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Nine of the ten hottest years on record all in the last decade

Four of the world’s leading climate research centres agree that the 10 hottest years
on record have all occurred since 1998. These data and findings for 2010 add
weight to the common conclusion that the clear, long-term trend is one of global
warming.

Thematic Focus: Climate Change

Nine of the ten hottest years on record all in the last decade

Why is this issue important?

Four of the world’s leading climate research centres agree that the 10 hottest years on record have
all occurred since 1998 (Table 1) (NOAA 2011, NASA 2011, UK-MetOffice 2011, JMA 2011). Two
of the centres, the National Climatic Data Center (NCDC) and Goddard Institute for Space Studies
(GISS), show 2010 to be tied for the hottest year in the instrumental record (NOAA 2011, NASA
2011). Two other leading analyses from the UK's Hadley Centre and the Japanese Meteorological
Agency (JMA) both show 2010 to be second warmest (only 0.02°C and 0.03 °C respectively
cooler than 1998) (UK-MetOffice 2011, JMA 2011). These data and findings for 2010 add weight to
the common conclusion of all four agencies and most of the scientific community, that in spite of
short-term spatial and temporal variability the clear long-term trend is one of global warming
(NOAA 2011, NASA 2011, UK-MetOffice 2011, JMA 2011).
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Hadley Centre

UK NOAA Mational MASA Goddard  Japanese
Meteorological Climatic Data Institute for Meteorological
Office Center Space Studies Agency
Year | Anomaly * Year | Anomaly * | Year Anomaly * Year  Anomaly *
2nd 2010 0.5 2005 0.52 2005 0.55 2010 0,34
3ird 2005 0.47 1998 0.5 2007 0.51 2005 0,32
4th 2003 0.46 2003 0.49 2009 0.5 2009 0.31
sth 2002 .46 2002 0.48 2002 .49 2006 0.31
&th 2005 0.44 2006 .46 1994 .49 2003 0.31
7th 2004 0.43 2009 0.46 2006 .48 2002 0.31
Hth 2006 0.43 2007 0.45 2003 0.48 2007 0.28
9th 2007 0.4 2004 0.45 2004 0.41 2004 0.27
10th 2001 0.4 2001 0.42 2001 0.4 2001 0.27
* Anomaly: "C above long-term average. Data; UK-MetOffice 2011; IJMA 2011

Table 1: The ten hottest years on record have all occurred since 1998 according to rankings from four
top US, British and Japanese climate research centers. Full Size Image

The global annual mean surface temperature used for these rankings is calculated from a
historical record drawn from roughly 7 000 meteorological stations and compiled by the Global
Historical Climatology Network (Hansen and others 1999, Peterson and Vose 1997). Data are
generally shown as departure from a baseline global mean temperature; National Aeronautics and
Space Administration's (NASA) Goddard Institute for Space Studies uses 1951 to 1980 for its
baseline. In any given year, there are both areas cooler and areas warmer than this baseline. The
temperature averaged for the entire globe is the global mean temperature. Changes in this global
mean relative to the baseline period (both figures calculated with the same methods) show the
trend in global mean temperature. Extensive work has been done by researchers to check the
estimates for bias introduced by proximity to urban heat islands (Hansen and others 2010),
uneven distribution of weather stations (Hansen and Lebedeff 1987), different methods of
extrapolating anomalies (Hansen and others 2010), and interpolation of ocean-based
measurements (Rayner and others 2003). Even the height of the decks of ships from which
measurements were taken has been considered and incorporated into the estimates (Rayner and
others 2003). The longer the data record becomes and the more refinements in methods used to
calculate global mean temperature, the more certainty researchers have about the observed
trends.

The graph (below) shows global mean temperature over the past 130 years modeled from station
temperature data by the four climate research centres (160 years in the case of the Hadley
Centre). The long-term trend is quite apparent and, in spite of popular misconception to the
contrary, the rate of warming has not declined (Hansen and others 2010). Using only a shorter
view of the temperature record, such as 1940-1970, would yield a very different conclusion. While
these four climate centres all rely on the same collection of historical weather station readings,
each uses different methods to arrive at their final results. Agreement between the four centres’
results (see Figure 1) in spite of varying methodologies reinforces their individual conclusions that
the warming-trend signal is clear. In addition, a separate collection of station temperature data
initiated in the former Soviet Union and analysed at Oak Ridge National Laboratory produced very
similar results (Lugina and others 2006).
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Figure 1: The long-term trend of warming is clear in the results of all four leading climate research
centres. A high degree of agreement year by year occurs in spite of the different methodologies used.
Source: Redrawn by UNEP-GRID Sioux Falls, from UK MetOffice 2011 and JMA 2011 Full Size Image

The most extreme warming for 2010 can be seen at the northern extremes of North America and
in general across the high north latitudes (Figure 2a). Anomalies in 2010 mean temperature
averaged across zones of latitude show a heavy concentration beginning above 60 degrees north
latitude (Figures 2 and 3). This same pattern of anomalies is prominent in the maps for the two
next-hottest years — 2005 and 1998 (Figure 2b) (NASA-GISS 2011) and in maps of mean
temperature change from 1900-2009 (Hansen and others 2010). The greater warming occurring at
northern latitudes is mirrored by the trend of annual minimum arctic sea ice (NSIDC 2010).
Researchers have modeled the impact of this warming on arctic permafrost and believe that it
may initiate a feedback which would accelerate warming (Schaefer and others 2011).

Figure 2a Full Size Image
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Figure 2b Full Size Image

Figures 2a and 2b: Global warming is not uniform across the Earth's surface. A map of 2010 mean
annual temperature anomalies shows the greatest departure from the 30 year baseline (1951-1980) in
the northern latitudes as do maps from the next hottest years: 1998 and 2005 (Figure 2b). Data: NASA-
GISS Graphic: UNEP GRID Sioux Falls

Figure 3: The warming of global mean temperature is not occurring uniformly across the globe's
latitude zones. This graph of departure from the historical mean temperature (1951-1980) for the past
six years breaks down this variation by latitude. Extreme northern latitudes are seeing the most
extreme change in temperature. Data: NASA-GISS, Graphic: UNEP GRID Sioux Falls Full Size Image

Public Perception of Global Warming

The spatial and temporal variability of these warming anomalies has an impact on public
perception of the climate change issue (Hansen and others 2010). The direct observation of recent
warming in the Arctic is limited to a relatively small portion of world population. Temporal variability,
over timeframes of a few years or even decades, masks the longer-term trend and can even
create the impression of a reversal of the long-term warming trend (Figure 1). Viewing the longer
record of temperature is necessary to ascertain a reliable understanding of the more important
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long-term trend. Similarly, a limited spatial view of the data can produce a very different picture
than a global view. For example, during the winter of 2009-2010 most of North America and much
of Northern Europe were cooler than the long-term mean temperature (Figure 4). This again
masked the broader reality of overall warmer temperatures globally to those living in these two
influential areas. The complexity of climate science makes it difficult to explain to a broad public via
mass media. Recent polls in Britain (taken following this cold snap) showed a decline in the
number of adults who believe that the global climate is changing—from 91 per cent in 2005 to 78
per cent in early 2010 (Spence and others 2010, BBC 2010).

Above
Average

Dec 2009 - Feb 2010

Figure 4: The cooler than average temperatures in North America and Northern Eurasia in the winter of
2009-2010 were the exception. However, some people experiencing the cold in these influential areas
took this as evidence against global warming. Data: NASA-GISS, Graphic: UNEP GRID Sioux Falls Eull
Size Image

It is part of the responsibility of specialists in climate
change to translate climate research so that the
media, the public and policy makers can
understand it. In an effort to explain uncertainty as
applied in scientific climate modeling—as
differentiated from simply being uncertain—Dr.
James Hansen of NASA used an analogy of loaded
dice (O’Donnell 2000). He explains that if a pair of
dice is thrown 100 times and comes up double
sixes half of the time it would be clear that the dice
are "loaded" or weighted to increase the odds of
sixes. Yet, there is uncertainty that the next throw of
the dice will turn up double sixes. Similarly, the past 130 years of climate data have more years of
warming than of cooling. Nevertheless, in any given year there is no certainty that it will be warmer
than the last year. However, as the climate record lengthens year after year and the warming
pattern persists or even accelerates — more warm years this decade than last for example —the
long term trend becomes increasingly certain. Hansen extends that analogy to saying that he
believes the dice will become progressively more "loaded" in the coming years toward more and
more warm years.

The 2010 data is one more "double six" in the 130 year climate record. The trend of global warming
continues unabated according to the world’s leading climate research centres. At the same time
public perception of the issue and the will among policy makers to take action does not seem to be
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keeping pace (PRC 2009, Borick and others 2011, Spence and others 2010). If solid science is to
be the basis for sound policy it is imperative that policy makers and the public understand that
science. While the complexity of climate science makes responsible simplification for a non-
specialist audience challenging, there is a clear and pressing need to meet that challenge.
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