tolerance is granted by the EPA when it is
judged that any crop residues resulting from
the use of the insecticidal agent according
to label directions will not be harmful,

21. For some - recent comments on practical
limitations of this technique, see J. Calman,
Science 182, 776 (1973); R. H. Smith, ibid.,
p. 776; R. C. Bushland, ibid. 184, 1010 (1974).

22, R. 1. Sailer, Proc. North Cent. Branch
Entomol. Soc. Am. 27, 35 (1972).

23. R. E, Pfadt, Ed.,, Fundamentals of Applied
Entomology (Macmillan, New York, ed. 2,
1971), p. 172,

24. B. H. Holmes and W. D. Anderson, Laws
and Institutional Mechanisms Controlling the
Release of Pesticides into the Environment
(Pesticides Study Ser. 11, Government Print-
ing Office, Stock No. 514-147/52 1-3, Wash-
ington, D.C., 1972).

25. U.S. Department of Agriculture, Agricultural
Research Service, Issuing Permits for the
Movement of Plant Pests, Pathogens, and
Vectors, PA 967 (Government Printing Office,
Stock No. 0-408-757, Washington, D.C., 1970);
L. Andres, U.S. Department of Agriculture,
Albany, Calif., personal communication.

26. K. R. Fitzsimmons, ‘“Role of industry in
advancing new pest control strategies,”” in Pest
Control: Strategies for the Future (National
Academy of Sciences, Washington, D.C.,
1972), pp. 352-361.

27. P. J. Gehring, V. K. Rowe, S. B. McCollister,
Food Cosmet. Toxicol. 11, 1097 (1973).

28. Environmental Protection Agency, Criteria and

Evaluation Division, Guidelines for Registering
Pesticides in the United States (Environmental
Protection Agency, Washington, D.C., draft
dated 1 May 1972 and 4 November 1973).
29. C. Rehnborg and E. B. Westall, Nutrilite

Products, Inc., Buena Park, Calif., per-
sonal communication.
30. R. A. Engler, Registration Division, Office

of Pesticide Programs, Environmental Protec-
tion Agency, Washington, D.C., personal
communication.,

31. Ernst & Ernst Trade Association, Pesticide
Industry Profile, a study prepared for the
National Agricultural Chemicals Association
(Ernst & Ernst Trade Association, Washing-
ton, D.C., 1971).

32. R. von Rumker, H. R. Guest, W. M. Upholt,
BioScience 20, 1004 (1970).

33.J). E. Johnson and E. H.
Technol. 2, 666 (1972).

34. D. A. Carlson, M. S. Mayer, D. L. Silhacek,
J. D. James, M. Beroza, Science 174, 76
(1971).

35. B. A. Bierl, M. Beroza,
ibid. 170, 89 (1970).

36. M. Beroza and E. F. Kanipling, ibid. 177,

Blair, Chem.

C. W. Collier,

19 (1972).
37. M. Rogoff, Sandoz-Wander Corporation,
Miami, Fla., personal communication,

38. R. van den Bosch, Annu. Rev. Ecol. Syst.
2, 45 (1971).

39. G. Irving, Jr., J. Wash. Acad. Sci. 62, 240
(1972).

40. R. van den Bosch, College of Agricultural
Sciences, University of California, Albany,

Energy and Life-Style

Massive energy consumption may not be necessary

to maintain current living standards in America.

Allan Mazur and Eugene Rosa

One strategy for countering per-
sistent shortages of energy is to increase
the supply. Another strategy—the one
that concerns us here—is to reduce the
demand. The United States consumes
more energy—on both an absolute and
a per capita basis—than any other
country. There is no doubt that a re-
duction in our current rate of increase
of energy consumption would have
short-term negative effects on the so-
ciety, for example, increased unemploy-
ment and decreased pleasure driving.
On the other hand, it is equally clear
that we waste substantial amounts of
energy and that we could use it more
efficiently than we do, getting the same
output with less consumption (I). Per-
haps—after a painful short-term ad-
justment—we would be better off with
reduced but more efficient energy con-
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sumption. Some obvious advantages
would be reduced dependency on
foreign oil suppliers, less pollution from
power generation, less need to extract
fuels from the earth and the oceans,
reduction of the massive need for in-
vestment capital for the energy indus-
try, and less need to devote large land
areas to power generation and trans-
mission facilities. Would these be out-
weighed by a long-term deterioration in
our life-style as an industrialized na-
tion?

We really have very little knowledge
of the effect of decreased energy con-
sumption on life-style, but there is
sufficient cause for concern. Many ob-
servers have pointed to the close rela-
tion between per capita energy con-
sumption and per capita gross national
product (GNP) (2). One can argue that
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a long-term decrease in energy con-
sumption would lead to a long-term
decline in GNP with an associated de-
crease in the economic (and other)
benefits of American life. On the other
hand, many aspects of American life
seem no better than comparable aspects
of life in some countries that consume
much less energy than we do.

Here we will report our analysis of
energy consumption in a large number
of countries. We have used readily
available national statistics in order to
estimate some of the long-term effects
of reduced energy consumption on life-
style. There are many shortcomings to
this sort of analysis, some obvious and
some subtle. We will point to these
problems as we proceed, providing a
sort of running critique of our own
results.

Data and Method

Our sample of 55 countries (Table 1)
consists basically of the United Nations
member nations with population size of
at least 7 million; we have also included

“three smaller ones—Israel, Denmark,

and Switzerland—and we have excluded
Communist China, North Korea, and
Iran because of lack of data. We have
focused on 1971, which is the most

Dr. Mazur is associate professor of sociology
and social science and Mr. Rosa a graduate
student in social science at Syracuse University,
Syracuse, New York 13210.
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Table 1. Nations included in the analysis.

Developed market economies (N = 19)

Australia Netherlands
Austria Portugal
Belgium South Africa
Canada Spain
Denmark Sweden
France Switzerland
Greece United Kingdom
Israel United States
Italy West Germany
Japan

Centrally planned economies (N = 7)
Bulgaria Romania
Czechoslovakia Yugoslavia
East Germany U.S.S.R.
Poland

Developing market economies (N = 29)

Algeria Morocco
Argentina Mozambique
Brazil Nepal

Sri Lanka (Ceylon) Nigeria
Chile Peru
Colombia Philippines
Cuba South Korea
Egypt Sudan
Ghana Tanzania
India Thailand
Indonesia Turkey

Iraq Uganda
Kenya Venezuela
Malaysia Zaire
Mexico

recent year for which most desired
data are available. Still, we frequently
had to estimate 1971 figures from data
for the 1960’s, and in some instances
we could not even make estimates. The
quality of cross-national data is notori-
ously poor, particularly for the devel-
oping nations. Since much of our analy-
sis focuses on developed nations this
problem is not as serious as it might

Table 2. Product-moment correlations between energy consumption and life-style indicators.

or better are given.

be, but even for United States data we
find different sources giving different
figures for what is apparently the same
item. Even where figures are reported
consistently we have little assurance
that they are accurate. Perhaps a worse
shortcoming is that the variables avail-
able to us are severely limited. Many
that we would like to have examined
were not in our data sources (mainly

U.N. sources), nor probably in any
data source. Clearly, our indicators do
not touch on many relevant aspects of
life-style.

For each country, we have estimated
(i) total consumption of all commer-
cially produced energy, (ii) consump-
tion of electric energy, (iii) consump-
tion of electricity specifically for do-
mestic and commercial uses, and (iv)
consumption of electricity specifically
for industrial use. These variables are
expressed in per capita terms in order
to remove the effect of population dif-
ferences between countries (3). For each
country we have also selected 27 varia-
bles that seem indicative of certain
aspects of life-style (or “quality of life”)
and that might be related to energy
consumption; these are listed in Table
2 @.

Our analysis is based on correlations
between national energy consumption
and the various indicators of national
life-style. We would like to be able to
say whether or not changes in energy

Only correlations significant at the .05 level

All nations
(N =25 to 55, median 47)

Electricity consumption

Nations with developed market economies
(N =15 to 19)

Electricity consumption

Total per capita Total per capita
Life-style indicators energy energy
consump- For consump- For
tion domestic For tion domestic For
per Total  and com- industrial per Total and com-  industrial
capita mercial use capita mercial use
use use
Health and health care indicators
Calories in diet per capita .76 .69 49 58 53 .40
Life expectancy .70 .66 43 54
Hospitals per capita 27
Hospital beds per capita .78 81 46 .66 45% 5% .60% 10%
Doctors per capita 1 .65 .40 55
Pharmacists per capita .70 .69 .50 .60
Nurses per capita 91 .87 .62 75 72 .66 47 .49
Ulcer deaths per capita 41 44 30
Automobile deaths per capita S7 52 36 43 43
Education and culture indicators
College students per capita 77 .76 .79 .82 #® * * ®
High school students per capita .68 .73 .59 .63 ® ® * *
Books published per capita .56 .58 37 38 ® 45% .66% *
Newspaper circulation per capita .78 .79 .50 .64 5% 81% J74% J72%
Cinemas per capita .38 33 32
Cinema attendance per capita
Museum attendance per capita 7 73 .19 .79 * * A4% *
General satisfaction indicators
Divorces per capita 57 .49 58 .61 .80 .68 92 .83
Marriages per capita .33 25 28
Manufacturing work hours per week —.54 —.50 —.36 —.39
Sex discrimination in college — .41 —.34 —.33
Sex discrimination in high school —.54 —.47 —.38 —.50 ‘
Male suicides per capita 59 55 43 54% 62% S8# 49%
Population density 24
Economic indicators
Telephones per capita .82 92 .81 .81 717 87 .76 77
Radios per capita .78 71 .88 .86 ® * * *
Television sets per capita .95 93 .76 .85 91 .84 5 79
Automobiles per capita .84 .87 .80 .78 .83 5 73 .68
Gross national product per capita 94 93 .78 .83 .86 .84 74 74

* Canada and the United States excluded from the computation.
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consumption cause changes in life-
style. Unfortunately, as is well known,
a correlation, however high, between
two variables does not imply causation.
For example, a correlation of .90 be-
tween per capita energy consumption
and per capita GNP would be consistent
with the hypothesis that rising energy
consumption causes rising GNP, but it
would also be consistent with several
alternative explanations such as that
(i) rising GNP causes rising energy con-
sumption; (ii) energy consumption and
GNP do not have a major causal effect
on each other; instead some third
factor—say rising urbanization—causes
both to increase; and (iii) energy con-
sumption and GNP are simply two dif-
ferent measures of industrialization and
the fact that they correlate is trivial.
All of these ideas are consistent with
the .90 correlation but none is proved
by it. However, we can disprove a
causal hypothesis by showing a lack of
correlation. For example, if the correla-
tion between energy consumption and
GNP had been low, we could throw out
all of the foregoing hypotheses. With
these considerations in mind, we shall
examine the real correlations.

Results and Interpretations

Table 2 contains two correlation ar-
rays, one for all nations in our sample
and one for those with developed market
economies (5). Indicators of life-style
are grouped into four somewhat arbi-
trary categories: health and health-
care indicators, education and culture
indicators, indicators of general satis-
faction, and economic indicators. There
is a clear value loading in this labeling,
and other interpreters may choose to
ignore these categorizations. The most
striking feature of the first correlation
array (for all nations) is that nearly all
the life-style indicators correlate highly
with all measures of energy consump-
tion. This probably reflects our own
bias in selecting indicators as well as
the U.N.’s bias in choosing to collect
statistics that differentiate the developed
from the developing nations. This pat-
tern of correlations does not prove that
energy consumption influences these
life-style indicators, but it is consistent
with that argument.

Actually, we could hardly doubt that
some relatively high level of energy
consumption is essential to maintaining
the life-style of the industrially devel-
oped nations. The relevant question is
this: Once a nation has the relatively
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high energy consumption characteristic
of developed economies, does a moder-
ate increment in energy consumption
cause a new change in life-style? To
put it another way, among the devel-
oped market nations do the nations
with relatively low energy consumption
have “lower” life-styles than those with
higher energy consumption? To answer
this we must look at the right-hand
array in Table 2, which is based on
the nations with developed market
economies (6). Here the majority of
correlations drop to insignificance. Per-
haps they are reduced because the
original correlations were spurious (ac-
cidental), or because we have restricted
the range of the variables. In any case,
variation of energy consumption within
the range of the developed nations is
not significantly reflected in most of
the life-style indicators.

If we examine the categories in de-
tail we see that of nine health and
health-care indicators, only hospital
beds per capita, nurses per capita, and
to a lesser extent calories in diet show
consistently significant correlations with
the measures of energy consumption.
Among seven education and culture in-
dicators, only newspaper circulation and
quantity of books published show any
consistency of significant correlations.
Of seven indicators of general satisfac-
tion, only the divorce and suicide rates
are significantly related to energy con-
sumption; both of these increase with
higher energy use.

Economic indicators provide a differ-
ent picture: four of the five retain high
correlations with the measures of energy
consumption. This is consistent with the
theory that high energy consumption
causes high economic productivity, but
also, as noted earlier, with several other
interpretations. It is quite plausible that
causation is in large part in the reverse
direction. That is, high economic pro-
ductivity and consumption of products
may be a major cause of high energy
consumption. Certainly the proliferation
of cars and televisions in the United
States produces a demand for the en-
ergy necessary to use them, and to the
extent that those and other appliances
can be made to operate on less energy
than they now use we could reduce
energy consumption without deleterious
effects.

Perhaps our energy and economic
variables are not really distinct varia-
bles at all, but simply different measures
of one general variable such as level
of industrialization. The high correla-
tions may simply be telling us that

highly industrialized countries—as mea-
sured by energy consumption—are
highly industrialized countries—as mea-
sured by GNP or by production of
automobiles. In this case the correla-
tions have no causal significance at all.
Certainly there are reasons to accept
this interpretation. The extraction and
distribution of fuels, the generation and
transmission of electricity, the design
and construction of power plants—these
are all massive economic activities
which are, by definition, part of GNP.
Seven of the 20 largest corporations in
the United States are oil companies
(7). The electric power industry is
larger than any other industry in the
United States in terms of net capital
investment (8). Our national energy
activity is in large part identical with
our national economic activity, and to
that extent a cutback in energy con-
sumption is synonymous with a cutback
in economic indicators; but it is not
clear that this would necessarily have
a long-term negative effect on the
society (9).

As we remarked at the beginning of
this discussion, there are severe limits
to this analysis which keep us far from
a complete understanding of the prob-
lem. However, within those limits we
suggest the following tentative conclu-
sions: Of the life-style indicators ex-
amined here, only the economic indica-
tors show a consistently high association
with energy consumption. We suggest
that so long as America’s per capita
energy consumption does not go below
that of other developed nations, we can
sustain a reduction in energy use with-
out long-term deterioration of our in-
dicators of health and health care, of
education and culture, and of general
satisfaction. The results do suggest a
deterioration in economic indicators,
although that conclusion remains prob-
lematic for us; other interpretations are
feasible. Our analysis has been limited
to cross-national comparisons at one
point in time. Further analysis, of longi-
tudinal data, might clarify the relation-
ship between energy consumption and
economic indicators.
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OCS Oil: Mammoth Lease Plan
Encounters Heavy Opposition

The Department of the Interior’s plans
to embark on a vast new leasing pro-
gram in the allegedly oil-rich areas of
the outer continental shelf (OCS) have
generated one of the biggest environ-
ment- and resource-related battles now
going on within the federal government.
Critics of the plan, including environ-
mentalists, congressmen, and govern-
ment officials, appear to outstrip its
adherents in number, if not in influ-
ence. Many feel Interior has really
taken the bit in its teeth on this one,
and has made a unilateral decision that
takes little account of recommendations
such as those made by the Council on
Environmental Quality (CEQ) in its re-
port on the OCS.

They believe the department’s intent,
which is to lease 10 million acres of
OCS lands in the Atlantic, the Pacific
off Southern California, the Gulf of
Alaska, and the Gulf of Mexico, is
hasty and ill conceived. They say that
the department is not prepared to han-
dle such an accelerated program, that
environmental data are insufficient, that
the states are not ready to deal with
the onshore impacts of offshore develop-
ment, and that oil companies themselves
do not have the resources to properly
exploit the huge menu of riches the
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government wants to lay before them.

Proponents of the accelerated leasing
plan emphasize that the unexplored
areas of the OCS contain the most
bountiful sources of untapped energy
that will be available in the United
States within the next 15 years, and
that it can be recovered with far less
environmental damage than would be
caused by, say, a crash program of
coal extraction in the West.

Intense new interest in OCS possi-
bilities sprang up in 1973 when Presi-
dent Nixon announced that the Interior
Department would step up offshore oil
leasing from 1 million to 3 million
acres a year. Then in January 1974
Nixon announced a new jump—as part
of the kickoff for Project Independence,
Interior was aiming to triple the acreage
again, this time to 10 million acres, all
to be sold in 1975. It is still not clear
whether Interior wants to make it a
yearly practice to lease 10 million
acres, but since the figure is generally
acknowledged to have been arbitrarily
chosen, it is enough to say that the
department wants to get as much acre-
age as possible into exploration as soon
as possible. The rationale for this is sim-
ply that it is essential to increasing do-
mestic oil supplies, reversing inflationary
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inflation or deflation of a correlation, we have
rechecked all correlations with the United
States and Canada excluded. Correlations for

eight indicators changed substantially (see
Table 2); the remaining correlations were
stable.
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trends, and ameliorating the balance of
payments crisis, and in sum, to com-
bating the extortive pricing policies of
oil-exporting nations.

It should be emphasized that there
is no unequivocal evidence that there
are large recoverable amounts of oil in
any of the frontier areas. The richest
deposits are thought to be in the Gulf
of Alaska, which is why Interior wants
to hold early lease sales there despite
the fact that CEQ (Science, 17 May)
ranked Alaska exploration as high risk
environmentally. But even there, esti-
mates of recoverable supplies vary
widely.

If the 10-million-acre leasing pro-
gram is carried through in 1975, how-
ever, it means that as much acreage
will be leased in 1 year as has been
leased by the federal government since
it got into that business in 1954. Obvi-
ously, the long-term cumulative environ-
mental effects are impossible to calcu-
late.

While expansion of OCS drilling op-
erations is inevitable, the question is
whether such a dramatic increase is
what America really needs. President
Ford, who has adopted the Nixon line
on energy policy, evidently thinks so.
Interior Secretary and newly appointed
energy sheik Rogers C. B. Morton thinks
s0. And so does Interior Undersecretary
John C. Whitaker, the chief mastermind
of the program.

Government agencies are presenting
a united front in support of Adminis-
tration policy, but there are signs
of breaks in the ranks. One of the
most visible was the recent dismissal
of John Sawhill, head of the Federal
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