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ABSTRACT
kﬁe This survey of expert eginlcn was ﬂﬂﬁﬂﬂﬂtéd by*the
Fatioml fensge University, Hashingtan, C.C. tc quantify the

likelihood of significant changes in climate-and their practical
consequences. The major objectives of the, studygare emkcdied in fout
tasks. This publication presents the- :esult: of the first task only:
the defipition and estimation of the ljkelihood of climate changes.
during the next 25 y%grs. and the conétruction cf climate scenarios
of the year 2000. It-includes an abstract, foreword, summary, three
chapters and four -appendices. Chapter c¢re describes the ie*hgﬂglagy
used in analyzing the information ccllected. Chapter two contains
narrative and statistical desr:;p*lﬂns of five climate =cenarios,
ranging from large gldEal cocling tc large glokal warming. Chapter
three summarizés the aggregatdd probakilistic data of the climate
panelists and compares these data from scenario to scenario, across
latitudinal zones, and across three time pe:lea: ke tueen now and the
year 2000. (Author/HHN) . o ]
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4. Campbell Stokes Sunéhme Hecorder
early, 20th céntury, used to record .
duration of. ilﬁSﬁlElE,; -

5. Hygrodgik, late 19th Eéntury, hafid
calculator fa'ﬂdeterminmg relative

water content of

humidity and
amblent air.

"6. Pyranometer used for measuring
" total global radiation:.

& 7. 5hip’s Binnacle and Gir’ﬁbsled Q@mpasé,
18th century,-used for nautical
‘navigation. '

8. Field Caﬁpass, contemporary.

9. Jointed ruler, early 20th century.
10. Aneroid Barometric Element.
11. Gold Bourdon Instrument.

* 12. Misceldaneous meteorological ther-
rfometers. )
13. Prismatic cell, used to demonstrate
dispersion of white light.

14. A Student’s Volt-ammeter, early ZDth
century.

15. Aneroid Field Bargmeter, contemporary,

16. Nautical Sextant, early 18th century, §£. )
_used for finding geographical posi- |- .- C
tion by means of celestial bodies. _ |. ~a ) . g

" 17. International Cloud Atlas, contemporayy .

S . : .
[Mustrations in this {Ext are from a coll'cfuon af over EDD antique woodcuts and etchings from thg
Hart Archives, New York, NyY. -
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_ ~ principal constituent elements of-the University, along with the Office of the President and four Universit

* grateful for the professional contributions made by all who participated in this stud

DEPARTMENT OF DEFENSE o
NATIONAL DEFENSE UNIVERSITY C

WASHINGTON, D.C. 20318

. 7'

The National Defense University (NDU), a Joint Chiefs of Staff (JCS) organization, was established
formally by the Department of Defense on 16 January 1976. The Industrial College of the Armed’ Forces
(ICAF) and The National Wat College (NWC), collocated at Fort Lesley J. McNair, Washington, DC, are t{e

Yy
directorates.

The mission of the University is to prepare selected military and civilian professionals for high level
assignments in the formulation and execution of national security policy. At NWC, the emphasis is on
national security policy formulation and strategy, while at ICAF the focus is on the management of
resources in the interest of national security. Both programs look to the future to try to anticipate the
requirements of national security based on US interests, US objectives, and the employment and

management of resources for advancing those interests and objectives.

A corollary of the University's mission Is research and the preparation of studies related. to national
strategy, national security policy formulation, military strategy, and allocation and management of
resources for natjonal security.

& i _ . . r
The Research Directorate coordinates University research efforts. Researchers include students and faculty
as well as senior and associate fellows from all of the uniformed services and frommother. government"
agencies. The National Security Affairs Institute, an element of this directorate, provides a forum for
representatives of the Executive and Legislative branches of government, distinguished scholars, and other |
citizens from the private sector, who are concerned with gational securify matters, to exchange views on
security issues. An annual National Security Affairs Conference, jointly sponsored with the Office of the
Assistant Secretary of Defense (International Security Affairs), brings together senior government officials
with prominent representatives of the academic and civilian communities. Resear h‘:‘ Directorate
series, and books. ,\
Climate Change to the Year 2000, a study sponsored jointly by the National Defense Uﬂi&érsity,_the
Department of Agriculture, and the National Oceanic and Atmospheric Administration, was ‘conducted
under the aegis of the Un ty Research Directorate. We at the National Defe se Universily are deeply
y. Without the generous ~
commitment of time and the conscientious cooperation of the many individuals involved, such a complex
study would not have been possible.

\ R.G.GARD, IR,
' Licutenant General, USA
President
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- ABSTRACT

= Lo

An attempt to quantify perceptions of global climate change to the year

2000 has been the initial focus of an interdepartmental study at The_

National Defense University. Subjective probabilities for the occurrence of
specified climatic events were elicited by a survey of 24 climatologists from
seven countriaa Individual quantitative raspansas’ to teri rnajcr questiuns ware
whlch preserved tha Bllmatologlsts callactlva um:artamty about future
clignate trends. The aggregated subjective probabilities were used .to
E_r:nnstrur;t five possible climate scenarios for the year- 2000, each having a
‘probability” of occurrence. Tha ‘aggregated probabilities of contingent
events are compared from scariarlc tD scenario, across zones of latitude, aftd

by time periods.

K]

The derived climate scenarios manifest a broad range of perceptions about -

possible temperature trends to the end of this century, but suggest as most
likely a climate resembling the average for the past 30 years. Collectively, the
respondents tended to antlclpata a slight global warming rather than a
coollng Mnra spaclflcally, their assassmants pafntad toward only one c:ham:a

of DEQC to +DE‘:’C although any tamparature chariga was" ganarally

perceived as being amplified in the higher latitudes of both. hemispheres. The
respondents also gave fairly strong credence to a 20- to 22- -year ‘cycle of

drought inﬁtha High Plains of the United States but did not agree on its:

. causes.

Consequences of the possible climatic changes delingated in the scenarios are
being considered in subsequent phases of this research. A generalized climate
response methodology will be demonstrated by its application to crop vield
data gathered from a survey of agricultural scientists. The policy implications
of the resultant climate/crop scenarios will be examined using a world food
economic model. s



# B ) =

TABLE OF CONTENTS

. ABSTRACT . oot oo i
, z , h
I ) FOREWORD . . . . . i
Y ACKNOWLEDGMENTS ... ...ttt Xi
. . RESIDENTSTAFF .. ... ..ot Xii
- ADVISORY GROUP . .. .. ... ....... e xiii
. CLIMATE PANEL . .. opo v o i e e e XV
j SUMMARY . . ..o e e e X
/ ‘ . . -
hoo. : CHAPTER ONE—METHODOLOGY .. ..........s.. 31"
’ " RESEARCH APPROACH FORTASK | ... ..........1
' ANALYSISOFDATA ... ... ovv i noes .3
] ' CLIMATE SCENARIOS .....................12
CHAPTER TWO-CLIMATE SCENARIQS . . . ... .. ... .17
x LARGE GLOBAL COOLING .. ... .............17
. MODERATE GLOBAL COOLING . . . .. ... .co. ... .21
“SAME AS THE LAST30YEARS ...............25
MODERATE GLOBAL WARMING .. ............29
LARGE GLOBAL WARMING .................33
~ | CHAPTER THREE—DISCUSSION OF SCENARIOS AND
. ) CLIMATE PROBABILITIES ..~ .. oo weevn .. .37
o \GENERAL!,Zi”...L.......,,.i,,i.”,37
- GLOBAL TEMPERATURE CHANGES . ... ... ....37
f LATITUDINAL TEMPERATURE CHANGES (... .. .. .39
' GRDWINGSEASDN””,i”i,;)”,.,:.,”,uélB
PRECIPITATION-. . . . . Y
DROUGHT AND MONSOON FAILURE .. .........5
CONCLUSIONS ON CLIMATIC VARIABILITY . ... .. .57
— ) ) _
. APPENDIX A-CLIMATE QUESTIONNAIRE ... @ . ... 59
APPENDIX B—OUTLOOK FOR 1977 CROP YEAR & !
~— =~ THEPERSISTENCE OF DROUGHT ~ .............97
APPENDIX C—NUMBER OF RESPONSES & AVERAGE
EXPERTISE RATINGS  ....° ... ... ...... . 101
. APPENDIX D—REFERENCES" .. ... . . E cee..... 103
‘c\ .




LIST OF FIGURES - - ' \
1 SELFANDPEERRATING ...............3 N -
2 GLOBAL TEMPERATURES .. ............:5 \ T
I-3  SAMPLE RESPONSE TO QUESTION| ........6 .. )
I'4  CUMULATIVE PROBABILITY FUNCTION FOR
QUESTIDNIé;.,,ii.,,;,..!....T..;,J
1.5 EQUIVALENT DENSITY FONCTION FOR
g QUESTION | .. vk
I-6  ADDING TWO DENSITY FUNCTIONS FOR
QUESTION T oo oeve ettt 8
17 NORMALIZED DENSITY FUNCTION FOR TWO
RESPONDENTS TO QUESTION | . ... ... .. .9 M
18 PROBABILITY OF MEAN NDRTHE@*HEMISPHERE
TEMPERATURE CHANGE BY THE YEAR 2000 AS :
DETERMINED BY THE PANEL QF CLIMATIC
EXPERTS .. ......................10
. 19 PROBABILITY OF MEAN NORTHERN HEMISPHERE
' TEMPERATURE CHANGE TO THE YEAR 2000.AS o
DETERMINED BY THE PANEL OF CLIMATIC :
: EXPERTS...,...............,.,..112-
110 QUESTION VI=MID-LATITUDE DROUGHT ... 14
111 RELATIVE CLIMATIC INFLUENCE . .......38
112 PROBABILITY OF TEMPERATURE CHANGE IN
THE NORTHERN HEMISPHERE . . . . ... ... .40
-3, P(F(C)BABILITY OF TEMPERATURE CHANGE . . 42 {
1114  CHANGES IN HIGHER MID-LATITUDE GROWING | ¥
" SEASONS BY THE YEAR 2000 .. ... ......44
«111-5  CHANGES IN PRECIPITATION AND
PRECIPITATION VARIABILITY ... ... . ... .47
116 PROBABILITY OF DROUGHT . . —. . . ......5 .
1117 PROBABILITY OF MGNSOON FAILURE . ... .56
- N £
v B-1 DROUGHT PERSISTENCE IN THE UNITED : o
vi STATES . . o oo .99

&




LIST OF TABLES -
I1,. CORRELATION BETWEEN SELF ANDPEER
, RATINGS /... ......................4
12 CONVERSION OF EXPERTISE RANKING TO
~ WEIGHTEDSCALE‘ ......... T 2
7, 13 'DEFINITIDN OF TEMPERATURE ‘
CATEGORIES ...\t 12
I-4  PERCENTAGE OF GROUPED PROBABILITY -
" DENSITIES LYING IN EACH TEMPERATURE
) CATEGORY . ... ... 130
. 15 FREQUENCY OF DROUGHT IN U.S. IN :
T1991-2000 L. e 14
111 LARGE GLOBAL COOLING . ............18 -
. : o
12 MODERATE GLOBAL COOLING \ .. 22
_ S ;
-3 §AMEAS:LAST§DYEA_, g e 26
* |I.4  MODERATE GLOBAL WARMING . .........30
1’5 LARGE GLOBALWARMING . ............34
B-1  PROBABILITY OF YIELD CHANGE DUE TO
. WEATHER ... e 97
[ . L
=
B2 = USDA YIELD ESTIMATES . . P
B3  LENGTH OF DROUGHT IN THE UNITED *
© STATES .......J.................98
%
C1. NUMBER OF RESPONSES AND EXPERTISE
RATINGS . oo tun oo 101
?g _
.y

vii






FOREWORD '~ | .

¢ ~ . \ :

Within the last few years there has beerfan |ncreasmgfpubllc awareness of the f . " 1
impacts of weather and climate onjﬂaﬁﬁmd This concern was h|ghllghted
by the severe 1976-77 winter in the eastern half of the United States and
subsequent draught conditions in portions of tHe country. Controversy has = ° -,
arisen about whether the climate is. merely fluctuatlng or is in ﬂb;ng—term

trend of change. Any significant change in climate would have profound

impacts upon U.S.. policies and programs with regard tp world food: ° . .
production and reserves as well as a wide range of energy-related and othes - - R o
policy matters. - ’

% s . R . [

~In view *of the potentially ‘serious implications of climatic change, The -
- National Defense University in the fall of 1976 initiated an interdepart-
mental researchsproject to qqantnfy the likelihood of significant changes in
limate and their practical consequences. The major objectives of the study S
ire embodied in theﬁfaur tasks described in the. Summary. This report - ‘ -
presents the results of)the first task only—the definition and estimation of
- " the likelihood of climatic changes during the next 25 years, and the
-~ construction of climate scenarios for the year 2000. Findings of the
/' remaining research taskéxvill be reported lateﬁ:r. _ ,
- The causes of global climété(change remain in*%is’pute Existing theories of
climate, atmospheric models, and actudrial experience are inaddfuate to
meet the needs -of policymakers for mfc:rrnatléi%abnut future climate. In the ‘
ong run, research may lead to reliable forecasts of climate. For the present, ’ A
wever, policymakers have no recourse but to heed expert judgments— ’
SubjECtIVE and contradictory though they may bé=abc>ut future world
_climate angd.its effects on agrlculture and other sectors of the economy.
- Informed, expert judgments on the Tikelihood of change, or the odds for.a
_repetition of some event, are useful tg-the decisionmaker weighing the costs,
genefits and risks of alternative pdlicies. To marshal the full spectrum of
a

xpert perceptions, we submlttEFi istrucfured climate questloni\alre to a
refully selected panel of c!;ﬁ’léfologlsts We hope the analyses of the
probabilistic responses to the guestionnaire will lead to a better quantitative
understanding” of thosé weather-climate issues that are most relevant to ' —
important public concerns abt::ut the future Df agrlculture and the wurld

. food situation. f; : ) o ' m
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FOREWORD , - .

The modus Qperandl for this project was th€ Establlshm nt of a small

lﬂtErdISCl lmary staff at The Natnonal Defénse Umversn:y to a\:t as a fox:al

ﬂrst and semmal source’is a staﬂdmg Advnsory Graup of eminent SCIEDIIS’CS

. - and-administrators who provide guidance and represent many potential users
" of the research results.” Another dinvaluable soyrce is the Institute for the

Y

. ™~ L Future, Menlo Park, California, which furnishes ongging advu;e on futuristics
o : methodologies and technical assistance through the-ausp_qe? of the Defense
‘ Advanced _Research Projects Agency. A third source is the dd hoc Climate

F’aﬁel ofé‘promment individuals whose subjective assessments of future
. chr’nate formed tte basis of this report. In addition, there -are two other ad -
= hoc gmups of experts EGHCErﬂEdiWIth subsequent pha:lses of this research
. - - -, effort: One group is furnishing data on the response of crops to Egll"ﬂate
changes; the other is preparing to analyze. the piohcy implications of
“climate/crop scenarios for the year 2000.

Chapter | of this report describes the methodd!ogy used in analyzing the
_information contributed by the panel of climate experts from the United
States and abroad. Chapter |l contains narrative and statistical descriptions
Df five climate scenarios, ranging from-large global cooling to large global
warming., Chapter 1l summarizes the aggregated grobablllstn: data of the
climate-panelists and compares these data—from sgenar:o :t0 scenario, across
|affadinal zones, and across-three tige periods bétweeninow and the year
- 2000. Appendix A is the climate questionnaire sent to the Climate Panel.

Because of a limited response, enly part of Question VII “Qutlook for 1977

Crop Year,” was analyzed. This information is contained in Appendix B,
oo v _along with an analysis of subjective probabilities concerning the persistence
}-_"; g - of droughts in the United States. Appendix C provides mﬁ:\rmatlon on the
number of respondents and the average level of expertise for each of the
questions in the guestionnaire. Appendix D contains references cited' by the
panelists in their answers to the questionnaire. ’ :

P ' i
b

o4 P (

1

e o

[

ERIC

Aruitoxt provided by Eic:



. ACKNOWLEDGMENTS -

-

.
frni,
s,
il
*
-

ERIC

Aruitoxt provided by Eic:



ACKNOWLEDGMENTS

L : ]Z‘

Although the Research Directorate of The National Defense University
served as the focal point and “‘broker”’ for this climate project, many outside
individuals gerlerously volunteered tl’?—ﬁme and knowledge to make it
work. ; o — . ' A

Joseph W Willett, D\r ctor of the Foreign Demand and Competition
DIVISIOﬂ in ,the U.S. Department of Agriculture, conceived the climate
project. In- 1975- 1976, wHile he was a Senfor Research Fellow at the
Stra‘teglc Research Group of The National War College (the predecessor of
the Researgh Directorate of The National Defense Umversnty) Joe persuaded
us of the nead to pursue thl'S undertakmg Now baf:.k at -the USDA, Joe hag

mva!uab!e. 7
Vice Admiral M. G. Bayne, U.S. Navy (Retired), and Lieutenant General
R.G. Gard, Jr., U.S. Army—the former and current presidents of the
university=not only approved thls novel research, but Supported it with
enthusiasm.

The study could not have ;:xroc:eeded&vithaut Funding a'ﬁ‘d EﬁEDUFaQémEﬁt
PrDjEC’[S Agency Dr. HobertA Ysung is Dwector Df the Cybérnetlcs

Technology Office, and Lieutenant Co1pné| Roy M. Gulick, Jr., U.S. Marine
Corps, is our immediate point of contsct in DARPA. Among DthEl’ things,

DARPA funds secured the services of the Institute for the Future. Dr. Roy

'~ Amara, president of the Institute, and Dr. Hubert Lipinski were always
available to suggest appropriaté methodologies and to provide technical
assistance in the analyfical phases of the study. '

From its inception, the project has employed a small team' of resident

investigators to seek the judgments and perceptions of experts, to collate ,

data and prepare reports, and—no mean task—generally to orchestrate the
contributions of the many far-flung participants in the study. Working with

this team, the most t:arn;jeterlt and dedicated group with which | have ever .

been associated, has been a great personal pleasure. The resident team has
consistently received exceptional support from’ numerous administrative
elements of The National Defense University. The advice and skills of many
individuals—secretaries, stenographers, editors, research assistants, artists,
illustrators, type composers,*and printers—have gone into the publication of
" this report. :
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At the outset of its entry into the alien field of climate, it was-evident that
The National Defense University would require expert guidance and
direction. To meet this need, we formed a standing Advisory Group of

scientists and potential users of the researeh. The Advisory Group met at-

Fort McNair in December 19786 aﬂgﬁl June and December@ 1977. At the
first meeting we made it cléaj that we wanted the advisors, collectively and
|ﬁd|V|dually, to be aCtIVIF_:LSs nd to insure that our efforts were leading to
valid and useful results. At each phase wé presented our results and fyture
plans to the advisors. Their lively and constructive criticismg were painful at
times, as when we had to rework portions of the redearch. But we are
grateful that this group saved us from committing some major blunders and
from straying down some dead ends. Any remamfnq blunders are our
responsibility. Many adwsors gave liberally of their time and knowledge for

at rnost token compensatlon G . ﬁ;\

b /
Last, but far from least, there is the ad hoc Climate Panel which provided the
grist for this report. This panel was carefully selected with the assistance of
the Advisory Group. Pains were taken to include authorities in global,
regional and topical climatology, and paleoclimatolegy, as well as spokesmen
for differing viewpoints abgut future climate trends. The climate panelists’
response to gMr quéstlonnalre provided the judgmernts knowledge, and above
all, the quantitative perceptions on which this report is based. The panelists
tabored with much admitted soul-searching for only a nominal honorarium.

~We are truly in their debt. .

" The caliber and representativeness  of the .Climate Panel—the “‘balance”

among specialties and divergent points of view—were obviously crucial te the
validity of this study. In November 1977, drafts of Chapters | and |l and
Appendix B were circulated to the Climate Panel and the Advisory Group
for comment. Thé same drafts were discussed the following month at a
meeting of the Ad\nsary Group. The written and oral comments on the
drafts, as well as the findings taken /7 toro, lead us to believe we achieved
our goals of high caliber and adequate balance in the panel of élimatqlogists!
(I note in passing that Chapter |11, which contains comparisons of the data in
the individual climate scenarios of Chapter |1 and a selection of the panelists’
comments, is the responsibility solely of the residéntxqgsearch staff.)

To those mentioned above, and to all listed below, my ‘most sincere thdﬂkn

ANDREW J. DOUGHERTY

Colonel, USAF '
Director, Research Directorate

&
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“SUMMARY

, ,
Will world climate at the end of thjs century be substantially different f’rmrn
that of the past two or threéaéé' Cades? Sar’ne ciimatolagists pcnstulate a

that the world is Eﬁtermg a penod of rapnd warmmg, and many foresee a
period of greater climatic variability. K !

=

™,

Such canﬂlctmg opinions and their implications inspired a study now under
way in the Research Directorate of The National Defense University,.Fort
McNalr Washmgtoﬁ D C Thns project the first Eomprehenswe attempt 1o

J of Agrn:ultuge Department Df Defense and the Natloﬁal C)cearm: and

b

Atmospheric Administration. Technical assistance is being provided by the
institute for the Future, Menlo Park, California, througg, he Defense
Advanced Research PFQ]EEtS Agency.

- ; .
The major objectives of the study are embodied in four tasks:

e Task |: Tcr define aFid estimate the likelihood of changes in cllmate
during the next 25 years, and to construct climate scénarios for the
year 2000, ‘

e Task II: To estimate the likely effects of possible climatic changes on
selected crops in specific countries, and to develop a methodology for
combining crop responses and climate probabilities into climate/crop
scenarios for the year 2000. . .

o Task lll: To evaluate the dDFﬂESELZ and int?ﬂatiaﬁ polic\ in

are of key importance in the choice of polity options.
\ e Task |V: To transfer the climate/crop research results and a generalized
climate response methodology to individuals and organizations con-
CEFﬁEd with the EOHSEQUEHCE‘S Df climatic i:hanges in ﬁelds other thaﬁ

extend the fmdmgs of th& first three tgsk;, |
o

This repert is a summary of Task I, which was carried out by surveying a

panel of climatologists. The salient finding is that the likelihood of

catastrophic climatic change by the year 2000 is assessed as being small!
More specifically, the respon%es to the survey sugges’t C)ﬁiy 1 chance ih’ 10
that average global temperatuge in the next 25 years will increase

than 0.6°C relative to the %a:Jewl\Qm 5. leEWlSEi there is cm,ly 1 chancg in
10 that it will decrease by more than 0.3°C. The most likely event will be a
climate which resembles the average of the past 30 years, arising primarily

0o

&
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from ‘a balancing of the warming effect of carbon idioxide with the coolin{

. effect of_a natural climate cycle. However, the respondents tended to
A\j : Eﬂtlmpété% slight global warming rather than a cooling.
' Most of the clim#te panelists perceived that any global temperature changes
will-be amplified at higher latitudes, particularly in the Northern Hemi-
sphere. This magnification will be less prdnounceds in the Southern
Hemisphere because the larger surface area of southern oceans provides more
5 thermal inertia against change.’ o p%ﬁ

R o

N %"E\panellsts responses reflect fairly strong support for the x:cmtmuatlon of '
a. 20- to 22-year draught cycle in the High Plains of the United States This
ra perception was tErﬂpErEd by the absence of an agreed- upon causal
mechanism for the apparent periodicity. For mid-latitude regions outside the
_ _ . United States, there was more uncertainty and less support for cyclic
o s droughts than was evident for the United States. Similarly, no periodicity
A was identified relative to fréquem:y of drsught in the Sahel region of Africa
or the failure af the Asian monsoons

Collectively, the climatélogists expressed considerable uncertainty aboui
possible changes in the amount and variability of precipitation—uncertainty
not «only with respect to the magnitude of changes but in many cases even
- with respect to the direction of change. This uncertainty was particularly
. _ pronounced “about possible changes in year-to-year variability. There was,
: however, .some tendency to “associate more preclpitation and decreased
variability of precipitation with global warming, and less precipitation and
- increased variability with glogai cooling. \ ‘)

k. e

The - foregoing conclusions are derived from the quantitative responses of the
Climatg Panel to a set of questions about significant climatic factors,
including variability. The questionnaire (Appendix A) covered: the period

~from the present to the end of the century. The panelists were asked to
assigh probabilities to specified climatic changes and to give the rationale for
their answers. For each question they were also asked to assign a numerical
value tg their owr! expertise and that of other panelists.

Of the 24 climatologists replying to' the questionnaire, 21 provided a
quantltatlve response to at least one question. The answers of the latter to a
question on global temperature were weighted on a well-defined scale of
expertisegand then averaged to yield a probability density function for
' "-changes in global termperature. The range of perceived global temperature
changes was partitioned into five subintervals upon which are based five
global climate scenarios with corresponding “‘probabilities’” of occurrence.
Next, each respondent was associated with a subinterval of global tempera-
ture, or scenario, according to, his perception of global temperature trends.
} Finally, detaM of each scenarlo were developed as conditional “probabili-

xviil ¢ ties”” aggregated in a similar manner from the appropriate panelists’ answers
R
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tcx DthEF questions Thesa quegnons were concerned wH:h the relatwe
temperatur changes the Ierngth aﬁd varuablhty of growmq season, FHE‘
amount of Precipitation and its year-to-year variability, and the frequency of

= drcughts and monsoon failures. Chapter i contains the five climate

scenarios. In Chapter il the aggregated subjective probabilities of c:cmtﬂge;et
events are compared from scenario to scenario, across zones of’pla{.ttude and
by time periods..(Thé responses to a question dealing with the outlook for

~crops in 1977 and with the persistence of drought m the United States are

N

Th,é basic method of waqhted averages, described more fully in Chapter |,

discussed in Appendix B.) _ Y . ?

'consndered appropriate when respondents base/ their FE‘PIIES on a common

data baSE‘\!ThIS mEtth has a tendency to preserve and possibly to overstate
uncertay @ :

The five climate scenanos and the panelists’ comments Tﬂar‘f)f ¢ a broad
range of perceptions about future climate. The experts’ aggregaged subjective
probabilities do not reflect a consensus on any narrowly defined climatic
issue, but a large majority of the climate panelists were in broad agreement,
for example, that the average global temperature is not likely to change more
than haif a degree 'Zalsius by the year Z?DDD C‘Dnstructed by a standard

Eﬁt, d EoﬁS!StEﬂt p055|balutxes for world chmate around the year EDDQ
i6wever, as is evident from the probabilistic data that accompany the text
f each scenario, it is unlikely that any scenario will materialize in all its
stated specifics. Although the scenarios cannot be viewed a¢ alternate and
utually exclusive climate forecasts, they do put plausible quantitative
OQI‘ES on climatic chane~over the next 25 years. The “probability” of_a
scefgrio prévides policymakers with some measure—perhaps the best
available—of the confidence to be placed in each of a range of possible
climati¢ changes, none of which can be predicted by the current state of the
climatologists’ art. '

The next objective of this climate research project is to demonstrate for
agriculture how climate“ihformation can be combined with climate response
data to analyze practical implications of possible climatic change. The two
prlmaw_ﬂgyesflgns behind this effort are: What are the likely impacts of
possible climate changes on global food production? What are the policy
implications of these impacts? Among the policy questions of particular
iMferest are those camcerning food prices, food reserve requirements, food
trade, and related issues. A generalized climate response prediction method-
ology has been developed, and-estimates of the response of selected crops to
parametric climate changes have been obtained from a survey of agricultural
scientists. The response methodology will be applied to these crop yield data

" and the climate data reported herein to calculate the expected crop vyields

f

-,
LY

"o

SUMMARY
A

5 4T

o

R

Xix



- ’ b

N associated witj? each climate scenario. A world food.economic mode! will bé .
used to examine policy implications of the resultant climate/crop scenarios.. )
* and their “probabilities” of occurrence. :
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Rasaaﬂ:h Approach For Task I Climate Sgéanariai DR

o General Features . - Use of Scenarios
T~ - Panelists” Concerns ’ Constructing Scenarios
I Analysis of Data” . Review of Scenarios = " - )
' Self and Peer Ratings Nature of Scenarios T T
Processing Qf Responses :
( i )
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METHODOLOGY R
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3 . \ .

HESEAFICH AP RDAGH FOR TASK |.

Eénerei Features -

’T'he purpase ef Tesk' i was to define end eetirnete the Iikeliheed of chenges :

deakt wnth pertlculer ellmetlc ver:ebles d/r_)r SDECIfIE geogrephle reglens of
mterest These topics of Iﬁqu'lry were as follows
average global tem refure

average latitudinal temperature : ' J

- carbon dioxide and turbidity “

precipitation change

precipitation vartability

mid-latitude drought

outlook for 1977 crop year

Asian MoNsooNs

shel drought

length of the growing season -

. B . .

Ee{eh quee\}eﬁ elicited inferrnetien ebout three elements prebabilistie (or
tive estlmetee, end self end peer expertlee retlng. The eernplete queetlonnelre
is contained in Appendix A.

A panel of climatological experts from the United States and abroad was-

selected by the research team, with assistance from the project Advisory

Group ==T"he beneliefe were eelected both fer th.eir eempeteﬂee in the field c)f

* The questionnaires were sent to 28 panelists and 24 were returned. Of these,
21 contained quantitative information. Appendix C lists for each climate

question the number of panelists who submitted quantitative estimates and
the average of their expertise? :

e
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5

® the possible Suppression of the full range of uncertainty accompanying

: responses,

& -

,I{nawledge of even the Iong term ayerage statustncs (means, vanance;s,
extremnes, conditional probabilities, etc.) would be most useful for some

v

o the risk of being an unwitting pm’

i

! N

to "‘science by consensus.”’

The following comments by panelists reflect thesﬁzcﬁmcérns:

5 ,-,L =4

,,,,,,

purposes, but even this data is not readily available.

| think . that the strongest message to come from your questionnaire will
be that we lack the basis for predicting even the grossest aspects of

climate,

1

We possess no skill for fmec’:asting’beyond a short ﬁeriod Dther than that

iMQSt resmndE;its as well as some af the mvrted‘ panelists who'declined to
-participate, voiced some degree of’ apprehension or concern about the
the us 7(ang poss:ble abuﬂ) of the mfﬁrmatmn denved

a deterloranorn of éllmate will fare the u’naglnatlon of the experts

Prophets become known for their prophecies of doom. A prophecy of

status quo or improvernent would not be interesting.

There is a good deal of guesswork involved, d}ue to uncertaintiés about
feedback mechanisms, the importance of aerosols, the general circulation

in the atmosphere and oceans, and many other factors.

| feel that one of the most important outcomes of your study could be a
clear statement of our present ignorance. That in itself should clearly
indicate the need for contingen. .

nlans.

F

In the preparation of this report, the project team has giben considerable
attention to the foregoing concerhs in analyzing the dadta and aggregating the,

range of views— and the expressed qualifications—provided by the respond-

ents. Realizing that confident prEdlEtlQﬁS of climate are beyond the state of

o

(]
[

i

i
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- the art, the Q_raject team has prac:eeded on the assumptmn that expert
probabilistic judgments, properly qualified, -constitute ,the best available
guidance for those who must make pblicy in matﬁrs affected by climate.
The glimate data in the répor} bespeak uncertainty and a' wide range of
perceptions. In the: descﬂptnqn of the methodology and- the presentation of
the analysis" ané results, appropriate taveats'have been introduced to avoid
mlmﬁdemanggpg; 3\ )

A .

MET-HE!DQI:GGY 2

s ) B

4

An interesting dnd wSeful feature of the qu-esflonnanre was the concept, of self
and peer ratings. Figure |-1 is an excerpt of the instructions provided at the )
end of each questiaﬁ and designed to assess the respondents’ expertise.

F:gure -1
SELF AND PEEE RATING

Using the self- rankmg defmltlons, prDvnded in the instructions, please
mdu‘:étéﬁt.;f level c:f substantlve ERpETtISE on, this major question.
,,,,, -!‘Ei ,.'.

4-3-2-1

Again using the self- rankmg gun‘je please ldentlfy those.other respondents
whom you would rate as “expert (6)“ “*quite lfamlllar,‘(él) in their
answer 1o thls par“tlcular question. '

The categ@rles from 5 to 1 (expért quite familiar, familiar, casually
acquainted, and unfamiliar) were carefully. defined in the questionnaire.

.. Table -1 shows a sample of the degree of correlation between self and peer .
ratings for five respondents on Question |. The general agreement between
" self and peer ratings is fairly eviddent by a scan of.the two right-hand columns
in the table* A detailed analysis of the correlation between self ratings and

" the mean of peer ratings shows it to have a value of 0.52 at a significanee /

level of 0.007. Thisis considered-# fairly high correlation.

A snmple averaging of self and peer ratmgs for each respondent on each
- question, rounded to the nearest integer value, prowded a weighting that was

. subsequently used in aggregating responses. The partlcular weighting scale
that was used is shown in Table I-2.. Levels of expertise falling below
“familiar’’ (“casually acquainted’’ and ‘“‘unfamiliar’’} were not used in the .
processing. Of the three levels shown in Table |-2, the “expert” category was

H
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M Teble |4 - 7 - 7 ..l — = |
;_ CGRRELATIQN BETWEEN SELF AND PEER EATINGS '
- _{Examples from Question 1)  * - o i '
' - e o %Frequem:y rjf Peer Ratings ta
_ Self: . . . : Quite (l cT
~ Respondent Rating Expe;r;r o Farmhar
— — — il ,
A « Expert . 10 » 34
- B Expert 4 3
T ) [ TOmtE faminar R S ~
R . D Quite familiar i S 2 s =
: E Familiar S
L _ _ S _ _
— : T . -
- weighted twice as heavily as the "quite familiar’’: category and the- “quite
. familiar’’ was weﬁﬁéﬂ twice as heavily as “famlllar" In effect, this reflects
- the largely empirical and intuitive nmlcn“thst an expert's opinion is worth
about twice as much as one who is qplte fami:har * which in turn is worth
twice as mu::h as an individual who rsranked ' sﬁ‘famﬂlar” with a topic. i
Table 12 - fr ﬁ
- FCDNVEHSlDN DF EXPERTlSE RANK[NG T0 WELGHTED SCALE
2 * Expertise ’ Weight
Expert F - 4
- Quite familiar . 2 .
— Familiar- 1
N — — - —
Processing of Responses .
The general schema fczr processing the information frorn the questmnnanres
was as follows: » R
@ tabulate each respondent’s probability dens‘.lty function with respect to
" change about a particular variable at a given time, or. derive_the
probability density furn:tmn from graphical information pmwded by
“ the respondent , .
e multiply each probability density furn:tlon by thE appropﬂate Expertlse
" weight (as described earlier). ) ,
= i *
’ ii add the weighted density functions of respondents.
- divide the weighted and aggregated density functions by the_sum of
expertise weights to normalize the group response.
e combine the éaﬁel'svrespanses on each climatic variable into a set of
scenarios spanning the range of uncertainty or range of conditions
described by the respondents.
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ZQUESEIDH I, deehng with pessmle ehenges in glubel mean temperature

. an ev}n chance tRat temperature could .be either lower or higher; eﬁd the

*Change {“C)
¥

g

S ) . ! . . ’ E 7 }- . / S _-!ir;_‘
N o \5/ ' ~ meTHOoDOfRGY

. R o : - ’ o, -

was a
pivotal question because perceptions of global mean temperature greatly ,
influence perceptions .with respect to the ehmete verlebles treated in
mbsequenf questnees : -

“

Question | is based on Figurel:2, a pTet ofhistorical changes in annual mean
temperature durmg the past century Each resporident was asked to provide
thrde estimates of the future .course of possible changes in global . . -
temperature to ‘the year 2000. The first estimate was to be a temperature ' }
path to the year 2000 such that ther\e was Dnly 1 chance in 10 that the

actual path could even Iewer The second estimate was to be a path with :

third‘was a peth besed on 1 chance in 1(‘3 that it eeuld be,,e‘ien higher. =~ * *

.
¥

- . : e . ) -
. LEs .
nggul‘e|2 i T _
GLOBAL TEMPERATURES - "
Hlsteru:a| reccrd x:nf changes in. eﬁhLe| mean tempereture \
durmg the past century fer the latitude band 0- SD L - ’ ; -

0.8 — e ——— — : - —
06+
04

02

Y] B D O S I _ ' I I
. 1860 ¢ 1880 1900 1920 1940 © 1960 1980 2000
The perund 1880:1884 is the zero reference base: Year ' —From MitehEII, NOAA
\ \
'Fer the purpeee of this study, “‘global temperature” is \sed as eguivalent to annual
mean temperature between Q" and 807 north latitude. 5

Q_, , ' N S
J.,



st T R . A . = ——
METHODOLOGY ‘ -
'Figure 1-3 shows a sarane %pﬂﬁse to Questmn o by a smgle respondent.

L . , Each of the three estimates could be drawn in ‘any *Furrétmnal form desired.
o Pementules of 10, 50, or 90 can be read off for \gany year betweers “the

present (the end of the plr:t in Figure I- 2) and the year 2000.
’ . ! : . =¥ L.
" Figure -3 T i . o : - Lo, o
SAMPLE HE’SPGNSE TO QUESTIGN ! R
Actyal example afasmge N T 7 i —
response to the instructions creFa . -
— = — — — — —
N e — -
. . .
06 |-
0.47 C°(.9) i
T = =1
L 04
a
a3
4 /
‘£ 02}
4]
‘oL
02l - , - _ ____® : .
1860 1880 1900 _ ' 1920 1940 1960 1980 2000

The period 1880-1884 is the zero referente base. . Yjéar

7

The processing of responses will now be illéstrated using the answers. 1o this
questmn by a smglé respondent Flgure |4 isa plgt Qf the lnfnrmatlen

funstu:m in whlch the ends of the functlan have b9en extended béyané the

" 90th percentile and below the 10th percentile in a linear appraxlmatlan For
example, the respondent has indicated a 10 percent chance that the
terﬁperature will change by 0.04°C or less, a 50 percent chance that it will
change b' D ? C or Iess aﬁd a QD pércent cham:e that it quI change by

- 0.47°C
year from

lgure I- 3 ; -

ki

- "These tgmperature u:hanges)a‘re in relation to the zero reference base period,
6 1880-1884, as shown in Figure I-2.




Figure 14 - : .
CUMULATIVE FROBABILITY FUNCTIDN FDE QUESTIDN | o 7
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The next step is to cﬂnveﬁ the cumulative prubalf‘j,rttv;ifu: ctrcn mtc an
equivalent density function by taking the first derivative of the plot in
Figure 1-4. Since the plot consists of twp straightline ggments we have
basically two degrees of freedom, or two levels in the density function,
which is shown in anure l- 5 The area-under.the curve |n§grcepted by ary
“particular temperature range is equél to the probability of accurrence of: that
particular temperature range, and the total area under the curve in F|gure |-

is unity, o . . .

®

" Figure | 6 shows unweighted densﬁyﬂfunctmns from each of two respond-

-, ents. The two functions are next weighted by the appropriate expertise

weights, added and then divided by the sum of the weights to obtain the
combined and normalized density function for the two respondents. Again
the area under the curve of this combined and normalized density function,

: shown in Figure I-7, is equal to unity. .

=

. Flgure € i 774: e I
ADDING TWC) DEN?ITY FUNCTIQNS FOR QUESTIQN | . & v ,
2.50 — e -
2.00 |- ; co -
N W ET + ] |
:{: £ <.
€ w0t o, g
o : =,
]
Z
5 100~ EXPERT QUIFE FAMILIAR .
& | e
;
050 -
_ | I I | i i i ] .
-1.0 05 * « 00 0.5 1.0 1.5 2.0
. Temperature Change (°C) by the Year 2000 -
The period 1880-1884 is the zgro reference base. - - o
The procedure outlined above is repeated for the responses of each of the
other panelists. Figure -8 is a plot of the aggregatdd normalized responses of
the full panel for the year 2000. An analogous procedure yields probability
density furictions of mean global temperature change for the years 1975,
1980, and 1990.. The information contained in the probability density
- functions is shown in Figure I-9 as extensions to Mitchell’s original curve.
B “ The extensions on the curve show the 10th, 50th and 90th percentiles for

Q
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each year from the “‘present” to the year 2000. Intermediate percentiles are
" also plotted. Thus, Figure -9 is a summary of the aggregated responses of
the panelists with respect to global temperature, .
' 7

= T

o7 Fugure i-7 *

S

¥

METHDDDLDE’!{%

NORMALIZED.D DENS!TY FUNCTIQN FOR TWO. HESFDNDENTSTQ QUESTION RS

2.50 —————— —

ty Density

Fm!iaw

=]
(=]

0.50

' | - }

base and, therefgre, that their mformatlgn is hlghly de,pendent. In such cases
of information dependence among respondents, it is customary to use the
method of weighted averages to aggregate responses. All respbnse’s are used
and w ighted by the respondents’ expertise as pefceived by..themselues and
their p . The shape and range of the aggregated curves are not acutely
sensitive’ tc: the weighting systém used. T’h&met od is “‘conservative’’ in the
sense, that the derived probabnlnty curves tend to be broad and to overstate.
uncertainty as a result of the additive treatment of the individualsubjective
; probablhtles Had the responses been based on independent information, &
multiplicative "treatment of the™individual probabilities would have been
more appropriate, and the derived probability cur‘ve§wauld have shown less

dispersion. <
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BABILITYOF MEALIG;NDRTHERN HEMISPHERE TEMPERATURE CHANGE

s E E YEAR ZGDO AS DE TERMINEE BY THE PANEL OF CLIMATIC EXPERTS .
; 2.00 ~ ._ s — — — — —
) R , i & #
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T . -
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METHODOLOGY

b

Figure 19 = O\

PROBABILITY OF MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE -
TO THE YEAR 2000 AS DETERMINED BY THE PANEL OF CLIMATIC EXPERTS
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CLIMATE SCENARIOS - L

Use of Scenarios
A convenient procedure for dealing with a range of uncertainty when it is
not possible to construct quantitative models js through the use of scenarios,
which may be considered plausible sequences of events or trends. Scendrios
describe interconnections—perhaps -gven causal processes—and highlight,

where possible, decision points. In a sense, a scenario is a possible “slice of |

future history.”

Constructing Scenarios

“ In the present instance, since responses on global temperature are pivotal in

B setting the stage for other climate variables, the plotin Figure -8 carrbe used -

as a basis for dividing the perceived temperature range into a number of

categories. These categories then become -the bases for constructing

~ scenarios. The number of categories (and scenarios) is, in a sense, arbitrary

- and can be three or five or even a larger number, if desirable. Table |-3 shows

the perceived temperature range divided into five categories. They range

from large global cooling to large global warming. Associated with each

temperature range is‘a probability of occurrence where, in fact, the

temperature ranges.were selected to make these probability ranges symmetri-
cal. » %

= - A
= r

- Table I-3

. DEFINITION OF TEMPERATURE CATEGORIES

52

. , . Change in Mean Northern Hemisphere
Temperature Temperature from Present” by the
Category ‘' Year 2000 .. Probability

- Large cooling ) 0.3°C to 1.2°G colder 0.10

Moderate cooling 0.05°C to 3_3'3& colder. - 0:25
' Same as last 30 years ) 70.05°C.colder to 0.25°C warmer 030 ™
(. Moderate warmjm 0.25°C to 0.6°C warmer 0.25 !
) {9 0.6°C to 1.8°C warmer - 0.10

!

Ty

Large warming

erature is defined as t!he end point on Mitchell’s graph {Figure 1-2) :i,e.,

I » s « - - -
f] RN - In order to prodess information with respect to other climate variables, it is
’ useful to group fespondents with respect to thése five temperature ranges,
according to phere the bulk of each respondent’s” prabability density

. . fungtion lies. Table I-4 is a matrix showing each of the five temperature
12 categories arrayed as rows and the 19 respondents in 5 groups arrayed as

ERIC
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columns of fheg mat'rikx Asi wivil be noted II:I Table 1-4, the bulk of eacﬁ

" . group’s prabahlllty density functions lies along the diagonal element of the

"5x5 matrjx (one‘respondent at each end, three and four at the intermediate

- . ranges, and ten in the middle range). .
: ¥ . e v .
" The results of the information collected under Task | have been embodied in
a-set of five scenarios desilbed in° Chapter |, wnth more detailed discussion
‘and cnmpansnns in Chapter H1.*
H & - - :

T .The e ,u:)s are labeled in “accordance with the global tempersturé'
categorieg:in Table 1-3. Dné purpose is to provide an integrated summary of
perceptions of chmatnlaglsts on climate change and variability to the year
2000. An equally important purpose is to provide a point of departure for

<~  structuring questions in Task (I and to trace the impact of such possible
chmatn: changes on food production and on the choice of policy options.
TEb‘E |4 ) 7 - 777:: 77717 - o
PERCENTA 3E.OF GRGUPED PRGBABILITY DENSITIES LYING IN
EACH TEMI RATLIF!E CATEGDEY
) ~ Temperature ; Number spandents
i Cgtegi:rles S 7 ﬁ
’ ‘w , large cmlmg . ‘ 99 2 -
“Moderate cooling ’ - 1 ES ¥ 10
Sarne as last 30 years - 20 852 31 -
Maderate warming » - - 22 44 20
) Large warming o R - 15 .80
J} — - - o -

' The procedure for creating scenarios corresponding. to the five global
temperature categories is as follows: b : \

-

e Each respondent is first assigned to a global tempe?ature category, as
described in Table 1-4.

e Responses within each temperature category are combined for all other
climatic variables (except for precipitation and precipitation variability,
where all responses were available* *). P .

IS ’ -~

e Responses are integrated into a narrative, suppartei by summary tables.

* *The responses to Question VII, "Outlook for 1977 Crop Year, "ére not included in the
iscenarios. That portion of the |nfnrmat|pﬁ for which expertise levels were considered
adgquatg has been processed and is shown in Appendix B. Included is an analysis of
subjective probabilities concerning the persistence of droughts in the U.5.

**For questions on precipitation and precipitation variability only, information was
elicited from each respondent based on conditional assumptions with respect to global

temperature.
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Figure 1-10

The processimg-steps for Questions Il through X are identical to those for
Question | except that, of course, in these other instances, density functions
or equivalents are provided directly by the respondents and need not be
derived through the use of cumulative probability. X

QUESTION VI — MID-LATITUDE DROUGHT  Frequency of Drought

Time

period |

""F requent’’-i.e.,
similar to early to
, mid-1930’s and early
- to mid-1950's

, "Average'-i.e.,

o . .

similar to the -

frequency over “Infrequent’’-

Total s
/

Probability

i.e., similar to

1940 and 1960's

the longest period
of record available

iz
]

Other rmid-
latitudes

Other mid- Other mid-
latitudes us

Othar mid-

Clatitudes us latitudes

1977
to

1980

1.0 10 .

1981

1990

1991 _ ’
o - 1.0 1.0
2000 =

14
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The sequence of steps is illustrated by using Question VI, which concerns
mid-latitude drought. Figure 1-10 is an excerpt from Question VI. Table I-5
illustrates how responses for one of the time periods {i.e., 1991 to the year
2000) were weighted and aggregated in the Moderate Warming scenario. The
process outlined for Question V1 is repeated for each of the other questions.

Tahle 15 . S

FREQUENCY OF DROUGHT IN U.S. IN 1991-2000

Respondents Assigned

to Maderate Warming Expertise Average Infrequent

Frequent

0.25
0.20
0.20

0.80
0.20
0.20

0.25
0.60
0.60

A~
31
C

0oL L

o)
(1]
i

Wisighiteel average [ 0.21
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Review of Scenarios

In June 1977, the project Advisory Group recommended that an ad Aoc
panel review early drafts of the five scenarios for internaléand mutual
consistency. Accordingly, project staff met in July with six climatologists at
the National Center for Atmospheric Research at Boulder, Colorado. The
reviewers paid particular attention to the large and moderate warming and
cooling scenarios, i.e., those constructed from the smaller ‘data bases. The
details and the conditional probabilities of. these end scenarios, therefore,
reflect the judgments of more people than the limited number of panelists

wha responded to the questionnaires along the lines of these scenarios. The _

review process, which essentially strengthened the data bases of the end
scenarios, resulted in significant changes to only one of them, the large
global cooling scenario.

Nature of Scenarios

Each scenario seeks to describe average climatic conditions as they might
exist in a period of years around A.D. 2000. The conditions do not refer
specifically to the year A.D. 2000; the climate of that year is likely to differ
from the scenario projection to an extent consistent with normal year-to-
year climate variability. Some indication of the course of climate changes
bgtween the present.time and the end of the century is also given in the
narrative, and in the tables appended to each scenario.

Each scenario is assigned a "‘probability of scenario.” This "probability’’ is a
derived value based on the panelists’ probabilistic temperature forecasts and

a weighting scheme to take into account each respondent’s expertise as rated

by himself and his peers. Thergfﬁire it reflects the range of judgments
expressed by the t;hmate panel and*the strerrgths of their beliefs, as well as
their level of expertise.

This probability should not be construed as the likelihood that the rota/
scenario will actually materializp in the future. The correct interpretation of
the "probability of scenario” involves the following considerations:

{
4

*A ‘'probabil of 0.25, for example, does not mean that there was universal agrecmant
that the scen. n question would occur with probability 0.25. Nor does it mean that

25% of the panelists "“voted” for that particular temperature change to the exclusion af
other changes. Roughly speaking, the “probability’ 0.25 is an amalgam of the proportion
of panelists who gave some credence to that particular temperature change, the strength
of their individual “beliefs” in the change (their individual probabilities of occurrence)

and theig individual expartise.

g

s
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(1)¢ The “probability’’ is essentially a measure of the confidence, expressed
collectively by the climate panel, that the global témperature change
between circa 1970 and circa A.D. 2000 will lie in the range indicated by the

scenario. This measure of confidence bears an unknown reletnenehnp 1o the
probability that the scenario will actually occur. ! :

{2) It was assumed thet the global temperature change indicated by the
scenarios has a negligible probalsility of being greater than +1.8°C (the upper
: limit of Large Warming) or less than —-1.2°C (the lower limit:of Large
‘ Cooling). In this respect, the five scenarios, taken together, are considered to
bracket all realistic outcomes—i.e., the probabilities of the five scenarios sum

to unity.

e

(3) Details are given.in each scenario which elaborate on the scenario in
respects other than stipulated global temperature change,- These are
eonsndered by the climate beﬂel -to be reasonable inferences ebout future
climatic developments that are consistent with the global temperature .
change. These details by ne means exg#ude other possible developments.
Hence, they are not necessarily to be construed, individually-—or in . -
combination, as having a probability as high as that indicated for the -
scenario as a whole. Conditional probet;:lj%y information, given in the tables
included with each scenario, can be combined with the overall probability of
the scenario to assess the absolute level of confidence to be placed in future
"evente specified in the scenarios. For example, one can find the overall 3
“‘probability”’ of a specified event (e.g,, “frequent” drought in the U.S. for A
the perlod 1991-2000) by first calculating for each scenario the product of

the “‘probability’”’ of the scenario and the conditional probability’ of the
event. for that scenario, and then summing the products for all five scenarios.

16
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CHAPTER TWO

'CLIMATE SCENARIOS \/

This chapter comtains descriptions of five climate scenarios, ranging from
large global cooling to<4arge global Warﬁ‘nmgﬂ%’hg last subsection of Chapter |
describes the nature of these scenarios, including the correct interpretation
of the “probability of scenario’” and of the other probabilities associated

.with the scenarios.

In the text and tables Qf’this chapter,’the latitudinal zones are as defined in

the climate questmnnalre Appendix A: ";}olar latitudes,” 65 to 90°;
"m(gher mid-latitudes,” ‘45° to 5°; “"lower mid-latitudes,” 3Q° to 45°; and
“subtropical latitudes,” 10%to 30°. *

LARGE GLOBAL CODL(G\IG*

The global cooling trend that began in the 1940’s accelerated rapidly in the
last quarter of the 20th century. The average global temperature reached its
lowest value ofathe past century a few years before the century ended. By

the year 2000, the mean northern hemisphere temperature was about 0.6°C .

colder than in the early 1970s and climatic conditions showed a-striking
similarity to the perlod around 1820. Climatologists explained this large
global cooling in terms of natural climatic cycles, partly solar induced and

- partly attributable to several major volcanic eruptions that occurred between

1980 and 2000. Although most climatologists had expected "a continued

increase in carbag dioxide to be reflected in global warming, this warming

influence was overwhelmed by the natural cooling in the-period.

While temperature decreased over the entire globe; the largest decreases
occurred in the kigher latitudes of the northern hemisphere. The north polar
latitudes, marked by an expansion of arctic sea ice and snow cover

4

SIthmEﬂtS r:cm«:umng some details of this scenario reflect a higher degree of certainty

' than was expressed by the climatologists who participated in this study. See the attached

tables for the) range of uncertainty. an also the discussion in subparagraph (3) at the end

of Chapter 1,
F

s

[3

4
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CLIMATE SCENARIJOS
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. (especially in the north Atlantic sector), 'had cooled by about 2°C since the

early 1970's.** The northern higher and lower middle latitudes cooled by
slightly more than 1°C. The subtropical latitudes in both hemispheres
showed a DS»{; d- wrease in average temperature, while the remainder of the
southern latitides showed a 1°C decrease. The large global cooling trend was

also reflected in a significant decrease in the length-of the growing season in

By the vyear 2000, it .
subtropical latitudes, #fthough precipitation amounts in the lower middle
latitugles changed little or possibly increased slightly.

Precipitation also became more variable. The westerlies showed a pro-

nounced shift from the higher middle to lower middle latitudes. This shift
brought brief, yet severe, "hit-and-run’’ droughts as well as severe cold spells
{including early and late killing frosts) in the lower middle latitudes. The
higher middle latitudes, particularly Canada, from which the westerlies and
their associated storm tracks were displaced, suffered an increased incidence

of long-term drought and winter cold. In the subtropical latitudes, the
subtropical highs tended to displace the tropical easterly rainbelt and, hence,
increased the incidence of long periods of hot, dry weather. The center and
intensity of the Asiatic monsoon (:F:nged dramatically between the late
1970's and the turn of the century. The frequency of monsoon failure in
northwest India increased to such an extent that the last decade of the 20th

century bore a resemblance tb the period from 1900 to 1925, Droughts were.

also more frequent in the Sahel region.

/

i

**One climatologist who inclined to this scenario,
would cogl only aliout 0.5°C, considerably less than the cooling in the middle northern

reasoned that the north palar regions

latitudes. ¢ <

)
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-
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CLIMATE SCENARIOS

‘ MODERATE GLOBAL COOQOLI

L

The glgbal cooling trend that began in the 1940's continued through the last
quarter Df the 20th caﬂtury By the year EOOD mean ﬂOthi;l”ﬂ hE!TlISDhEFE
1970 5. C|ImdtD|OQIStS explgmed thlS trend prmc:pal%y in terms of a natural
cooling cycle, moderated by the warming effects of increasing amounts of
carbon dioxide in the atmosphere. The cooling cycle was partly solar in
origin and partly associated with an increase in volcanic activity.

While temperature decreased over the entire globe, the largest temperature
decreases occurred in the higher latitudes of the northern hemisphere.
“ Specifically, the polar latitudes of the northern hemisphere cooled by 1°C;
the higher middle latitudeg by 0.4"C; the lower middle latitudes by 0.3°C;
and the subtropical latitudes by 0.2°C. The southern hemisphere, with its
more zonal circulation and larger ocean area, cooled more uniformly and
slowly; the average cooling in that hemisphere was about 0.15°C. The extent
of the cooling in the higher middle latitudes was not sufficiently large to
cause a significant change in the mean length or interannual \Hrldby\lsy of the

growing season., o
The growing-season precipitation as well as annual precipitation levels
remained unchanged in the lower middle latitudes but decreased slightly in
the higher middle and subtropical latitudes. Annual and growing-season
precipitation, varlabnlty increased slightly Lumparegi o the 1950-75 period, .
with the strongest tendency toward mt:ré%f(éd variahility in the subtropical -
latitudes.

N

bt

Drought conditions again plagued the mid-latitude areas of the United
States, CDrrOmetlng the 20-ta-22-year drought cycle hypothesis. In the
other mid-latitude areas of the world, there were intermittent drought
conditions comparable. to those of the 1970's. Droughts were also more
frequent in the Sahel region, as was monsoon failure in Asia.

N

e .7 . o o
"‘:,_X
LY
e e , |
Statements coneariung saime detals of the scenano refect o ligher degree of certainty
thaty was scpressed by the chin ol u]» teowsbi parbicrpated oo thns study. See the attached
tables for the candge of uneertamty. See alag the decosaan e sabipaagiaph (3} at the end
of Chigptern | - 21
L
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Table 11-2A . ] o
‘MQpERATE GLOBAL COOLING

3

PROBABILITY OF SCENARIO: 0.25
N@ N NORTHERN HEMISPHERE TEMPERATURE CHANGE SINCE 1969 between 0.05" and 0.3°C colder

o

PROBABILITY OF TEMPERATURE CHANGE BY LATITUDE

{Compared with 1970-75)

-

rmgr

1.0-1.5C
1.5-2.0°C
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WUET e T
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BYE T
W TR

2030 0C
coledey
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{un a\
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e _ | o . _ _
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- CLIMATE SCENARIOS

SAME AS THE LAST 30 YEARS* - .

7! 5 .
The global cooling trend that began Tr?%ﬂe 1940's.leveled out in the 1970's.
Average global temperature in the last quarter of the 20th century increased
slightly; thus, temperatures were more consistent with those.in the period
from 1940 to 1970. By the year 2000, mean northern hemisphere -
temperature hé/d risen approximately 0.1°C compared to the early 1970’s. _
Climatologists explained that the warming effects of the increasing amounts .
of carbon dioxide in the atmosphere had balanced a natural cooling cycle.
Temperaturg increases were nearly uniform throughout the north and
southern hemispheres, with slightly more warming in the narther?ﬁemne
sphere than in the southern. No significant changes in the mean length or
interannual variability of the growihg season were noted.

The annual pret:npltatlon levels as well as the growmg season precipitation
remained unchanged from the 1941-70 period. Also unchanged was the
variability of annual precipitation. However, a small shift toward increased
variability in thg growing season was detected.

_again plagued the mid-latitude areas of the United
States, corroborating the 20-to-22-year drought cycle hypothesis. In other
mid-latitude areas of the world, drought conditions recurred also, but not to
the same extent as in the United States. On the other hand, favorable

climatic coenditions returned to India and other parts of Asia. Monsoon (

failures became more mfrcéquent "Also, the Sahel region, which had suffered
severe drought from] 1965 m 1973, returned to average weather conditions.

:f

thar\ wiis &xprggggcl by thr: r;lsmamlmglsta who par[lupated in thlS .5tudy. See the,. thtachf;d
tables for the range of uncertainty. See also the discussion in subparagraph (3) at the end
of Chapter 1,
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Table 11-3A C . o o -

SAME ASTHE LASTBD YEARS ' L

PHDBAE& Y OF SCENARIO: 0.30 - MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE
SINCE 1969 between 0.05 " colder and 0.25'C warmer

PROBABILIZY OF TE PEF{ATUHE CHANGE BY LATITUDE

}(/,47#&(1 witf§1970-75) * 5 °
sTosles
: EloE| vt
3 21 22| 22
= e E o5 E
Pyl 01 01 o1 . 03 0z
"Nt Highe ond fatitarde” ! 01 07 04 0.2
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sedson e af 3500000 1 (0 1) -

PHQBAEILITY DF PREQIPITATIC)N CHANGE BY LATITUD

(Compared with 1941-70) o T T T
GROWING SEASON
»
. |
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fj'}uhtimm‘:ﬂ {12 10 0.2 0.7
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CLIMATE SCENARIOS

Table 1138 L , .
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“Frequent—similar to early to md-1930s and early 1o mid-1950s; average—similar to the frequency over the longest

period of record available: infrequent similar to 1940z and 1960s.

**Frequent-simidr to 194050 and 1965-73 periods; average —similar to the frequency over the langest period of

record avallable; infrequent similar to 1950-65 peniod

T Frequent -similar ta 1900-25 penod; average- similar 1o the frequency aver the longest period of record

avatlable; infrequent - similar to 1930 60 period
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. CLIMATE SCENARIOS
o |

MODERATE ELDBAL WARMING*

The global cooling trend that began in the 1940's was reversed in the last
-quarter of the 20th century. By the year 2000, mean northern hemisphere
temperature had risen by approximately 0.4°C, compared to the early
1970's. Climatologists explained that this increase in temperatures was due
principally to the warming effects of increasing amounts of carbon dioxide
in the atmosphere, which predominated over a slow, natural cooling effect.

While average global temperature increased moderately, the largest tempera-
ture increases came in the higher latitudes. The northern hemisphere warmed
slightly more than the southern hemisphere due to its greater land area and
"the larger thermal inertia of the southern oceans. In the northern
hemisphere, the polar latitudes warmed by 1.2°C; the higher middle latitudes

. by 0.5°C, the lower middle latitudes by 0.3°C; and the subtropical latitudes
by 0.25°C. In the southern hemisphere, average temperatures over the polar
latitudes increased by 0.65°C; the higher middle latitudes by 0.4°C; the
lower -middle latitudes by 0.3°C; and the subtropical latitudes by 0.2°C. The
increase in global temperature was reflected in a modef®e increase in the
length of the growing season in higher middle latitudes, but no significant
change in the interannual variability of the growing-season was noted.

Annual precipitation levels increased slightly in the higher middle latitudes
but showed little change for lower latitudinal bands. Growing—season
precipitation also increased slightly in the higher middle latitudes and
subtropical regions but remained unchanged in the lower middle latitudes. .
Both annuat and growing-season precipitation variability remained essentially
unchanged except for a slight increase in the variability of growing-season

precipitation in subtropical |atitudes.

Drought conditions again plagued the mid-latitude areas of the United
States, corroborating the 20-to-22-year drought cycle hypothesis. Climatic
conditions were somewhat more favorable in the Asiatic region and in
subtropical North Africa. The frequency of monsoon failure, especially in
northwest India, resembled more closely the long-term average; so did the
frequency of drought in the Sahel region.

than was expressed by the climatologists who participated in this study. See the attached
tables for the range of uncertainty. See also the discussion in subparagraph (3) at the end o
of Chapter | 29
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Table/11-4A

WAEMING

PROBABILITY DF SCENAHI

’M@DERATE GL s
: 0.2
lE

MPERATUﬁE CHANGE SINCE 1969: betwee

MEAN NDRTHERN HEMISPHER 25° and 0.6°C warmer
LFRQEAB__ILITY DF’TEMPERA TURE CHANGE EY LATITUDE
{Compared with 1970-75) - ] -
' , ‘ o o o 5] 3] o ‘O o 3]
in_|la_ W, _|Wsg|eslvs|es|%:s]| a5
) ‘ & ~§| 8| o8| QE | ~E|cE|nE| | 6t
: Cg|Lgl Q| 2s | w595 | vws| a5]| a5
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. Folar ) 0.1 0.2 * 02 0.2 0.2
Northern Higher rhid-latitude* 0.3 0.4 01 0.1
hemisphere Lower mid-latitude 05 03 0.1
Subtropical 06 0.2 0.1
Subtropical 0.6 02
Southern Lower mid-latitude - 05 0.3
hemmsphere Higher mid-latitude” 0.3 05
Polar 0.2 0.5 0.1
Grﬂwung season in higher middie latitudes: Probability of an increase (decrease) in the length of the growing seasen
exceeding 10 days s 0.4 (0.2); probability of an increase {decrease) in the variability of the length of the growing
season in excess of 26% 15 0.1 (0.2).
PROBABILITY OF PRECIPITATION CHANGE BY LATEIT'
{Compared with 1941-70) - T T
GROWING SEASON
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Lower mid-latitude 0.2 0.6 0.2 0.6 0.2
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{Compared with average for the l o
previous 25-year period) . GHDYVIN& SEASON
::j a7 3 ' % 22 ; a7
ik th| E5| 5&
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Subtropical 0z 3 0.5 Q2
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PROBABILITYOF MID-LATITUDE DROUGHT®
United States : 086 03 0.1 0.2 0.2 06 05 0.3 0.2
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Other Mid- Lah!ude
PROBABILITY OF SAHEL DHDUGHT 0.3 04 0.3 0.3 0.4 | 03 0.3 04 0.3
PROBABILITY OF MONSOON FAILURE***
Nerthwest India 03 04 03 0.3 04 03 || 02 0.5 0.3
Other India
Other Monsoon Asia
- SN N | SE N
*Frequent -aimilar to early to mid-1930s and early to mid-1950s. average—similar to the frequency over the
langest period ot recard available, ifrequent -sinilar 1o 1940s and 1960s. \

" “Frequent—uimilar to 194050 and 1965-73 penads, average —similar to the frequency over the longest period of
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ft Frequent--similar ta 1900 25 penod: gverage simular to the frequency over the longest period of record

available; infreguent--simdar to 1930 60 perid.
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The global cooling trend that began in_the 1940’s was dramatically reversed
in the last quarter tf the 20th century. By the year 2000, the mean northern
hemisphere temperature had increased by about 1°C compared to the early
1970’s. Climatologists explemed that this. trend was’'due principally to the
warming effects of the increasing amounts of carbon dioxide in the
atmosphere. ©o S ,

While temperature increased -over the-eritire globe, temperature increases
were more pronounced at higher latitudess The subtropical latitudes warmed,
on the average, by 0.8°C; the lower .middle latitudes by 1.0°C; the higher
middle latitudes by 1.4°C; and the polar latitudes by a remarkable 3.0°C,

_ eampared to the eerly 197Ds yrrlmetry prevalled as snrmler temperature

growmg season. : .

Precipitetion Ievels generell'y iru:reeeed eepecielly in the ‘subtre'pirzel and
ehenge of precupntetgon. Annuel preelpstetmn verleblllty deereeeed sllghtly
compared to the 1950-75 period; precipitation variability during the growing
season Similarly decreased in the higher middle latitudes, but increased
slightly in the lower middle and subtropical latitudes.

The warming trend also ushered in more favorable climatic conditions in
India and other parts of Asia. These conditions were similar to those of the
1930-60 period. Monsoon failure was infrequent, especially in northwest
India. But in the mid-latitude areas of the United States, extending from the
Rockies to the Appalachians, drought conditions similar to the mid-1930's
and the early-to-mid-1950’s prevailed. In other mid-latitude areas of the
world, notably Europe, the probability of drought declined. The increased
levels of precipitation also returned the Sahel regu:ri to wetter weather
conditions.

*Statements concerning some details of this scenario reflect a higher degree of certainty
than was expressed by the climatologists who participated in this study. See the attached
tables for the range of uncertainty. See also the discussion in subparagraph {3} at the end
of Chapter I. »
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Polar - ' 0.1 0.1 0.1 0.2 0.5

*Growing s£ason in higher middle latitudes Probabality of an Increase {decrease) in the /ength of growing season
exceedirig 10 days is 0.8 (0.0); probatility of an ingease (decrease) i the variability of the length of the growing .
= 52a50N N EXCess nf 25% ISD 01(0.7).
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i ﬁELATIVE IMPDRTANCE DF CARBON DIOXIDE =,
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PROBABILITY OF MID-LATITUDE DROUGHT” ) .
United States . . 06 03 0.1 .06 03 0.1 0.7 0.2 0.1
Other Mid-Latitude 05 | 03 | 02|/l o5 | 03 | 02| 03 | 03 | o4, |.
PRDEAEILITY‘OF SAHEL DROUGHT" ", oL 0.8 0.1 0.1 0.7 0.2 0.1 0.6 0.3
= - = N ~ B
FROBABILITY DF MON KUHE" N
Northwest India 0.1 0.8 0.1 0.1 0.6 0.3 0.2 0.8
Y| Other India o1 | 08 | o1 {l o1 | o6 | 03] 01 | 02 | 07
Other Monsoon Asia 01 0.8 0.1 0.1 0.6 03-|| o1 0.2 0.7-
*Frequent -similar to early to mid-1930s and early to miud-1950s; average —similar ta the frequency over the longest
period of record available; infreqguent-sumilar to 19405 and 1960s,
- i _ 4,
**Frequent-—-similar to 1940-50 and 196573 peniads; average - smilar to the frequency over the longest period of
record available infrequent —similar to 1950-65 penod.
***Frequent—similar ta 1900:25 penad, average--similar 1o the frequency over the longest period of record available;
infrequent —sirmlar to 193060 periad. ’
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CHAPTERTHREE . *
"DISCUSSION OF SCENARIOS

AND CLIMATIC PROBABILITIES

Y

L

. This chapter summarizes the aggregated probabilistic data of the climate

panelists and makes comparisons of these data—from scenario to scenario,

across latitudinal zones, and across three time periods between_now and the -
- year 2000. The data received ih resppnse to the climate questionnaire

(Appendix A) are related primarily to trends in gross climatic parameters
rather than the interannual variability of the parameters. In the ensuing
discussion, particular atte’rﬁi@n is paid to the limited data that bear on the
‘panelists’ ‘perceptions about the important question of future climatic
variapility. Also included are some of the climatologists’ numerous com-
ments giving rationale for their answers and expressing caveats and

reservations regarding their responses.

GLOBAL TEMPERATURE CHANGES

rE:SpQFISES tcs the flrst questnon— Global TEmperatureﬁ of the C|lmEtE ques
tionnaire (Appendix A). Table 1-3 and Figure 1-8 of Chapter | show the

"“global” temperature range (expressed as the change in mean Northern

Herﬁisphere température from preseﬁt by thE‘ year EDDD) for each of the five
Df temperamre changes in all thag}enanas is 3 G, ranging fram 1.2° _c:c:oler
to 1.8° warmer. The three middle scenarios encompass a range of less than
1°C (from 0.3° cooler to 0.6° warmer), and have an aggregate ““probability”
of 0.8. This general consensus—that there will be no radical change in global
temperature by 2000 A.D;—and the slight group bias toward global warming
are considered to be major findings of this study.

Respondents whose probability estimates tended toward the two warming
scenarios explained their reasoning primarily in terms of the Ilké‘ly long-term
dominance of the CO. warming effect. This explanation is reflected
quantitatively in Figure Ifl-1, which summarizes the responses to Question
11 {Carbon Dioxide, Turbidity, and Climate) of the questionnaire. In
general, panelists who inclined toward global cooling hypothesized that the
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“Figure 111-1 N -
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These five graphs summarize the aggregrated responses to Question 111 {Carbon Dioxide,
Turbidity, and Climate) of the climate questiorinaire. The climatologists were asked to
indicate the relative influence (in percent) of the indicated atmospheric comprneats on
global climate over the next 25 years. The vertical bars reading from lcft (Large Cooling)
to right (Large Warming) correspond to the five elimate scenanios.
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warmming effects of CDi rrnght’ not materialize to the extent suggestecj by

those suppertmgf a strong wafming trend, or that the CO, warming effects.
would be overshadowed by a long-term, solar-induced cooling trend. Several .

respondents also commented on the possible cooling effects of volcanic
activity, noting, however, the difficulty of predicting the level or timing of
such activity. The middle scenario—that of little change in the mean annual

global temperature—is predicated primarily on the warming effects of CO, °

- balancing the effects of natural cooling. Some panelists commented on the
possible effects on climatic change of dust and other natural and
anthropogenic particles, but there does not appear to be a consensus whether
such particles have a net warming or cooling effect; also, their effect
probably tends to be more regional than global.

LATITUDINAL TEMPERATURE CHANGES

Perhe'ps rﬁere perti‘nent than a given ehange in everege glebal temperature is
Ietltudes An enely5|s ef the reSpendents estlrﬂetes ef hkely ternpereture
changes by Hititudinal zones (Question |l of Appendix A} indicates that
global tempetfature fluctuations are expected to be far more pronounced in
the polar regions than in low latitudes. In other wqrds, the poles are
perceived as more sensitive to climate change. A number of the respondents
judged that the poles may experience a change at least several fold larger
than the global average (see Figure |11-2). For instance, in the Large Global
Cooling Scenario (0.3° to 1.2°C cooler), the probability for a 1.0° to 3.0°C
cooling in the northern polar latitudes is 0.9, and 0.6 for a 1.0° to 2.0°C
cooling in the northern higher middle latitudes. By contrast, northern
subtropical temperatures are perceived to drop by only 0.0° to 1.0°C with
probability 1. Similar observations about differential cooling in the higher
latitudes hold for the Moderate Cooling Scenario (0.05° to 0.3°C cooler).
The question arises as to what extent such an increase in latitudinal
temperature gradients could be a mechanism for greater year-to-year climatic
variability. The views of several of the panelists are exemplified by one
comment to the effect that while "a temperature change per se does not
irnply inereeeed climatie veriebility there ie some physieel beeis for eeying

therefere mereeeed ternpereture venebnllty end vice versa.”

The picture of increases in latitudinal temperature gradients that can be
identified in the two cooling scenarios does not hold in the two warming
scenarios. In the Moderate Global Warming Secenario (0.25° to 0.6°C
warmer), the probability is 0.6 for a 1.0° te 3.0°C warming in the northern
polar latitudes as compared to a probability of 0.6 for a 0.0° to 0.5°C
increase in the subtropical latitudes. In this scenario, as well as in the less
likely Large Global Warming Scenario, the perceived differential warming

T
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" . .
reduces latitudinal tempelture gradients. Some panelists associated a
reduction of these gradiepits with a decrease in climatic vanablllty C)ﬁe
respondent, quoted Iater at ‘great length, commentéd that it seems
intuitively reasanable’ that reﬁced latitudinal temperature gratlients could
cause ”Iess variability due-to Baroclinic instabilities and blocking pressure

patterns.” As will be seen later; the inferences about climatic variability—less T
variability in -a warming regime - and more variability in cooling—are —
supported by-the climatologists’ FESDOHSES to other questions. .
. _ . . . o S
* ’!. S . = =

Iatltude Here the partltionmg Df the cllmatologlsts IﬂtD the fwe scenarios

= - has been eliminated. In each latitudinal zone, the frequency distribution of \
temperature changes is attributable to the Climate Panel as a whole since the
probability of a given temperature change was calculated by multiplying the
_probability of that temperature change in each scenario by the overall o
probability of the scenario and summing the resulting products over the five ;}.’ o
‘scenarios. The flat and wide frequency distributions for the polar regions, - T
especially the Northern Hemisphere, reflect the wide range of opinion and
the high degree of uncertainty relative to the warming or cooling issue. As
one moves from polar to subtropical latitudes, the probability density plots

show a progressive decrease in temperature range and a corresponding

peaking in the temperature intervals of |I%IE or no change. In the subtropics,

the respondents’ estimates in aggregate indicate a 0.6 to 0.7 probability that ) -
the temperature change will be less than 0. 5';'{: warmer or cooler than at

present; in the lower middle [atitudes that probablllty is only slightly

less—0.5 to 0.6. In the higher middle latitudes, estimates of temperature

change fell within + 2.0°C, with a probability of about 0.45 for a change of

less than 0.5°C warmer or cooler and about 0.75 that the change will be less +
than + 1.0°C. }‘

Several respondents commented that température cl*ﬁpges are likely to be

somewhat less in the Southern Hemisphere than in'the ‘Northern Hemisphere

because of the thermal inertia provided by the proportionally greater ocean

sur’fac:e NDIE that in Figure 111-3 the temgefature rangé in the p@laﬁr Iatitudes

note that, as in Flg\:rre l 8 Df Chapter I, the graphs for all the IatltudmaI

bands in both hemispheres show a slight skewness toward warming. . .

11
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GROWING SEASON

. Question X of Appendix A dealt with temperature-related parameters:
changes in the mean length and variability of growing seasons in the higher
middle latitudes during the next 25 years as compared to the present. It was
one of the two questions that dealt directly with the subject of climate
variability, in this case interannual variability in the fength of the growing

season. Numerical data from 15 panelists were processed for Question X.

As can be seen from Figure |11-4, only in the Large Cooling and Large
Warming Scenarios were there high probabilities (0.9 and 0.8, respectively)
for a “significant’” change—10 days or more—in the length of the present
growing season. Moreover, it was only in these two scenarios that the
panelists perceived a large probability for a "significant”’ change (25 percent
or more) in the standard deviation of the length of the growing season: 0.8
for an increase in variability under the Large Cooling Scenario and 0.7 for a
decrease under the Large Warming Scenario. The aforementioned probabili-
ties are ascribable to two climatologists who inclined to the extreme global

temperature scenarios.

With regard to the middle three scenarios, a majority of the panelists tended
toward high probabilities (() to 0.8) for no significant changes in the mean
length of the growing season and its interannual variability,
£
The following comments on the length and variability of growing seasons
were made by two panelists disposed toward global cooling:
The changes in the variability or standard deviations 6f temperature are a
very clear function of both the double and the secular solarclimatic
cycles. The peak of temperature variabiiity was reached in 1818 (trs
famous year without a summer, that blew both hot and very cold), the

180-vear counterpart of 1996, the Jow point on my curve in Questior |,

I think it is more likely that the present meridional trend jn atmospheric
circulation fwith longer growing seasons) will prevail for a few years, to
be I‘F‘D|EJLE‘(J later on by a return to zonal circulation, with shorter growing
seasons. Qver the 25 vears the change mlqht well even out.

Another adherent tjf ;Imbal r:oolinq based his response on his curve for
Question | and the “carresponding espectations of change of fruqucm y of
hlocking and the m;h viriability from year to year which goes with it.”

Two panelists who tended toward the “Same’ global temperature scenario
commented that:

*

Cthe grovang season could merease north of 400 o0 5 N, prabably 43
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Figure 111-4
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little in 307-40 N. Anomalies of spring and fall season are little known,
but can be significant.

ion |, it would appes- that 25 years will encompass variations in
b g

Not knowing what is meant by “present,” the question’isvaque. Referring
uestic

Jdues
both directions.
Quoted below are two adherents of global warnting:

[f one plots growing season vs. mean summertime temperature at
mid-continental stations (both of which vary with latitude}, one can
deduce a rule of thumb that a change of + 1°C corresponds to about £ 10
days in growing season. In 25 years the mean hemispheric temperature
should rise about 1°C, and at middle and hlqh r latitudes the correspond-
ing change should bP several times larger. Thus, | would foresee a greater
than 10-cay inc [F‘d.:E' in growing season at middlz and high latitudes.
Consistent with a gmwral warming to be anticipated with the CO,
e, which would be largest in the high latitudes, | anticipate a higher
Dfubdhlhtv of a lengthened growinyg season than that inferred from
climatological averages. I doubt that the ths*ararmual variability ol the
growing season length would change by more than 25 percent but such

‘changes as there may be are slightly more favored to be in the direction of
i decrease than otherwise because the CO,. increase itself might be

Two other panelists stressed the difficulty of making any predictions about

growing.seasons: .
Clirnate Joes not necessarily change in the same sense all along a parallel
of latitude. This, added to the fact that we have no way of telling how it
will change locally, makes it impossible to answer this guestion.

In my view there is no statistically significant evidence to support a
systematic change of the growing season. There willdbe fluctuations,
ociated with valcanoes, but they cannot

particularly on the shart side
be forecast.

Notwithstanding the pan-lists’ collective uncertainty in Question X about.

the growing-season manifestation of temperature variability, one can infer a

tendency to associate greater variability of temperature with extreme gl@bal
coo I|m] and less variability with extreme warming, A similar inclination to
associate more variability with cooling and less with warming emerges in the

following discussion on precipitation.

ROB,

%

ABILITIES
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PRECIPITATION

¥

Questions IV and V of Appendix A dealt respectively with ¢hanges in the
volume and variability of precipitation for three bands of latitude. (Question
V and Question X, on growing seasons, were the only oOnes that directly
addressed climatic variability.) The two guestions on précip’itatic’m were
unique in that they were couched in terms of conditional probabilities:
panelists were asked for probabilities of change under the assumption of
three given ranges of temperature changes over the next 25 years.

The answers to both questions on precipitation have been summarized in
Figure 111-5 to facilitate comparisons of the responses on precipitation

.volume and precipitation variability. The respondents’ estimates of the

probabilities of change in precipitation volume and variability indiéate a high
level of uncertainty not only about the amount of the change but In many
respect to possible changes in interannual variability. Keeping this uncer-
tainty in mind, the following cross-scenario and cross-latitude highlights can
be identified.

Changes in Precipitation Volume

In Question IV the panelists were asked to provide probabilities of changes
by the year 2000 in mean annual and growing-season precipitation relative to
the “normal’’ period of 1941-70. The thresholds for “'significant’ increases

and decreases in precipitation volume were defined as = 10 percent.

For each combination of global temperature scenario and zone of latitude,
the highest prabability was for no major change in annual preeipitation (i.e.,
less than 10 percent change). The highest “‘no change’’ probabilities (0.6 to
0.7) were found in the “Same’’ Scenario; in other words, those who opted for
no major temperature changes were, expectedly, the most confident that no
major precipitation changes would occur. But even in the extreme warming
and cooling scenarios, the aggregated responses indicated a probability of
about 0.5 that the precipitation change would be less than 10 percent.

The aggregate respanses of the panelists suggest that the highest probability

{0.3 to 0.4) for an increase in annual precipitation would occur under a

zones. Conversely, a decrease in precipitation was associated with the cooling
scenarios. A number of respondents commented that this pattern seems
reasonable, based on analogs of ‘previous warm periods, as well as
precipitation results from limited numerical experimentation with general
atmospheric circulation models. But many panelists also noted the limited
scientific basis for assessing the probabilities of precipitation changes under
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alternative temperature scenarios. One panelist stated: ‘A careful answer to
this question would require a detailed statistical study. Such a study \‘;Duld
and should be done. To my knowledge it has not been done
To summarize, amid the indications of collective uncertainty about the
volume of annual precipitation, there was some tendency to associate
significantly increased precipitation with the two warming scenarios and
significantly decreased precipitation with the two cooling scenarios,
Ext&:pt in the lower Tﬂd Iatitudes' which exhibit a different [jattérﬂ In the

scenario. (In the other two b_.:mds of Iatltude,, these probabnlltles show a
regular diminution as one goes from large cooling to large warming.) Also, in
the ( lower mid-latitudes there were somewhat higher probabilities of
sign\‘,fn:dnt increases for the two cooling scenarios than in the other two
zoned of latitude. :

The results on growing-season precipitation changes were similar to those for
annual precipitation except in the lower mid-latitudes again. For these
latitudes, the probabilities of significantly decreased precipitation are low
but increase monotonically in going from large cooling to large warming,
reaching 0.3 in the latter scenario. This unexplained behavior is the reverse
of that for annual and growing-season precipitation in the other two zones of
latitude,

For all five scenarios, the pattern of annual and growing-season precipitation
probabilities is markedly similar in the subtropical and higher middle
latitudes. |f the departure of the lower mid-latitudes from this pattern is real,
that Mg, if it reflects a tendency of nature to maldistribute changes in
precipitation, then it may have some bearing on the question of precipitation
variability.

A number of prominent climatologists have stated that world weather
patterns in the near future are very likely to be more unstable, more variable
from year to yEdr or from one short period of years to the next. In an
attempt to get some probabilistic estimate of{hkely changes in precipitation
variability, the panelists were asked in Gufgstlon V to provide, under
alternative assumptions of temperature changé, conditional probabilities of
changes by the year 2000 in the standard deviation of annual and
qrnwmq season precipitation in trree bands of latitude. The threshold for a
significant change in variability was 25 percent of the standard deviations
associated with the past 25 years,

m

It should be noted that many of the panelists again commented on the lack
of sufficient actuarial experience, comprehensive theories, or adequate
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models to support their estimates. Given this caveat, the aggregate responses
of the panelists indicated a relatively high probability (mostly on the order
of 0.5 to 0.6 with a range from 0.4 to 0.7) that the change in the standard
deviation of the mean annual precipitation would be iess than 25 percent,
irrespective of temperature trends. The se{éor’nd highest set of probabilities
(on the order of 0.3 to 0.4) was assignéd to a significant increase in
precipitation variability under conditions of large cooling. The probabilities
of significant decreases in variability do not exceed 0.2 except in most of the
warming cases, for which they rise slightly but still remain less than 0.3. In
precipitation variability are nearly equiprobable in the range o 0.2 to 0.3. In
the two cooling scenarios, by contrast, the probabilities #r significant
increases of variability are higher than those for significant décreases by a
factor of 1.5 to 2.0, but these probabilities are all less than 0.4 except for

Within each scenario, latitudinal differences in the probabilities of annual

precipitation variability are negligible. In the case of growing-season
© precipitation, the probabilities for significantly increased variability grow

slightly larger with descending latitude in each scenario, while the smaller

probabilities for significantly decreased variability are about equal across the
" &, zones of latitude in each scenario.

; Comparing the variabilities of annual and growing-season precipitation, one
notes slightly higher probabilities for significantly increased variability of
growing-season prewipitation in the lower mid-latitudes from scenario to
scenario. The same tendency is more marked in the subtropical Iéfﬁudesé

The only obvious correlation between precipitation variability and trends in

the volume of precipitation is a tendency to associate greater variability with =
the perception of decreased precipitation in the two cooling scenarios. There

is a weaker tendency to associate decreased variability with increased

precipitation in the two warming scenarios. These tendencies are manifested

visually by the fact that the plots of the probabilities for changes in annual

precipitatigﬁ volume and variability are approximate reflections (mirror

images) of each other in the three zones of latitude. This mirror-image

relationship exists to a lesser degree between the plot: for changes in

growing-season precipitation volume and variabihty.

The collective uncertainties about precipitation variability that are apparent
in the panelists’ data are also evident in the verbal comments on Question V.
Below are some paraphrases of these comments, which run the gamut of
what could be said about variahility:

e [essvariability with warming
o Mare variability with cooling

e More variability, reqgardless of temperature change 49
i
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# No radical changes expected
* No cause to believe anything about change in the varlablllty of any
rneteoroloqn:al element

Following are a few extracts from the actual comments about climatic
variabitity in general and precipitation variability in particular. The first
comment is by a panelist who said he had no basis for predicting even global
temperature trends. '

There is some physuc:al basus for saying that;a general C.DDhﬂg would |mply
increased baroclinic instability and therefore increased temperature
variability and vice-versa. On the other hand, one- might also expect
general cooling to be associated with less atmospheric water vapor, a
weaker hydrologic cycie, and reduced precipitation.

The proposed associations between changes of temperature and of
precipitation variability are difficult areas, on which the necessary
knowledge is further from adequate than with the preceding questions.
This produces the wide Sprmd of probability assessments which | give for
the higher middle latitudes. It may wetl be that the phasing of
precipitation variability is more closely correlated with the periods of
changing temperature than with the periods after a temperature anomaly
has been established; if so, the precipitation variability is probably
generally greatest during cooling periods and least during warming periods.

—i

he argument concerhing varit iiity over time derives primarily from the
uggestion that variability seem\s to have been larger during periods of
,I atic deterioration, i.e., colder . . . Gince my inference is for tempera-
tures as warm, or warmer, than now by 2000, the precipitation variability
should not tend to increase. Precipitation variability is likely to increase
overall in association with decreasing amounts, especially for convective

u"

regimes.

There seems to have been less variability during the 1945-60 period when
it was warmer than average, but | do not know whether this can be
attributed to the temperature regime or not. It seems intuitively
reasonable that a decrease in thF‘ equator-pole temperature gradient could
cause a more “'summertime’” condition and less variability due to
baroclinic instabilities and blocking pressure patterns.

. decreasing temperature trend will bring more variability, so the next
25 years in mid-latitudes should be noticeably more variable than the last
25, In the subtropics probably not as much.
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The 1940-1970 period was unusually uniform in the perspective of the last
century. There is thus a high probability of mor: variability regardless of
temperature change . . . "

... 1 do not expect any radical changes. The variability is induced by
‘extreme events. A single tropical storm rdinfall influences standard ¢
deviations for a considerable interval.

... The standard deviation may not be a very good estimate af the sort of
variability that might have practical implications. For example, proba-
bility of certain extreme events might be more important.

DROUGHT AND MONSOON FAILURE

certain extreme events—drought and monsoon failure—in the context of
climatic variability. Questions VI, VIII, and X of Appendix A were
concerned with mid-latitude drought, Asian monsoons, and Sahelian
drour’ - =pactively. In addition, Question VIl (Outlook for 1877 Crop
Ye: quantitative perceptions of the persistence of drought in the
Unit (see Appendix B);{ : }

Mul & severe droughts do not lend themselves to discussion in strict ;
terr »* interannual chimatic variability. Nevertheless, in a broader sense,
dro and monsoon failure are indicators of climatic variability insofar as /
they are manifestations of spatial and temporal fluctuations in precipitation, (

U. ~d Other Mid-Latitude Drought

The approach 1n Question V1 was to ask the panelists for probatsilities of the
frequency of drought in the United States and other mid-latitudes.
“Dro  nt” was defined on a one-year basis in terms of crop vields: A
combination of temperature and precipitation over a period of several
months leading to a reduction in yield of the major crops to a level less than
90 percent of the yield expected with temperature/precipitation near the
long-term average values.”* ""Frequent” drought was defined as “'similar to
early to mid-1930's and early to mid-1950's, " “infrequent” drought as
“similar to 1940's and 1960's,” and “average’’ drought as “‘similar to the
frequency over the longest period of record available.”” Judgments on the
occurrence of drought were asked for each of the time periods 1977-80,
1981 90, and 1991-200C.

i

*As noted in the footnote to Question VI there s alimost an infinite number of
y satefactory. \ 51

definitions af draught, none of whieh are complete
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Analysis of the panelists’ probability estimates (Figure [11-6) of the
frequency of drought occurrences in the United States during the next 25

~years sunqests fairly stronq support—although by no means unanimous—for a
quasi-20-year -periodicity, but the cause of this periodicity was clearly in
dispute among the panelists. Thus, in all the scenarios the probabitities of
“frequent’” U.S. droughts are fairly high (0.5 to 0.7) for the first and third
periods—1977-80 and 1991-2000. By contrast, the combined probabilities of
“average”’ and “infrequent” U.S. droughts are high (0.6 to 0.8) in the
intervening 1981-90 period=~gxcept in the Large Warming Scenario. One
panelist who strongly suppoé&kthm scenario gave for each of the three time
periods probabilities of 0.6 to 0.7 for “frequent” U.5. droughts, reasoning
that 4,000 to 8,000 vyears ago ‘‘when the earth was generally a few degrees
warmer than now ... it was markedly more rainy in the subtropics and also
rainier at mid-iatitudes in some regions but drier in others. It is notable that
in the central United States, in the lee of the Great Divide, it was generally
drier and the prairie extended nearly to the Appalachians.”

For mid-latitude regions other than the United States, data on the expected
frequency of drought are incomplete, and the responses suggest more
uncertainty and somewhat less support for the quasi-20-year periodicity than
was evident for the United States. The explanatory comments by some of
the panelists specifically noted that the pattern of repetition is not the same
for all mid-latitude regions. Looking at the probabilities for the terminal
1991-2000 period (Figure 111-6) one sees an association of more frequent

infrequent droughts in the Large Warming Scenario. These associations are
consistent with and somewhat stronger than the previously discussed
perceptions that glabat cooling will tend to be accompanied by drier
conditions and greater precipitation variability, whife global warming will
tend to be accompanied By the opposite precipitation conditions.

"

Below are some of the panelists’ comments on the estimation of drought
frequency in the United States and other mid-latitude regions. These
comments reflect considerable credence in cyclic drcughts, but not
necessarily in a connection of the cycles with solar-activy.

.| am not convinced that a solar-drought effect has been demonstrated.
... | think that the evidence is mounting that there is a 22-year cycle in

droughts and that it is related to sunspot activity. However, predictions of R
the relative mitensity and regional distribution patterns lie beyvond our

scientific knowledqe,

A - 4 B R .
While | do not believe that sunspots are related to drought, there is a

statistical hehavior of drought that suggests a pattern of repetition .. .
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Droughts seemn Lo be related to solar influences. .. Power spectrum
nalysis shows a very notable 22-year rhythrn and a weak one near 11

‘y"‘ééi;‘ /

. | feel confident in saying that the risk of drough;c in the mid-latitude
tends to wax and wane quite appreciably in a 20-year cycle. This
judgment on my part is the basis for the rather wide swings of probability

£

shown in the table . . .

The 20-year periodicity seems to be a well-documented climatic feature,
not only as to Midwestern U.5, droughts, but also in North Arherican
winter temperatures, English summer temperatures, and polar mean
temperatures. The expected warming towards the end of the century
would seem to increase the probability of drought.

. The evidence seems to suggest that there is some rough 20- te 22-year
periodicity in droughts in various parts of the High Plains, but that both
the length and location of these droughts varies considerably . . . There is
less known about the periodicity in other Iocations than the High Plains,
and in fact, the whole issue of 22-year drought may be nothing more than
a statistical coincidence at one location on earth. | do not believe that the
sunspot hypothesis is demonstsated, because there is insufficient physical
and statistical evidence to lead to that certainty., Yet, | think it is
intriguing and one that requires considerable persistent study to look for
possible causal links,

There appear to be quasi-periodic recurrences of drought in “many
mid-latitude areas—U.S. High Plains, 20 years and South Africa, 20
years—although physical explanations are not yet forthcoming.

| am extrapalating the 20 to 25-year cycle in srn te of the fact that we do
not understand. it {and | do not subscribe to the sunspot theory) . . .

Other panelists alluded to specific mechanisms and other factors as the bases
for their probabilities of mid-latitude droughts: i

. | would assume that a strongly meridional circulation would continue
into part of the 1980’s, bringing few droughts to the United States and

mo v other mid-latitudes. By the 1990’s, the circulation may well revert
to . zonality, with more frequent droughts in the United States and

fewer «roughts in the more zonally patterned regions, e.q., Europe, USSR,
and China. .

I cannot pat meaningful figures here without making latitude, meridian,
and recurrence distinctions, i.e., your term “‘frequent’ applies rather to
recurrent persistefee in certain regions (e.q., our Midwest) but at the same
Live persistent uk:x;‘m n incother regions (e.q., our East Coast). In North
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America, drought prevalence correlates highly negatlvely betweerx East
Coast and Central Plains by decades.

The quasi-20-year periodicity (which | do not think attributable to the
solar cycle) is treated as best established and most important in'the United
States. In the United States, as elsewhere in middle latitudes, the drought
frequency seems to me likely to remain higher than in the early part of
the century owing to a longer-term increase of “‘blocking” frequency,
which | associate with the present tendency of the natural climate towards
Northern Hemisphere {and low latitudes) (Dolmg i

Two panelists who did not furnish numerical estimates for Question VI made
the following comments:
1
| have no way of estimating the frequency of droughts ‘except from a
frequency distribution, which varies from one region to another.

| know of no basis for answerin ng the question. Certam statistical facts
could be determined from past records, but to my knawledqe this has not
been done. It could most easily be doml for tfl&fUSA anc Europe; data

elgewhere may be hard to assemble. The létatl IILS,..WOLJId give an
“average'’ drought frequency (Eﬁi range) but Would pf@ude no basis for
7ffer“’ant estimates in the three [time] periods. \ ‘1
’ * ’ ;‘:
Sahelian Drought and Failure of Asian Monsoons .

Questions VIII and I1X, on Asian momsoons and ‘drought in the Sahel, used
the same approach as Question VI (Mid-Latitude Drought), with appropriate
changes in the definitions of “frequent,”” "average,” and “‘infrequent.”
Monsoon failure and Sahehian drought were implicitly defined in terms of
the reference periods used to specify the three levels of frequency. About as
many panelists provided numerical estimates on the Sahel as did on
mid-latitucle drought, but fewer responded on monsoon failure. One panelist
who did venture an estimate on monsoons .commented that “for other than
monsoon scholars, this is a real quessing game.”

In Figures [11-6 and 111-7, the panelists’ probability estimates of the
frequency of drought in the Sahel or failure of the Asian monsoons do not
show the periodic pattern that was indicated for the United States. Ir:
general, the panelists’ comments on Questions VIl and X reflected a
consistency with their rationales for responses on other climatic elements.
Thus, one sees, especially for the 1991-2000 periad, the previously noted
qeneral temdency to associate dry and more variable (“frequent” Sahelian
droughts and monsoon failures) with giobal raa///m, and aweaker tendency
to associate wet and less variable {"4nfrequent” Sahelian droughts and
monsoon failures) with global warming. These generalizations about Figures

.

C SCENARIOS & PROBABILITIES
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scenario and ime period, the probatfities of “frequent™,

“infrequent”,

and "‘average’

“mansoon failures are displayed
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L F

uncertannty in the Moderate Warmlng Scenarm. In thls !.f.t:enanoqf there were
either insufficient data to warrant processing or virtually equal probabilities
for ‘“frequent,’ "“average,” and ‘infrequent” occurrences of Sahelian
drought and monsoon failures. i :

# B

CONCLUSIONS ON CLIMATIC VARIABILITY
A

The five climate scenarios and associated data in Chapter Il bear out and
partially quantify climatologists’ conflicting perceptions of global tempera-

ture and precipitation trends. Less evident is the degree to which the climate
scenarios .and data support the more commonly accepted view that the edrth
may be in for .a period of increased oclimatic varjability, whatever the
temperature trend. . ‘ '

Given the ¢\mate panelists’ diverse comments about variability and some
tendency to passociate greater variability of precipitation and length of
growing season with~ global cooling, but less variability with warming, it

cannot He said that the responses to the climate questionnaire corroborate

the existence of general agreement about the onset of increased climatic

“variability. As ‘partial reflections of the panelists’ perceptions of future

climate, these data could not provide direct, quaﬂtltatlve evidence of
'mcreasmg clifhatic variability. The dlrectlon and magnitude of trends are
“obviously in dispute. The nature and extent of future climatic variability are
more obscure and hence less amenable to quantification, It may be that the
panelists were unaccustomed to thinking about variability in terms of the
standard deviatior (for which, in any case, historical data are not generally
available). C)ﬁ the other hand, the cuteffs for a “significant”” change in
varlablllty (£25 percent of the standard deviation) may have been too high.
That is, a lower cutoff might have elicited higher probabilities of still
significant variability. ‘

One climatologist who reviewed the climate scenarios has an interesting
conjecture about the tendency of the panelists not to predict significant
changes in climatic variability. The conjecture is that some respondents may
perceive that the world has alréady éﬁteréd a rxe’riod of inereased variabili'ty,

where the cllmatolcglsts wer
prevmus 25. year period.

3
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ti

and ﬂun:t,_uatlons wn:h respect to dlffEl‘Ent tnma scales

There are two pertinent time ranges of variability,- between weeks,
months, and seasons within the year (like the temperature and rainfall
extreme variations of the past year—severe droughts of a season or two,
reversing the next year, what | call hit-and-run droughts, which pertain to
shifting of the wave pattern in strong zonal circulation), and long-term
droughts over periods of years (like our Midwest droughts of the 1930’s
and 19505 which ga with weak zormal t:i'n:ulaticm or strorig blacking
: that at the present time the westerlles are shnftmg frc‘)rﬁ the hlgher mlddle
towards lower middle latitudes, bringing with them more of the
stemporary. but severe hit-and-run type of drought and severe cold
(prabably early and late killing frc:sts) whereas the h|gher mlddle Iatltudes

the subtropucal Iatltudes (from whlch the subtroplcal hlgh tends to
displace the tropical easterly rainbelt) are likely to suffer increased
incidence of the long-term type of drought and cold (Canada) and heat
(subtropics). Thus, | find Question V hard to answer, but | have done so -
specifically with respect to the short-term month-to-month type of
variability, the hit-and-run variety which iﬁeflected in the length of the
growing season.

Another respondent questioned use of the standard deviation in certain

areas:

there is zero or near-zero preupltatlon In semi- arld cllmates (and much
. the world’s grain fields have a semi-arid climate) the frequency dlstrlbug'j
. : tion dithe precipitation is very skewed ...and other measurés; e.g.,
MaundeéF's index of variability should be used.

Along this line of using other measures to get more directly at the impact of

climate fluctuations, one recalls the panelist who commented (page 51) that

the probability of certain extreme events might be more important than the

standard deviation in estimating the sort of variability which has practical

implications. The latter panelist also pointed out a serious gifficulty in

! dealing with any aspect of future climate by observing that “future climatic

' ~ changes, especially if related to human activities, need not follow the same
probabilities as in the past.”

Given the generally accepted econorx'ﬁ,ﬁsodal, and political importance of
climatic fluctuatigns and variability, additional efforts should be made to
develop method®tliogies that can quantify climatologists’ perceptions of past,
current, aﬂd future climatic variability. Such efforts coulg shed light on the

58 7 | experts behsve it wnll do.
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APPENDIX A *
CLIMATE QUESTIONNAIRE

F-4
INSTRUCTIONS FOR QUESTIONS

A. Attached is a set of 10 major questions, some of which have several parts. The timespan for
the questions varies fg'n the relatively near term (the outlook for the 1977 crop season) to the
climate by the end of this century. All individual answers will be held in strict confidence. The

. aggregation and quantitative analysis of the responses will be made available to all participants and
will be included in the final report.

We would appreciate your answering all of the questions in their present form. Your subjective
responses may be used to generate another set of guestions aﬁa to build a set of future climate
scenarios. 1f, in reviewing and answering-these questions, you feel strongly that a particular question
should be rephrased or additional questions included, you are invited to add your comments or
additional questions on extra pages. !

i

B. In questions referriﬁkg to latitudinal belts, the following definitions apply:

POLAR latitudes -~ 65°to 90°
MIDDLE latitudes 30 to 65
—Higher middle 45" to 65°
" —Lower middle 30°to 45",
SUBTROPICAL latitudes 10" to 30°

C. For each of the 10 major questions, using the se|f-rating definitions provided below, please
indicate your level of su’%tantive expertise.

D. Please identify those other respondents whom,you would rank as EXPERT (5) or QUI
“RAMILIAR (4) in responding to each of the questions.

E. Guidance for self-ranking expertise:

(5} EXPERT—You should consider yourself an*expert if you belong to that small community
of pedple who currently study, work on, and dedicate themselves to the subject matter. Typically,
' you know who else works in this area; you know the US and probably the foreign literature; you
attend conferences and seminars on the subject, sometimes reading a paper and sometimes chairing
| the sessions; you are most likely to have written up and/or published the results of your work. If
\ the National Science Foundation, National Academy of Sciences, or a similar organization were to
convene a seminar on this subject, you would expect to be invited, or, in your opinion, you should
be invited, Other experts in this field may disagree with your views but invariably-respect your
judgment; comments such as “‘this is an excellent person on this subject” would be typical when

i

inguiring about you.
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CLIMATE QUESTIONNAIRE

{4) QUITE FAMILIAR—~You are quite familiar with the subject matter either if you were an
expert some time ago but feel somewhat rusty now because other assignments have intervened (even
though, because of the previous interest, you have kept reasonably abreast of current developments
in the field); or if yoﬁre in the process of becoming an expert but still have some way to go to
achieve mastery of the subject; or if your concern is with integrating detailed developments in the
area, thus trading breadth of understanding for depth of specialization.

(3) FAMILIAR—-You are familiar with the subject matter if you know most of the arguments
gdvanced for and against some of the controversial issues surrbunding this subject, have read a
substantial amount about it, and have formed some opinion about it. However, if someone tried 1o

wpin you down and have you explain the subject in more depth, you would sgon have to admit that

~ your knowledge is inadequate to do so. -
(2) CASUALLY ACQUAINTED—You are casually acquainted with the subject matter if you

at least know what the issue is about, have read something on the subject, and/or have heard a
debate about it on either a major TV or radio network or.an educational channel.

(1) UNFAMILIAR—You are unfamiliar with the subject’ matter if the mention of it
encounters a veritable blank in your memory or if you have heard of the subject, yet are unable tf:
say anything meaningful about it. -

J
p
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1 GLOBAL TEMPERATURES

Shown below is a historical record of changes in the annual mean temperature during the past

century for the latitude band, 0-80°N.

#

y IANGE (°C) IN ANNUAL MEAN TEMPERATURE, 0-80 °N. LATITUDE -
¢ — = . e T _ —

0.8 —— e

CHANGE {°C)
=
Y

" I

=
b
M

-

-0.2 ) ) 3 _ N _ 4 . -
1860 1880 1900 1920 1940 1960 1980 * 2000

i YEAR @ Source: Mitchell, NOAA

On the graph shown above, indicate your estimate of the general future course of the change in
mean annual temperature (for 0-80° N.Lat.) to the year 2000 by:
~ drawing a temperature change path to the year 2000 so that you estimate only 1 chance
in 10 that the path could be even lower '

—  drawing a change path to the year 2000 so that you estimate an even chan}:e that the path
could be either lower or higher ’

— drawing a change path to the year 2000 so that you estimate 1 chance in 10 that the path
could be higher




CLIMATE QUESTIONNAIRE

. GLOBAL TEMPERATURES

i . ]
In the space below, state your line. of reasoning for the family of lines you have drawn,
referencing if you wish, articles you or other scientists have written that clearly state your position
on this subject.

e

~ — B

. @  Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question, .
5—4-3-2-1
e Again using the self-ranking gujde, please identify ‘those -other respondents whom you
would rate as “expert (5)" of “quite familiar (4)” in their answer to this particular .

question.

EXPERT (5) ‘ QUITE FAMILIAR (4)

[
“d




: CLIMATE QUESTIONNAIRE

n. Tﬁ'MPER;ﬂ\TURE

. Ple_aséﬁjl in each block of the matrix below with your estimate of the probability of the
change (°C) if"the annual temperature by the year 2000, as compared with 1970-75, for the
regions shown.

PRC EAE!L!TYE?? TEMPERATURE CHANGE (°C)

) ‘ Cooling

"“No Change Probability
More than| 0.5°to 0.5°to | More than

1.0° 1.0° 0°t0 0.5”] 0%t0 0.5°] 1.0° 1.0°
L Cooler* Cooler

Cooler Warmer Warmer
- y— 8 .

Warmer®

No. Hem. polar Iatﬁit_udes

1.0
No. Hem. higher mid latitudes

: | \; 1.0
o _ )

—

nd latitudes

No. Hem. lower: m 1.0

Na. Hem. subtropical latitudes 1.0

So. He\v subtropical latitudes

N =
S50. Hem. lower 'mid latitudes

So. Hem. higher mid latitudes

So. Hem, polar latitudes / -

1.0
A
= T ——— - ] T .— R ——— - — — —
*If you judge that there is a significant probabihity that the temperature change in sorme latitudinal belt may

excead 1.07(sither cooler or warmer), please indicate the level of change expected along with the probability
astimate.

i~
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CLIMATE QUESTIONNAIRE

Il.  TEMPERATURE

64

For the preceding major question, please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this subject. Please use the space
provided below or a separate sheet.

E

Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5)” or "quite familiar (4)"" in their answer to this particular

question.

L

.

EXPERT (5) QUITE FAMILIAR (4)

\
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i, CARBON DIOXIDE, TURBIDITY, AND CLIMATE

Carbon dioxide, atmospheric particles, etc., have different effects on the a{més‘phere and do
not have the same relative importance in their influence. Indicate the relative weight (using
percentages) of each of the factors identified Relow in influencing global climate over the next 25
years, ' )

Relative Weight
(Percentage)

A, Carbon Dioxide —_—
C. Smoke ) o .
D. Volcanic dust 7 | —

E. Other Particles (aerosols)\ -

T

65
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CLIMATE QUESTIONNAIRE

IIl. CARBON DIOXIDE, TURBIDITY, AND CLIMATE

Far the preceding major question, please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this SLIbJEET Please use the space
provided below or a separate sheet

Using the self-ranking definitions provided in the instructions, please mdlcate your level
of substantlve expertise on this majc»r question. .

‘f 5—4-3-2-1 -
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "'expert (5)"" or “quite familiar (4)” in their answer to this particular
question. ‘ ’

EXPERT (5) QUITE FAMILIAR (4)
H

o
't
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t _ CLIMATE QUESTIONNAIRE

Iv. ' PRECIPITATIQN

1 “Jnder the alternative assumptions of a temperature change as shown, please fill in each
block of tix= following mdtrix with your estimate of the probability of change in the mean annual
precipitation by\he year 2000, as compared with the 1941-70 “normal’’ pattern, for the regions
shown, . ) '

2. In your judgment, would these %[;Dbability estimates be equally as valid for growing season
precipitation as for annual totals? (yes [J; no [J) If not, please indicate the appropriate probability
estimates for changes in growing season precipitation;

3. in many parts of the earth the annual isotherms-and annual isohyets tend to run.parallel to
eagh other. In North America, however, as Newman and Pickett dgscribe in a 6 December 1974
Science article, the effect of the Rocky Mountains range causes the annual isotherms and nsahyets
to run at approximately 90° to each other, particularly in the rﬂldCDﬂtlﬂEﬂtal grasslands region. (See
their map, below.) South America is 5|m||ar to North America in this respect due to the Andes.

Newman and Pickett note that:

In terms- of agricultural production,
O T these climatic features give an advantage to
’ S the New World continents. The mean annual
isotherms and isohyets, because they are not
parallel ‘in the vast grassland climatic areas of
the Americas, allow a favorable water balance
- to be extended over very broad areas in the
north-south direction. Also, they allow for
agricultural production areas to be less
stratified in a north-south direction than they
are in the Eurasian continent, and ensure

ﬂ ( T against a slight mean seasonal shift in the
0 F A= = ‘ prevailing westerly flow, thus they reduce
TOAVA TR0 -
ED“\‘ 40" climatic risk.
30 ,

Would these characteristics of the Western Hemisphere region significantly alter your estimates of
probsblllty of precipitation change as given in parts 1 and 2 above? If your estimates for Narth’and
Sodth America are significantly different from those of the broad latitudinal bands, please mdmate
" the magnitude of these differences in the comments at the end of this question. ) .

“ ,; _ | o 67
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- Assuming temp.
i crease of
D 5 C or more

L LLIVIATE UUCD 1 IUNNAIRE .
PRQBAB".ITY OF PRECIPITAT|DN CHANGE . . ) 7
’ Increase by =~ "t . “Nu: ‘CHange"" Decrease by Total '
_ 113% or more* (Less tﬁaﬁ +10%) 'ICI% or mare . Probability .- :
Y e v o ”G;‘c;\n}lng | Grl:wmg Gr‘awing A Growing. *
. Annual [ Season | Annual | Season Season | Annual eason

rat'irtﬁdés

. Subtrcq:ir:’al'
tatitudes

As unlng terﬁp
change of
less than
105°C

higher mid-
- latitudes

‘lower mid-,

M 1.0 1.0°
latitudes
sutx;tragical . 10 j 0
. Iatltuﬂgs -

Assummg temp
decrease of

_0.5°Cor

maore

higher mid:
latitudes
I

lower mid-
latitudes

subtropical -
latitud

il you judge that ther
10% (mcrease or décre
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V. :PRECIPITATIDN : e A ‘
- - i - For the precedlng major questlcm please sta‘tx the Ime Df reascmlng for your réspansa
S Vadd“ng any amplifying remarks as you deélre or referencing articles you jor other
B 5 scientists have Writtéﬁ 'that state yaur posnt:aﬁ on thls subjec:t F‘Iease use ,he space
- pmwded belnw DF a separate sheet T R -
/ o e Z i
v ‘; ! -
£ . - .
% .
, . (o
5 » _ﬁgg@r ‘ - .
L ol _ =
- " ‘ N 3 .
Y * ,‘- P e

3

LJsmg the self- rankmg definitions prawded m the mstruc:tlcﬂﬁﬁf : e ndu:ate your fevel

-of substantive expertise on this major questlon )

P L 5-4-3-2-1.
A-galn usmg)l
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SV 'iéREEé’fPiZTATiDN VARIABILITY - .

_of the matrix below with your probability
~ precipitation will ‘change by the indicated amount over the next 25 yedrs, as-compared with the

-end cxf thIS questmn

T f.l ¥ :.-,v: . B l E E : L 1

A

{ i ’x _ N . . . 1
!The FE[)DFt of ? chmate/fc:cra co nfergnce in BE”EQIQ Italy, < in June 1975 includes this -

‘statement. . ‘g : : . Sty

s

: . . Co : : . }
. A

Temperature c:hange per se /s not the maost: serious pafentla/
L f:llmatlc threat to food praduc:tlan There /s a possiblity that,
- assoc:ated thh the temperature changes there Wl’/ &e lm:reased
' fr'fluctuatlons of prec:pltatmn lt poses threats to agrlcultura/
. % pgoduction. TR .- :
- -The cllmatalaglsts p’artu::lpafmg in the c:onferen.::e agreed that:

..
-

1. Climatic varl’abi[ifysregién byrfegian and fram ye’ar i‘o’ year
= © in particular regions—is "and will contirae to be great, resulting in
substantla# variability in crop yields in the face of lncreasmg global
food needs and short SUpp/IES o :

2. There is some cause to behwe—a/thaugh lt is far from
certain— that climatic variability in the remaining years of this
! 'centur]f will be even greater than dunng the 1940-1970 per/gd

1. Under the alternative assumptions ojsteh'ipera‘ture change as shown, please fill in each block
timate that the standard dewatn‘:n of the mean annual

average for the previous 25-year permd

n?

A

2. In your judgment, would. these™probability estimates be equally as valid for varlablhty in

grom 7g season precipitation as for annual totals? (yes d; no ) .If not, please mdu:ate the

appraprlat’e probability estimates for changes in varlabmty of growmg season precipitation..
cause the annual isotherms and isohyets to run at apprdximately 90° to each other in major regions
of these continents. If, because of these characteristics, your estimates of the probability of change

in precipitation variability in North and South Ameq‘ca are significantly different from those of the

broad latitudinal bands, please indicate the magnltude c:f these d|fferern:es in the comments at the’

% _ ’ . ‘ . e y

71
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3. As noted in part 3 of Question |V above, mountain 'ra’ngés in North and South America -
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Less than ) Decrease in ST
- 25% change - - s.d. bv 25% . - | Taotal.
insd., .. - or. mare - . 1 Probability

S - :

|

! . ‘7 ] :
} . i Growing ) -Growing Growing Growing ~
\ - Annual -| Season ‘| Apnual. | Season -

| .

1

l

s

Season

nnual Seas | Annual’ | Season Annual -+

A Assummg temp
‘increase of

a
0.5" or mare

I' Higher mid-
- latitudes

b lower mid- Ve e : . - _ o
“. Ia;itujes . L - /\ ) N Ty 0

subtfopical - i -. ’ |
latitudes

Assuming temp.
change of Iess
than £ 0.5° C

N ,higher mid-
- latitudes-

* lower mid- ' ' J ' A
latitudes ’

- subtropical
" latitudes

~Assuming temp.
decrease of
0.5% C or more

higher mid-
latitudes

—
lower mid-
, latitudes.

. " T - N >‘” 77 77777,7717
subtropical S , N |
.- latitudes * . ’ . . L 1.0 - 1.0

- If you judgé that there is a significant probability that the change in standard deyiation may exdeed 25%
- (increase or decrease), please indicate the level of the change expected along with the probability estimate; ~
.also, if the temperature change assumed exceeds 1 0°C, please so indicate

LS

-
)
s

Q
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cuMATE QUESTlDNNAiRE
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\
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L r the precedmg ma;ar questlﬂn piease state the Imé E)f reasomng for yuur respcmse
) : §dlﬁg any amphfymg remarks" as you desire, or referencmg articles you or ‘other
S L ; ' smentlsts have written that state yaur pasntlan ‘on th|s subject. PlEESE use the space . .
- o prow,ded below or:a separate sheet. - : : . ,

j

. ®  Using the self- ranking definitions provided in the iﬁsfrgctiéns, please indicate your level :
;Df substantive expertise on this major- questlcm e s . :
5-4-3-2-1. L ‘ T

o “Again using the self- rankmg guude please ldEﬁtlfy those other respandents whorn you
" ‘quite farmhar (4)" in their answer to this particular

would rate as “expert (5)" o
_question.

EXPERT (5) 'QUITE FAMILIAR (4)




VI MID-LATITUDEDROUGHT = . . . e

" CLIMATE QUESTIONNAIRE

At a 1975 climatic .change symposium at the Umversﬁ:y of NDr’th Camlma Hurd W|Ilett bneﬂy

descnbed the drought patterﬁ of the 1930-1970 period as ﬁ:llnws

based on- an cbser\,{ed re!atuonshlp between solar andvchmatlc c;yt:!es, but .\re«::ogmzmg_ Ihat_

*

The warm decade of the. -thirties witnessed the most{severe

‘droughts of the century, in the early to mid-thirities, in many regions

of the 35°-80° latitude belt, notably-the dust. bowl in our western

plains, the Russian droughts that triggered liquidation of the Kulaksy

severe drought in southern Australia, and in other parts of the world.
Note that these droughts occurred in margmél m/df:ontmental as

opposed to east caa.stal regions. ~
The forties were in general a decade of geriemus rains in the

-

=

drought regions of the thirties, but with a tendency to substantial -

defzc:ency in east coastal regions. .
_The early to ' mid-fifties, like the th/rttes WEFE a markedly dry
penacf 1 the rﬁargmal mtem::r cont/nenfal reg/ons m::tably thé

Iat/tudes equatorWard of 40@ Aga/n vthere wss a natable tendem:y to 7

east coastal wetness. -

The sixties were, like the. farties a, decade of generous rainfall in ~

the marginal interior cgnt/qental reg/ons ‘'of middle latitudes, but

. with some record dry ‘véars in extensive_east coastal regions. During

the sixties and early seventies, the déveé%pﬁ?éﬂt of SEVErE drought .
occurred in the middle and lower subtmpms ‘notably in southern“‘y-m

Asia and Africa (SEhehan area). . A ¥

v

— - - - . :
qudntitative physical explanations are as yet nonexistent. .

4. With this statement as background, plus your own kﬁleEdgE and mterpretatl@ﬁ «©of-past -

[

o

events, please fill in each block of the matrix below with your Estlr’naté of the prababtllty O’F

frequency Df drought Dct:urrerlce for global mid-latitude CQﬁtlﬁEﬂfa| areas

i
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ELIMATEQUEST!GNNA!RE :
SRS o
.Vl MIB-LATITUDE E’ UGH T
TfE s e _— \A _ 7:77 S
FREGUENCY QF DRDUGHT* !
o “Average” 8.,
- “Frequent-ie, similar to the - .
= " similar to early to frequency over ~ "Infrequent”"- . )
., Time mid-1930’s and early the longest period i.e., similar to Total
period | to mid-1950% . of record available 1940's and 1960% Probability
, : Other mid- " | -Other mid- | Other mid-~ | Other mid-
.. Us | latitudes us latitudes us latitudes us - latitudes
o . ] o _ o A
1977 |- . |
‘to - . i 1.0 1.0
1980. .} . . - -
1981 -1 | SR
N (I * C % 1.0 L
1990 ] A oo B e

Chmate on Umted State.s- Gram Y’lelds ‘
precipitation over a pérn:d of several mamhs leading to a rEduc;tmn in YIEld nf ’t e
90% of the yield expeated with .temperature/precipitation near the long- term ave
recagnlzed however that yields usually are quoted on

Bumper frﬂﬁ?’ E’raughts a

munh larger abandanment of crops as well as some deviation in Expected yleld

\.
- :\\ - ’
Y .
SRR VS
76

"

ERIC

Aruitoxt provided by Eic:

ajor crops 1o a Ievel Iess than
m¢ values.” It sht:)uld be
a harvested acre basis. In drought years there tegds tobea.
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.o 'y CLIMATE{QUESTIONNAIRE

VI. MID-LATITUDE DROUGHT
"~ ®  For-the preceding major questiéﬁ! pléaSe state tq,e line of reasoning for your response,
~ adding any amplifying remarks as you desire, or referencing articles you or wother
scientists have written that state your. position on this subject. Please use the space

- provided below or a separate sheet. ——————

13

®  Using the self-ranking definitions provided in the instructions, Pplease indicate your level
of substantive expertise on this major question. - '
L B 5—4-3-2-1 v
Again using the self-’rarfi(ing'guide,‘ please identify those other respondents whom you
/. wotild. rate as “expert (5)" or “quite familjar (4)” in.their answer to this particular
s . ;Xk:quegtiaﬁi o : z '

L]

EXPERT. (5) . QUITE FAMILIAR (4) °

VL =

<k s .::‘»,,, L\g :




. ~* . CLIMATE QUESTIONNAIRE

s

1.3

R o o _ .
VL S 7U'f DGK FOR 1977 CROP YEAF{ o

" The hlgh pleme of the.United States (that area epprexnmetely 400 m||ee wude eentered on-
101° west Iengltude ‘from Mexico to Canada) has experienced loygr than hormat preclpitetlen and
' attendant drought conditions epproxlrnetely every 20 to 22 yeere i.e., the 193D s, rhid- 1950 5.

- The chert below shews the 75- yeer record ef summer average temperature end relnfell in the
five major wheat producing states of the United States. The drought period of the 193(3 5 duet b0w|
and the generally favorable eendltlens after the late 195‘9 s show clearly.

H

FIVE ”WH EAT BELT' STATES (Dk|eheme Kansas, Nehreske Seuth Dekete and North Dekete)

DUST BOWL ERA -« .\'”'I*HIGH YIELD EeA
|—S—=l . I N - |
— — [T T T T [T T[T T T T T T T7 T T’I*TI—TI T 1 AI l"i':TW*[g*

ABOVE - SUMMEH RAINFALL

rp'“"w 1173] d! g M r” ! )
W b T

2

o|
|
=3

P‘ [
[ r

e'ummee TEMPERATURE o A L

ol ! A‘:UHH rfan ri.wﬁ‘m;ﬂf_ﬂ!
SR ERTN N

BELOV ]
S ) TR WU N N SO0 N N N SN ST SN U O SO M VAN S MY T U T B A N ,L,;LL L1 'ISJ e
- YEAR Lh 1900 19104 1920 1930 ’ 1840 1950 1960 1970
' . b «  "Source: D. Gilman, NOAA

————

Low soil moisture levels in a ﬂumbef of states in the US¢wheat and corn belts this past fall and

- winter have raised considerable concern over prospects for the 1977 harvest.
o~

With the above information as beekgrou nd plue eny supportive evidence or hyeotheeee you
_may heve developed as aids in forecasting, please fill in each block of the following matrix with
your probability estimate of weether conditions to be expected in J977 that would result in the’

yleld changes indicated. o S A - i
G ' AV
- - )

-

-
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VI_L . OUTLOOK FOR 1977 CROR YEAR |

CLIMA ‘;rE QUESTIQNNAIRE SR | e

L & T . . - i ‘- 4
Prabablhty af ‘ﬁeld C‘hange Due to Weather o s )
(Relative to Recent Trend Levels) « : o Y
R .. Decreasse ' T
Y o Decrease' | Decrease -orincrease " Increase’ - =
e : . more-than - .10% to™ - lessthan. ~ more than Total =
C . 5% - 15% " 10% ¢ 10%  Probability
E_‘ ' ) » 7 * oo ’ * - .
. USwinter wheatbelt? > N o o 1.0°
US spfing wheat belt? e ) o '%'Lf) :
US corn belt® - L o . 1.0~
1. Implles erUth ccmdltlons similar fo the 1930's. [ 1

2Six states—=M|ss¢:ur| Nebraska Kansas Dklahoma Texas, aﬁd Colarado 2 cc;untvfnr about 50

gpercent of winter wheat pdeUCt!Dﬂ and have the most variable yields. Th 1976 fotal US winter )

wheat yield was almost 32 bushels per acre, or about 8% below an estlma,d trend (1950-1976) -
value: In the 1970-76 period, the maximum deviations frc:rn that 1950 1976 trend line were +1 1%
in 1971 and -12% in 1974." ' :

3Five states —Miﬁnesota ZNor’th Dakota, South Dakota, Montana, and Idaho—accnént for about 90

percent of spring wheat production. The 1976 total US spring wheat yield was 27 bushels per acre,.
or about 7% below an estimated trend (19%0- 1976) value. In the 1970-76 period, the maxlmum: :
deviations frorn that 1950-1976 trend line were +17% |§| 1971 and -20% in 1974 ’

@

-“Nmestates =0hio, Indiana linois, Minnesota, lowa, Mlssaun Nebraska South Dakotsa and

Wisconsin—account forabout 80 percent*' of corn. production. The 1976 total US corn yield was 87
bushels; per acre, or about 5% below an estimated trend (1950-1976) value. In the 1970-76 perlc:d
the maximum dewatmns from that 195@ 76 trend |IFIE_WEI’E +15% in 1972 ‘and -20% in 1974. .

2, Should a severe drought occur in 1977, si‘milar" to the early to mid=%§30“5, what is the
probability that it will persist for: - . R -
- - Probability
jf—‘-—,%&/’ e . . ' -
{g) ~ less than 2 years - : o
g '.\) 2 but less than 4 years _ : _ _
(cf\- 4 years or more - ' , .

80



. ' CLIMATE QUESTIONNAIRE

VIL OUTLOOK FOR 1977 CRQP YEAR
‘ 3. There appears to be a correlation with higﬁ plains drought conditions and solar activity, i.e.,

-~ . the dDublE or 22-year sunspot cycle, although as Walter Orr Roberts noted in c:ongressmﬁar
Jestimony in May 1976, “‘There is ne plausible explanation of how this- [sunspat activity] could
affect the weather of the high plains.” Roberts also commented that “"Mest of the world’s droughts,
however, show no retognizable recurrﬁnce pattern. They appear to occur &t random in time and ,
: Icg;atlon ‘though they often persist for-tive years or more in a given region.”” Would you expect to '
find a correlation between drought conditions and solar activity on a global basis similar to that' .

~ which appears to have béen ldentlfled for the US high plains? (yes [J; no ) Please amplify your. .
answer if you: desire. : _

e

St

4. In view of the dry conditions noted above in parts of the United States and the resultant o
.concern over prospects for US crops this year, plus the gerlerally‘ less than Dptimum level of world
grain reserves, the prospects. for harvests in other major grain producing areas of: ‘the world are also

of concern,

mBased on any evidence available to you on current Gonditignsi or ‘hypotheses you'/may have

developed as aids in forecasting, please fill in the following tables with your probability estimates of

~ weather conditions to be expected in 1977 that ‘would result in the total grain yle{d changes
“indicated for the given countries. : : :

&

T

. A. USSR: F‘mbablllty of total grain yield change due to weather (relatlve to recent trend
levels) )
E 3 j .
' ’ Probability -
{a) Decrease more than 20%! s
{b) Decrease 10% to 20% —
(c) Decrease or increase less than 10% -~ \ - .
(d) Increase more than 10% ' B

1.0

El

ylelds in the 1970 ,76 pEF!Qd, the maximum deviations from a 195@ 1976 trend !me were +22% in
1973 and -28% in, 1975.
: a1




"GLIMATEQUESTIDNNAIEE o e

S | B DUTLDDI{ FOR 1977 CHDF‘ YEAH

E -INDIA Fr;DbEblhty of tDtaI grain yield change due to weathér (relatwe to recent trend

levels) - . - . . A ST ; ~
e I . _ . F’fﬂbébiiity . B
"~ (a) Decrease more than 10%! : - '
.. (b) Decrease 5% to 10%
, {c) - . Decrease or increase less than 5% °- '
(d)  Increase more than 5% - )
o _ R @J“r

"Implies dr@ught .conditions SllTIIlEFTO Sr even more severe than in 1957 1965, and 1966. For tctal
- Indian grain yields in the 1970-76 period, the maximum deviations from a 1950 - 1976 trend:line - .
were +8% in 1972.and about -7% in 1974 and 1975 - g . “w '

. . - &
Y l:r “" L
- .

o C. ' CANADA: Probability of tctal gram yield: change due to weather (relatlve to recent .
trend Ievels)

. . o - Probability . - -
(a) Decrease more than 25%' : :
(b) Decrease 10% to 25%
(c) , Decrease or increase less than 10%
. (d) . Increase more than 10% -

- -

IIr=r=|;:i|ies drought conditions similar to or even more severe than in 1961. For total Canadian girain

yields in the 1970-76 period, the maximum devnatnons from a 1950 -1976 tf‘Eﬁd line were +14% in

1970 and 16% in 1974,

D. AUSTRALIA: Probablllty of total gram yield change due to Weather (relatwe to recent . ,
~trend levels) : :

.
L N : Probability
' (a) Decrease more than 25%! o
: (b) Decrease 10% to 25% R
{c): Decrease or increase less than 10% -
(d) Increase more than 10% V . -

'Implies drought CDHdItIOﬂS ‘similar to or even more severe than 1957 and 1972. For total
Australian grain yields in the 1970- 76 period, the maximum dewatlons from a 1950--1976 trend

/) line were +10% in 1974 and -27% in 1972.

82 . .




CLIMATE QUESTIONNAIRE °

=

i

Probability Yo

VILL§ DLITLQQI{ FGF{ 1977 CRDF’ YEAE o .
1 ® . LT
1E. 'ARGE ITINA: Prgbablhty of total gram yleld ‘Ehangé due to weather (relatlve to recaﬁ‘t
. trend levels) . , N .
o E i
& i 7 : )
: {a) . Decrease more than 15%' - .
. (b)  Decrease 10%to 15% . &
8 (c)- - Decrease or increase less than 10%
(dl. Increase morethan 10% . ‘o

Tt Imp’hes dmught EDﬂdltlDﬂS similar to of even

%

. =\}

T

ESE\QEI'E than in 1968. For total Argentine.grain’

welds in the“1970-76 permd the maxlmum deviations from a 195() 1976 trend line were +14%

in 1974 and 3% in 1972, ‘ } .
. ) R . R
. i 1 = ' -
.\S a é»‘,:.r . .
o [ fglff
| b o
S ,,,{H_/ ! . . . T .
{ f, 2 : _—
/ - ;—«si‘ﬂ
?a: ,; £
_ . b
. J \ .
/- 83
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- CLIMATE QUESTIONNAIRE S : N
l\% s ) o H \ . ) ’ ’ _ :
< VIL. ,C)" OK FOR 1977 CROP YEAR T C ’ .
;‘ ‘® - For the preceding major question, ;féase state the line of reasoning for your response, .
;- adding any amplifying rerﬁarks as 'you desiré, or -refergncing articles you or other
J/ scientists Have written that state your posntlon on this squect F'Iease use ‘the space
provided belcw or a separate sheet. , , . ]
7 . ‘ o L
rr o : : 3 '
) « LY ' e R
- T \ , ’

e
'f‘: Y
. E . V g ) . ‘ i | /; V
:" ‘ i‘ \‘fs
®, Usmg the self- rankmg definitions provided in the iffstrictions, please mdlcate your level
- of substantive: expertlse onthis major question. L. s
’ 5—4-3-2-1 AR f

L Again using the self-ranking gunﬂe please identify those other respaﬁdents th:rn you

s would rate as. “expert (5)"" or "‘quite familiar (4)"’ in their answer to this partlc:ularf
_quéstlon : ;/
Lo ExeeRTe) . aure FAMILIAR (4)
- i o ‘ V Q. - ,:‘ - £
= / '
* . {f . N
A L ) .
" %

)
it

T,
n""‘-m

-
rm”.
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‘ FELCENT GE C)F WEATHEH STATIDNS HAVING LESS AN 'HALF NORMAL RAlNFALL

PERCENT

| CLIMATE QUESTIONNAIRE

- ASIAN MONSOONS

_Aﬁzg““ =

R

1
1960 / ‘
Seurqe Ee|d Brysen

T P

= B 3 . - / - =

Shewn above-is a “chart by Reid Bryfon showmg the trende in the percentage of weather
stetlons in northwest India ‘reporting leeef"then half the norral annual rainfall in a given year
{(overlapping 10 yeer everegee) ' g

» «
LS - .
s . /

; With thas mformetlon as beekground plue your :own knowledge and mterpr_etetmn of pest
-Detterne in India, please fill in eath block of:the following metrlx with your estimate of the

k‘probebmty of frequeney of monsoon felluree in northwest India. . L Lo

o ;o

=3 - = ‘fs *
;2. In your Judgment would therts for {a) ethér perte of India and~(b) other summer monsoon

" regions in Asig.show a similar pattern to that of northwest india {(not ﬁeeeeeerlly using “less than
_half of normei annual rainfall’" as a cutoff pomt)? (yes, O:no ) if you judge that other regions of .-

India or monsoon Asia would heve

 different pettern pleeee mdlg.ete the appropriate pr
in the follewmg rﬂetﬁx 7 }

b|l|t|'es

o] E
4 .



CLIMATE QUESTIONNAIRE

VI, ‘AS&ANMDNSDD IS a

FREQUENCY OF MONSOON FAILURE

“"Frequent” -i.e., similar
to 1900-1925 period - .

“Average® -i.e., similar
to the frequency over
the longest period of
record available

“Infrequent’ -i.e., similar
to 1930-1960 period ,

Total .

Probability

Other -
Monsoon
Asia

N NW Other
India | India

NW Qﬂ;éf

India

India

Other
Monsoon
Asia

NW

§India

Other
India

Other
Maonsoon

£
NwW
India

Other
India

Other
Mensoon

Asia’

Asia

1.0

f .
1.0

" 1980 1 .
- 1981 IR E -
G " ‘lfg 0 ] 1.0
1990 B - < o '
1991 ) N
Jo . 1.0 | 1.0 |10
2000, . , , )

LAk

e}
o

Aruitoxt provided by Eic:



CLIMATE QUESTIONNAIRE

‘X . = . ‘

R o N , \
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this subject. Please use the space

provided below or a separate sheet. ) \

A

Ve

= o Using the self-ranking dc—_zfihitiaﬂs provided in the instructiéﬁé; please indicate your level
-7 of Substangive expertise on this major question. -

. e T 5-4-3-2—1 .

o ~ Again using the self-ranking guide, please identify those other respondents whom you

" or ''guite faéﬁiliar (4)"" in their answer to this particular

o

would ‘rate as "expert (5)
-guestion. .

1
&

EXPERT (5) 7.+ ' ' QUITE FAMILIAR (4) )

P PRI B o =07 s Vi e T : <
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e : " o CLIMATE QUESTIONNAIRE
IX. . SAHEL DROUGHT . |
A T
£ a0 :

g "ol ’

E |

e q0f

2 ot

g -1off .

S 20 -

& %o . |
aol—t 1 1} 4 111§ [ W R A O I T N R
1945 1950 1955 1960 _ 1965 19T ———————

Year

The above chart shows percentage deviations of the 5-year running means of annual rainfall
from the 1931-60 mean for five stations in the Sahel—Gao and Tessalit in Mali; Atar and
"Nouakchott in Mauritania: and Agadez in Niger. (From Bunting, et. al, in Nature, February 20,
' 1975\' ased on Winstaﬂlay"s data in Nature September 28, 1973,)

" The above chart is consistent wnth Natmnal Academy of Science data shown below for five
" other stations in the Sahel, (From Michael Glantz in his Value of a Reliable Long-Range Climate

Forecast for the Sahel, May 1§, 1976.)
Previous Extremes of Rainfall* o | 7 7

Runs of years of particularly high rainfall in ZONE 2 (Sahel) \

.- Individual ,
.. Years ‘Raintall as % of 1931-1960 Mean .
T 192941931 109 - 106 121 L
|- 7 1952-1965 - 117 116 114 ;108 : )
. 1957-1962 = - 112 106 105 107 102 - 106
o ﬁuns of years of partlcularly low ralnfaﬂ in ZDNE 2 (Sahel) : J
\ /r?dlwdua/ oo L ‘ o S
o CL Rainfall as 95 e:zf 71937-1960 Mean
\ 8 55, 78 . 94 B
o : 80 82 76 . 101 73
~ 83 . 93 . 64 o
72 98 97‘ 74 . 69 65

.=

- *Natu:mal Academy Df Smences Arid Lands of Sub-Saharan Africa: Appendices (Washington, DC‘.
1975), p. 155. Zone 2 rainfall stations were as follows: Nlamey and Zlnder nger) Sctota I(anaf

'\ and Maidurguri (Nigeria).
. \ BE
: s /




CLIMATE QUESTIONNAIRE

IX. SAHEL DROUGHT . o - \
\ With this information as background, plus your knowledgé and interpretation of the Sahelian

_ drought patterns, please fill in each block of the matrix below thh your estimate ofthe prabablllty —
of frequency of droughts in the Sahel. e

“Average’ -i.e., L/
“Frequent’ -ie., similar to the i . —
o o . “Infrequent . =
Time | simifar to 1940- frequency over giﬁ:”r;rq:;ﬁ e -Total ;
. Period | 1950 and 1965 the longest 1050.1965 period Probability
1973 periods period of record T
available .
1977 - . b ) o . - . g, I o _
to : ! = o 1.0 _,
_1980 i . : S S '
1981 ! L
« 1o’ . , ' : . 1.0
o0 | 1 e
- 1991 | : o &Hjl ' .
to ) . - - - C 1.0 -
2000 | - ! :i L ' : . .
) = - - ﬁ‘ ] - - .
i
. . })‘
Gy
. « .
2
u b
by
! ! 4
¥
AL o
90{ = e T hY .
‘ 4
&
e 4 i
Lo ) \
- L

ERIC

Aruitoxt provided by Eic:



CLIMATE QUESTIONNAIRE

IX. SAHEL DROUGHT
® For the preceding rﬂajc»r;‘ question, please state the line of reasoning: for your response,
adding any amplifying remarks as you desire, or referencing articles you or ‘othér
sa‘ientists have wri"tterx that state your position on this subject. Please use the space

- L

e Using the self- rsmkmg dEflﬂltlDﬂS provided in the InStruCtlDﬂS please IﬁdlCStE your level
of substantive expertlse on this major question. o
- 5—4-3-2-1

® - Again using the self-ranking gui‘de,'piéase identify "those other respondents whom you,.
would rate as "‘expert (5)” qr “quite, familiar (4)” in their answer to this particularf

question. .
EXPERT, (5) ' CQUITE FAMILIAR (4)
/\‘\z/_ i
L / . - o
\ S
f -
. . e - f
i 1 -
o
- - - 91
D / .




' A © CLIMATE QUESTIONNAIRE

. ' S R
X.  LENGTH OF GROWING SEASON _ ' '

"

_ Proféssor Hubert Lamb has stated: “The » average growmg seasan in England for the coldest
decade. of thetlast 300=years seems o have beén almost a month shorter than in 1930-60 . ... The
d|fferen€es of prevailing ter?perature in the English lowland districts have meant changes of 10 to
- 20 daystin the average length of the growfng season in different decades since 1870. The shortemng
by 9 to 10 days, since the warmest decades (1930's-40s) continues into the 1970’s owing to the
cold springs and, in ‘the last year .of.‘two, colder autumns also.”” (Appendix A of report o
Rockefeller Foundatioﬁssmnsa{gg conference in Bellagio, Italy, Jyne 1975)")

Walter Orr*Roberts has stated that “In the USSR grawméasa‘ﬁ's are now perhaps 10 days to
2 weeks shorter than in 194D=ED.“ (House hearings pﬁ National Climate F’rogram,, May 20,1976.)

[ . T

Iin Wiscansin, however the abstract of a paper to be presented at an AMS meetmg in Aprll

1977 FEpQrtS that \ : . /
: = ’ 4 ’ - \' =3 ‘: ) . : -
AN a . Analysis of growing season records from stations representative

of each of Wisconsin's nine climatic divisions indicates that the
growing season. became cooler and shorter from 1958 to. the .
mid-1960's. Subsequent/y', the same records gixhibit a*general trend -
. toward warmer and longer growing seasons tff:(;ugh 1973 in spite of
a continued fall in mean annual hemispheric z‘egperature and !
,}_&deterloratln?gmwmg weather elsewhere. :

et ) e

¢ =

. "Reduction in the Ierlgth of \the growmg season, partlculgrly in the higher mlddle Iatltudes
might require certain crops to be grown farther south.than some areas where they are now grown

Ty -
‘and might require substntutlan of earher maturing varletles in some aregs whu:h could réduce crop-

’ _ylelds . ~;’ S . : -«
“o 1 tndyour Judgmem what is tlﬁ probablhty of the followmg changes in the mean fEngth Qf
“the growing season in the higher rmdale latitudes durmg the next 25 years as compared with the -

presente / wl . ) ;
N S F’robabih’z‘y
» a. Significant increase (say by 10 days DF rm:\re) .- R
>.  Change of less than “£10 days.. vt ) " w7
c.  Significant decrease (say by 10 days or more): T
‘ _‘\ g.’ H
r . I
F - i 93
o 13 ~ :
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. - CLIMATE QUEST DNNAIRE o ' .
P q B 5
X.  LENGTHOF GROWING SEASON L . ‘ g’

/ : ] ,
2. An analysis of the length of the frost-free season (3 °F.) in lowa done a number of years
ago iﬁdicated a staﬁdard déviati()ﬂ'of abéut 16 to- 17 'ay' ‘In your iudgment what ié the

in the hlgher m!ddle Iantudes durmg the next 25 years as campared with the DI'ESEHt
| . _ - o}
-/ /. Probability ’

a.  Significant increase (say a 25% increase in the ' ;
.8 : standard deviaticn) — _
e b.  Change of less then £+25% in the standard deviation” . N
c.  Significant decrease (say a 256% decrease in the _ c
stgndard devnatn:m) ; ) _
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. -
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Yoo CLIMATE QUESTIONNAIRE

LEF(]GTH OF GROWING SEASON ‘

e  For the preceding major question,” please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
* ' scientists have written that state your position on this subject. Please use the space

- - =

' provided below or a separate sheet.
- , ] \
) 7 — -
. . ) F
. %
: . | ) o . Gu.
- e :
L L!smg the self-ranking definitions prawded in thE instructions, please indicate yaur Ievel ’
of substantwe expertlsepn this major questltm : .
- ,b=—4-3-2- Y ! -
;& Again using e selfig nking gunde please identify those cher resgondents whom you
-~ “would rate as “expert (5)” or .”"quite- familiar (4)" in their answer. to this ‘particular
" guestion. - : ' : -
- A o o - 7’ o )
EXPERT (5) QUITE FAMILIAR (4)
(’ V . . =
a7 b ‘ . . ! Je
) o \ .
=1 & H E.*%
4 -,
' ey - {;
. . 7
95
- g‘; V - f
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i PRDEABILITY lTF YIEJED CHANGE

APPENE)IX e
OUTL@OK FOR 1977 CROP YEAF{ &

TIEIEPEF%SISTENCE OF DROUGHT

o ) ’ .

Durmg the mogth of Aprll 1977, the climatology. panelists. pravided
estimates for th expected crop vield chaﬂgeﬁue to weather in 197 7for the
following U.S. crops: winter wheat, spfing wheat, and carn, The dufnmary of
their responses to Question VII faIIDws

{Relative tngrr—:cerlt trqnd |Evt;|§)

i?:, o

./1‘

z =8 - §
2 S . a g -
e - = = ., |
v @ o » g7 P
g s g 858 5 &
(] o 2 (= £ £
U.S. winfer wheat belt 01 ¢ 04 ‘0.4 0.1
U.S. spring wheat belt - 0.2 0.2 0.5 0.1
U.5.-corn belt 0.1 * 0.2 05 » 0.2
- T - y = *{: )
The 12 October 1977 U.S. Department of Agru:ulture yield estimates for T +
these crops were as. follows (figures in parentheses are the percentage
deviations from an estimated 1950:76 trend value extrapolated:to 1877). -
Table B2 - . ¥
‘USDA Y.IELD ESTIMATES ‘
/ U.5. winter wheat -31.5 bu/acre
U.S. siiring wheat * 27.6 bu/acre
‘ U.S corn .. ~90.8 bu/acre
- The DEF’IEHSTS relatlve pessmﬂsm in the estimates for wheat, partlt:u\i*arly the
winter” whefit crop, prabably reflected the concern over the dry conditions
th?ﬁnsted in many areas in late March and early April. Above normal
précipitation during the last half of April in much of the Great Plains region
improved the growing conditions markedly. o . .
*See questionnaire for details on recent frend ievels. ; . - 97 -

¥



=In” addltmn the panelists provnded esﬂmates fcr dr@uéht persnstence

~ Specifically, thev*wer asked‘ "l;f a severe -dro t similar l'a:v the early ar o

~ mid-1930's should occur in 1977 how Iung wnuld it Iast?" The summary Df R
respaﬁses fclrgws e N P i o

o

‘ b Table 8.3 .

'Per5|5t Iess than“z years
Persist for 2 but léss than 4 years
-~ Rersistfor 4 orF more years

=
= : N L g T

T '\ S ) Aﬁ alternate methad for presenting the summary,}espaﬁses for draught
I oL persstence is* by a pmbablllty tree, This type of presentation.is useful far

o ' deterrmmng the pmbablhty Qfsd[aught in. the ﬁgxt year, .given.that the
K rBught has al dy Iasted a nurnber of* years In the diagram on page 99, a-
drought - is sh, vn to occur ‘in 1977. Acccrdmg #10 the. paﬁéhsts ‘the:
pmbablllty ‘that ‘the dréught ends in - 1@78 is 0.6 The pmbablllty that the L
drought continues, then is 1 minus the probab ity of -no drought or 0.4." :
The "drought ends" br nch of the tree ’terrﬁlnates at thé pcmt A T ( , i

T \ QWE now continue wuth the brangh in whlc:h d hught per5|sts through 1978.-
' = The panehsts estlmateq a probabllliy “of 0.3-thaka drought would last for 2
or 3 yeag. In ordéy: to Extend the_tree; we make a reascmable mterpolatlcm
the probability of a drought Tasimg -only 2 years is assurried to be 0.2 and the o
u pmbablhty of a 3year drgght ls taken to bE Q‘l In ﬁrder tD rna e the YA

drc»ught
pFr5|st|ng thrcugh 1978° alsa persusts t 979. \- Lo~
[ ' ‘ E1 v
Ey using the same condltu:nal prDbEbifltlES—@ 5 for termlnén‘m and: D 5 far
} persistence of a drought.that has lasted for at least a year—we contmue the _
- - A Jfree into 1QSD The, product of the probabilities along the branches leading .. -
e ' o to the terr’nlnatmn Qf drought’in 1980 (point C) is 0.1, in agreement with the '
' o lnterpala‘tmn assurnptlon about the probability of a drought Iastlng Exaetly 3
Cw yearssf o _ . :

* #
cF

SEE Extending ‘E}}e tree one stEp furtherinto 1981 with the same T:Dndltlcmal

. probabilities, we gét a prcbabllny of 0.05 for a 4-year drought (point D) aﬁd
a probability of 0°05 for 5 or more. years of drgught These pmbablhtles are
consistentt with the panelists’ probability of 0, dfora draught which pers»étg
for 4-or more years. At each drought- endlpg*fbram:h the product of the

- ) probabilities from the begiﬁﬁf%ocf the path to.the .end is equal to the

o8 : .- panelists’ estimate for a drought of that duration starting in 1977.

& . o f

B

:
27T ) . : . 1
N =

0
Cam




One may hote that once a drcught has started there ;s.“ atlvely hlgh

. probability that it will continue into the next year. However, the’ reasgmng ‘

, . \ above should not be extrapolated beyond the panellsts data. Even' as drawn,

o i “with the” mterpalated probabilities for 2- and 3-year droughts and with the

© 7 inferred ct:ndltmnal probabilities used far later years, the prgbablllty tree is

subject to uncertamty and ambiguity. For instance, the panelists may have

* assumed. dlfferent deﬁnltlans of draught termination, e.g., the return to ‘

- narmal preclpltatlan or -the return.to normal water supplies. Moreover, it i - .
' ”f’_e ‘that ihe reference year 1977, taken in the context of . double. or

LS

fcandltlaﬁs in the leted Statesﬂ& it fell sharthf‘the widggpread_draught"‘”'
: expenenced in the-early to mid- 1930’5
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W ,Apprnxlmately 50 mtérnatlonal authorities on climatic change were EBFJS!d
PR erEd gs ‘potential FEEIBIEﬁtS of the elimate*questionnaire, but because of time
; Tesource constraints the namber had to be reduced. Questionnaires were
sent to 28 scientists, including 10 from E ‘Fnrglgn countries. ‘Replies were

. received frc:m 24; their names aﬁd afflllatmns are listed -in_the acknowledg-

- ments. The 24 respondents participated in- varying -degrees. Three, for
example, restrlr.:ted their replies to qualltative mmg‘lents The other. 21

submitted the requested quantltatwe data ‘_ﬁ:r a‘_ least:1 questlon of these, 3

E

o - answered gnjg a few questions. Fifteen ;j avrded
least 7 cnf the. B‘questlcﬂs =

The table bel@w shows fdr each of the 10 questmns the number 6f
cllmatologlsts who submltted quaﬁﬁtatlve data and the average E)f theur

The nurnber resporidmg qusntltatwely to a given questnon ranged fmm 12

T - AVERAGE EXPERTISE F?ATINGS

\ ... . temperature, and Question“l11, atmospheric constituents).
_ TableC1 e ’ : '
s NUMEER OF RESPDNSES AND EXFEHTlSE RATINGS
B : - v B . Numbérof . Average
Guestlan Subjest - . N ‘ ' Hespgndénts - E"‘pﬁrlsf'f
AL Global temperature ) 19 42
S | AR Latltudmal temperature ) 17 . -« 4.2
i X Atmospheric constituents 18 o 4.1
£ Yoe Wt . Prgeipitation e 14 .39
e v Precipitation variability e B S X I
T ’ V-iu #5 Mid-latifude draught, L g 17 * - 4.0
) Vil = = Cropoutlook for 1977 , . 14 g 7"
- Vi " Asian monsaons ) 127 ST 34

IX Sahel drought - S ¥ " 38 .
% Length of growing season 15 « '+ 39
% e B “}i )
N !
. - . L
= s _ "» ] ‘1 r P“j
¥ . A T
i x

Q

ERIC

Aruitoxt provided by Eic:

*,qualﬁltatwe respcﬁses toat -

LT

.. " {for Question  VIIl, Asian monsoons) to 19 (for Question |, global

S




4 The'avefrage expeﬁise,ratiﬁgs,far each of the ELIéSﬁD s were in the range of

. - 3.4 t0:4.2 (3-familiar, 4-quite familiar, 5-expert). Jhe first*two"questions

-- s s, 4% - about temperatutes had the hnghest expertise ratmgs Duestlcn Vlll"on Ascan
a : mcnsaans had the lowest ratlng, 3 4 i
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. In the climate questmnnalre (‘Appendlx A) the panelists. 'were: gﬁen the Opﬁnrtumty to: lﬁﬂ de
references whu:h explain or elaborate their response to each question. These references; afranged
alph,abetlcaﬂy by questions, are included hefe as additional background material which _may be of -
- valie to the reader No spenlflc references were gi¥en for Questions V11| and X, on Asian Monsoons
and Length of Growmg Seasor’l respectwew ReferéﬁCES of a géneral nature are mcluded at the end

uf the list.

; I AVErage Gicbal Temperature T . ;
Ané\ell Jd.- K* and I(cxrshover J: ”Est:mate of the Global. ﬁange in. Tmp@srjhenc Température
~Between 1958 and 1973 " Manthly Weather Review 103 (Navernber 1975) 1007- 1012

ot

e - Estlmate of the Global Ch"aﬁgém Temperature Surface to 100 mb, Eetween 1958 :
_ ) ""”'nd 1975 " Mantﬁly Weather I?éwew 165 (April 1977) 375- 385 “ :
g - x o REe M P St . . )
) Borzénkcwa . 1 ﬁlnﬁlka\l K Y,,» Splrma JL. P., .and Stekhnovskly, D . "Change in An{_"
3T ";F* TempErature in the Northern Hemlspheré durmg the Périod 1881- 1:575 v~ Mdtsorology and
Vo Hydmlagyg no. 7 (July 1976) 27-35. ~ i e . T

ERy

Bmé‘:ker W.S.* “Climatic Chaﬁge AreﬁWE on the Brink of a Prnnnunced Global Warmmg?"
SL?)E'nEe 189 (August 1975) 450 463. ; . 90

Bryson Ftend A. and ‘Dittberner,  Gerald J “A Ngn Eqmllbﬂum Mudel of Herﬁlsphenc Mean;
Surface Temperature.” Jaurnal of the Atmasphem; SEIEHC‘ES 33 (November 1976):
o 2094&106 '
Lamb H. H -Climate: Present, Past and Future London: Methuen, Vol. 1 (1972) and Vol. 2
- (1977). ' : ' ’ -
Machta, L., Hanson, K., and Keeling, C.D. *Atmospheric Carbon Dioxide and Some 4nterpreta-
tlﬁﬁs " in Praceedmgs of the Hawaiian Meeting, The Fate of Fossil Fuel Carbon Qn::xzde
January 1976 {To be published). : = :

Manabe, Syukurd ‘and Wetherald Hu:hard T.“The Effects of Doubling; cthe CDQ Concentration on
the' Climate of a- General Clﬁculatlon Mndel “ Journal of thé’ Atmospheric Sciences 32
(January 1975): 3-15. : . : '

Nati@n\f'Sclence Foundation. Interdepartmental Cammittee for Atmospherlc Sclences (ICAS).
Regart af the Ad Hoc Panel on the Present In’terglat;lsl ICAS 18b-FY75, August 1974 103
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Newell Regmeld E. and Weare, Bryen C "Feetere Gnvermng Trepespherle Meen Temperature
o Se:eneeﬂ94(Deeember 1976) 1413 1414 ‘ Coal T ]

2 5

Ll S. Congress. Senate Cemml:ﬁ;ee' on Aereﬁeu’ﬁeel and Space Selenees Jeseph Smegerlnskyfg

"Streteepherle Ozone Heseereh and -Effects” in Hearings before the Subeemmlttee on the
7UpperAtmespﬁere 94th Ceng 2d eess February 25-March-t, 1976 : .

) &‘ <

rry end Wllllems Jill. - "The Geﬁneetleﬁ Between Trends of Mean Temperature and

T V}ﬁ Loon,

Clreulatleﬁ at the Surface: Part |. Winter?  Monthly Weather Review 104 (April 1976): S

. "The Cenneetnon Between Trends of Mean Temperature and Clreuletlon at the,

!Sur‘feee Pert Il Summer.” Menthly Weather Fewew 104 (August 197&5 1003- 1011

- . “The Cenneetlen Between Trends of Meen Temeereture and Circulation at the

) Eurfeee Pert I, Sermg and Autumn.” Monthly Weether Rewew 104 (Deeernher 1975)
e 1591 1596 .

"

\ R - W ""Comparisons of Surface - ‘Changes in t Ner‘thern Hemisphere With the Upper
’-19 - Air and W|th the' A arctic ln Wlnter "', Monthly We: ther E’ewew 305 (May 1977): 635 647.

Il. Avereg Letltudmel empereture S R

Tempereture |n the Northern. Hemlephere during thé Period 1881- 1975 " Meteorology and
-Hydrology, no. 7 (July 1976): 27-35. . i . v

;Borzenkeve I } mekev K.Y, Splnne L. P., and Stekhnovskjy, D.l. ‘‘Changé in Alr

P F

Dernon Peul E. and’ Kunen, Steven M ’%'Glbbeiséoeﬁng? No. Southerry Hemisphere Warming.
Trends May Indicate Onset of the CO97 ‘Greenhouse’ Effect.” Science 193 (August 1976):

447-453.

Flehn H. “Climate and Energy: A Scenario to 3%1 st Century Preblem C‘Iiﬁ”latie Change, Vol. 1,
No. 1 (March 1977): 5-.20. ©~ . - -,

Manabe, Syukuro and Wetherald, Eieherd T.  "The Effects of Doubling the GDQ Concentration on

the Climate- of a General Circulation Model.”” Journal of the Atmospheric Sciences 32 ;

< (January 1975): 3-15, - , o , e o

El

Salmger M. J. "'New\ Zealand Temperetu es Since . JBOD D" Neture ZED (Mereh 155)
310- 311, , . ! o .

.,

Sellnger M. J end Gunn J. M "Heeent Cllmetnc Werrnmg Around New Zeelend " Narure 256
_{(July ;1§7§) 396 398* L ] .

Tueker;G. B. “Climate; Is Australia’s Changing?” Search 6 (August 1975): 323-328. -

-
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i

- ,‘i..:’v’an Lﬁéﬁ, Harry\élnd Wlllfams Jill.. -“The Cnnnectmn Between Trends of Mean Temperature and
_Girculation' at ‘the Surface: Part 1. Wunter " Mantﬁly ‘Weather E‘ewew 104 (April 1976):
365380, | ,

. “The CDﬁﬁEEtIDn Between Trends of Mean Tempefature and Circulation at the
. Surfar:.e Part 11. Summer,” .- Monthly Weather F?ewev(;lm (August 1976): 1003- 1011
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