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IS THIS RECORD WARM WINTER A SURE SIGN 
OF GLOBAL WARMING?

Written March 07, 2002
By Joe D'Aleo
Chief WSI/INTELLICAST Meteorologist

It was by all accounts an amazingly warm winter. We gave what we believe are the
most important reasons for the unusual warmth in the story "Warm Winter Records
Falling Like Snow Should Have".

But still, four of the last five winters and six of the last 11 years have averaged in the
top 10 percent warmest winters. And we hear news reports almost every month or
season telling us we are breaking new records with worldwide average temperatures.
Is this proof positive that greenhouse gas-induced global warming is truly here?

There can be no doubt that climate change is real. After all, the only constant in nature
is change. And extremes are not new. In fact this winter is breaking some all-time
warm winter records set long before greenhouse gases were an issue.

As Doug Hoyt, Senior Scientist at Raytheon and author of the book "The Role of the
Sun in Climate Change", commented to me in an email this week about the book
"Wonders of Nature and Art" by Rev. Thomas Smith published in 1807. Doug pointed
to page 107 of volume 13, in which Reverend Smith says:

"In the year 1714, according to the record of the Swedish mission, the winter was so
mild in Philadelphia, that flowers were seen in the woods in February. Since that time
we have experienced occasional very mild winters, as 1789-90, 1801-02, and
1805-06, and some very cold seasons, as in 1739-40, 1779-80, 1784-85, 1795-96,
and 1804-05."

From the account above, I would venture 1714 was warmer than this winter since
flowers are not to be seen in the woods in Maryland this year. Weather is very variable
and this winter, although unusual, is not really as unprecedented as one would think.

In Philadelphia, this winter will rank the 3rd warmest behind 1931/32 and 1894/95.

A CLOSE LOOK AT THE DATA

2001 was the second warmest year-on-record for the globe, just behind the record set
in 1997/1998, a strong El Nino year. In the first figure from NOAA, which is a plot of the
mean surface temperatures for the globe based on surface observations, it would be
hard to not see an apparent acceleration of a warming that began around 1980.
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NOAA NCDC Global Temperature Trends since 1880 show s the
apparent warming from the turn of the century to th e 1940s, some
slight cooling into the 1960s and 1970s then an app arent accelerated
warming in the late 1980s and 1990s. The rate of in crease evident from
this data set is over 1°F per decade.

However, the warming virtually disappears when you look at other sources. NOAA
polar orbiter satellites have been measuring lower atmospheric temperatures
worldwide since 1979. (See http://www.ghcc.msfc.nasa.gov/MSU/msusci.html).
Though this data shows the ups and downs of temperatures associated with ENSO,
volcanic eruptions and the solar cycles, the overall trend shows virtually NO CHANGE
in mean lower atmospheric temperatures in the last 24 years (a warming of about

0.035°C per decade, 1/30 th of the rate shown by surface observations).

Global lower atmospheric temperatures as determined  by NOAA
satellites. These sensors show warming due to El Ni nos (1983,
1987-88, 1990-91, 1995, 1998), and cooling due to L a Nina (1984-86,
1989, 1996, 1999-01) and volcanic eruptions (El Chi chon 1982-86, and
Pinatubo/Cerro Hudson 1992-95). Note also some appa rent warming
near the solar maxes (around 1980, 1991, 2002). How ever the overall
warming trend in this data is very small (trend =0. 035°C/decade).
Graph courtesy of NASA MSFC (Dr. Roy Spencer and Dr . John Christy
of the University of Alabama at Huntsville 
(http://www.ghcc.msfc.nasa.gov/MSU/msusci.html ).

Then there are the weather balloons, which have been measuring temperatures in the
atmosphere for many decades. An analysis by Pielke of NCAR (National Center for
Atmospheric Research) in 1998 showed an actual cooling at that time since 1979 at
the surface and in the lower atmosphere (at that time in near perfect agreement with
the satellite data).
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Global temperatures as measured by surface stations  (red), satellites (dark
blue) and weather balloons (light blue). Surface te mperatures have departed
from the other sources after 1981.

ONE POSSIBLE REASON FOR THE DISCREPENCY - CHANGES I N THE
REPORTING NETWORK 

In attempt to measure climate changes, NCDC, NASA and the UK Met Office have
assembled large databases of surface observing stations. The mean temperatures of
these stations have been used to construct the global climate state for every month
roughly from the late 1880s to the current time.

The problem with these data sets is that the network is not complete and constantly
changing. The so-called "global" measurements are not really global at all. At best,
they sample 40% of the globe. The coverage by land surface thermometers slowly
increased from less than 10% of the globe to about 40% in the 1960's, but has
decreased rapidly to less than 20% in recent years.

Therein may lay the real problem. We attempted to take advantage of the good work
that the NCDC did with their GHCN version 2 global database of temperatures (see
http://www.ncdc.noaa.gov/cgi-bin/res40.pl ). In this database, they categorized stations
according to whether they were rural, urban or suburban based on population and also
based on a satellite nighttime brightness factor (the more populated the location, the
more light is emitted).

Note the distribution of surface temperature observ ation sites in the
GHCN V2.0 database. Note the concentration within t he United States
and other populous regions.

We plotted the annual mean global temperatures for all three categories and found
little or no trend from 1950 to around 1989 and then a rapid rise to a new level in all
three categories. However as you can see from the bottom graph in the figure below,
this rise in global temperature coincided with a rapid decline in the number of stations
(more than a factor of 2).
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This change in the number of stations may be the primary reason for the abrupt
change in temperature because there is no assurance that the distribution of the
change is evenly distributed among all climates. It is equivalent to measuring the team
batting average of a major league team during spring training and then again at the
very end of spring training after all the cuts had been made. The team average will
likely go up (assuming most of the cuts were of players not hitting as well as those who
remain) but that does not mean that every player's average goes up. They stay the
same.

Temperature trends for world urban, suburban and ru ral stations according to the
NCDC GHCN database. Note the apparent sudden shift towards warming in the last
decade in all three-station types. Note however, th e rapid decline in the number of
stations reporting at the same time. It could be th at some of this apparent warming
simply reflects the changing station distribution.

At the end of 1989 more than half of the stations in the USSR were shut down. The
bulk of the difference between the satellite and surface trends occurs at the time and
location where this network discontinuity occurs. Hoyt (http://users.erols.com/dhoyt1/)
estimates that this "major flaw in the surface network" accounts for half of the
observed warming, bringing the satellite and surface trends much closer into
agreement.

METEOROLOGICAL CAUSES OF TEMPERATURE CHANGES - SHOR T
TERM FLUCTUATIONS

ENSO (EL NINO AND LA NINA)

A global scale warming is associated with El Nino as the warm pool (often larger than
the lower 48 states), adds heat and moisture to the atmosphere. This heat gets
transported to middle latitudes by the vertical and horizontal circulations. Likewise, La
Ninas bring about a global scale cooling. The warming and cooling effects often linger
half a year or more after the oceans cool down or warm up again.
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VOLCANIC ERUPTIONS

Major volcanic eruptions spew volcanic ash and gases, like sulfur dioxide, into the
stratosphere. Volcanic ash and sulfate aerosols act to absorb and reflect some of the
incoming solar energy. Global temperatures are measurably lower for two years or
more after major eruptions.
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SOLAR CYCLE MAXIMA

As we showed in the story Warm Winter Records Falling Like Snow Should Have
http://www.intellicast.com/DrDewpoint/Library/1292/ ," high solar flux years are often
characterized by increased warming in low and mid-latitudes and an enhanced west to
east wind flow (called zonal flow). 
(http://www.giss.nasa.gov/gpol/papers/1999/1999.ShindellRindBL.pdf). The result is
often warmer global scale temperatures. 

Global Mean lower atmosphere monthly temperatures. Here we have indicated
the solar max years (arrows). Note the apparent war ming during the solar
maximum years.

LONGER TERM TRENDS

DECADAL SCALE CHANGES IN THE OCEANS

We have reported in "Why Large Scale Changes in the Oceans may Signal a Climate
Shift" http://www.intellicast.com/DrDewpoint/Library/1255/, how decadal changes in the
Atlantic and Pacific may be behind some of the decadal scale trends in temperatures.

Jet Propulsion Lab and University of Washington researchers called the large-scale
circulation in the Pacific, the Pacific Decadal Oscillation or PDO.

The researchers claim that satellite imagery shows we have entered a cool water
phase in the eastern Pacific similar to what we observed several decades ago.
Historical data suggests warmer than normal water dominated in the eastern Pacific
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from 1925 to 1947. A cool phase then developed and lasted from 1947 to 1977
followed by another warm phase from 1977 to 1997. In the warm phase, El Ninos are
more favored, as was the case over this last warm phase, which ended with a flourish
in 1997. 

A cool phase, which these scientists believe we have now begun, favors more La
Ninas and fewer El Ninos. 

Mean oceanic maps for the PDO warm (left) and cold (right) phases.
Sea surface temperature anomalies are shown (red fo r above normal,
blue for below normal). Note the tendency for a hor seshoe pattern with
warm along the equator ringed by cold, or cold alon g the equator
ringed by warm. Maps courtesy University of Washing ton's Joint
Institute for the Study of the Atmosphere and Ocean s. For an on-line
paper on the PDO see http://www.met.rdg.ac.uk/cag/NAO/index.html .

Change in sea surface temperature in the late 1990s  (1996-2000) from
the early 1990s (1991-1995). Note the cooling in th e eastern tropical
Pacific and warming in a horseshoe pattern around i t. If this marks a
true change and not simply reflects the La Nina dev elopment, it could
have a major effect on the frequency of both El Nin o and La Nina.

The Pacific Decadal Oscillation (PDO) from 1900 to 2000 shows a
tendency to be predominantly in one mode for decade s and then shift
abruptly into the other mode for decades. Scientist s at the JPL and
University of Washington speculate we may have chan ged modes in
1997 to one that dominated from 1947 to 1977 and pr oduced more La
Ninas than El Ninos. Graph courtesy University of W ashington's Joint
Institute for the Study of the Atmosphere and Ocean s. For an on-line
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paper on the PDO see http://www.met.rdg.ac.uk/cag/NAO/index.html .

The Multivariate ENSO Index (MEI) from Klaus and Wo lter. Red spikes
are El Nino, while blue spikes are La Nina. Note th at the plot is from
1950 to 2000. There were more (about 2X) La Ninas a s El Ninos from
1950 to 1977 (in the cold PDO phase), then twice as  many El Ninos as
La Ninas from 1977 to 1997 (in the warm PDO phase).  We have had
three successive La Nina winters since the apparent  shift back to the
cold phase in 1998.

Since El Ninos favor warmer global temperatures and La Ninas colder global
temperatures, the warm phase of the PDO could produce a net warming and the cool
phase a net cooling. This is apparent in the plots of winter temperatures in the United
States.

A similar shift in the Atlantic occurs with the NAO or North Atlantic Oscillation. This
shift seems to roughly coincide with the PDO shift in the Pacific. The North Atlantic
Oscillation involves a flip-flop in relative strength of pressure systems north to south in
the North Atlantic. Normally, on average in the North Atlantic in winter, low pressure is
found in the north near Iceland (called the Icelandic low) with high pressure to the
south off of Portugal or the Azores (called the Azores High).

Positive NAO Phase - strong Icelandic
low with strong Azores high means
strong westerly winds across the 
Atlantic. This leads to warmer than
normal temperatures (red) in much of 
the United States and Europe.

Negative NAO Phase - above normal
pressures (red ) in the Northern 
Atlantic (Greenland blocking highs)
and below normal pressures (blue) to
the south. Note the colder than normal 
temperatures in eastern North America
and in Europe (blue).

At times, the Icelandic low and/or the Azores high become especially strong resulting
in a very fast jet stream flow across the Atlantic and into Western Europe. This drains
cold air off of North America and often results in above normal temperatures especially
in the southeastern states. The air is warmed and moistened over the relatively warm
Atlantic waters then the westerly flow off the North Atlantic into Europe carries this
mild, moist, maritime air inland resulting in a cloudy, wet and mild conditions there.
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Occasionally, this pattern flip-flops with high pressure developing or moving into the far
Northern Atlantic (often settling temporarily into a position near Greenland, where it is
called the Greenland block). Meanwhile, relative low pressure develops to the south
displacing the Azores high. This negative phase of the North Atlantic Oscillation often
results in harsh winter weather over eastern North America and in Europe. This is
because, like a rock in a stream, this high pressure retards the passage of cold air off
of North America (thus the term blocking). The cold air pools and expands well to the
south over the eastern United States.

The positive (mild) mode of the NAO
here combined with the flat (mild)
phase of La Nina. This pattern 
produces the mildest weather in both
the United States and Europe.

The negative (cold) mode of the NAO
here combined with the amplified
(cold) phase of La Nina. This pattern 
produces the harshest winter weather
in both the United States and Europe.

In Europe, the easterly steering flow beneath the North Atlantic blocking highs often
draws cold air from Siberia west to replace the normal mild maritime air over Western
Europe. Snow can accompany the unusual frigid winter temperatures. When you hear
of cold and snow in Europe, it is likely that the North Atlantic Oscillation has turned
negative.

These blocks are usually transitory and last on average a week or two. If conditions
are right, the blocks redevelop again after a period of time. In some years, the negative
phase of the NAO can repeat itself frequently. These winters tend to be colder. In other
years, the positive phase strongly dominates, resulting in warmer temperatures in
theUnited States and Europe.

Historical data suggests that there is a long-term (decadal scale) cycle in the ocean
and atmosphere for the North Atlantic Basin. For a period of a few decades or so, the
NAO tends to be mostly positive then for a few decades predominantly negative.

Long term NAO index in winters (December to Februar y). Note the
tendency for positive in the 1900-1930 period, pred ominantly negative
from the 1930s to very early 1970s, predominantly p ositive from the
1970s to the mid-1990s, and then negative.
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Changes in sea surface temperatures in the Atlantic  from the early
(1991 to 1995) to late (1996 to 2000) periods. Note  the warming in the
far north and near the equator, a pattern suggestiv e of changes in the
thermohaline circulation in the Atlantic Basin back  to a pattern seen
frequently in the 1950's and 1960's.

During the cold PDO phase when La Ninas were favore d and when the
NAO was predominantly negative (from the late 1940s  to the late
1970s), winter temperatures declined ending in a gr and finale of three
incredibly cold winters (1977-1979). During the sub sequent PDO warm
phase and during which time the NAO was also predom inantly
positive, winter temperatures gradually rose ending  in a grand finale
(1998-2002).

For whatever reason, extremes appear to be favored at the transition from one phase
to the next (extreme cold after the end of the cold phase and extreme warmth at the
end of the warm phase) before the trend sets in. This may help partially explain the
warmth of the recent few years.

URBAN AND OTHER LOCAL FACTORS

Cities with their tall canyons of concrete and metal capture and store heat during the
day and re-emit it at night. City areas are often much warmer than surrounding rural
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areas at night. This is called the "Heat-Island Effect." Recall your local television
weather forecast when the weathercaster tells you "lows tonight will be near 40 in town
and in the upper 20s in the rural areas. Tomorrow's highs will be in the middle 40s."
That is in recognition of this effect. As population grows and construction proceeds
further and further out from the city, urban regions can be expected to progressively
get warmer. 

Airports have similar heat islands. Here, huge paved runways soak up the sun's heat
and warm the air at night. A large number of surface temperature observations are
located at airports. Increased air traffic and larger airports cause these sites to warm
up as well. 

Attempts to adjust for urbanization brings temperatures from the surface observations
into closer agreement with the other sources, such as satellite and weather balloons.
When NCDC made adjustments for the urban effect to the Annual Mean
Temperatures, the great warming of the last two decades disappeared. You can
clearly see the cycles due to other factors such as changes in the oceans or perhaps
the longer-term solar cycles.

NCDC Annual Mean temperatures with an adjustment fo r "urban factors." This
adjustment reduces the recent warming relative to t he peak in the 1930s.

In addition to urbanization, local changes in the environment around an observing site
can make a difference in the results. For example, paving a road nearby trees or
shrubs to grow and block the wind can produce a local apparent warming that is not
real. We can't be sure how many of the thousands of reporting stations worldwide may
suffer from these local environmental effects.

Satellite and weather balloons, on the other hand, are not affected by these local
factors and may provide a more objective measurement.

GREENHOUSE EFFECT

Greenhouse gasses have been increasing over the past century.
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CO2 and other greenhouse gases like methane have been increasing in part
due to burning of fossil fuels. The "zipper" effect  is the annual "breathing"
cycle in oceans as waters warm and cool.

Most climate models assume a 1% increase per year in CO2 (3.7 PPM). It would then
double in 70 years. No year to date has the increase reached 1%. The increase even
in the great warm El Nino of 97/98 was just 2.14 PPM (0.57%). At that rate, it would
take 125 years to double. The increase in 2000 was just 1.11 PPM (0.3%). At this rate
would take over 200 years to double. (See 
http://science.nasa.gov/headlines/y2002/15jan_greenhouse.htm).

NASA analysis of Greenhouse gases. Note the slowdow n in growth in the last
decade. 

The greenhouse theory suggests the warming would be greatest in the atmosphere
since that is where the gases are, and that the warming would be significant both day
and night. It would also be greatest in the Polar Regions because gases like CO2 are
most effective at trapping the heat in very cold temperatures.

In reality, we find the warming is primarily at the surface (as we have seen, there is
little change or even a cooling aloft) and mainly at night.

The warming is also mainly in the middle latitudes, where the cities are. If you examine
temperature trends in the Polar Regions, you find little change and even cooling.

In the story "Are the Icecaps Really Melting", 
http://www.intellicast.com/DrDewpoint/Library/1246/, we showed that the Polar
Regions are not warming as Greenhouse theory would predict but are holding steady
or even cooling. The ice is not melting but increasing. This was confirmed by a team of
British scientists in a recent story in Science
http://news.bbc.co.uk/hi/english/sci/tech/newsid_1752000/1752999.stm.

In this supposedly the warmest winter ever for the globe, the Polar Regions have been
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mostly colder to much colder than normal. Greenhouse warming would suggest these
regions would be leading the way with the warming.

90 day mean temperature
departure from normal for 
Antarctica as of February 24, 2002
according to NCEP. Note 
Antarctica was up to 8 °C (14 °F)
below normal.

The 30-day temperature departure form
normal for North America and
surroundings. Note the cold air locked in 
the polar regions with departures from
normal more than 8 °C (14 °F).

The nature of the longer-term trends is more indicative of warming due to urban and
local factors than to greenhouse warming.

LONG-TERM SOLAR EFFECTS

We showed in the stories Quieter, Longer Solar Cycle Number 23 Could Signal
Significant Climate Shift, and Warm Winter Records Falling Like Snow Should Have
how the sun may have an influence on global climate.

There is credible evidence that the sun is still the major driver for global temperature
change. 

There are small changes in the energy output of the sun over the 11-year sunspot
cycles. The sun gives off 0.22% more energy during the maximum of the cycle than
the minimum. These small changes have been assumed by many to be insufficient to
cause major global temperature shifts, but research at places such as Denmark's
Meteorological Institute and more recently the Armaugh Observatory has shown that
there are low cloudiness changes over the 11-year cycle that can amplify the effect.

The real key to major global temperature shifts may be the fact that the solar cycles
are not all the same. Some cycles are much more active (and shorter in length), others
are quieter (and linger longer). These quiet or active cycles cluster in what appear to
be cycles of around 90 to 100 years. It may be that when a number of active (warmer
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sun) cycles are strung together, a cumulative effect occurs. Slightly higher solar output
and less cloudiness leads to a global warming during the active periods. And when
quiet (cool) sun cycles cluster for several decades, slightly lower solar output and more
cloudiness cause global temperatures to respond increasingly downward.

The sun was quiet for many successive cycles in the 1600s and early 1700s, in the
early 1800s, and again just before 1900. Each period was marked by a turn to colder
global temperatures. The long stretch of very quiet sun cycles called the Maunder
Minimum from the 1600s into the early 1700s was referred to as "The Little Ice Age".

The solar cycles since 1700. Note the 11-year cycle s are not all equal. At times
the maximums are very large at other times, much le ss so. Periods with active
cycles are warmer and those with quieter, longer cy cles are colder.

On the other hand, during stretches of an active sun in the middle years of the 18th, 

19th and 20th centuries the globe experienced warmer temperatures.

Global temperatures have been shown to change in lock step with the length and
strength of these solar cycles going back at least 200 years.

Danish Meteorological Institute correlation of sola r cycle length (strength) with
global temperatures. Temperatures changed in virtua l lock step with solar cycle
length and strength over the past 140 years.
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Researchers at the Armaugh Observatory in the UK showed a similar result with their
long-term temperature database.

Armaugh Observatory data showed a similar lock-step  agreement of
temperatures with long-term solar cycle behavior.
http://news.bbc.co.uk/hi/english/sci/tech/newsid_10 45000/1045327.stm .

I did a correlation of the mean U.S. annual temperatures with the solar cycle lengths
(max to max and min to min). It also seemed to follow the solar changes closely.

Mean annual temperatures (NCDC) with plots (purple dots
showing solar cycle length (max to max and min to m in). Note
the tendency for warming temperatures during eras w hen solar
cycles are more active and shorter in length.

SUMMARY

So there you have it. The climate is changing. No surprise there as again change is
the only constant in nature. The climate changes on a year-to-year basis because of
factors such as ENSO, volcanic eruptions or solar activity.

We can see longer-term trends in the data. However, there is a large discrepancy as
to exactly how much our climate is changing on the longer-term depending on the data
source. Surface observation networks seem to indicate a significant warming is
occurring and appears to be accelerating. Satellite and weather balloon observations
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suggest that instead the changes are smaller and behaving in a cyclical way perhaps
driven by such factors as ocean circulation changes or solar cycles.

We saw how some of the warming in the observing network may be due to changes in
the station distribution and some due to contamination by urban heat island effects.
The Greenhouse Effect is in there somewhere, but the nature of the actual changes
suggest the effect has been given too much of the credit (or blame) for climate
change.

Note: I encourage you to read the analysis of Doug Hoyt who attempts to assess the
relative importance of this factor and other factors. http://users.erols.com/dhoyt1/
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