4th IPCC Assessment – Science Summary

Summary by Gene Fry, February 16, 2007


In early February 2007, the Intergovernmental Panel on Climate Change (IPCC) released the Science Summary of its 4th Assessment Report (Summary).  It updates the 3rd Assessment Report (TAR), issued 5 years earlier.  The Summary was drafted by 51 researchers from many nations.  Its wording was hammered out and approved by representatives from 154 nations, including the Bush administration in the United States.


The Summary said that the increase in globally averaged temperatures since the mid-20th century is “very likely” due to “the observed increase in anthropogenic greenhouse gas (GHG) concentrations.”  The TAR said only “likely.”  More generally, the Summary used “very likely” in several places where the TAR used “likely”.


The Summary reported many observations, among them

1 - The rate of increase in GHGs is unprecedented in more than 10,000 years.  The rate of increase during the past 10 years is the highest yet observed.

2 - The northern hemisphere was warmer during 1950-2000 than any other such period in at least 500 years, and likely so covering at least 1,300 years.

3 – More intense and longer droughts occurred over wider areas since the 1970s.  These have been linked to higher sea surface temperatures (SSTs), decreased snowpack and snow cover, and changed wind patterns.

4 - Hurricane intensity in the north Atlantic has risen since the 1970s, linked to higher SSTs.  The same may be true elsewhere, but high-quality data are sparse elsewhere.

5 - The frequency of heavy rainfall events has risen.

6 - The top of the permafrost has warmed; the area it covers has fallen 7% since 1900.

7 - In the late 20th century, cold days and nights are rarer, while hot ones and heat waves are more common.

8 - Mountain glaciers and snowpack have generally declined.

9 - The water vapor content of the atmosphere has increased since 1980, which is broadly consistent with the extra water vapor that warmer air can hold.

10 - The average temperature of the ocean has increased to depths of at least 3,000 meters.  The ocean has absorbed more than 80% of Earth’s heat gain.

11 - Since 1978, Arctic sea ice shrank by 2.7%/decade, and 7.4%/decade in summer.

12 - Over 1993-2003, sea level rose at a rate of 0.31 meter per century.

13 - The lower and middle troposphere are warming at rates similar to the surface.  Re-analysis of satellite and balloon data reconciled this discrepancy in the TAR.

14 - Humans contributed to changed wind patterns that affect extra-tropical storm patterns.  However, the actual changes exceed those shown by current models.

15 - The last time that polar regions were much warmer (3-5°C) than now, sea levels were 4-6 meters higher, due to reduced volume of the Greenland ice sheet.


The Summary made several attributions, including

1 – Fossil fuel burning accounted for most anthropogenic carbon dioxide (CO2), while land use change (forest clearing, etc.) contributed 20-25% as much.  CO2 concentrations are well outside (6() the range for the last 650,000 years.

2 - Agriculture and fossil fuels accounted for most of the 150% increase in methane (CH4) concentrations.  They are now far beyond the 650,000 year-range (9().

3 - Nitrous oxide, soot, hydrocarbons, and halocarbons jointly cause 2x as much warming as CH4.

4 - A significant fraction of interdecadal temperature variation in past centuries was due to volcanic eruptions and changes in solar brightness.

5 - Anthropogenic aerosols, directly and via seeding cloud formation, offset roughly 40% of the warming that would otherwise occur due to anthropogenic GHGs.

6 - Solar brightness change contributed half as much to climate change as shown in the TAR.

7 - Ice loss from Greenland and Antarctica has contributed to sea level rise since 1993.


Among the forecasts in the Summary are

1 - Warming in the 21st century will exceed that in the 20th.

2 - Heat waves and heavy rain (as a % of total rain) will become even more frequent in the 21st century.

3 - Rain will decrease in most subtropical land regions, but increase near the poles.

4 - Atlantic meriodional overturning circulation will slow, but not stop, in the 21st century.

5 - Sea levels will rise by 20-60 centimeters, due in roughly equal parts to Greenland melting, Antarctic melting, and thermal expansion of seawater.

6 – Permafrost thaw depth will increase over wide regions.  Snow cover will contract.

7 – Warming will be much greater over land and near the Arctic Ocean than elsewhere.

8 – Tropical cyclones (hurricanes) will become more intense.

9 – Sub-tropical areas will move well into currently temperate areas.

10 – Sea ice will shrink; summer ice may disappear in the Arctic during the 21st century.

11 – Anthropogenic warming and sea level rise will continue (dampening out) for centuries, even if GHG levels stabilize, due to feedbacks and lags in the climate system.


Data in the Summary show that global mean temperature rose at rates per century of 0.76° over 1910-1976, 1.63°C over 1976-1992, and 2.23°C over 1992-2005.  The Summary estimates that, if GHG levels were to suddenly remain constant, due to sudden huge decreases in emissions, temperatures would still rise 0.6°C by the end of the 21st century, beginning with 0.1°C per decade, due to the slow warming of oceans.

In its other scenarios, the Summary projects that warming will decelerate as GHG concentrations rise.  The relative deceleration is strongest if GHG levels rise sharply.  In the lowest feasible scenario (600 ppm CO2 equivalent = CO2e), featuring global solutions to environmental sustainability and a rapid switch to a service and information economy, temperatures would rise 1.8°C from 1990 to the end of the 21st century [they would continue rising in the 22nd century].  With two other scenarios, featuring 700 and 800 ppm CO2e, temperatures rise 2.4°C [over the same period].  With 1250 ppm, temperatures rise 3.4°C.  With business as usual (heavy fossil fuel use), temperatures rise 4.0°C [again, just over 1990-2099; they also rise substantially before and after].  The 90% confidence intervals equal the mean temperature rise in every scenario, which demonstrates the considerable uncertainty in the projections.   The Summary did not offer an explanation for the projected deceleration in temperature increases despite the acceleration in GHG levels.

Finally, the Summary notes that models do not yet fully incorporate climate-carbon cycle feedback (such as increased emissions of CO2 and H2O from warmer oceans, methane released from thawing permafrost, or decreased carbon storage in forests destroyed by fires).   Nor do they incorporate the effect of future changes in ice sheet flow.  Thus, sea level rise could considerably exceed 20-60 centimeters during this century, if warming causes the Greenland (and possibly West Antarctic) ice sheet to melt faster than it does now.  Flow has been rapidly accelerating recently.  The Greenland icecap will continue melting for centuries.

The IPCC Science Summary of its 4th Assessment Report can be downloaded at www.ipcc.ch/SPM2feb07.pdf.
