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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'{ppreciate it.

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

Dr. HaNSEN. 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.

1 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 enough that we can ascribe with a high degree of confidence
a cause and effzct 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.
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 improbable cooling, 1988 will be the
‘warmest year on the record.

Now let me turn to my second point which is causal association
of the greenhouse effect and the giobal warming. Causal associa-
tion requires 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 aceurate 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 itude 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
ancertainties 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. _ : g

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 -
cases, the signal is at best just beginning to emerge, and we need -

more data. Some of these details, such as the northern hemisphere = '3

high latitude temperature trends, do not look exactly like the -
__greenhouse effect, but that is expected. There are certainly other

c%mate change factors involved in addition to the greenhouse
eftect. :

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 computed 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 kot 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 Yprobabih'f;y 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
pray al‘;o 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




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 unﬁlerstanding 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:]
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This statement is based largely on recent studies carried out with my
colleagues S. Lebedeff, D. Rind, I. Fung, A. Lacis, R. Ruedy, G. Russell and
P. Stone at the NASA Goddard Institute for Space Studies. .

My principal conclusions are: (1) the earth is warmer in 1988 than at any
time in the history of instrumental measurements, (2) the global warming is now
sufficiently large that we can ascribe with a high degree of confidence a cause
and effect relationship to the greenhouse effect, and (3) in our computer climate
simulations the greénkouse effect mow is already large enough to begin to affect
the probability of occurrence of extreme events such as summer heat waves; the
model results imply that heat wave/drought occurrences in the Southeast and
Midvest United States may be more frequent in the next decade than in
climatological (1950-1980) statistics. 2

1. Current gleobal temperatures

Present global temperatures are the highcst-infﬁhe peried of instrumental -
records, as shown in Fig. 1. The rate of global warming in the past two decades
is higher than at any earlier time in the record. The four warmest years in the

_ past century a;l have occurred in the 1980°s.

The global temperature in 1988 up to June 1 is substantially warmer than the
like period in any previous year in the record. This is illustrated-in Fig. 2,
which shows seasonal temperature anomalies for the past few decades. The most
recent two seasons (Dec.-Jan.-Feb. and Mar.-Apr.-Hay, 1988) are the warmest in
the entire record. The first five months of 1988 are so warm globally that we
conclude that 1988 will be the warmest year on record unless there is a
remarkable, improbable cooling in the remsinder of the year.

Causal association of current global warming with the greenhouse effect
requires determination that (1) the warming is larger than natural climate
variability, and (2) the magnitude and nature of the warming is consistent with
the greenhouse warming mechanisa. Both of these issues are addressed
quantitatively in Fig. 3, which compares recent observed global temperature
change with climate model simulations of temperature changes expected to result
from the greenhouse effsct. : . .

The present cbserved global warming is close to 0.4°C, relative to
‘climatology’, which is defined as the thirty year (1951-1980) mean. A warming
of 0.4°C is three times larger than the standard deviation of annual mean
temperatures in the 30-year climatology. The standard deviation of 0.13°C is a
typical amount by which the global temperature fluctuates annually about its 30
year mean; the probability of a chance warming of thres standard deviations is
about 18. Thus we can state with about 99% confidence that current temperatures
represent a real warming trend rather than a chance fluctuation over the 30 year

period.
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We have made computer simulations of the greenhouse effect for the period
since 1958, when atmospheric CO; began to be measured accurately. A range of
trace gas scenarios is considered so as to account for moderate uncertainties in
trace gas histories and larger uncertainties in future trace gas growth rates.
1The nature of the numerical climate model used for these simulations is described
in attachment A (reference 1). There are major uncertainties in the model, which
arise especially from assumptions about (1) global climate sensitivity and (2)
heat uptake and transport by the ocean, as discussed in attachment A, However,
the magnitude of temperature changes computed with our climate model in various
test cases is genarally consistent with a body of empirical evidence (reference
2) and with sensitivities of other climate models (reference 1).. .

The global temperature change simulated by the model yields a warming over .
the past 30 years similar in magnitude to the observed warming (Fig. 3). In both
the observations and model the warming is close to 0.4°C by 1987, which is the
993 confidence level. : e B ' B :

It is important to compare the spatial distribution of observed temperature
changes with computer model simulations of the greenhouse effect, and also to
search for other global changes related to the greenhouse effect, for example,
changes in ocean heat content and sea ice coverage. As yet, it is difficult to
obtain definitive conclusions from such comparisons, in part because the natural

“'variability of regional temperatures is much larger than that of-global-mean -+ .«

temperature., However, the climate model simulations indicate that certain gross
characteristics of the greenhouse warming should begin to appear soon, for
example, somewhat greater varming at high latitudes than at low latitudes,
greater warming over continents than over oceans, and cooling in the stratosphere

while the troposphere warms. Indeed, observations contain evidence for all these.--*

characteristics, but much more study and improved records are needed to establish
the significance of trends and to use the spatial information to understand
better the greenhouse effect. Analyses must account for the fact that there are
climate change mechanisms at work, besides the greenhouse effect; other anthropo-
genic effects, such as changes in surface albedo and tropospheric aeroscls, are
likely to be especially important in the Northern Hemisphere.

" We can also examine the greenhouse warming over the full period for which
global temperature change has besen measured, vhich is approximately the past 100
years. On such a longer period the natural variability of global temperature is
latger; the standard deviation of global temperature for the past century is
O.ﬁ'c. The observed warming over the past century is about 0.6-0.7°C. Simulated
greenhouse warming for the past century is in the range 0.5°-1.0°C, depending
uppn various modeling assumptions (e.g., reference 2). Thus, although there are
greater uncertainties about climate forcings in the past century than in the past
30| years, the observed and simulated greenhouse warmings are consistent on both
of! these time scales. % . 7 s et v -

Conclusion. Global warming has reached a level such that we can- ascribe
wi&h a high degree of confidence a cause and effect relationship between the
greenhouse effect and the observed warming. Certainly further study of this
{ssue must be made. The detection of a global greenhouse signal represents only
a first step in analysis of the phenomenon.

e e




3. Greephouse impacts on summexr heat waves

Clobal climate models are mot yet sufficiently realistic to provide reliable . -
predictions of the impact of greenhouse warming on detailed regionsl climate '
patterns. However, it is useful to make initial studies with state-of-the-art
climate models; the resulcs can be examined to see whether there are regional
climate change predictions which can be related to plausible physical mechanisms.
At the very least, such studies help focus the work needed to develop improved
climate models and to analyze observed climate change.

One predicted regional climate change which has emerged in such climate
model studies of the greenhouse effect is a tendency for mid-latitude continental
drying in the summer (references 3,4,5). Dr. Manabe will address this important
{ssue in his testimony today. Most of these studies have been for the case of
doubled atmospheric CO, a condition which may occur by the middle of next century.

| Our studies during the past several years at the Goddard Institute for Space -:
Studies have focused on the expected transient climate change during the next few
decades, as described in the attachment to my testimony. Typical results from
our simulation for trace gas scenario B are illustrated in Fig. 4, which shows
computed July temperature anomalies in several years between 1986 and 2029. 1In
theé 1980's the global warming is small compared to the natural variability of

_ local monthly mean temperatures, thus the area with cool temperatures in a given
" July is almost as great as the area with warn temperatures. However, within _
about a decade the area with above normal temperatures becomes much larger than

the area with cooler temperatures.

The specific temperature patterns for any given month and year should not be
viewed as predictions for that specific time, because they depend upon unpre-
dictable weather fluctuations. However, characteristics which tend to repeat
warrant further study, especially if they occur for different trace gas
scenarios. We find a tendency in our simulations of the late 1980°'s and the
1990's for greater than average warming in the Southeast and Midwest United
States, as illustrated in Attachment A and in Fig. 4. These areas of high
temperature are usually accompanied by below normal precipitation.

Exanination of the changes in sea level pressure and atmospheric winds in
the model suggests that the tendency for larger than normal warming in the
Midwest and Southeast is related to the ocean’s response time; the relatively
slow warming of surface waters in the mid-Atlantic off the Eastern United States
and in the Pacific off California tends to increase sea level pressure in those
ocean regions and this in turn tends to cause more southerly winds in the eastern
United States and more northerly winds in the western United States. However,
the tendency is too small to be apparent every year; in some years in the 1990's
the eastern United States is cooler than climatology (the control run mean).

It is not possible to blame a specific heatwave/drought on the
gresnhouse effect., However, there is evidence that the greenhouse effect
{ncreases the likelihood of such events; our climate model simulations for the
late 1980's~and the 1990°'s indicate a tendency for an increase of heatwave/
drought situations in the Southeast and Midwest United States. - We mote that the
correlations between climate models and observed temperatures are often very poor
ot subcontinental scales, particularly during Northern Hemisphere summer
(reference 7). Thus improved understanding of these phenomena depends upon the




development of increasingly realistic global climate models and upon the
availability of global observations meeded to verify and improve the models.
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GLOBAL TE MPERATUﬁE TREND
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Fig. 1. Global m-z-’c. alr tesperatuze change for the pest ceatury, with the
gero point defined as the 1951-1950 mean. Uncertalnty bars (95¢ eenfidence
limics) are based on an ervor analysis &s desexibed in zofezencs 6; iansr bazs
refer to the S-ysar mean and euter bars to the somual meen. Yhe smalyzed um-
certainty is a vesult of imcomplate spatisl eoverage by msasuressat stations,
primsrily in ocesn sress. The 1988 point compares the Jamuary-May 1988 tempera-
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Pig. 3. Annusl mesn global surface air temperature computed for trace gas scenarios
A, B and C described in reference 1. [Scenario A assumes eontinued .rrn:h rates of
trace gas ealssicns typical of the past 20 years, i.0., about 1.5¢ yr°* ealssion
growth; scensrio B has eaission zates epprozimately £ized at current rates; scenario
C drasticslly reduces trace gas eaissions between 1990 and 2000.] Observed
temperatures are from reference 6. The shaded-rangs is an estimate of global
tesperature during the peak of the current and pravious interglacisl periocds, about
6,000 and 120,000 years before present, respectively. The zero point for
observations is the 1951-1980 mean (reference 6); the sero point for the model is

the comtrol run msan.




