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Introduction

This Synthesis Report is based on the assessment carried out by the three Working Groups of the IPCC. It provides
an integrated view of climate change as the final part of the IPCC’s Fourth Assessment Report.

A complete elaboration of the Topics covered in this summary can be found in this Synthesis Report and in the
underlying reports of the three Working Groups.

1. Observed changes in climate and their effects

Warming of the climate system is unequivocal, as is now evident from observations of increases in global
average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea
level (Figure SPM.1). {1.1}

Eleven of the last twelve years (1995-2006) rank among the twelve warmest years in the instrumental record of
global surface temperature (since 1850). The 100-year linear trend (1906-2005) of 0.74 [0.56 to 0.92]°C * is larger
than the corresponding trend of 0.6 [0.4 to 0.8]°C (1901-2000) given in the Third Assessment Report (TAR)
(Figure SPM.1). The temperature increase is widespread over the globe, and is greater at higher northern latitudes.
Land regions have warmed faster than the oceans (Figures SPM.2, SPM.4). {1.1, 1.2}

Rising sea level is consistent with warming (Figure SPM.1). Global average sea level has risen since 1961 at an
average rate of 1.8 [1.3 to 2.3]mm/yr and since 1993 at 3.1 [2.4 to 3.8]mm/yr, with contributions from thermal
expansion, melting glaciers and ice caps, and the polar ice sheets. Whether the faster rate for 1993 to 2003 reflects
decadal variation or an increase in the longer-term trend is unclear. {1.1}

Observed decreases in snow and ice extent are also consistent with warming (Figure SPM.1). Satellite data since
1978 show that annual average Arctic sea ice extent has shrunk by 2.7 [2.1 to 3.3]% per decade, with larger
decreases in summer of 7.4 [5.0 to 9.8]% per decade. Mountain glaciers and snow cover on average have declined
in both hemispheres. {1.1}

From 1900 to 2005, precipitation increased significantly in eastern parts of North and South America, northern
Europe and northern and central Asia but declined in the Sahel, the Mediterranean, southern Africa and parts of
southern Asia. Globally, the area affected by drought has likely? increased since the 1970s. {1.1}

It is very likely that over the past 50 years: cold days, cold nights and frosts have become less frequent over most
land areas, and hot days and hot nights have become more frequent. It is likely that: heat waves have become more
frequent over most land areas, the frequency of heavy precipitation events has increased over most areas, and since
1975 the incidence of extreme high sea level® has increased worldwide. {1.1}

There is observational evidence of an increase in intense tropical cyclone activity in the North Atlantic since about
1970, with limited evidence of increases elsewhere. There is no clear trend in the annual numbers of tropical
cyclones. It is difficult to ascertain longer-term trends in cyclone activity, particularly prior to 1970. {1.1}

Average Northern Hemisphere temperatures during the second half of the 20" century were very likely higher than
during any other 50-year period in the last 500 years and likely the highest in at least the past 1300 years. {1.1}

! Numbers in square brackets indicate a 90% uncertainty interval around a best estimate, i.e. there is an estimated 5% likelihood that the value
could be above the range given in square brackets and 5% likelihood that the value could be below that range. Uncertainty intervals are not
necessarily symmetric around the corresponding best estimate.

2 Words in italics represent calibrated expressions of uncertainty and confidence. Relevant terms are explained in the Box ‘Treatment of
uncertainty’ in the Introduction of this Synthesis Report.

3 Excluding tsunamis, which are not due to climate change. Extreme high sea level depends on average sea level and on regional weather
systems. It is defined here as the highest 1% of hourly values of observed sea level at a station for a given reference period.
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Changes in temperature, sea level and Northern Hemisphere snow cover
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Figure SPM.1. Observed changes in (a) global average surface temperature; (b) global average sea level from tide gauge
(blue) and satellite (red) data and (c) Northern Hemisphere snow cover for March-April. All differences are relative to
corresponding averages for the period 1961-1990. Smoothed curves represent decadal averaged values while circles show
yearly values. The shaded areas are the uncertainty intervals estimated from a comprehensive analysis of known uncertainties

(a and b) and from the time series (c). {Figure 1.1}

Observational evidence* from all continents and most oceans shows that many natural systems are being
affected by regional climate changes, particularly temperature increases. {1.2}

Changes in snow, ice and frozen ground have with high confidence increased the number and size of glacial lakes,
increased ground instability in mountain and other permafrost regions, and led to changes in some Arctic and

Antarctic ecosystems. {1.2}

There is high confidence that some hydrological systems have also been affected through increased runoff and
earlier spring peak discharge in many glacier- and snow-fed rivers, and effects on thermal structure and water

quality of warming rivers and lakes. {1.2}

In terrestrial ecosystems, earlier timing of spring events and poleward and upward shifts in plant and animal
ranges are with very high confidence linked to recent warming. In some marine and freshwater systems, shifts in
ranges and changes in algal, plankton and fish abundance are with high confidence associated with rising water
temperatures, as well as related changes in ice cover, salinity, oxygen levels and circulation. {1.2}

“ Based largely on data sets that cover the period since 1970.
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Of the more than 29,000 observational data series, from 75 studies, that show sighifingatin many physical
and biological systems, more than 89% are consistent with the direction of changedeapectesponse to
warming (Figure SPM.2). However, there is a notable lack of geographic bateshata iand literature on
observed changes, with marked scarcity in developing countries. {1.2, 1.3}

Changes in physical and biological systems and surf ace temperature 1970-2004

Figure SPM.2. Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology;
and coastal processes) and biological systems (terrestrial, marine, and freshwater biological systems), are shown together with
surface air temperature changes over the period 1970-2004. A subset of about 29,000 data series was selected from about
80,000 data series from 577 studies. These met the following criteria: (1) ending in 1990 or later; (2) spanning a period of at
least 20 years; and (3) showing a significant change in either direction, as assessed in individual studies. These data series
are from about 75 studies (of which about 70 are new since the Third Assessment) and contain about 29,000 data series, of
which about 28,000 are from European studies. White areas do not contain sufficient observational climate data to estimate a
temperature trend. The 2 x 2 boxes show the total number of data series with significant changes (top row) and the percentage
of those consistent with warming (bottom row) for (i) continental regions: North America (NAM), Latin America (LA), Europe
(EUR), Africa (AFR), Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial
(TER), Marine and Freshwater (MFW), and Global (GLO). The numbers of studies from the seven regional boxes (NAM, EUR,
AFR, AS, ANZ, PR) do not add up to the global (GLO) totals because numbers from regions except Polar do not include the
numbers related to Marine and Freshwater (MFW) systems. Locations of large-area marine changes are not shown on the
map. {Figure 1.2}

There ismedium confidencdhat other effects of regional climate change on natural and human
environments are emerging, although many are difficult to discern due to adaation and non-climatic
drivers.

They include effects of temperature increases on: {1.2}

agricultural and forestry management at Northern Hemisphere higher Igtitudé as earlier spring
planting of crops, and alterations in disturbance regimes of forests due to firestand pes
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