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The major surprise from this new approach is to see that for most of the last 200
years, the true savings rate has been between 30 and 40 percent of sustainable income.
The rate is clearly much higher than the conventional savings rate from NNP, which has
averaged around 10 percent of NNP since 1870. The high sustainable savings rate
reflects the fact that each generation has consumed only a fraction of what it could have
consumed if it were to consume the social dividend on current capital and future
technological change. Different savings rates are shown in Table 3.

All measures show a marked drop in the true savings rate since the early 1970s.
The Fisherian measure and the augmented Hicksian measure give estimates of true saving
today between 15 and 20 percent of sustainable income, whereas the conventional
measure is around 3 percent of NNP. The drop in the savings rate on NNP is due to the
decline in net investment in domestic capital and in net foreign investment. The drop in
the savings rate on sustainable income includes the drop in NNP investment plus the
decline in “knowledge investment,” so the difference between the NNP and the
sustainable-income savings rates shows the dramatic impact of the productivity-growth
slowdown on savings.

V. DISCUSSION

This formal discussion of sustainable growth has skated over many of the deep and
controversial issues. In this section, we review some of underlying issues and comment
on other approaches.

Conventional national income accounting

What is the relationship between measurement of sustainable income and
conventional national income accounting? There are numerous difference, but the major
one is.that national output is designed to be a measure of the current production of the
nation rather than to be a measure of economic welfare. This point is clearly illustrated in
the upper and lower parts of Figure 1. In this sense, net national product is closer to a
measure of “consumable income” rather than to “sustainable income,” for it measures the
amount that could be currently consumed while leaving capital intact.

Within this conceptual definition of the national product, there are fundamental
decisions about boundaries between those things that are included and those that are
excluded from national output. Generally, the national accounts include all those items
which are legal and are exchanged in the marketplace. This decision explains why leisure,
most environmental services, illegal drugs, and home-cooked meals are not in the
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conventional output measures (although they are increasingly being considered in satellite
accounts).?® All of the boundary disputes arise for sustainable income as well, but
sustainable income and augmented accounts, such as the Nordhaus-Tobin Measure of
Economic Welfare, attempt to push the boundaries to include all economic activity.?

Is one set of measures better than the other? Surely both are useful for different
purposes. Conventional national accounts are critical for managing the business cycle,
measuring the contribution of different sectors, and innumerable other items. But
sustainable income is a missing link that tells us something fundamental that is missing
from the national income accounts -- whether we are living beyond our means.

What is Consumption?

The issue of sustainable growth revolves around intertemporal choice. At the most
fundamental level, it involves the question of whether this generation is consuming at an
ethically indefensible rate. To ask this question raises the issue of what we mean by
consumption.

As in the definition of the national accounts, most issues involve boundary
disputes. Here it seems essential to use a broad definition of consumption and to include
more than marketed consumption. Consumption should include not only conventional
items such as food, clothing, and shelter, but also services and intangibles such as home
production, recreation, leisure, and enjoying the environment. Economists take a bum rap
every day because they focus on those parts of daily life that lie within the confines of the
marketplace. But they do so the way dentists focus on teeth: not because market
transactions are all there is to life but because that's what economists know most about.
But all thoughtful economists and national-income accountants have been aware of this
limitation and recognize that many of the best things in life are unpriced.*

Another boundary dispute arises because the economic approach is fundamentally
anthropocentric. It counts the utility of people but not of dogs, birds, trees, or spores.

28 See U.S. Department of Commerce, Survey of Current Business, April 1994.

29 See William D. Nordhaus and James Tobin, "Is Growth Obsolete?" in Economic Growth,
National Bureau of Economic Research, New York, 1972; also in Income and Wealth, Volume
38, National Bureau of Economic Research, New York, 1973.

30 The father of the U.S. national accounts, Simon Kuznets, was well aware of both. See his
National Income: A Summary of Findings, Amo Press, New York, 1975, pp. 121ff.



Measuring Sustainable Income: April 1995 Page 20

When Bentham chose to maximize the greatest happiness of the greatest numbers, he was
referring to the happiness of humans. An animal-rights advocate would include the utility
of other feeling beings, and a marine ecologist might include the soul of the coral reef.
Economists would of course respect these preferences and include the dogs' feelings in
the utility of the animal-rights advocate and the soul of the coral reef in the preference of
the marine ecologist. But economists traditionally do not include some abstractly defined
preferences (e.g., feline felicity) or the intake of non-humans (e. g., cat food) in the
consumption bundles that are to be optimized.*!

The Capital-Intact Approach

In analyzing various concepts of sustainable growth in a modern context,
ecological and environmental economists have emphasized the narrow Hicksian over the
Fisherian approach. As noted above, the U. N. System of National Accounts has also
adopted this approach. A few comments will indicate that, while interesting as a
supplement to other measures, the narrow Hicksian approach is defective as a measure of
economic welfare because it omits knowledge capital.

As the discussion above shows, the ecological interpretation of capital in the
“capital intact” definition has generally been too restrictive in including only tangible
capital assets. One way of seeing this is to note that an individual’s wealth should contain
not only the current value of financial and real assets but also the present value of labor
income as well. By excluding human capital, 75 percent of national income is excluded.??
Equally important is that in a technologically progressive society the value of income will
be understated because the accumulation of knowledge capital is omitted. Hence, the
ecological implementation of Hicksian income has a downward bias because of the
exclusion of human and knowledge capital.

3! Bob Solow pointed out that this last sentence is problematic because personal consumption
expenditures do include purchased cat food. However, this does not indicate that the Commerce
Department has been captured by the animal rights activists. Rather, the purchases of cat food are
assumed to equate the relative marginal utilities per dollar of cat food and human food according
to the preferences of the cat’s owner; they will include feline felicity only to the extent that the
owner empathizes with kitty.

32 Dale Jorgenson, Barbara Fraumeni, and their coworkers have made major strides in
including measures of human capital in their system of accounts. See for example Dale W.
Jorgenson and Barbara Fraumeni, “The Accumulation of Human and Nonhuman Capital, 1948-
1984,” in R. E. Lipsey and H. S. Tice, eds., The Measurement of Saving, Investment, and Wealth,
Chicago, Chicago University Press, 1989, pp. 227-282.
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Put differently, current attempts to extend the national accounts exaggerate the
importance of natural capital and the ignore the role of reproducible, human,
technological, and scientific capital. Much is made of the depletion of natural resources,
but little is made of the accumulation of scientific knowledge that renders depletion
increasingly less important. One example is that of stocks of oil and gas, which are by far
the most important appropriable, depletable natural resources. Preliminary estimates of
the correction to the U.S. national accounts that would arise from treating depletion of
subsoil resources are very small.** Another example is copper, which is pointed to as an
example of a resource where mining is turning to increasingly expensive grades. What is
omitted, however, is the development of new technologies such as satellite
communications or fiber optics which make copper less crucial for communications.

A second point concerns the claim in some environmental writings that the capital-
intact definition should apply specifically to “natural capital.” These writers generally
recognize that the capital-intact criterion applies to all tangible capital and not only to
natural capital. Yet they argue that natural capital has a higher claim to our national
accounts, reasoning that natural capital stocks are lower than the optimal stocks in many
countries and additionally that natural capital stocks are generally undervalued. Natural
capital has a claim to be maintained intact, they claim, because of risks, uncertainties, and
irreversibilities in their use.

These are more questions of religion than science. The fact that natural capital is
misallocated means that we should use the appropriate shadow prices but surely does not
imply that the appropriate policy is an absolute prohibition on declining natural stocks.
Furthermore, risks, uncertainties, and irreversibilities are hardly unique to natural capital.
Investments in natural capital such as tree farming hardly seems more irreversible than
R&D investments in nuclear power or nuclear weapons; oil drilling is less risky than
designing a new jumbo jet; and building new sewage plants seems humdrum compared to
running an automobile factory in Russia. Natural capital has no natural monopoly on risk
and irreversibility.

33 Estimates of the net investment in natural capital are provided in U.S. Department of
Commerce, Survey of Current Business, April, 1994. The Commerce Department omits the
decline of unproved resources, for which an estimate is provided in William D. Nordhaus, “Is
Growth Sustainable?” in Luigi Pasinetti and Robert Solow, Economic Growth, IEA, Wiley,
1994,
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Natural capital and measures of sustainable income

We have spoken about the omitted capital measure as knowledge capital
(including human capital) because, in our view, that is by far the most important omission
from the national accounts. But what of environmental and resource capital? Surely, they
must enter somewhere.

Indeed they do. But they will be appropriately captured in both measures of
sustainable income. In the Fisherian approach, if resources are being depleted, natural
resource depletion will emerge as slow consumption growth. Slowing growth might be
difficult to predict, and it might be gradual or catastrophic, but there is no ambiguity in
how declining natural capital will be measured in the Fisherian approach. In the Hicksian
approach, declining natural capital can be directly measured (see footnote 33); if a
correction for natural capital depletion is omitted, then this will show up as a negative
growth in the knowledge measure, A(t). Hence, a deterioration of the environment will
appear directly in both measures of sustainable income.

Some reservations

It will be useful to collect some of the reservations about the new approach to
measuring income presented here.** First, it must be emphasized that measuring the
growth of “knowledge capital” is highly uncertain. We have no direct measurement of
knowledge capital, so we must infer its growth from the very imperfect measures of total
factor productivity (TFP) growth and then capitalize the TFP growth into a knowledge
stock. Each of these steps is very imprecise. Nonetheless, they are necessary steps if we
are to calculate a theoretically correct measure of sustainable income in the presence of
technological change. Moreover, we do have an independent check of the procedure, for
the two approaches to measuring sustainable income (the Fisherian and the augmented
Hicksian) are quite independent in their assumptions.

Second, the calculations of Fisherian income become increasingly speculative the
closer the estimates come to the present. The speculative element arises because
consumption is projected from 1993 on in the Fisherian measure. Some readers of an
earlier draft, indeed, labeled the estimates as “meaningless” or “operationally worthless”
because of this projective nature. While there is some justice in this critique, it applies
only to the Fisherian concept and only to recent years. There is relatively little sensitivity
of Fisherian income before 1970 to the assumption about post-1993 consumption growth

3* Many of these points were made by readers of an earlier draft.
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(within the range of 0 to 2 percent per year). Moreover, the augmented Hicksian approach
contains no projections and therefore does not suffer from this shortcoming. In any case,
they are useful ways to view economic history.

Third, sustainability is an insufficient criterion for judging the wisdom of a
particular economic trajectory. Hence, this approach is sensitive to the discount rate and a
sustainable path may be unacceptable if we accept the hypothesis that we should not
discount the distant future to zero (I am grateful to Geof Heal for making this point to’
me). This is a reflection of the point that to say a path is today sustainable does not mean
that it will in fact be sustained. It may be that near-future generations will gobble up so
much of their endowments that more-distant generations may experience catastrophic
decline. Hence there is no normative content in the designation of a path as “sustainable.”

Fourth, some readers have complained that our treatment of natural capital is
incomplete and inadequate. We have considered cases where natural capital is a perfect
substitute for knowledge, which is clearly unlikely and may be grossly misleading. On the
other hand, we have shown above (as in the case of the wayward spaceship) that when
appropriate efficiency prices are used the definitions of income used here do capture
unviable economic situations. In addition, we have omitted depletion of natural capital
and corrections for externalities from our measures of sustainable income. We have done
this because there are no reliable measures of depletion of natural capital for the United
States that are within an order of magnitude of the conventional estimates of capital
accumulation.*® However, the results should not be interpreted as a Panglossian brief for
profligacy or neglect. The estimates provided here may be off base if there are sudden or
unpredictable declines in economic activity because of malfunctioning markets or
unforeseen events. But the best remedy for avoiding disasters is good science not bad
€conomics.

VI. CONCLUSIONS

This essay has examined the concept of sustainable growth from both a theoretical
and an empirical point of view. What are the conclusions?

First, with the rise of concerns about sustainability, economists have begun
devising measures for measuring sustainable income. The most common approach, as is
implicit for example in the U.N. System of National Accounts, interprets sustainability as
keeping capital intact (with a special focus on natural capital). This definition is defective

3% See specifically the estimates contained in the references in footnote 33.
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as a measure of social income except in a stationary economy with no technological
change or growth in non-market capital. Appropriate measures are Fisherian income
(which is a concept that estimates the maximum sustainable level of consumption) and
augmented Hicksian income) which includes the growth of all kinds of capital, including
especially knowledge capital).

Second, those who worry about economic growth are concerned whether, as an
empirical matter, our economies are consuming more or less than their sustainable
incomes. Is this generation consuming more or less than the amount that it should were all
generations to consume equally? What about earlier generations? We have constructed
two alternative measures of sustainable income for the U.S. that use the appropriate
definition, sustainable income. These tentative measures shows that on either measure the
U. S. economy has consumed less than its sustainable income for the entire period since
the beginning of the last century. However, the true savings rate has definitely declined
substantially over the last 2 decades. Thus while the true savings rate is still substantia],
we are not saving at the rate the occurred during most of American history.
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Appendix. Sources for the Components of Sustainable Income

For data, I use the following:

> Population: These are Census data and are available from Historical Statistics of
the United States and various issues of Economic Report of the President .

> Consumption, Net National Product, Net Foreign Investment, and Net Private
Domestic Investment: These are from the Commerce Department for the period
1929-93 and estimates from Simon Kuznets for 1874 to 1929.>” From 1800 to
1873, real national income per capita is taken from Robert F. Martin, National
Income in the United States, 1799-1939, National Industrial Conference Board,
Inc., New York City, 1939 (see Table 1 in Martin, op. cit.). The share of
investment is estimated by assuming that gross investment is given by the
percentage of realized national production income in manufacturing and
construction (see Table 17 in Martin, op. cit.). The Martin and Kuznets estimates
are linked to the Kuznets and Commerce Department estimates in 1874 and 1929,
respectively. Future growth of consumption is taken to correspond to recent
estimates of the growth of total factor productivity of 0.5 percent annually in the
future.

> Total Factor Productivity: For the period 1874 to 1957, we have used nine-year
moving averages of Kendrick's estimates of total factor productivity.*® These are
consistent with the capital accumulation data and exclude productivity growth due
to capital quality and human capital because these are excluded from the
investment accounts. For the period 1948-89, we have used estimates from the U.

% U.S. Department of Commerce, Historical Statistics of the United States, Washington,
GPO, 1975; and The Economic Report of the President and Council of Economic Advisers,
Washington, GPO, various years.

37 For the Commerce Department’s estimates, see The Economic Report of the President and
Council of Economic Advisers, Washington, GPO, various years. Kuznets’ estimates are
contained in Simon Kuznets, National Income and Its Composition, 1919-1938, National Bureau
of Economic Research, New York, 1941 and National Product Since 1869, National Bureau of
Economic Research, New York, 1946.

3 John W. Kendrick, Productivity Trends in the United States, Princeton University Press,
Princeton, N. J., 1961.
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S. Department of Labor multifactor productivity measures.*” The estimates are
generally smoothed over a eleven-year period to remove cyclical influences,
temporary shocks, and measurement error.

Discount rate on consumption: The estimate of the annuity rate on consumption
takes the recent post-tax return on capital of 5 percent per year (inflation

corrected).*

*Bureau of Labor Statistics, Multifactor Productivity Measures, 1993, Release, February 14,
1995.

“'These are consistent with the post-tax return on consumption in most long-term empirical
estimates, such as Dale W. Jorgenson, “Investment and Economic Growth,” The Simon Kuznets
Lectures, Yale University, November 11-13, 1994; Warwick J. McKibbin and Jeffrey D. Sachs,
.Global Linkages : Macroeconomic Interdependence and Cooperation in the World Economy,
Washington, D.C., Brookings Institution, 1991. For a compilation of recent estimates, see W. D.
Nordhaus, Managing the Global Commons, MIT Press, Cambridge, Mass., 1994.



Table 3

Alternative Savings Rates

[As percent of net national product or sustainable income]

Period
1800-1993
1874-1993

1950-1993
1980-1993

na = not available

na = not available.

Income Concept

Augmented
NNP Hicksian Fisherian
na na 304
9.4 na 33.0
8.5 28.3 28.4
4.5 11.8 17.9
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Figure 1. Net National Product and Sustainable Income

Lower diagram shows tradeoff in first year, with consumption and
investment C,* and I,* and conventionally measured saving of NNP - C,*. Upper
diagram shows intertemporal tradeoff. S/ measures sustainable income at which
C, = C,. Note that saving using the sustainable income concept is S/ - C;*, which
will exceed conventional saving when economy has technological change.
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Figure 4

Savings Rate
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Figure 5

Savings Rate
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