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AN ECOEYSTEMS FRAMEWORK FOR EZNERGY~RELATED
ENVIRONMENTAL RESEARCH PLANNING IN PUERTO RICO

Michael A, (’S'Iuatri‘_f_'wck‘i
Center for Energy and Environment Research
Marine Ecology Division
University of Puerto Rico
Mayaguez, Puerto Rico Q0708

1.0 Introduction
1.1 Context

This report summarizes one systems ecology approach to develop a
strategic energv-related environmental research planning capability for
the Center for Energy and Environment Research, University of Puerto
Rice. The Center is one of the principal energy and environment research
arms of the Puerto Rico Commonwealth government and conducts research for
the federal government. The near term and long term research plans and
approaches for the Center are important for an adequately informed govern-
ment to respond to the serious energy challenges that Puerto Rico addresses.
This report describes one conceptual basis for gathering critical informa-
tion needed to examine energy related environmental rroblems of the near
future. It is a document that describes the challenges to the Fuerto
Rico Island System, and outlines a framework for developing a general
strategy for addressing societies environment-related information needs.
1.2 Organization and Objectives

This report first briefly provides an overview of selected char-
acteristics of the man-nature island system. It then describes one basis
for developing research priorities, and an approach for predicting large
scale system changes. The last two sections summarize potential Puerto
Rico environmental consequences. In the conclusion, the paper describes
how shifts in potential pollutants provide an example to inform planning

and research priorities.
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1.3 Approach and Limitations

Systems ecology emphasizes the behavior of indicators of total
system function and stresses the interrelationships among component parts.
This paper places emphasis on energy flows and materials cycles in the
linked natural and man—-dominated Puerto Rico eceosystem. In part it
assumes that understanding or predicting changes in the hierarchical
structure of svstems components provides a basis for energy and environ-
mental research planning. By including both technological or hardware
components and institutional or social components, research plans can
provide the basis for gathering information that affects the future be-
havior of the Commonwealth and its natural environment.

A systems approach has the capability to include a full range of
natural and social components and processes. This paper only summarizes
several types of interrelationships as examples. While a systems approach
can suffer from substituting an understandable model for the complexity of
a poorly understood and unpredictable reality, it offers a rational frame-
work to predict, plan, and evaluate policy. This paper is also brief: it
describes selected major assumptions and a general framework for developing
a research plan. Its purpose is limited, however, to tying research
planning and management to the future tangible problems that Puerto Rico
will face.

2.0 The Coupled Man-Nature Island System
2. Hierarchical Structure

Systems have a hierarchical arrangement of parts that structure
the flow of energy and channel the cycle of materials. This sturcture is
maintained and developed by renewable and/or exhaustable sources of energy.
The temporal "program" of these energy sources control the size, distri-
bution and flows among component parts. For example, solar energy pro-
vided for the dispersed, pre-Columbian economy. The use of horses, oxen
and human labor energized Puerto Rico's dispersed agricultural economy,
prior to the 20th Century. Wood, water power and coal provided a more
industrial society during the early part of the 20th Century contributing
to fixed transportation paths and strony central cities. Liguid and
gaseous fuels account for the mobile and energy intensive Puerto Rican

society of today, more dispersed along the coastal zone.
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A

These major periods of energy use are summarized in Table 1.

Four general periods are indicated along with summary reference to trans-
portation, urbanization and envirormmental change. These data provide a
broad picture and are intended only to indicate the major transitions
that occurred at the terminaticn of the pre-Columbian era, about the dawn
of the 20th Century and during the post world war II periods when Puerto
Rico experienced dramatic changes in the form and intensity of energy use.
Figure 1 shows some of the patterns of human settlement during these
periods of energy use. (Department of Natural Resources, 1977).

With any large scale energy flow moving in one direction, a
counter flow of energy in the oppeosite direction exists that exerts a
feedback control (Odum and Odum, 1976). Consumers control the flow of
energy to their homes with overt decisions supplying in the opposite
direction to energy, a controlling flow of money. The Commonwealth and
federal government control energy flow with purchases, taxation, regu-
lation and other policies. The form, distribution, and activity of flows
upwards through the hierarchy of Puerto Rico and the counter-current
control flows are diagramed in Figure 2. As indicated in the figure, all
energy flow is ultimately dispersed as heat, although energy may be stored
for varying pericods of time.

Most energy incorporated in ecosystems, moves along paths of ma-
terials flows, and all materials flows contain some energy. The paths of
energy movement in a complex ecosystem intersect at structures where
changes in form of guality occur. As energy moves upwards, the power to
control increases along with its quality or ability to influence other
flows. Materials in turn are freguently concentrated in these process
steps. For example, on the social level some wealth in most societies
tends to concentrate among the few people in the controlling sectors of
the economy. Recognizing this problem, the government of Puerto Rico
institutes some economic redistribution policies to achieve its socially
desirable goals of enhanced equity among citizens. In an analogous pro-
cess as cities become larger, pollutants also tend to concentrate in centers
of activity, such as, San Juan, Ponce and Pefnuelas. With high rates of
energy input secondary industries develop in close conjunction with pri-

mary industry contributing to socially desirable economic development,
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Figure 1:

Puerte Rico and San Juan urbanization distribution, A, pre-Columbian;
B. 170C: C. 1800; D. 1900; E. 1900; F. 1920; G; 1940; H, 1970.
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Potential Fluctuations
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patterns of steady-state, growth or decay. In fact, freguently steady
states are maintalined through "puises". (Odww, 1971}. Thess pulses

apply short term bursts of power, and may be required for systems function.
Thus a system may not be able to apply continuing high rates of energy use

to maintain complexity without periods of decay as wastes accumulate, parts

0

wear out or congestion cccurs. Supseguent periods of reduced power output
functionally represent times in which the "batteries" are recharged (ca-

pital accumulates) or wastes are dispozed, sc to speak.  For Puerto Rico
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4.2 Pollution Distribuiticon
The effect of terdencies towzrds eguilibria is to disvribute growth

uniformly.  This can e used as & oredictive tocl. Begouse gnergy 1s fre-

gquently & key factor, crowth tends to disiribute unifermly in relation to
the avzilahility of energyv (Odm and Cdum, 1976). The pattern of pollution

distribution ceomes closs to that of enargy avallarnility, as modified by

trarsportation technology and overt policy decizions. The combination of

Frderal and Comnonwealtd o

the assimilative capacity of the naturs : in

values of those deciding waticn wpollcia: Information about density

patterns that relate to the distribution of resources and essimilative
capacity of the enviromment can provida a policy basis that recognizes the
natural capacity of the environment to disperse pollutants at low rescurce
cost or limited change in the hierarchy of system struciure.

4.3 Pellution Sources

The criteria for evaluating envivonmental policies rests on a range
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milative capacity of re in some locations re-—

sidvals can be dispersed in air, in others in water, and still others

- Systoms periovmance elso recognize the eyciic
neture of environmental pyocessas, and recoonizes different time frames
Geclimation periods,

The verformance of Lhe rational social or

technical innovazinonsg

deveiopment of the Common-

used To pradict

major econeomic sectors and sources of {pollutants). Table 3
illustrates some of tnese shifts. It indicates, for example, that con-
tinued system devalopmen: typically moves toward greater complexity and

increasea

Increazes in heavy metals
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