BRONWYN H. HALL
University of California, Berkeley
National Bureau of Econamic Research

Industrial Research during the 1980s:
Did the Rate of Return Fall?

THIS PAPER IS MOTIVATED by two recent empirical findings about the
returns to industrial research and development (R&D) at the firm level.
First, the stock market value of R&D spending relative to ordinary capital
investment in U.S. manufacturing firms fell precipitously during the
1980s.' Second, the contribution of R&D to productivity in these same
firms apparently declined from an elasticity of about 0.10-0.15 during the
1960s and 1970s* to around 0.02 during the 1980s.3 Taken together, these
findings suggest that something has happened to the marginal private rate
of return to industrial R&D during the recent past. The question is, what?
This paper explores these prior findings in greater detail in an effort to
understand what factors are causing them and to ascertain the pervasive-
ness of this apparent decline in R&D productivity.

Three principal results emerged from this study. First, the observed
decline in the value of R&D relative to ordinary physical capital is com-
posed of two effects: an increase in the value of ordinary capital as firms
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exited and the publicly traded manufacturing sector shrank during the
corporate restructuring boom of the last decade, and a steep decline in the
absolute value of R&D) assets. Second, this decline was concentrated in
several major manufacturing sectors: electrical, instruments, computing,
and electronics. Third, although the contribution of R&D investment to
productivity growth was low during the 1970s and the first half of the
1980s, it revived in the second half in all sectors except electrical and
large-scale computing, machinery, metals, and autos (the well-publicized
corporate behemoths). In subsequent sections of this paper, these findings
are reported in greater detail, and some explanations advanced.

The observed private rate of return to industrial R&D is the outcome
of a complex interaction between the demand from enterprises for R&D
investment funds and the supply of these funds from investors. The lo-
cation of the demand curve is influenced by such factors as expected final
(consumer) demand and the transformation function that turns R&D
spending into innovative output (* ‘technological opportunity’’). The curve
is downward sloping because not all R&D projects have the same expected
rate of return and the firm chooses those with the highest return first. The
location of the supply curve (the funds available at any particular level of
capital cost) is determined by the willingness of investors to supply funds
to innovating firms (the required market rate of return), the rate at which
the returns to the capital depreciate or the capital becomes obsolete, and
the tax treatment of such investment. Under a variety of assumptions, the
supply curve will slope upward. For example, asymmetric information
between firms and investors implies that, to fund projects about which
they do not have full information, investors will demand a *‘lemons”’
premium in the form of a higher rate of return. When firms undertake
R&D investment, they invest until the expected rate of return to such
investment equals the cost of capital, that is, the point where the demand
for R&D funds equals the supply.

Therefore, the measured productivity of R&D investment is only
loosely linked to the market value of such investment, which is based on
expectations about many other factors that affect its cost, such as changes
in its price, the rate of obsolescence, or the ability to capture the returns.
In addition, finding that the gross rate of return to R&D investment has
fallen is not necessarily bad news. In simple terms this finding implies
either that the supply curve has shifted out, so firms face a cheaper sched-
ule for the cost of funds, or that the demand curve has shifted inward. In
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the former case firms will actually perform more R&D even though the
rate of return has fallen, and this couid be a desirable outcome for society.
If the fall is due to 2 demand curve shift, either because consumer demand
has temporarily diminished (a recession) or because R&ID has become less
praductive, the fall in return to R&D would be associated with a decline
in R&D spending, other things equal.

If the world were static, interpretation of the apparent fall in the rate
of return to R&D during the 1980s would be simple, because the R&D
intensity of the publicly traded manufacturing sector and the manufactur-
ing sector as & whole rose rather than fell.* There is also some evidence
that the relative cost of R&D funds to these firms was lower than in early
periods, both because of the willingness of investors to buy technology
stocks, at least in the first half of the period, and because an R&D tax
credit was available.® Thus, the fall in the rate of return could be inter-
preted as arising from a shift outward in the supply curve of funds for
R&D. The static analysis leaves out a large part of the story, however.
The decision to invest is made under considerable uncertainty, and firms
do not really know what the undetlying demand for the output of their
R&D is, nor do they have much idea how productive the research will be.
The realized rate of return may differ substantially from that which the
firm contemplated at the time that it made the investment.

To make the preceding discussion more concrete, consider the stylized
dynamic programming model of a firm that uses two kinds of capital
productively ta generate a stream of profits. (This model is presented in
appendix A.)® Under the assumption that the firm chooses the level of
ordinary and R&D capital to maximize the present discounted value of
the profits produced by that capital, the model yields the familiar result
that the expected rate of return to each capital along the optimal investment
path is just equal to the Jorgensonian cost of capital:

) EHK=p,(p +8, - 5—’),

4. See figure 1, which displays the aggregate R&D-to-sales ratio for the publicly
traded firms in manufacturing (the curves labeled CS) and for the sector as a whole (the
cusve labeled NSF). The former group of firms is the population from which the sample
studied here is drawn.

5. Hall (1993a).

6. The madel is a standard ane in the investment literature; this particular version is
based on the model of Hayashi and [nouve (19913,
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where p is the investor’s reguired rate of return (the rate at which the
future cash fiows or dividends are discounted), 8, is the depreciation
rate for R&D capital, and p, is the price of R&D relative to that of
output (the dot denotes a time derivative).”

At the beginning of each period, the firm will attempt to chcose R&D
investment so that the equality in equation 1 is maintained. If the
marginal product schedule is downward sloping, a higher relative R&D
price, higher required rates of return, and higher depreciation rates
(absolescence rates) of R&D will lower R&D spending, while an
expected increase in the future price of R&D will increase current
spending.

Several things are already known about the values of parameters in
the cost-of-capital formula. First, p,, the relative price of R&D, was
about 5 to 10 percent lower during the 1980s than it was earlier because
of the R&D tax credit; this fact would be expected to reduce the required
rate of return for R&D by the same amount. The frequent changes in
the tax credit legislation have made the capital gain associated with p,
fairly substantial in three of the years between 1980 and 1990: a gain
of about 8 percent in 198182 as the tax credit began to take effect,
and another gain of 10 percent in 1990, when the credit was changed
to a fixed, rather than a rolling, base.

Second, the investor’s required rate of return, p, for these firms has
been measured by Hall and Hali, who found that firms that performed
R&D during the last thirty years had required slightly lower rates of
return than those firms with no R&D, and that the effect of R&D
investment on the rate used by the stock market to discount the firm’s
dividends was roughly the same as that of ordinary investment.® We
measured a coefficient of —0.135 during the 1970s and —0.20 during
the 1980s for a variable that was the ratio of R&D investment to assets.
For a firm whose ratio of R&D to assets is 5 percent {which is typical
of R&D-performing firms), the rate of return required by the stock
market was 75 to 100 basis points Jower than for non-R&D firms. The
total risk premium for these firms was around 1-2 percent during the
1980s and somewhat higher during the earlier periods. Combining these
results with an estimate of the risk-free rate from three-year Treasury

7. This relative price will be after tax, that is, it will include the implicit tax subsidy
to R&D in the numerator and the effect of corporate profits taxes in the denominator.
8. Hall and Hall (1993).



Bronwyn Hall 293

Figure 1. Aggregate R&D-to-Sales Ratio, U.S. Manufacturing Sector, 1971-90
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Source: Author's calculations for €5, Mational Science Foundatien (1991) far NSF.

bonds, we estimated total required rates of return for the shares of R&D-
performing firms at 6.3 percent during the 1960s, 9.0 percent during
the 1970s, 10.7 percent during 198185, and 8.6 percent during 1986—
90.°

Putting these numbers together with an assumed depreciation rate for
R&D capital of 15 percent yields very rough estimates for the cost of
R&D capital of 0.21 in the 1960s, 0.24 in the 1970s, 0.26 in the first
half of the 1980s, and 0.24 in the second half.'® Thus, there is some
evidence that the relative cost of R&D fell slightly during the 1980s,
but the numbers seem too close together to account for the large increase
in R&D shown in figure 1. Therefore, it is likely that the £ [{I,]
schedule (that is, the marginal product of R&D as a function of the
level of R&D investment, which in turn generates the demand for R&D
investment) also shifted out during the early 1980s.

9. The numbers for the two separate five-year periods in the 1980s are not reported
in Hzll and Hall {1993} but have been newly estimated for this paper.

10. These estimates are made without considering adjustment costs, which may be
considerable for R&D but have proved difficult to estimate reliably (Hall and Hayashi
1988, Himmelberg and Petersen 1991). Adjustment costs would raise the cost of capital
averall, but this correction is not likely to differ substantially across the periods.




