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Goals

• Develop understanding of climate change 
science
– Much of NWS focus is on politics and talking points
– NWS users want access to climate change science 

and its impact on them
• Survey existing IPCC materials for possible use 

in NWS climate program
• Add substance to help determine role for NWS 

in climate change





IPCC Background
• IPCC (The Intergovernmental Panel on Climate 

Change) is a UN chartered group of leading scientists 
charged with assessing the state of climate change 
science and its impacts.

• The IPCC expresses the consensus of many leading 
scientists

• History:
– Established in 1988
– 1st Assessment Report (AR) - 1990
– 2nd AR - 1995
– 3rd AR - 2001
– 4th AR – Released in 2007. This report well represents 

the state of the science and will be addressed here



Why IPCC?

• Scientific consensus
• User friendly figures
• Accounts for uncertainty
• Accounts for level of scientific understanding
• Assesses changes in scientific understanding
• Not perfect… recommend augmenting with 

supplemental material – particularly for regional 
scale issues



(Mis)understanding IPCC
• Real comments from NWS employees regarding 4th 

AR:
– “IPCC doesn’t show uncertainty”
– “It doesn’t use paleo data or put current trends in long term 

perspective”
– “It doesn’t cover the spectrum of science available”

• An understanding of the state of climate change 
science is the critical foundation on which an NWS 
climate change program should rest

• Many uncertainties exist – particularly in regard to 
future predictions. But there is much we do know…





IPCC 4th AR WG1

– Changes in human and natural drivers of 
climate change

– Observations of climate change
– Attributing change
– Projections for future climate change
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TS.2 Changes in Human and 
Natural Drivers of Climate Change

Drivers are measured 
according to their 
radiative forcing 
(W/m^2)

Positive changes 
indicate more net 
energy at Earth’s 
suface



Greenhouse Gases
• Greenhouse gases – led by CO2 - are leading 

contributers to climate change drivers
• Long lived gases – chemically stable and persist 

in atmosphere for decades to centuries:
– Carbon Dioxide (+1.66 +/- 0.17 W/m^2)
– Methane (+0.48 +/- 0.05 W/m^2)
– Nitrous oxide (+0.16 +/- 0.02 W/m^2)

• Short lived gases – chemically reactive and 
removed by precipitation or natural oxidation for 
example. 





Carbon Dioxide
• Dominates radiative forcing 

agents – 20% increase in radiative 
forcing from 1995 to 2005 alone.

• Increased from pre-industrial 280 
ppm to about 379 ppm in 2005

• “Multiple lines of evidence confirm 
that the post-industrial rise in 
these gases does not stem from 
natural mechanisms.”

• It is “very likely the rate of 
increase over the period since 
1750 are unprecedented in more 
than 10,000 years.”

• Uptake by biosphere and oceans 
typically removes 30% of co2 
within 30 years and another 30% 
over a few centuries.



Other Greenhouse Gases
• Methane

– At 1774 ppb (2005) is more than double pre-industrial 
value

– Growth rates are decreasing since 1993 
(concentration still increasing though) suggesting 
atmosphere is approaching steady state with 
anthropogenic emissions

– Atmospheric methane is mostly antropogenic from 
rice agriculture, biomass burning, etc.

• Nitrous Oxide
– 18% higher than pre-industrial levels



Halocarbons & Ozone
• CPCs and hydrochlorofluorocarbons (HCFCs) emissions 

decreasing under Montreal Protocol. CFC-11 and CFC- 
113 concentrations now decreasing

• +0.32 +/- 0.03 W/m2
• Stratospheric ozone still 4% below pre 1980 values – not 

clear if recovery has begun due to Montreal Protocols
• Tropospheric ozone

– Radiative forcing +0.35 (+0.25 - +0.65) W/m2
– Short lived gas formed from carbon monoxide and nitrogen 

oxides
• Direct anthropogenic water vapor emissions of negligible 

impact



Aerosols
• Total direct aerosol 

radiative forcing is -0.5 
+/- 0.4 W/m2
– Major advance since 

previous IPCC
– Sulphate (-0.4 - +0.2)
– Fossil Fuel organic carbon

• Indirect RF due to cloud 
albedo effect is -0.7 (-0.3 
- -1.8) W/m2
– First estimate and most 

uncertain RF term
• Medium-low level of 

scientific understanding



Contrails and Land Use
• Contrails from global aviation are not well 

understood but likely insignificant (< 0.03 W/m2)
• Human induced changes in land cover have 

increased global surface albedo
– RF is -0.2 +/- 0.2 W/m2

• Land use change is locally significant but small 
at global scale in comparison with greenhouse 
gas warming

• Heat from anthropogenic energy production may 
be significant in urban areas; insignificant 
globally



Solar and Volcanic Activity
• 11 year cycle in solar irradiance well 

documented
– 0.08% variation in solar input

• Change in solar output since 1750 is +0.12 
W/m2.

• Volcanoes can strongly increase stratospheric 
sulphate and cool global mean climate for a few 
years
– Last major eruption was Pinatubo in 1991
– (side comment: Volcanoes remain largely 

unpredictable)



Net global radiative forcing
• MAJOR POINT: Very 

high confidence that 
the effect of human 
activities since 1750 
has been a net 
forcing of +1.6 (+0.6 
- +2.4) W/m2
– Improved scientific 

understanding since 
previous IPCC makes 
this estimate possible 
for the first time



TS.3 Observations of Changes in Climate



Global Temperature
• 2005 and 1998 are warmest 

two years on record since 
1850

• 11 of last 12 years rank in the 
12 warmest years on record 
since 1850

• Effects of urbanization and 
land use is negligible on global 
temperatures

• New satellite and radiosonde 
measurements show 
consistent warming with each 
other and surface temperature 
record - previously there were 
unaccounted for discrepencies





Spatial distribution
• Land warming faster than ocean over past two decades 

(0.27 C vs 0.13 C)
• Warming is widespread and greatest in higher northern 

latitutes
• Poleward shift and strengthing of westerly winds 

supported by some studies
• Climate variability strong player for regional climate 

changes
• Changes in extreme temperature (e.g. tails of monthly 

and daily distributions) consistent with warming
• Heat waves have increased?
• Insufficient evidence to determining trends in tornadoes, 

hail, lightning, and dust storms



Changes in water cycle
• Long term trends in 

precipitation amounts 
from 1900 to 2005 

• Substantial increases 
in heavy precipitation 
events have been 
observed – likely but 
not definite

• Tropical cyclones – 
reference page 41





Con’t

• More intense and 
longer droughts have 
been observed over 
wider areas, 
particularly in the 
tropics and subtropics 
since the 1970s



Cyrosphere
• NH Snow cover mostly 

decreasing – particularly 
in spring

• NH Mountain snow pack 
at marginal elevations 
can be particularly 
sensitive to small 
temperature changes

• NH Break-up becoming 
earlier at 6.5 +/- 1.4 days 
per century; freeze-up 
later at 5.8 +/- 1.9 days 
per century



Cryosphere (con’t)

• Sea Ice - Arctic sea ice 
extent shrinking by 2.7 +/- 
0.6% per decade (no 
significant change in 
Antarctic extent)

• Glaciers – Mass loss of 
glaciers and ice caps likely 
has been a response to 
post-1970 warming 



Cryosphere (con’t)
• Ice sheets – Very likely 

Greenland ice sheet 
shrunk from 1993-2003. 
Pre 1993 changes in ice 
sheets are not well 
established
– Greenland shrinkage at -50 

to -100 Gt per year
– Antarctic change at +100 

Gt per year to -200 Gt per 
year



Cryosphere Summary



Ocean
• World ocean has 

warmed since 1955, 
accounting for > 80% 
of the changes in the 
energy content of the 
Earth’s system

• Ocean becoming 
more acidic – average 
decrease in pH of 0.1

• Salinity changing

Figure TS.15. Energy content changes in different 
components of the Earth system for two periods (1961–2003 
and 1993–2003). Blue bars are for 1961 to 2003; burgundy 
bars are for 1993 to 2003. Positive energy content change 
means an increase in stored energy (i.e., heat content in 
oceans, latent heat from reduced ice or sea ice volumes, heat 
content in the continents excluding latent heat from permafrost 
changes, and latent and sensible heat and potential and 
kinetic energy in the atmosphere). All error estimates are 90% 
confidence intervals. No estimate of confidence is available for 
the continental heat gain. Some of the results have been 
scaled from published results for the two respective periods. 
{Figure 5 4}



Ocean
• Average sea level rise in 

1961-2003 is 1.8 +/- 0.5 
mm/yr
– Thermal expansion – 0.42 

+/- 0.12 mm/yr
– Ice melt – 0.7 +/- 0.5 mm/yr
– Note discrepancy

• 1993-2003 rise is 3.1 +/- 
0.7 mm/yr
– High confidence sea level 

rise is accelerating
Figure TS.18. Annual averages of the global mean sea level 
based on reconstructed sea level fields since 1870 (red), tide 
gauge measurements since 1950 (blue) and satellite altimetry 
since 1992 (black). Units are in mm relative to the average for 
1961 to 1990. Error bars are 90% confidence intervals. {Figure 
5.13}



Ocean



Ocean
• Satellite observations show 

spatial distribution of sea level 
changes

• Observations suggest extreme 
high water events have 
increased since 1975

• Box TS.4 Sea Level
– Sea level 100m lower during 

last ice age
– Warmer climates may produce 

more snow over Greenland 
and Antarctica which could 
partially offset increased melt. 
This is not well understood



Consistency among observations

• “Changes in the 
atmosphere, cyrosphere, 
and ocean show 
unequivocally that the 
world is warming.”

• “The warming of the 
climate is consistent with 
observed increases in the 
number of daily warm 
extremes, reductions in 
the number of daily cold 
extremes and reductions 
in the number of frost 
days at mid-latitudes.”





Paleoclimatic 
Perspective

• Very likely that the average 
1950-2000 NH temperatures 
were warmer than any other 50 
year period since 1500 and 
likely warmest since 700AD.

• Orbital forcings and their 
relationship to ice ages are 
well understood (box TS.6)
– Current climate models 

adequately simulate the last 
ice age (21000 years ago)

– Models can separate this 
natural variability from the 
more recent warming





Next up…

• TS.4 – Understanding and attributing 
climate change

• TS.5 – Projections of future changes in 
climate

• Dates TBA



A Teaser 
Models are getting better…



And it shows…
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