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Preface
N R A G |

A good deal of evidence exists for the positive impace of research and
dﬂ'n:-lnpmtm: THED) mvestment on Fll'\l:'rl,:lul;[i'-'il,'" gn;l-'u,l:h and COMpEL-
tiveness, and numerous studies have a high sensitivioy to this effecr.
Furthermaore, B&D% social returns were found to range from being sig-
nificant to very significane. Thus, the importance of B&D and is ace
of growth mandare thar either free markets or public policy or both
determine and produce the optimal level of spending. Up wo 1956, pub-
lic policy ro stimulate R&D focused mainly on defense procurement
spending and the ongoing tax incentives, such as the research and
experimentation (R&E) tax credic. Since 1986, however, the presure
o reduce federal outlays for netional defense has shifted the focus of
government R&D away from defense and toward clvilian rechnology.

The findings by Thomas Karier, a Levy Instirute research associace, in
this Public Policy Brief indicate that the effect of max incentives, and
specifically the R&E credit, on R&D spending has been ambiguous and
that imports and defense procurements have had a more significane
influence on Ré&D). These findings, in addition to those of the General
Accounting Office indicating thar the R&E credic has che porential of
becoming too generous for large firms and too restrictive to small firms,
sugpest that public funds might betrer be spent on projects thar more
directly would stimulate privare sector R&D. For example, savings from
defense downsizing or revenue savings from the BSE credit, should it be
allowed to expire, could be shifted o nondefense procurement projects.

The task of restructuring and “medernizing” the research and experi-
mentation tax credit has generated widespread public debate aver the
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Cloging the R&D Gap .

appropriace role of the federal government in subsidizing American busi-
ness. witnesses at @ recent hearing condwcted by the Owversight
Subcommittes of the House Ways and Means Committes insinuated
that in the current environment of fiscal responsibility, even programs
that HFI]'.E’l:I'ETItI'f promote America’s ecomomic interasts—Ifor example,
increased R D—are susceptible m the influence of those derermined o
balance the federal budger ar any cose.

Even dhough it s diffieule o conduce a meaningful cost analysis of the
B&E rax credic, the General Accounting Office recently declared thac
in addition o measuring che credic’s direcr costs {forpone revenue) and
benefits (increased B&D levels) it is important to consider the social
impact and spillover effects of dvwe R&E credic, Such effects have vet o
be considered in a comprehensive manner, which makes an sccurate
assessment of the R&E credic difficulr.

In the incrensingly competitive global economic environment, the finms
that will survive and prosper will be those that are able o adapt to
changing market conditions through innovation. Anguably, such innova-
tions are often determined by forwand-looking programs of research and
development; and in this regard many economists, policymakers, and sci-
entists concur and may be alarmed by the fact thar B&D spending in the
Unived Stares has been falling ower the recent past, If cthis, indeed, is che
case, we stand o lose pround in our ability o innovare ard disseminare
rechnology, which, in tum;, could erode our global competitive positon.

Dimitri B. Papadimitrico
Seprember 1995
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Evaluating the Sources of
R&D Spending

The R&D Gap

I 1953 private industry in the Unived Seares spent 0.6 percent of gross
domestic product [GDP} on research and developmene (R&DY), and
there was litde doubt that this level of spending would be sfficient o
preserve the counery’s rechnolopical advantage, o 1993 privite industry
spent considersbly more on R&D—1.3 percent of GDP—and ver there
was much wider concern that this was not a high enough rate of spend-
ing for the Unired Sttes o compete successfully in internarional mar-
kets. This concern was based on comparisons of ULS, R&D spending
with those of Germany and Japan.

[t is reassuring, if only momentarily, tw note that the United Stares spends
more on total R&D than Gﬂﬂl‘ull'l].-. _|'.1|1:|||. ardd Franee combined. Even ac
a share of GDP the Unived Statess u;mnd:itun: of 2.6 percent does not
compare adversely to Japans 3.0 percent, Germany'% 2.8 percent, or
France’s 2.4 percent (Marional Science Foundstion 1993)." Furthermare,
there is at least one hiph-technology industry in which the Unitad Stares
enjoys indisputable superiority: weapors manufacturing. This distinction
has been achieved only after decades of massive federal outlays for
weapons systems and B&IL A comparison of defense R&D relative to
GDF, Figere 1, shows that such expenditures by the United Stares histori-
cally have far exceeded those of Japan, Germany, and France.!

The U5, B& D deficiency, however, does not concern narional defense.
It is generally understood thar if LIS, firms are to remain viable in today's
markets they must have adequate investment in new technologies which,
in tumn, depend on investment in research and development, The best
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Clasing the R&D Gap

Figure 1 Defense R&D Spending a5 2 Percentage of (GIP
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meaure of R&D investment i nondefence R&D. In 1991 Japan spent
3.0 percent of irs GDP on nondefense B&D and the former West
Germany 2.7 percent, compared to a mere 1.9 percent in the United
Stares (L5, Deparmment of the Treasury 1993), Moreover, there is a pos-
sibilicy that even this figure understates the R&D gap because it may
include industry funds for defense?

Mat only does the United States fall short of its two major competitors
in R&D spending percentages, but the gap has been incrensing. Figure 2
shows that in 1970 the United States, Japan, and Germany all spent
r|'|'|'|'.|rr|n:|n:irr||5|.t|,e|'!.I the same share of GOP on nondefense B&D Owver the
paist two decades the share chanped relatively lictle in the United States
but rose symificantly in the ozher two countries. The recent partern also
shows thar the Unired Stares now spends almoss the same share of GDP
on notdefense B& D as France, placing i far below Japan and Germany.

Direct comparisons of nondefense B&D spending in the United States
with cthose of Japan and Germany show the same end, An index of
nondefense B&D spending in the United States relative to those of
Japan and Germany was calculared and is reported in Figure 3.% Between
1970 and 1991, the Unicted Staces-to-Cermany ratio fell 26 percent,
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Evaliaring the Sources of R&D Spending
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indicating that real R&D spending grew considerably more slowly in the
Linited States than in Germany. The pattern was even morne profoundly
realized in Japan: Berween 1971 and 1991 the Unived Stares-to-Japan
ratice fell 50 percent as Japanese spending on nondefense R&D acceler-
ated relative to ther of the Unived Seares.

These measrements were mken by comparing growth rates in real non-
deferse RED spending. If exchange rares were taken into sccom, the
picture would look far worse for the Unired States because during this
period the dollar depreciated considerably relacive o the yen and o the
Cieromam marck.

We already may be experiencing one of the effecs of the R&D gap. The
Unired States mow imports significantly more high-rechnology commeadi-
ries than it expors. As illustrated in Figure 4, the L5, balance of vade oo
high-technology expores has fallen steadily from a surplus of $16 Billion in
1981 to a deficit of 347 billion in 1992.% This dismal performance would
hawve been worse if not for the significant made surplus enjoyed by the air-
craft manufacturing industry, one that clearly owes some of its superios
performance oo its financial tes wich the Department of Defense (OO0,

The Terome Levy Foonamics lrannee of Bord Collepe 13




Clasing the R&T Giap

Figure 3 MNondefense RE&D Spending in the Unired States
Relative to Japan and Germany
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From 1978 to 1985 there was reason to hope that the US. would close
the R&D gap or ar least prevent it from widening. An upsurge in real
spending pushed private industry B&D from 1.0 percent of GOP in 1978
e 1.4 percent in 1985, The cawe of the boom, o be discussed larer,
appears to have run its course. Private industry expendioures leveled aff
after 1985 and slipped back o 1.3 percent of GDP by 1993, The current
level and composition of R&D expenditures in the United States do not
inscill grear confidence in the furure abilicy of LLS, businesses o com-
pete successfully in world markets.

While there may be considersble debate aver the particular form of &
national R&D policy, there is remarkably broad sgreement that such a
palicy is needed (Cohen and Mall 1992, Hilper 1991}, It is widely recog- '
nized that R&D spending is discouraged by the fact that information and
know-how cin slip easily into the hands of rivals. In economic terme,
new products; techniques, and discoveries may have a low level of
"appropriability.” A parent system provides some protection but is perer-
ally agreed to be inadequare for protecting ownership rights to new dis-
coveries, especially for fundamenial discoveries with wide-ranging appli-
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Evalunting the Sosrces of RED Spending

Figure 4 1.5, Balance of Trade in High-Technology Commodities
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catbons {Baily and Chakmbarti 1988, 36-39). A privare firm likely will
underinvest in any activity from which it cannot capruse the entire ben-
efit. This fact makes R&D a classic example of marker failure and, there-
fore, one that demands some form of povemnment intervention.

The importance of government-financed R&D in stimulating innovacioa
in private industry has been documented carefully by economists, Perhaps
one of the most comprehensive studies was conducted by Madiri and
Mamumeus (1991}, who found that higher levels of povernment R&D
spending were associared with significantly lower manufacturing costs and
higher producrivity. Some of the strongest responses were recorded in
durahle manufacturing: machinery, electrical equipment, transportation
equipment, and scientific instruments, The rates of retum on public R&D
reported in this study were substaneial, ranging from 6.6 o 9.6 percent,

Earlier work by Griliches (1986) found thar the rerurm o RS was
extremely high, manging from 33 to 62 percent. He also distinguished
berween the retumns to private and public R&D. The retum 1w public
R&ID was found o be lower than the retuen o privare B&D, a faee that
Griliches artributed to the relationship berween government R&D and
procurement. It seems that large expenditures of federal dollars for mili-
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Cloting the RED Gap

mary research are mare likely to be followed by the production of @ new
line of weapons than an increass in productiviey. For this reason, the
retum to public R&D was lower bue not ingignificant. The conclusion
was that B&D, privare and public, contribured o higher producrivicy foe
individual firms.

Additional resules indicared thar the effectiveness of R&D did not
change much berween 1967 and 1977, There had been some specularion
among some cconomists that B&D was experiencing diminishing
returms, but there was no evidence of it in this study, Another important
resule in this study showed that the reoums to basic research were even
preater than on applied research,

A more recent article by Griliches (1994) highlights several of the pro-
found data problems associated with testing the relationship between
productivity amd R&D spending. It seems that a single industry, comput-
15, plm_,';. g critical role in ANY of these spsdies bacame it has borh high
pro<ductivity ngl.rth and high R&D per dollar of sales. As Griliches
demonstrates, this single observation can sway the resules of statistical
analysis. However, rather than concluding thae the computer industry 1s
a "bad" ohservation, just the opposite may be true. The Bureau of
Economic Analysis has invested more effore in developing an accurare
measure of real compurer ourpur than it has in developing accurare
indices for other industries, Consequently, it may be the daca for ather
industries, not computers, that should be questioned.

Another concern about the effectiveness of R&D spending was motivar-
ed by the declining rare of patents per dollar of B&D between 1920 and
1992, Once again the specter of diminishing returns was maised. But
there is a good possibilicy that the value and significance of the averape
patent has been increasing over time. As Griliches [1994) points ous,
the ratio of patents to R&D fell equally fast in the 19505 as in the 1970
when there was no apparent lack of technological innovation or produe-
tivity gains If anvthing, this stacistic simply may indicare thar the nuom-
ber aof :mnll, :in:.igni.ﬂ-;:lnt patents ane 11-|:-:ing weeded out 1:|'|r the CISITE
expense of filing and enforcing a patent.

While there & an abundance of studies demonstrating the positive effect
of RS on productiviy, this i prabably not the maste importane func-
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tion of R&D. Innovarions will enhance productivity when they result in
new and berter ways po produce existing products; but most B&D wday
is dedicated to producing new and better products, a fact thar may have
no effect on producrivity, Where the resules of R&D are more likely w
be seen is in changing marker shares, raising exports, and enhancing
sales and profits. Numerous studies, foe example, have documented the
fact that high levels of R&D are frequently associated with high rates of
profit (Salinger 1982; Griliches 1986; and Hirsch and Connolly 1987),
It appears that firms invest in R&D as one of seveml strategies to com-
pere with rivals,

A recent work on this theme by Scherer {1992) documents the reaction
of several American industries to challenges from foreign producers. In
some cases LLS. companies were submissive, scaling back: their own R&D
programs; and in other cases they foughe back with more Intense spend-
ing on R&D. From this study Scherer concluded that domestic flems are
more likely to gain an advantage in their indusries when they "increase
their own R&D in response o intensified innovarion efforts by forepn
rivals—thar is, when they react aggressively . . . " (Scherer 1992, 133).
Furthermore, he observed thar firms were more likely to respond submis-
sively when they were headed by an executive with an MBA rather than
a degree in science or engineering. All of this highlights the imporrant
rode of RED in the competition for control of international markess,

With this picture in mind, it is clearly time to evaluate the effectiveness
of our national R&D policy. Two of the questions addressed in this
report are whether o new R&D policy will coneribute to closing the gap
as It now exists, and what changes have o be made 1o our current R&D
policy mo make it more effective.

RE&D Policy and Tax Incentives

The evolution of R&D policy in the Unired Stares has been motivared
primarily by issues of national defense, not international trade.
Consequently, a major focus of R&D spending in this country has been
on the development of sophisticated military equipment and weapons.
In 1992 fedesal funds for defense R&D accounred for 29 percent of all
Ré&D expenditures in this country (MNational Science Foundation 1993,
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115). Mare than one gut of every four reseprch dallars was spent on
defense. While this fipure may appear relatively high, it was once even
higher. In 1960, during the middle of the cold war, one our of every rwo
research dollars was spent oo defense (LS, Deparement of the Treasury
1993; 598, 5395 ).

Oxher than defense, which accounted for 59 percent of the federal gov-
ermment’s RS D budget im 1992, several areas received smaller amounts of
public support: spending for healdh cotaled $1001 billion (14.7 percent of
federal R&D); space $6.8 billion (9.9 percent); energy $3.1 billion {4.5
percent); and general science 32.7 billion (3.9 percent). The remaining
$5.8 billion (8.4 percenc) of dhe budger was spread over 11 areas, includ-
ing natural rescurces and the environment, transportation, agriculture,
and education {National Science Foundation 1993, 363 ).

Diirect federal expersditures comstitute only the most visible prart of the
national R&D policy. Less obviows i3 the face thar povemment procine-
ment can stimulate indicsery R&D. This occurs when firms compere for
valuable government contracts by spending dheir own funds on research
and development. In some cases, firms may be reimbursed for the expense,
oftens defined as Independene Research and Development and Bids and
Proposals. [n other cases, firms simply may hope o recover the costs in the
profits of future govesnment concracts. As Frank Lichrenberg (1988) con-
cluded in a detailed study of this issue, "Government procurement a5 a4
whole has a positive and substantial effect on private R&D investment.”

In addition to direct expenditures on R&D and procurement, the fedeml
government has attempted to stimulate private sector expenditures
through selective mx incentives. Ome of these is the full deduction per-
mitted for research and experimentation (R&E] expenditures that dates
hack to the 1954 max code. An altemative to full deduction would be o
treat B&E like any other long-term investment and spread the cost ot
for tax purposes over the estimated lifetime of R&E capital, an admie-
tedly intangible aset. By allowing full deduction, a company with cus-
rent tax lability benefits by not having o postpone (and discount) the
deduction (Leydon and Link 1992, 15).

The primary focus of this repore, however, is on the effectiveness of the
R&E tax credie as included in the Eeonomic Recowvery Act of 1981, The
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possibilicy of increasing or expanding the credit is one possible way of
addressing the increasing R&D gap. Before considering this possibility, how-
ever, it is necessary o review the acoual credic and evaluate its effecrivenes.

The R&E Tax Credit

The R&E tax eredir originally allowed fieens o 25 percent credit on quali-
fied increases above a calculated base. (The rate declined o 20 percent
for post-1986 expenditures.) By confining the eredit to spending increases,
the new law limited the impact on tax revenue but also raised the diffi-
cule question of how o measure a spending increase. The simplest
approach, comparing this year's expenditures 1o last year's, was rejecred
because it could encourage perverse strategies. For instance, consider a
firm that expects to spend exactly the same amount on R&E every year. If
it peraises in this policy, such a firm will receive nothing under this simple
tax erédit because its increase in spending is zero every year If, however,
the firm spends twice as much cne year and nothing the next, it Aaverages
the same expenditure per year but qualifies for a much higher credit.

The new lvw addressed this lssue by caleulating the base as an avernge of
R&E expenditures over the previous three years, with special provisions
made for the first two years.® While this approsch tended to limit the
rewards for a one-time jump in R&E spending, it creared other problems
that economists were quick to poine our. An additional $1.20 spent
today would be rewarded by a 30 cent credir this year ($1.20 mulciplied
by .25, bur it also would case the credic mo be reduced by 10 cents each
year for the next three years as a result of increasing the base, The credit
is saved from being a complete wash by the face that firms prefer to have
money todey mther than tomommow, The lower the discount race, how-
ever, the lower the effecrive credit. In the extreme cose of n discouns rae
equal to zera, the effective credit is zero as well. Figure 5 illustrates the
effective credit for various diseount rates caleulated at the pre-1936
starutory credit rate of 15 percent and the pose-1986 rate of 20 percent.”
This built-in disincentive was quite elear to economists: whether it was
a5 clear o businesses is another marter.

The credic had several ocher features. One feature required that the base
be at least 50 percent of current R&E expenditures, which reduced the
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Closing the RED Gap

Figure 5 Effective R&E Tax Credit and Discount Rates
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credit for firms with especially fast-growing research budgets. For firms
with current expenditures equal toar least twice the base, each addicion-
al dollar of R&E expenditures automatically raised the base by 50 cenis,
thus reducing the value of the credic. This feamure of the law was made

even more restrictive in the 1989 reform,

For firms lacking both taxable income and the akbility to mke advantage
of the three-year carry-back provision, the value of the credit is further
diminished, While the credic can be carried forward up to 15 years, the
act of delaying the benefic erodes its value because of discoamting and
uncertainey. The credic abo offers very lintle incentive for firms that are
otherwise planning o reduce R&E expenditures. Before they can begin
to take advantape of the credie, they muse fire increase spending up w
the base level. Alrogether, the net effect of each of these qualifications is
to reduce further the effective credir,

The origing] credit was extended and modified by the Tax Reform Act of
1986, The most important change to the law was to reduce the smatutory
credit mte from 25 percent to 20 percent and marrow the definidon of
qualified research. On the other hand, qualified expenses for basic
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research paid to colleges and other tax exempr organizations recelved a
20 percent tax credic (Incernal Revenue Service 1986, 100: Senare
Commirntes on Finance 1989, 39).

Having been extended several times, the mx credit was significantly
revised in 1989, In order to provide a stronper incentive, the base calcu-
larion was changed from a three-year moving average 1o a base employ-
ing a fixed ratio of R&E expenditure to rotal receipts—esentially, the
firm’s average during the period 1984 to 1988.% The new base caleulation
eliminated rhe penaley that, economists had pointed our, diminished the
incentive for a firm to increase R&D. Businesses could now increase
their R&D expenses witheant fear thar fumure credis would be reduced.
As long as firms maintained a ratio of R&D to sales above their 1984 o
1938 average, they would likely qualify for the credit. Depending on the
discount rate, this change has had the effect of greatly increasing the
pecuniary incentive for R&aD lapmdiﬂg.':"

The 1986 law also phased in a progressively higher base limitarion thar
reduced the reward to exceptional growth in R&E. In the original law,
only 30 cents of each dollar spent on R&E qualified for the credit once
rotal expenditures excesded 200 percent of the base. By 1995, only 25
cents of each additional dollar qualified for the credit once expendirres
exceeded 115 percent of base,’? It is this form of the law that was
renewed by the Budget Reconciliation Acr of 1993 and extended o June
30, 1995 (Jeine Committee on Taxation 1993). The new law greatly
increased the R&D incentive by eliminating the rolling hase but at the
same time reduced the relative incentive for very large Increases in RE&D.

U.S. Industry RED

At least since 1953, R&D expendioures by private industry have risen
faszer than both the undedying inflation rate and GDP As a result, real
industry R&D {RE&D adjusted for inflation) and industry R&D shares of
GDP have increased (see figures & and 7). In 1953 industry R&D was
only 0.6 percent of GDP compared to 1.4 percent in 1985, Figure 6,
howewver, reveals more than a simple upward trend: after remaining rela-
tively constane during the 1970, R&D shares rose quite rapidly between
1978 and 1985, During this brief period, R&D boomed in the Unived
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Figure & Indusiry BR&D Spending {1987 dollars)
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States, eoinciding with a similar expansion in Japan and Germany. Bur
spending by ULS. industry peaked in 1985 and thereafter drifted down-
ward, although still remaining above the 19705 levels.

Possible Causes of the R&D Boom

Any national R&D policy should be based on a solid understanding of
what determines industry B&D, namely, one that can account for the
1978 to 1985 expansion. There are, as is often the case in economics, a
number of competing explanations. The first s the already-mentioned
investment tax credic which took effect in June 1981, Second, one could
claim that the end of the boom in 1986 was related to char year's tax
reform, which reduced the size of the R&E credit and rightened the eri-
rerla for qualified research.

There are, however, grounds for skepeicism about these explanations. I
appears from Figure & thar the beginning of the R&D expansion can be
placed at 1978 or 1979, ar least two years before the tax credit was
passed. The credir evidently was not the anly factor in the R&D
increase. Ir also would be surprising if the relatively small changes made
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Figure 7 Rartio of R&D to GDF. 1953-1993
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to the law in 1986 could alter abrupely the patrem of R&D spending.
The eredic was only reduced from 25 to 20 percent and was extended to
cover funding for university basie research.

Timing is one problem with the credit explanation, magnitude is the
other. The R&D expansion in the early 1980s is simply much bigger
than could have been i::tpp;l;gd from che -|:I'|E|:|:il. EII.'I.:I11=- For t};ﬂm]:'lt. sLp-
posie we arcributed the entire increase in industry R D shares from 1980
to 19585 to the tax credie. Could the credic have caused a 25.8 percent
increase in annual R&D spending!! The problem with this figure is that
it is about twice the sise of even the most optimlstic estimate of the cred-
it’s impact. In summary, the credit appeared to be wo ke, persisted too
long, and was too small 1o sceount for the R&D boom of the carly
1980%. This is not the same as saying that the credic had no effect but
only that other facrors are clearly important.

An alternarive explanation is foreign competition, Firms can respond to
foreign competition in a number of different ways: they simply can con-
cede marker share, they can cur prices, o they can increase expenditures
on advertising and R&D in an effort wo attrect customers, An increase in
foreign competition in many areas of the L1S. economy could be one of
the factors behind the R&D boom. One indicator of the intensicty of for-
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Figure B Industry B&D and U5, Nenpetrobeum Imports, 19461997
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eign competition is the level of LS. nonpetroleum imports. Figure B

shows the relationship between nonpetroleusm import intensity and
industry R&D shares. Import intensity rose quite rapidly during two peri-
acdsz 1975 o 1980 and 1982 o 1988, Except for a brief lapse relaved to
the twin recessioms of 1980 and 1982, the rapid nflux of imposs from
1975 o 1988 parallels the R&D boom from 1978 o 19835, There is a
possibilicy thae ar least pare of the R&D boom was related oo increased
forelgn comperitan.,

Another possible explanation is related to military procurement. The
20 eypically will solicit proposals from private businesses for the
design of new weapons systems. These “design compertitions™ require
cxtensive preparation and B&D on the part of pamticipants who are will-
ing to incur such expenses in the hope of being selected as the primary
contracton. Although finms may later be reimbursed] for these expendi-
tures, they still eypically report them as imdustry RE& D, which means thae

the expenditures are included in the figures relaring o the R&D boom.

There was, in fact, 2 similar expansion in military purchases during this
period. As illustraced in Figure 9, DOD procurement rose from approsxi-
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Figure 8 Industry R&D and Defense Procurement, 1952=1993
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mately 1.0 pescent of GDP in 1977 to 1.8 percent in 1986, The slide in
procurcment after 1986 corresponds closely with a similar partern in
industry R&D. There also is the fact that the military expansion in the
19805 included many high-rechnology weapons systems such as AWA S,
the stealth bomber, and the star wars program.1*

Anather event that could have affecred R&D spending in some indus-
eries was the energy crisis. Rising encrgy prices in the 19705 eventully
motivated many firms to improve their energy efficiency, which required
the development and installarion of new equipment and production
methods. Figure 10 shows the historic partern in energy prices relative to
induscry RE&ID shares.™ There is little indication that industry R&D
responded to the initial energy crisis in 1974, but the R&D boom does
correspond with the second upswing in energy prices in 1979, Energy
prices began to subside in 1981, preceding by four years a similar change
in R&D), One could eonserue from this that R&D spending did respond
tor the encrgy crisls, but only with a significant lag.
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Statistical Evidence

We are lefr with the prnh.lem l:'flJEl:l:n‘ninil:lg which of the above regsons
is primarily responsible for the R&D boom of the early 19805 If it was
the credic, then we have identified an effective policy tool for stimulat-
ing industry R&DY If it was military procurement, then we have identi-
fied another government action chat can affect privare B&D. If it was
foreign competition or rising energy prices, then we st ke that in
account in our national BE&D policy. The investigation of this guestion
involved three different types of statistical studies {described below),
each designed to investigare a particular aspect of the B&D boom.

Time Series Evidence

Herw musch did the R&E tax credir, imports, defense spending, and energy
prices congribute to the indusory R&D boom! One way o estimare these
contributions is by estimating a time series model which analyzes the
mavement of industry R&D intensity over time. This type of sowdy was
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conducted using dara from 1953 ro 1992 and is deseribed in full detail In
the appendix. R&D intensity is expected o be a function of the R&E
credit (idenrified by the years the credic was in place), impeore intensity
(U5, nonpetroleum imports divided by GDP), defense procurement
(again divided by GDP), and relarive energy prices.

The results show that the complete model explains approximately 95
percent of the variation in R&D intensity. For the entre period, only
the credit and impores appeared to have a significantly positive effect on
industry R&D as a share of GOP. During the more recent period (1970
o 1992} both of these variables again were staristically significant, as
were defense spending and energy peices,

It is instructive to look at the estimared effect of the R&E credit on
R&D spending. According to the full model, the ratio of industry R&D
to GIOF was 0.12 percentage points higher during the period covered by
the credic, In 1980, this would have manslated inro a 10.5 peICEnt
incrense in R&D spending. ' This is a large gain, assuming the efective
credit was no more than 5 percent, bu it is selll wichin the range of

earlier studizs. These lellul'ﬁ.ﬁl—y TESLlE FUEECSL thai ihe credii miy have
had a positive effect on R&D spending. i
Industry Evidence

Omne of the major drawbacks of a simple time series rese is that it fils o
consider variations within industries. This fault is particulady importans
in this case because R&D intensity varies so widely among industries, as
do DOD procurements and imports. The top five R&D spending indus-
tries are office, computing, and accounting machines; motor vehicles
and equipment; aircraft and misiles; commumication equipment; and
drugs (National Science Foundarion 1990b). Together, in 1989 these
five induseries accounted for 52 percent of all indusery R&D but only 19
percent of sales in manufacturing. DOD procurement is even more
unevenly distributed: the top owo induseries (aircraft and missiles: com-
munication equipment) received approximately 89 percent of all orders
im 1987 (LS. Department of Commerce, various years a).
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If the hypothesis in chis report b comect, one would expect to find the
largest increases in B&D spending in those industries with the largese
increases in DOD procurement snd in foreign imports, Repgression analy-
sis, described in more detmil in the appendix, shows that this is, in fact,
the case. The test wis based on a sample of 25 industries covering all of
manufacturing from 1962 o [958, R&D intensity, defense procurement,
and imports are all divided by indwstry shipments rather than GDE, but
in other respects this vest s similar po the time seres vest.'® In this study,
R&D invensity was consistently higher in those industries with high
ratbos of Impores and DOD procurement to shipments, There was, how-
ever, no compelling evidence thar RS D was signifscantly higher during
the vears when the R&E rax credic was in place. For all industeles, che
mode] explained 99 percent of the variation in R&D intensity over this
21-year period.

Separate tests were undertaken to investigate the role of these variables
in specific industries, namely, those with relatively high R&D expendi-
tures [greater than | percent of industry shipmenis). In these separate
regressions, imports had a positive significant effect in six industries
{inchading motor vehicles); DOD procurement had a positive significant
effect in five industries (including aircraft and missiles); and the B&E
erecie had a positive significant effect in only one ndustry {aireraft and
missiles). But even the latter single positive resulr is questionable

becase R&D spending in the aireraft and missiles indusery s heavily
dependent on defense orders.

The results of the industry analysis appear to support the view thar mill-
tary procurcment and impors are largely responsible for the B&D boom
of the early 19805, The mle of the B&E credit remains in doubt; thar is,
relative to the othwer factors it docs not appear that the credit had & par-
ticularly significant effect on industry R&D spending.

Company Evidence

One specific concemn about the B&E credic is that the beginning of the
R&D boom acoually preceded the implemencation of the tax credic by
approximarely three years, The question has been raised as o whether
the increase in R&D intensicy following the passage of the credit was, in
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Figure 11 Expected Effect of the Research and Experimentation Credit on
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facr, any larper than the increase that preceded it (Manstield 1984). In
order to answer this question, a sample of 221 firms with R&D spending
greater than $25 million from 1978 to 1985 (the duration of the R&D
boom) was collected from Standard & Poor’s Compustar database.

One of the advantages of company data that has been exploited by other
researchers is its detziled information abour the financial positlons of
firms (for example, see Hall 1993, and Swenson 1992). In these dara zets
it is pemsible to distinguish herween firms that are mest likely wo benefic
froem the eredit and those thar are not. In particular, firms with histories
of net Insses are less likely to be able 1o use the credit immediately, espe-
cially if they have no current or past tax liability. Here, the company
dara set was wsed to test whether R&D spenling grew after the credit
was put in place and, more specifically, if it was larger for those firms
with the most to gain from the credic,

The resules of this exercise are described in the appendix. The hypothe-
als tested was thar cermain factors cantributed ro the increase in R&D
intensity from 1978 to 1985, an intensity thar accelerated from 1981 w
1985 under the R&E credit. The nature of this hypothesis is illustrated
in Figure 11. The growth rate in R&D intensity is represented by slope a,
which increases to b as a result of the credi.'® The analysis in the appen-
dix provides estimares of b which, 1o the extent that the Rék credic was
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effective, would be expected o be posicive and staciseically significant.
Estimates of b using the encire sample are positive but not statistically
significant. It does not appear, ar lease for this sample, thar B&D spend-
ing significantly accelerated after 1980 due to che R&E credir.
Additional rests were conducted o exclude those firms which, due o a
lack of max liability, were least likely to qualify for the credit. In one test,
firms were excluded from estimates of b if they had losses in the oprent
vear. In anather, firms were excluded if their accumulated net income in
the current and previows three years was negmtive. Each of these tests
allowwed far the fact thar I:|:'|¢ firmes moak |.i.'|-:¢|5r (4] ti-'l]ltt! ,"u,]\-anﬁgl: af |]1|=
credie were thase with eument or past tax liability. In every one of thess
pests, estimates of b decreased rather than increased. Comsequently, the
firms thar had the greatest potential for benefiting from the R&E credit
did not appear w accelerare significantly chelr BSE spending in compar-
ison to firms with less potential to benefic from the credit.

Tentative Conclusions

The results of this research and others suppest several reneative conclu-
stoms (Mansfbeld 1986, 1984; Eisner 1985, 1984). While pare of the per-
iod associated with the R&D boom overlags the RSE eredit, the actual
relationship Is far more complicared. It would be difficult to conclude
thar the R&E rax credic had a large posivive effect on indusory RE&D,
The B&D boom began two to three years before the credic was passed
and ended while the credic was still in place. Altemnatively, this analysis
suggests that the industry B&D boom was linked to a rapid expansion in
imports and defense spending and, wo a lesser exoent, to energy prices.

Some snalysts sugpested from the stant thae the reason the R&E credic
was nat likely to have a large effect was the disincentives buile inta the
rolling base. The effective subsidy for any increases in R&D spending
was reduced greatly by including such increases in the calculation of
future spending thresholds, What begins as an officil 20 to 25 percent
credit may shrink o an effective 3 to 3 percent credit depending on the
discount rate and other qualificarions.

If che credic failed oo have a more prominent effect becawse of this pen-
aley, why didn't B&D pick up after the penaley was eliminaved in dhe
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1989 reform ! Indusery R&(D has remained a relatively stble 1.3 percent of
GDP since 1959, slighdy below is 1985 level. In most ecomomic models,
the switch to a fixed ratio in the calouladon of the credie should have
magnified preatly the incentive to invese. One possible conclusion is that
the credir is not especially important in derermining R&D spending.
Another possibility is thar the added incentive of eliminating the rolling
base was exactly offset by tightening the hase limitation. Recall thar the
1989 tax bill limived the full vahse of the credit o expenditures exceeding
the base by 23 percent or less. Beyond 25 percent the credit was reduced by
a factor of four. How many firms this might have affected is not ar all eleae.
Even if the R&E credit did stimulate additional R&D, it has been ques-
rioned whether the addisiosal :Fen.r]ing WS RS |H|,'|_=_p:: a5 the ﬁ:::.rgn:.'nc [ax
revenue, Edwin Mansfield concluded that “The extra R&D stimulaced
by the tax credit seems oo have been considerably less than the revenues
last to the Treasury™ (Mansficld 1984). Table 1 provides data on che
vilue of allowed B&E creflits for 1981 through 1991,

Table 1 Research and Experimentation Credit, 1981-199]

Year Allewable BR&E Credit (millicns)
1981 73
1652 1,541
1953 1165
1954 1,638
1985 2,780
1986 1,300
1947 1,053
19438 1,276
1585 1,391
1950 1547
1591 LE56

Soures: [nternal Bevenoe Service {19836 and unsprihlishes deral.

Mansfield was also one of the first to point out thar the sax eredit creaed
an Incentive for finms to redefine related acriviries as research and experi-
mentation so that they could qualify for a larger credir. He eoncluded
thar a considerable wmount of the initial increases in R&E spending was
cawsed by this slewght of hand mther than by real spending increases.
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Mational R&D Policy

This report began by identifying a large and growing gap berween non-
defense R&D spending in cthe United States and similar spending in
Japan and Germany. If the United States is to look forward to a future
thar inchsdes solid shares of the world's high-technology markets, it must
close this gap. Intemationsl competition will, in all likelihood, stimulate
industry R&D, but there is probably little hope of actually closing the
gap withowt a reorientation of LS. R&D policy. To this end the povern-
ment must introduce policies that either stimulare private indusery
expenditures or expand government funded B&D. How can public pal-
icy be reoriented mo address these challenges?

While private induscry in the Uniced Seaves provides 46.9 percent of
rotal B&D funds, the comparable shares are 39.9 percent in Germany
and 72.7 percent in Japan (Mational Science Foundation 1993}, There
obviously is room for 15, firms to increase their share of the nadon's
R&D effort, But other than the B&E credit, there are few public policies
that are even intended o encourage more indusory R&D, Given the
findings of this report, it is difficult to belicve that a stronger credit
would do much good. The best argument one could make in its favor,
however, is that the credit would have had a positive effect after 1989 if
naat for the higher base limitation. If the experiment with the credit is to
be continued, an abvious improvement would be to reverse the base lim-
itation introduced in the 1989 mx bill. Instead of reducing the effective
crediv for RED spending exceeding 25 percent of the base, the credit
could be increased.!’

For such a change o make a difference, it muse be demonserared char
subsrancial numbers of firms would be less likely o increase annual R&D
spending by 25 percent or more, The evidence for the 19781985 period
sugpests that this is tue for many fisms, In fact, approximarely 40 per-
cent of all B&D increases during this time originated in firms with indi-
vidual increases of 25 percent or maore.'® It would appear that a signifi-
cant number of firms could benefit from the removal of the base limita-

tion penalty.

Before pursuing this policy, at least two objections must be overcome.
Firar, ANy EXPInSiKm if the R&E credir i |i:|n:'|'!.' tor entail lose tax reve

32 Public Policy Brief




- Evalanng the Soorces of RET) Spending

enwe, a problem that was not addressed in the original legislation crear-
ing the credic. In fact, one could claim that the R&E credic was inicially
unfunded, contributing o larger federal budget deficits.!” In today's
environment it is more difficult to justfy expanding the R&E credit, or
even keeping it, if doing so would mean higher deficits or fewer pur-

chases of public goods,

This raises the important question of who should pay for the credit.
Recall that its purposs is to remedy a marker fallure: the chronie undes-
investment in R&D due to uncentainey and lack of apprapriahbilicy. In
theory, firms do not invest sufficiently in B&D becawse much of the ben-
efit will be captured by other firms. To the exrent that the credic causes
spme firms o increase their R&D funding, cthers will benefit withour
paying a cent. Ideally, one would wane those corperations benefitlng as
free riders to pay the cost of providing the incentive, While it probably is
impossible to targer specific free riders for tax purposes, it would not be
inappropriace o finance the R&E credit, or any expansion of the credit,
with a slightly higher corporate profic ax.

The second objection wo srrengthening the B&E eredit is more funda-
menial—ic may ot work, The results of my resesrch provide few reasons
to be optimistic. It is hard to imagine that any change in the credit
would spark enough indusory B&D mo actually close dhe gap.

There is another way that government can and does stirulate industry
R&D. An impartant lesson of this analysis is thar government procure-
ment can stimulate private expenditures.’® Until now this has been
proven primarily through military procurement, which accounred for
B7.3 percent of all manufacturing sales to the federal government, Other
federal agencies are relatively small consumers of industrizl goods. In
1987, NASA was sesponsible for 1.8 percent of sll federal government
orders from manufacuring; the Department of Energy’s share was 1.1
percent; and all other federal agencies together amowunred o an 8.8 per-
cent share (LLS, Department of Commerce 1987). Currently, there i= no
other federal agency that compares with the DOD in its capacity to issue
large contracts for high-technology producs.

As defense priorities have subsided, there has been a growing need for
public poods in other sectors, such a5 rransportation, enesgy, education,
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environmental protection, and kealth care. At leass some consideration
should ke given to expanding the procurement capacity of other agencics
for high-technology projeces. It is conceivable that an expansion of gov-
eriment procurement awarded on the basis of desipn competition would
atimulate considerable privare B&D in each of these nondefense sscrom.

The possibilities in these areas are limired by funding, not by a lack of
good ideas. The Department of Education oay find in usedul o puschase
high resolurion television monitors or computers for schools, the National
Institutes of Flealth may wish oo purchase equipment for medical research,
the Department of Energy may attempt o develop solar cells and srorage
harteries for government buildings, or the Deparmment of Transpostadon
may want to assist in the development of modern commuter systems.
These purchases would mot only contribure to improving the quality of
public goods but could replace the impetus for mdustrial BR&D once pro-
wicled by DXL These techralogical alematives should be given sericus
congideration as replacements for canceled weapons systems.

Even with an inerease in industry R&DY there probably is lictle hope of
closing the gap withour an increase in direct government expenditures
on nondeferse R& Y. One part of this reorientation is already under way
as military research is converted vo other purposes. Some programs, such
as the Technology Belnvestment Project (TRP), provide furds for
expanding the competitiveness of defense-dependent industries and sup-
porting “dual-use” technologles that benefic both defense and nonde-
fense interests (National Science Foundacion 1993, 115). There are also
“cross-cutting” R&D initiatives that bring several federal agencles
together to coordinate broad arcas of research under the Federal
Coordinating Council for Science, Engineering, and Technology
(Mational Science Foundation 1993, 108).

The primary problem with recent conversion efforts is that they have
been relarively small. Figure 12 shows recent trends in federsl contribu-
piens w RED for defense and nondefense purposes. Relative v GOF,
Bl for defense has 1.']:'.'|r|'!.' declined sinee |';|HT, ik there ha: been mo
corresponding increase in the nondefense share, If conversion effors are
oo coneribure o the nadonal R& D effort, federal BE&ED for nondefenss
miusr grow much faster.
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Figure 12 Federal R&D Spending for Defense and Mondefense Parposes
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A second problem with recent conversion efforts is thar several new
R&D projects have been retained by the DOD even though they may
have litle to do with defense. While the department’s spending on mili-
tary F& D has subsided in recent years, civilian eesearch has grown rap-
idly, reaching $1.9 billion in 1993. Many of these projects, which focus
on health, energy, transpartation, of manufacturing, would be better
placed in the appropriate federal agencies, such as the National
Imstitutes of Health or the Energy, Transportation, or Commerce depart-
ment. Included in this List is $100 million for Semarech, the much dis-
cussed research joint ventuse berween privare businesses and the DOD.
This was only one of 33 different projects identified by the G.ALO. thar
rangze from medical research on A1DS and breast cances, 357 million and
$210 million respectively, o the national aercspace plane technelogy
program at $141 million (.5, General Accounting Office 1993).

Seme peojects undoubredly will require a coondinated efforr among sev-
eral agencles, requiring a “cross-cut” initiative, but wo often such initia-
rives merely serve o preserve the DOD'%S dominant role. An advanmage
of imvolving more government agencies in this peocess would be to foster
comperition for public funds. Each agency would be compelled o
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demanstrate vahmble and constructive results in order to vie with other
agencies for Congressional funding.

Conversion will require more chan simply replacing one oype of R&D
with another. Imporant dssues will have w be addressed: where federal
R&D efforts will be directed, how they will be adminkstered, and which
apencies will be the funding sources, Several principles, however, should
be wseful in puiding the expansion of nondefense R&D, First, Congress
should continue to determine the functional distribution of research funds,
The decision of how much money to place in health research versus com-
puter chip technologies, for example, must be based on open public discus-
sion. However, Congress should not be involved in determining the spe-
cific allocation of ressarch money. Recent objections ro such determing.
ticms hive focsed on the conpresional practice of earmarking academic
research projects for particular distoiers. While these funds remain a rela-
tively small pare of the overall federal research effort, they have grown
rapidly in recent years, Academic R&D funds earmarked by Congress rose
fram 5247 million in 1990 o 3470 million s 1991, and $707 million in
1992 (Mational Science Foundarion 1993, 1390, Ir is difficule wo defend
thee meeric of R&D dollars char are granced cheough any process other dhan
design competitions or some form of competitive poer review,

Exqually difficult to defend is the cumrent povernment policy of reimburs-
ing firms for independent B&D condwcred primarily by defense contrac-
tors. In the modemn era it makes lictle sense for the government o
unckerwrite R&DY in which it plays no role in development nor enjoys
any control- In testimony before the Senate Ammed Services Committes
and Joint Ecomomic Commiteee in 1975, Admim] H.G. Rickover cone-
cluded thar *The current IR&D [Independent R&D] program does not
provide benefis wo the Government anywhere near the cost™ (Rickover

1975). His proposal to eliminate the practice remains equally appropri-
ate today. Independent B&D reimbursement, which cosrs the federal
government more than $2 billion a year, should be discontinued
{Mational Science Foundarion 1993, 360).

Mot only is it important that the process for distributing B&D dollars be
defensible, there also must be an impartial sssessment of the effecrive-
ness of particular lines of research. It is much easier to distribute funds
for B&D than to demonstrace thar the funds are well spent, For this pur-
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pose, it woukl be necessary to establish a review process that would do
more than determine whether the funds were spent legally; a profes-
gional review also should be able to determine whether the research pro-
duced any valuable discoveries or innovations. This type of evaluarion,
which Is occasionally conducted by the General Accounting Office,
ghould be incorporated as an integral pare of the federal R&D effore.

Finally, ic should be noted that all goveenment agencies have experi-
mented with different methods for funding B&D. In some cases, grants
are issucd o individual academic researchers to conduct specific experi-
ments or research; in others, the government has embarked on joint
efforts with priviate businessss and required specified levels of spending or
performance by private firms. An evaluarion of one of these joint effors,
Semarech, was recently reported by Irwin and Klenow (1994). In this
project, the government allocared approximately $100 millios dollars a
year to support research by a consortium of ULS. manufscturers of semi-
comcheeters. The purpose of the collaboration was to improve US. semi-
conducror production rechnoloay, The evidence sugpests thar dhe effort
has been quite successful. While other industries were reducing their
R.&D spending intensity afrer 1987, members of Semarech increased their
gpending relative to sales from 10.3 percent to 11.6 percent. In addition,
profits increased in the industry and V.S, firms regained some of the mar-
ket share they hed bost during the previous s years.

A curious outcome of this joint efforr was thar B&D intensity by LLS.
manufacturing firms who were not members of Sematech increased from
7 percent ta 10.6 percent of sales. Some of this increase may have been
relared to the formation of Semavech; thart is, nonmembers may have felt
compelled to increase spending on R&D so as not ro fall behind
Sematech members. Given the choice between contributing to
Sematech ar increasing their own R&D budets and hoping for spin-offs
from Sematech, nonmembers may have found the later to be less costly,
This raises the possibility that Sematech not only contribured o an
increase in B&D intensity among its members but also inspired a signifi-
cant increase in B&D spending by nonmembess.

Irwin and Klenow (1994) present a considerably different view of these

facts. They asumed that Sematech had nothing to do with the increass
in R&D spending by nonmembers and arribured the indusery's good for-
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tune to “a substantial depreciation in the foreign exchange value of the
dellar, a semiconductor trade agreement with Japan thae blunted foreipn
competition, and the declining imporance of memory chips compared
with microprocessors in the semicondweror marker.,” Bur rather than tese
these hypotheses, Irwin and Klenow simply accepr them as fact, The
depreciation of the dollar may have helped ULS, semiconductor manu-
facourers, but it also would have helped a whole range of LLS, firms that
did noc raise B&D spending to any comparsble degree, If the trade
agreement with Japan was the cause for the tumarcund, then it was
more effective than most ohservers would have expected. And if the rea-
son was due to a shift in demand favoring LLS. technelogy at that time,
at least in this instance the govemnment bet on g winner. The gquestion
remains whether the industry recoversd because of Sematech or becarse
af exchanpe rates, rade agreements, or demand shifts. One hopes future
research on Sematech will address this guestion.

Whether joine efforts are effective or not remains to be seen. Up oo this
point, no particular method has proven superior o any other in produc-
ing soclally useful innovarions. It is conceivable thar a becter system of

assessing the results of federally funded research would shed more Lighe
on the effectiveness of dhese variows funding aleermarives.

Appendix. Accounting for the Industry
RE&D Boom: 1978-1985

Why did industry R&D) increase so mpidly from 1978 o 1985, and how
much did the R&E e credit have to do with it? These guestions ane
addressed in this appendix, utilizing a number of different scatisical tests.

Time Series

The first approach is a time series analysis that attempes o model
changes in industry B&D as a share of GDP from 1953 o 1992, It is
expected that this variable is determined by the level of international
competition, the level of defense procurement, energy prices, and the
B&E credit. Ineernational competition i3 measured by the mrio of LS.
nonpetroleum imports o GDP (Economic Report of the Presidene 1994 ),
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Table Al Regressions on R&D Intensity (anoual data)

Tiependent variabler Indu R&DNGDP

1953192 1970-1992
Independent
Variahle 1 2 3 4
Credir 062 D06t il L J2E*
{.048) {053 (03] {.04)
Impartsfshipments L F E.lZus
(1.36) (.91)
lHEmuhhipmunlB 172 1077
{2.55) (289}
Energy prices 14 Jdl*
(.15} {081}
COmELANE S T 12 es A
(.13} {15} (A2} (100
Adijimseed B a5 95 80 45

Piores:  Starchand ernses are in papenrhesas, Al estimanes ane mulripliad by 1000

= Sigmificantly different from zeo at the 5 percent level.

= Siumiflcancly different from zero at the | percens level.
Sourees: Authors ealeularions based on dacs in Bcommie Reproee of te Presidens (1994 US
Crepartmine of the Tressury {various years); Matioral Science Foundarion (1993, 333)

The annual level of procurement for the DOD was also divided by GDP
to represent changes in intensity over time (U5, Department of the
Treasury, various years). Energy prices were equal to the rario of the pro-
ducer price index for firels, relared products, and power te total producer
price index {Economic Report of the President 1994). The variable for the
R&E credit was equal to one in the years that the credic applied {1981
and thereafier) and 0 in the years before 1981, Finally, industry R&D
was equal 1o the annual funds provided by industry for R&D, again
divided by GDP (Mational Science Foundarion 1993, 333; LL5.
Deparement of the Treasury, various years).

The results of ordinary least squares regressions for the entire period—
1953 to 1992—are reported in Table Al Because of the presence of
strong serial correlation, each of the estimates includes cormections for
aurocorrelation using the Cochrane-Orcute method. In the firse regres-
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sion (colummn 1} the credic variable was not statistically significant. In
the second regression (column 2} both the credic and import wariables
were statistically significant, the former at the 5 percent level and the
lutrer at the | percent level. Coefficients on the defense and enerry
prices variables were not stacistically sipmificant.

The resuls were different, however, when the time frame was liovived o
the more recent 1970 w 1992 period. The credin variable was highly sig-
nificant whether it was included alone (column 3} or with addivional
explanarory variables (column 4). The magnitude of the coefficient also
increased in the full model, indicating thar the industry R&D-ro-GDP
ratic was 0,12 percentage points higher during the period of the credic.
In this specification, import intensity and defense orders are also highly
significant, both at the 1 percent level. The implication is that higher
imports or defense purchases tend to increase the level of industry Ré&D,
Energy prices are also significant in this model, at the 5 percent level,
suggesting higher R&D during the energy crisis.

Why was defense spending highly significant in the recent period but
not in the longer period dating back to 19537 Going hack o the earlier
period, defense procurement experienced o major reduction following
World War 11 and the Korean War. Much of this reduction was related w
the demobilization of a very large standing army, ooe thar was gradusally
replaced by more sophisticated weapons systems including neclear mis-
siles. The initial decline in DOD procurement probably coincided with
an increase in high-technology procurement and would not have had a
depressing effect on industry RS0, On the other hand, much of the mil-
itary buildup in the 1980s was focused specifically on high echnology
areas including the Sorategic Defense Initiative. Within this context it is
not surprising that sn expansion of DOD procurement could stimulate
industry R&D in the 19805 while a decrease in procurement in the
19505 and 19805 would have no equivalent impact.

Thie remuls of this test sugpest that the cradit did have o xig'ni.ﬁl::nt posi-
tive effect on industry R&D spendding. There are, however, grounds to be
akeptical. The problem i that several of the explanatory variables are
highly correlaped, even in the period from 1970 to 1992, The correlation
berween defense spending, energy prices, and B&D spending is high, bur
it is especially high berween imports and B&D spending with a correla-
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tion coefficient of (LB2. The close cormespondence between imports and
the R&E credit makes it particularly difficult to determine the indepen-
dent contributiom of each variable.

Industry Study

Anather approach to this question is to study changes in R&D spending
i specific industries. For this purpose, data were collecred for 25 indus-
tries for the 1969 to 1989 pericd. Industry caregories were based on those
of the Mational Science Foundation as contained in their reports on
industry R&D spending. Although these industries cover all of manufac-
turing, they represent an amalgam of two- and three-digit industries
based on che Sandard Industrial Classification (S1C) coding system.

The credic variable was Identical to the one wed in the time series
study.!! The ratio of R&D o shipments was measured by the ratio of
company funds spent on indusceial B&D ro indusery shipments
{Mational Science Foundarion, 1990b, 198105 The imports-to-ship-
ments varishle was mezsured by the ratio of Imports from consumption
to industry shipments (1.5, Department of Commerce various years
bic).® The defense-to-shipments ratio was measured by industry ship-
ments to the DOD divided by rotal industry shipments (U.5.
Department of Commerce, various years N EShipments were toal
inchustry shipments (U5, Department of Commerce, various years ad).

Orher data, for defense spending and imports, were aggregared from the
three-digit level wo the Mational Science Foundation (NSF) industry
code. Significant revisions were made to the SIC in 1987, requiring
some adjustment for later years. Fortunately, the Censis of Manufochumes
reported DO shipments from manufacturing in 1987 acconding to both
the new and old classificarion system, making it possible to adjuse posg-
1986 dara. Funthermore, the Department of Commerce did not repost
DO shipments for specific indusrries after 1987 or for the years 1983
amd 1986, The defense data for these vears were estimared by inrerpola-
tion wsing known estimaces of votal DOD procurement (LS.
Department of the Treasury 1992, 541} in each year. B& D dara were also
missing for some industries, especially during the earlier years of the
period. These were also estimated by means of interpalation.™

The Jerome Lewy Economics Instirure of Bard College 41




Closing the R&T Clap .

Table A2 Begressions on BE&D Intenstty, Industey Stady, 1969-19589

Fa7 L o b T iy DG e T
Wariable 1 2 3 i
Credic L0 2011 L3006 A2
{ Q008 ) {Q008) (0008) {.D00E)
Tmiporeesfshipmesrics 016%= LDig==
(.005) {.035)
Defensefshipments g AL Ll
(.00} {009
Industry variables x - x x
Adjusted R 99 a9 99 99

Moter:  Srandaml ernom amy in gueentheses.

* Significantly different fram sero st the 3 percent level.

*® Comilicantly clifferent from seeo ot the 1 percene level
Eoveeey: Authon cloulations based an daga in Massonal Sciesnce Foundation [ 1590h,
1280y LIS, [:'I_anlmn:lnl e Ciammerce [ v LR A, Is, g, ).

Eztimares of this model for all 25 industries for the 1969 to 1989 period
ane presented in Takle AZ. The estimates are from ordinary least squares,
correcred for sumccomelation. The full mode] is presented in column 1.
Results show that both imports and defense spending appeared oo have
had a positive effect on industry B&D spending and were highly signifi-
cant (ac the 1 percent level), The credit variable was positive but not
seatistically significant. In other regressions, in which variows variables
are omitced, the credit coefficient remained lopgely imchanged and
insignificant. According to this test, it does not appear thar the credic
had & strong effect on industry B&D spending.

An altermative o testing the effect of chese variables for all induserbes is
tor test them individually for each indusery. Such pests were conducred for
each industry thar had a rado of R&D o shipments grearer than or
equal to 1 percent. The resules, reported in Table A3, Indicare thar
iinports were apparently imporant in some induseries while defense pro-
curement was important in others, In only one indssery, aircraft and mis-
siles, did the credic appear to have a positive and significant effece. The
resules for this industry are obviously poing to be influenced by the fact
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Table A3 Begressions on B&D Intensity, Diescriptive Bosules for Specific
Industries, 19691989

Standard
Mlean Indusirial
BTV ehipments Classification

Industries for which imports
had i significant positive effect on RED intensiny
ﬁupnn:ln:h:r medicinas 004 283
Crher chemicals L5 284, 185, 187-89
Chfce, computing, @l sccounting machioes 132 357
Electionic components Dod a7
Momer vehicles and equipment 103 Tl
Crptical, susgical, phosographic, and
other instraments Lhrl H3-H7
Industries for which defense spending
had a significant positive effect on B&D intensity
Fubher produces A10 E LY
Cither machinery, excepe electrical o3 35154 558359
Elecerical componenis L44 LT
Aireraft and missiles 052 372, 376

Setentific ard mechanical messuring equipment 031 38138

Industries for which the B&E tax credit
had & significant positive effect on RE&D intensity

Aircaft amed missiles 052 3T, 306

Oiher industries with high RE&D intensity
(R shipments grester than 01)

Indussrial chemicals LG 281-82, 286
Pirraleun refining £12 90
Stone, clay, and glas producrs 219 320
Badio and mv receiving equipment i)l ] Ins
Commaunication equipment Lyt Hih
Crher elecrrical equiprment 021 Ml -4, 369

Sources: Aunthors caboulations based om daca in Mational Science Fourddation (1930h,
1981 ); U5 Deparcmens of Commence {varioos: yean: a,baed).

that it is the largese defense manufacourer. In 1987, this single indusory
accounted for 44 percent of all shipments o the federal government,
The possibilivy of distinguishing berween dhe effect from the credic and
the effect of defense procurement is probably least likely for this ndustry.
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Company Study

Another question that can be sddressed wsing stacistical analysia is
whether the R&D boom accelerated afrer 1980 when the R&E credie
wits introduced. This question can be explored using company data
obtained from Standard & Poor’s Compustat database, With these dara,
it is possible to identify particular companies that were mast likely o
have berefited from the R&E credit. Specifically, firms thar had current
positive net income or positive net income aver the past three years
were likely ro have benefited the most from the R&E credir.
Unforrunarely, dara thar describe the level of impart competition or the
meagnimude of defense procurement are typically lacking at the company
level, making i difficule oo rese a complete model of R&D behavior.

I order to test the possibilicy that the crediv caused the RE&D boom o
accelerate, 8 model was estimared using a spline function. [n this specifi-
cation the credit variable essentially measured the change in R&D
growth after 1980.%° The spline function is appropriate in this insance
because the question is whether B&D investment accelerared after 1980,
and the theory clearly identifies the introduction of the B&E mx credie
in |981 a3 the pivot point. The model was tested for a sample of 221 fiems
with annual R&D spending of $13 million or more from 1978 to 1985

The results of this regression, again cormected for autocorrelarion and
including company dummy variables, are presented in Table Ad. Results
in the first column simply eonfirm that R&D intensity increased signifi-
cantly during the period. The positive coefficient (091) on the credic
variable in the second column shew that R&D spending accelemted afrer
1980 bur chat the magnitede of the acceleytion was not sipnificant at the
5 percent level. The third and fourth regressions experimented with dif-
ferent specificarions for the credic variable. The results in column 3 are
for a specification in which the acceleration was rested anly for finms with
cument positive net income, The resulws in column 4 represent a specifi-
cation in which the effect of the credic was limired o firms with positive
net income over the past three years.2? By imposing the larter two condi-
tioms on the credit varisble, the effect of the credic was messured only for
those firms with the strongest potential for benefiting from ir, The resule
was rather surprising since the coefficients on the revised credit variables
were negative and even statistically significant. One interpretation is
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4
Table Ad Regressions on BED Intensity Aceording o Company Data,
197E=1985%
Dependent Variable: Company B& D Sales
Independent
Variahle 1 2 3 4
Time Trend Jge= o] L AL
oLty (0450 {015 (02T
Credit
All Firms |
(5T
[, =0] - 164"+
{025}
% %10 %2200 - O0g+
(.035)
Company Dummy Yar. x x % ®
Adjusted B* o4 A4 4 a4

Mots:  Srandard errors are in parentheses, Al estimates ace molriplied by 100
* Significantly different from Dero at the 5 percent level.
=& Significanchy differert from mero @t the 1 pencent level
Sowrce: Aurhiocs cakoulations based on dam from Stendand & Poor’s OOMMISTAT dacabase.

thar firms with negative net income also experienced declining sales. If
these firms did not reduce their R&D spending proportionately wich
sales, their R&D intensity would have incrensed. Once these firms are
accounted for, R&D showed no sign of accelerating under the credic.

Tests also were conducted thar combined indwsrry varlables with com-
pany observations. Industry data were linked to the company’s primary
industry, a specification thar s nor always appropriate, especially for
large, diversified compandes. It was not clear whether the insignificance
of the industry variables in this format capoured a real effect or merely
wias the result of a poor march between indusory and company data.

Thesa results indicate that any acceleration in R&D spending after 1980
was most likely o ocour among those firms with the least potential for
benefiting from the credit, namely, those with negative net income.
There Is lirtle support here for believing that the R&E credit made much
of a contribution to the B&D boom from 1978 ro 1985.

The feverme Levy Ecuremics Insntice of Bosd College 85




Closing the RED Gap

Nobes

L
i

10

All references to Germany refer only to Wess Genmany,

Japan's expendinanes were less than 0 percent of GOP but appear 1o be
zere in the figure dise 1o rounding emror.

Individua] businesses spend some of thelr osmn fands on defense, often with
the intenrion af winning povernment conrracts. Some portion of these
experditures Is currently reimbursed by the Department of Defense bur
may ni he designated a5 povernment BT fumds.

Annual growsh in a coumony's BRED spending (G i depends on groweth
in its share of nondefense R&D spending out ?ﬂﬁ]" 3,0 and on iss

growth in CIDF {03 ). Specifically,
e = {1+0,)(14G,) - 1
These growth mtes were then wed o calculate changes in the mtins of

norelefense spending by the United States and Japan and Germany, GOP
figures were obtaired from Intermatiomal Monemey Fund (19924,

High technology industries inclide airenft, computer and office equip-
ment, pharmaceuticals, communication egquipment, electrical machinery,

and insrrumsents (Mational Science Poundation 1993, 240),
In effect the base was equal o

¥ T RE, for 1983, X 1... RE, for 1982,

and

¥RE, for 1951

{with the last componens spplying o only half the year), RE; = research
and experimentarion expendinires in year 1.

The effective credit rate (k) depends on the staced cradic rare (K} and the
discount rare accosding to the following formuala:

k=K - KIH- st & K Hpa + B H:l-ul-l]

The fixed matic & equal o the fimm’s historical ratio of R&D expendimures
to sales from 1984 to 1988, The base is then calculated as the product of
this ratio ard average receipts over the four preceding years. The mtio was
st at 3 parcent for start-up companies, and special provisions were made to
develop a fixed meio for these finns and for those without sufficient reconds
of R&E expenses or receipts in the 1980s,

For example, asuming a discoune rate of 10 percent, the effective credic on
an additional dellar of B&D spending increases from 1.4 percent to 20 per-
cent, This is approximarely a six-fold increase in the effective credin,

Where the base was requised to be o besst 50 percent of current quealified
BAE expendditures up ro 1990, the minimum was gradually raised o 75
percent by 1595 (Senare Commitee on Finanee [988),
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1. This is based on a 0.29 percentage point change in the B&D shace of GDP

11,

13.

15,

L,

17.

14,

19

from 1980 to 1985, This ratclo, muldplied by 1980 GDP (32,708 Eillion)
and divided by roeal indisery BED spending in 1930 (3309 billion), yields
an increase of 258 percent. If the effective credit 5 assumed o lave been
approximacely 5 percent, che implied long-run elasticity with respect w R&D
prices is 5.2, far greater than the range of 2.0 00 2.7 estimated by Hall {1593),

If rizing DOD procurement in cthe early 19805 stimulored privore RS0, why
didn'e E:Hing (] [PIOCHIEmLENE dur.inl: the 1950 and 19805 cause che
reverse to occur! During dhis cime, the United Scares wes simulraneoucly
demwbilizing from the Korean War and World War Il and maobilizing for the
cald war, It is quite possible that, although DOD procurement was being cur
at this time, o greater emphosis was being placed on sophissicared weapons
gysremns produced by povate industmy Some of the early reducrion in pao-
camment was related o the shift from personmel 10 weapons sysrems. Thers
were, in fact, nearly one million fewer milicnry employess in 1975 dhan in
1935 (LLE. Department of Treasury 1979, 353),

Energy prices ane represented by the natio of the producer price index for
fuels, power, and relaved produces o the overall producer price indes,

Multiplying 0012 by 1980 GDF (32,708 billion) and dividing this by
industry B&D spending in 1950 ($30.9 billion} yields 1005 percent.
Assuming a 5 percent effective credin, the clasticiey estimated in this test &
1.1, which falls within Hall's estimated range of 2.0 o 1.7 (Hall 1993).

The energy price varinble was omirred becawse it was not particubarly impor-
tunt in the time series data and because thene was no cross-sectional dimen-
K0, 6 it

The medel is @ spline funcrion of the form:
R&ySabes = ay + a¥, + biY, - T )C, + &

In this madel, B&D mtensity is a funcrion of time {Y,). The vanisble C, &
equal 1o one when the credit was in force {1981 and on), and ¥, & equal m
1980 R&D invensivy increases ae the mate of o per year unril ]';'.-:Hl, when it
accelerares (or decelermtes) by an amount proportional o b

A very siilar peoblem exised with the old ueility price stnacture called
dectinirg block rares, With lower prices at higher levels of consumpeion, this
policy ercouraged consumpticn rather than comsermtion. Modermn price
smucrures ang mors likely to contain moreasing hlock raees, which encourage
canservatian,

This & bassd on a sample averaging 525 firns from 1976 to 1985, In this
sample, 63 percene of all increases in BR&D were from fires with O to 25
percent RS D growth rages, 37 percent from fiems with 25 to 100 percent
growth rates, amd 3 percent froms flsms with more than 100 percent growth
mtes. {Source: Sendard & Poors Compustan darabase ),

The discussion here trears the mx credin as a microsconomic policy intended
b correct @ case of markes failure. If the purpose §s oo simotace the macoo-

economy through deficit spending, then the bssue of funding s melevant,
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0. As Lichrenbeng (19688) has demonseated, govemment procuimement stismg-
lares privare R&D spending primarily theough dessgn and wechnical compe-
tivkzng bn which firms compete with each other for the purpose of winning
production commacts. His resules, Rewever, apply only mo comperitive con-
rraces. Moncomperitive contraces, often lssued as a follow-on o exlsing
contraces, actually had the opposite effect—reducing Indusiry BSDL Since
competitive procurement had a relasively stronger impact, the overall effect
of povernment procurement oo BE& I remained positive,

11, The credit varizble bad mean smd standard deviation of 0429 and 0.034
respectively.

11, The mean and standard deviation of the B&D-to-shipments matio wers
0,028 and 0.034 respectively.

13, The mean and sandand deviation of the imports-to-shipments mtio were
0112 and 0151 nespectively,

34, The mean amd standand deviation of the defense-toshipments ratio wene
0059 and 0,130 respectively,

1%, Inwhds case, inerpolacion was based on the induseny's share of RS spending,
i, This Iz hased om a spline funcrlon, described i foormone 16,

7. Im column 4, for example, the credic vartable 5 equal o one only if the
year &5 1981 or later and the sum of current net profics and ner profics of
the prewious three years is greaner than zeno.
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