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For an anthropologist like myself the work of H.T. they can be compared to the fundamental principles of
Odum has great significance. For 40 years his re- emergy accounting and systems ecology. | will begin
search has explored the workings of open systems of with a well-known diagram and some discussion of the
all sorts found in nature, including the biosphere’'s contrasting worldviews embodied in the two forms of
systems of humanity dum, 1971, 1983, 1996; economics. The macroeconomic worldview, as exhib-
Odum and Odum, 1976, 2001; Odum et al., 1998 itedinFig. 1, does not explicitly incorporate topics like
There is perhaps no more interesting systemic rela- political power, military force, demographic stress, or
tionship than that between people and nature, and social inequality. These issues for many anthropolo-
between people and other people. For anthropologistsgists, however, are essential to understanding the evo
therefore, the research of H.T. Odum can provide lution of culture, and as well as contemporary world
essential understanding of the functioning and dy- political-economies Wallerstein, 1974; Carneiro,
namics of the ecosystems that have co-evolved with 1982; Johnson and Earle, 1987; Adams, 1988; Tainter,
humans as foragers, as agriculturalists, as archaic1988; Harris, 1989; Sanderson, 1990; Chase-Dunn
states, and as they exist within contemporary world and Hall, 1997. Neither does the macroeconomic
systems. Systems principles of hierarchy, scale, diver- model explicitly incorporate an ecologist’s concerns
sity, self-organization, and others can each be applied with finite natural resources, replacement times, or
to understand cultural self-organization. other limits on production in natural, open, environ-

A direct outgrowth of H.T. Odum’s work on human- mental systems. | argue that these considerations are
environmental systems has been his interest in eco-essential in any model that addresses the complex
logical economics@dum, 1998. Many of the other nature of human—ecosystem and human—human rela-
articles in this issue have addressed emergy, and Itionships. | will use this discussion to point to serious
will not re-review the concept or methods. This pa- omissions in the macroeconomic model (see blath
per will instead assume a familiarity with emergy et al., 200). Finally, | will demonstrate that an en-
accounting and systems ecology, and add to them ergy systems model can easily incorporate these vital
an anthropologist’'s understandings of sociocultural concerns of anthropologists and ecologists.
self-organization, political-economy, and cultural
evolution as they can enlighten and enliven the de- ) ) .
bate between ecological economics and neoclassicall- Macroeconomicsand environmental accounting
economics.

This article will present a visual “discussion” of the
underlying “basic assumptions” of macroeconomics as

1.1. Sep 1: thecircular flow of income

A common diagram in macroeconomic textbooks
is the “Circular Flow of Income” Fig. 1). It de-
E-mail address: tabel@mail.ntpu.edu.tw (T. Abel). picts the relationship between “business firms” and
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Expenditures on Goods and Services ious fixed goods (machinery, factories, equipment,
& - - Lf, L & raw material stocks, etc.) in the “goods and services
Goods, Services & Goods & market” (upper flow ofFig. 1).
(Incl. Machinery, Factory) Services While it might be a useful logical category for
Lt economists, the term “households” is therefore an
odd assortment of both persons and assets. The assets
: i of a “household” may include the physical assets of a
Business Firms Households firm. They also include storages of natural resources,

which in this model are owned or controlled by the

Resource “household.”
@y, L2bor, Land, Capital Market This leads to two shortcomings of the economists’
~. .\-_f,-’ diagram. First, the term “business firms” has no
Wages, Profit, Rent, Interest physical reality, but is rather an abstract nexus of

_ _ _ _ _ interactions between “households.” Second, the term
Fig. 1. The circular flow of income. This basic model can be “nouseholds” is in fact both households and industries
found in every macroeconomics textbook. The assumptions of the

model should be examined from the systems perspective. Dotted and the owners of each.
lines represent money flows.

1.2. Sep 2: a hierarchy of “ households’
“households” in a market economy. | will step through
it. In its simplest form, households provide labor, for ~ Fig. 2 expands the “households” of the first dia-
which they receive wages from business firms. This gram into the physical hierarchy of households and
is depicted in the lower flow dfig. 1 Business firms ~ corporations (and their owners). This diagram splits
Supp|y “goods and ServiceS," for which they receive the (Iower) flow of |and, labor and Capital. Here sim-
payment from households. This is depicted in the top Ple households supply labor, and the “owners” of busi-
flow of Fig. 1 nesses supply their labor, their land, capital and other
In addition to labor, however, “households” are @assets to the “resource market.” In exchange, simple
also said to provide land, capital, natural resources, households receive wages, while the owners receive
and other assets, which are exchanged in a “resourceProfits, interest, and rents.
market” for profit, rents, interest, etc. (lower flow of ~ This diagram also splits the (upper) flow of goods
Fig. 2). and services. Here simple houses receive household
Furthermore, in addition to household goods and goods and services, while the owners of business firms
services, “households” are also said to purchase var-2also receive fixed goods such as machines, equipment,

Interest, -
Rents

Fig. 2. A hierarchy of “households.” A society is composed of family groups and their assets in households. Households can be placed
into a web or hierarchy of production.
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Fig. 3. Flows of emergy and income. Humans are parts within ecosystem wholes. They should be modeled within those systems in order
to identify the natural resources that drive the system.

buildings, etc. which they purchase in the “goods and 1973; Cleveland et al., 1984; Hall et al., 1986;
services market.” Martinez-Alier and Schlupmann, 1987the neo-
classical macroeconomic model ignores the material
contributions of natural resources, most egregiously
energy sources like coal, oil, or geothermal energy.
Fig. 3 completes the transformation &fg. 1 into Natural assets and their location in the hierarchies
a systems diagram in the format of Odum’s famous of ecosystems and the biosphere are now added to
symbols and structural logic. The abstract “business the diagram. It adds renewable sources (sun, wind,
firms” figure is eliminated, since the physical presence rain), natural production (crops, timber, etc.), and
of a firm is logically located physically with its owner. non-renewable sources (metals, fossil fuels, etc.)
A firm does not exist without ownership and manage- that drive any ecosystem or economy. The absence
ment. Rhetoric about “corporations” or the “business of these sources from the macroeconomic diagram
sector” are common abstractions that obscure the un-belies the minor role they play in the economist's
equal social relations of capitalist production. Owner model, though in fact they are criticaHéll et al.,
and firm are co-occurring components of an economy 2002).
and neither can exist without the other. The logic of  Political-economic inequality (the social hierar-
ownership is that owners gain security, power and pres- chy) is now present in the model (séébel, 2003
tige from the control of productive assets, which they for further discussion). People are located in a social
feedback to amplify production (when possible) and hierarchy by differential control of physical assets.
defend their positions in socioeconomic hierarchies. Starting from the left inFig. 3, labor households
This fundamental principle of economic intensifica- reproduce themselves, control small asset storages,
tion is known from chiefdoms, archaic states, and con- and produce the labor required by firms on the right.
temporary states, and has been a critical componentMoving right in the diagram is a hierarchy of owners
of their evolution Fried, 1978; Harris, 1979; Johnson and their firms. In each of these owner symbols, labor
and Earle, 1987Abel, 2000, pp. 354-454 is combined with assets to produce new goods. As
Fig. 3 finishes the story by filing a gaping hole shown, the assets may be renewable natural products,
in the macroeconomic model. As has been shown non-renewable storages, or secondary goods from
on many occasionsdorgesccu-Roegen, 1971; Daly, the economy. High-emergy goods are concentrated

1.3. Sep 3: flows of emergy and income
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into storages on the right, which will have powerful 1.4. Sep 4: gross domestic product, GDP
feedback effects over large territories.

Some critical storages of assets in state systems are One last diagram takes the discussion into the back-
machines, factories, legal deeds, militaries, and banksyard of the neoclassical economist by re-representing
(Fig. 3). Legal deeds to land and property are impor- one of its fundamental principles—GDP. To succeed,
tant assets preserved in government storehouses. Thehe diagram details the functional relationships that
punitive force of the courts and state military appara- exist between industry, political officials, and finan-
tus back these guarantees and defend social inequalitycial elites in contemporary capitalist states. It is here
Banks provide loans, which are another critical com- argued that these elites utilize their asset storages to
ponent of the economic system. Money is concentrated amplify production to themselves, and by doing so,
into banks, from which loans are granted at interest. amplify production to other elites and to the system

Now in systems diagram fornfig. 3re-conceptua-  as a whole.
lizes the macroeconomist’'s model of the human econ- Money moves in countercurrent to goods and ser-
omy as a model of the human ecological-economy. vices within an economic syster®fum and Odum,
Here political-economic hierarchy is coupled to a 1976. In environmental accounting however, the driv-
model of environmental self-organization and natural ing forces of the system are not the money, but are in-
resource provisioning and limits. Both the ecologist's stead the high emergy sources and storages that flow
and anthropologist's objections are met. into the system. These are depictedFig. 4 as re-
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Fig. 4. GDP and emergy in a nation.
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newable sources, trade from other states, and the stor{2) Natural resources are not a market commaodity like

ages of metals and fossil fuels. These flows constitute
a knowable and finite flow of emergy into a system
each year. GDP measures the money that circulates in
countercurrent to these flows.

In Fig. 4 you see the same hierarchy of house-
holds and owners fronkig. 3. In Fig. 4 the owners
have been subdivided into industry, government, and
financial elites and the assets they control. It is now
possible to represent the flows of currency in the
GDP model. Gross domestic product (GDP) is said
to equal the sum of consumption (C), investment (l),
government expenditures (G), and net exports (NX).
This diagram differs from an economist’s model by
depicting the functional relationships between gov-
ernment, industry and financial institutions, as they
reinforce the production of each other. For example,
the role of banks as the suppliers of international cur-
rency is shown. Banks depend on secure and durable
storage technologies from industry, and on the legal,
judicial, and punitive institutions of government to
assure the security of their currency storages.

any other. They are the energetic sources that drive
an ecosystem with humans. Natural resources like
sun, wind, and rain are potential and kinetic en-
ergy sources. Carbon sources like crops, wood,
hydrocarbon fuels (coal, gas, oil), and animals are
storages of chemical bonds that can be broken
to release energy and do work. Solar energy and
the geologic energy of present and past millennia
place finite limits on the quantities of stored natu-
ral resources. An economic model that depicts na-
ture as a substitutable market good ignores these
facts of thermodynamics and physical chemistry.
It unrealistically assumes that there is always a
substitutable market good to replace any depleted
source. This is an unfortunate and dangerous “ba-
sic assumption” of neoclassical economic theory.

3. Conclusions

H.T. Odum has given the world a synthetic the-

The ecological-economic buying power of the oretical framework for understanding natural sys-
money in an economy can be calculated by divid- tems. General principles of hierarchy, scale, and
ing the emergy use by the money expended for final self-organization can be applied to political-economic
purchases in an economy (the GDR)d(m, 1994. hierarchy, inequality, power, and production. General
This index, called the emergy/money ratio, may be principles of natural, open, thermodynamic systems
used to compare national economies, and to calculateof the biosphere can be applied to positioning human
appropriate exchange rates. economics within the flows of provisioning resources
that constitute them.

Odum’s holistic theoretical framework and
methodological toolkit make it easy to discover
and expose the biases of the neoclassical macroe-
conomic model. This paper uses systems model-
ing to communicate some critical shortcomings
that are hopefully more transparent than ever. The
(1) “Labor” is mislabeled as a “resource” in the re- political-ideology of unlimited growth divides the

source market. Labor is@roduct of ecosystems,  economic from the ecological-economic worldview.
not a resource as in a source of energy or raw Ecological-economic models recognize energetic lim-
materials that fuel production chains. People are its in the biogeophysical world. Odum’s legacy is
themselves top consumers in ecosystem hierar- a roadmap to clarity in this too often obscured and
chies, the natural systems upon which economies confounded study of greatest importance to us all.

are constructed. In a web of ecosystem life there
are feedbacks from people or animal consumers
which can amplify the capture of available natural
resources, and amplify the useful work performed
with those resources. But it is natural resources ppel, T,
upon which all life depends.

2. New assumptions for an ecological-economic
model

Given this discussion, two important principles can
be stated:
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