Chapter 4

Natural Resour ces, Technology and
Institutions: A Historical Perspective

What are the driving forces of human history? Wisathe future of
human society? Mainstream economists believe thatgerformance of
an economy is dependent upon its organizationattstre” (North, 1981,
p. 90). The gradual development of technology ammlelase of human
population in the past ten thousand years is oiterpreted as the
gradual improvement of institutional structuresorrthis understanding,
human societies will or at least would become nme@sperous in the
future as human institutions keep on improving.nirrihis perspective,
natural resources are not essential in economics.

Mainstream economists argued that the improverogméchnology
will reduce the overall consumption of resourced hance technology
can substitute resources. Recently, Arrow et &042 did an empirical
work to conclude that “genuine investment was paesiin all the rich
nations of the world and in many of the pooreroraias well” (p. 160).
This means that the current living standard at rmbuntries is
sustainable, although the authors conceded thatahatapital may be
under priced.

Jevons, however, pointed out long agdlie Coal Question that, “It
is wholly a confusion of ideas to suppose thateb@omic use of fuel is
equivalent to a diminished consumption. The vemtiay is the truth.”
(Jevons, 1965(1865), p. 140) In the last severaldred years, the
consumption of energy has increased tremendouslyle wénergy
conversion has become more efficient overtime (S&003). If the



consumption level of natural resources is highantivhat the nature can
regenerate, mostly by energy from the sun, thendbinsumption level is
unsustainable. Historically, all the high consumptsocieties collapsed
because of the depletion of natural resources. \ia&ural resources are
depleted, the accumulated technology and humantatapvhich are
really means to utilize natural resources, lose tradue as well.

North noted that neoclassical economics was unt@blexplain the
dynamics of change of the human history:

Neoclassical economics applied to economic devedop or
economic history may account very well for the parfance of an
economy at a moment of time or, with comparativatisics,
contrasts in the performance of an economy oveg;tlmt it does not
and cannot explain the dynamics of change. (NG@B1, p. 57)

In this chapter we will show how the new theorgyides a simple
and coherent understanding of the co-evolution afural resources,
technology and human institutions. This theory gisovides a simple
description of the process of biological evolutiavhich includes the
evolution of human societies as a special casallizinve will offer a
detailed analysis of the process of industrialaratin the last several
hundred years to show this theory provides a venherent
understanding of the process. This analysis unegally indicates that
the current high level of consumption is unsustalma

4.1. Dynamics of Changein Human Civilization

We often associated many changes in human civdizats progress or
setback. But they can be more precisely descrilseth@ changes of
systems with different levels of fixed cost and iable costs. The
beginning of civilization is often identified witthe transformation from
gathering/hunting to agriculture. We can comparegicaljure and
gathering activities as an example.

Gathering only needs working at harvesting timegriéulture,
however, needs working in the whole process fromangrg to
harvesting. Hence, agriculture activity is of highfexed costs than
gathering of wild grains and fruits. Agriculturetigties, as higher fixed
cost systems than gathering activities, also gémermher density of
resources, which support higher density of popaofatand make



agriculture societies more powerful than gathesaogieties. Agriculture
societies, therefore, have the incentive and pdweake more land, by
force if necessary, and convert it into agricultwrse. The major part of
human civilization is the process of expansion gficultural activity
(Diamond, 1997).

While the high concentration of resources in gricalture society
enables itself to expand, it will also attract lngtfrom outsiders. Only
when military capability of a society is strong egh related to its
neighbors, agriculture becomes possible.

Therefore agriculture activities are intrinsicalipked to military
activities and the use of violence. Among all humextivities, the
application of violence often offers the highedures. So the military
industry was developed very early and like mosepthdustries without
anti-trust constraints, achieved regional monogadlemost places. Each
unit of the monopoly on violence is a state. A nqorlg on violence
provides a more stable social environment thamea rfinarket of violence
(Diamond, 1997). More equal opportunity to condwiblence is
conducive to the creation of anarchy and chaosmHr@rmula (3.5),
systems with lower uncertainty have lower variabdst in production
and transaction. So state as in institutional stinecis very competitive
and gradually replaces all other forms of socidtemns as the most
important form of social institutions.

Since all economic activities are ultimately regatl by the states, the
history of economic development is largely shapgdhe evolution of
the structures of the states, which in turn is djrgshaped by the
development of military organizations and militaeghnologies. (North,
1981) Better military technologies are often moxpensive and better
military organizations often need longer time afiting, which means
that the development of military capabilities iprcess toward higher
fixed cost, which requires the support of higheveleof resource
abundance and larger market size.

Historically, the emergence of new military tecltogies is generally
associated with the new technologies on basic métesr energy use.
The progress of technology is often marked by tieease of energy
demand. Therefore, the emergences of new miliskriologies, which
require higher fixed cost, often cause financi#fligilties for the states
(North, 1981). Higher fixed cost systems requimggler market to sustain
itself. So the emergence of new military technadsgiby changing the
cost structure of states, makes the existing palitinits unstable. At the



same time, higher fixed cost systems earn highes iaf return in larger
markets. When market size is large, it pays to taaincostly social
structures with well defined property right thatable them to build up
human and physical capital and to reduce unceytdimtexchanges.
These states enjoy lower variable costs in varexmomic activities.
They tend to expand to achieve even greater ecasowfi scale and
accumulate great wealth in the process. The stagxpansion of the
empires is often associated with rising living si@am and greater
political freedom, at least for the citizens of thepires. This type of
periods can easily be classified as progress. Hewawost of these
wealthy states eventually collapsed. Since mostribe about history
and economics are intrinsically progressive, thelanations for the
collapses of highly developed societies are oftemny vcolorful and

imaginative. However, from a physical, or a naturasource based
theory, wunderstanding collapses becomes very simg@ead

straightforward.

First, wealthy states are often the results ofdbeelopment of new
technologies with higher fixed costs, which requinere resources or
low entropy to sustain themselves. Economic devety is largely
determined by the amount of low entropy that huin@imgs can extract
from the natural environment. The agricultural detion is a
transformation of food production from collectingagps or fruits in the
wild to actively managing the extraction of largeaqtities of low
entropy from the sun through certain plants in higboncentrated
manner. The industrial revolution is a transfolioratfrom collecting
low entropy from living organisms to the developineh technologies
that systematically utilize the deposits of biotmadilow entropy, like
petroleum and coal. Biological low entropy that w@esposited over
hundreds of millions of years is transformed foe by human societies
over the last several hundreds years. This devedapnforms the
foundation of the economic prosperity many the daner have enjoyed
in recent times. Each step of progress is a steprtbhigher fixed cost
system, which requires more resource to sustaatf.itdlany believe that
ultimately natural resources are practically irtBniAlthough this could
be true, there is no logical certainty that a gifienbreakthrough will
always occur in time to provide new ways to utiliesources when the
prevailing ways of resource development and uséonger sustain the
existing social structures and life styles. Histakievidence shows that



most highly developed societies collapsed befoey ttould find new
ways to utilize resources.

Mainstream economists argue that today’s capitakstment will
always benefit future for accumulated human capiah substitute
natural capital (Samuelson and Nordhaus, 199828). However, the
accumulated capital, including knowledge capitslgeared toward the
current level of energy consumption and other @itonditions. If these
conditions change, the assets could become liabikbr example,
highways can facilitate rapid movements of goodsrnera of cheap
fuels. However, if cheap energy supplies exhaustierfuture, highways,
which take vast amount of land, cannot be reveitedgriculture land
easily. So today’s investment could harm futureistainable economic
environment. In fact, in most sites of early cidtions, once rich and
productive areas have been turned into desolatenggdghrough over
exploitation (Tainter, 1988; Ponting, 1991).

While over exploitation of natural resources isenfthought to be
caused by some specific mistakes, it is an intimsinsequence from
competitive pressure. If a community can develoghods to extract
more natural resources faster than its neighbbrsillibecome stronger
and gain ability to take over its neighbors resesr&So competitiveness
is intrinsically incompatible with sustainability.

Some of societies that Diamond (2005) describeduasess stories
did manage to maintain sustainable lifestyle bytrictgg energy
consumption. It will be helpful to compare the gatf development of
two island states, Japan and Britain. As noted layriond (2005), Japan
maintained a sustainable lifestyle. It even abelisthe use of firearms,
which require tremendous amount of energy in theanufacturing and
use. By contrast, Britain actively developed itdustry, with the result
of complete deforestation (Jevons, 1965). Becatifgeeaunsustainability
of its ecological environment, Britain adopted eraigpn as a systematic
way to reduce ecological pressure, which was masilple with its
superior military power (Colinvaux, 1980). As auksBritain colonized
North America and many other places to become dhgest empire in
human history. On the other hand, the Tokugawalapan, being low
energy intensive, was quickly defeated by Amerigagdescendent of
British Empire, which utilized high energy intensiweapons. Soon after
an American fleet under Commodore Perry forced dapaopen its
ports, Japan swiftly abandoned its policy to mamta sustainable
lifestyle. It quickly modernize itself with high ergy intensive industries



and start conquering neighboring countries for lamdl other natural
resources to satisfy the increasing demand forxg@areling economy.
This comparison explains why the policy of susthilitg cannot be
sustained under free competition. The subtitle i@iidnd’s new book is
“How societies choose to fail or succeed”. Howevke, reality is more
subtle. A society that is succeeded in maintairdirgystainable lifestyle
will eventually be failed by a society that is moaggressive and
adventurous in developing high energy consuminigrtelogies.

Second, economic development is usually achievgd niore
concentration of resources or wealth. For exangampared with grains
in the wild, grains of cultivated plants are mucloren concentrated,
which provides great incentive for looting. The centration of wealth
makes it necessary and profitable to create armt@nproperty rights of
exclusion. At the same time, the concentratiowedlth by only a small
number of people or states increases the incentbresthers to extract
wealth from them. Externally, as the wealth of atestaccumulates, it
becomes more and more profitable for other statextract wealth from
it.  Internally, as the level of wealth increasdhe demand of
redistribution increases as well. Most wealthyestagvolve into a system
to provide safety net for the poor to reduce thieitive. The decline of
the Roman Empire offers a classical example. “Ttosgering economy
faces ever-growing costs of either bribing the ders or making
increased military expenditures. ... Not only weregéat and larger
payments in gold made to barbarian groups to kitieen not to invade,
but the expenses of the legions rose.... At theesame, Rome was
feeding 120,000 of its citizens free.” (North, 198l 115, 122) In a
word, the cost of maintaining a wealthy systemeases with the level
of wealth.

Third, the accumulation of wealth increases thee sif market. It
encourages higher fixed cost investment, which &niy achieved
through division of labor and specialization of wWiedge. While
specialization increases the depth of knowledgea gferson, it also
reduces the breadth of knowledge and makes onal#sgo determine
the value of others’ work, which increases uncetyain exchanges and
hence increases transaction costs (Barzel, 198%is\@ad North, 1986).
Highly complex formal and informal constraints aeveloped to reduce
uncertainty and transaction costs (North, 1990}.tBe constraints often
restrict the path of future development of the esystis well and make it
less responsive to changes in the environment.



Human history demonstrates that social systemsrbecnore and
more sensitive to uncertainties when the levelix#d costs and living
standards increase. In the end, exhaustion ofalatsources or changes
in the environment sparked the inevitable declihghe old systems.
Frequently, this dynamics was often accompaniethbyrise of simpler
structured and lower fixed costs systems on th@lpery (Colinvaux,
1980; Tainter, 1988).

Along with a repeated cycle of rise and fall aftes and civilizations,
the higher fixed cost systems, with greater scatmemies, gradually
diffuse and replace the lower fixed cost systemg. il this trend last
forever? Will human societies ever evolve to aninogk equilibrium
state?

All living organisms are characterized by the gtyle to extract low
entropy from the environment. Since biological dagatain much richer
samples over a much longer time horizon than datathe human
species, in the next section, we will investigdte general patterns in
biological evolution in order to gain deeper inggymto the evolution of
human societies.

4.2. General Patternsin Biological Evolution

Biological species are sometimes classified, adegrtb their relative
level of fixed and variable costs, into two categeyther-strategists and
theK-strategists. Organisms with low fixed costs aretalr-strategists.
They are usually of small size, produce abundafspdhg and invest
very little in each one. They are the species flrasper in a volatile
environment for low fixed costs make them flexibBut they cannot
compete well with other species in a stable enwvitemt for their
marginal costs are high. In contrast, fixed costs lgh for theK-
strategists. They are usually large in size, predigesver offspring but
invest much more in each one. They are conservajreeies that are
able to out-compete thestrategists in stable environments, for their
marginal costs are low. But they cannot adjust kyicwhen
environment changes. Between the extrerafrategists such as bacteria
and the extrem&-strategists such as elephants, there lies thed K
continuum (MacArthur and Wilson, 1967).

Over geologic time, stable periods with relativelyniform
environment were punctuated with sudden changes frme to time,
such as a huge asteroid hitting the earth or thekgemergence of a



dominant species, such as human beings. During phdods of volatile
change, large siZé-strategy species are more prone to extinctioresinc
is more difficult for the high fixed cost systenesadjust to the changing
environment. Specifically there are three reasdiist, large species
need more resources to survive and are often newerely affected by
changes in the environment (Withers, 1992; Goud®6). Second, large
species often contain big concentration of low @myr sources and
become the prime targets of other species. For gkarimprovement in
the hunting skills of human beings quickly lead$i® extinction of most
large mammal species. Third, large species ushayz more complex
structures than small species, which make it mofficult for large
species to develop variations that are well coatdich internally. So
large species usually have much lower genetic dityerthan small
species. For example, two species of fruit flieymoaly have about 25
percent of their DNA sequences in common while hiwsnand
chimpanzees have over 98 percent in common, ewerglththey belong
to different genera (Stebbins, 1982). There areentban five hundred
species of fruit flies in Hawaii (Stebbins, 198But there is only one
species in the genublomo. The ultimate in genetic diversity and
reproductive speed can be found in micro-organisush as bacteria
(Margulis, 1998). This lack of genetic diversity amg large species
makes them much more vulnerable to sudden envirntahehanges.
The mass extinction of species, especially the dantispecies, during
periods of volatile environmental changes, clehesdround for a new
round of evolutionary competition. During long mets of relative
stability, the small size and less specializestrategy species tend to
branch into new species. Among these new spetiese larger or more
specialized, which incur higher fixed costs but arare efficient with
lower marginal costs, have a competitive advantagea stable
environment and gradually dominate the ecosysterowB and Maurer,
1986; Colinvaux, 1986; Gould and Eldredge, 1993).

Simpson (1944) was the first biologist to applyedal statistical
methods for interpreting pattern of evolution (%iels, 1982). He
summarized his findings as the following:

Liability to extinction tends to be directly prapional to rate of
evolution. Bradytelic gow evolving) lines are almost immortal. The
majority of tachytelic fast evolving) lines quickly become extinct and
those that survive cease to be tachytefast(evolving). ...When



related phyla die out in the order of their ratégwolution or in the
reverse order of their times of origin, it followsat this order is also
usually that of degrees of specialization and thate specialized
phyla tend to become extinct before less speciliz&his

phenomenon is also far from universal, but it iscesnmon that it
does deserve recognition as a rule or principvmiutionary studies:
the rule of the survival of the relatively unspédizied. (Simpson,
1944, p. 143)

The statistical results show that the fast evgviand highly
specialized species, which are often more efficéem tend to dominate
ecological systems, are more prone to extinctiam tthe slow evolving
and unspecialized species, which are less efficleas competitive but
more flexible.

Biologists have not found a universally applicaimeasure of fitness.
(Stearns, 1992) From the analytical thermodynahgoty, such measure
doesn’t exist. Our analysis shows that the maimthef economic and
biological evolution is the tradeoff between conitpainess of high
fixed cost systems in a stable and resource richiremment and
flexibility of low fixed cost systems in a volatiler resource poor
environment. Since there is no dominant strategflienvironments, the
beautiful and diverse ecological system does nathrean equilibrium
state, even after four billion years of biologieaolution. For the same
reason, economic organizations and systems will qooiverge to an
equilibrium state.

The tradeoff in performance of organic systemsnaltely rests on
the tradeoff in performance of inorganic systemdjictv Wiener
observed more than fifty years ago:

While the prediction apparatus which we had ait fitesigned
could be made to anticipate an extremely smoothectar any desired
degree of approximation, this refinement of behavias always
attained at the cost of an increasing sensitivithe better the
apparatus was for smooth waves, the more it woddsét into
oscillation by small departures from smoothnessl e longer it
would be before such oscillations would die outudthe good
prediction of a smooth wave seemed to require aerdeficate and
sensitive apparatus than the best possible prediofia rough curve,
and the choice of the particular apparatus to led irsa specific case



was dependent on the statistical nature of the grhenon to be
predicted. (Wiener, 1948, p. 9)

Wiener believed that the problems “centered notiad the technique
of electrical engineering but around the much nfarelamental notion
of the message, whether this should be transmittgdelectrical,
mechanical, or nervous means” and thought they swdething in
common with Heisenberg’s Principle of Uncertaintyhich itself is a
tradeoff between two factors.

The following passage from Atkins (1995) may shiedher light
about some basic properties of biological and $ewialution:

The region of sulfur was also explored by naturein nature’s
serendipitous, purposeless, but effective way #- dn early
investigation of the opportunities for life. Natudéscovered that in
some respects hydrogen sulfide®) the analog of water (B), can
be used by organisms in much the same way as watised in the
process of photosynthesis --- as a source of hgdrodhe great
difference to note is that when hydrogen is remotredh a water
molecule by a green plant, the excrement is gaserygen, which
then mingles with the globally distributed atmosgheHowever,
when hydrogen is removed from hydrogen sulfidehim interior of a
bacterium, the excrement is sulfur. Sulfur, beirspld, does not waft
away, so the colony of organisms has to developdenof survival
based on a gradually accumulating mound of its semage. We still
mine those ancient mound of sulfur excrement fremeath the Gulf
of Mexico. Sulfur's northern neighbor, oxygen, tednout to be a
much more viable alternative to sulfur in naturbl;nd efforts to
generate the transmittal and accumulation of in&diom, and sulfur
is now used only by primitive species that occupyiaor niche of
nature. (Atkins, 1995, p. 22)

Several basic properties in biological and soeflution may be
observed. First, technology development is usualthieved with a
higher fixed cost methodology. The chemical bontiwveen hydrogen
and oxygen is stronger than the chemical bond twe/drogen and
sulfur. Therefore it is more difficult to obtain dpgen from water than
from hydrogen sulfide. Human evolution is oftenided into the Stone,
Bronze, and Iron Ages. Each age is characterizetidogbility of human
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beings to utilize energy more intensively. The mglipoint of bronze is
232 °C and the melting point of iron is 1535 °Cjckhis much higher.
The substitution of bronze by iron is a long-dragvoncess that required
much higher intensity of energy use, or much higherd cost (Smil,
1999). Second, new technologies are often accomgaby wider
diffusion of waste and can be very harmful to gaherommunity.
“When hydrogen is removed from a water moleculalgyeen plant, the
excrement is gaseous oxygen, which then mingleb e globally
distributed atmosphere.” The release of oxygen astevinto the
atmosphere killed most of the living organisms latttime. Early
industrial sites are often built by rivers or lalssindustrial wastes are
diffused to wider communities while profits fromoplucts are retained
by the producers. Today, the advance of telecomeation enables the
production facilities with harmful side effects tme located in poor
countries. Third, organisms, including human beingdten find
extraordinary ways to adapt to the new environmbritially, oxygen
was deadly to most organisms. Gradually, some @agyiorganisms
evolved mechanisms to resist the poisoning of omydeventually,
oxygen, which permeates in air, becomes the vitatce of energy that
enables the evolution of highly mobile animals. dtagvolutions in
human societies, such as agriculture revolutioniaddstrial revolution,
are successful responses to resource depletioasahility for organisms
to adapt to new environment makes the timing obuese constraint
highly unpredictable.

In the next section, we will apply the insightsngal to understand
the origin and future of our industrial civilizatio

4.3. Industrialization: Origin and its Sustainability
4.3.1. Theorigin of the Industrial Revolution

The steady state of the Middle Ages was punctulayethe introduction
of guns.

Once better confined and directed, the force oplaing
gunpowder begun propelling increasingly heaviejgmties at larger
distances. Manufacture of such guns begun in Chistabefore the
year 1200, and the true guns were cast in Eurofyeaofew decades
later. (Smil, 1999, p. 129)
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Since China was a unified country and Europe waspeised of
many small states, the competition among Europé¢atiesswas much
more intense, which led to continuous improvemerthe techniques of
gun making in Europe.

The combination of more maneuverable vessels withre
accurate guns (made possible by advances in thiiregnef copper
and iron and by the invention of gunpowder) produes energy
converter of unprecedented speed, range, and diatrypower that
helped to usher a new era of world history. (S8R9, p. 106)

Because of the unprecedented destructive powgumd, “casting of
field guns became one of the first mass-produdtidastries of the early
modern world” (Smil, 1999, p. 128). Manufacture amske of guns,
however, is very energy intensive and financialpensive.

Survival now required not only a larger army, lauttrained,
disciplined fighting force supported by costly guuent in the forms
of cannon and muskets, ...Warfare on land and as¢le(where the
size and armament of naval ships increases draafigtichad
dramatically altered the size of the financial aesources necessary
for survival. (North, 1981, p. 138)

The high cost of new military technology led te growth of the size
of viable states, which was often achieved by wkralso forced rulers
to make political concession in exchange for firianhcontribution from
broader spectrum of society (North, 1981).

While North clearly recognized the direction ofusality from
technology to institutions in many individual higtal events, he
reversed the direction when he tried to interpestegal patterns of social
changes, such as the Industrial Revolution:

While gunpowder, the compass, better shipdesigristing and
paper all played a part in the expansion of wedknmope, the results
were widely divergent. The technological changesasted with the
Industrial Revolution required the prior developmari a set of
property rights, which raised the private rate eturn on invention
and innovation. (North, 1981, p. 147)
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We shall briefly review the process of the IndastRevolution,
which will show that a resource based explanatiter® a much simpler
understanding. A resource based understanding iegplahy the
economic performances of different states, esggciagighboring states,
can diverge significantly, although states cannefaom each other’s
institutional and technical innovations.

Iron was the essential material in modern warf&iece the making
of iron needs tremendous amount of energy, by tigellm of eighteenth
century, whole England was deforested as wood heasnain source of
energy in iron making. Because of the depletiowobdd, the substitution
of coal for charcoal became a necessity (Jevon§5)19The first
successful experiment to process iron with coal a@sind 1750, the
time that is generally considered as the startioigitpof the Industrial
Revolution. Hence the Industrial Revolution is @cassful technology
response to a resource crisis by vastly increatsiagise of coal in iron
making and steam engine. Of course, many institationeasures were
adopted to respond the resource and technologyitmmmglof the time.
But the fundamental reason of the Industrial Retmiuis the inventions
that enable the use of the vast amount of coalrakadle energy source.

1860 1875 1889 1903
Great Britain 80,043 133,306 176,917 230,334
United States 14,334 46,686 126,098 319,068
Germany 12,000 47,756 83,614 159,844
France 7,900 16,686 23,915 34,345

Table 4.1: The annual production of coal in thauksaof tons in some coal-producing
countries. Adapted from Jevons (1965).

Coal had been the main source of energy beforwithespread use of
petroleum. Table 4.1 records the annual producifocpals in the chief
coal-producing countries from 1860 to 1903. Sevebskervations can be
made from the table. First, in 1860, by far theydéest producer of coal
was Great Britain, which was also the most powertuntry. By 1903,
United States became the largest coal producer,chwhsoon
demonstrated its unparallel economic and militarghth Second, among
European countries, the share of coal productiomfiGermany rose
sharply from 1860 to 1903, which gradually but de@ly changed the
balance of economic and military power in Europrd, France entered
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nineteenth century as the strongest continentalepowowever, as
Europe became more industrialized, the paucity adl anine on its
territory, relative to Britain and Germany, greaithibits its economic
development. France tried its best to increasecdasl supply. For
example, after World War |, France demanded regtadn of coal from
German mines. But the fact that the mines were enm@n territory
made it difficult to enforce the treaty for longnéés. The lack of energy
resources explains why France, facing German emeegavas always
on the defensive. The above discussion shows thatately, it is the
amount of energy and other natural resources atigooan control that
determines the economic wealth and military powex imation.

In the following, we will further discuss the iitational view of
historical development expressed by North:

It was the reduction of transaction costs duehdstablishment
of private property rights of and competition iade and commerce
that allowed England to escape the Malthusian chigakboth France
and Spain suffered during the seventeenth cenfilyrth, 1981, p.
157)

From Table 4.2 we can found that English poputatias declining
in the early eighteenth century, when the resodeg@etion caused by
iron making industry lowered the carrying capaafythe country. This
means that Britain, like France and Spain, suffdredth Malthusian
check at that time. British population started tovg steadily after 1750,
which coincides with the large scale productioniroh with coal and
Watt's improvement on steam engines. It is therieldgy breakthrough

Year Population Numerical increasePercentage increage
for ten years for ten years

1570 4,160,321

1600 4,811,718 217,132 5

1630 5,600,718 262,933 5

1670 5,773,646 43,282 1

1700 6,045,008 90,454 2

1701 6,121,525

1711 6,252,105 130,580 2

1721 6,252,750 645 0

1731 6,182,972 -69,778 -1

1741 6,153,227 -29,745 0

1751 6,335,840 182,613 3
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1761 6,720,547 384,707 6

1771 7,153,494 432,947 6

1781 7,573,787 420,293 6

1791 8,255,617 681,830 9

1801 8,892,536 636,919 11
1811 10,164,256 1,271,720 14
1821 12,000,236 1,835,980 18
1831 13,896,797 1,896,561 16
1841 15,914,148 2,007,351 14
1851 17,914,148 2,007,351 14
1861 20,066,224 2,138,615 12
1871 22,712,266 2,646,042 13
1881 25,974,439 3,262,173 14
1891 29,002,525 3,028,086 12
1901 32,527,843 3,525,318 12

Table 4.2 Population of England and Wales fromQ0L&Y 1901. Reproduced from
Jevons (1965).

which allowed coal to be used in producing iron atiter commodities,
which can be used to trade for food and other rs#ites that allowed
British population to grow steadily. In Jevons’ owords, “The nation,
as a whole, has rapidly grown more numerous fromtitme when the
steam-engine and other inventions involving thesocomption of coal
came into use” (Jevons, 1965, p. 9). However, Framas a much
smaller coal producer than Britain and Spain’s an#l was negligible
even compared with France (Jevons, 1965). Therefaras the

differences in resources, which cannot be changeiye and not the
differences in institutional structures, which cée changed, that
determined the long run social performances.

It is often claimed that in today’s high tech stgj natural resource
plays an insignificant role for a nation’s economiealth. Japan, which
doesn’t possess many natural resources, is ofted as an example.
While Japan does achieve very high living standduding this process,
its fertility rate has dropped to 1.38, which isarg the lowest in the
world and far below the replacement level. This nsethat high living
standard without the support of natural resoursesnsustainable. Next
chapter will provide more detailed discussion aboatural resource,
living standard and fertility.

Ultimately, it is the resource endowment, whicmrmat be copied
from country to country, that determines natior@vpr. However, when
resources are discovered in poor or weak countitiesften take long
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time before people in these countries can takectfee control over

resources on their land. For example, oil rich tlgiag countries are
often the targets of political and military actioinem major powers and
political reforms in resource rich countries, suzh Iran, were often
suppressed. While resource endowment determingstésm economic

performance, internal and external institutionaldures determine short
term fortunes, which leaves the impression thaitirieonal structures,

instead of natural resources are the decisive rfagto economic

performance.

We have shown that the resource based theory wfahuhistory
offers a simpler and more consistent understantiag the institutional
theory. In the following subsection, we will considthe future of our
fossil fuel based civilization from the resourcedry.

4.3.2. Thefuture of our fossil fuel based civilization

While it is difficult to predict the pace of techogy advance and its
consequence to resource exploitation in the ndareuthe collapses of
all past highly developed civilizations due to neés® depletion offer a
clear understanding of long term patterns, whiabukhmake us prepare
for a soft landing when resources become very scdrtstead, our
human society keeps on increasing consumption wieerieis possible.

Why this is the case? We will analyze from indiatland institutional

levels.

At individual level, as we have explained in Clapl, the only
credible signal of attractiveness is the possesaiwh consumption of
low entropy resources. All other signals of atiiraiess, which require
less effort, can be copied easily and hence losailglity. Therefore, in
a consumer society, maximizing consumption becaimestandard way
in social communication. For example, legislatimfgen require high
fuel efficiency for cars to reduce oil consumptiddowever, SUVs,
which consume much more energy than ordinary eaespot classified
as cars, “although they are clearly used as passeags”(Smil, 2003, p.
96). SUVs become very popular for the exact redisanthey are costly
to buy and operate, which signals the wealth aatistof SUV owners.

At the institutional level, institutions, such faisms, have fixed and
variable costs. From Figure 3.2, higher output gahemeans higher
rate of return. Therefore higher level of consummii is encouraged at
institutional levels. This is why saving is oftealled private virtue but
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public vice. Mainstream economic theory, which isreigion that
justifies the modern lifestyle, often advocates tiigh consumption
strategy (Nelson, 2001). Samuelson and Nordhausedrg

The substitutability of natural capital and othkérds of capital is
shown by the production indifference curve ... Thatpot can be
produced ... with a conservationist policy that engites reducing
energy use today, leaving much oil and gas antivelg little human
capital for the future. Or it might be produced wd low-energy-
price and high-education strategy ... Either of thissieasible, and
the more desirable one would be the one that hakigher
consumption both now and in the future. (Samuekswth Nordhaus,
1998, p. 328)

What will be the consequence when the fossil gnégno more
available at low cost? Will it only affect our Igyle, such as extensive
traveling by cars and airplanes? In fact, not antjustry depends utterly
on fossil energy, but also agriculture, our vergd®ource, depends very
much on the fossil energy.

The next cause of cheapness in food came fronyiagpthe new
cheap energy to agriculture. Tractors, harvestimgl glanting
machines and, above all, chemical fertilizers I®glethe costs of
growing food even as they increased the total supplThere then
came yet one further push to cheap food. This haslévelopment of
crops such as hybrid corn, a new agriculture tbasdgy the name of
the “green revolution” in the contemporary presisTagriculture is
completely and inextricably dependent on a large fof cheap
energy. ... We have taken over many of the functithrag a wild
plant had to do for itself, and have done it fag fllant ourselves, in
factories. We do not let plant hunt out scarce nailsewith its roots,
we give it super abundant supplies of fertilizettlsat it does not have
to work for its nutrients. We take away plant’sliépito protect itself
against disease and pests, because the plantsousgend part of the
energy reserves of its grain to do the job itdetead we protect the
plant with chemicals. In other words we keep alwgh fertilizers
and chemicals, a plant that would have no chané&dcking it alone,
and the energy that its ancestor would have spefigliting its own
battles is then freed for the plant to make moedngiThis extra grain,
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therefore, is entirely dependent on cheap fuelsplseg to our
chemical industries; indeed, in a real sense tlegggnof this extra
grain is some of the energy from the chemical itgugColinvaux,
1980, p. 335)

Smil (1999) put it in a more quantitative scale.

Between 1950 and 1995, global synthesis of feetiliammonia
rose from less than five million to about eightyllimn tones,
...perhaps already two out of every five people, getsprotein in his
or her diet from synthetic nitrogenous fertilizgfSmil, 1999, p. 171)

Therefore our very survival depends on the coimgpdlow of fossil
energy. The discussion by Colinvaux and Smil alsons that the main
function of knowledge is to utilize energy and otinatural resources.
This is distinctly different from the mainstreanetiny that knowledge is
used to substitute natural resources (Johnson,)288%:e knowledge is
used to utilize natural resources instead of swibstthem, it is easy to
understand in most sites of highly developed eanylizations, once
rich and productive areas have been turned intolakesregions through
over exploitation while in primitive human societjeenvironmental
quality does not deteriorate as much for peopleethad less knowledge
to extract as much resources from nature.

Will the progress of science resolve the resoymzblem in the
future? Jovons made the following observation.

It is credibly stated, too, that a manufacturgemfspends no more
in fuel where it is dear than where it is cheapt Barsons will
commit a great oversight here if they overlook ¢ost of improved
and complicated engine, is higher than that of mpk one. The
question is one of capital against current expanglit... It is wholly a
confusion of ideas to suppose that the economic afséuel is
equivalent to the diminished consumption. The vemptrary is the
truth. As a rule, new modes of economy will leadatoincrease of
consumption according to a principle recognizedmany parallel
instances. (Jevons, 1965, p. xxxv and p. 140)

Put it in another way, the improvement of techgglds to achieve
lower variable cost at the expense of higher figedt. Since it takes
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larger output for higher fixed cost systems to kesan, to earn a
positive return for higher fixed cost systems, thial use of energy has
to be higher than before. That is, technology adearent in energy
efficiency will increase the total energy consuroptiJevons’ statement
has stood the test of time. Indeed, the total copgion of energy has
kept growing, almost uninterrupted decades afterades, in the last
several centuries, along with the continuous efficy gain of the energy
conversion (Smil, 2003). Figure 4.1 displays th&lt@rimary energy
consumption world wide from 1965 to 2003, a periofl rapid
technology progress. During this period, energy scomption grew
steadily, with only two brief interruptions. Therdi is from 1979 to
1982, a period of Iranian Revolution. Oil price joed from 13.60 US
dollars per barrel in 1978 to 35.69 in 1980. Theosd is from 1997 to
1998, a period of Asian financial crisis. Oil prideopped from 19.09 US
dollars per barrel in 1997 to 12.72 in 1998. Figdr2 displayed the oil
price change from 1965 to 2003. The drops of enemysumption in
both periods were not related to technology pragres
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Figure 4.1: Global energy consumption (Million toil equivalent) from 1965 to
2003. Source: BP.
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At the crest of every civilization, it is difficuto imagine its ultimate
demise. But are there clear signs of unsustaitaloiliour civilization at
this moment? Yes. The fertility rates in most deped countries are
already far below replacement level, a clear intbcathat the current
living standard in most developed countries areadejuately supported
by the available resources. In the next chapterywillenake a detailed
discussion of fertility problem.
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Figure 4.2. Oil price (US dollars per barrel)frd965 to 2003. Source: BP.
4.4. Concluding Remarks

The world history is an interaction between naturasources and
technology, which is the ability to utilize naturalsources. Institutional
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structures are evolutionary adaptations to thellefgechnology and

resources. Because of the existence of fixed assmtismulated over
time, the adaptations are gradual and are consttaioy existing

structures. The progresses we observe are realyntrease of fixed
costs that bring down the variable costs. Sinchdridixed costs systems
need large amount of resources to maintain themsgelthe grand
systems of civilizations all collapsed spectacylavhen resources are
depleted.
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