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ABSTRACT

Platt's type of table of world problems Is used to find a
problem just below nuclear war In intenstty and having a short time
to go critlical, The problem selected Is the glaclation cycle of
our planet, Since nelther The Hamaker Thesls nor any competing
theory has been adequately tested, we have to make deslslons under
uncertalnty. Using the elements of Declslon Theory under
Uncertalnty, we produce & '"regret matrix" of the maximum loss of
human 11fe for different states of nature versus different actlions
that c¢ould be taken. This exercise alds In obtalning the data
needed for a value judgement on preventing loss of human 11fe and
preventing destruction of clvillzatlon.

INTRODUCT I ON

This 1Is a study to see |f working from a background of general
systems theory can bring some prospects of aldlng In the development
of world peace. The approach here Is to take John Platt's (1669)
table of world problems and update It to the year 1985, We used
three approaches for updating. One was to use the 1922 update that
appeared In the General System Bulletin (Wood, 1982). The second
was to compare the table with the concluslions given by the analysls
of the earth as a system (Miller and Miller, 1982). The third was
to search the sclentific llterature for reports since 1982,

The objective was to see If there exlsts a major world problem
of less severlty than the danger of nuclear war that could be used
as a focus for developling International cooperation on this second
problem that would have a spil1l over effect toward world peace.

COMPUTER SPREAD SHEET OF WORLD PRCBLEMS

Table |1, Parts A, B, C, D, Is a print out of a computer spread
sheet contalning the updated table of world problems. The columns
are for a series of estimated time to crislis. Additlonal columns
have been added to Include a column for "minus flve years to zero"
and "50 to 1000 years."

When the glaclation cycle appeared to be the focus of secondary
problems such as rising atmospherlic carbon-dioxlde, deforestatlon,
and food shortage, additlonal references on the glaclial cycle were
added to the table,



TARLE

I=A: MAJOR WORLD PROBLEMS,

Classiflication of problems and crlses by
estimated time and Intenslity.
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TARLE
Classtiflicatlon of problems and crises
estimated time and Intensity,
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CONFLICTING PREDICTIONS ON CLIMATE

The table shows sclentlists 1ike Kukla (1972, 1977) and
Wolllard (1979) pointing to cooling and Impending glaclatlion and the
eneglineer, Hamaker, saylng the critlical point of glaclation has
already occurred, On the other hand the reports of the Natlonal
Research Council (198%) and the Environmental Protection Agency
(1983) indlcate a concern over the planet getting warmer leadine to
some melting of the npolar lce caps. How do we know whether
glaclation or warming 1s more probable? The warming predictions
come primarlly from computer simulation of the rigsing atmospheric
carbon dioxlde. The Indicatlons of glaclatlion come from
palecclimatology studies of the past glaclal cycles,

IS THE EARTH WARMING OR COOLING?

This symposlum has invited three speakers to hel!p us plan how
to determine what Is happening. A geologlist bhas been invited to
tell us what evidence Is available to Indlicate If we are moving Into
a glactial period.

We have a onroblem in the theory of the glacial! cycles. The
most comporehensive thesls on how the glaclal cycle works was
developed by a mechanical englineer outside the earth sclences, who
has been unable to get constructive feedback on his theory., In
November 1982 the secretary of the U.,S, Climate Roard at N,A.S.,
Washington, D.C., advised me that hls eroup had a copy of Hamaker's
book, but did not oplan to review the Hamaker Thesis. it Is
Important to review the Hamaker Theslis, because It ls consistent
with the coollne of the Northern latltudes and slight warming of the
lower Yatlitudes shown In data from Hansen (1281), 1dso (198%), and
Watt(19R5), The Hamaker Thesls Involves materlal from about twenty-
five flelds of science. According to Roederer of the Geonhysical
Instltute, Falrbanks, Alaska, our sclentlsts, unfversitles,
rovermment agencles, and scientiflec socletles are 1l11-prepared to
deal with Iinterdisciplinary probltems {(Roederer, 1925),

Hamaker and Weaver have been Invited to particinate In thils
sympos fum. To gilve us a nperspectlve on the data collection,
anatysis, and computer simultation capablillities of our country an
anatyst from the Congressional Office of Technology Assessment has
been Included In this symposlum,

VALUES IN MAXING DECISIONS

Suppose that Congress anpropriates $20,000, 000 for a three vear
study of the Hamaker Thesls. 1f the evaluation arrlved at In 1990
proves that Hamaker is Incorrect, the twenty million deollars was
insurance agalnst a possible catastrophe., On the other hand suppose
the study shows that the Hamaker Thesls 1Is c¢orrect and that
500,000,000 peonle have died of starvation by 1990 due to our
failure to take some remedlial actlon 1In 1986, Are we golng to
regret that our fallure to take some actlion led to 500,000,000
people dying? Where are our values? Are we going to risk half a
bItlion people dvlng by 1990, while we walt for sclentific
certalinty? et us examine declision theory as wused In business
administration to see If decision theory can ald us,



DECISION THEORY

Declslon theory 1isn't gzolng to make declislons for us, but use
of declslon theory can organlize our information on the problem so we
can better understand the conseguences of alternatlve declslons.
Flrst we shall! conslder some historical stages In decision theory.

Luce and Ralffa (1957, sec. 2.1) gave a classificatlion of
decislon makling, 1f a cholce must be made between two actlons, we
say that we are In the realm of declislon makling under:

(a) CERTAINTY I(f each actlon Is known to lead Inevitably to a
speclflc outcome,

{(b) RI1SK If each actlon leads to one of a set of possible
speclflc outcomes, each outcome occurring with a known probability.

{c) UNCERTAINTY If elither actlon or both has as lts consequence
a set of possible speclflc outcomes, but where the probablilitles of
these outcomes are completely unknown or are not even meaningful,

Our specl!fic problem of the CARBON DiOXIPE-cYimate-GLACIATION
relationshlp fits 'declsion maklng under uncertalnty". Lluce and
Ralffa (1957, «chap.13) discuss Indlvidual declision maklng under
uncertalnty. The core of the problem Is to construct a matrix In
whlich the possible states of nature are the columns and the possible
acts are the rows. Then one fll1ls In the matrix with the potential
outcomes for each palr of states of nature and acts.

van Glgech (197L: 69-71) dlscusses declslons under certalinty,
risk, and uncertalnty. Under uncertalnty, the probabllities for the
states of nature are not known so the analyst must choose from a
number of alternatlives, such as:

(1) Foual llikelihood criterion.

(2) Minimax erlterion.

(3) Minlmax regret.

{(4) The Hurwlcz criterlon,

The "minimax regret" crlterion appears to be appropriate to our
CLIMATE preoblem. Looking for an example, we find Lial and Miller
(1974: 318-323) conslder the case of a8 farmer deciding whether to
use smudge pots to protect his orange crop from frost Is used to
I1lustrate the dlfferent criterion, Incltuding the minimax criterlion
with a3 regret matrix.

DATA ON GLACIAL CYCLES

To apply the minimax criterlon to & regret matrix, we first
examlime glaclal cycles for the last 900,000 vears In Flg. 1. We see
that there Is a minimum In ice volume approximately every 100,000
years and that we appear to be rislng out of a minimum. To find
more detall we plot the climatic history for the last 140,000 years
in Flg. 2. This shows the parts per million of carbon dloxide In the
atmosphere, the global lce volume In millions of cublc kllometers,
and the vartation of the mean mlid-latltude air temperature In
degrees centlgrade.
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STATES OF NATURE

1f we had no information other than the curves, | would deduce
that we were moving Into a 90,000 vear glaclal perlod. Since there
s so much sclentifle 1literature talking about carbon dlioxlide
vwarmlng, there Is a3 state of confuslon over what Is happenling.
Since we don't know with scientific certainty, we can draw three
alternative future projectlons for carbon dioxlde, Tce volume, and

temperature, In Flg. 3 alterrnative curves (a) represent a
contlnuatlon of the historical glacliatlon cycle. Curves (b)
represent a man-made change in the fFlaclal cycle by

reminerallization, reforestation, and reduction of fosil! fuel burning
based on the Hamaker Thesls., Curves {(c) represent a warming due to
atmospherlc carbon dioxlde, These three sets of projectlions are our
major alternative states of nature,
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REGRET MATRI1X

Since we have determined that we have a declislon to make under
uncertainty we next estimate the possible number of deaths due to
stafvatlon for the perlod 1983 to 1995 for each of the three
projectlons of glaclation for slx different actions we might
consider. We have taken Hamaker's and Bryant's estimates of
probable deaths due to crop fallure during the start of glaciation
and then dlscounted the result siml!iar to the process described by

Linstone (1877: 5-7) to scale down 1o
future unknown factors, neer range predictlions for

TABLE 11: REGRET MATRIX FOR CLIMATE CHANGE

fstimated number of people dying from starvation on planet Earth
from 1983 to 1995 for different states of nature and different
actions taken.

STATES OF NATURE

! a ! b ! c !

| GLACIATON REMAINING WARMI NG !

ACTIONS I INCREASING AT PRESENT PROCEEDING 1t
! ! NOW LEVELS NOW !

! ! } 1 !

v ! ! ! !

t ! ! !

PO NOTHING ! 2,000 M ! 24 M ! 12 M 1
1 ! ! {

REMIMFRALIZATION | ! ! !
& PFFOPESTATION 1 250 M ! 12 M ! 12 M !
STARTING NOW ! ! 1 !
REMINERALIZATION L ! ! t
& REFOPESTATION P 1,200 M ! 12 M ! 12 M !
STARTING {M 5 YEARS ! ! ! !
DISCONTINUE ! ! ! !
BURNING OF ! 1,000 M ! B M ! 8 M {
FOSSIL FUELS 1 ! 1 !
REORGANIZF ! { ! !
DISTRIBUITIO ¢ | 1,000 M 1 8 M | B M !
OF FoOD . ! 1 ! 1
GROW SPIRULINA 1 ! t !
ALGAE FOR FOOD ! 700 M ! 6 M ! 6 M !
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fur bsse estimate 1Is for the case we do nothing about the
glaclatlion cycle. For this case the estimated deaths from 1983 to
1995 1s two hilllon, If the glaclatlon cycle Is proceeding now. If
the rlslng carbon dloxlde Is causine a compensating effect to hold
glaclatlon to the present level the deaths due to starvation would
e 24 mitllon for the same perlod., |If warming 1s occurrlng then the
deaths would be 12 milllon for the same perlod.

The full matrix of estlmates !s shown In Table 11,
MINIMAO RECRET CRITERION

We now apply the minimax regret criterion to the regret matrix.
We look for the row that has lowest maxImum regret for all three
columns. This 1Is row number two, "Remlnerallzatlon & Reforestatlon
Starting Now." Startlng now we would expect 250 milllion people to
die of starvatlon between 1983 and 1935, Thls s the lowest value
In column "a".

We have Iinvited Bryant and Malveaux to present a paper on a
plan of actlon to carry out the actlon indicated by this use of
declislon theory.

CONCLUSIOMS

Through viewling the earth as a system composed of both living
and non-llving sub-systems Interconnected, we can develop a more
comprehensive view of the major world problems. The blo-geophyslcal
glaciation cycle of our planet Is a very Important base underlylng
many problems, Through a perspective of general systems theory we
are able to utillze concepts from business declslon theory to define
the parameters needed for deciding what action to take about the
glacial cycle. These processes In the absence of more scientiflc
data on how the glaciatlon cycle works polnt to a program of
reminerallzatlon of the soll, reforestation, and reduction of fossil
fuel burning to minimize the loss of human 11fe due to the glaclal
process,
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