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The Heat Is On-Or Is It?
Assessing the globe's average air temperature

Once upon a time, most humansprobably assumed that the earth's
temperature was effectively constant-
if they even took time to think about
the matter. The steady-state assump-
tion has been ruled out by research and
observations over the past few years: it
does, in fact, appear that the earth is
getting warmer. But just how much
warmer, whether the trend will
continue, and whether it is tied to the
greenhouse effect (or the enhanced
greenhouse effect, which refers to the
impact of human-produced greenhouse
gases) are all questions that continue to
simmer. New satellite measurements
of temperature have added fuel to the
fire by seeming to contradict ground-
level measurements.

On the Surface
Air temperature close to ground level

has been measured for some 300 years.
Systematic readings, however, began
only in the mid-1800s. We thus have
little more than a century of records to
go by in determining how much global
warming has occurred. But a lot of
information can be gained through care-
ful analysis of these records.
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Tom Wigley, director of UCAR's
Office for Interdisciplinary Earth
Studies, knows as much about this task
as anyone. He and a former colleague
at England's University of East Anglia,
climatologist Philip Jones, have spent
years compiling and poring over the
most complete set of land- and sea-
surface temperatures ever assembled.
Their work was supported by the U.S.
Department of Energy and accom-
plished in collaboration with other
scientists at East Anglia, as well as
Raymond Bradley (University of
Massachusetts at Amherst) and Henry
Diaz (National Oceanic and Atmo-
spheric Administration, or NOAA).

Their conclusion: "Although the
world's climate is highly variable over
periods of a few years," says Wigley,
"it has become generally warmer during
the past century." The Intergovern-
mental Panel on Climate Change
concurs. In its 1990 report and 1992
update, the IPCC concluded that the
most likely figure for warming over the
past century is 0.45°C, with a range of
0.15°C uncertainty in either direction.

How did Wigley and company deal
with the global data, which were taken
amid a vast array of governments, con-
ditions, and procedures? "The main
thing we required was homogeneity,"
says Wigley. "The records we accepted
had to reflect only day-to-day weather
changes and long-term shifts in
climate." To weed out the effect of
procedure changes at a single site (the

movement of an instrument from val-
ley to highland, for instance), records
at each station were compared to sev-
eral others in the region. When abrupt
changes or unexplained trends were re-
corded at one site and not at neighbors,
the group either corrected for those
changes or rejected the station entirely.
About one-third of the 3,276 land-based
stations around the globe were elimi-
nated through this process.

Heat-island effects, produced by in-
creasing urbanization near weather
stations, were a serious concern. Jones
and his colleagues developed an
intercomparison method with which
they detected and quantified heat is-
lands by comparing each site's record
with four to ten other nearby records,
creating an interlocking grid of
crosschecks. Rural as well as urban
sites were checked, since the former
can have their own idiosyncratic shifts
over time.

With all this in hand, the group pro-
duced average temperatures for every

Over the next few months, Signal will
be covering importantissues relating
to global climate change in this
regular column.
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point on a globewide grid of five de-
grees latitude by ten degrees longitude.
This kept densely monitored areas from
biasing the overall global average. As
for oceans (75% of the earth's surface),
the group used ship-based readings,
accounting for changes in measurement
procedure aboard ships over the past
century. Wigley and colleagues were
pleased to find that the land and oceanic
trends were in good agreement on a
general temperature rise spanning this
century.

Finding a temperature rise is one
thing, but pinning it on the greenhouse
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effect is another. The atmosphere has a
natural ebb and flow on all kinds of
time scales-seconds, minutes, hours,
weeks, years. Scientists are hard at
work analyzing the global temperature
record in this context. Looking at vari-
ability common to most natural systems,
they are trying to find how much the
atmosphere "should" vary from year to
year, decade to decade, or century to
century-and whether the 0.5°C rise of
this century falls outside the bounds of
natural variability. Some researchers
are factoring out known periodic influ-
ences, such as the El Niiio/La Niiia
cycles of warming and cooling in the
Pacific Ocean that can affect global
temperatures by up to 0.1 °C from year
to year.

Thus far, the consensus seems to be
that the climate system's internal vari-
ability is only strong enough to pro-
duce about half as much warming as
this century has seen. Throw in other
possible influences, such as solar vari-
ability and volcanoes, and "it's just
within the bounds of possibility that
these together may have produced the
total warming," says Wigley. How-
ever, this implies another, equally likely
possibility: the atmosphere might have
undergone a natural cooldown masked
by a greenhouse warming twice as
strong as the one apparently recorded.
Especially puzzling is the century's
"two steps forward, one step back" qual-
ity: general warming from around 1900
to 1940, cooling until around 1975,
then sharp rises during the 1980s.

The Satellite Record
Because the century's temperature

rise has been far from linear, its impact
can easily vanish when smaller
periods-such as a decade or two-are
examined. Some highly publicized
work by John Christy (University of
Alabama at Huntsville) and colleagues
has brought home this point vividly.
Christy uses data collected by NOAA
satellites since 1979 that measure

Tom Wigley.

microwave emissions from oxygen in
the atmosphere, allowing air tempera-
ture to be inferred. A set of polar-
orbiting satellites can monitor global
temperature far more comprehensively
than can land- or sea-based instruments,
but they must be rigorously calibrated
to prevent drifting of signals and other
errors.

The satellites' reports have been sub-
stantiated by comparison with radio-
sondes regularly launched worldwide
by weather balloons. In many areas
where they overlap, the radiosonde and
satellite records match closely. But
they don't always agree with ground-
level reports-a discrepancy which has
led some to conclude that the earth-
based record can't be trusted.

In truth, the satellites and the ther-
mometers on earth are measuring
different things. The microwave read-
ings cover roughly the lowest 20,000
feet (six kilometers) of the atmosphere,
which corresponds to around half of
the atmosphere's total mass. The
atmosphere generally cools with height,
but at different rates depending on time
of day, location, weather features, and
the like. So the near-surface part of the
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atmosphere can warm or cool at a rate
different from that of higher layers.
For example, the lower stratosphere-
depleted of vast amounts of sunlight-
absorbing ozone--experienced record
cold in the late 1980s, while the earth's
surface air was setting records for heat.

Using analyses of the NOAA data
compiled by the National Aeronautics
and Space Administration (NASA) for
the period from 1979 to April 1994,
Christy found a very slight cooling in
the layer measured by the satellites.
When Christy factored out the effects
of El Niiio and La Nifia, as well as
cooling produced by two volcanoes (El
Chich6n in 1982 and Mt. Pinatubo in
1991), he found a 15-year warming
trend of only 0.070 C. For the same
time period, the ground-level average
appears to have risen between 0.1 and
0.2°C.

"I don't believe the satellite work
throws cold water on the surface
temperature reports," says Thomas Karl
(NOAA National Climate Data Center),
"but I do think it's a nice wake-up
call." Indeed, most computer models
show that the troposphere (the lowest
few miles of the atmosphere) ought to
be warming about as quickly as the
surface. In 1990, the IPCC noted that
the observed warming over the last 100
years was somewhat less than the best
model predictions. Also, compared
with Christy's data, the 1979-94 warm-
ing appears to be less than models
would predict. "Somehow," notes
Christy, "it seems that the lower tropo-
sphere refuses to warm as much as it
should."

Why So Lukewarm?
Since the greenhouse effect is a sci-

entific certainty and our addition of
carbon dioxide to the atmosphere is
clear, the onus is on scientists to ex-
plain just why the earth hasn't warmed
as much as some climate models say
that it should have. Two oft-cited ex-
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Above is the past century's year-by-year average of global surface temperature as determined
by Philip Jones (University of East Anglia, England) and Tom Wigley (UCAR). The
superimposed curve is a smoothed version of the temperature trend. Values are shown
relative to the 1950-79 average. (Illustration courtesy Tom Wigley).

planations have now been included in
most climate models.

One is that the earth's oceans may
be storing heat more than current think-
ing expects, perhaps holding it for de-
cades and releasing it later as ocean
circulation patterns shift. The ocean's
heat-storage cycles and circulation pat-
terns might account for the
atmosphere's cooling trend from around
1940 to 1975 and its subsequent warm-
ing. "It's really the ocean," says James
Hansen (NASA Goddard Institute for
Space Science), "that is central to
determining how future temperatures
and climate will change. We really
need to know how the ocean's internal
temperature is changing. Our mea-
surements are very limited." On several
occasions since 1957 (the International
Geophysical Year), thorough deep-
ocean temperature readings have been
made across slices of the North Atlan-
tic and North Pacific. These show a
warming of up to 0.2°C between 500
and 3,000 meters (1,600 to 10,000 feet)
in depth.

Other pollutants may be canceling
out the effects of carbon dioxide. Sul-
fate aerosols, in particular, send as much
as 0.5% of an incoming solar beam

back to space, cooling the earth's atmo-
sphere below. Wigley and Robert
Charlson (University of Washington)
have outlined the potential effect of
sulfates on temperatures in industrial-
ized countries. Human-produced sul-
fate emissions have soared-matching
the natural sulfate levels in the atmo-
sphere early in this century and now
running double to triple the natural
level-but have roughly stabilized in
recent years. Unlike the globally felt
impact of carbon dioxide, the effects of
sulfate are more closely tied to those
areas where the sulfates are emitted,
such as North America and Europe. If
sulfate emissions were to drop greatly,
according to Wigley and Charlson, any
cooling effect of the sulfates would
disappear in a year or two, allowing
industrial regions to warm up at a newly
increased pace.

With these oceanic and sulfate
effects folded into the models, the
model-predicted warming of this cen-
tury comes closer to what has been
observed. Wigley suspects that "natu-
ral variation is more than enough to
explain any remaining discrepancy,
both over the century and over the past
15 years," though the answer is yet to
be determined.

Vv.
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The Forecast: Partly Clear,
Increased Monitoring

Although most climate researchers
are loyal to their own sources of data,
they agree that the more sources, the
better, particularly if science is to nail
down greenhouse gases as the culprit
behind the 20th-century warming.
NOAA will be launching a new gen-
eration of satellites, beginning next
year, with four times as many channels
as the present satellites have for sensing
microwave energy and thus measuring
global temperature. "Having more
channels gives us more flexibility," says
Christy. "We'll be able to look at dif-
ferent layers of the atmosphere."

The NCDC will host a major meeting
next January at its Asheville, North
Carolina, headquarters to work on plans
for an improved global climate moni-
toring network. Participants will in-
clude the World Meteorological Orga-
nization, the United Nations Environ-
ment Programme, and the International
Oceanographic Commission. Tom Karl
hopes that a more comprehensive and
more stable global observing network
will emerge.

"There are some disturbing things
about the way we're monitoring the
system," says Karl. "We're relying on
observations that are primarily gath-
ered to do short-term weather forecasts.
Because of that, it's extremely difficult
to detect extremely small changes. It's
also important that monitoring tech-
niques be strongly rooted in the science.
Often they are thought of as routine
engineering tasks that don't need much
attention. That almost always leads to
disaster."'

Politics must be considered as well.
"Countries individually will have to
take the burden of responsibility. It's

not enough just to sit and do a plan.
I'm confident we can handle the scien-
tific issues of the monitoring, but I'm
not so confident that institutions will
be able to sustain it year after year.
I've seen good programs that fell apart
after just one or two people left. With
long-term monitoring, the payoff may
not be in five or ten years-it may be
after you're gone from your job.

"Despite all the hype about space
travel, we're going to be living on this
planet for a long time. It makes sense
to monitor it as we go along."
-Bob Henson, UCAR Outreach
Program

The post-Pinatubo rebound

The 1980s were indisputably toasty, bringing several of the warmest
years of the past century. That pace continued into 1990, which was the

warmest year yet. Then cmPinatubo. The eruptioni of the Pilppn
volcano in June 1991 led to a notably cooler period worldwide, which
included unseasonably chilly summers in parts of the northern and western
United States in 1992 and 1993. Now the pendulum is shifting, and climate
models-which accurately predicted a global temperature drop following
Pinatubo-indicate that global averages should climb measurably through
the mid-1990s, barring major volcanic eruptions or other unforeseen variables.

Calendar/Announcements
August 7-12
Byrd Polar Research Center/American Meteoro-
logical Society
International Symposium on the Role of the
Ciosphere in Global Change
Columbus, Ohio

Information: 617-227-2425

September 5-13
United Nations
International Conircence on Population and
Development
Cairo. Egypt

Information: 212-297-5250 (fax)

October 2-6
western Regional Biomass Energy Program
Bioenergy '94: Using Biofuels for a Better
Environment
Reno/Sparks, Nevada

Information: 303-275-1704

October 19
Weather Research Institute
Hurric anes and Industry 1994
Houston, Texas

Information: 713-529-3076

October 24-26
The 1994 International CFC and Halon
Alternativ es Conferenc e
Washington, D.C.

Information: 301-695-3762
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October 25-28
American Geophysical Union
Water Vapor in the Climate System
Jekyll Island, Georgia

Information: 202-462-6900

September 11-16
University of Reading
World Renewable Energy Congress
Reading, England

Information: 44-734-3 1 3835 (fax)

November 13-15
Greening of Industry Network
Fiom Gieening to Sustainahilit:v Transforma
tional Challenges br the Firn
Copenhagen. Denmark

Information: 45-42-88-2014 (fax)
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The parachute is fabricated of a light-
weight rip-stop nylon with a shape simi-
lar to an inverted pyramid closed on all
sides. One riser line attaches the tip
end of the square cone to the cargo.
Small openings in a strong mesh mate-
rial situated at the peak of the pyramid
allow gradual air flow into the para-
chute. Similar mesh material is sewn
along the square base to provide addi-
tional drag and rotational stability, as
well as to prevent any pendulum swing.
The spinning found in conventional
systems is thereby avoided and a stable
descent is obtained.

The initial shape of the parachute
upon deployment is in the form of a
streamer. During the first 10 to
15 seconds after deployment, the para-

Sig Stenlund tests his square cone parachute design.

chute flutters as it begins to fill with air
through the mesh openings in the peak.
It then gradually inflates to its full
pyramidal shape, roughly 0.6 by
0.6 meters (2 feet by 2 feet) in its base
area. This opening sequence reduces
shock load to the cargo. Upon landing,
the parachute quickly deflates, prevent-
ing the payload from dragging during
windy conditions. Deployment can be
achieved from aircraft at speeds of up
to 87 meters per second (195 miles per
hour).

By carefully selecting the opening
size in the peak of the parachute, users
can precisely regulate the rate of infla-

tion. The square cone design also elimi-
nates the need for multiple suspension
lines, which may tangle during deploy-
ment. No drogue chute, delay timers,
or swivels are required. The highly
stable configuration of the parachute
contributes to a deployment rate of
nearly 100%.

Considerable development testing
has been performed on the square cone
parachute in wind tunnels, tower drops,
and low-level aircraft drops. The para-
chute has potential in sports and flare-
chute military applications as well as in
meteorological research.

--
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Technology Corner
UCAR's Technology Commercialization Program markets technologies that have been created in the course of scientific
research and development within UCAR. Each month in this column, we outline one or more technologies now available
for licensing. If you are interested in pursuing any of these opportunities, contact Wayne Moore, marketing manager for
the Technology Commercialization Program, 303-497-8563, e-mail wmoore@ncar.ucar.edu.

Square Cone Parachute
Creator: Sig Stenlund,

NCAR Atmospheric
Technology Division

This unique, self-inflating balloon
parachute inflates at a controllable

rate for a gradual, stable descent.
Weighing 60 grams (2.1 ounces), the
parachute was originally designed for
aircraft deployment of relatively light-
weight scientific instruments (about
0.45 kilogram, or one pound, of pay-
load). The U.S. Air Force has made
extensive use of the parachute for hur-
ricane surveillance. With additional
testing, the design may be modified to
handle heavier loads by increasing the
size of the square-cone configuration.
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Join Us!

The UCAR Corporate Affiliates Program
is seeking new members. Any corpo-

ration, association, or individual, worldwide,
may join. The program sponsors a number
of workshops, symposia and meetings for
members on important scientific, policy, and
environmental issues. Members receive the
Signal newsletter each month, plus other

timely reports issued by UCAR and other
organizations. Members are acknowledged
with listings in UCAR reports and receive a
certificate of membership that can be used
in public relations. (Of course, member-
ship does not imply any UCAR endorse-
ment of a company or its products.)

Annual fee for North American members is
$1,500. Members outside North America
are charged $1,800 per year. This coupon
is provided for your convenience. Fill it
out and fax it to us at the number shown
below, and we will bill you for your first
year's membership fee. Or mail it to us at
the address shown, with your check.

Member name (organization or individual)

Contact person within organization

Address

Phone Fa

Membership fee enclosed? Yes --

How were you introduced to Signal?

E-mail address

Bill me later L

Please indicate your primary interests by checking any or all of the following:

Research policy L- Environmental policy/regulation Computing advances L
Research into: global climate L atmospheric chemistry LI severe weather L

instrumentation [I aviation weather Q Other:

Networking with organizations similar to yours L
Other:

What did you most like about this issue of Signal?

Other comments:
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