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Rising global temperatures could disrupt wheat farmers. eleciric utilities. and mihitary strategy.
Which companies win or lose depends on how well they plan shead. by Anthony Ramirez

PHYSICAL CHII L sented on the
il contury ar ss vers <5t g
nating the puseries to come The
Buluc Sea froze over twice.
1303 and 1306-7. years folioaed of unves-
sonahle cold, storms. and rans. and i rine
i the level of the Caspran Sea Contemp-
rasies could not know 1 was the onet of
whai has since been recogmazed as the Lt
tie lon Age Lasung until abour 1700
Nor were they yer aware that. owing (o the
clhimatic charge. communication with
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the Not s¢ seutlements there were beine e
unguished. that cultnation of gram wa
disappeanng from Iceland and being o+
verely raduced in Scandinasia
- Burbara Tuchman. A Dustant Murror

Like the 14th century. the 21st cemtury s
in for nast, weather—but of the opposie
kind Although the earth has undergonce pe-
nods of aarming and cooling 1n the past
scentists are now generally agreed that it o
about to heat up more—and fasier—thun
ever. By the hkehies scenario. the resulting
chmatic changes will bedewil farming. ship-
ping. international trade. energy pulicy,
and miitary strategy. Coping with dram-
ic global warming wil not be exs but 1
norng 1 wouid be fooish The bt bets
consersing ene: gy and using alternat ve en-
ergy sources. including nuclear power

The threat is clear Carben dioude from
the burn.=g of fossil fuels liie oil. coal. and
gasoline 15 rapidly accumulating 1 the at-
mosphere So are gases like chlorofluoro-
carbons (CFCs). which are far less abun-
dant but equally devastating CO,. CFCs,
and the other guses come slmust entirely
from « vanety of man-mzde sources hbe ve-
hicle exhuusts and industrial solvents Only
a modest amount derives from ool
sources Lhe micrabes 1n the soil o the
earth’s atmosphere the gases wct Lhe the
glass 10 @ greenhouse, which fets o unhght
but 17aps heat By ubvorbing rather thun re-
flieccung the infrared radistion thut pra
duvces heot they ure bringing uboul the
relentless warrmung of the planct known o
mfwnmﬂiifi
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the erzenhoune effect (vee box, page 104}
N fechne s thad there s no way to stop
1.7 saiys Walier Robeaos presdent emerninus
¢! the Naunonal Cemer fur Atmosphenic
Research INCAR) in Boulder. Colarado,
and an arganizer of o year-lonp Linned

Stites=Soviet Union conlerence sn global
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hude bt barger But the greenbouse effect s
going 1o come  He thanks globa! depen-
dence on fosstt fuels 1+ 0 vast that i mabes
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i wres in the rizh farmiand of Ontario.
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4 Newloundland snd Nova Scotia: More
icebecgs enuanger shipp'ng.

cluding California.

2 Colorado River: Water levels drop,
disrupting  agricuttre, water supplies,
and power generation in eight states, b
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I 3 Madwestern United States: Farming is
! teart by hotter and drier summers.
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Center in Woods Hole; Dr. Manabe from NOAA, Geophysical Fluid
Dynamics Laboratory in Princeton; Dr. Dudek, a senior economist
with the EDF; and finally Dr. William- Moomaw Senior Associate
of WRI, World Resources Institute.

All of your statements will be included in full in the record, and
we would ask you to summarize in the way that you think would
be most beneficial. And after you have all had a chance to testify,
‘we will then go to questions and discussions with the members of
the Senate. So, gentlemen, thank you very,much for being here.
Dr. Hansen, if you would start us off, we’d-appreciate it.

STATEMENT OF DR. JAMES HANSEN, DIRECTOR, NASA GODDARD
INSTITUTE FOR SPACE STUDIES

Dr. HAanseN. Mr. Chairman and committee members, thank you
for the opportunity to present the results of my research on the
greenhouse effect which has been carried out with my colleagues at
the NASA Goddard Institute for Space Studies.

I would-like to draw three main conclusions. Number one, the
earth is warmer in 1988 than at any time in the history of instru-
mental measurements. Number two, the global warming is now
large encugh that we can ascribe with a high degree of confidence
a cause and effect relationship to the greenhouse effect. And
number three, our computer climate simulations indicate that the
greenhouse effect is already large enough to begin to effect the
probability of extreme events such as summer heat waves.

My first viewgraph, which I would like to ask Suki to put up if
he would, shows the global temperature over the period of instru-
mental records which is about 100 years. The present temperature
is the highest in the period of record. The rate of warming in the :
past 25 years; as you can see on the-right,-is-the highest on-record. e e
The four warmest years, as the Senator mentioned, have all been
in the 1980s. And 1988 so far is so much warmer than 1987, that
barring a remarkable and imprcbable cooling, 1988 will be the
warmest year on the record.

‘Now let mme turn to my second point which is causal association
of the greenhouse effect and the global warming. Causal associa-
tion retraires first that the warming be larger than natural climate
variability and, second, that the magnitude and nature of the
warming be consistent with the greenhouse mechanism. These
points are both addressed on my second viewgraph. The observed
warming during the past 30 years, which is the period when we
have accurate measurements of atmospheric composition, is shown
by the heavy black line in this graph. The warming is almost 0.4
degrees Centigrade by 1987 relative to climatology, which is de-
fined as the 30 year mean, 1950 to 1980 and, in fact, the warming is
more than 0.4 degrees Centigrade in 1988. The probability of a
chance warming of that magnitude is about 1 percent. So, with 99
percent confidence we can state that the warming during this time
period is a real warming trend.

The other curves in this figure are the results of global climate
model calculations for three scenarios of atmospheric trace gas
growth. We have considered several scenarios because there are
uncertainties in the exact trace gas growth in the past and espe-
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cially in the future. We have considered cases ranging from busi-
ness as usual, which is scenario A, to draconian emission cuts, sce-
nario-C, which would totally eliminate net trace gas growth by
year 2000.

The main point to be made here is that the expected global
warming is of the same magnitude as the observed warming. Since
there is only a 1 percent chance of an accidental warming of this
magnitude, the agreement with the expected greenhouse effect is of
considerable significance. Moreover, if you look at the next level of
detail in the global temperature change, there are clear signs of
the greenhouse effect. Observational data suggests a cooling in the
stratosphere while the ground is warming. The data suggest some-
what more warming over land and sea ice regions than over open”
ocean, more warming at high latitudes than at low latitudes, and
more warming in the winter than in the summer. In all of these p
cases, the signal is at best just beginning to emerge, and we need
more data. Some of these details, such as the northern hemisphere
high latitude temperature trends, do not look exactly like the
greenhouse effect, but that is expected. There are certainly other
c%ifmate change factors involved in addition to the greenhouse
etfect.

Altogether the evidence that the earth is warming by an amount
which is too large to be a chance fluctuation and the similarity of
the warming to that expected from the greenhouse effect repre-
sents a very strong case. In my opinion, that the greenhouse effect
has been detected, and it is changing our climate now.

Then my third point. Finally, I would like to address the ques-
tion of whether the greenhouse effect is already large enough to
affect the probability of extreme events, such as summer heat
waves. As shown in my next viewgraph, we have used the tempera-

" "ture changes ccmputed in our global climate model to estimate the
impact of the greenhouse effect on the frequency of hot summers in
Washington, D.C. and Omaha, Nebraska. A hot summer is defined
as the hottest one-third of the summers in the 1950 to 1980 period,
which is the period the Weather Bureau uses for defining climatol-
ogy. So, in that period the probability of having a hot summer was
33 percent, but by the 1990s, you can see that the greenhouse effect
has increased the probability of a hot summer to somewhere be-
tween 55 and 70 percent in Washington according to our climate
model simulations. In the late 1980s, the probability of a hot
summer would be somewhat less than that. You can interpolate to
a value of something like 40 to 60 percent.

I believe that this change in the frequency of hot summers is
large enough to be noticeable to the average person. So, we have
already reached a point that the greenhouse effect is important. It
;nay also have important implications other than for creature com-
ort.

My last viewgraph shows global maps of temperature anomalies
for a particular month, July, for several different years between
1986 and 2029, as computed with our global climate model for the
intermediate trace gas scenario B. As shown by the graphs on the
left where yellow and red colors represent areas that are warmer
than climatology and-blue areas represent areas that are colder
than climatology, at the present time in the 1980s the greenhouse
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warming is smaller than the natural variability of the local tem-
perature. So, in any given month, there is almost as much area
that is cooler than normal as there is area warmer than normal. A
few decades in the future, as shown on the right, it is warm almost
everywhere.

However, the point that I would like to make is that in the late

-1980’s and in the 1990’s we notice a clear tendency in our model for

greater than average warming in the southeast United States and
the midwest. In our model this result seems to arise because the
Atlantic Ocean off the coast of the United States warms more
slowly than the land. This leads to high pressure along the east
coast and circulation of warm air north into the midwest or the

-southeast. There is only a tendency for this phenomenon. It is cer-

tainly not going to happen every year, and climate models are cer-

“tainly an imperfect tool at this time. However, we conclude that

there is evidence that the greenhouse effect increases the likeli-
hood of heat wave drought situations in the southeast and midwest
United Stats even though we cannot blame a specific drought on
the greenhouse effect.

Therefore, I believe that it is not a good idea to use the period
1950 to 1980 for which climatology is normally defined as an indi-
cation of how frequently droughts will occur in the future. If our
model is approximately correct, such situations may be more
common in the next 10 to 15 years than they were in the period
1950 to 1980.

Finally, I would like to stress that there is a need for improving
these global climate models, and there is a need for global observa-
tions if we're going to obtain a full understanding of these phenom-

~ ena.

That concludes my statement, and I'd be glad to answer ques- ~

tions if you'd like.
[The prepared statement of Dr. Hansen follows:]




