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v entered an era when
actions by bume have -as

much influence on Earth’s climate
as the natural processes that have
driven climate change in the past.
Qur future climate will be partly of
our ouwn making. S '




Farorable temperatures and
abundant water near the
sturfuce of Earth support a rich
diversity of life.  Patterns of
femperature and rainfall have
shifted significantly over time
in response to natural forces.
aned these changes in climate
hare had important effects on
peaple and the natwral world
in which we live.
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, Wate was p11 d up. onjla: .1ce he‘ S thA

e

5% jfeet lower at the peak of the Iast ice. age.about




scape that we know today as the Great Basm

deeper and covered an area the size of Lake '

Michigan.
Such ch'mges had a marked 1mpact onice; age

plants and animals. C,old—loyrng,,spruce trees,

for example, withdrew their range northward

grassland and broadleaf trees. Mastodons and

other large mammals that preferred cold cli- - ‘v"Amerlca that probably settled. in Newfounda-' “

mates may not have been able to adapt to the

warmer, drier conditions. As their favonte game J
animal drsappeared the earlrest Amerrcans
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Features like Utah’s Great Salt Lake shrank to
shadows of their former selves. Frfteen thou—
reference

sand years ago this body of water was 1 200 feet v

B assoc1ated w1th the L1tt1e Ice Age made farrmng

g b

e 5t'the Tast g glacial mammum opened an
~access route from Asia to Amenca The current contmental outline is’ glven for

would also have been forced 0 adapt 7
The effect of chrnate on human settlement of

,Amerlca contrnued into medteval trmes The - 8
fi-f1rst Europeans to set foot on Amerrca Were
s V1k1ngs who. settled Greenland under the lead—

by about a thousand miles, giving way to '_ershrp of Eric the Red in about 1000AD ‘His son,.

Leif. Errkson led an expedmon to’ colomze

jland ‘The colony in. Greenland was abandoned

,',m about 1400AD When cooler temperatures







for growing crops, while the next year might

bring drought or floods. In somie ‘years no.*‘
hurricanes reach the Atlantic. COast,'While in’
other years coastal states are battered by one

storm after another.

In many cases, varations in weather are -
randomy; like the lucky and unlucky spells of a

gamblerthey occur withoutany apparent cause.
The atmosphere, in isolation, has only short-

term memory, and so acting alone it cannot
produce random variations that persist month’

after month. But the climate is determined by

the workings of the climate system which is.
composed of the atmosphere, oceans ice‘

‘ eatre

‘.fsheets land and the plants animals and:m

" "people that rnhabrt them. Because the ocean _ !

has a large capac1ty to store and release heat -

Lt gives the chmate system a long memory that ) :, | '
. can restlt 1n variations last1ng from seasons to-
centurres T he number of hurrrcanes in the N
 Atlantic, for example is known to vary from
“yéar 16 year in synchrony W1th subtle shifts 1n: -

i ‘the'sea surface temperature and seasonal wrnd ,
patterns. Srmrlarly, long-term effects can result‘}_"_"_ ¥
" from changes in the brology and chemrstry of

the cl1mate system For example 11fe in the sea

controls the ﬂux of carbon from atmosphenc

Topeka, Kansas,
~ Climate Record.
-~ June, July, August
.. Average Temperature - -
_ and Rainfall
 1800-1990 - ‘
The ' time series of

and, rainfall at Topeka,
Kansas, gives a useful
illustration of natural year-

-climate, as well as the major-
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penod of the 19303

" summertime température ,

_ to-year variations-in focal -

' climate fluctuation asso- v
ciated with the ‘Dust Bowi S



: f-.carbon droxrde mto ocean sedrments

; If. weather varres over long mtervals and
“"f},'chmate does too ' ow do we drstrngursh ne.
A* from the other? One srmple wav to thrnk of it is
: 'that clrmate is what we'e Xpect weather i what: V

S we get To descrrbe chmate researchers lookA at

i "the average Weather over 4 number of yea s“1
v"'iz"a partrcular reg1on durrng @ p“ rtrcular season
S Random varratrons in: the Weather from vear 10
"v}fyear usually balance each other in ?hese aver—
o »‘.',’_’ages and do not affect the mean chmate'

But sornetrmes abnormal temperature o» rain-

o ,fall persrsts for a few years or ev ¢ na decade ,We
[EF ‘can thrnk fe these : slow sh1ftsv ' :

’fclrmate ﬂuctuatrons One ,'nnportant source of

clrrnate ﬂuctuat1ons 'is the El Nrno-Southern
- }fOscrllatron of the trop1ca1 Pacrfrc The ocean

: ‘and atmosphere are closely hnked in
‘"‘:‘l{and together produce 1mportant chrnate ﬂuc-,
*i“tuat1ons from one year 10. the neXt that have a

‘;Asrgnrﬁcant 1mpact on the seasonal rarnfall there

B ’and in regrons far removed from the troprcal

Pacrfrc Event ¥ angrng from droughts in Austra-

. 11a to ﬂoodmg in: sorne parts of the u. S result

' ;from the 1nt1mate slow dance of the atmosphere
,:fwrth the ocean S e AR
e Another example of a clrmate ﬂuctuatron is
v‘_'jthe Dust Bowl of the 19305 1n:the Unrted States"’
[ Whrle it had a very serrous 1nﬂuence on the

‘f‘fhves of manv people it. lasted only a few years: -

: "‘and drd not represent a long-term change i the
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latitude continents was less than normal during

summer, since this would allow snow cover to’
last through the melting season and gradually
accumulate over the centuries.

He showed that changes of rnsolat1on result
from subtle variations in Earth’s orb1t Today
the Earth'’s axis of rotation is tilted about 23.5
degrees relative to the plane of the Earth’s orb1t

about the sun, and this tilt gives us pronounced v )
seasons in middle and high latitudes. This tilt |
angle varies between 22 and 24.5 degrees wi’th‘v

a period of about 41,000 years. The amount by.. )

Interglacial

Oxygen Isotope—Global Ice Volume Past 500,000 Years ,
The oxygenisotope record in acean sediments can be used to estimate the mass of
water contained in continental ice sheets in the past, Many times over the past 3

million years the global ice volume has varied dramatically from jce age conditions |~
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' }_January Srd—varres on

j‘Wthh Earth’s orb1t dev1ates from a perfect;'»l “
'c1rcle aIso Vanes W1th perrods around 100 OOO
and 400 000 ‘yedrs. ‘And the. day of the year”""{ "

'. ‘When Earth is closest o the. sun—currentlyf, )

~ The effects of all these orb1ta1 Varrat1ons on

‘ 1nsolat1on are largest in mlddle and h1gh latl—' : : :
!‘itudes where colder temperatures ‘make the:".

fdevelopment of large ice sheets poss1ble .

Over the last several decades Mrlankowtch s

,theory has recelved a large boost Modern
technlques enable sc1ent1sts to estrrnate past

' ice volume overthe Iast 500 000 years ploited ups:de downso that peaks mdlcate
';warm lntervals and Iow pomts mdlcate ice ages

a 23 OOO-year cycle i
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for explaining the ice ages has caused scientists -~

to broaden their view of the climate system to’

include not only the physical processes thatl_‘
constrain energy and moisture, but also the

chemical and biological processes ‘that control

atmospheric composition and land surface charf L

acteristics. Over the longer time spans required

for major glacial cycles, the atmospheric CO,.
content is closely tied tothe amount of CO, in.
the ocean. The amount of CO, in the ocean’is -

dependent on marine organisms that use CO,,

sunlight, and nutrients in the process of photo:
synthesis. Lowered atmospheric COzir'nayhave '_

e s e

5 I# =

Past and Present Atmospheric €0, concentratmn

Vostok in Antarctica and Siple Station in Greenland are combined with the modern’
instrumentai record from Mauna Laoa Observatory to create a continuous record that
shows bolh natural changes assoclated with ice ages and the modern increase in €O,
assoctated with human activities. Natural control of atmospheric G0, ended at the time

of the Industrial Revolution, when humans began burning fossil carbon fuels,

manufacturing cement, and removing forests at an increasing rate, -
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7resulted from 1ncreased productrvrty of these o

,marme orgamsms durrng the ice: age

" Some: thlngs cause cl1mate to change over‘

perrods shorter thari’ glacral cycles Cllmate; |
i change could for example be produced by""f‘ |

varratrons Jn the energy output of the sun.
Observat1ons taken over ‘the. last feW decades”

1nd1cate that’ output is about 0. 1% greater when' ’
ﬁthe number of dark spots on the. sun is at its
: maxrmum——roughlyevery 11 years———than when B
- tis ‘ata minimum. Thrs change in energy output_. .
is too small to cause 1mportant clrrnate varra—:‘ _"
t1ons but the sun’s output may vary more on L. 1
: 1onger time scales Some evrdence suggests that' i .
‘weakened solar energy outputmayhave helped |
“ produce the Little Ice Age of 1350- 1850AD T
"'Dunng this period cold spells were more com-
‘mon and temperatures were 2 few. degrees; o
»colder than now in middle lat1tudes But wh1le .

mountam glac1ers E eXpanded in some ‘re-’

~ gions, major-ice. sheets d1d not forrn Sl
*“Volcanic . eruptrons can. affect the climate’. "

a over the short term by sendrng large amounts of "

sulfur ledee (SO .Y gas into the stratosphere o

about ten m1les above Earth’s surface In ther.' s
’stratosphere the SO, gas is converted into t1ny ’

sulfurrc ac1d droplets that remarn there for a
~ year or more. These droplets reﬂect sunlrght'-,j;‘ ;‘.
Estimales of past carbon dioxide concentrations derived from ice cores drilled at - - ‘and r educe the SOIar heatlng Of the planet The T
: eruptron of Mt. Plnatubo 1nJune of 1991 cooled o
| the chrnate bya few tenths ofa degree for aboutf'l )

A a year But such effects fade as the Volcan1C' o




" f{jgx,parrtlcles slowly fall 'out of- the stratosphere
Only a ‘uccess1or1 of major Volcamc eruptlens
:fcould cause.a longer-lastmg change in‘cli v‘

| ';Can We Change the Chmate?

mxlhon before the Industrtal Revolutlon o about 360 parts per mﬂhoh in 1996 and>
he. rate’ of j JIncrease. has speeded up over this span of time. " It J§" certam that the: _
; predommant cause ofthls mcreas s burnlng offossil carbon fue1s such as coal ml

' ,"{rap1d1y 1n recent tlmes and contmued growth‘l;'
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The Greenhouse Effect

Carbon dioxide gas constrtutes a t1ny fractron of .
the atmosphere. Only about one air molecule in

three thousand is CO,. Yet desprte their small_

numbers, CO, molecules can haVe abig effect on’

the climate. To understand why they are 'so

important, we need to know about the green-
house effect of the atmosphere. }Earth’s :atmos-“_
phere lets in rays of sunshine and they" warm the .
surface. The planet keeps cool by ermttmg heat
back into space in the form of infrared radia-
tion—the same radiation that warms us when we
sit near a campfiré or stove. But whrle the
atmosphere is fairly transparent to sunshme it is ‘

almost opaque to infrared radiation. Much 11ke a

garden greenhouse, it traps the heat 1ns1de @ B

The Greenhouse Effect :
Theatmosphere allows solar radiation to enter the climate system relaﬂvely easxly, but

absorbs the Infrared radiation emiited by the Earth's surface. Aithough about half of

the energy coming from the sunis absorbed at the surface of the Earth, almost iwice
as much surlace heating is provided by downward infrared emission from the
atmosphoere as from sunshine. This “greenhouse effect” causes the
surface of Earth to be much warmar than it would be without the :
atmosphere. The graphic on this page shows the flow of solar
(vettow) and infrared (red) radiative energy through the
climate system in watts per square meter of surface
area. On average, 168 watts of solar radiation
energy reach eachsquare metarof the surface

area, butthe heating of the surface from
the downward Infrared radiation :
emitted by the atmosphere is

almosttwice that, 324 watts

per square meter.
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ot tb e g¥ eenbouse effecl‘ Eom‘b would be otf ro%

) About half of the soiar energy that reachesﬁfi i |
Earth passes through the atmosphere and 13';
‘ _”'absorbed at the surface In’ contrast about 90%7:
of the mfrared rad1at1on emttted by . the surface"»; 5
is absorbed by the atmosphere before it can'i
;__'escape to space In add1t1on greenhOuse gas es}&.
hke CO,ds Well as. clouds can re-€mit thlS radia- S |
: t1on sendmg it back toward the ground The fact;"_: S
1s, tEarth’s surface recelves almost twice as much . B




“Solar

-radiation . " |
‘absorbed by

~ atmosphere_
67 W,

radiation”
reﬂected

Solar radlatlon
absorbed by surfdace
' 168 W
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Denalt National Park, Alaska,
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l' ‘called water vapor feedback

O

It is the drstrnctrve molecular structures of the o

greenhouse gases that make them strong ab- -
sorbers and emitters of 1nfrared rad1atron About_ L
} 99% of air molecules are nrtrogen and oxygen =
which have a s1mp1e structure consrstrng of two ‘
: .',1dent1cal -atoms. Because of this srmple struc-
- ture, they have a relatrvely m1nor effect on the o

transrmssron Qf solar and 1nfrared radratron L

‘ through the atmosphere Molecules Wlth three ,
-or more atoms like Water vapor carbon drox—
1de ozone, and a host of other trace gases canv'; ol
‘ effrcrently absorb and emrt infrired energy by
tor1ng and releasmg it in: molecular Vrbratronf’. B
and rotatron Though some of these .gases
‘constrtute only a trny fractron of the" atmo- e
sphere they can nevertheless make srgnrfrcant:

contrrbutrons to-the. greenhouse effect.

" The molecule that makes the largest contri~
butron 1s Water Vapor which is'a relatrvely e
~abundant greenhouse gas An. average water
—molecule stays in the atmosphere only a few":': '
days from the time " it | evaporates from the . .
“surface to the time it falls out of the atmosphere' -

as precipitation, so the water vapor content [#g T

of the atmosphere ad]usts qu1ckly to changes in

surface temperature Humamty can do httle to'f_ -
directly control the global amount of atmos-‘f )
' phenc water vapor. Because atrnospherrc wa-

ter’ vapor tends to 1ncrease “with rncreasrng,

temperature howeVer it can amphfy chmate,' '

changes produced by other means——a process ,

>
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Whv Are Greenhouse

'Gas Amounts Increasmg?

Carbon d1ox1de has a much longer l1fet1me i

o f atmosphere than Water Vapor If CO 15 suA denly

" Hgl‘qi:a:r‘bé‘ris*'v’
024 W/mz -,

Cllma eF rcmg hy reenhuuse Gaslner ees Smee e Inq I trial Revoluho
: hanges in- the atmosphenc concentratlon of CO methane nrtrous oxrde an
alqcarbons thiaf have occurred smce the Indﬁstnal Revolutron have altered theenergy
g budget of Farth. The drfference is about2 P wattsper square metef, or roughly 1% of
_'the Bnergy flow through the gIobal chmate syste
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Clouds reﬂect szmlngf belp i

they can have a lifetime in the atmosphere of .
more than 100 years. Halocarbons are also. .
responsible for the Antarctic ozone Ahole" anda
more general decline in global- stratospherrc.. |
ozone, but this is a separate problem from the

greenhouse warming contributed by the halo- .
carbons. Production of some of the halocar— o
bons that are 1mportant greenhouse gases has
been regulated by international agreements to .
preserve Earth’s protective ozone layer, SO the1r )

influence on climate should ;'d'ecline in the .
future. Nearer to Earth’s surface, in the tropos=- |
phere, ozone amounts have _been ih'creasing n

because of human activities.

surface has harmful effects on the health of"

plants, animals, and humans.

Aetosols: Sunscreen for the Plangt?

Although raising the levels of greenhouse gase’sf. o
in the atmosphere is our most important'direct E
influence on the global climate, human actions- :
also contribute to the aerosol content. of the
atmosphere. Aerosols are tiny particles of liquid: .

or solid matter that are suspended in a'ir‘."’lfhevf.‘l
are different from water cloud droplets or ice
particles in that they are present even in rela-4 '

tively dry air. Atrnosphenc aerosols. have many

sources and are composed of many d1fferent7.'
materials including sea salt, soil, smoke; - -and -

natural sources, it is estlmated that aerosols

resulting from human activities are now almost;

Reports to the Nation o Fall1997

- gas 1ncreases Aerosols can reﬂect solar ra ia:

. Ozone at the ’

as 1mportant for chmate as naturally produced
‘_ones Most of the human—mduced aerosols
come from sulfur released 1n fossil fuel burnmg

_tural land Human productron of sulfur gases
,l;:accelerated rap1dly in: the 19505 o .
I appears that the coolmg effect of aerosols , ’
: ‘has canceled out part of the Warmrng that m1ght

tion or absorb and emit 1nfrared rad1atron and
‘afe ofter v1srble as haze ot smog By reﬂectmg A
sunhght they‘ cool the chrnate The human— '
1nduced mcrease in atmospherrc aerosols s1nce -
_/ pre1ndustr1a1 trmes is bel1eved to have reduced
%'the energy absorbed by the planet by about half

‘ The aerosols produced by humans could also o
“ ‘have a srgmfrcant effect or the’ amount or
: 'properues ofclouds Every cloud droplet or 1ce
; partlcle hasatits’ center an aerosol called a cloud

condensatlon nucleus on whrch the water va—

por collected: to form the cloud droplet Aerosols

E that attract. water, such as those composed of salt
or sulfunc ac1d are part1cularly effectrve as jk

- cloud condensatron nucle1 The 1ncreased num—

ber. of aerosols produced by humans could

. cause the vvater 1n clouds to be d1str1buted 1nto
sulfuric acid. Although aerosols have many_-':;'_f more but srnaller cloud droplets Wrth therr
: water spread more d1ffusely, the clouds Would

e reﬂect more solar radlat1on The existence of

‘and from burmng vegetat1on to clear agrtcul— .

=jhave been assocrated wrth recent greenhouse o

< awatt per square meter enough to offset: about
’ 0% of the greenhouse gas Warmlng effect . L

-
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would cause serious problems. Because such a y
warming, once initiated, would last for a l’ong" .
time, scientists and civic planners- are very
interested in knowing how much warmrng is -
occurring and what part of it can be attributed
to human actions. The record of global'tempera-‘ »)

ture obtained from thermometers. around the:

world extends back in time only a little over a
century. This record shows a steady i increase up

until 1940, followed by a period of slrght cool—-
ing. Since the 1970s the temperatures have
gone up rapidly, and many of the warmest years ;
in the global temperature record have occurred " |
in the past 15 years. It is not knovvn_ with' ‘
certainty whether this recent Warming trend will "

contrnue or Whether itis caused by the 1ncreas— -8
) mg trend of greenhouse gas concentratrons 1n'j,‘, B
" the atmosphere The natural random varlabrhty o

of the. clrrnate system on decade long tlme‘f
scales is farrly large ‘and it is not yet clear how; e
to separate thrs vanabrlrty from changes that;

’.ﬁ ' have resulted from human act1v1t1es

iCan We Predlct CIlmate Change‘?

The behavror of" the climate systern can be_.f -
srmulated W1th computer models and the' a
srmulatrons can then be tested agarnst observa—"' . N
tions, of current and past cllmate They ‘can be;'w :

used to: study the response of- the chmate to |

Achangmg amounts of greenhouse gases and"p"

Instrumental Temperature Record 1865-1995 :
The record of global mean surface air temperature from thermometer readlngs
Indicates a global warming over the past century, with many peaks and troughs
suggesting the natural ysar-to-year variability of climate. .
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;_'?,human act10 's iFor example : glouds have a

‘,!‘huge 1nﬂuence on the transrmss1on
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especially during summer in North Amenca and
Southern Europe. \Varrnmg may cause agrrcul—
tural zones in North America to move: north--
ward, which would benefit some communrtres
and harm others. Changes in the chmate of
specific small regions and changes inthe act1v1ty
of tropical storms cannot yet be predrcted with -
much confidence. When natural chmate ﬂuctua—

tions cause sea surface temperature in the tropi-

cal North Atlantic to increase, hurricane activity
also seems to increase, but it is not certain that
a global surface temperature rise caused by

greenhouse gas increases would have a, propor— :

tional effect on hurricane activity. [Q]

The effect of the warming on humanity
depends on the magnitude of the Warrmng, the:
speed with which the warming occurs, and the
way society organizes itself to adapt to cl1mate
change. If the warming is as fast and as large as

some of the models suggest, then the effects on "

Images of Earth R
Climatological values for the December through February
season of (from left to right): sea surface temperature,
rainfall, aibedo, and outgoing infrared eiission. Values
range from low to high as the color goes from biuetoredto
white. The heavy precipitation over South America during
this season is accompanted by the high albedos and low ~
infrared emission assoclated with tall convective clouds.
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'people and our natural envrronment could ber 1
5 qu1te serrous Agr1cu1ture and Water Supphesj “ ;' .'_’
' cantake decades to adapt and natural ecosys-“

;,tems take centur1es Therefore a more raprd' 4

-:"change would pose more drfflcult problems

LN

Where Do We Go Frum Here'?

B When plannmg for the future We often assume
thatthe chmate we have exper1enced 1n the past .

W111 contrnue but thrs may notbethe case Ra1n

, snow and temperature affect many aspects of

human 11fe 1nc1ud1ng pubhc health agnculture

: fand the Way we manage our water and energy
B ‘,resources We know that the amounts of some |

-.r'greenhouse gases 1n the atmosphere are- in- '

v,Well-understood phys1cs of the greenhouse ef-‘ " 7
- fect indicates that the changrng compos1t1on of ‘
“the atmosphere should warm the surface ch—

miate of Earth Current estrrnates of the expected T




chmate change over the neXt century.range’

; 'P.,—J.,.Cfutzbri,‘ 1995:, At:m'oéﬁhg{e:
Clxmafe and Change w .Freeman 196‘

_,S'ciendéofCIlmateCha je. G

X'V’Gambndge 572

o 'Imbne,J N andK
'Mystery Enslow




Wrlters and Contributors

Wilter: Dannis Hartmann, University of Washington
Contributors: Shawna Vogel, Sclence Writer

Lisa Farrow, National Oceanlc and Atmospheric Admmistrahon

Our Changing Climate 1s the fourth in a series of publications on cllmate .
and global change intended for public education. The documents are a
collaborative effort of the UCAR Joint Office for Science Support and the
NOAA Office of Global Programs, for the purpose of raising the level of
public awareness of Issues dealing with global environmental charige. The
reports are written by well-recognized scientists and science writers on <,
timely subjects and are guided by a scientific editorial board. ’

Editorial Board ‘ ’ o
Daniel L. Atbritton, National Oceanic and Atmospheric Admmnstrat:on S
Francis Bratherton, University of Wisconsin o
Michaal Glantz, National Center for Atmospheric Research

J. Michael Hall, National Oceanic and Atmaspheric Administration

Mark Meier, University of Colorade. )

Stephen Schneider, Stanford University S

Jotin M. Wallace, University of Washington :

Additlonal Manuscript Reviewers

Thomas Karl, National Oceanic and Atmospheric Admlnistratlon
Jarry Melilio, Office of Science and Technology Policy

Eric Miller, Fairview High Schoo!

Richard Somervilte, Scripps Institution of Oceanography

Production Management and Distribution .
Paula Rohinson, University Corporation for Atmospheric Research -
Karyn Sawyer, University Corporation for Atmospheric Research

Deslgn, Hlustration and Production
IntarNetwork, Inc., Del Mar, CA 92014. www. in-media.com
Payson R. Stevens, Leonard Sirota, Roger Parker, Erlc Arterburn

Editing and Graphic Suppost

Graca C. Gudmundson, Kay M. Dewar, Marc L. Michelsen,
University of Washington U

Deniss Cook-Clampert, Copy.Editor .
For additional coples contact Reports to the Nation, UCAR Joint Office for
Science Support, P.0. Box 3000, Boulder, CO 80307-3000 USA; phone
{303) 497-8666; fax (303) 497-8633; internet: rtn@joss.ucar.edu

Image Credits

Ali computer graphic illustrations: InterNetwork, Inc. :

Cover/Page 1: NASA/Space Shuttle; Pages 2-3: top row, left to rlght—
NASA Space Shutile, U.S. Geological Survey, NOAA/NESDIS, EROS Data.
Cantar, middle row, Surface Temperatures, Jet Propulsion Laboratory,
©Payson R. Stevens, © Richard N. Carter, bottom row, © PaysonR. Stevens, .
U.S. Geological Survey, © Payson R. Stevens; Page 7: © Payson R. Stevens;
Page8: Westerr History Callections, University of Oklahoma Libraries; Page 9:
NASA Space Shuttle; Page 10: top row, U. S. Geological Survey, bottom

© Bruce F. Molnia; Page 16: © Payson R.'Stevens; Page 22: Marc L.~ - .
Michelsen, University of Washington; Page 24-IBC: © Payson R. Stevens. - .

9/97 610K

W Reports to the Nation e« Fall1997






Mz
A »
UCARWOSS  Office of
: qubal Programg )

Printed oﬁ Recycled Paper.. .




