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The Five C’s of Climate 
Change

October 17, 2013
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Leslie Grady Jr., Ph.D.
Climate Action Alliance of the Valley

“Climate is what you expect; weather 
is what you get.”

Robert Heinlein

• Weather
A snapshot of current conditions – temperature, 
humidity, wind speed, precipitation, etc. at a 
given moment.

• Climate
The long-term average of the weather.  The 
World Meteorological Organization defines 
climate as “weather over a 30-year period or 
longer.”

Base period = 1951-1980

Left: From NASA Goddard Institute for Space Studies, http://data.giss.nasa.gov/gistemp/graphs/
Right: From  http://www.skepticalscience.com/print.php?n=2160

Example: Global Land-Ocean 
Temperature Index

30-year Running Mean

GISS

Warming Is Evident when Viewed on a 
Decadal Time Scale

Figure from Climate Central: http://ccimgs.s3.amazonaws.com/DecadesofWarming.jpg

Evidence from diverse sources shows 
that Earth’s climate is changing.
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Multiple Studies Show that Earth’s Land-
Surface Temperature Is Rising

Figure from Berkeley Earth Surface Temperature Project, © 2011: http://berkeleyearth.org/analysis.php

Weather Stations Are Unevenly Distributed

Each of the global temperature records deals with the 
uneven distribution of weather stations in a different way.

Figure from: http://en.wikipedia.org/wiki/Instrumental_temperature_record

Left: From NASA Goddard Institute for Space Studies, http://data.giss.nasa.gov/gistemp/graphs/
Right: From  J. Hansen, Columbia University 2013:   

http://www.columbia.edu/~mhs119/Temperature/dTs_60+132mons.pdf /

The Global Land-Ocean Temperature Index 
more Accurately Reflects Earth’s 

Temperature

NASA GISS Data Set; Base period = 1951-1980

Most of  Earth’s area is covered by oceans.
Oceans warm more slowly than land.
A temperature index that combines the temperature of the land 
with the sea surface temperature gives a more accurate measure 
of warming.

The Deep Ocean Is also Warming

Figure from NOAA National Oceanographic Data Center: http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/

Approximately 90% of Earth’s additional heat is stored in the oceans.  
Because of the large volume of the oceans, the temperature increase 
associated with this warming is small, ~0.06°C since the early 1960’s.

Winter and Summer Display Distinct 
Warming Patterns

Note that “winter” and “summer” refer to the Northern Hemisphere. 
Warming has been greater in the winter of both hemispheres.

Figure from Climate Change: Evidence, Impacts, and Choices, National Research Council of the 
National Academies, 2012

The Arctic Ice Cap Is Melting

September Arctic Sea Ice

Melting of the Arctic ice cap 
does not contribute to sea 
level rise.

Melting of the ice cap 
exposes a greater area of 
water to sunlight.  Because 
water is darker than ice, 
more energy from the sun 
is absorbed, accelerating 
warming and melting.  A 
positive feedback (or 
vicious cycle).
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The Arctic Ice Cap Is Melting – Area

Right from National Snow and Ice Data Center 
http://nsidc.org/arcticseaicenews/2013/09/a-real-hole-near-the-pole/

Left from National Snow & Ice Data Center - http://nsidc.org/arcticseaicenews/files/2013/09/Figure26.png

2012 was a record low year.
The minimum area occurs in September each year.

The Arctic Ice Cap Is Melting – Thickness

From Polar Science Center 
http://psc.apl.washington.edu/wordpress/research/projects/arctic-sea-ice-volume-anomaly/

The nature and age of the ice have also been changing.

Greenland and West Antarctica Are Melting
• Contributes to sea level rise.
• Melting of Greenland is increasing.
• Melting of West Antarctica and the 

Antarctic Peninsula are increasing.
• Snow is accumulating in East 

Antarctica.

Left figure from A. Shepard et al., “A Reconciled Estimate of Ice-Sheet Mass Balance “, Science, 338, 1183, 2012.
Right figure adapted from Figure TS.3, IPCC 5th Assessment Report, Technical Summary, 2013

Glaciers Are Melting Everywhere

Figure from http://www.globalwarmingart.com/wiki/Image:Glacier_Mass_Balance_Map_png

Sea Level Is Rising

From: http://www.cmar.csiro.au/sealevel/sl_hist_last_15.html

Sea Surface Salinity Is Increasing

• Sea surface salinity is an indicator of the relative rates of evaporation and 
precipitation over fixed ocean regions.  

• Inter-basin contrast in freshwater content has increased: the Atlantic has 
become saltier and the Pacific and Southern Oceans have freshened.  

• This is a result of warmer temperatures, which allow the atmosphere to 
hold more water, and changing precipitation patterns.

Figure adapted from Chapter 3, “Observations: Ocean”, IPCC Fifth Assessment Report, 2013, 
Figure 3.21, after Boyer et al., 2009
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Weather in the US Is Getting More Extreme

The U.S. Climate Extremes Index is compiled by NOAA from data on the 
maximum and minimum temperatures, drought, moisture surplus, and 
number of days with and without precipitation.
Figure from: http://www.ncdc.noaa.gov/extremes/cei/graph/cei/01-12

Natural Catastrophes in the U.S. Have 
Increased between 1980 and 2012

From: http://dattobackup.com/wp-content/uploads/2013/03/datto2.png
Source: © 2013 Munich Re, NatCatSERVICE. As of January 2013.

Global Weather Is Getting More Extreme
• On a global scale, it is very likely (>90%) that an increase in warm 

days/nights and a decrease in cold days/nights has occurred.

• In many regions there is medium confidence that the length or 
number of heat waves has increased.

• It is likely (>66%) that there have been increases in the number of 
heavy rain storms in more regions than there have been 
decreases.

• While long-term increases in tropical cyclone activity have been 
observed, changes in reporting capabilities cause low confidence 
in the trend.

• It is likely (>66%) that a poleward shift in tropical storm tracks has 
occurred.

• Changes in the intensity and severity of droughts vary greatly from 
region to region.

• Evidence concerning the magnitude and frequency of floods is 
weak because of many confounding factors.

Global Weather Catastrophes Have 
Increased between 1980 and 2012

Figure from: http://www.munichre.com/app_pages/www/@res/pdf/media_relations/press_releases/2013/natural-
catastrophes-2012-wold-map_en.pdf         © 2013 Munich Re, NatCatSERVICE. As of January 2013.

Ecosystems are changing.

• Over 279 species of plants and animals (out of 677 
studied) have changed their time of flowering, 
migration, and other spring activities. (Rough Guide to Climate 
Change, 2006, p 142)

• Lilac bushes planted by USDA in the Northeast USA 
in 1965 as a measure of the on-set of Spring are 
flowering two weeks earlier.

• Coral bleaching is increasing.
• Melting permafrost is affecting migration patterns.
• Fish are migrating toward the poles.  Land-based 

species are also migrating pole-ward or to higher 
altitudes.

• Fish populations in the southern reaches of the Arctic 
seas are undergoing changes

What is the role of natural variability in 
driving climate change?
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Earth’s Temperature Has Always Varied

Figure from  J. Hansen et al., “Climate Sensitivity, Sea Level, and Atmospheric Carbon Dioxide,”  Phil. 
Trans. R. Soc. A 371: 20120194, 2013

Extremely Long-Term Changes in Earth’s 
Climate Are Caused by Plate Tectonics

Figure from J. Zachos et al., “Trends, Rhythms, and Aberrations in Global Climate 65 Ma to Present”, 
Science, 292, 686, 2001

These changes occur with 
frequencies on the order of 
millions of years.

Eccentricity – Very Long-term Variability Is 
Caused by Earth’s Orbit about the Sun

• Earth’s orbit around the sun is elliptical, not circular.
– Current effect is for Earth to receive about 7% more solar energy 

in January (perihelion) than in July (aphelion).
– The sun is off-center in the ellipse.  The off-centeredness of the 

orbit varies over time in a complicated manner.
– The net result produces two cycles, one at about 100,000 years 

and one at about 400,000 years.

Upper figure from http://www.cs.utexas.edu/users/s2s/latest/seasons2/images/elliptical_orbit_distance.jpg
Lower figure from J. Zachos et al., Science, 292, 686, 2001

Obliquity - Additional Variability Is Caused 
by the Tilt of Earth’s Axis

• Causes the seasons.
• Ranges from 21.8° to 24.4°

and back over about 41,000 
years.  Currently 23.4° and 
decreasing.

• The greater the tilt, the 
stronger the summer sun 
and the weaker the winter 
sun.  Can help end ice 
ages.

• Lesser tilt can initiate ice 
ages.

• Causes cycle with 
frequency of about 41,000 
years.

Upper from http://www.eas.slu.edu/People/CEGraves/Eas138/fg02_05.jpg
Lower figure from J. Zachos et al., Science, 292, 686, 2001

Axial Precession also Causes Variability

• Earth’s axis precesses slowly around an imaginary center line, 
like wobble in a spinning top.

• The cycle of precession takes about 26,000 years and changes 
the season when Earth is closest to the sun (perihelion).  Today 
perihelion occurs in Northern Hemisphere winter.

Left figure from http://concise.britannica.com/ebc/art-90840
Right figure from J. Zachos et al., Science, 292, 686, 2001

The Various Orbital Features Cause 
Long-Term Cycles in Earth’s Temperature

(°
C

)

Lines represent proxy data, shading represents simulations.

Figure adapted from Figure 5.3 in Chapter 5, “Information from Paleoclimate Archives”, 
IPCC Fifth Assessment Report, 2013
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Earth Had Been Cooling before Recent 
Warming

Figure adapted from S. A. Marcott et al., “A Reconstruction of Regional and Global Temperature 
for the Past 11,300 Years”, Science, 339, 1198, 2013.

Figure adapted from M. E. Mann et al, “Proxy-based reconstructions of hemispheric and global surface 
temperature variations over the past two millennia”, PNAS: 105, 13252, 2008; 
www.pnas.org/cgi/doi/10.1073/pnas.0805721105

Modern-Day Temperature Increase Is 
Unprecedented in Last 1800 Years

Northern hemisphere land and land + 
ocean temperature reconstructions

Medieval Warm Period

Recent studies by other research groups have confirmed this study.

What about the Sun?

The longest recorded observation of the sun is of sunspots.  
Lower sunspot numbers correlate with lower solar brightness.

Sunspot numbers vary on an approximately 11 year cycle.  
Reconstructions of sunspot numbers go back about 11,000 
years.
Figure from http://en.wikipedia.org/wiki/Solar_variation.

Satellites Allow Direct Observation of Solar 
Irradiance at the Top of the Atmosphere

Variations in solar irradiance are very small as a percent of 
incident irradiation and contribute little to climate change.
Figure from http://en.wikipedia.org/wiki/Solar_variation

Changes in Solar Activity Do Not Correlate 
with Recent Temperature Changes 

Figure from J. Cook, “Solar Activity & Climate: Is the Sun Causing Global Warming?”,
http://www.skepticalscience.com/solar-activity-sunspots-global-warming-intermediate.htm

The Stratosphere Is Cooling while the 
Troposphere Is Warming

If the sun were causing the recent warming, the stratosphere 
would be warming in parallel with the troposphere.

The stratosphere is the 
upper atmosphere, 
above 10 miles.

The troposphere is the 
lower atmosphere, 
where we live.

Figure from Climate Change: Evidence, Impacts, and Choices, National Research Council of the 
National Academies, 2012
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• El Niño
– Unusually warm ocean temperatures in the equatorial Pacific.
– Trade winds diminish in the central and western pacific.
– In the USA, winter temperatures are warmer than normal in the North 

Central States and cooler in the Southeast and Southwest.
– Rainfall and thunderstorm activities diminish over the western 

equatorial Pacific and increase over the eastern.
– Exhibits irregular periodicity at intervals of 3 – 7 years and lasts 9 

months to 2 years.
• La Niña

– Unusually cold ocean temperatures in the equatorial Pacific.
– In the USA, winter temperatures are warmer than normal in the 

Southeast and cooler in the Northwest.
– Rainfall and thunderstorm activities diminish over the central equatorial 

Pacific and increase over the western.
• The Southern Oscillation Index (SOI) is one measure of El Niño and 

La Niña episodes.

The El Niño - La Niña Cycle Has a Strong 
Influence on Earth’s Weather

Normal (Neutral) Conditions

Figure derived from NOAA /PMEL/TAO diagrams. http://www.pmel.noaa.gov/tao/proj_over/diagrams/index.html

El Niño Conditions

Figure derived from NOAA /PMEL/TAO diagrams. http://www.pmel.noaa.gov/tao/proj_over/diagrams/index.html

La Niña Conditions

Figure derived from NOAA /PMEL/TAO diagrams. http://www.pmel.noaa.gov/tao/proj_over/diagrams/index.html

Effects of El Niño – La Niña Cycle and of 
Volcanoes on Temperature Are Evident

Figure from J. Hansen et al., “Global Temperature in 2011, Trends and Prospects”
http://www.columbia.edu/~jeh1/mailings/2012/20120119_Temperature.pdf 

El Niño Years Are Typically Hotter and La 
Niña Years Typically Cooler

Figure from NOAA National Climatic Data Center – Global Analysis, Annual 2012 
http://www.ncdc.noaa.gov/sotc/global/2012/13
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Warming Has Slowed in the Past 15 Years

Figure from G. Foster and S. Rahmstorf, “Global Temperature Evolution, 1979-2010”, Environ. Res. 
Lett, 6, 044022, 2011, doi: 10/1088/1748-9326/6/4/044022

1. Anomalies are 
relative to the 
entire time period.

2. Curves are off-set 
0.2°C for clarity.

3. Some data sets 
show a greater 
hiatus than others.

Adjustment of Data for Solar Activity, El 
Niño – La Niña, and Volcanic Eruptions 

Explains Much of the Hiatus

Figure from G. Foster and S. Rahmstorf, “Global Temperature Evolution, 1979-2010”, Environ. Res. 
Lett, 6, 044022, 2011, doi: 10/1088/1748-9326/6/4/044022

Another study using 
totally different 
techniques has arrived 
at similar conclusions 
about the hiatus.  That 
study showed that it has 
been driven largely by 
equatorial Pacific sea 
surface temperatures, 
i.e., La Niña.
Y. Kusaka and S.-P. Xie, “Recent 
Global-Warming Hiatus Tied to 
Equatorial Pacific Surface Cooling”, 
Nature, 12534, 2013

Other Oscillations on Decadal Time 
Scales

• North Atlantic Oscillation (NAO)
– Results in inverse correlations among variables in the northern 

and subtropical Atlantic.
– Contributes to decadal-scale variability over northern Europe, 

northern Africa, and North America.
• Arctic Oscillation (AO)

– Negative phase
• High pressure over polar regions and low pressure in middle latitudes.
• Cold air intrusion into western Europe and Central USA

– Positive Phase
• Low pressure over the Arctic
• Wet conditions over northern Europe
• Dry conditions in Spain, northern Africa, and the Middle East

• Pacific Decadal Oscillation (PDO)
– Similar to El Niño – La Niña oscillations, but longer lived and 

lower magnitude.
– Warm and cool periods can each last several decades.

Modern Temperature Increases Cannot 
Be Explained Using only Natural Factors

Observed

Simulated

Figure adapted from Figure  TS.9, IPCC 5th Assessment Report, Technical Summary, 2013

Summary

• Data from diverse sources show that Earth’s 
temperature is increasing.

• Earth’s temperature has always changed due 
to a variety of events.
– Changes in Earth’s orbit and the tilt of its axis 

influence climate on very long time scales.
– Shorter term events such as solar intensity, 

volcanoes, and El Niño – La Niño cycles affect 
climate on shorter time scales.

• Natural events cannot explain the warming 
that has occurred since the start of the 
industrial revolution.


