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Executive summary

A wide range of observed climate indicators continue to show changes that are
consistent with a globally warming world, and our understanding of how the climate
system works.

Global mean surface temperatures rose rapidly from the 1970s, but have been relatively flat
over the most recent 15 years to 2013. This has prompted speculation that human induced
global warming is no longer happening, or at least will be much smaller than predicted.
Others maintain that this is a temporary pause and that temperatures will again rise at rates
seen previously.

This paper is the first in a series of three reports from the Met Office Hadley Centre that
address the recent pause in global warming and seek to answer the following questions.
What have been the recent trends in other indicators of climate over this period; what are the
potential drivers of the current pause; and how does the recent pause affect our projections
of future climate?

Weather and climate science is founded on observing and understanding our complex and
evolving environment. The fundamental physics of the Earth system provides the basis for
the development of numerical models, which encapsulate our understanding of the full
climate system (i.e. atmosphere, ocean, land and cryosphere), and enable us to make
projections of its evolution.

It is therefore an inherent requirement that climate scientists have the best possible

information available on the current state of the climate, and on its historical context. This

requires highly accurate, globally distributed observations and monitoring systems and

networks. This is also dependent on robust data processing and analysis to synthesise vast

amounts of data, properly taking into account observational uncertainty resulting from both

measurement limitations and observational gaps, in both space and time. Only through

exercising due diligence and applying rigorous, unbiased, scientific assessment, can climate

scientists provide the most complete picture on the state, trends and variability of the climate
systembdbs many variabl es and phewhxhteers@dencedahi s pr ov
advance the evidence and advice required by users.

This document provides a short synthesis of that global picture as it stands today. A fuller
briefing is produced in conjunction with vast numbers of scientists each year, and published
in a Special Supplement to the Bulletin of the American Meteorological Society (BAMS)
(Blunden and Arndt, 2013).

The observations show that:

1 A wide range of climate quantities continue to show changes. For instance, we have
observed a continued decline in Arctic sea ice and a rise in global sea level. These
changes are consistent with our understanding of how the climate system responds
to increasing atmospheric greenhouse gases.

I Global mean surface temperatures remain high, with the last decade being the
warmest on record.
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1 Although the rate of surface warming appears to have slowed considerably over the
most recent decade, such slowing for a decade or so has been seen in the past in
observations and is simulated in climate models, where they are temporary events.
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Our changing climate

The global mean temperature near the surface of the Earth is often used as the primary
indicator of climate change, and often as the only indicator in many discussions. National and
international negotiations on climate change tend to focus on ways of limiting global mean
surface temperature rise to no more than 2°C above pre-industrial levels, this being a goal of
the United Nations Framework Convention on Climate Change (UNFCCC).

However, in addition to surface air temperature, there are other key indicators that can help
to gauge the state of the climate, drawn from observations of the atmosphere, the ocean and
the cryosphere (snow and ice). Through such observations, we increase our understanding
of climate change trends and variability at global and, importantly, regional scales, providing
a more comprehensive picture of the real state of the climate than through global mean
surface temperature alone.

A number of O6Essenti al Climate VarGlohdClimae ( ECVs) 6
Observing System (GCOS) programme, and provide the broadest possible picture of the
Earthdéds climate. These include:

1 Atmospheric surface: air temperature, precipitation, air pressure, water vapour

1 Upper atmosphere: earth radiation budget, temperature, water vapour, cloud
properties

1 Atmospheric composition: carbon dioxide, methane, ozone, nitrous oxide,
chlorofluorocarbon (CFCs), sulphur hexafluorides, perfluocarbons, aerosols

1 Ocean surface: temperature, salinity, sea level, sea ice, currents, ocean colour
1 Ocean subsurface: temperature, salinity
1 Terrestrial: snow and ice cover, albedo

A number of additional ECVs are monitored and others are likely to be added in future.

Figure 1 shows the observed time-series of a large number of ECVs. Each time-series
includes data from a number of sources (either plotted separately, or combined into a single
line). Many show long term trends which are consistent with our understanding of how the
world is expected to respond to an increasing atmospheric burden of greenhouse gases.
Many of the trends continue over the most recent decade.
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Figure 1: Global (or representative) average time-series for a number of Essential Climate Varlables
from a range of observation datasets. Time-series are presented as differences from a baseline®

period shown in parentheses. (Sour ce: fAState of the Climate in 20120

Meteorology, Blunden and Arndt, 2013)

! To show how observations are changing it is common to show the anomaly i that is the difference of
the observed values from the average of a particular period. The period used is referred to as the
baseline.
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1. Atmosphere

The atmosphere is constantly measured and monitored throughout its depth. Here we
consider the atmosphere at the surface of the planet, and in the troposphere® and further up,
in the stratosphere?. Monitoring the atmosphere at different heights, in conjunction with our
understanding of the physics of the atmosphere, can tell us whether our climate is changing.

1.1 Atmospheric composition i carbon dioxide

Human activities i changes in land use and burning fossil fuels i have increased the levels
of greenhouse gases (principally carbon dioxide and methane) substantially since pre-
industrial times (pre-1850s), and the levels continue to rise (Figure 2).

Carbon emissions continue to grow at 3.1% per year (Peters et al, 2012). This is comparable
to the high-end Intergovernmental Panel on Climate Change (IPCC) emissions scenarios
that do not include specific climate change mitigation policy actions. The likely range of 21st
century warming® is projected from the IPCC 4th Assessment Report high emission scenario
as 1.4 °C to 6.4°C (IPCC 2007).

Atmospheric carbon dioxide levels are around 30% higher today than at any other time over
at least the last 800,000 years (Luthi et al, 2008). In March 2013, globally averaged
atmospheric CO,reached 396.52 parts per million (ppm) (NOAA), while in May 2013, the
weekly average CO, levels at the Mauna Loa Observatory surpassed 400ppm for the first
time. Levels are now over 40% higher than pre-industrial levels.

Global atmospheric CO, Weekly atmospheric CO; at Mauna Loa Observatory (2009 to present)

Parts per million
Parts per million

L L L L L " L L " "
1985 1990 1995 2000 2005 2010 2009 2010 2011 2012 2013
Year Year

Figure 2: (left) Long-term atmospheric globally averaged CO, measurements, and (right) recent
weekly averaged CO, levels from a single site (Mauna Loa, Hawaii). The red line shows monthly (left)
and weekly (right) mean values and the black line shows values corrected for the average seasonal
cycle. (Source: based on The National Oceanic and Atmospheric Administration (NOAA))

> The atmosphere is made up of a number of layers. The lowest layer is the troposphere and this is
where most of the weather we experience exists. It extends from the surface of the planet to its upper
limit, the tropopause, typically between 8 km at the poles and 17 km at the equator. The second layer
is the stratosphere, which extends from the tropopause to the stratopause at an altitude of 507 55 km.
® Projected global average surface warming for the end of the 21st century (20907 2099) relative to
19807 1999.
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1.2 Near surface air temperature

Considerable debate has focused on observations of the global mean surface temperature.
Comprehensive global mean surface temperatures from the instrumental record stretch back
to the 1850s. Over that period, a number of independently prepared datasets (including Met
Office Hadley Centre, NOAA and NASA data) show that the temperature has risen by around
0.8 °C; over the last century the temperature rise has been around 0.7°C.

Decadal and annual means

Despite slowing of the rate of warming in recent years, the first decade of the 21* century
(200071 2009) is the warmest in the observational record. Even allowing for uncertainties in
the observations, each of the last three decades has been markedly warmer than the decade
before (Figure 3).
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Source and methods: HadCRUT4, Morice et al. (2012)

Figure 3: Observed global mean surface temperature for each decade from 1850 to 2009 relative to
19611 1990 baseline. Blue shading shows the uncertainty range in the temperature data. (Source: Met
Office)

Looking at the time-series of annual, rather than decadal, mean values brings out the detail
of year-to-year variations (Figure 4). There is good agreement between the three
independent datasets, with NOAA and NASA data generally within the observational error of
the HadCRUTA4 i this gives further confidence in the records.

© Crown copyright 2013



Met Office

0.6
. —— Met Office Hadley Centre and Climatic Research Unit N
& 0.4 — NOAA National Climatic Data Center "
= 77| — NASA Goddard Institute for Space Studies
= \
e 0.2 f
g /
0‘_) |
- |
o 0 AV M A :
CEL A v () \ : f “
g 0.2 TETEN M Y |
o) '
© | g
0;3 0.4+ A ,\) / b
] ‘ [ X
© WA
S -0.6(
O
418'—1 ] ] 1
1850 1900 1950 2000

Year

Figure 4: Comparison of 12-month running mean of three independent global mean surface

temperature records (relative to the 19617 1990 baseline). The grey shaded area shows the
approximate 95% confidence r ange odalaveragelsexpétieditcC RUT 4

lie outside this range around only 5% of the time). (Source: Met Office)

Year-to-year variations of global mean surface temperature are strongly affected by natural

variations in the climate system (for example the temporary global warming and cooling
influences of El Nifio and La Nifia). These are quite small when compared to the total
magnitude of global warming but nevertheless reach about +0.2°C, and can strongly

influence the average temperature of any individual year. For example, 1998 saw a

particularly strong El Nifio with a global temperature anomaly of ~0.5°C, whereas 1999,

when La Nifia dominated, the temperature anomaly was ~0.3°C, relative to the 1961-1990
baseline. Despite this natural climate variability, the observed surface temperature dataset,

HadCRUT4, shows that 12 of the 14 warmest years on record have occurred since 2000

(Figure 5).

Trends

By taking the time-series shown in Figure 4, the variations in the rate of warming can be

computed (Figure 6). This shows that relatively long periods (of at least 10 years) of slow-
down (in some cases actual cooling) and speed-up in global temperature trends occur, and
have been observed a number of times in the relatively recent past. The data in figure 6 have
been processed to remove the noise from the year-to-year variability and thus to highlight the
underlying climate change signal. Each point on the graph is the average rate of warming for

the eight years around that point, and so the last point, plotted at 2009, is calculated from

20051 2012.
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Figure 5: Ranking of the annual global mean surface temperature in the HadCRUT4 dataset for each
year since 1850. Bars are colour-coded by time period, and the length of each bar indicates the
observation uncertainty. (Source: HadCRUT4, Met Office)
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Figure 6: lllustration of the rate of change of annual mean global mean surface temperature (°C per
year, filtered to smooth over eight years) since 1900, showing periods of speed up and slow down in
the rate of warming. (Source: based on Murphy et al, 2009)
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Regional temperature changes

One characteristic feature of climate change (in both observations and models), is that the
land warms faster than the sea (Sutton et al, 2007). A number of studies have investigated
the physical reasons for this feature (e.g. Joshi et al, 2008). Observations bear this out as
shown in Figure 7. Globally since 1970, the land has warmed at a rate of 0.26°C per decade,
compared to 0.13°C over ocean areas.

Regionally we also see variations in the rate of warming (Figure 7). Over the last century, the
Arctic has warmed at approximately twice the rate of the global average (IPCC 2007,
Working Group 1). Over the last decade, while global surface temperature rise has paused,
the Arctic land areas have continued to warm markedly even allowing for uncertainties of the
observing system (see Figure 8 below).
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Figure 7: Observed annual average (smoothed) near-surface temperature relative to the end of the
19" century (18611 1900 baseline) for global land only (green); global sea surface temperature (blue);
global combined land-sea (red); Arctic land above 65°N (grey). (Source: HadCRUT4, Met Office)

The greater warming over the Arctic and over land is also evident in Figure 8 where the
regional changes in surface air temperature during the period of reduced global warming
trend (20007 2012) versus the previous decade (19901 1999) are shown. As the top panel
indicates, there are still some significant gaps in the observing system especially in polar
regions. The values in these gaps may be estimated with a technique known as a
reanalysis”. Figure 8 (bottom panel), from the European Centre for Medium range Weather
Forecasting (ECMWF) Reanalysis (ERA-Interim) shows how much the Arctic has continued
to warm over the past decade.

* A reanalysis uses a physically based synthesis of observations using a state-of-the-art model. This
technique is increasingly valuable for estimating and understanding changes in the climate system.
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Figure 8: Near-surface average temperature for the period 20007 2012 relative to 19901 1999 from
surface observations (HadCRUTA4: top) and ECMWF Reanalysis (ERA Interim: bottom). (Source: Met
Office, ECMWF)

Figure 8 also suggests that much of the recent pause in global mean surface warming is
associated with the sea surface temperature (particularly in the eastern Pacific) and that
many land areas have continued to warm for at least part of the most recent period. The
patterns of relative warming and cooling in the ocean are not random but indicative of
changes in ocean circulation (such as the Pacific Decadal Oscillation i see second report in
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