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The Climate Change Legislation Team asked ClimateXChange to produce a brief report on the latest scientific
evidence about how the variability and predictability of the future climate in Scotland will change as a result of
climate change.

First, this brief addresses climate variability, which can be separated into two forms:

a) “Internal” natural variability, which occurs due to the huge number of complex interactions within and between
the atmosphere and oceans; and

b) “external” variability, associated with the impact of external forces on the climate system, such as human-
induced greenhouse gas emissions; changes in the sun’s output; and volcanic eruptions.

Second, this review summarises our current understanding of the predictability of the future climate of Scotland.

e The latest scientific evidence suggests that the “internal” natural variability of certain ocean climate systems
may increase over the first half of this century, but there is significant uncertainty about our ability to predict
the behaviour of the Atlantic climate system, which is highly relevant for Scotland. For the first half of the
century, local “internal” natural variability could be more important in determining the behaviour of climate
extremes than global climate change associated with human-induced emissions of greenhouse gases. In the
second half of this century, human-induced climate change is likely to be the key determinant of shifts in many
climate extremes.

e Anincrease in “internal” natural variability could reduce our overall ability to predict the climate of a particular
year or series of years. However, our overall ability to predict the climate depends both on the manner in which
internal variability changes through time and the extent of technical improvements in our models of the climate
system.

e Human influences on climate associated with the emission of greenhouse gases will affect climate variability in
more specific and, in some cases, much more predictable ways.

ClimateXChange is Scotland’s Centre of Expertise on Climate Change, supporting the Scottish Government’s policy
development on climate change mitigation, adaptation and the transition to a low carbon economy. The centre delivers
objective, independent, integrated and authoritative evidence in response to clearly specified policy questions.
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Future climate variability and unpredictability in Scotland

o Asaresult of human induced climate change:

o Annual temperature ranges are likely to shrink in the East of Scotland®, with temperatures of the
coldest days and nights increasing faster than the temperatures of the warmest days.

o Conversely, temperature ranges may expand in the North.

o Rainfall is much less predictable, but may become more variable in terms of both amount and timing
throughout Scotland (but particularly in the West).

e Because of these likely changes in temperature range, forecasts of temperature may become more reliable in
the East of Scotland, but less reliable in the North.

e There is evidence to suggest that recent extreme events (heat-waves in particular) might become more typical
(‘'normal’) later in the century. If they become the new ‘normal’, it is harder to predict with any certainty the
scale and severity of the new extremes.

Internal natural variability

Internal natural variability in the climate system is difficult to assess due to a lack of climate data. The relevant
natural cycles tend to operate over periods of between 2 and 20 years, and our observational record is simply not
long enough to understand these kinds of variability fully (e.g., Russon et al., 2012)%. The North Atlantic Oscillation
(NAO) is an index of the relative strength and position of atmospheric pressure differences in the North Atlantic,
which are important drivers for Scottish climate, but its variability changes on relatively long time-scales. In climate
system models that explore multi-decadal and historical patterns of climate, the variability of the NAO is generally
over-estimated, even before taking current human induced forcing of the climate into account (Semenov et al.,
2008). This suggests that recent changes in the NAO (including an upward trend between 1965 and 1995) which
have been assumed to reflect human induced change may instead be natural, and that we are yet to see the full
effects of greenhouse gas emissions. Over the next few decades, human induced drivers of climate change are

IM

expected to determine changes in average climate, but “internal” natural variability could be more important for

determining the extremes of climate, when Atlantic circulation modifies human influenced climate further.

Internal climate variability in the Pacific and North Atlantic are linked (Lau and Nath, 2001), but as the strength of
this link changes over time (Rodo and Comin, 2000), the implications for Scotland are unclear. More knowledge is
needed on possible changes in the North Atlantic Oscillation before Scotland-specific results can be shown with
confidence.

External variability
Changes in climate variability that are associated with natural external drivers (e.g. large changes in the sun’s

output and volcanic eruptions) are largely unforeseeable. It has been suggested that the Northern Atlantic
Oscillation may move into a different phase within the next decade, which would rapidly lead to a drier Scottish
climate (Sutton and Dong, 2012), and that large volcanic eruptions may lead to an increase in gales for eastern

! These results are drawn from the UKCP09 report. The administrative regions used by UKCP09 (and the UK Met Office) can be
found here: http://bit.ly/12YHIrj

2 Although the cyclical Pacific El Nifio influences global-scale circulation, it has been suggested that hundreds or thousands of
years of data would be required in order to understand long-term changes in its natural variability (Wittenberg, 2009).
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Scotland (Dawson et al., 1997). However, due to the infrequency of these kinds of events, we have no reliable way
to quantify how likely either of these outcomes actually are.

Although the predictability of natural (internal or external) variability decreases the further we look ahead, the
impact of human induced climate change becomes less uncertain. This is because we expect the impact of human
induced changes to the climate to exceed natural climate variability over time, and because global demographic
and social trends (including energy and land use) do not tend to change quickly. Current projections of climate
change are surprisingly insensitive to our scenarios of emissions over the next few decades (IPCC, 2007) but it is
possible to make robust projections about broad changes in global climate likely to happen under a given global
emissions scenario through to the end of the century (IPCC, 2007). Conversely, it is difficult to anticipate the
changes that will happen at specific geographical locations through time, or to fully account for the role of specific
drivers of the climate system, such as aerosol® emissions and land-use change® (Conway, 1998; Booth et al., 2012;
Terray, 2012). Broad-stroke climate patterns can still be projected with some confidence, as detailed below.

Future variability in Scotland
Under a 'medium' scenario of greenhouse gas emissions we can expect annual average temperatures to increase

for both northern Scotland and eastern Scotland. However, we can expect an increase in temperature range for
Northern Scotland (meaning that there is likely to be a greater difference between the highest and lowest
temperatures), and a decrease in the East (meaning that the difference between the highest and lowest
temperatures in the East is likely to shrink).

Higher average temperatures will increase rainfall variability (IPCC, 2007), and we anticipate this more in the West
of Scotland than in the East (UKCP09).

High extremes of temperature and rainfall (defined relative to the last 50 years) are set to increase across northern
Europe (Klein Tank et al., 2003; Kiktev et al., 2004 ; Christidis et al., 2005). Conditions we regard as extreme now
may be more common by the end of the century (Stott, 2004; Christidis et al., 2005; Beniston et al., 2007) but the
full magnitude and frequency of future extremes remains uncertain. The occurrence of European heavy winter
rainfall, frost days, and cold-snaps all depend upon the behaviour of North Atlantic atmospheric circulation,
making these events difficult to predict with confidence into the future (Scaife et al., 2007).

Predictability is closely linked to variability, and depends on the timescale being considered. Forecasts of internal
natural variability driven by global circulation are available for several weeks (NOAA, 2009) and can be used by
experts to assess sequences of events (like warm periods, or wet spells) with some accuracy, but the specific state
of the atmosphere is essentially impossible to forecast over longer periods (Simmons and Hollingsworth, 2002).
The probability (or likelihood) of internal natural variability can be predicted with some accuracy from one year to
the next, including information on seasonal cycles. But it is often not possible to acquire a coherent picture of
change or sequences of events beyond a few months (Palmer et al., 2004).

3 Tiny particles of dust and smoke, including certain kinds of pollution.

4 . . .
Which affects how the earth’s surface reflects or absorbs heat, and can refer to ice or tree-cover loss, urban-expansion or
even large-scale changes in farming practice.



Future climate variability and unpredictability in Scotland

North Atlantic conditions which are defined as “warm” seem to coincide with warmer, drier Scottish springs and
wetter Scottish summers (Sutton and Dong, 2012). A stronger Atlantic circulation generally means wetter
conditions in western Scotland (Stenseth et al., 2002), and warmer Pacific summer conditions generally relate to
wet Scottish springs (Knippertz et al., 2003). However, these are generalisations that are only useful as conditions
averaged over decades.

Using ocean conditions to predict the state of atmospheric circulation, and from there, surface climate over land
(Collins & Sinha, 2003), has led to the development of multi-decadal prediction. This field of study is only now
starting to show utility, as there are many uncertainties to be taken into account. The domain of the North Atlantic
Oscillation and its impact on Western European climate show the most promise due to strong oceanic drivers (e.g.
the Atlantic Multidecadal Oscillation) (Chikamoto et al., 2011). Technical improvements in our models may lead to
increasingly useful multi-decadal prediction. If natural variability should change in a way that leads to a
strengthened NAO circulation, the predictability that we can offer for Scotland is likely to increase, rather than
decrease.

There are statistical limits on our ability to forecast the most important drivers of climate variability. Our
assumptions of climate system stability may not hold true through time. There is a 'blind spot' between our
understanding of the climate variability of the next few years and the next few decades, where both forecasts and
our models of probability are currently unsuccessful (Hanlon, 2012). However, if the climate system continues in a
familiar or foreseeable state, without reaching so called 'tipping points' (loss of Arctic sea ice, substantial changes
in circulation, etc.) our models offer the following: short-term forecasts of variability (from week to week); short-
medium term predictions of probable variability (from season to season); and long-term scenarios of future
variability. As the climate system changes, the first and second of these may become less reliable, but decade-to-
decade prediction is likely to improve. For Scotland, the behaviour of the North Atlantic Oscillation is of key
importance to future climate variability, but we currently lack the data to assess its capacity for change with any
certainty.
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