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Summary 
 
Since 1970 the Earth has been warming from effects of human activities.  Claims to the contrary are 
not credible. Atmospheric composition is changing and carbon dioxide is one third higher than pre-
industrial levels. Global surface temperatures today are 0.75ºC warmer than at the beginning of the 
20th Century and over 0.5ºC above values in the mid-1970s, as land has warmed at double the sea 
surface rate.  Ten of the last 11 years are the warmest on record. Global ocean temperatures are 
rising and ocean expansion accounts for over half the rise in global sea level of 37 mm in the past 
13 years.  Melting glaciers and land ice account for about 1.2 mm/year of sea level rise, and snow 
cover and Arctic sea ice extent are decreasing.  Water vapour has risen about 4% over the oceans 
since the 1970s and is a key reason for widespread observed increases in intensity of precipitation 
and risk of floods. Hurricanes are more intense and lasting longer, and droughts have increased in 
intensity and extent, especially in the subtropics.  All these vital signs are consistent with a warming 
climate.  Climate models have improved and enable attribution of past change unequivocally to 
increased greenhouse gases, and warming is guaranteed to occur in the future from this source.  
Biggest impact on society is likely to occur through water resources. 
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Introduction 
 
The last major assessment of the status of climate change and the role of humans by the 
Intergovernmental Panel on Climate Change (IPCC) took place in 2001, although another is 
underway and will report in early 2007.  A brief update and synthesis was provided by Karl 
and Trenberth (2003). This article provides a short summary of recent observed changes in 
global climate, based on up-to-date observations and analyses as of early 2006..   
 
a. Surface Temperature 
 
The globe is warming.  Claims to the contrary are not credible. In the past few years, 
improvements have been made to both land surface air temperature and sea surface 
temperature (SST) data (e.g., Jones and Moberg, 2003; Parker et al., 2004; Rayner et al., 
2003; Smith and Reynolds, 2005) that relate to improved coverage and daily data 
availability. The global temperature changes over the entire instrumental record are best 
described by relatively steady temperatures from 1861-1920, a warming of about 0.3ºC to 
1950, a cooling of about 0.1ºC until the mid-1970s (only in the Northern Hemisphere NH), 
and a warming of about 0.55ºC since then. Thus rates of temperature rise are greater in 
recent decades and global surface temperatures today are about 0.75ºC warmer than at the 
beginning of the 20th Century.  Land regions have warmed the most, with the greatest 
warming in the boreal winter and spring months over the NH continents. A number of 
recent studies indicate that effects of urbanization and land-use change on the land-based 
temperature record are negligible as far as continental- and hemispheric-space averages are 
concerned, because the very real but local effects are accounted for (Peterson and Owen, 
2005).  
 
The warmest two years in the 155-year global instrumental record starting in 1850 are 1998 
and 2005.  These two years are very close in terms of anomalies, and 1998 appears as 
warmest in the CRU record, while 2005 has a slight edge in the NASA and NCDC records. 
1998 temperatures were, however, enhanced by the major 1997-98 El Niño. The years 
2002–2004 are the 3rd, 4th and 5th warmest years in the series and ten of the last 11 years 
(1995 to 2005) – the exception being 1996 – are the warmest years in the instrumental 
record (Fig. 1). Based on reconstructions of temperature from proxy data, like tree rings 
and ice cores, several studies have also concluded that NH surface temperatures are warmer 
now than at any time in at least the last 1,000 years.   



 
Figure 1. Time series of annual global mean temperature departures for 1861-2004 from a 1961-90 
mean (bars), left scale, and the annual mean carbon dioxide from Mauna Loa after 1957 linked to 
values from bubbles of air in ice cores prior to then.  The 2005 value is almost the same as 1998. 
Updated from Karl and Trenberth (2003). 
 
 
b. Consistency with other observed changes 
 
Over land a strong negative correlation is observed between precipitation and surface 
temperature in summer and in low latitudes throughout the year, and areas that have 
become wetter, such as the eastern United States and Argentina, have not warmed as much 
as other land areas (Trenberth and Shea, 2005).  Increased precipitation is associated with 
increases in cloud and surface wetness, and thus increased evaporation (e.g., Walter et al. 
2004). Several reports have defined a term, “global dimming” (e.g., Cohen et al., 2004). 
This refers to a widespread reduction of solar radiation received at the surface of the Earth, 
at least up till about 1990 (Wild et al., 2005). Although records are sparse, continental-scale 
estimates of pan evaporation show decreases, due to decreases in surface radiation 
associated with increases in clouds, changes in cloud properties, and increases in air 
pollution in different regions from 1970 to 1990 (e.g., Liepert, 2002). There is tentative 
evidence to suggest that this has reversed in recent years.  The inferred enhanced 
evaporation and reduced temperature increase is physically consistent with enhanced latent 
versus sensible heat fluxes from the surface in wetter conditions.  
 



The warming described is consistent with a body of other observations indicating a 
warming world. For example, there has been a widespread reduction in the number of frost 
days in middle latitude regions, principally due to an earlier last day of frost in spring rather 
than a later start to the frost season in autumn. There has been an increase in the number of 
daily warm extremes and a reduction in the number of cold extremes, especially at night 
(Alexander et al., 2006). The amount of total water vapour in the atmosphere has increased 
over the global oceans by 1.3 ± 0.3% from 1988 to 2003, consistent in patterns and amount 
with increases in SST and a fairly constant relative humidity (Trenberth et al., 2005). 
Widespread increases in surface water vapour are also found. Ocean temperatures have 
warmed at depth as well, and global sea levels rose 15-20 centimeters over the 20th 
Century, with some evidence of an accelerating rate in the past 12 years (3.0 mm/yr) since 
truly global values have been available from altimetry measurements from satellite (e.g., 
Cazenave and Nerem, 2004; Lombard et al., 2005). As the oceans warm, seawater expands 
and sea level rises, but glacier melt also contributes.  The latter is order 1.2 mm/yr. 
 
There has been a nearly worldwide reduction in mountain glacier mass and extent. Tropical 
ice caps in South America, Africa and Tibet have all shown remarkable declines in recent 
decades (e.g., Thompson et al., 2003; Kaser et al., 2004). If continued, some may disappear 
within the next 30 years.  Snow cover has decreased in many NH regions, particularly in 
the spring season, and permafrost has also diminished. Sea-ice extents have decreased in 
the Arctic, particularly in the spring and summer seasons, and minimum values were lowest 
on record in 2005. The Arctic (north of 65ºN) average annual temperature has increased 
since the 1960s and is now warmer (at the decade timescale) than the 1920–1945 period 
(where much of the earlier warming was centered). In the Antarctic, regional patterns of 
warming and cooling are related to changes in the atmospheric circulation. The warming of 
the Peninsula region since the early 1950s is one the largest and the most consistent 
warming signals observed anywhere in the world (Kwok and Comiso, 2002). Large 
reductions in sea-ice have occurred to the west in the Bellingshausen Sea, and on the 
eastern side of Peninsula, large reductions in the size of Larsen Ice shelf have occurred 
(e.g., Scambos et al., 2003) 
 
The atmospheric circulation has also changed, and increasing zonal flow is observed in 
most seasons in both hemispheres, and the mid/high latitude annular modes have 
strengthened.  In the NH this has brought milder maritime air into Europe from the North 
Atlantic in winter, enhancing warming there (Hurrell et al., 2003).  In the SH, where the 
ozone hole has played a role, it has resulted in cooling over the interior of Antarctica but 
large warming in the Antarctic Peninsula region and Patagonia, as noted above.  
Temperatures generally have risen more than average where flow has become more 
poleward, and less than average or even cooled where flow has become more equatorward, 
reflecting patterns of variability.  
 
c. Temperature of the Upper Air 
 
The balloon-borne radiosondes that measure the upper atmosphere temperatures and 
humidity are only located at land stations and, as they are for monitoring weather, their 
reliability for climate trends is questionable because of changes in instruments over time. 
Indeed recent work has exposed a number of changes in radiosonde records that have 



generally led to spurious cooling over time as instruments have improved (Sherwood et al., 
2005; Randel and Wu, 2005).  For instance, sensors have become smaller and thus less 
vulnerable to heating from the sun during daytime, and evidence clearly shows daytime 
readings were too high in earlier years (compared with night-time measurements).  
 
For these reasons, much attention has been paid to satellite estimates of upper-air 
temperatures, in particular because they provide true global coverage. Of special interest 
have been estimates of tropospheric and stratospheric temperatures over thick atmospheric 
layers obtained from microwave sounding units (MSU) and their follow-on advanced 
MSUs onboard NOAA polar-orbiting satellites since 1979. However, flaws have been 
discovered in the original satellite temperature record associated with orbital changes and 
drift in times of observations of the measurements, and new analyses indicate that the 
troposphere is warming similarly to the surface after 1979, when the satellite record starts 
(Mears and Wentz, 2005). At the same time, the stratosphere has undergone strong cooling 
since 1979, due mainly to observed stratospheric ozone depletion.  Because of this, the 
main satellite record (channel 2), which has contributions from both the troposphere (85%) 
and stratosphere (15%), experiences a mixed trend that has been misinterpreted in the past 
(Fu et al., 2004; Fu and Johanson, 2005).  New methods using also the stratospheric 
channel, allow the stratospheric contribution to be removed and bring out the tropospheric 
and surface warming more clearly.  The surface and upper-air records of temperature 
change can now be reconciled, and the overall pattern of observed temperature change in 
the vertical is consistent with that simulated by today’s climate models (Santer et al., 2005).  
The climate skeptics therefore no longer have a basis for their oft-spread claims based on 
supposed lack of warming in the satellite record or inconsistencies with model results. 
 
d. Extremes 
 
For any change in mean climate, there is likely to be an amplified change in extremes (see 
Meehl et al., 2000; Karl and Trenberth, 2003). The wide range of natural variability 
associated with day-to-day weather means that we are unlikely to notice most small climate 
changes except for changes in the occurrence of extremes. We are adapted to a range of 
natural weather variations, but it is the extremes of weather and climate that exceed 
tolerances. 

So far, the most prominent indication of a change in extremes is the evidence of increases 
in moderate to heavy precipitation events over the middle latitudes in the last 50 years, even 
for regions where annual precipitation totals are decreasing (Trenberth et al., 2003; 
Groisman et al., 2004, 2005; Alexander et al., 2006). Droughts are also increasing 
worldwide since the 1970s, both from recent decreases in rainfall over land and increased 
evaporation associated with rising temperatures (Dai et al., 2004). Further, the observed 
trend to fewer frost days is associated with the average warming in most middle latitude 
regions. Results for temperature-related daily extremes also show widespread increased 
numbers of warm days/nights (and lengthening of heat waves) and even more reductions in 
the number of cold days and especially cold nights (Alexander et al., 2006). 
 
Trends in tropical storm frequency and intensity are masked by large natural variability, 
although increases may be occurring in recent years (see Trenberth, 2005 for a review). 



Numbers of hurricanes in the North Atlantic have been above normal in 9 of the last 11 
years, but levels were about as high in the 1950s and 1960s. Numbers are not the story 
though as size, duration and intensity matter more. Indices of the potential destructiveness 
of hurricanes globally show a substantial upward trend since the mid-1970s due to both 
longer storm lifetimes and greater storm intensities, and it is strongly related to upward 
trends in the underlying SSTs (Emanuel, 2005). Webster et al. (2005) find that numbers of 
intense (category 4 and 5) hurricanes after 1990 globally are much greater than from 1970 
to 1989.  The pattern continued in the record-breaking hurricane season of 2005, with a 
very active hurricane season and tropical SSTs at record high levels.  
   

Modeling and Attribution of Climate Change 
 
a. Improved simulations of past climate 
The best climate models encapsulate the current understanding of the physical processes 
involved in the climate system, the interactions, and the performance of the system as a 
whole. They have been extensively tested and evaluated using observations, but they are 
not perfect, and some models are better than others.  Uncertainties arise from shortcomings 
in our understanding of climate processes operating in the atmosphere, ocean, land and 
cryosphere, and how to best represent those processes in models. In spite of these 
uncertainties, today’s best climate models are now able to reproduce the climate of the past 
century, and simulations of the evolution of global surface temperature over the past 
millennium are consistent with paleoclimate reconstructions. Hence they are useful tools 
for carrying out numerical climate experiments and making predictions.  

Considerable progress has been made on sorting out the role of changes in the sun, 
pollution (aerosols) and changes in greenhouse gases, such as carbon dioxide. Aerosols, 
like soot and sulfate particles (the milky white haze seen from airplanes) have a short 
lifetime (a week or so) as they are washed out of the atmosphere by rain, but their overall 
influence is to cool the climate and possibly change rainfall. In contrast, greenhouse gases 
such as carbon dioxide and methane are not washed out, and have lifetimes of a century or 
longer. Hence they build up in amounts over time, as has been observed. Carbon dioxide is 
now 32% higher than in pre-industrial times, with half of the increase occurring since 1970 
owing mainly to combustion of fossil fuels and deforestation.  Greenhouse gas 
concentrations in the atmosphere are now higher than at any time in at least the last 600,000 
years.   
Climate model simulations that account for such changes in forcings have reliably shown 
that global surface warming of recent decades is a response to the increased concentrations 
of greenhouse gases in the atmosphere (e.g., Barnett et al., 2005; Meehl et al., 2004). When 
the models are run without the man-made changes in atmospheric composition, they fail to 
capture the increase in global surface temperatures since the mid-1970s. But with 
anthropogenic forcings included, the models simulate the observed temperature record with 
impressive fidelity. These same model experiments also reveal that changes in solar 
luminosity and volcanic activity account for part of the warming in the first half of the 20th 
Century, from about 1920 to 1940, with the ocean circulation changes possibly also playing 
a role.  



b. Commitment to further climate change 

The ability of climate models to simulate the past climate record gives us increased 
confidence in their ability to simulate the future. Moreover, the attribution of the recent 
climate change to increased concentrations of greenhouse gases in the atmosphere has 
direct implications for the future. Because of the long lifetime of carbon dioxide and the 
slow equilibration of the oceans, there is a substantial future commitment to further global 
climate change even in the absence of further emissions of greenhouse gases into the 
atmosphere. Several modeling groups have examined the climate response even if the 
concentrations of greenhouse gases in the atmosphere had been stabilized in the year 2000 
and all show a further global warming of about another 0.5ºC, and additional significant sea 
level rises caused by thermal expansion of the oceans by the end of the 21st Century (Meehl 
et al., 2005; Wigley, 2005).  Further glacial melt is also likely. 
Geographical patterns of warming show greatest temperature increases at high northern 
latitudes and over land, with less warming over the southern oceans and North Atlantic.  In 
spite of a slowdown of the meridional overturning circulation in the Atlantic and changes in 
the Gulf Stream across models, there is still warming over the North Atlantic and Europe 
due to the overwhelming effects of the increased concentrations of greenhouse gases.  
 
Precipitation generally increases in the summer monsoons and over the tropical Pacific in 
particular, with general decreases in the subtropics and some middle latitude areas, and 
increases at high latitudes. However, heavy events increase in frequency and there is 
increasing risk of mid-continental drought. 
These projections are robust for up to about 50 years into the future (IPCC, 2001), and after 
about then they begin to become more uncertain owing to dependence on actions by 
humans over the forthcoming years.  Hence, scenarios of possible emissions are used to 
bracket outcomes and illustrate effects on climate change. All scenarios produce warming 
well into the 22nd century. However, local patterns of change depend a great deal on 
pollution and air quality, especially for precipitation. 
 
Implications 
In summary, the scientific understanding of climate change is now sufficiently clear to 
show that climate change from global warming is already upon us. Uncertainties remain, 
especially regarding how climate will change at regional and local scales.  But the climate 
is changing and the uncertainties make the need for action all the more imperative. At the 
same time, it should be recognized that mitigation actions taken now mainly have benefits 
50 years and beyond now.  This also means that we will have to adapt to climate change by 
planning for it and making better predictions of likely outcomes.  The precautionary 
principle suggests that it is vital for all nations to identify cost-effective steps that they can 
take now to contribute to substantial and long-term reductions in net global greenhouse gas 
emissions. Actions taken now will lessen the magnitude and rate of climate change in the 
future, although they likely will not stop it. While some changes arising from global 
warming are benign or even beneficial, the rate of change as projected exceeds anything 
seen in nature in the past 10,000 years and is apt to be disruptive in many ways. Hence it is 
vital to also plan to cope with the changes, such as enhanced droughts, heat waves and wild 



fires, and stronger downpours and risk of flooding.  Managing water resources will be a 
major challenge in the future.  Exactly what actions are taken depend on value systems, not 
science.  Issues relate to equity among generations, equity among developed and 
developing countries, sustainability, confidence in ability to adapt and technological fixes, 
and impacts on the economy and industry.  In many cases it may not be so much what is 
done as to how it is implemented and over what time period, as this determines the degree 
of disruption to ongoing activities.  
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