change are already

affected by other global changes and stresses, so

the effects are either additive or synergistic, and

often reach critical thresholds where apparent

effects suddenly become large and sometimes

unacceptable or catastrophic (see discussion in

section 2.1.4).

Some of these interconnections apply to

questions of inter-group, inter-regional, inter-

national or inter-generational equity

(Munasinghe, in Pachauri et al., 2000). Some

groups, regions, nations and generations may be

more at risk than others. This then involves

decision-makers in basing action either on self-

interest or on wider standards of equity and

justice. Moreover, the capacity to adapt is

strongly dependent on the economic and other

strengths of a given society, which vary from

country to country and generation to generation

(McCarthy et al., 2001, chapter 10).

Socioeconomic growth will impact on society’s

capacity to adapt, its vulnerability to impacts,

and its capacity to limit and/or reduce

greenhouse gas emissions. For example,

societies that become more dependent on

mono-cultural agriculture for survival may

expose themselves to adverse effects of

particular pests or diseases, or climatic factors

affecting key crops. Similarly, societies in which

population increase and economic growth is

concentrated in low-lying coastal zones,

particularly in cyclone-prone regions, are

becoming more vulnerable to sea level rise and

more intense cyclones. Thus, particular patterns

of societal development are important for
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impacts, adaptation and mitigation, and these

effects need to be anticipated in development

strategies and planning.

Sustainable development is a key issue in both

developing and developed countries. It is

defined in the IPCC Synthesis Report as

“Development that meets the needs of the

present without compromising the ability of

future generations to meet their own needs.”

This concept is closely related to that of inter-

generational equity, and requires that economic

development takes place in such a way as not to

lead to ‘dangerous interference in the climate

system’. The range of development pathways in

the SRES scenarios, which the SRES authors

regard as plausible, lead to a wide range of

greenhouse gas emissions scenarios, and thus 

to a wide range of possible future climates. 

The choice of development pathways, both in

developing and so-called developed countries,

is thus critical to future climate, as well 

as having other implications for future 

societies, including their capacity to adapt 

to climate change.

The links between issues can lead to mutual

benefits from action tackling one problem in a

way that also benefits another problem, but can

also lead to the possibility of actions that benefit

one problem but simultaneously impose

penalties in relation to another problem. 

An example is the possible use of farm or

plantation forestry to sequester carbon as a

climate change mitigation action. This may

simultaneously contribute positively to the

control of wind erosion by providing shelter, and

to reducing dryland salinity by lowering the water

table, but it may also adversely affect water

supply by increasing water demand and reducing

runoff as the young trees grow. Such co-benefits

and conflicts can be difficult to anticipate and to

resolve, and thus require a holistic approach

that integrates action on climate change with

action on other issues. These good or bad side

effects also complicate any cost-benefit analysis

(Metz et al., 2001, chapter 1; Watson and the

Core Writing Team, 2001, question 8).

3.5 Impacts of Stabilisation of
Concentrations of Greenhouse
Gases at Various Levels

At the time the IPCC TAR went to press there

was, apart from some preliminary studies with

the global integrated model IMAGE (Alcamo et

al., 1998), no refereed study in the literature that

had looked at the projected impacts of long-

term stabilisation of greenhouse gas

concentrations in the atmosphere. There was,

however, a UK study that has now been

published (Arnell et al., 2002).

This study reported on an assessment of the

global scale implications of the stabilisation of

atmospheric carbon dioxide at 750 ppm (by

2250), and 550 ppm (by 2150), relative to a

scenario of unmitigated climate change.

Simulated climate changes, obtained using the

UK HadCM2 climate model, were derived for

the IPCC IS92a, S750 and S550 scenarios

(stabilisation of carbon dioxide concentrations at

750 and 550 ppm respectively). The S750 and

S550 scenarios differ from the WRE stabilisation

scenarios (Wigley et al. 1996) in their timing,

and none of the scenarios used included aerosol

forcing. The resulting climate projections were

applied in single impact models for each of six

sectors, namely natural vegetation, water

resources, coastal flood risk, wetland loss, crop

yield and related food security, and malaria. 

The studies used a single set of population and

socioeconomic scenarios for the future, similar

to that adopted in the IS92a emissions scenario.

IPCC authors felt unable to place much

emphasis on these results, despite their 

great interest, because at the time they were

unrefereed, and came from only a single climate

model and a single set of impacts models. 

A further source of concern was that

precipitation changes associated with each of

the stabilisation scenarios, obtained using thirty-

year means, were only statistically significant at

some locations and seasons (Mitchell et al.,

2000). This raised doubts as to how well the

precipitation changes were determined in the

79



80
Climate Change: An Australian Guide to the Science and Potential Impacts

assessment, and thus as to the quantitative

reliability of estimated impacts dependent on

precipitation changes. This was critical to the

assessments of changes in water resources, crop

yields, and possibly also for malaria.

Arnell et al. (2002) found that the S750 scenario

delayed the temperature increase by 2050 in the

IS92a scenario by 50 years. The loss of tropical

forest and grassland, which occurred in the

IS92a projection, was delayed until the 22nd

century, and the projected switch of the

biosphere from a carbon sink to a carbon 

source was delayed from the 2050s to the

2170s. Coastal wetland loss was slowed, and

major impacts on water resources, and

population at risk of hunger or malaria were

delayed until the 2080s.

In the S550 scenario, Arnell et al. (2002) report

no substantial loss of tropical forest or grassland,

even by the 2230s, and the biosphere reached a

new equilibrium with the atmosphere regarding

carbon storage by around 2170. Coastal wetland

loss was slowed considerably, and coastal

flooding risk was greatly reduced relative to the

IS92a scenario. Water resource stress was much

less than under the unmitigated scenario.

Reported projections of effects on malaria and

food production have regional anomalies which

are attributed largely to rainfall effects, and in

the case of food to the competing effects of

increasing carbon dioxide, temperature and

rainfall. Indeed, Arnell et al. (2002) list several

caveats on their projections, including the use 

of a single climate model and a single set of

impacts models. They also note that the

projected rainfall changes are difficult to

distinguish from ‘natural climate variability’ in

the simulations. This is because too few climate

simulations were done with the two stabilisation

scenarios to obtain adequate statistics on

rainfall, which is highly variable. They also point

to the need to consider changes in future

population and socioeconomic conditions.

Despite these caveats, Arnell et al. (2002)

conclude that, in general, mitigation as under

the stabilisation scenarios delays or completely

avoids some adverse impacts, but even

stabilisation at 550 ppm of carbon dioxide

involves some adverse impacts, so that

adaptation to the projected changes will 

still be necessary.

It is significant that stabilisation of carbon

dioxide concentrations takes place as late as

2170 in the S550 scenario, and at 2230 in the

S750 scenario. This lies outside the time frame

of up to 2100 considered by the IPCC before 

the TAR. The UNFCCC objective requires

consideration of impacts at stabilisation so

impact assessments are necessary on a multi-

century timescale. Moreover, stabilisation of

greenhouse gas concentrations does not lead 

to short-term stabilisation of climate: global

average temperatures continue to warm, albeit

more slowly, for centuries beyond the time of

stabilisation of concentrations, and sea level

continues to rise, almost unabated, for many

centuries. Moreover, in certain regions, notably

the southern mid-latitudes, climate changes will

continue to evolve as the Southern Ocean

continues to warm following its large time lag

behind the change in the surface radiation

balance. This changes the north-south

temperature gradients in the Southern

Hemisphere, with complex effects on 

local climates.

Meeting the formal requirements of the

UNFCCC thus requires assessments that take

account of effects well beyond 2100. This is 

also necessary to take account of issues of 

inter-generational equity and sustainability

(Munasinghe, in Pachauri et al., 2000).

Moreover, with the possibility of large-scale

discontinuities in the climate system, as

discussed above, these longer-term effects may

be very large and could even dominate the

overall climate change risk equation. 
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High priority is therefore necessary for

assessments of scenarios involving large climate

changes, and at time scales well beyond 2100.

How we are 

to deal with the complex issue of changes in

socioeconomic conditions on these long time

scales, which will determine vulnerability,

adaptive capacity, and technological

capabilities, is a thorny question, as is the

related question of what discount rate to apply

in discussions of inter-generational equity on

multi-century timescales (Metz et al., 2001,

section 7.2.5).
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