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Abstract

Low interest rate environment encourages borrowihgring inevitable downturns in business
cycles, heavy borrowing makes it more vulnerablefit@mncial crisis. Low interest rate
environments also favor high fixed cost investmentsich have low variable costs and hence,
have more significant scale economy than low figedt investments. In a large and growing
economy, high fixed cost investments earn highdesraof returns than low fixed cost
investments. During last several centuries, fublethe abundant cheap nonrenewable resources,
the global economy has been expanding more orulgisgerrupted. In such a growth economy,
low interest rate policy, which favors high fixedst investment, has been mostly beneficial to
overall economic activities, although it also indsidinancial crisis from time to time. However,
many signs indicate that the upward trend of ecocoowutput will end soon. In the new
environment, higher and stable interest rates neittow the gap between cost of borrowing and
expected rate of inflation, which will reduce theentive for speculation. A high interest rate
environment will also enhance the competitivendéssrall firms as low fixed cost entities. Small
firms are more labor intensive and less resourtangive, which is especially helpful in a world

with increasing resource scarcity and high unemplent rates.



I. Main Policy Analysis

Any organisms or organizations need to make a firedstment before earning a positive return.
What types of fixed investment and how much to stveepend on the forecasting of future
demands. Since building up required fixed assétsstéime and effort, businesses and societies
cannot respond to unexpected changes immediately n€cessity of fixed cost in an economic
system is the most important reason why econonticites fluctuate, sometimes violently, over

time.

The fixed costs of production systems can be higlow. Lower fixed cost systems can respond
more flexibly to unexpected changes. Hence theyem® affected by business cycles. However,
higher fixed cost systems have lower variable sl hence have more significant scale
economy than lower fixed cost systems. When the gizhe economy is large, higher fixed cost
systems provide higher rates of return. Therefoompanies or societies may choose to adopt

higher fixed cost systems, despite their potentiaijher instability.

When the market size for a product or a servidarge, a small number of large projects provide
higher returns than a large number of small preje€inancial markets provide an effective way
to increase the fixed investment of economic systand have been instrumental in accelerating
economic development in the past. However, higkxedfcost systems require a higher level of
output to breakeven than lower fixed cost systeiMlen economic output shrinks, high fixed
cost investments are affected more than low fixest systems. Since financing is intimately
related to high fixed cost investments, an econahointurn is often manifested as a financial

crisis.



Factors in economic activities are intimately rethtlt is through these relations that government
agencies try to adjust aggregate economic acsvitied individual consumer behaviors. For
example, central banks often change the levelsitefdst rates, in an attempt to influence the
level of total economic outputs and the price IsveHowever, the precise relations among
different factors are not well understood. Thisvisy the consequences of financial policies often
surprise policy makers. Therefore it is highly idasle to develop a quantitative theory to

provide a more precise understanding of the relatal major factors in economic activities.

Recently, a mathematical theory of economics of dnursociety and life systems has been
derived from the laws of statistical thermodynamiChen, 2005; Chen and Galbraith, 2009).
The main result is a formula of variable cost asathematical function of product value, fixed

cost, uncertainty, discount rate and project domatFrom this formula of variable cost, together
with fixed cost and volume of output, we can corepahd analyze the returns and profits of
different production systems under various kindsmfironment in a simple and systematic way.
The results are highly consistent with the empiresadences obtained from the vast amount of
literature in economics and biology. In this papes,will apply the theory to understand business

cycles and financial crisis.

From this theory, it can be calculated that whearest rates are lower, investments with higher
fixed costs and longer duration will benefit malrguitively, in a low interest rate environment,
the rate of depreciation is low. Therefore investtaawith high fixed costs and long durations
will benefit. Since loans are fixed income instruntsefor buyers, they are fixed costs for issuers.
Hence, mortgages with long maturity and low inif\ayments are long duration, high fixed cost
investments. They tend to do well in a low intenede environment. With the bursting of the
stock market bubble in early 2000, interest ratesewowered by the central banks to stimulate

economy. While the monetary policy was aimed tghetonomy in general, high leveraged



investments, such as commodity trading and low dpayment and long duration mortgage

businesses will benefit most and hence attracelargounts of capital. This is the source of the
financial crisis induced by high commodity priceaglasubprime mortgages. Indeed low interest
rate policy is responsible for many bubbles andegbent bursts in the history. If this is the case,
why has the low interest rate policy been widelp@idd by many governments for such a long

time?

High fixed cost production systems, which are fadounder a low interest rate environment,
have lower variable costs and hence have morefisigmi scale economy than lower fixed cost
systems. In a large and expanding economy, higked tost systems offer higher rates of return
than low fixed cost systems. Most of the world ewoit activities are sustained by

nonrenewable resources. With the increasing inpmparenewable resources as raw materials,
the world economic output has been increasing roorkess uninterrupted for the last several
centuries. Because of the general trend of therelipg economy in the past, the low interest rate
environment, which promotes investments with higted costs and long durations, has been

beneficial to economic development most of the time

However, there are already many signs that the tdgisumption rate of human societies strains
the capacity of nature. In the early 1970s, thenHagje between the world’s major currencies and
gold, a major commodity, signaled that a stablati@h between economic activities and resource
input was no more possible. Since then, many saaplstments have been made. The most
important one has been the drop of fertility ratetow the replacement rate in most wealthy
countries, which have high resource consumptioesrads well as in some poor countries. This
signals that economic growth can no longer be swexia However, there is a time lag between
the drop in fertility rate below the replacementeleand the drop in economic output. The initial

drop in fertility rate reduces the number of demardchildren. Many more adults become



available as labor forces. As a result, countredamographic transition often enjoy a high level
of growth in economic output (Arnott and Casscell803). Since most economic observers
focused on the economic output alone, informatiaplicit in the demographic transitions was

often ignored.

Eventually, the scarcity of natural resources betpabe reflected in their prices. Before the
current economic recession, commodity prices hateased relentlessly under the low interest
rate environment. In 2009, commaodity prices haweeased substantially despite the continued
low level of economic activity. These events shiwattthe constraint of natural resources has

been widely recognized by the financial and broagenmunity.

In the past, the effectiveness of low interest pkicy was largely due to the abundance of the
low cost nonrenewable resources, which limits thesll of inflation. In the future, the average
cost of producing nonrenewable resources will caito grow, of which we will discuss in

greater detail later. With this background in mimek propose a policy of steady and higher

interest rates and analyze its impact.

First, a higher and steady interest rate will redapeculation. When the cost of borrowing is
substantially lower than the expected inflationeyadpeculation becomes impossible to curb.
Speculation increases the rate of inflation anth@&rrincrease the incentive to short currency and
long commodities and other assets. Low interegsrarovide strong incentives for financial

institutions to engage in highly leveraged finaheiivities, which are at the heart of the current
financial crisis (D’Arista, 2009). In the futurespeculation could intensify because of the
increasing scarcity of most commodities. A higheeiest rate will narrow the gap between the

borrowing cost and the expected inflation rate,alwhiill reduce the incentive for speculation.



Second, a higher interest rate will force bankadtually lend to businesses. When the cost of
financing is very low for banks, banks can makerafipsimply by trading other financial

instruments. For example:

The recovery took root anyway, and one can pingbitdate it really began --- precisely
--- to February 4, 1994. On that date, Alan Greanspised the short-term interest rate,
allowing short rates to begin to catch up to tlse in long-term rates that had been under
way for some months by that time. Normally, raisigigort-term interest rates is a
contractionary measure, with negative consequeiocggowth. But the circumstances in
1994 were special. The nation’s largest banks by ploint had been in a state of near-
insolvency for half a decade and had been slowbyitding their balance sheets by a
simple device: milking the government for high net rates on long-term bonds while
paying out very low rates to their depositors. They steep yield curve then prevailing
... meant that a bank could do this, and make at Eea®dest profit, without lending to
business at all. The rise in short rates squedrethdnks’ costs, which had the effect of
forcing them to cover their costs with riskier coamngial and industrial loans, which up

to that moment they had not been willing to makaalbraith, 2008, p. 60)

During this financial crisis, many of the technigainsolvent banks quickly return to highly
profitable positions by actively trading financiaktruments backed by a large amount of low
interest rate funding provided by the governmefitey can make not so modest profit, without

lending to business at all.

Third, a higher interest rate will increase the petfitiveness of small companies as low fixed
cost systems. In the current financial crisis, mosiblems are caused by losses from large

companies, such as AIG, Citigroup, Merrill Lynchda@eneral Motors. Compared with large



companies, small companies are less resource iveesd more labor intensive. This is
especially beneficial in an environment with scara&ral resource and high unemployment. It is
often suggested that lower interest rates will cedcosts for all companies. However, the profit
levels of different companies are mainly determimdtheir level of competitiveness in the
market. For example, lower interest rates mayailijtiower the monthly mortgage payment. But
soon the real estate price will increase as thaltre$ the lower interest rate. Higher real estate
prices will benefit parties with more capital andk® housing less affordable to parties with less

capital. Similarly, lower interest rate policy Wieduce the competiveness of small companies.

Raising interest rates will strengthen the comjpetiess of small companies, which indirectly
lower the fixed cost of societies. We also recomungalicies to directly reduce the fixed cost of
the society. There are many ways to reduce thd fiest. We will only discuss two methods. The
first is to relax zoning rules for residential, ioff and commercial areas. Residential, office and
commercial areas are often segregated in many caoitiggifor various reasons. Because of this
segregation, most people have to rely on carsaasgportation tools to and from work, which has
a high fixed cost compared with walking or bicydliBy relaxing the zoning rule so residential,
office, commercial and shopping areas are closedch other, more people will have the

opportunity to walk or bike. This will help redutiee fixed cost of the society.

The second is to reduce the employment age. Martgeh-year-olds are physically stronger and
can handle many types of work better than theirdheidhged parents. However, under the current
labor rules, they are unable to perform regularke@nd live in an enforced idleness. To allow
thirteen-year-olds to work will help them gain valle real life experience and become a
productive part of the society. It will also grgaéinhance their self esteem. Reducing the number

of years of mandatory education will greatly redtieefixed cost of a society.



The ongoing financial crisis provides a natural antynity to scale down the sizes of high cost
industries. Currently, most stimulus money goesaoking and auto industries, whose employees
represent the highest income groups among whitaraohd blue collar workers. For many years,
the viability of the high cost auto and bankinguastties is due to the active policy support from
the government. Instead of bailing out the overkiaeto industry, which is the principle source
of pollution, we can fund projects to transform eoumities into walking and biking friendly
ones. Instead of subsidizing risky trading actbgfiwe can transform the banking industry into a
utility just like electricity and gas, as many haaleeady suggested. However, the government
financial policies, which are largely determined depresentatives from the financial industry,
aim at preserving instead of reforming the curfer@ncial system. This sows the seed of a new

financial crisis in the future.

We have argued for a policy of lower fixed costg drigher interest rates. This seems to
contradict Keynes’ theory to stimulate economy lmweynments during economic downturns.
However, Keynes was prescribing for an economy iyoathful growing stage. After listing

many sound economic indicators despite the persibigh unemployment figures, he declared:

We are suffering from the growing pains of youtbt flom the rheumatics of old age.
We are failing to make full use of our opporturstiéiling to find an outlet for the great
increase in our productive powers and our prodaectivergy. Therefore we must not
draw in our horns; we must push them out. Actigityl boldness and enterprise, both

individually and nationally, must be the cure. (Keg, 1932, p. 156)

Indeed, the decade of 1930 was the decade of tadge®very of oil reserves (Deffeyes, 2001).

The transformation from the coal based economyclvtlientered on railways, to oil based



economy, which centered on cars, was partially amsible for the Great Depression. The

abundance of oil also set the stage of economimbod 940s and beyond.

Today, with fertility drops below the replacemeater for several decades in most wealthy, as
well as some poor, countries, it is difficult tayae that we are suffering from the growing pains
of youth. Therefore we have to take a differentrapph. Many people have already provided
detailed discussions to prepare for the long tdide @t personal and policy levels (Odum and
Odum, 2001; Kunstler, 200%jall and Klitgaard, 2006; Heinberg, 2007). Our ttyeprovides

specific recommendations about monetary and fizoiaties for the future.

Trends are often superposed with cycles. The exist®f business cycles makes it difficult to
detect the underlying trend and the reversal afdireéBut it is crucial to detect the trend of

economic activities before developing sound pddicie

The detailed calculation on the relations of defar factors is provided elsewhere (Chen and
Galbraith, 2009). In the rest of the paper, firg will provide an intuitive discussion on how
systems of different fixed costs respond to cycldsen we will discuss many signs of strains

between high consumption levels of human societmescapacity of natural resources.

2. Cycles and Responses by Organisms and Organizations

There are many cycles in nature. Resources arevestly distributed at different phases in a
cycle. For example, there is more light energyagttiche than at night time, at summer time than
at winter time. For organisms and organizationgréhare two main strategies dealing with
external fluctuations. The first strategy is thevlfixed cost strategy. Under this strategy, the

internal environments of an organism or an orgditimafluctuate more with the external



environment. In this way fewer resources are spamnhaintaining the internal environment. But
the internal environment may not stay in a desgratbndition, which makes this type of

organisms or organizations less competitive thaosdéhwhose internal environments are
maintained in more desirable conditions. For exampbld blooded animals do not actively
regulate body temperature with the chemical enstgsed in their bodies. In this way, the energy
expenditure of cold blooded animals is low companéth warm blooded animals. But cold

blooded animals are very sluggish at night and aniy active at day time after the sun warms up

their bodies.

The second strategy is the high fixed cost stratddmder this strategy, organisms or
organizations maintain a stable internal envirorina@mmore desirable condition. They are more
competitive and as a result control larger shamesburces than the low fixed cost systems. But
their resource requirement is high and more vulsierto decline in resource availability. Warm
blooded animals keep themselves warm at night ardld weather by burning extra chemical
energy stored in their own bodies. They are miexive in obtaining resources but also require

more resources to sustain themselves than thebtmdded animals.

There are parallels in human societies. To keeprvwiara cold weather, we can either wear more
clothes, which has low fixed cost or heat the enlivilding, which has high fixed cost. With
heating, the temperature of the entire building lbarkept at the level that is most comfortable to
human beings. As a result we can work effectivalyinter time to maintain a similar pace in
economic activities as in mild weather. Howevertimgga building is energy intensive and a year
round fast pace economic activity needs more regsoumput than seasonal economic activities.
We can also wear a lot of clothes to keep oursehagsn without heating the entire building. In

that way, the energy expenditure is low. But we kél clumsy and work at slower pace.
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In most poor countries, there are few social welfarograms. As a result, fixed costs in poor
countries are low, with corresponding high variabtests. The major costs in such economic
systems are variable costs. Hence, the impact sihbss cycles in poor countries will be less
pronounced. In most wealthy countries, there areynsacial programs to reduce uncertainty in
life. As a result, fixed costs in wealthy countrae high, with corresponding low variable costs.
In wealthy countries, during an economic downtwwgial services are maintained at a regular
level. Some expenditure, such as unemployment kenisfeven higher than in good times. This
means that the government expenditure increasdts asvenue decreases. It will be very
difficult to stay in such condition for a prolongedriod. Because of the serious damage caused
by a prolonged downturn in a wealthy society, wheanomic activities slow down, governments
try to generate extra activities to keep the tetainomic output stable. Similarly, in cold weather,
warm blooded animals shiver to generate extra teeabaintain a constant body temperature.
High fixed cost organisms and organizations agfiveulate their internal environments at more

desirable conditions with extra resource consumptio

Most cycles are driven by resource availability échnology innovation to consume resources.
Daily and annual cycles of biological activitiegairiven by the level of light energy. The rise
and fall of giant animals are closely linked to tiee and fall of oxygen levels in atmosphere
(Lane, 2002). The rise and fall of the levels aghaspheric carbon dioxide, which provides the
raw material for all plants, is behind the planbletion and productivity (Beerling, 2007). The
rising yield of the crops in the last few decadésars the rising levels of carbon dioxide in the

atmosphere.

Business cycles and financial crisis are rarelywlised in terms of resource abundance and
utilization in the mainstream economic literaturkadeed, mainstream economic theory

specifically denies a fundamental role of resouindsusiness cycles. For example, it was often
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argued that it was not the rise of the oil pricelit, but the inappropriate policy response to oil
price changes in the 1970s, that caused the diagfia that period. Because of their confidence
about their ability to control the economy, theipgphakers were surprised by the magnitude of
the current economic downturn, despite the stedsly of the commodity prices before the

recession.

Social structures and economic developments asagyr affected by the abundance and quality
of natural resources. In the next section, we pitivide a more detailed discussion about the

relations among abundance of resources, populdsioamics and economic growth.

3. Abundance of Resour ces, Population Dynamics and Economic Growth

In nature, there are organisms with a wide spectfifixed costs from bacteria to whales. This
indicates that systems of widely different leveldiged costs are viable. But at different times
and different environments, some systems are maf#evthan other systems. For the most time
of the past several centuries, the main trend imér population dynamics has been the
expansion of the high fixed cost groups, which megmore resource input, with respect to low
fixed cost groups, which require less resource tinplowever, the changes in the supply and
demand of natural resources gradually alter thepetitive balance between high resource users

and low resource users.

Among nonrenewable energy resources, high qudlity, cost nonrenewable resources are
extracted and consumed earlier than low qualityh ltiost nonrenewable resources. For example,
natural gases have higher hydrogen content thanaomahence is a cleaner energy. Therefore,
natural gases become a preferred choice for howldrapand heating and its rate of depletion is

faster than coal. Petroleum has higher hydrogeneocbrand higher energy density than coal.
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Therefore petroleum becomes the choice of energtrainsportation industry, which causes

petroleum to be depleted faster than coal.

After many years’ global mining activities, highality mines, which have low production costs
and usually are extracted first, have been seyaleghleted. In an earlier period, the discovery of
new reserves was faster than production. Laterdigmvery of new reserves slows down but the
production increases continuously. With the deotinieserve of the low cost energy resources
and other natural resources, high cost energy esuscich as oil sands, have been developed on a
large scale. As a result, the average productiah ebenergy and other natural resources has
been increasing, making nonrenewable resourcessaalgractive substitute for human labor in

many cases.

On the demand side, the rising living standard,ctvhiequires more resource consumption, in
many countries and the increase of global populatias greatly increased the demand for
resources. As a result of the changes in supplydantand of natural resources, the population
dynamics of high resource users and low resourees isve reversed in the past several decades.

The population of low resource users has increaseth faster than the high resource users.

Japan, which has very high living standard and Vit natural resources, provides a good
example to help us understand the relation betweiey standard, resource availability, fertility
and long term economic output. Japan is often @wedn example on the irrelevance of natural
resources in the technology age. However, withauthrmatural resource on its own land, Japan
has to purchase natural resources at the market ipStead of extracting resource below the cost
of the market price. Therefore, Japanese people ttawork extra hard to maintain a high living
standard. Inevitably, it cuts into the amount ofdithey can spend on raising children and lead to

below replacement fertility. Eventually, the deeliof ratio of workers to dependents drags down
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the economic output. The change of outlook on #padese society can be best illustrated from
the change of the Japanese stock market valudtick®89, Nikkei 225 index was near 40,000.
Twenty years later, the index stands around 10008t commentators of the Japanese economy
often attribute the decline of Japan to mismanagemevarious levels. However, the same types
of management were hailed as the models for otieeesnulate in Japan’s miracle years. It is
more natural to understand the change in Japanisoetic performance as part of a larger social

evolution under resource constraint.

Once we understand the Japanese economy from $Hoeirce perspective, it becomes the
harbinger to the future of the global economy iadt@f an irrelevant example of failure. It
suggests that we are around the peak in a big aytlthe nonrenewable resource based

civilization.

4. Concluding Remarks

With the help of an analytical theory about thetieh of major factors in economic activities, we
were able to understand the precise effects ofritveetary policies. Specifically, we understand
why the low interest rate policy was effective iwarld of increasing energy supply, even though
the low interest rate policy was also responsibfenfiany financial crises. We further argue that
with the rising physical cost in extracting nonnemble resources, a higher interest rate and

lower fixed cost economy will be more stable anstaimable.

The reduction of fixed cost, with the correspondimgyease of variable cost, will make our daily
life less convenient. The reduction of resourcesoomption will reduce our living standard.
Hence it is often difficult to adopt policies thaill reduce the fixed cost of a society. So faiisit

mainly through the natural selection instead ofptation that low fixed cost communities spread
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out. In biological systems, low fixed cost systeh@sse higher fertility than high fixed cost
systems. The same is true in human societies (Bushi996). Low fixed cost communities
generally have higher fertility rates than highefix cost communities. With currently low
mortality rates among both high fixed cost and Ilfixed cost communities, low fixed cost
communities spread out with respect to high fixexktccommunities. Both selection and

adaptation are at work in the evolution of humaniet@s, like any other biological systems

(Jablonka and Lamb, 2006).
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