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EXPONENTIAL GROWTH AS A TRANSIENT
PHENOMENON IN HUMAN HISTORY

M. King Habbert

In this Bicentennial Year of American history, it is useful
for us to refiect that the two-hupdred year period from
776 to 1976 marks the emergence of an entirely new
phase in human history. This is the periad duriag which
mur indestrisl vivilization has arisen snd developed. it
slsa the period during which thers has cecurred a wensi-
tion from a social state whose materisl and snergy requicd-
ments were satisfied mainly from renewsble resources to
our presant state that is overwhelmingly dependent upon
pocrenewable resources, In 1776 our matecial require-
ments for Fasd, housing, clothing, end industrial squip-
ment were principally ssrisfied by renewable vegeusble
sud animal producis. Noacenewsble mineral producis,
clay products, lime, sand, and metals, were used in such
small amounts that the availahle supplies, al that rate of
copsumption, seemed almost inexhaustibie,

The energy requirements two centuries age wers bke-
wise met principally by renewshble resources, Vegetable
and aairmal products weie used for fond snd vwarmth; hu-
man sod animal labor and wind and water power for me-
chanical work. The only nonrepewable energy source then
used was coal, which was consumed in such emall amounts
per year that the total supply at this rate would likewise
have seemed almost inexhsustible,

During the epsuing twe cepturies, the development of
the world's present highly industrislized society has oe-
curred. The magnitude and significance of this transiticn
can most readily he appreciated if we censider the graphs
shawing the growth in the world's annual production of
the principal sources of industrial energy, coal snd petro-
JETH

Figure 1 shows the annual werid production of coal
and ligrite from 1860 w 1970; Fig. 2 shews the corre-
spending prowth n the anpue) world production of crude
pit from 1880 apd 1970,

M. King Hubbert seceived hiy PhD2. fror the Univeraity of Chicage i
L1927, About halk of his subsequent carces haa been ln the oil industey,
snd the other habf divided berwean waiversities, the [inain snd U35,
Geo'opice] Surveys, and private resesrch, decinring, snd writing 1n
Oecomber 19EY ke received the Yetlesen Peize, the higheat donae in
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The mining of cosl as 2 continuons industrial snte
prise began rine cevturies sgo near the town of Newcag)
upon Tyne i northeast England. Annual stafistics
world coal production are difficult to assemble befo
1860, bat, by that vime, the anaual production raie b
reached 138 million maetric tons per year, Fram the sarli
history of coal mining avd from scattered statisties it &
be estiruated that ducing the eight centuries frem 1063
1860, the averape growth sate in anaual toal producti
was about 2.3% per year with ar average doabling peri
of about 20 years, From this it can be estimated that v
producting of cosl in 1776 was about 20 million mel
toms. As of this year, the annuaf coabproduction rate h
reached mbout 3.3 billien metric tons—a 163-fold |
crease during the two centuries singe 1776, This has be
&t an averzge growth rate of zbout 2.55% per year, or.
average period of doubling of 27 yesrs.

Althovgh very small amounts of nif ware produced
Chitia aud Burma at earlier times, the world's producti
of erude oil 45 4 continuans industrial enterprise was
gur in Bomania in 1857 and in the Usited States ¢
years later. As Fig. 2 shows, from LB80 vakl 1970 t
growth in annual crude-oil production increased smaooth
znd spectacularly. During this period the growth rate av.
eged 7.04% per yeur and the production rale doubled,
the average, every 9.8 years, The cumalative producti
slso doubled sbout every 10 years. For example, 1
amount of 0il preduced during the decade 19601970 v
almost exactly 2gual 1o all the il produced from 1857
1960

The increase in the consumption of snd depeade:
upan the industeial metals during the lagt two centarie
comparshle to the increased consumption of energy
the fossil fuels. Consider iron. In 1776 the arount of
irpo produced in the world wes shout 360,000 metric 1o
Ry 1976 this had incressed by a factor of 1356 times1
presert snnusl production of ahout 560 million me
1063, This correspands to ap sverage growth rate i
anneal production to 3.67% pet year, with the product
rate doubling, on the average, every 18.9 years.

In L776 the world's human population was appr

mately TO0 milkion. it has increased w0 £.24 bitlien. 1
e mesita mnmenonatinm af iron i 177TH Rmﬁllﬂﬂ."d oo
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ernturies, Crur presenl concern, however, is with the fu-
ture, Is it possible than such ratas of growth can ba main.
teined during the pext twe centuries, ot 4o the induatsial
and demographic growih rates experienced during the last
Bed centturics represent o fransisot und epherveral gpoch
in the fonger span of baman kistory?

Answery W such guenions can be obtained by cansid-
ering the physical patere of varicus growth phanomena.
Considey first & renewable phensmense yech as 2 food
supply or the development af water power. Human food
supply iy derived almost entirely from plant or animat
products. Therefors, the problem of the incrense of foud
sapply, or of the human popelation itself, reduces to the
baste prablem of how tueh the populatien of any biologic
species can he inorersed on the Earth. The basics of this
probiem ure well urderstond. Biologists discovered s ceu
ple of centusiea sgo thet the popuiatien of any biologic
apecizs, plant or enimal, if given a favorable environment,
wili increase exponentially with time. That is, the popule-
toa will dauble and redouble in the successive ratios of 1,
2, 4. 8, ete. during successive equal intervals of ime. The
period required for the population to double is different

for different soactes. For slanhanta and hnmana the das.
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iz thigz Abou! how many seeressive doublings on a finite
Egrth are possible?

An apprexivate answer can be obtained when we con-
sider the magnindes ohtained by successive doubfiags,
Consider, lor example, the glassical problem of ?Iacing
eng grain of wheat on the first square of a chesshoard, twa
enthe second sgdare, Four onthe third, and continuing the
doubling {or sach sucesassive square of tha bosrd. On the
It auare==the bisl, or Gh, the rumber of grains will be
29~ Por £%  Bow much wheat will this smonat te? Guthe
last square alone, the amoun of wheat would be cqusl o
approximately 1000 times the world's present aazual
wheat crep; for the whale board, it would be twice this
amount.

From one point of view this is merely & trivial problem
in arithmetie: fram another it is of profound significance
for it tells us thai the Earth iteeff will not tolerare the
doubling of 1 grain of wheat 54 times,

Simpilar results are obtained when we consider the
successive decbiings af ather biologic pepulaicos, or of
indugtriaf activities. The present warld human population,
were it 1o have descended feom a single pair, say Adam

!-T'l!! .F"UH wnll*f! I‘I'UF E'IFP'I-'I EFTIPI"!F.FI hl.l' ﬂﬂ:u q‘r l*l‘!rl_
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wotld's population of autamobiles is also doubling repea-
tedly. H we appiy the chessboard arithmetic 1 the autome-
bile population, beginaing with ape car, and daable thiz
&4 times, snd then let the resaling queotity of avte-
mobiles be stacked unifseraly o sl the land surfaces of
the Exrth, how deep wonld he the layer formed? About
1299 miles or 200D kilometers,

From sich considerations it becomes evident taat the
maximisn oum ber of doublings that say bislogical populs-
tion ot industeial component can experisnce 18 but a few
tens. Therelore, Loy rapid rate of growth of yuch o compe-
feat must be a ransient phenamenon of temporary duca-
tien, The novmal slate of & biolegic papulation, when aver-
zped aver & few years, must he ons of an extramaly slow
rate of change—a near steady state. For example, the max-
imus possible nomber of times the human population
conld have doubled during the lasr million yeers is 31.

~ [ TS SR VY. SN Y ) R S R 3
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of snv hiclogic population, or the exploitation of any re.
sewable nonbiclogie risaurce 2uch as waler power mus
accordingly be similer 1 that shown in Fig. 3. Beginuing
ar & pear steady state of 8 eonstant binlogic prpulatien, or
at 7ero 23 in the case of waterpower, the quantity consid-
ered increases exponeutisfly-that is, it doubles in equal
igtervels of ime—Jor a while—and then. in response to
retarding safluences, graduslly levels off to & constant fig-
ure, charactenized by & state of nongrowth,

10 the bielegie case the ipverse can also happea. The
disturhance may be anfavorable and the popalation may
undergn a decline or 4 negative growth, Itthen must stabi-
lize st 2 lawer level, or clse become extinet.

“The long-term behavior of the exploitstion of the now-
reewable resources sach as the fosel fuels or the ares of
metals differs from that of the renewsble resoarces in &
very fundamentsl respect, Nonrenewabls resqurees are
shenlutely axheustible. Figure 4 iz & flow disgraan of 1he
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gasenus compounds 00y, H, 10, and 5, and of ashesus
eakids, remain an the earth but the epergy content released
initialfy 2s hest, alter undergoing swecessive degrada.
tions, eventually lezves the Earth as spenr low-1empeca-
tara radiarior.

The exploitation of metailic sres is lustrated in Fig.
5. Hare, an ore bedy tensining of & naturally ocourring
rock comtaining an abmormally high concentraticn of 4
given metal, is mined and the metal earcacted by smelting.
This then gaes ints the industrinl siock from which it even-
tually is removed. A fracton s recycled and reused, but
asother fraction—-lgad in gascbae, for exampie—iz irre-
trievably scattered.

Thus the production histary of the fossit fuels or of the
metallic eras, in sny gives ragion snd evenially for the
entire Farth, js characterized by a complete-cysle curve
auch as that shown in Fig. 6, where snnual produstions is
plotted graphically as a fenction of titme, &s has beea done
for conl and ailin Figs. 1 and 2, The chasacteristics of such
s cuTve are that the production, beginniag inirially at zeve,
incteasts, wsually exponentially, for s pe rind. The growth
zate then siows down and the rate of produttion passes ot
or mare maxitae snd Frally, as the razource YFevomes ex-
fawiled. gues inte & lang regative-expenential decline.

Th ate4 heneath such ncurve is also a graphical mea-

sure of cumuiative produerien. I from geilogical mep-

Fimre e o2 3 sutbus enmnme 1ha intol ramnvarshls
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curve cam ealy encompass s total azea vorrespotding tothe
estimatle made.

By this means we are able 1w gain 2 reasonsbly rebiable
astimats of the time during which the fossil fuels can serve
as major sources of the world's industriel evergy. Figure 7
shows two ipterpretations of the complete cycle of world
coal production, based upon & high estimate for the ald.
mate arount of cual to be produced of 7.6 willisr metric
vons, and & Jow figure of 2. The high figure is based upab
estimales, assutting 30% recovery, of beds as thin as 1
foot (0.3 meters} and to depths s greak s 1200 merers.
The fower figure is for ceal beds not thinaer then G.7
meters and not deepar than 300 meters.

Fwo sspects of such cueves are particularly signifi-
cast, the approximate date of the peak rate of production,
and the period of time during whick the cumulative pro-
duction inereases from 10 to 90% of the ultimais cumuls-
tive production—the time span requived o produce the
middle 8%, For the high sstimate of 7.6 trillien tons the
estimated date of peak productioo wauld be sbout 15010
204 years hence, and the vime period required lo produce
the middle 80% would be that from sbout the year 200010
2300 or 2400, For the lower figare of 2 trillion toas of
ehimate production the peak in the production rate would
occur eaplier. about the year 2100, and the middls 80 of
the ultimate eoal would be consumed during the approxi-
mately 200 years from about 2000 o 22400,

3/2/2006
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duction, whizh is somewhat higher than the sverage of 15
estimates publishad since 1058 by international il com-
panies and lesding international petroleum geslogiais. Us.
ing this figure, and essuming an ordecdy evolution of pe-
froentn tonsumplion, the peak io the production rawe will
probably ocour during the decade 199Q to 2000, and tis
middie 80% will be consumed within the 60-year period
from 1965 1o 2025, Hence, childeen bora within the lest
10 years will ses the world corsame mest of its oil during
their lifatinies.

[ i5 possible that ail predaction couldd he rurtailed by
the expanting nations to somewhat neat the present rate,
Were that to ocour, the upper kres under the curve in Fig,
B would be displaced ta the back slope and thos prolong
the middle. 80 perivd. Even 5o, this would be anly abou!
1ib o 15 years.

In paraliel with the esergy msourees, moders indus.
1rv. a5 we have seen, is also dependent vpon the industrial
meiais. One of the most sbundant of these s ivon, the
knewn ares ef which are estimared to amountta shaut 260
tillinn metric tony and che uitimaie ansount o possibly as
much as 758, Based wpon these figares in eonjunciion
with the record of past production, the time span for iron
production would be about the same as that for enal, the
peak in the produstion rate otcutring one o twa centuries
bence, and the middle-20% span extending abail twe 1o
four centaries.

The knowo aad estimated ores of most ather itndes-
triai metals, copper. tin, iesd. zinc, and others are in very
mich shorler supply, with the 1ime uotit the peak produs-
tisn rate cceuss sad the time span for the middle 83%
being measurable in desades rather than in centuries.

Three types of growth phenumens with which a6 ia-
desirial society must deal are shown graphically in Fig. 9.
Here, the lower ourve reprezents the rise, culmination,
sud declice in the produmion rate of soy neprenewable
resource such as the fogsi] fuels vrthe ores of metals. The
middle curve represents the rise and laveling off of the
producticn of & renewable resoaree such ue water powesr,
or a hiologicsl praduct. The third curve ks simply tha math.
=matizal curve of expensotial growth. No physicel quanti-
iy can follow this carve for more than a briel periad of

Page 9 of 10
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iime. However, 2 sum of money, being of 2 nonphysical
nztare and prowing according to the rules of composnd
interes! at a ficed imterast rate, can falow that curve io-
definitely. .

n their icitial phazes, the curves for each of theie
types of growth aze indistiaguishable frem ope another,
but as industrisl growth approaches maturity, the soparate
curves begin to diverge from cne ancther. [n ity present
stete the world industrial system has already eatered the
divergence phase of these corves but is stifl somewhat
short of the cuimination of the curve of nonrenewsbla re-
AQUTCER.

A berter appreciation of the brevity and exceptional
character of the epock of the fossil fuels can be gained if
we vinw i in the perspective of & longar time span of hu-
min kistery tharn we have conaldered herstofore. In Fig.
FG the compiete cycle of exploitation of the worid's total
supply ol fossil fuels, coal and petroleumn, is shown on a
lime scale exteading from 3000 years in the past 10 SHO0
vears in the future. On such a scale, the Washingtan-
Monumentdike spiks in the middle of this range, with a
middle-80% sprezd of shout three centuriss, reprenes
the period of exploitation of the fpssit fusls in the much
longer span of human history. Brief 2 this periad is, bay-
ing nrisen, as we heve seen, prinzipally within the Jast
sentary, it has already exercised one of the most distarb-
ing influences sver experienced by the human species in
its entire biglogical existence.

The positios in which human socisty now finds jtaglf
irt this longey span of history is Bepieted in Fig. §1. What
we see there is thet we are now in 2 period of kesusition
betwesn & past characterized by 2 much smaller populs-
tien, & low level of techaology, earrgy consumpmion, end
degendence wpon nonrenewsble resonrces, and by very
slow rates of change, and a future also characterized by
slow rates of change, but by means of utilizalion of the
world's largest soures of energy, thet of inexheustible sus-
shine, capable of sustaining a populstion af aptimum size
#t a very comfonable standard of living for & yrofonged
reriod of time.

itappears therefore thatone of the feremest problems
confronting humanity lodzy is how te maks the transition
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w 5,000 yeals In futuee [alter Hubters, 1962, g 51 ’

from the precaricus state that we are now in to this opsi-
mum future state by 2 least catastrophiz prograssian. Our
principal impedirnents at present sre neither lack of enet-
&y or material resources nov of essantiaf physical and béo-
logieal kavwledge, Dur principal constraints are caltural.
Praring the last two centuries we have kdawa nothing bu
exportential growth and in parsllel we have evolved whar
emeuats b an expansatial-growth culinre, o cultues se
heaviiy dependent apon the continvanes of expovential
growth far ils stability that it is incapable of reckoning
with praklems of nongrowth.

Since the problems corfronting us are agt intrinsicsl-
iy insoluple, it hehooves ws, while there is vet time, io
begin a aeriouy eaamination of the nature of our cultural
constraints and of the eplral sdjustments necessary o
peetnit us to deal effectively with the problems rapidly
arising. Provided this can be done before unmanapeshle
crises prise, there s promise that we coald bz on the
threshold of schieving ane of the greatest intellectusl and
tuitural advances in kuman history.
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