
Climate Change
WHAT IS IT?

WHERE IS IT GOING?

AND HOW DO WE KNOW?

CHAPTER 12

What Is Doing 
This?



IT IS TIME TO TRY TO EXPLAIN ALL THIS.

BUT FIRST, IS THERE ANYTHING TO EXPLAIN?

IS ANYTHING ACTUALLY HAPPENING?

HERE IS THE TEMPERATURE TREND AGAIN.  THERE DOES SEEM 

TO BE A TENDENCY FOR THE GLOBAL TEMPERATURE TO 

INCREASE.

1985

As in Chapter 

2, this is my 

graph of the 

data from the 

Goddard 

Institute of 

Space 

Studies 

(GISS) at 

THIS LINK.

{Addresses 
associated 
with such 

links are at 
the end of the 

show.}



THIS IS THE RIGHT-HAND END OF THE SAME TEMPERATURE GRAPH, STARTING AT 

1985.  

WHERE YOU SEE 0.2 DEGREES, THAT IS NOT THE ACTUAL TEMPERATURE.  IT MEANS 

0.2 DEGREES ABOVE THE 1951-1980 AVERAGE, WHICH WAS CALLED ZERO.  THAT 

KIND OF TEMPERATURE NUMBER IS CALLED A “TEMPERATURE ANOMALY”.  

CLIMATE SCIENTISTS LIKE TO DO IT THAT WAY.

THERE WAS A DOWNWARD JUMP IN 2008, BUT THERE WERE  LARGER DOWNWARD 

JUMPS IN 1992 AND 1999.  WE WILL SEE SOME REASONS FOR THESE FLUCTUATIONS.   

THE RED LINE IS A “TRENDLINE” – A SO-CALLED AVERAGE LINE SHOWING THE 

UPWARD TREND.

IN THE NEXT SLIDE, YOU WILL SEE SOME MORE ADDED TO THIS GRAPH.

ANNUAL TEMPERATURE DIFFERENCES (oC) FROM AN ARBITRARY ZERO

RED:  Annual Avg and Trendline
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TEMPERATURE DIFFERENCES FROM THE 1951-1980 AVERAGE IN DEGREES CELSIUS.  

RED DOTS ARE ANNUAL AVERAGES.



THIS IS STILL THE TEMPERATURE ANOMALY FOR EACH YEAR FROM 1985 TO 2008

IT NOW ALSO HAS THE MONTHLY AVERAGE TEMPERATURES (BLUE DOTS).  EACH 

RED DOT IS THE AVERAGE OF THE SURROUNDING 12 BLUE DOTS.

THE BLACK LINE AVERAGES OUT SOME OF THE MONTHLY FLUCTUATIONS BY 

DISPLAYING AN AVERAGE OF THE FIVE PREVIOUS MONTHS.

THERE IS STILL AN OVERALL UPWARD TREND REPRESENTED BY THE RED LINE.  

WE WILL COMPARE THIS WITH SOME CANDIDATES FOR CAUSES OF THE 

TEMPERATURE CHANGES.

MONTHLY TEMPERATURE DIFFERENCES (oC) FROM AN ARBITRARY ZERO

BLUE: Monthly Ave    BLACK: Five-Month Running Avg.    RED: Annual Avg and Trendline
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THE PERSISTENT INCREASING TEMPERATURE IN RECENT YEARS WOULD 

BE ENOUGH TO CALL FOR AN EXPLANATION.  BUT THIS “HOCKEY-STICK”

GRAPH FROM CHAPTER 2 MAKES IT MORE INTERESTING.  THE WORK OF 

SEVERAL RESEARCHERS (DIFFERENT COLORED LINES) SUGGESTS THAT 

THE RECENT TEMPERATURES HAVE BEEN UNUSUALLY HIGH AS 

COMPARED WITH THE LAST SEVERAL HUNDRED YEARS, AT LEAST, AND 

PROBABLY LONGER.

YEAR

THIS PICTURE 

IS FROM THE 

GLOBAL 

WARMING 

ART SITE.  

SEE MORE 

DETAIL 

THERE.

SOME OTHER 

VERSIONS 

WITH 

REFERENCES 

CAN BE SEEN 

HERE.



AND…

IN PREVIOUS CHAPTERS, WE HAVE POINTED OUT SEVERAL OTHER 

TRENDS THAT WOULD LOGICALLY GO ALONG WITH INCREASING 

GLOBAL TEMPEATURES:

1. THE LOSS OF FLOATING ICE IN THE ARCTIC HAS BEEN ACCELERATING 

FASTER THAN ANYONE PREDICTED (AS OF 2008).

2. THE SAME THING IS TRUE IN GREENLAND, EXCEPT THE ICE IS 

DISAPPEARING FROM THE LAND RATHER THAN FROM THE SEA.

3. THE ANTARCTIC PENINSULA, THE ONLY PART OF ANTARCTICA NOT 

INSULATED FROM THE WORLD’S CLIMATE, HAS BEEN EXPERIENCING 

THE LARGEST TEMPERATURE INCREASE ANYWHERE AS WELL AS 

LOSS IF ICE FROM ICE SHELVES AND ICE STREAMS.

4. THE SEA LEVEL RISE, PROBABLY DUE TO LOSS OF ICE ON LAND AS 

WELL AS THERMAL EXPANSION OF THE WATER, HAS BEEN 

ACCELERATING.

IT SHOULD BE POSSIBLE TO FIND REASONS FOR SUCH CHANGES.



WHEN CONSIDERING THE TEMPERATURE OF THE EARTH, THE 

FIRST THING TO COME TO MIND MIGHT BE THE SUN, SHOWN 

HERE ON JUNE 8, 2004 DURING THE TRANSIT OF VENUS, 

WHICH IS JUST EXITING AT THE TOP TOWARD THE RIGHT.



HERE ON EARTH, THE SUN DELIVERS JUST 

UNDER 1370 WATTS OF POWER TO EACH 

SQUARE METER OF SOLAR COLLECTOR 

(PROVIDED THE COLLECTOR IS ABOVE THE 

ATMOSPHERE AND FACING THE SUN).

THAT IS THE 

SAME KIND OF 

WATT THAT YOU 

USE IN TALKING 

ABOUT A 100-

WATT LIGHT 

BULB.

BUT THAT NUMBER, 

CALLED THE SOLAR 

CONSTANT, IS ACTUALLY 

NOT QUITE CONSTANT.  IT 

CAN VARY UP OR DOWN BY 

A COUPLE OF WATTS OR A 

LITTLE MORE. 

A SQUARE 

METER IS A 

SQUARE 1 

METER (3.28 ft) 

ON A SIDE.



HERE IS A RECORD OF SOLAR OUTPUT GOING BACK TO ABOUT 1980.  

SINCE THAT TIME THERE HAVE BEEN EARTH SATELLITES MEASURING 

THE NUMBER OF WATTS PER SQUARE METER FROM THE SUN.  SO 

THIS DOES RISE AND FALL BUT ONLY BY A LITTLE BIT – NOT MUCH 

MORE THAN A COUPLE OF WATTS PER SQUARE METER EXCEPT VERY 

BRIEFLY DURING SOME YEARS.

FROM THE NASA-GISS SITE:  http://data.giss.nasa.gov/gistemp/2007/

NOTE:  W/m2

MEANS 

WATTS PER 

SQUARE 

METER – THE 

VARIABLE 

SOLAR 

“CONSTANT”

.



NOW WE ARE GOING TO LOOK FOR 

SOME CORRELATIONS.

FOR EXAMPLE, THE SUN OFTEN HAS 

“SPOTS” ON IT – SOMEWHAT COOLER 

AREAS THAT LOOK  BLACK WHEN 

COMPARED WITH THE REST OF THE SUN.

THIS IS A LARGE GROUP OF 

SUNSPOTS THAT I SNAPPED ON 

OCT. 30, 2003

1980 1990 2000

THE QUESTION IS, DO THE SUNSPOTS 

HAVE ANYTHING TO DO WITH THE 

POWER EMITTED BY THE SUN?



1980 1990 2000NUMBER OF 

SUNSPOTS

POWER 

ON A 

SQUARE 

METER 

FROM 

THE SUN

THIS IS A PRETTY GOOD, THOUGH 

NOT PERFECT, CORRELATION 

BETWEEN NUMBER OF SUNSPOTS 

AND THE POWER RECEIVED FROM 

THE SUN.

IN OTHER WORDS, THEY GO UP 

TOGETHER AND THEY GO DOWN 

TOGETHER.

WELL – ALMOST.  THERE IS A 

LITTLE BIT OF DIFFERENCE 

AROUND 1990.

SO, DOES A CORRELATION LIKE 

THIS MEAN THEY ARE REALLY 

CONNECTED?

READ ON.



A GOOD CORRELATON MEANS THEY MIGHT BE CONNECTED.  WE CAN 

SUSPECT IT.  WITH A BETTER THE CORRELATION, IT IS MORE LIKELY THAT 

A CONNECTION EXISTS.

BUT A CORRELATION IS NOT PROOF.  A PHYSICAL MECHANISM NEEDS TO 

BE ESTABLISHED TO CONNECT THEM.  IN THIS CASE, FOR EXAMPLE, THE 

CORRELATION SEEMS BACKWARDS AT FIRST GLANCE.  THE POWER FROM 

THE SUN INCREASED WITH MORE SUNSPOTS.  HOW COULD COOL, DARK 

AREAS ON THE SUN MAKE IT HOTTER, AS THE GRAPHS SEEM TO IMPLY?



ACTUALLY, A LOT OF WORK ON THE SUN HAS ESTABLISHED THAT, WHEN 

THERE ARE MORE SUNSPOTS, OTHER PARTS OF THE SUN* BECOME 

EXTRA HOT.  THAT IS HOW MORE POWER IS GENERATED.  IT IS NOW 

PRETTY WELL ESTABLISHED THAT THE POWER OF THE SUN AND THE 

NUMBER OF SUNSPOTS ARE CONNECTED AND THAT MORE SUNSPOTS 

MEANS A LITTLE MORE POWER. 

*The hotter areas are called “faculae”.  While the sunspots darken the sun, 

the faculae more than make up for it.  A look at this paper,

http://www.geo.umass.edu/faculty/bradley/lean1995.pdf

shows an example.  If you don’t want to read through all the technical 

recearch terms, at least look at Fig. 3 on page 2, which shows the amount of 

sunspot darkening, the brightening of the faculae, and the total brightening.  

It is all given in W/m2, which means Watts per square meter, the total number 

of watts of solar power on an area one meter [3.28 ft] on a side above the 

earth’s atmosphere.  It uses the term “irradiance”, which is the technical term 

for this.



ON THE OTHER HAND, IF THERE IS NO CORRELATION, THEN IT IS 

PRETTY CERTAIN THAT THERE IS NO CONNECTION.

MANY TIMES THERE IS A VERY WEAK CORRELATION BETWEEN TWO 

QUANTITIES BEING STUDIED.  IN THAT CASE, IT IS POSSIBLE THAT 

THERE IS A CONNECTION, BUT THAT SOMETHING ELSE IS MORE 

IMPORTANT.

FOR EXAMPLE, IN THE NEXT SLIDE, WE ARE GOING TO LOOK AT THE 

TEMPERATURE TREND SINCE 1985, FROM SLIDES 3 AND 4.

WE WILL TRY TO CONNECT IT WITH THE VARIATION IN THE NUMBER OF 

WATTS PER SQUARE METER RECEIVED FROM THE SUN AS SEEN IN 

SLIDES 9, 10, AND 11.



HERE THEY ARE STRETCHED OUT TO MATCH THE YEARS BETWEEN THEM. DO 

THESE GRAPHS GO UP AND DOWN TOGETHER?

THEY BOTH DO HAVE AN UP AND DOWN MOTION, BUT THEY ARE CERTAINLY 

NOT DOING THE SAME THINGS AT THE SAME TIMES. LOOK AT THE NEXT SLIDE 

FOR SOME DETAILS ON THIS.

MONTHLY TEMPERATURE DIFFERENCES (oC) FROM AN ARBITRARY ZERO

BLUE: Monthly Ave    BLACK: Five-Month Running Avg.    RED: Annual Avg and Trendline
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TO TRY TO VISUALIZE THE RELATIONSHIP (OR THE LACK THEREOF), LOOK AT THE RED AND 

GREEN LINES.  THE GREEN LINES INDICATE WHERE THEY ARE DOING THE SAME THING (BOTH 

GOING UP, BOTH GOING DOWN, BOTH STEADY).  THE RED LINES INDICATE THAT THEY ARE 

DOING SOMETHING DIFFERENT,  IT SEEMS AMBIGUOUS AT THE BLUE LINE – BOTH ARE FAIRLY 

STEADY, BUT THE SUN IS AT THE TOP OF A CYCLE AND THE EARTH IS AT THE BOTTOM.

MONTHLY TEMPERATURE DIFFERENCES (oC) FROM AN ARBITRARY ZERO

BLUE: Monthly Ave    BLACK: Five-Month Running Avg.    RED: Annual Avg and Trendline
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THERE IS NOTHING IN THE SOLAR CHANGES TO PRODUCE THE 

OVERALL INCREASE.  THE SOLAR OUTPUT FLUCTUATES, BUT IT 

KEEPS COMING BACK TO THE SAME LEVEL WITHOUT ANY 

OVERALL INCREASE.

THERE IS NO PARTICULAR RELATION BETWEEN SOLAR OUTPUT SINCE 

1985, AT LEAST, AND THE EARTH’S AVERAGE TEMPERATURE.

IF THEY BOTH ROSE TOGETHER, OR FELL TOGETHER, MOST OF THE TIME, 

SOME RELATION WOULD BE POSSIBLE.  EVEN IF ONE ROSE WHILE THE 

OTHER FELL MOST OF THE TIME, THERE COULD BE A RELATION.

BUT THEY BEHAVE THE SAME ABOUT AS MUCH AS THEY BEHAVE IN THE 

OPPOSITE SENSE.  THAT MEANS THEY LOOK UNRELATED.

OF COURSE, THAT JUST REFERS TO THE FLUCTUATIONS IN THE EARTH’S 

TEMPERATURE.  THERE IS ALSO THAT OVERALL AVERAGE 

TEMPERATURE INCREASE IN THE EARTH.

COMBINED GREEN FROM PREVIOUS SLIDE

COMBINED RED



OBSERVERS OF THE SUN HAVE MADE A RECORD OF THE NUMBER 

OF SUNSPOTS GOING BACK A FEW HUNDRED YEARS, ALTHOUGH 

THE RECORDS MAY BE LESS RELIABLE BEFORE ABOUT 1700.

SINCE THE NUMBER OF SUNSPOTS IS CONNECTED TO THE 

POWER OUTPUT OF THE SUN, IT IS POSSIBLE TO ESTIMATE THIS 

OUTPUT FOR EARLIER YEARS.

For one reconstruction of power from the sun (which is actually called 

“irradiance”) back to 1600, see Fig. 3 of the following:

http://www.mps.mpg.de/dokumente/publikationen/solanki/j245.pdf

THE NEXT SLIDE SHOWS THE NUMBERS OF SUNSPOTS GOING 

BACK INTO THE 1600’S, AND SLIDES FOLLOWING AFTERWARDS 

MAKE SOME COMPARISONS WITH THE EARTH’S TEMPERATURE 

RECORD.

(NOTE – THE NUMBERS OF SUNSPOTS IN THE EARLIER SLIDES 10 AND 11 

ARE THE EXTREME RIGHT-HAND END OF THE GRAPH ON THE NEXT PAGE.)



THIS LINE IS A RECORD OF THE NUMBER OF SUNSPOTS GOING BACK TO 

1650. NORMALLY, THE NUMBER OF SUNSPOTS GOES FROM A MAXIMUM 

TO A MINIMUM AND BACK TO A MAXIMUM IN A CYCLE OF ABOUT 11 

YEARS.  BUT NOT ALL SUNSPOT CYCLES ARE EQUAL.  SOME HAVE MORE 

SUNSPOTS AND OTHERS HAVE FEWER. 

THE LINE THROUGH THE MIDDLE IS THE AVERAGE NUMER OF SUNSPOTS 

DURING EACH 11-YEAR PERIOD. 

THIS GIVES A FAIRLY GOOD IDEA OF THE CHANGES IN THE OUTPUT OF 

THE SUN DURING THIS TIME. 

http://earthobservatory.nasa.gov/Library/SORCE/sorce_03.html



COMPARING WITH THE AVERAGE 

SUNSPOT NUMBER, THERE IS A, 

DECENT CORRELATION BETWEEN 

ABOUT 1880 AND 1925 (LONGER GREEN 

LINE).  AFTER 1925, THE SITUATION IS 

MORE CONFUSED, THOUGH THE 

DECREASE IN SOLAR ACTIVITY MAY 

HAVE HELPED HOLD THE 

TEMPERATURE RISE IN CHECK IN THE 

1970’s.  BUT MOST OF THIS WAS 

PROBABLY ATMOSPHERIC HAZE– SEE 

CHAPTER 2.

AFTER 1985, SEE THE MORE DETAILED 

GRAPHS IN SLIDES 15 – 16. 1880 1925 20001985

SOLAR ACTIVITY (TOP) AND THE 

PREVIOUS GRAPH OF EARTH’S 

TEMPERATURE (BOTTOM)

1945

GREEN 

LINES –

AGREE

RED LINES 

–

DISAGREE



1650 1800 2000

TO THE RIGHT, THERE IS THAT SAME SUNSPOT RECORD 

SQUISHED DOWN TO LINE UP WITH THE LONGER 

TEMPERATURE RECORD FROM SLIDE 5.  IN THE 1600’S, 

MANY, BUT NOT ALL TEMPERATURE RECONSTRUCTIONS 

SHOW THE “LITTLE ICE AGE” -- VERY LOW 

TEMPERATURES AT THAT TIME.  AN INCREASE IN SOLAR 

ACTIVITY MAY HAVE CONTRIBUTED TO THE RISE IN 

TEMPERATURE SINCE THEN.  ALSO BOTH SOLAR 

ACTIVITY AND TEMPERATURE FELL AROUND 1800.  BUT 

THEN THERE IS NOT MUCH CORRELATION UNTIL ABOUT 

1880 WHEN THE BEHAVIOR ON THE PREVIOIUS SLIDE 

BEGINS.

1880

THERE ARE SO MANY 

TEMPERATURES HERE THAT IT 

IS TOO HARD TO DO “RED 

LINE/GREEN LINE.



SO THERE IS SOME SUPPORT FOR THE IDEA THAT CHANGES IN 

SOLAR OUTPUT AFFECT THE EARTH’S TEMPERATURE.  THAT IS 

ESPECIALLY TRUE FOR OLDER DATA BEFORE ABOUT 1925.

BUT THE SUN COULD NOT BE THE ONLY THING AT WORK, 

ESPECIALLY THROUGH MUCH OF THE 20th CENTURY.  THE RECENT 

RISE IN THE EARTH’S TEMPERATURE (ESPECIALLY AFTER 1985) HAS 

LITTLE RELATION TO THE SUN.

SO WE WILL CONTINUE TO LOOK FOR POSSIBLE REASONS WHY THE 

TEMPERATURE HAS RISEN AS IT HAS.



THERE IS A LOT OF TALK ABOUT THE “ENSO”.

THAT MEANS “EL NINO SOUTHERN OSCILLATION”

For a NOAA tutorial on ENSO, see
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml

WIND

SOUTH 

AMERICA
ASIA

SOUTHERN PACIFIC OCEAN

WARM SURFACE WATER 

PREVENTING THE UPWELLING 

OF COLD, DEEP WATER

BUT COLDER WATER CAN FLOW 

UPWARDS TO THE SURFACE WHERE 

THE WARM, SURFACE WATER HAS 

BEEN PUSHED BACK.

UNDER NEUTRAL CONDITIONS, A COMBINATION OF WIND AND 

WATER ACTION ALLOWS COLD, DEEP WATER TO COME TO 

THE SURFACE ON THE SOUTH AMERICAN SIDE OF A PORTION 

OF THE SOUTHERN PACIFIC OCEAN.



WEAKER WIND

SOUTH 

AMERICA
ASIA

SOUTHERN PACIFIC OCEAN

WARM SURFACE WATER 

PREVENTING THE UPWELLING 

OF COLD, DEEP WATER

UNDER EL NINO CONDITIONS, THE 

COLDER WATER IS TRAPPED 

LEADING TO WARMER CONDITIONS 

ABOVE.

BUT SOMETIMES THE WIND CAN WEAKEN, WHICH ALLOWS WARM 

WATER TO FLOW TOWARD THE SOUTH AMERICAN SIDE OF THE PACIFIC 

OCEAN.  THIS TRAPS THE COLD WATER IN THE DEEP OCEAN AND LEADS 

TO A “WARM EVENT” ON THE SURFACE.  THIS WARM EVENT IS USUALLY 

CALLED “EL NINO”.

THERE IS A LOT OF TALK ABOUT THE “ENSO”.

THAT MEANS “EL NINO SOUTHERN OSCILLATION”

For a NOAA tutorial on ENSO, see
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml



STRONGER WIND

SOUTH 

AMERICA
ASIA

SOUTHERN PACIFIC OCEAN

THE WARM SURFACE WATER 

HAS BEEN PUSHED BACK TO 

THE WEST OPENING THE 

SURFACE TO MORE COLD 

UPWELLING

UNDER LA NINA CONDITIONS, THE 

COLDER WATER FLOWS MORE 

FREELY TO THE SURFACE OVER A 

WIDER AREA.

THE OTHER SIDE OF THIS SO-CALLED “SOUTHERN OSCILLATION”

OCCURS WHEN THE WARM SURFACE LAYER HAS BEEN PUSHED WAY 

BACK ALLOWING MORE COLD WATER TO REACH THE SURFACE.  THIS IS 

A “COLD EVENT” – OFTEN CALLED “LA NINA”.

THERE IS A LOT OF TALK ABOUT THE “ENSO”.

THAT MEANS “EL NINO SOUTHERN OSCILLATION”

For a NOAA tutorial on ENSO, see
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/enso_cycle.shtml



GREEN, YELLOW, RED, AND WHITE 
REPRESENT TEMPERATURE INCREASES.  

NOTICE THE STREAK OF HIGH 
TEMPERATURES IN THE MID-PACIFIC 

OCEAN IN LATE 1997.  THIS IS AN 
EXAMPLE OF AN EL NINO EVENT.  

EL NINO BRINGS WEATHER CHANGES 
ALL OVER THE WORLD, FOR EXAMPLE 

MILD WINTERS IN MUCH OF NORTH 
AMERICA.

ON THE OTHER HAND, BLUE AND PURPLE 
REPRESENT TEMPERATURE DECREASES.  

THE STREAK OF LOW TEMPERATURE IN 
THE MID-PACIFIC OCEAN IN 2000 IS 

CALLED A LA NINA EVENT.

LA NINA ALSO BRINGS WORLDWIDE 
WEATHER CHANGES, SUCH AS COLDER 

WINTERS IN NORTH AMERICA.

THE PICTURES COME FROM FROM A NASA 

VIDEO FROM THIS PAGE, WHERE THERE IS 

MORE EXPLANATION.



THIS ENSO CYCLE APPEARS TO BE PERFECTLY NATURAL, 

ALTHOUGH THE WORD “CYCLE” SHOULD NOT BE TAKEN TO MEAN 

THAT IT IS REGULAR.  IT IS ACTUALLY AN IRREGULAR CYCLE, AND 

FORECASTING IT IS NOT EASY.

BUT IT CAN BE OBSERVED.  THE NEXT SLIDE WILL SHOW A GRAPH 

FROM NOAA BASED ON OBSERVATIONS OF TEMPERATURE ON THE 

RELEVANT PART OF THE PACIFIC OCEAN.  HIGH, ORANGE AREAS 

ON THE GRAPH CORRESPOND TO THE WARM, EL NINO EVENTS, 

AND THE LOW, BLUE AREAS SHOW THE COLD, LA NINA EVENTS.

ON THE SAME SLIDE, YOU CAN SEE THE SAME GLOBAL 

TEMPERATURE GRAPH AS IN SLIDES 3, 4, 15, AND 16.  SO YOU CAN 

SEARCH FOR ANY SIGN OF CORRELATION BETWEEN THE EL NINO 

SOUTHERN OSCILLATION AND THE GLOBAL TEMPERATURE.

The source of the El Nino / La Nina Graph on the next slide is the National 

Oceanographic and Atmospheric Administration (NOAA) document at

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-status-fcsts-web.pdf



HERE THEY ARE.  THERE ARE SEVERAL YEARS WHEN THE TEMPERATURE 

FLUCTUATES ABOVE THE RED, AVERAGE LINE DURING OR JUST AFTER AN EL NINO 

(1987, 1990-91, 1998, 2007, AND MAYBE 2002 AND 2004).  IN 1985, 1989, 1996, 2000, 

2006, AND 2008 THE TEMPERATURE FLUCTUATES DOWN NEAR THE TIME OF A 

COLD, LA NINA EVENT.  BUT THERE ARE SOME EXCEPTIONS, INCLUDING A MAJOR 

ONE IN 1992 THROUGH 1994.  READ ON. (Source: See previous slide.)

MONTHLY TEMPERATURE DIFFERENCES (oC) FROM AN ARBITRARY ZERO

BLUE: Monthly Ave    BLACK: Five-Month Running Avg.    RED: Annual Avg and Trendline
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ABOUT THAT DISCREPENCY FROM 1992 THROUGH 1994…

IN JUNE OF 1991, THE PINATUBO VOLCANO IN 

THE PHILIPPINE ISLANDS ERUPTED IN THE 

WORLD’S SECOND LARGEST VOLCANIC 

ERUPTION OF THE 20th CENTURY.   IT WAS 

AROUND 10 TIMES LARGER THAN THE 1980 

ERUPTION OF MT. ST. HELENS.

U.S. Geological Survey Photograph taken on June 12, 1991 

See USGS/Cascades Volcano Observatory at 

http://vulcan.wr.usgs.gov/Volcanoes/Philippines/Pinatubo/images.html

FOR MORE DETAIL, SEE

http://vulcan.wr.usgs.gov/Volcanoes/Philippines/Pinatubo/framework.html



PARTICLES IN THE ATMOSPHERE THAT REFLECT SUNLIGHT CAN COOL 

THE CLIMATE.

THIS INCLUDES (AMONG OTHER THINGS) PARTICLES ERUPTED INTO THE 

UPPER ATMOSPHERE BY SOME (NOT ALL) VOLCANOES.

SULFUR DIOXIDE (SO2) MOLECULES ARE SOMETIMES EMITED BY 

VOLCANOES.  THEY AND THEIR PRODUCTS CAN SPREAD AROUND THE 

WORLD AND STAY IN THE ATMOSPHERE FOR SEVERAL YEARS. 

THEY REFLECT ENOUGH SUNLIGHT TO COOL THE ATMOSPHERE BY A 

NOTICABLE AMOUNT.

PINATUBO EMITED ABOUT 22 MILLION TONS OF SO2, WHICH LED TO 

COOLING OF A FEW TENTHS OF A DEGREE FOR A COUPLE OF YEARS.

MORE AT 
http://vulcan.wr.usgs.gov/Glossary/VolcWeather/description_volcanoes_and_weather.html



SO WHAT IS GOING ON????

THERE IS A STEADY RISE IN TEMPERATURE WITH MANY SMALLER 

FLUCTUATIONS AROUND THE RISE.

DURING THE LAST HALF CENTURY, THE TEMPERATURE CHANGES, 

INCLUDING THE STEADY RISE, DO NOT CORRELATE WITH CHANGES IN 

THE SUN’S OUTPUT.

SOME, BUT NOT ALL, OF THE SMALL UP AND DOWN FLUCTUATIONS 

MIGHT BE INFLUENCED BY THE EL NINO/LA NINA CYCLE.  WE CAN’T BE 

SURE OF THAT FROM WHAT WE HAVE SAID HERE, BUT RESEARCHERS 

WHO HAVE TAKEN A CLOSER LOOK THINK THAT THERE IS SOME 

INFLUENCE.  SEE A DISCUSSION AND REFERFENCES AT 

http://data.giss.nasa.gov/gistemp/2008/

RESEARCHERS ARE ALSO PRETTY SURE THAT SOME MAJOR VOLCANIC 

ERUPTIONS LOWER THE EARTH’S TEMPERATURE FOR A COUPLE OF 

YEARS.



BUT SO FAR WE (IN THIS SLIDE SHOW) HAVE NOT 

EXPLAINED THE WORLD’S STEADY RISE IN 

TEMPERATURE.

HERE IS THE SUN’S OUTPUT 

AGAIN (from GISS):

THERE IS NO STEADY RISE 
HERE AS LONG AS WE LOOK 

AT COMPLETE CYCLES.

HERE IS THE EL NINO 

CYCLE (from NOAA):

NO STEADY RISE HERE 
EITHER.

BOTH OF THEM WERE AT A LOW POINT IN 2008, WHICH CAN 
ACCOUNT FOR THE DOWNWARD FLUCTION IN THE WORLD’S 

TEMPERATURE IN THAT YEAR.



NONE OF THIS IS ENOUGH TO CLEARLY RULE OUT THE SUN OR OTHER 

NATURAL CAUSES AS A REASON FOR THE WARMING.

FOR EXAMPLE:

•SOME INDIRECT SOLAR EFFECTS HAVE BEEN SUGGESTED AS A REASON.

•A BETTER STATSTICAL LOOK AT THE DATA THAN RED AND GREEN LINES IS NEEDED.

•THERE ARE POSSIBLE NATURAL CAUSES IN ADDITION TO THOSE MENTIONED SO FAR.

SO WE ARE GOING TO CONTINUE THIS DISCUSSION IN THE NEXT 

CHAPTER.

THERE IS A LONG LOOK AT WHAT GOES ON IN SUN (INCLUDING COMPARISONS OF 

THE EARTH’S TEMPERATURE WITH SUNSPOTS, SOLAR IRRADIANCE, AND THE EL 

NINO CYCLE IN THE FOLLOWING:

“LIVING WITH A VARIABLE SUN” BY JUDITH LEAN, PHYSICS TODAY, JUNE, 2005, pp. 32-38

FOR AIP MEMBERS, THERE IS AN ONLINE COPY AVAILABLE AT

http://ptonline.aip.org/dbt/dbt.jsp?KEY=PHTOAD&year=2005&usertype=indiv



REFERENCES

YOU CAN CLICK DIRECTLY ON THE LINKS DISPLAYED AS WEB ADDRESSES. THE 

WEB ADDRESS ASSOCIATED WITH OTHER LINKS ARE HERE:

Slide 2

TEMPERATURE DATA AT THE GODDARD INSTITUTE FOR SPACE STUDIES (GISS) 

http://data.giss.nasa.gov/gistemp/tabledata/GLB.Ts+dSST.txt

SLIDE 5

THE GLOBAL WARMING ART SITE

http://www.globalwarmingart.com/wiki/Image:1000_Year_Temperature_Comparison_png

OTHER VERSIONS OF THE HOCKEY STICK GRAPH
http://environment.newscientist.com/data/images/ns/cms/mg18925431.400/mg18925431.400-2_752.jpg



REFERENCES

YOU CAN CLICK DIRECTLY ON THE LINKS DISPLAYED AS WEB ADDRESSES. THE 

WEB ADDRESS ASSOCIATED WITH OTHER LINKS ARE HERE:

Slide 26

THE EL NINO SITE AT THE NATIONAL OCEANOGRAPHIC AND ATMOSPHERIC 

ADMINISTRATION (NOAA)

http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html

WEATHER CHANGES ASSOCIATED WITH EL NINO
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http://sealevel.jpl.nasa.gov/gallery/tiffs/videos/SSH-SST.mov (VIDEO)

http://sealevel.jpl.nasa.gov/science/time-series-data.html (SOURCE PAGE)
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