Measuring the Spillovers from Technical Advance:
Mainframe Computers in Financial Services

By TIMOTHY F. BRESNAHAN*

Measuring the social gains from recent technological advances is difficult because
there are no real output indexes for some important adopters. Measurement
methods that infer the willingness to pay of the adopting industries from the
derived demand curve for a new technology overcome this difficulty. The derived
demand for high-speed computers for use in banks, finance, and insurance is
shown to imply a very large social gain to computerization that was not captured

by manufacturers of computers.

An important component of the social
benefits of technical advances is the spillover
to the customers of the advancing sectors.
Process innovations lower costs and there-
fore prices, to the benefit of downstream
sectors. New or improved products whose
prices do not fully reflect their enhanced
downstream value yield a similar spillover.
Measurement of the quantitative importance
of such spillovers! contributes to our under-
standing of the role of technical advance in
long-term economic growth,? and is central
to the formation of public policies towards
innovation.? As Zvi Griliches (1979) points

*Assistant Professor of Economics, Stanford Univer-
sity, Stanford, CA 94305. Research on this paper was
supported by National Science Foundation grant IST-
8507536 to the Stanford Center for Economic Policy
Research. W. Edward Steinmueller and two referees
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IAnother kind of “spillover” is also discussed in the
economics of technology—the external benefits of
knowledge creation. When investment in new knowl-
edge by one firm “spills over” to other firms, a positive
externality arises within the advancing sector itself. For
an attempt to quantify that other kind of spillovers, see
Adam Jaffe (1984).

2See Robert Fogel (1964) and Paul David (1975) for
discussions of the economics of major innovations and
for discussion of the importance of the railroads in
nineteenth-century U.S. economic growth.

3See Edwin Mansfield et al. (1977) for a discussion of
the welfare economics of spillovers. They also measure
the spillovers from a number of recent technological
advances.
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out, important postwar technological ad-
vances, such as those in electronics and
health, have largely benefited downstream
sectors in which the spillovers are hard to
measure. The downstream sectors—services,
government, health care, etc.—lack sensible
measures of real output, so that calculation
of the impact of the new technology on
productivity or cost is difficult. The goal of
this paper is to devise methods for the mea-
surement of spillovers which do not depend
on the existence of real output indexes in the
downstream sector. Instead, the value spilled
over will be inferred from the demand curve
of the downstream sector for the output of
the advancing sector.

If an innovation serves only to lower the
price of a consumption good, the resulting
area under the demand curve for the good
(adjusted for income effects) is a welfare
index: calculating it yields the value of the
spillover. In the more usual case of techno-
logical progress in an intermediate goods
industry, the welfare economics are more
complicated. The results of this paper show
that the area under the derived demand curve
for an intermediate input (adjusted for in-
come effects) is a welfare index as well. The
derived demand curve is the relationship be-
tween the price and quantity of an input,
allowing for equilibrium in the output
market. Along the derived demand curve,
input quantity demanded will increase in
response to a fall in input price both because
of substitution out of other factors and be-
cause a lower price for one input will usually
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lead to an expansion of output.* If price in
the upstream sector falls, the area under the
demand curve for its output measures the
sum of the increased producer’s-surplus in
the downstream sectors plus the consumer’s
surplus of final demanders.

The real quality-adjusted price of com-
puters has fallen rapidly since they first be-
came commercially available thirty years ago,
largely because of technological advances in
the high-speed computer sector itself and
advances in electronic components such as
integrated circuits. Further, a very large frac-
tion of computer sales is to sectors such as
services and government in which real out-
put is poorly measured. The national income
accounting convention for these sectors has
been that real outputs are measured- by in-
puts, and research has not yet provided con-
vincing alternative indexes of real output. As
a result, total factor productivity (TFP) in-
dexes for these sectors measure an account-
ing identity rather than the output and pro-
ductivity effects of the technical change in
computing. Inferring the value of the tech-
nology from adopters’ willingness to pay is
an attractive, feasible alternative.

This paper will calculate the- spillovers
from advances in general purpose (“main-
frame”) computers to the financial services
sector (banking, insurance, and brokerage)
from 1958 to 1972. This sector made up a
large fraction of private demand for com-
puters. The indexes calculated will measure
welfare under two central assumptions. First,
existing quality-adjusted price indexes for
computers are reliable. Second, the financial
services sector is competitive on those
margins not fixed by regulation. Competi-
tion will lead the sector to act as the agent of
its customers. Thus we can treat purchases
of computers by the services sector as if they
were made for those customers, and infer the
gain to the customers from service’s derived
demand for computers.

4This is Alfred Marshall’s usage: the demand for the
input is “derived” from that for the output (Principles
of Economics, 1948, p. 381). The alternative usage of
“derived demand” to mean “demand for an input hold-
ing the price of the output fixed” is incorrect and should
be discontinued. ' ‘
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The area under the demand curve for a
product can be measured either by econo-
metric techniques or by index-number tech-
niques. (This is the analog of the distinction
between econometric production function
estimation and the calculation of an index of
TFP growth.) In this paper, index-number
techniques based closely on those of Douglas
Caves, Laurits Christensen, and Erwin Die-
wert (1982) will be used. These techniques
measure the real resource cost of providing
consumers with a given level of utility, or the
real costs of a given level of output in pro-
ducer sectors which use financial services.
These costs were lowered substantially by
falls in the price of computers as inputs to
the financial services sector.

1. The Welfare Analysis of Derived Demand

The theoretical model used in the spillover
calculation has three elements. The first is an
upstream sector (computers in the applica-
tion reported below) which produces a vec-
tor of outputs Z, at quality-adjusted prices
W,. Both 'Z, and W, are observable to the
analyst. It is useful to think of W, as fall-
ing rapidly over time because of technical
progress.® : :

The second element in the model is the
downstream sector (banking, finance and in-
surance) which produces outputs Q; using
Z. The vector Z includes all of Z, as ele-
ments. The prices -of all inputs are denoted
W and assumed to be observable ito the
analyst. Each output in Q, has an endoge-
nous price and quality; the vectors of these
are called P, and A,. Both P, and A, are
unobservable to the analyst. This unobserv-
ability arises because product quality in this
sector is difficult to measure quantitatively.
Only expenditures on each good, j, in the
sector p; X q;, are observable. The technol-
ogy in this sector is represented by a con-

SIf there is substantial market power in the Z;
sector, prices will fall more slowly than they otherwise
might, and downstream sectors will reap smaller benefits
from technical advance in any given period. This paper
will only quantify the benefits actually reaped by the
downstream sector from the actual price fall, not the
potential benefits.
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stant returns to scale production function
for each element of Q;:

(1) g,= E(8,2/),

where §; is output quality, and Z/ the inputs
used in this particular industry. Price and
quality setting in the Q, sector are competi-
tive, except that the government regulates
prices in some industries in this sector (for
good or ill). For convenience, let the regu-
lated industries be the first R elements of
Q,. Let g; stand for the government-set price
in industry j, and let G, and Qy refer to the
vectors of prices and quantities in the R
regulated industries. The rule by which
government gets G will be discussed below.
For firms under regulation, the behavioral
assumption is that they still act competi-
tively with respect to the price, quality, or
marketing variables they do control.

The third element of the model is made up
by the consumers and the firms in other
industries who are customers of the ‘Q,; sec-
tor. Both kinds of customers have demands
which depend on the quality and the price of
outputs from the Q; sector. Both kinds of
customers buy non-Q, goods as well; the
prices of these are taken to be observed.

This section' has two purposes: to show
that the unobservability of Q,, P,, and A, is
of no consequence in attempting to measure
the social value of the fall in W, and to
derive index-number formulae which yield
an estimate of that value. For brevity, 1
explicitly treat only the case in which all of
the output of the Q, sector is purchased by
consumers.®

A. Derived Demand by
Competitive Industries

The cost function for industry j is denoted
Ci(q,,8;, W). Consumers buy not only Q,
but also other goods @, at prices P,. These
prices are taken to be observable. Con-
sumers have utility function wu = U(Q,,
A,, 0,), and associated expenditure function

SAn earlier, longer version of this paper has a fuller
treatment. See also fn. 27.
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E(u, Py, P, A;). The downstream industries
are competitive with supply functions:

(2) pj=gja ]ER

_96(q,8, W)

, otherwise,
dq;

J

IE  3C(q,,8,W)
98, 38,

Let My be an R vector and X’Y be the
inner product of vectors X and Y. Then we
have the result that market equilibrium will
act so as to minimize the sum of social costs
plus (marginal) regulatory costs:

Result 1. If consumers are expenditure mini-
mizers and firms in the Q, sector are competi-
tive cost minimizers, then Z, A, and Q solve:

J
min E=P;Q,+ Y, W'Z/
Jj=1

+(Gr—Mg)'Qr *+
subjectto u=U(Q,,A,,Q,) =1
subject to qj=Fj(8j,Zj) j=1,...,J %2

when M; is evaluated at marginal cost in
regulated industry j.

PROOF:

The proof, in the Appendix, shows that
the first-order conditions for * *, taken to-
gether with the definitions of cost and ex-
penditure functions, are the same as (2).

To understand the intuition and the utility
of Result 1, first consider the case in which
there are no regulated industries in the Q,
sector. Under competition, each p; will max-
imize the sum of producer’s and consumer’s
surplus (ignoring income effects for brevity)
in market j. As a result, we can treat these
industries as if they were owned by con-
sumers. Calculating a welfare index on the
basis of Result 1 will involve using P, and
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W, since P, does not appear. This calcula-
tion is based on the prices of inputs into the
0, sector instead of outputs: it is the calcu-
lation of a cost of living and of making Q
index. From this viewpoint, there is no more
difficulty with the lack of a consistent price
index for insurance services than with a lack
of a consistent price index for refrigeration
services. In the latter case, I calculate the
real cost-of-living index based on the inputs
the household purchases in order to make
refrigeration services, such as refrigerators
and electricity. In the former case, we can
calculate an index using the inputs bought
by the insurance industry “for” households.
More formally, let E*(u, P,, W) be the
solution to * * in the case where there are
no regulated industries. It is immediate from
the usual envelope theorem argument that

JE*(u, P,, W)
dw, )

zk=22£=
J

As a result, integration of the derived de-
mand functions Z will yield estimates of
E*. This calculation is taken up below.

This argument cannot be applied to the
regulated industry case without alteration.
Result 1 is stated as if Gz~ My is exoge-
nous, since competitive price-regulated firms
act as if theyv cannot affect these margins.
But quality competition renders the level of
marginal cost endogenous, and even the
government-szt prices of regulated industries
must surely be treated as responsive to costs
in the long run. Obviously, no general results
can be obtained in the regulated industry
case, but two important models of regulated
industry price setting have similar implica-
tions.

First, consider the model of government
behavior in which prices in the long run are
p; percent greater than marginal costs in
mdustry_; Let E(u, P, W,Gg — M) be the
solution to * s in general. Differentiation
of E does not determine all of the equi-
librium values since Gz — M is endogenous.
The observable derived demand curves will
take the form Z*(u, P,, W) = Z(u, P,,
W’ GR(P29 w’) - MR(P27 W))- The regu-
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lations imply

96,(4,,8, %)

8= m;=p,
J J ¥ aqj

where the tildes denote equilibrium values.
By how much will an increase in w; lower
social surplus?’

Lz
J

dE/dw, =

3%C; aq,
3q} 9z,

9%C; 38,

+2eQ, ¥ 94,95, 3z, |

If the equilibrium effect of higher factor
prices is to raise marginal costs, the term in
square brackets will be positive. As a result,
integration of the demand curves Z* will
understate the welfare effects of changes
in W.

This result appears to be in conflict with
the observation that regulated-industry qual-
ity competition can lead to too rapid adop-
tion of technologies whose prices are falling
over time (Nathan Rosenberg and David
Mowery, 1982). The conflict is only ap-
parent. Quality competition may in fact lead
to too much demand for some inputs Z,
relative to the unregulated first-best. How-
ever, we are seeking an index of surplus
actually achieved in the market, not of sur-
plus that could be achieved if the regulations
were removed.

The second model of regulation to con-
sider is that of successful cartelization of the
industry through regulation. Then the in-
dustry equilibrium, including the equation

71t is not quite right to treat E as social costs at the
margin, since the excess of price over marginal costs in
the regulated industry is presumably a return to some-
one and therefore part of social surplus. Thus the
calculation made here tends to understate social sur-
plus. If quality competition destroys most or all of the
regulatory rents, this distinction will be ummportant
(This need not always follow from quality competition:
see George Stigler, 1968, and Lawrence White, 1972.)
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for the regulatory price, acts to maximize
profit, not social surplus The derived de-
mands Z will once again provide an index of
what is being maximized in the market:
profit, not total surplus. However, the sur-
plus actually obtained in the market is larger
than profit, since consumers do obtain some
surplus. Therefore welfare indexes based on
derived demiand by a monopolized industry
will tend to understate the true social value
of upstream price changes

When certain prices are not easﬂy ob-
servable, an opportunity to substitute theory
for data arises; it is possible to use assump-
tions about the process by which those prices
are set to replace information about the
prices themselves. When the prices are set in
a competitive market, it is appropriate to do
exactly what one would expect: infer value
from the area under the derived demand
curve. When the market is not competitive,
this argument fails. However, the same
calculation does yield underestimates of the
social gain from a decline in upstream prices.

. B. Implied Welfare Measures

The result of the last subsection can be
exploited in deriving welfare measures. Sup-
pose we have two different time periods, 0
and 1, and wish to know how much the fall
in W, from W, to W;! benefited consumers.®
The first task is to figure out by how much
more consumers are better off in period 1
than in period 0. Answers to this ‘question
take the form of cost-of-living indexes: how
much more expensive would it have been to
provide period 1 utility in period 0, and how
much cheaper would it have been to provide
period O utility in period 1? The' primary
difference of the current model from the
usual analysis of a cost-of-living index is that
here 1 analyze the cost of living and of
making Q,, since the model (implicitly) treats
the Q, sector as if it were owned by con-
sumers. The relative cost of providing peri-

8 This single-industry argument has been made more
generally in Robert Willig’s (1983) analysis of taxation
in many industries with market power.

In what follows, superscripts denote time periods.
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od 1 utility at period 0 prices is

E*( 1 PO Wo)

2 S DA S
C* = E"‘( 1,P§,W1) .

I3

The inverse of the relative cost of providing
period 0 utlhty at period 1 prices is

E*(u°, P,,W°)
E*(u° PL,W')’

c*0=

The large body of useful results from the
theory of index numbers for the standard
consumer problem apply here without alter-
ation. The derived demand curves from the
market equilibrium, Z(u, P,,W), are the
same ones that would come from directly
maximizing the problem # *. As a result, the
marginal social value of elements of Z is
revealed in the derived demand in exactly
the same sense that a single consumer’s de-
mands reveal the marginal value of goods to
that consumer. Any functional form assump-
tions about E( ) lead to function forms for
the cost-of-living -index which can be calcu-
lated without econometric estimation. In the
regulated case, these indexes will be biased
against assigning welfare gains to falls in
regulated industry factor prices. I follow
Caves et al. in the choice of functional form,
and assume that E* has the translog func-
tional form in both periods 0 and 1, and
further that any changes in technology or
tastes between the two periods shift only the
first-order terms of the translog function.!
The practical impact of these assumptnons
will be discussed below.

Under these assumptions, an.estimate .of
the real cost of living and of making Q,
index can be calculated on the basis of the
observables alone. Let E* denote the value
of E* at time . Let 55 be the vector. of
shares of expenditures on Z in E’. Similarly,
s is the vector of shares of the Q, consumer
goods in E* with typical elements s, ;. The
elements of the vector (sz, sQ) sum to,one.

10See Caves et al. for translog formulae.

Copyright © 2001 All Rights Reserved



VOL.76 NO. 4

Then (following, Caves et al.),

1
(3) Flog(c**xC*)

1 X 0 1 Pg.k
=r§ kzl(sc'k+so'k)log -;1—'

2,

N wO
> (sg,,,+slz,n)1og(;z)).

nel n

Suppose a cost-of-living index were calcu-
lated using incorrect price and quantity in-
dexes P, and Q,. (These might be the in-
dexes available from the national accounts.)
In the translog case, the percentage bias to
such an index is"!

1[ 21
(4) 'i( 2 (031+oéj)10g(-}€1—)

j=1

N w?

- £ (s e )
n=1 Wn
where op is the vector of @, shares in
consumer expenditure as normally defined.
Calculation of this bias would reveal by how
much growth in real consumption was un-
derstated because of the use of the incorrect
price indexes for the Q, sector.

The second welfare analysis to undertake
is the answer to a counterfactual question:
by how much are the downstream sectors
and their customers better off than if there
had not been the extraordinary technical
advance in the Z,; sector? This requires some
assessment of how high W, would have been
in period 1 without the technical advance.
This is clearly arbitrary in any application,
but a useful baseline is to take the relative
price of Z, in period 0 and hold it constant
in the counterfactual period. Labeling the
counterfactual period period 2, we have P}
= P21’ sz = szl’ and le = I(le’ W21)/

UThis calculation assumes that the value of inputs
equals the value of outputs in the Q, sector, as in
national income accounting data.
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I(P, W) x W where I() is some price in-
dex formula (the translog in the application
below).

If the demand for the output of an ad-
vancing sector has been estimated economet-
rically, measuring the gain to downstream
sectors from a fall in the price-performance
ratio is straightforward. One ‘simply in-
tegrates the demand system to obtain the
function E* and directly calculates the cost
of living index at the counterfactual prices
W2 (following' Jerry ‘Hausman, 1981). In
performing this analysis, the econometrician
runs the risk of out-of-sample extrapolation,
since the counterfactual prices have never
been observed. But if the econometric main-
tained hypothesis is' still valid even at the
counterfactual point, the resulting welfare
estimates will be meaningful.

The index-number method used here re-
quires a further assumption about what
would have happened in the counterfactual
no-technical-advance case. The percentage
amount of spillovers is a cost of living and of
making Q, index from the counterfactual
period to period 1. As in equation (3), this
will take the form:

11X, 1 Pix
(5) .2_ E (SQI.I: + st.k)log pl
. 2,k

k=1

N w2
e £ Gt st o 2|

ne=1 n

Since Wl=W2 and P}= P} (5 im-
mediately reduces to

1 M w2
© 35 (horshonl ).

n=1 n

where N1 is the number of elements of Z;.
Note that (6) depends on the shares of Z, in
the counterfactual period. Some method of
estimating these shares must be undertaken
in order to calculate the indexes. There is no
best means by which to do this, so in the
application I will report a sensitivity analysis
with respect to s2.

The methods used here for calculating
welfare gains to downstream sectors from

Copyright © 2001 All Rights Reserved



748 THE AMERICAN ECONOMIC REVIEW

upstream technical advance are familiar from -

single-person decision theory. Their exten-
sion here to market equilibrium, and to the
case of endogenous product quality, has
served primarily to clarify the accounting
conventions. The greatest benefit of an ex-
plicit theory will be seen in the next section,
where the appropriateness of the assump-
tions for the application can be rigorously
assessed.

II. Mainframe Computers in the
Financial Services Sector, 1958~72

In this section, Z, is general-purpose
(mainframe) computers. The downstream
sector into which computers spill over, Q,, is
the financial services sector (FSS), defined as
banking, brokerage, insurance, and related
. businesses.’? This is a natural application,
since the FSS was an early adapter of com-
puter technology, primarily for narrowly de-
fined data processing activities such as book-
keeping and recordkeeping.!® Firms in this
sector variously purchased, rented, and
leased mainframe computers, and purchased
computer services from “service bureaus.”4
Many of the real output and price indexes
used in the national accounts for industries
in the FSS use an “inputs = outputs” ap-
proach.’> I will make no attempt to construct

12Financial services as defined here are sector 70 in
the input/output tables of the Department of Com-
merce Bureau of Economic Analysis (BEA) and are
SIC 60-64 and 67.

13See Montgomery Phister (1979, ch. 3, especially
part 3.1). See Horst Brand and John Duke (1982) for an
interesting review of labor-saving computer installations
in banking.

As late as 1975, 71 percent of the banks using
computer services purchased them from an external
service bureau. Many small banks purchase computer
services from larger money-center banks with which
they are in correspondent banking services relation-
ships. Insurance companies and brokers tend to own or
lease computers, not buy computer services. See Philip
Wyborg et al. (1977, p. 22).

13See John Kendrick (1982b) for summary and use-
ful discussion of BEA methods of estimating real output
in the services sector generally. Within the FSS, the
BEA estimates real output for banking, credit agencies
other than banks, and security and commodity brokers
and services by a weighted labor-hours indicator. In-
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better indexes.!® Instead, the problem will be
avoided by using the theory to treat the FSS
as if it were owned by its customers.

The trick of treating a sector as the agent
of its customers will be used twice. Because
of the importance of service bureaus in pro-
viding computer services to the FSS, we will
treat the service bureaus as if they were
owned by the FSS. The fraction of the com-
puters, other capital, labor, and intermediate
inputs of the service bureaus that correspond
to FSS purchases will be accounted as if they
were bought by the FSS directly.!” I will
compare years for which an input-output
(10) table exists. The base year of 1958 had
the first O table following the commercial
introduction of mainframe computers. Thus,
period 0 is 1958.

Period 1 is set to 1972 for several reasons.
Historically, few of the industries in the FSS
had free-market price setting. Interest rates
for the liabilities of financial intermediaries
were set by various federal government bod-
ies. Insurance prices were in part set by state
regulatory bodies. Until 1975, brokerage fees
on the New York Stock Exchange, were set
by the SEC. The fact of regulation itself does
not make our calculations irrelevant, as was
shown above. A serious problem would arise
in the use of the index-number methodology,
however, in comparing a regulated with an
unregulated period. For this reason, my
calculations end in 1972 rather than with a
later IO table, as the regulatory environment
of the FSS was substantially liberalized over
the 1970’s. A second reason for stopping in
1972 is that extension of a quality-adjusted
price index for computers past 1972 would
be quite difficult. Over the 1970’s, more and

surance brokers, agents and services have real outputs
estimated by an index of transactions volume.

18Extension of the transactions volume approach to
commercial banking has been proposed by John Gor-
man (1969). Jerome Mark (1982) and Brand and Duke
report some estimates using this approach.

17Service bureaus come into existence for a variety of
reasons. In this instance, the most important motivation
is probably to spread lumpy computer capital over
many users. Thus it is probably appropriate to draw no
distinctions between input prices at service bureaus and
in the FSS.
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TABLE 1 —EXPENDITURES AND SHARES OF BEA SECTOR 70
Share in Cost
Expenditures,  Share in Sharein  with BEA 73
Current $10° Direct Cost Total Cost Added

¢y () 3 @
1958
Labor 8492 405 545 574
GP Computers 34 00159 002150 00225
Other Capital 793 038 051 053
FSS (BEA 70) 5389 257 - -
Business Services (BEA 73) 1025 049 066 -
Other Interm. 5231 .250 336 370
1972
Labor 28595 422 .548 .597
GP Computers 1237 0183 0237 0254
Other Capital 3959 0584 0759 1050
FSS(BEA 70) . 15562 2298 - -
Business Services (BEA 73) 6033 .0891 1156 -
Other Interm. 12321 1819 2362 2724

more of the tasks previously assigned to
mainframe hardware were moved to soft-
ware as a result of operating systems
advances. At the same time, competition be-
tween small mainframes and larger mini-
computers began to increase.!®

A. Share and Price Calculations for the FSS

The first task is to construct factor shares
and factor prices for the FSS in 1958 and
1972. The approach used here relies heavily
on data developed by Frank Gollop and
Dale Jorgenson (1980, 1983) Jack Faucett
Associates (JFA) (1979, 1977), and Barbara
Fraumeni and Jorgenson (1980). Table 1
shows expenditures and shares of the FSS in
1958 and 1972, first giving the gross (cur-
rent) dollar expenditure on six factors of
production. These differ from JFA in that
the consumption by the FSS of its own
output as an intermediate input, and the
consumption of the output of business
services by the FSS are treated separately.!’

18Robert Gordon (1985) reports, however, a slowing
in the rate of decline in quality-adjusted computer
prices after 1972, I therefore speculate that extension of
my results to the present would find slowing returns to
computerization.

19These are calculated from the 1958 and 1972 IO
tables, as reported in the Survey of Current Business,

The remaining columns show the cost shares
of the remaining four factors of production
after these two inputs are treated as if they
were made in the FSS. The correction for
purchases of own-input takes the form (using
superscripts to indicate columns) s® =
5@ /(1 s$9) for all inputs j other than the
FSS (BEA 70) input. In column 4, inputs
into the business services sector are distrib-
uted to the FSS. Since the output of the
business services sector is treated as if it
were produced in the FSS, it is necessary to
allocate labor, intermediate inputs, and com-
puter and other capital purchased by the
business services industry to the FSS. Thus
s =5 + 5 x 5%, where s]° is the share
of input j into the business services sector.2

The capital input has been divided into
two components, computer and noncom-
puter. Here “computer” means only the CPU
and memory of a mainframe computer sys-
tem. Expenditures on computers are calcu-

’

November 1964, February 1979, and April 1979. Service
Bureaus are a subset of BEA 73, “Business Services.”

20This procedure underestimates the share of com-
puter services in the FSS. The factor shares used in this
calculation are for the entire services sector. Firms in
the FSS, however, tend to concentrate their business
services purchases in the computer service firms more
than the average firm in the economy.
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lated as if the computers were rented, re-
gardless of their actual ownership. Rental
prices are list prices for different model com-
puters as reported by Montgomery Phister
(1979). The inventory of privately held com-
puters by model and of computers held in
banking and insurance in Phister is used to
weight the rentals.!

The treatment of complements to com-
puters such as software and computer pe-
ripherals (especially mass storage devices)
deserves some comment. There was consid-
erable technical progress in software and
peripherals over the period studied, both
caused by and enhancing computerization.
In such circumstances, there is no unam-
biguous definition of “the benefits of cheaper

computers,” if this term is something that is -

added together with “the benefits of im-
proved software and peripherals.” Some of
the increase in the quantity of computers
demanded actually caused by technical ad-
vance in those other inputs may well be
attributed to technical advance in computers
in my calculations. On the other hand, falls
in the price of computers led to increased
demands for the complements, which is not
counted as increases in value here.? My
calculations underestimate the total value of
computers plus peripherals in the FSS. One
might further adopt the convention that the
correct definition of the area under the de-
mand curve for right shoes per se is one-half
the area under the demand curve for shoes.
On this convention, it is not clear whether 1
over- or underestimate the area under the
demand curve for computers per se.

The small share of computers in 1958 FSS
expenditures, just over two-tenths of a per-
cent in column 4 in Table 1, naturally raises
a question about the validity of the translog
approximation to E* over such a broad

2gee Phister’s Tables 11.2.10, 11.3.11.4, I1.3.11.5. Ex-
penditures on noncomputer capital are calculated by
first following the JFA procedure and then subtracting
out the computer expenditures.

ZBoth of these statements are contingent on the
empirical assertion that falls in software and peripherals
prices are inadequately captured in the national
accounts. In fact, both are treated the same way as
computers, with no quality correction to their price
indexes.
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TABLE 2—PRICE INDEXES

1972 =1.00

Labor 482
GP Computers

Gordon 333.62

Chow 19.37
Other Capital .704
Intermediate 6607
FSS (BEA 70) 5354

range. It would be very troubling if the
behavior of the isoquants near the com-
puters = 0 axis was driving the calculations.
Consideration of (4) and (6) shows this con-
cern to be unfounded. If the share of com-
puters in 1958 were doubled or halved, the
calculations would change little. This intui-
tion is straightforward: roughly speaking,
(6) calculates the size of a welfare triangle.
The translog works better if not literally
extended to the axes, but evaluated at some
“small” value at which the demand curve
“almost” cuts the axis. What determines the
size of the triangle is not how small small is,
but rather how high the price is at which the
demand curve almost cuts the axis.

Price indexes for the FSS and for the
inputs into it are reported in Table 2. The
index for the FSS itself is the implicit defla-
tor as calculated by the BLS.?* The wage
rate is taken directly from Gollop and
Jorgenson (1983). The price index for re-
maining intermediate goods is calculated
using the JFA (1977) procedure. The non-
computer capital service price is calculated
using the JFA data following the procedure
of Fraumeni and Jorgenson, except that real
estate sector capital is excluded.

It is clear from the formulae in (4) and (6),
and from the geometrical argument made
above, that the welfare inferences drawn here
will be quite sensitive to the quality-adjusted
price index for computers. A large literature
on the economic measurement of quality-ad-
justed prices for computers has followed on
the work of Gregory Chow (1967).%* This

“Time Series Data for Input-Output Industries,”
BLS Publication 2018 (1979).

24See Ernst Berndt (1982) for conditions under which
the existence of a well-defined price-performance index
is guaranteed.
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literature has recently been both summar-
ized and substantially advanced by Robert
Gordon (1985). I use two different price
indexes in the calculations, the one from
Gordon’s preferred specification of com-
puter quality and my extension of Chow’s
index forward to 1972. Both indexes use
hedonic methods. 1 use my extension of
Chow’s price index because among the avail-
able indexes covering the period 1958-72, it
shows the smallest fall, 19.08 percent per
year in nominal terms. Gordon’s index shows
a rate decrease of 33.97 percent per year for
that period. Given Gordon’s observation that
most of the important differences between
the two price indexes occur before 1960, the
two indexes reflect a realistic upper and lower
bound on the price at which the demand
curve for cornputers cuts the axis. Both in-
dexes cover only the basic CPU and mem-
ory, not any peripherals, so they are con-
sistent with my definition of the computer
input.

A final reservation one might have about
this application is that a great many things
have been changing in the economic environ-
ment of the FSS other than the fall in the
price of computing power. One class of
changes in the economic environment can be
captured by changes in income, or in the
prices of other inputs or of other consumer
goods. The flexible functional forms used
here for preferences and for technology do
not put restrictions on the elasticities of sub-
stitution between computers and other in-
puts in financial services, or on the income
or price elasticity of demand for the output
of the financial services sector. Price and
income changes are well treated in index-
number methods. If increased computeriza-
tion is to be attributed to rising real wages in
the financial services sector, or if the increase
in the size of the sector is to be attributed to
income-elastic demand for its output, such
factors have been accounted for in the calcu-
lations. ,

Another class of changes in the economic
environment is not “priced out.” This in-
cludes demographic shifts which change de-
mand, independent technical progress in the
FSS, and so forth. Slightly stronger assump-
tions are needed here. The results of Caves
et al. continue to hold if there are shifts in
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the first-order coefficients of the translog E*
between the two periods, but not shifts in
the second-order coefficients. As a practical
matter, this means that the model allows
arbitrary shifts between the two periods in
the desirability of any input or of any good,
as long as these shifts do not change the
demand elasticities. Thus independent tech-
nical progress in the FSS can be labor saving
and computer using, but cannot change the
elasticity of substitution between labor and
computers. These are defensible assump-
tions, but, if they are false, then econometric
methods could go beyond the index-number
methods employed here to get a better
answer.

B. Biases to Cost Indexes

This subsection reports calculations of the
biases to the cost-of-living index 'and to a
cost of (nonfinancial) production index from
using the FSS price index from the national
accounts. The downstream sector considered
here is the private nonfinancial domestic
economy. In the input-output system, it con-
sists of the personal consumption expendi-
tures component of final demand (PCE)
and intermediate-input-demand by all private
business outside the FSS, which we call
the private nonfinancial business economy
(PNFBE).* These two sectors together we
call the private domestic economy (PDE).
The shares of the FSS in these sectors are
shown in Table 3.%

‘Table 4 shows the results of calculating
(4), the percentage bias to the conventional
cost-of-living index caused by using the FSS
implicit deflator as the price index for the
sector.2” The size of the bias is sensitive to

25In the 1972 IO table, the PNFBE is defined to
include BEA sectors 1-69 and 71-76. In the 1958 table,
it is 1-69, 71-76, and 81-83.

261t may be somewhat surprising that the share of
the FSS in PCE is so much larger than in PNFBE.
What is behind this is that the sales of the FSS to PCE
are approximately equal to its entire sales as an inter-
mediate input. Almost half of the intermediate-input
sales of the FSS are to itself, so that after they are
netted out the contribution to the PNFBE is consider-
ably smaller. '

27No important difference arises in calculating the
real input cost index for the PNFBE. (See Caves et al)
However, some additional assumptions are needed to
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TABLE 3—FSS SHARE IN DOWNSTREAM
SECTORS’ EXPENDITURES

Downstream
1958 1972
PCE .0407 0529
PNFBE © 0253 0213
Total PDE 0320 .0358

TABLE 4—BIASES 10 .5 (C*° X C*1)

Bias PCE PNFBE Entire PDE
Gordon 00587 00257 .00408
Chow .00384 00172 .00269

the computer price index used. The eco-
nomic importance of the estimated bias can
be illuminated by an evaluation of the “out-
puts = inputs” approach to real price and
output indexes. From 1958 to 1972, the im-
plicit deflator for the FSS grew at 4.56 per-
cent a year, on average. An alternative price
index can be calculated by solving (4) for
that P which gives a bias of zero. Economi-
cally, this is the price index implied by a
perfectly competitive FSS with no internal
technical progress. The annual rise in this
price index was 3.98 percent (Chow index)
or 3.67 percent (Gordon index). Thus either
computer price index implies substantially
faster real growth in the FSS than does the
implicit deflator, even under the conservative
assumption of no internal technical progress.

These figures are not out of line with other
indexes of real output based on the “trans-
actions” approach. Horst Brand and John
Duke calculate a transactions-based real out-
put index for commercial banks for the
period beginning in 1967. Through 1972 it

calculate cost of living and of making Q, indexes for
the two different customers of the FSS, final demand
and intermediate demand. This calculation implicitly
assigns the producer’s surplus gained in the FSS, if any,
to the two groups of customers in proportion to their
sales. Further, the assertion that the presence of regu-
lation leads to an underestimate of the size of the gains
to each group of customers is obviously stronger than
the result obtained in Section I. In particular, sys-
tematic cross subsidy between business and consumer
customers of the FSS would invalidate that result.
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advances 1.5 percent per year faster than
the deflator. Similarly, the transactions in-
dex of real output for the insurance sector
used in the national accounts advances about
1.5 percent faster than the older, “liquidity”
index.

C. Spillover Calculations

The size of the downstream welfare gains
resulting from the fall in the price-perfor-
mance ratio of computers can be estimated
using (6). Results for this calculation are
shown in Table 5 for each of the two price
indexes and for three counterfactual shares
of computers, s2. Given that the counter-
factual is a 1972 world but with the 1958
relative price of computers, the base case
(reported in the left column of the table) is
s2=s5=.91E~% Many economic assump-
tions could have led to this share actually
arising in 1972. For interpretational pur-
poses, I prefer to use the assumptions of an
expenditure elasticity of demand for com-
puters of unity, and that computers are sep-
arable from everything else in E*.2® Then to
get comparison cases, I maintain the sep-
arability assumption and assume that the
expenditure elasticity of demand for com-
puters is larger, taking on the values 2 and 3
in the second and third column of the table.?

The interpretation of these figures is as the
amount by which consumers would be worse

TABLE 5— SPILLOVER CALCULATION: PCE

Case @ . &) 3

s2 000091 .000164 .000296
Spillover (Gordon) ($10%) 17 750 1351
Spillover (Chow) ($10) 225 405 729
Expenditures ($10°) 68 68 68

ZThis would be true if the real income elasticity of
demand for financial services is unity, the output elastic-
ity of demand for computers in the FSS is also unity,
computers are separable from other inputs in FSS pro-
duction, and FSS outputs are separable from other
goods in demand. These obviously unrealistic assump-
tions are used merely to provide an economic motiva-
tion for the nonbase cases. :

2 Income elasticities of demand for the FSS substan-
tially greater than unity are reported by Kendrick
(1982a).
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off in 1972 if the real (rental) price-perfor-
mance ratio for computers used in the FSS
had not fallen from its 1958 level. For exam-
ple, if we take the base case s %, consumers in
1972 would have been willing to pay $225
million (Chow .index) or $417 million
(Gordon) for this price decrease. Corre-
spondingly higher estimates of this willing-
ness to pay would be obtained if, for any
reason, the share of computers in expendi-
tures would have risen above its 1958 level
even without the fall in computer prices. To
put these figures in perspective, the amount
spent by the FSS “for” consumers in renting
computers in 1972 was $68 million. Thus if
we were to draw the derived demand curve
for computers used in the FSS and put in the
1972 price, the consumer’s surplus triangle
would be five or more times the size of the
P X Q box.

Similar figures would be obtained for the
cost indexes of business customers of the
FSS: the analog to Table 5 for them is
essentially proportional to it.

I draw the following conclusion from these
calculations: compared to expenditures on
computers, the spillover to adopters of com-
puters and their customers has been large.
The present analysis has used a sector in
which computers are particularly valuable,
so that the finding might not generalize to
the rest of the economy.*® On the other
hand, the price-performance ratio for com-
puters has (conservatively) fallen another
order of magnitude for computers since 1972.
So in current (1986) terms, the downstream
benefits of technical progress in mainframe
computers since 1958 are conservatively
estimated at 1.5 to 2 orders of magnitude
larger than expenditures, at least in this
high-value use.

APPENDIX: PROOF OF RESULT 1

Let A be the Langrangian corresponding
to *1, and let p be the vector of Lagrangians

3Byt see Manuel Tratjenberg’s (1985) estimates of
the external benefits of CAT scanners: Tratjenberg also
provides an interesting discussion of the (difficult)
welfare economics of technology adoption in the health
sector.
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for *2. Then the first-order conditions for
the problem # * are

aU(Ql’ Ab Q2)

(A1) Q:: A 2 =G—m;+y,
J
j=1,..,R
\V@u8D)
1 =W,
aq; !
j=R+1,...,J
au(Q,, A,
(A2) Q;: ’\"—‘—‘_(QB Gs) =Pk vk
i
IF(8,,2/)
. — J\J? .
(A3) z: wj—p.j—————az’{ Vj
U(Q,,4,,0,)
(Ad) A A—T—
3F,(8,,2/)
J\J? .
b Y
2RNFT)

plus the constraints (#1) and (*2). Compare
this system to the definitions of expenditure
and cost functions:

min P{Q, + PjQ, + AM(u-U(Q:,A,,0,))
XaU(QIQAl’QZ) .
(A5) Qy: A———F———=p; vJ
3qj
AaU ’A’
A6) 0,: A (o) 1Qz)=P2k Vi
aq; '
min W'z + - (4, - F(8;, 2’))
oF(8,,2/
(A7) z: wj=ﬂj-————-—-—’(’ ) Vn

3z}

plus the constraints. From the envelope the-
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orem we know that fi; is marginal cost and
that

8E(u, P,, P,, Al) =4 3U(Q1, Ath)

38, as,
3G,(4,,8, W) —a 0F,(8, /)
38, TR

so that (2) implies

9U(Q1,41,0,)

(A8) A %5

At mcj=p;, for j=1,...,R, the sets of
equations (Al)-(A4) and (AS5)-(A8) are
identical.
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