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Four Models of Global Systems

Scient ists have turned their attentions to comp uter modelling as a
meth od for studying global systems in order to evaluate claims of po­
tential catastro phe and to see whether intervent ion is possible. In chap­
ter 2, I will discuss the na ture of mo delling in genera l. In this chap ter,
I will sketc h some well-known models of global systems designed in re­
sponse to fears of global catas trophe and supp ly some of their history.

The models I am interes ted in each deal with a unique prob lem.
These models of globa l systems examine the potential of some human
activities to result in catastrophe. Nuclear winter, ozone depletion, over­
population, and globa l warming are potential catastrophes bro ught
about by hum an behaviour that are global in scope and have potentially
irreversible consequences . Unlike models of local systems, these global
models cannot be fine-tuned by tr ial and error. We canno t perform ex­
periments on global systems to see whether the predictions made by
models of nuclear winter are accurate . The unique nature of the di­
lemma is that we need to decide whether to act to prevent these poten­
tial catastrophes before we have stro ng evidence whether our fears of
them are even realistic. Scientists hope th at the results of the modelling
exerc ise can be used by policy-makers to guide human action.

NUCL E AR W I NTE R

If the direct catastrophic consequences of a nuclear war were not bad
enough, var ious scientists were warning in the early r oSos of the



possibility of a new and previously unimagined disaster: nucl ear winter.
While the radi oactive fall out and breakdo\.vn of or ganized society re­
sult ing fro m a nuclear wa r would certa inly be horrific, th e end of all
life on the planet was not usuall y included among the conseq uences . I

H owever, th e en suing glo ba l climatic effects might indeed ens ure th e
apocalypse. Comp uter modellers co njectured th at in the aftermath of a
nu clear exc hange, such a large quantity of soo t and du st part icles
would be disp ersed through out the atmosphere that th ey m ight cha nge
th e climate. The du st clo ud might reflect so much sunlight back into
space for such a long peri od of time that Earth wo uld be plunged into a
w inter th at would ha ve ca tastrophic effec ts on the planet's life. Thus, it
was urged that the globa l nuclear stockpile be reduced to a level below

that w hich would tri gger this potential ca tas tro phe.
One of the fir st , and certa inly the most influential , of th e nuclear

w inter models was publish ed in 1983 .2 It s simplicity was part of its
persuasive fo rce . The calculations w ere bas ed on a re presenta tion of
th e atmosp here as a I em? co lum n of a ir, and the only variabl es co n­
side red wer e the area , the quantity of fu el in th at a rea, and th e
amount of sm oke that would be produced by burning. T he authors
claimed that the model was partiall y in sp ired by an ana logy w ith vol­
ca nic eru p tio ns and Mart ian dust sto rms . Study of these phen omen a
revealed tha t there ar e tw o simple mechanisms by w hic h dust, soot,
and sulphuric aci d ae rosols cool glo ba l temperature. Firs t, these parti­
cles directl y lower the glo bal tempera ture by reflec ting sun ligh t an d
th us reducing th e amount that reaches Earth 's surface. Second, the y
indirectl y ca use cooling by ac ting as co nde nsation nu clei in cloud for­
mation, th us fur t her blocking sunlight. This simple model ignores
regiona l geograp hy; th e effects of th e wind in tr an sporting th e smoke
around the glo be; the heat capacity of the oceans; th e effec t of possible
co agulation of parti cles; the a lt it ude of the smoke cov er, as well as
w he ther it was a co ntinuous blanket or in pat ches; and other co mpli­
cating det ail s. It is nevertheless able to exp lore th e basic mechanisms
behind th e temperature cha ng es ex pecte d from different amounts of

particles blocking sunlight .3
O ther models fo llowe d from researchers around th e wo rld. Unfo rt u­

nat ely, th e range of th ese p redi cti ons wa s far from precise. Ton y
Rothman reports th at one model showed a pot ential attenua tion factor
of sunlight in th e ra nge of 2 to I S 0 times, whil e other mod els p redicted
temperature drops of 35, 20, and 8° c .4 Nonethe less, each of th ese
mode llers regarded th e o the rs as co nfirm ing their own findings.

Besides lack of precision, th ere were many other problems with the
models. Many of th e predict ed effect s were based on an ana logy with
th e behaviour of th e sulphuric acid aeros ols released in volcanic erup­
tions - but the se would not be present in the nucl ear w inter case and
th ere was no evidence to support the assumption th at soo t and du st
would behave in the same way as th e sulphuri c aerosols." In the USS R

Aca demy of Sciences model of Aleksa ndrov and Stenchikov, no distinc­
tion was mad e betw een dust an d soot wi th respect to their diffe rent re­
flecti ve properties; thi s resulted in an overestimation of the nucl ear
w inter effect ." There were large un certainties with regard to the quan­
ti ty and " blackness" of smoke th at would be produced, as well as how
mu ch would be immediate ly washed out by rain (estima tes ra nged
fro m 10 to 80 percent} ? There was disagreement over whether there
was a minimum threshold level impl ying that a relat ively sma ll burn
area would trigger th e full nuclea r winter effec t. (This co ncept was cen­
tral in ar ms policy co nsidera tions wi th regard to desirable levels of to­
tal world stockp iles and th e advisa bility of limited str ikes.)

Despite th eir problems, nuclear winter models gained a great deal of
support. The rap id acceptance of the nuclear winter vision might have
been a res ult of it s powerful imagery, which grippe d anyone who heard
it in a poetic, but nightmari sh daydream. H owever, in his essay "A
Memoir of Nuclear Winter, " Rothman argues from personal experi­
ences and discussions w ith some major participants th at thi s wide­
spread accep ta nce of a suspect model was a result of the no ncr itical
stance th at most scientists adopted for polit ical reasons. (I wi ll disc uss
these so rts of reasons for accepting predictio ns of global catastrophe in
part 2.)

Later, more complicated models were designed, an d the co nclusions
had to be mo difie d to allow for the mi tigating effects mentioned above .
It tu rned out that the nuclear winter mo de ls were not "robust"; that is,
small cha nges in the in itial co nditions and ass umptions wo uld result in
wide variations in th e predictions of temperature decreases and dura ­
tion of th e du st cloud. Since estima tes of the amount of smoke produced
by nucl ear explosions are very un cert ain. j thi s sensitivity of th e model
to sma ll changes in assumptions is a serious defect. For exa mple, if the
nucl ear exchange takes place in the winter season instead of the summer
season, th e temperature drop is smaller by one order of magnitude. "

S.L. Thompson and S.H. Sch neider ar gue that, as a result of the
above co ns idera tions, th e deep-freeze interpretat ion of nuclea r winte r
is now dismissed by most scientists as unlikely. Instead , these autho rs



suggest that we think in terms of a nuclear autumn rather than a nu­
clear winter.10 While not suggesting th at nuclear war will have no other
lasting enviro nment al effects, Thompso n and Schneider non etheless ar­
gue that "on scient ific gro unds the global apo calyptic conclusions of
the initi al nucl ear winter hypothesis can now be relegated to a vanis h­
ingly low level of proba bility."II That is, there does not seem to be the
po ten tia l for human extinc tion resulting solely from the clima tic
change that wo uld follow nuclear explosions. The possibility of nuclear
winter still exists , but th e revised mod els suggest a much lower proba­
bility than th e origina l models, as well as the absence of any minimum
threshold.

OZON E LAYE R D EPL E TION

What is interesting abo ut the histor y of mod els of ozone layer deple­
tion is that the fear they generated was sufficient to initiate worldwide
preventi ve action before any consensus wa s reac hed about the plausi­
bility of th e mod els and befor e there was any measur able damage. 12 In
th is case, the causa l evidence was not discovered until afterward. Ac­
tion was tak en to reduce the use and release of CFCS (chlorofluorocar­
bons) as early as 1978. H owever, it was not until 1988 that a study of
the Antarctic atmosphere was published th at revea led that there was a
direct correlation between increased concentrations of chlor ine and de­
creases in ozone.F'

The first publica tions that imp lied that CFCS might be damaging the
ozone layer came in 1974.14 C FC S migrate up to the stratosphere where
they are broken down by short-wave ultr aviolet radi at ion. As the C F C S

break down, the chlorine released acts as a catalyst in an ozone de­
stroying reaction that takes p lace on ice crysta ls crea ted in large po lar
vort ices. A single chlor ine molecule can destroy abo ut 100,000 mo le­
cules of ozone.v i As the ozone th ins, th e amo unt of UV-B rad iation
reachin g Earth's surface increases, and thi s results in an increased fre­
quency of skin can cer and retina l burn, the suppress ion of immune sys­
tems, decreased agricultu ra l yields, and even, perh aps, the death of the
oceans, as u v -sensitive plankton and other creatures low on the foo d
chain are destroyed.

The effective political acti on s of a stro ng environmenta l movement
led to pre ventive actio n being taken as early as 1978, with a ban on
aerosol sprays in the United Sta tes, Canada, Norway, and Sweden . 16

However, the production of CFCS for other uses (refrigeration, thermal
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insulation) continued to grow. It was not until 19 84 that the ozo ne
hole over Antarctica was first noticed. A 40 percent decrease in ozo ne
over ten years had gone previously unnoticed because resea rchers had
rejected low readings as anomalous. 1 7

The nature of the phenom enon was yet to be und erstood. Explana ­
tions and evidence wo uld not come until thre e years later. No netheless,
internatio nal political agreements were reac hed in 1987 to limit pro ­
duct ion and use of CFCS. An internatio nal agreement to reduce CFC

use, know n as the Montrea l Protocol, was signed in 1987. Soon after,
the result s of a crucial experiment were published. A NASA research
plane had flown over the Antarctic taking measurements of the rele­
vant varia bles. The measur ements revealed that decreases in ozo ne con­
centra tion were dir ectly proportion al to concentrations of chlor ine
present. "

OVE RPOP U LA TI O N

The population of Eart h has just reac hed app roxim ately six billion,
and it is still grow ing. While it is clear that we must reflect on the po­
tenti al consequences of our current ra te of population grow th, it is not
obv ious to everyone that the growth itself must soo n end. On the one
hand, there are those who believe that our resources are very limited
and, therefore, that we must take preve ntive meas ures to limit growth
now, or else expect the much less desirable checks of massive famine
and global economic collapse . O thers maintain that we have enormous
supplies of cheap energy - the sun or the wind or uranium - and vast
quantities of untapped metal reso urces on the ocean floor and in
Earth's core. Even if these reso urces are ultimately limited, there is st ill

.room for a huge increase in population. We are often reminded in these
argume nts that, because the added population also contr ibutes to pro­
duction, an increase in population is not simply a drain on our finite
stoc k of resources - the more the merrier, so to spea k."? The po int of
this argument is that the globe's carryi ng capacity cannot be described
as an abso lute limit th at is independent of ot her contex ts. In the wor ds
of L. Sjoberg, " Carrying capac ity is a socially orga nized threshold and
not a simple technological ph enom enon. " 20

One of the most influential arguments in support of the conclusion
that we have exceeded, or will very soo n exceed, Earth 's carry ing capac­
ity is to be found in Meadows et al.'s The Lim its to Growth (and later in
Meadows et al.'s Beyond The Limits). The claims made there are based



on a computer model of Earth that attempts to take into acco unt the in­
teractions of severa l systems. This "sys tem dynamics" mo del character­
izes the p lanet in term s of severa l compo nents - po pulation, pollution,
resources, food production, an d other inte rre lated subsys tems . First it
gives descriptions of the behaviou r of each subsystem (for example,
population grows expo nen tially in certain circ umsta nces) and the con­
nections between these component systems (for example, supp ly and de­
mand laws, the effects of pollution on agricultural yields, delayed
reactions, and any known positive an d negative feedback loop s). These
descr ip tions are a mixture of theoretical assumptions and empirical
measurements. The mo del then makes countless calculations in an at­
tempt to discover the dynamics of the whole system under different ini­
tial cond itions obtained by varying assump tions about such ma tters as
resource avai lability or technological efficiency.

T he authors identify four possible futures tha t wo uld result under
vario us ass umptio ns .t ' The pop ulation an d econo my co uld (I ) grow
conti nuously, (2) slow ly ap proach a limit and then sta bilize, (3) over ­
shoot the limit slightly an d then osc illate above and below that limit in
a series of minor cr ises and recoveries, or (4) overshoot the limit and
"collapse" inelastically. T he authors reached the conclusion that, if the
world's systems co ntinue to operate in the same manner as today, then
the fourth future they describe wi ll be our future - the world will over­
shoot its limits within one hundred year s and co llapse irreversibly.22

Desertification, depletion of fisheries, loss of species, and losses in
industrial capacity wi ll be so sudden and severe that recovery, if it oc­
curs at all, will tak e deca des at least. (In fact, they claim we have al­
ready overshot limits in several areas. 2 3) This catas trophic future will
result because the indicators of problems are delayed (for example, it
takes ab out fifteen years for C FCS to migr ate to the stra tosphere, wh ere
the y start to break down ozone -e), responses to these problems ar e of­
ten slow, and many subsystems ar e unable to reco ver quickly, if at all,
after large setbacks.

T he model is not specific about how global collapse will come about.
It can come in various wa ys - depletion of natura l reso urces or eco­
nomic failures, for example. Unfortunately, if one of these paths to de­
struc tion is avoided, another on e is precipita ted. Diverting financia l
reso urces fro m polluting industri es w ill, given one scenar io, lead to
economic co llapse. So too will boosting agricultura l production in or­
der to feed a growing population . T hus, the model revea ls that the
problem is not simp ly one of physical lim its to the world's fini te na tura l
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OVERSHOOT ANDCOLLAPSE
Four mod es of population approach to carrying capacity
Based on figure 4 -2 in Meadows, Meadows, and Randers, Beyond th e Limits.

resources but rather one of limits in what they call the world system's
"ability to cope ."25 The writers are claiming that their mo del reveals
that our fut ure is threatened by population growth not simp ly because
reso urces are scarce but also beca use of the inherent and inescapable
problems arising from the struc ture and orga nization of our wo rld sys­
tem. T hus, the wri ters claim, even with very optimistic assump tions
abo ut increased economic and technical efficiency, recycling, improved
agricultura l yields, and pes t control, the world system will still suffer a
collapse under the weight of growing population .

G LO BAL WARMING

Recent climate models built to study the threa t of globa l climate
change imply that sho uld pr esent pa tterns of hu man behaviour persis t
and th e concentration of carb on dioxide, methane, nitro us oxide
(green ho use gases) cont inue to increase over the next hundred years,
the average global near-surface temperature will increase 1.4-5.8 °c.
The Intergovernmental Pane l on Climate Change ( I PC C) estimates tha t
the global mea n temperature will increase approximately 0.1 - 0 .2°c



per decade and befo re the year 2100 will be at least 3°C above current
averages. 26 The stratosphere, meanwhile; will undergo a coo ling effect.
Sea levels might r ise as a result of both therm al expansion of the wa ter
and increasing run off fro m melting ice caps. The int erior of some con­
tinent s will become mor e arid and the fre quency and severity of hurri­
canes and typhoons could increase.V

Some observers argue that the average global mean temperature has
already increased by 0.3-o.6 °c over the last hundred years. If they are
right, a plausible exp lana tion for this increase is the act ion of the green ­
house gas warming effect represented in these models. On the other
hand, the exis tence of a sta tistica lly significant increase is disputed, 28

and the increase is not outs ide the limits of natural var iation anyway. 29

The climate cycles naturally on several different time scales as well as
fluctua ting randomly; for example, sunspot cycles and the EI N ino
effect are both major factors in determining global climate. There are
also long-term balances and energy shifts between the various globa l
components. The natural variability of Earth's clima te is determined by
changes in ocean circulation, atmospheric dust, and long-term fluct ua­
tions in Earth's "wobble" (M ilankovich cycles) as well as changes in so­
lar radiance. Because th e temperatu re increases predicted by global
climate models are, so far, too sma ll to distinguish them as outside the
natural limits, any evide nce for such increases is incapable of confirm­
ing glo bal warming theory. T he influence on climate of natural system
cycles cont inues to be m uch greater th an tha t of human behaviour.

Even an absence of a measurable global warming will not falsify the
greenhouse hypotheses, however. The global climate is a complex sys­
tem of energy transfers involving cloud formation, air currents, ocean
currents, cha nges in rainfall and soil mois ture, and storm freque ncy ­
as we ll as tem perature cha nge. An absence of global warming to date,
then , do es not necessarily mean that the climate is not being adversely
affected by gree nho use gases . The climate change might be occurring in
one of these other areas of the system.

To study these energy transfers, mu ch effort has been spent in devel­
oping computer simulation mo dels of Earth's climate. These "ge neral
circulation models" represent Eart h's clima te with a series of mathe­
mat ical equations of the pro cesses occur ring in various spheres of
Earth - the atmos phere, the oceans, the cont inental lan dmasses (the
geosphere ), the biosph ere, an d the cryosphere (ice caps and glaciers ).
The behaviour of eac h of these areas varies considerably with respect to
speed an d complexi ty; for example, the geosp here an d the crysophere
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affect climate grea tly, but change very slowly, whi le the atmos phere an d
ocean surfaces can change rapidly. Models mus t cap ture this complex­
ity for accura te represent at ions.

Some components are incredibl y complex. Co nsequently, modellers
mak e a large number of simplifying ass umptions about them. Particu­
larl y difficult to model are cloud formati on, biosp here/clima te interac­
tions, and ocean currents; consequently, researchers remain largely
uncertain of their behav iour. Since modelling the deta ils of sma ll-scale
processes like those invo lved in cloud forma tion and ocean currents is
also limited by comp uter power and expe nse, it is not attempted.
Instead, these processes are treat ed as "black boxes" an d statistica l ob­
serva tions are insert ed. This procedure is known as parameterization.
Thus, for example, mo dellers collect data on general correlations be­
tween humidity and temperature levels, and assume that they are suffi­
cient for mod elling p urposes . Thus, the need for detailed equations
representing the physics of these relations is avo ided. For example,
while the Canadian Clima te Cent re model has the highest spa tial reso­
lution of any model, it does no t include ocea n currents. J?

A major met hodologica l objective of global circu lation models is to
represent the present climate - including seasonal changes, evapora­
tion, and rainfall - an d then to ad just the components of the model to
represent changes in greenhouse gases. (A common model scenario as­
sumes a do ubling of car bon diox ide (or eq uivalent), while othe r mo dels
ad just the increase more gra dually.) Unlike that of regional wea ther
forecas ting, the goa l of climate modelling is not to predict the system's
behaviour at any particular point in time but only the general behav­
iour of the system . Th us, the resol ution of a climate model is intention­
ally lacking in detail. Global circ ulation mo dels represent the
atmosphere as a series of grid points on th ree-dimension al axes. The
number of poin ts is lar gely determined by computer power, because for
each point severa l meteorological varia bles are calc ulated . For detailed,
regiona l wea ther forecasting, these grid poi nts are in close proximity.
In contras t, for global modelling, the required reso lution is much
lower, and grid points may be several hundred kilometers ap art with
only 10-20 vert ical levelsY

On e climatol ogist has claimed, ironically, that "the greenhouse effect
is the least controversia l th eor y in at mospheric science." 32 Wha t .he
means is tha t, while th ere are ma ny uncert ainties abo ut whether global
warming will be catastrophic, the general behaviour of the components
in the model is no t disp uted. We know, fro m the analysis of anc ient air
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found in bubbles trapped in glacial ice cores, th at the concentrati on of
gree nho use gases ha s increased. The warming effect of th ese gases is
well understood. The ultraviolet rays of sunlight pen etr at e th e atmo­
sphere, str ike Eart h and are refl ect ed back as infrared rays, which ar e
th en absorbed and trapped by the greenhouse gases in the atmosphere .
We kn ow that the greenhouse effect is what makes thi s plan et habit­
able, an d that the controve rsy is reall y abo ut whe ther thi s effect will be
incr eased and, if so, whether this incr ease w ill be detrimental to hu­
man s. We also kn ow th at so me histo rical climate cha nges - for exam­
ple, th e end of the last ice age - are correlated with cha nges in
gree nho use gas concentrations. (H ow ever, this co rrelati on does not im­

ply causat ion .)
The co ntrove rsy lies in w he the r average global temperatures have

already ac tua lly increased or will increase. The rate of cha nge is also
highl y uncertain and yet crucial for ascerta ining whether globa l cli­
mate change is a serious threat. The theory of the greenhouse effect is
uncontroversial in the sense that everyone agrees that an inc rease in
th e co nce ntrat ion of greenhouse ga ses will affect the climate so mehow.
What is controvers ia l about the theory is just what th e consequenc es
w ill be: how much warming and wher e? Will th ere be any negative
feedback fro m th e atmosp he re, the ocea ns or the ice cap s to mitigat e

any warm ing ?
Evidence cite d for the incr ease in globa l temperature co nsis ts in the

recorded warmi ng tr end in recent globa l meteor ological histo ry (the
hottest years on record have been in the last two decad es), th e observa ­
tion th at th e ave rage surface temperatures have increased by 0· 3-0 . 6 °c

in the last hundred years , the fact that Ca na dian lak es have an increas­
ingly long ice-free season, and man y other chan ges in the timing of
plant and anima l cycles suc h as flow erin g and egg-lay ing . 33 However,
th ere is no evidence that these ch an ges are directl y linked to ant hropo­
gen ic em issions; it might st ill be possibl e that th e temper ature increase

is just part of normal globa l temperature var iations.
Some climatologist s who beli eve th at Ea rt h is wa rming claim that it

is unlikely th at such a warming tr end could ha ve occurred merely by
natural processes: " w ith 99 perc ent confidence w e can state that recent
glo ba l w arming is a ' real w arming tr end, ' not one occurr ing by chance
or accide nt ." 34 Others, however, ar e not convinced: "recent warming is
still within - although perhap s pushing - the upper limits of natural
vari ability." 35 Even if there is a warming cau sed by anthro pogenic
emissions, its magnitude is not yet outside natural limits, and thus th e
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ex istence of this warming cannot serve as evidence for the increased
greenho use effect hyp othesis.

Even if the prediction of incr eased warming is acc epted, however, it
is not obvious that th e predicted three or four degree temperature in­
crease presents a serious problem for humans and other creatures.
Warming might even benefit some regions without harming others.
W inte rs and nights could be wa rmer wi thout necessaril y increasing
summe r or daytime temperatures. The gro w ing season might be ex­
tended at high latitudes, and high carbon dio xide concentrati ons in­
crease growth rates of man y plants while simultaneously decreasing
the ir need for wa te r, thus making ag ricultur e possibl e in semi-arid
wastelands . Pre viously lifeless areas might become cap abl e of susta in­
ing ecos p heres. Such cha nges might result in benefits in agr iculture and
fores try.36

Others argue that this op tim ism is too hasty. Fir st of all, complex sys­
tems cannot be changed that simply. For example, even though the
gro wth rate of plants might incr ease, pests too are likely to be more
prolific. Though a slight increase in temperature might be beneficial in
some areas were it to come on gra dua lly, if it were to come on rapidly,
ecosystems would not be able to adapt. Furthermor e, even sma ll
cha nges in global temperatures ca n cha nge glo bal climatic patterns, re­
sulting in increased frequency and severity of hurrican es, droughrs.>?
and other weather disasters - w ha t Bernard call s " clima tic stress ." 38

Thus, even a small temperature increase might present a serio us prob­
lem . Ana logies with past abru p t climatic changes - cooling at the end of
th e dinosaur era, temperature fluctuati ons due to enlar gement and di­
minishment of ice-age glaciers, the 1)130S drought in th e us M idwes t ­
indicate th at a shift of only a few degrees can ha ve severe co nsequences .

Second, the predicted increase of I.4-S.8 °c over th e next hundred
years is a globa l average. Climate models aggregate the clim ate of vari­
ous regions into one large grid and thus ignore regional differences.
H owever, it is the larger temperature var iations within th e various re­
gio ns that are the source of the enviro nmental an xi ety. The p oles will
get wa rmer, perhaps resulting in some melting of th e ice caps and
flooding of the world 's coastal sett lements, endangering an enormous
number of lives.I? Even as coasts are flooded, the interior of some co n­
tin ents will be stricken with drought, straining irrigation resources,
harming wetlands, and increasing wind-erosion of the land.

Unc ertainties are not co nfined to regional variation, however. Th e
cha in of consequences tri ggered by an increase in average glo bal



temperature might result in either an acce lera tion or miti gat ion of the
warming trend. It is possib le th at th e effects of some process act in such
a way as to enhance that process. This is known as a positi ve feedbac k
loop. For example, a positi ve feedback loop might be that warmer
oceans would absorb less ca rbon dioxide, or th ey could release tons of
th e greenhouse gas metha ne sto red in sea floor mud or perm afro st ,
thereby ca using fur ther warming .4° Either way, the warming effect
co uld be enha nced by abo ut O.5°e per yearY Negative feedb ack loop s,
on the othe r hand, serve to reverse or slow down a process. In thi s case,
it might be th at an increase in globa l tem perature would result in more
bright cloud formation, wh ich in tu rn could mitigate the warming ef­
fects by decreasing th e amount of sunlight th at reaches Eart h. O nce
again, however, th e pattern of cloud for mation would have regional
variations and wo uld have different effects in different areas.P Clouds
of ice crys ta ls over the Arctic behave differently than clouds ove r the
tro pics with respect to how much heat is trapped or reflected .v T he ef­
fects of clouds vary grea tly w ith th eir brightness and str ucture. Clouds
can deflect light and thus decrease warming, or act as an insulating
layer, th ereby increasing globa l wa rming. Cirr us clouds, wh ich now
cover ap proxima tely 16 percent of Earth, act as a blanket and ca n have
a net warming effec t, w hile marine stratocum ulus clo uds, which now
cove r approximate ly 34 percent of Eart h, ha ve a net cooling effect be­
ca use th eir brightness reflect s sunlight bac k into outer space. Slight dif­
fere nces be tween models in the way that th e dynamics an d distr ibution
of th ese clo uds are represented will resu lt in large differences in pre ­
dict ed warming.v' We also do not kn ow whethe r th e co ncentration of
greenho use gases w ill co nt inue to increase or whether the deep ocea n
cur rents wi ll absorb most of th e greenhouse gases (altho ugh it is sus­
pected th at the ra te of deep wa ter absorption wi ll decreasev }, We think
th ere m ust be a carbon sink somewhere beca use of th e missing carbon
problem. The co ncentrations of carbo n dioxid e in th e atmos phere are
not as high as estima tes of carbon dioxid e emissions, and we do no t
know where the missing carbon is goi ng.v " O ther nega tive feedback
mechanisms th at wo uld limit the effects of global warming have also
been postulat ed . Polar ice ca ps might actua lly increase in area . Al­
th ou gh th e poles might get warmer, it might still be co ld eno ugh for
snow. Hi gher average temperatures mean higher am ounts of evapora ­
tion of wa ter, and this co uld lead to a grea ter accum ulation of snow.
T his increased area would mean a grea ter reflectivity of the sun's en­

ergy. This, in turn, would slow th e warming.

I

I
I
f

I
f

Ano ther complication that mo dellers mu st co nsider is th e effect of
sulpha te emissions. The burning of foss il fuels, which is the major
source of greenho use gas emissio ns, is also a source of sulpha te particle
emiss ions . Sulpha te particles in the atmos phere initi ate a coolin g pro­
cess by reflecting light. 47 Researchers estima te that approxi ma tely
25 percent of th e global warming effect can be mitigated by the pres­
ence of sulphate particles.v' Ozone reduction might also indirectly
cau se cooling throu gh complicat ed atmospheric chemistry leadin g to

increased cloud formati on.t?
Modelling oceans is also com plicated . Increasing wa ter temperatures

wi ll change levels of sa linity, biological activity, ra tes of car bon ex­
change between surface and deep currents, and mu ch else.5°

H ow th ese feedback loops will work is th e larg est source of uncer­
tainty in global circulation models. Stephen Schneider concedes that
"present models, crudely reproducing only average cloudiness, can say
littl e tha t is reliable abo ut clo ud feedback - or abo ut the many other
feedbac ks ." 51 Similarly, an I pee assessment of genera l circulation mod­
els concludes that " in th eir current sta te of develo pm ent , th e descrip­
tions of man y of the processes involved are compara tively crude ." 52

(Although th e most recent n-ee report cla ims that models are improv­
ing all th e tim e.53 ) Even well-known feedback mechanisms, such as
th ose bet ween climate and vegeta tion, are not always includ ed owin g
to limited computer resources.r-

In th e case of greenhouse mod els, th ere will be no one discovery that
will confirm or fa lsify the models. In the ozone layer depletion case, as
we saw, a single exper iment confirmed, to the satisfactio n of most re­
searchers, the connection between chlorine con centrations and ozo ne
depletion. However, in th e global warming case a large number of cli­
ma te var iab les is involved; the unfolding of globa l warming will not be
a simp le rise in average surface temperature. Co nfirma tion of models
th at predict globa l warming will be a slow process of gathering data
about many parts of Earth 's clim at e over many years. (For exa mp le,
some models predict an increase in precipitation above 300N latitude,
and a decrease below thi s latitude.) Research is ongoing, but it appears
that some new studies hint th at globa l wa rming will no t be as great as
was previously thought. r! For exa mple, curre ntly estima ted increases in
sea level ar e not nearl y as large as those once thou ght likely.56

Meanw hile, the actions recommend ed to avert th is possible catastro­
phe will be much more costly than were req uired in the ozone-depletion
case. Greenhouse gases are produced by ro utine and fundam ental



practices in transportation, industry, and agriculture. Reduc tion of emis­
sions in these areas will require a much larger trade-off than was re­
quir ed in reducing CFC use. According to one estimate, even if we were
to replace every coal and oil-burn ing electricity genera ting plant with one
that produces no carb on dioxide, total carb on dioxide output would be
reduced by only 25 percent. V Furthermore, because carbon dioxide re­
sides in the atmosphere for long periods, even with a complete cessation
of emissions today, about half of the recent increase in concentr ation
would still rema in in the atmosphere in one hundred years. 58 To stabilize
greenhouse gas concentrat ions at current levels, reduction s in use will
have to be dramatic. In his book The End of Na ture, Bill McKibben
comments that " the sacrifices demand ed may be on a scale we can't
imagine and won' t like. " 59

. 2·

What Is a Scientific Model, and
What Do We Do with One?

In the previous chapter, we acquainted ourselves with four contentious
model s of globa l processes. In the next chapter, we will scrutinize the
same four model s to see whether any of them generate predictions reli­
able eno ugh to support decisions about economic or pol itical policies.
In this chapter, we will try to und erstand the nature of models and how
model s are used in science. What is a scientific model, and what do we
do with one?

Th e main function of scientific models is to p rovide predictions and
what Mary Hesse calls " intellectually satisfying" explanations. I A scien­
tific model is a representation of the workings of some system, a repre­
sentation meant to explain the observ ed course of events and to provide
predictions. The ultimate goal of a mode l is to supply enough under­
standing for us to be able to intervene in the system to achieve some
end. We might model a traffic system in order to guide decisions about
the best use of stop signs or one-way streets with the goal of obtaining
safer and more efficient traffic flow. We might model the population dy­
namics of a wilderness system with the goal of preserving the elements
of that system necessary for the survival of some species. We create a
mode l in the hope that it may pro vide a good estimate of.the time scales
involved in a system, reveal general behaviour patterns in it, and identify
the most sensitive poi nts from which to influence that behaviour.

Hesse distinguishes three types of scientific mo dels - physical mod ­
els, analogies, and mathematical models. Some model s are physical

. representations - for example, a wind tunnel containing a scale replica
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