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In a famous 1959 lecture, C.P. Snow declared that there were two cultures in the world: science and the
humanities. Most people specialized in one and were generally ignorant of the other. He argued that
this mutual ignorance caused major problems in finding solutions to the world’s problems. I believe the
same is true with science and economics. Scientists and economists see the world and the economy in
very different lights, and often come to very different conclusions. The goal of this talk is to apply a little
scientific thinking to our current economic situation.
Economists and scientist study very different timescales. Economists deal in events occurring over years
to as much as a few decades, whereas physicists deal with timeframes as long 14 billion years, the age of
the universe, and biologists and other life scientists trace life back nearly 4 billion years.
Humanity’s history started when our ancestors separated from the chimpanzee line about 6 million
years ago. Homo sapiens emerged as a distinct species about 100 thousand years ago. We are the
beneficiaries of all our ancestors’ struggles and accomplishments. With this perspective, I think it is
appropriate to give some consideration to what we are doing that will affect our species over the next
million years, or thousand or at least a hundred. This leads to some very different conclusions than
those of economists.

My Webster’s defines economics as “the science that deals with the production, distribution and
consumption of wealth, and with the various related problems of labor, finance, taxation, etc.” It places
the primary emphasis on money, which has the advantage of being measureable and thus greatly
simplifies the study of the very diverse and complex activities of humanity. In the figure,
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the money flows are shown in red. They are generally considered to be a reflection of the actual
production of goods and services, shown in the upper half of the figure, but of course they miss much of
the value of what is actually going on. For example, the anti-smoking campaign reduced economic
growth; it not only reduced sales of a valuable product, but it severely impacted the health care
industry.

Growth
Let’s talk about growth. Growth is generally regarded as good. Most economists believe the economy is
healthy when the rate of growth is 3-4% and sick when it falls below that level. Almost no one ever says
that the economic growth is too high. A recent op-ed column gave Obama a very poor chance of reelection if the growth rate was less than 2.5%.
Why should growth be held in such high regard? A popular explanation is that the economy must grow
with the population, just to maintain the standard of living. But, the U.S. population is only growing at a
rate of 0.96% per year, leaving another 2-3% to be explained. Most commonly, it is opined that growth
is needed to provide jobs. With the jobless rate now hovering around 9%, everyone understands that
this is a major problem. But, perhaps the most important reason why people prize growth is that it is
good for business. Sales go up and even poor businessmen make money. Everything considered,
economic growth has become a national goal. Every politician boasts that when he is in office, the
economy will surely do wonders. And woe to be any corporation that doesn’t show at least close to
double digit growth; its stock value will plummet.
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From the perspective of a scientist, however, growth is not always good, and in fact, it ultimately has to
stop. Why? It is simply because we live on a finite planet, which can only support a finite amount of
economic activity. The question is not if economic growth will stop, but rather, when and in what way.
The figure shows that the economic model’s failure is in its assumption that the planet will be able to
supply the necessary energy and material and be able to accept the waste streams irrespective of the
size of the economy. This may be true for the short timeframes considered by most economists, but it
must fail eventually.
Next, look at some of the constraints on growth. Our economy depends extensively on fossil resources:
petroleum, minerals, etc., which were laid down over this past several million years, or so. It has only
taken us 100 years or so to go through the bulk of these resources. And because the rate of extraction
has been increasing with time, it's clear that most resources won't last more than another century;
probably much less. It should be noted that the availabilities of the remaining resources are
interdependent. For example, oil fields used to be near the surface and could be extracted with rather
primitive rigs. Now petroleum companies are forced to drill from the top of oceans that are several
miles deep. This requires much more steel, as well as many other manufactured products. On the other
hand, much more energy is now required to refine metals as we exhaust high-grade ores and are forced
to use lower grade ones. Because refining is energy intensive, it becomes increasingly burdensome to
the energy supply, and at some point, it becomes uneconomic to exploit available sources of either
energy or minerals.
The problem is even worse for renewable resources such as agriculture, forests and fisheries. If they are
harvested at or below their replacement rates, they can last forever. At higher rates, however, they are
subject to collapse and their yields drop to near zero. This has happened numerous times in the past and
will increasingly happen in the future as growing economies stress them to their breaking points.
Ecological footprint
The environmental economist William Rees has developed an graphic way of viewing the limits on
growth imposed by renewable resources such as crops, seafood and timber. He starts with a discussion
of the concept of carrying capacity, which is defined as maximum load that a given environment can
support in perpetuity. In range and game management, it is the maximum population of a species that
can be supported indefinitely by a given habitat. For example, a farmer with 600 acres risks ruining his
property if he grazes more than say 120 cows on it.
Rees inverted this concept by defining the ecological footprint of an individual or load to be the area
required to support that individual or load indefinitely. In the previous example, the ecological footprint
of a cow would be 5 acres and so the 120 cows would require 600 acres. He asks you to imagine a city or
town being covered by an enormous glass bowl, which is made large enough so nothing need go
through it. The area under that bowl is then the city’s ecological footprint. Clearly, Cleveland would
require a much larger bowl than the actual size of the city and reflects its dependence on the ecological
productivity of a much larger area. The same principle applies to nations and Rees has calculated the
footprints of many of the major nations. They range from Canada, whose footprint is only 40% of its
actual area, to the Netherlands, which uses 19 times its actual productive area. Most developed
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countries have footprints that exceed their areas by three to ten times. The United States footprint
exceeds its area by 80%. Where does this extra productive area come from? It comes from third-world
countries, and to a limited extent, the oceans and seas. It is mostly accomplished through trade. As
populations and economies grow, their footprints will also grow. Rees’ point is that the World has a
finite productive area and growth must stop when the cumulative ecological footprint reaches that
total.
Steady state economy
When the world economy reaches its growth limit, it will, at best, become what is called a steady-state
economy. At worst, it could fall into a precipitous decline, which has happened in the past, just not at a
global level. Jared Diamondi, in his book, “Collapse,” documents several cases of societies which failed
to live within their ecological means and suffered disastrous results. Given these alternatives, I strongly
believe that we have to determine the nature of a steady-state economy and plan how we might
transition into it.
What would a zero growth economy look like? I found a few sources and have done a lot of thinking
about it. Here are some things I think will happen. First, it should be recognized that a large percentage
of our population is already in a zero growth economy. Wages for most of the middle and lower classes
have declined over the past 20 or so years. Between 1980 and 2006, 90% of America’s population has
seen its after-tax percentage of income drop by 20%ii.
This implies that the battle is mostly won, but from what I said earlier it's clear that we need not only to
achieve zero growth, we must greatly reduce the extraction of fossil resources, and limit our use of
renewable resources to their replacement rates. Let’s look into areas where that might be
accomplished.
Unlike the 99%, the richest 1% of America tripled its after-tax percentage of our nation’s income
between 1980 and 2006. Although it is impossible for them to spend all that largess, the extreme
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wealthy do indulge in what Thorsten Veblen called "conspicuous consumption," intended to
demonstrate "I've made it." They go in for building multiple, enormous mansions and acquiring yachts,
private jets, etc. These ego displays consume excessive amounts of our natural resources. To achieve a
zero growth economy, it is necessary to get these excesses under control.

It’s necessary, but I’m afraid, not sufficient. The extreme wealthy are just the tip of the consuming
iceberg. We in the United States consume much that we don’t need, and in fact, often don’t want. Many
people believe that our unsatisfying consumerism lifestyle has been fostered on us by marketing,
advertising and the media. Certainly, they are spending vast sums of money to get us to buy-buy-buy,
but the labor economist, Juliet Schor, thinks there is more to the story. She writes:iii
“American consumers are often not conscious of being motivated by social status and are far
more likely to attribute such motives to others than to themselves. We live with high levels of
psychological denial about the connection between our buying habits and the social statements
they make.
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Most Americans would deny that, by their spending, they are seeking status, in the usual
meaning of the word—looking to position themselves in a higher economic stratum. They might
point out that they don't want everything in sight, that purchases are often highly selective.
Indeed, what stands out most about much of the recent spate of spending is its defensive
character. Parents worry that their children need computers and degrees from good colleges to
avoid being left behind in the global economy. Children, concerned about being left out in the
here and now, demand shoes, clothes, and video games. ... Increasingly overworked, adults
need stress-busting weekends, microwaves, restaurants meals, and takeout to keep up with
their daily lives. But the costs of each of these conveniences add up.”
I think she is right. If you analyze today’s ads, you find that many of them don’t even show or describe
the product; they just imply that your use of it will make you happier, more beautiful, more successful,
and so on.
A major element of achieving a steady-state economy is teaching people that they can have happy and
successful lives without two or three SUVs, the latest gadget, etc. It’s a hard job, because it’s in the
interest of most corporations to sell you more stuff. There is hope for optimism, however, because there
are at least two cases where corporations have acted to reduce demand. The cigarette manufacturers
did dramatically change their advertising under government and legal pressure. And, a number of
electric utilities did conduct programs to help their users reduce their consumption of electricity. They
did so because they found that adding capacity would be so expensive that they couldn’t make a profit
off it.
The third necessary step must be to greatly reduce the resources devoted to national defense. The
World’s largest single consumer of petroleum is the U.S. Department of Defense. It is also a huge
consumer of fossil resources, not only of base materials, but also of all sorts of exotic ones that are in
short supply. There are historical precedents for the collapse of civilizations being caused by national
and military competition. The one documented by Jared Diamond, Easter Island, had three rival
kingdoms in intense and distracting competition. The magnificent stone heads that dot the island are
remnants of that competition. Because their minds were on outdoing each other, they did not notice
until too late that they had exhausted their soil and cut down the forests that were necessary to build
the boats needed to harvest the bounty of the seas around them. The result was starvation and an
order-of-magnitude drop in the population. It couldn’t have been very pleasant.
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We are similarly distracted by our regional conflicts and don’t notice that we need to reduce the size of
the military-industrial complex. Although doing so seems unlikely, it can be done. For example, the
development of nuclear weapons has made the concept of war between industrialized nations
unthinkable. We have avoided such a war for over 65 years and at present no one is suggesting starting
one. Hopefully, the limits of our planet will finally draw our attention to what we are wasting on
defense.
Finally, we should be able to greatly reduce our consumption of fuels, especially oil and natural gas. The
availability of cheap and abundant fossil fuels made the modern economy possible and greatly reduced
the amount of human drudgery. Previously, almost everything had to be done by either animal or
human labor, and widespread slavery was almost an economic necessity. It also enabled the industrial
scale refining of minerals such as iron and copper that were essential to building new technologies.
These in turn created a need for an educated population, allowing people to turn to much more
productive work.
But, much of what we use is simply wasted. Because of competition, resources have usually been priced
at a little over the cost of production rather than at their intrinsic values. The extremely low price of
petroleum products has led to many of the excesses of our modern society such as urban sprawl and the
excessive use of the automobile. Urban sprawl has proven to be something of a trap, because once
society is spread diffusely over the landscape, the automobile becomes the essential means of
transportation. There was actually an expensive real estate development in California, Victorville that
was abandoned because the increasing cost of gas made it impractical for people to commute to jobs
which were too distantiv. I might add that Europe consumes half as much petroleum as the United States
mainly because their cities were built before the age of the automobile and did not suffer the same
degree of urban sprawl. They also had extensive public transportation systems.
The excessive use of the automobile has also had an adverse effect on public health, contributing to our
epidemic of obesity. Dr. Michael Roizen, the Chief Wellness Officer at the Cleveland Clinic gave a talk to
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the City Club in December 2010v in which he decried the lack of exercise on the part of Americans. He
recommended that everyone walk at least 10,000 steps a day. That’s about 4.7 miles.
With the rising price of fuel, we are already seeing a new emphasis on efficiency and conservation:
increased gas mileage, better insulated homes, more recycling, etc. Eventually though, we will have to
greatly reduce our consumption of fossil fuels, either because we will exhaust the world’s supplies or
because we must reduce the production of greenhouse gasses. Most estimates are that we will hit the
limit within decades, not centuries. If the World continues on the path of exponentially increasing
consumption, the limit will be hit suddenly; there will be no time to adapt and there will probably be a
catastrophic destruction of our civilization. But, the scenario can be reasonably pleasant if we take
aggressive steps to move away from fossil fuels into renewables.
Finally, there is the question of jobs. Although a steady state economy can’t rely on growth to provide
jobs, some job increases will occur naturally as we exhaust cheap fuel sources and high grade ores.
Drilling for oil in the multi-mile deep open seas is orders of magnitude more expensive than it was
prospecting for oil in the 1920s and 30s. Most of the cost goes into human resources: from sophisticated
geologists, through the roughnecks on the rigs to the workers making all the parts and pieces. Similar
job growth will occur in both acquiring and recycling all the other materials required by our modern
industries.
The Brookings Institute and Battelle a detailed assessment of jobs and job growth in the “clean” or lowcarbon economy, which they define as “that sector of the economy that produces goods and services
with an environmental benefit.” The results are described in a detailed, 68 page reportvi and in several

on-line videos. Most clean economy jobs are in mature areas, such as manufacturing and public services
like wastewater and public transportation. A smaller, but rapidly growing, segment is in renewable
energy technologies, which include: photovoltaic, wind, biofuel, fuel cells, batteries and advanced
electric grids.
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They make a number of points:





The clean economy currently employs 2.7 million workers, which is more than the fossil fuel
industries;
It is manufacturing and export intensive; about 26% of the jobs are in manufacturing, compared
to 9% in the national economy;
It offers more opportunities and better pay for low- and mid-skilled workers than the overall
economy;
Between 2003 and 2010, the clean economy grew at a lower rate (3.4%) than the overall
economy (4.2%). Much of the decline was in job losses associated with the collapse of the
housing bubble. The renewable energy sector grew at a much higher rate.

It appears that future job increases will mainly be in the clean economy. Most will be in the renewable
energy sectors. Increasing fuel prices will also drive significant increases in public transit and making
housing fuel efficient. Both of these areas will require significant increases in skilled and semi-skilled
labor. I think America will start to look a lot like Europe, which has a comparable standard of living, but
about half the per-capita use of energy.
Plastic containers, dishware and other disposable items are now so cheap that they have largely
replaced their reusable counterparts, which involve higher labor costs. As the costs of energy and
petroleum feed stocks increase, however we will probably some reversal of the trend with an
accompanying increase in service jobs.
A parallel trend in retail has been to reduce costs by eliminating clerks and thereby making the customer
do-it-herself. I’m not sure my living standard is enhanced by checking out my own groceries or searching
vainly for an assistant in a department or big-box store. Especially when I pay the money I save in taxes
to help support those who can’t find jobs. Interestingly, there now appears to be a reversal of this trend
to less service. Some recent studiesvii have found that retailers who added staff to their sales forces and
spent the money to train them experienced gains in sales that significantly exceeded the added cost.

Conclusion
I have tried to anticipate the developments needed to transition to a reasonably pleasant steady-state
economy. But, whether they will come to pass is anyone’s guess. In closing, however, I would like to
leave you with three things that are very certain. The first is that because we live on a finite planet with
limited resources, growth will eventually stop.
The second is that because of compound growth, we have much less time than most people believe. As
an example, assume we have 100 year reserve of a certain resource, say iron ore, and the economy is
growing at a modest 3.6% rate. Using the rule of 72, consumption will double in 20 years. That means
that the resource remaining at the end of the 20 years will be exhausted in 40 years for a total of 60
years, not 100. If you do the math right, the resource will only last about 45 years.
The third is that realistic planning can yield major benefits. I can’t prove it, but I can give you the
example of two recent disasters, the earthquakes in Haiti and Japan. Although the earthquake in Japan
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was 100 times stronger than the one In Haiti, its death toll was less than 10% of Haiti’s and most of it
was due to the Tsunami, which Haiti didn’t have. The difference is of course that Japan had long planned
for an earthquake, educated its population and built housing to strict regulations. Most of Japan’s
deaths and its nuclear disaster were due to a failure to anticipate the size of the Tsunami.
In summary, if we do nothing, the world will face a disaster of epic proportions. It is time to get working
on the solution. Thank you.
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