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The entire climate system is effectively driven by visible (shortwave)
radiation.

Outgoing, reflected (longwave) radiation balances with the incoming to
give a theoretical global surface temperature of -15°C.

However, the actual global surface temperature is +15°C.

The 30°C discrepancy is explained by the 1% of atmospheric gases
known as the greenhouse effect (predominantly CO,)
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So, what Is the story so far?

Natural climate change is
an underlying feature of
Earth systems

Ice ages (glacials) and the
intervening warm periods
(interglacials) have
dominated our recent
geological past

As temperature rises, so
carbon dioxide (CO,) is
seen to rise, lagging
behind by approximately
400 years



Could human activity be enhancing the greenhouse
effect?

* For thousands of years CO, concentrations in the atmosphere were

stable at 280ppm,;
 However, since the industrial revolution 600,000,000,000 tonnes of

carbon have been emitted into the atmosphere from burning fossil
fuel.

A

30%
increase in
CO,

Atmospheric concentrations of greenhouse gases
over the last 2000years



So what has happened?

The red bars show the global annual
average near-surface temperature
anomalies from 1850 to 2007 for land
areas only (top), ocean areas only
(middle) and combined land and ocean
(bottom).

The error bars show the 95% uncertainty
range on the annual averages.

The thick blue line shows the annual
values after smoothing with a 21-point
binomial filter.

The thin blue lines show the 95%
uncertainty on the smoothed curve.

Data are from the HadCRUT3 data set.



Average global temperatures are now
some 0.75°C warmer than they were 100
years ago and since the mid-1970s
average global temperatures have
increased at a rate of more than 0.15°C
per decade.

This rate of change is very unusual in the context of past changes and much more
rapid than the warming at the end of the last ice age.

Sea-surface temperatures have warmed slightly less than the global average whilst
temperatures over land have warmed at a faster rate of almost 0.3 °C per decade.

Over the last ten years, global temperatures have warmed more slowly than the
long-term trend. But this does not mean that global warming has slowed down or
even stopped.



2009 Ends the warmest decade on record (NASA)

Last decade - temperatures are highest
ever recorded.

Last year was second warmest in modern
record.

2009 (top image) and the decade (2000-
2009, lower image) compared to average
temperatures recorded between 1951 and
1980.

Although 2008 was the coolest year of the
decade, due to strong cooling of the
tropical Pacific Ocean, 2009 saw a return
to near-record global temperatures, despite
an unseasonably cool December in much
of North America, Europe, and Asia. The
year was only a fraction of a degree cooler
than 2005, the warmest year on record. In
the Southern Hemisphere, 2009 was the
warmest year on record.



So what has happened in the UK?

Temperatures in Wales, Scotland and Northern Ireland have risen by about 0.7-0.8°C
since about 1980, and sea surface temperatures around the UK coast have risen over
the past three decades by about 0.7°C.

Annual mean precipitation over England and Wales has not changed significantly since
records began in 1766.

Seasonal-mean precipitation is highly variable, but appears to have decreased in
summer and increased in winter, although with little change in the latter over the last
50 yr.

There have also been changes to the proportion of winter rainfall coming from heavy
precipitation events: in winter all regions of the UK have experienced an increase over
the past 45 yr; in summer all regions except NE England and N Scotland have
experienced decreases.

Severe windstorms have become more frequent in the past few decades, though not
above a level seen in the 1920s.

Sea level around the UK rose by about 1 mm/yr in the 20th century, corrected for land
movement. The rate of rise in the 1990s and 2000s has been higher than this.



Central England Temperature
Is representative of a roughly
triangular area of the United
Kingdom, enclosed by Bristol,
Lancashire and London. The
monthly series begins in 1659,
and is the longest available
instrumental record of
temperature in the world.

2006 was the warmest calendar year in this record by a considerable distance,
coming on top of a long run of warm years.

Central England Temperature has increased by about 1°C since the
1970s; it is likely that global emissions of man-made greenhouse gases
have contributed significantly to this rise.



The total number of severe storms per decade over the UK and Ireland
during the half-year period October to March, from the 1920s to the 1990s.

Error bars show a measure of the uncertainty in the number for each decade.
(Source: Met Office Hadley Centre.)



So what does the future hold? — UKCIPQO9

Temperature

10, 50 and 90% probability
levels of changes to the
average daily mean
temperature (°C) of the winter
(upper) and summer (lower) by
the 2080s, under the Medium
emissions scenario.



Precipitation

Changes (%) in annual (top), winter
(middle) and summer (bottom) mean
precipitation at the 10, 50 and 90%
probability levels, for the 2080s under
the Medium emissions scenario.



Extreme heat

Numbers of hot days (above 25°C) annually estimated by the Weather
Generator, for baseline (1961-1990) scenario (top row) and 2080s medium
emissions scenario (bottom row).



Dry spells

Numbers of dry spells longer than 10 days annually, estimated by the
Weather Generator.



Sea level

Global mean sea level rise
estimates (cm) from present day
(1980-1999) to 2090-2099 for the
low, medium and high emissions
scenarios (range taken from IPCC
2007).

Relative sea level change (cm) around the
UK over the 21st century.

Medium emissions scenario and the
vertical land movement appropriate to
2095.



In summary — coastal protection as one of many problems

There is evidence for an increase in the occurrence of extreme high water
worldwide related to storm surges, and variations in extremes during this period
are related to the rise in mean sea level and variations in regional climate.

(From Lowe et al., 2001.)



