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1. Introduction

Concerns with science and technology (S&T) capabilities are widesjpréae Wnited
States as well as in other developed countries. This is understandable in lightgddhance
of knowledge and technology in generating long-run growth of productivity, pea¢apitme
and employment. Trends and levels of R&D spending and, in particular, ratios of R&D
expenditure to GDP or national income are often used as a measure of innovatinerdbep
capture the resources devoted to achieving future technological chimBerope, for example,
governments at the Barcelona European Council noted that European R&D expenditwels ar
below those of the United States and set a target to dramatically increBsgpR&ding from
1.9% of GDP to 3.0% by 2010 (European Commission, 2002).

Whereas nominal R&D intensity provides a measure of the burden (in monetary terms)
on society of R&D activities, it is less informative about the real ressutevoted to R&D
because it does not take into account differences in relative prices of R&D acpogs
countries. For this purpose, R&D-specific purchasing power parities (PfeR®eded, which
measure how much needs to be spent in a country to acquire one U.S. dollar’s worth of R&D
inputs? Hence R&D expenditures which are converted at R&D PPPs will give a bettsummea
of the differences in actual resources devoted to R&D between countries.dartbées PPPs are
comparable to price deflators that adjust nominal values for price changasdaareal, or
volume, measures.

When making international comparisons of R&D, PPPs should reflect differences
relative prices. Since R&D output prices cannot be directly measured, weorfeedd on the
prices of R&D inputs. Most studies and statistics use aggregate proxies sueliPr&$tfor GDP
but these will generally not suffice. While GDP PPPs reflect velgtices of primary inputs —

! Policy discussions must also consider the proditigtand composition of these efforts, which akely to differ
across countries (and industries), as well as thgnitudes of the spillovers generated. In examitiiege issues, it
is important to develop R&D capital stock measuetier than focus only on current expenditures.|§\thiese
issues are not dealt with in this paper, PPPs &nd geflators are basic building blocks for tlyigd of analysis.

2 As rates of equivalence for comparable goodsdallourrency prices, purchasing power parities §PBve the
same units as exchange rates. If PPPs and exchategeare the same, then there is no differenoaative prices
or cost across countries. However, there are maagons why exchange rates are not good substibute®Ps. Of
particular relevance to R&D, there is no necessaagon why the relative prices of goods that atéraded
internationally should conform to exchange rateigal Exchange rates are also vulnerable to a nusfiber
distortions, e.g., currency speculation, politieaénts such as wars and boycotts, and officiakogyr interventions,
that have little or nothing to do with the diffecers in relative R&D prices across economies (N8SB22



labor and capital — each input’s representation in GDP does not reflect its mspddaR&D,
and they are not specific to R&D. Moreover, GDP is based on the concept of final goods and
services, rather than the intermediate goods and services that make upartao§&&D
expenditure. Finally, use of GDP PPPs does not capture differences in the ihdostpasition
of R&D across countries. While use of industry-level nominal R&D expenditure caallga
address the composition issue, remaining distortions in prices can be a serious.proble

Taking the latter point a step further, when focusing on real R&D intensitieslbsgtry,
not only the numerator — R&D expenditure — needs to be converted using a specific R&D PP
but the denominator — industry output — requires an industry-specific output PPP. The use of a
GDP PPP to adjust for relative price levels in manufacturing would be equegbiyropriate.
Recent experience with industry-level PPPs from the International CoommaasOutput and
Productivity (ICOP) project suggests that substantial differenceshbetiseen manufacturing
output PPPs and GDP PPPs, even for economies at similar levels of developmenrk,(van Ar
1993; van Ark and Timmer, 2001). Therefore PPP adjustments — taking account oficiféare
the structure of relative prices of R&D inputs and output across economies andesdustay
be worth the considerable effort required for their measurefnent.

A search of the literature finds relatively little empirical work on Rgflize indexes,
particularly across countries. In fact, the latest R&D PPP estimatesuld find were done in
the early 1990s for the year 1985. Typically, the issue is either ignored bectaileel geice
data are not available or a GDP PPP is used in cost comparisons. For comparigins of R
intensity, nominal values are usually employed. To compare R&D expenditurénogea GDP
deflator is most commonly used. The lack of good measures in the area of R&ihgexes
has not gone unrecognized. Zvi Griliches lamented the lack of good information oni¢keg “pr
of R&D in his remarks 20 years ago, on the occasion of the NBER Conference on R&ils,Pate
and Productivity (Griliches, 1984). Griliches further emphasized the importahesio
reliable information on R&D and its price to compare expenditures and intensikiess i

Presidential Address to the American Economic Association (GrilicB8g,)1

% The Frascati Manual (OECD, 1994: 12) states tfR&D intensity] indicators are fairly accurate bean be
biased if there are major differences in the ecdaoatnucture of the countries being compared.” uatgly since
R&D is not a tradable commaodity and one of its mammponents is labor, whose price exhibits gréérénces
across countries, such differences are probable.
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This paper brings together a wide range of statistical data to developer&&D prices
for 19 manufacturing industries in six OECD countries — France, Germaay), 1he
Netherlands, the United Kingdom and the United States — with the U.S. as the base ddust
exercise is undertaken for two benchmark years, 1997 and 1987, chosen becauseybase are
with information from the U.S. Economic Census, benchmark international PPP studies on
industry output, and comprehensive R&D surveys from each of the countries. Industual cens
data and collections of international prices are used to compare prices otdisgengoods.
Data from national R&D surveys of business enterprises are used to developpe&ile
prices and quantities. Interpretation of the data was also guided by infornwlemted in over
35 interviews of R&D executives at international affiliates of multinationenpanies in four of
the most R&D-intensive industries, pharmaceuticals, computers, telecomtimnmaequipment,
and motor vehicles. The interviews were invaluable in understanding issues of aoilripain
different countries’ data, due to differences in reporting practices, talategs, and
interpretations of R&D definitions, among other issues. Moreover, we gleanedantpor
qualitative information that was useful in interpreting the implications of hetsé

In the sections that follow, we first review previous research on R&D PPPsand it
limitations. Next we describe our estimates of manufacturing R&D Ri*A997 and 1987.
These PPPs are used to compare international R&D cost levels and inteashign/issess
differences with current practices. We find that our preferred R&D PRBurecan be
simplified without a large impact on the results. This alternative resethig&sriliches-Jaffe
R&D deflator and is far easier to construct than our most preferred measure.stires
differ substantially from the GDP PPP.

2. Previous research on R&D PPPs

This study is not the first to address the problem of estimating PPPs for R&D.
Nevertheless there has been relatively little effort to create R&E> Rrarticularly compared to

the volume of work carried out by official statistical agencies in the praexiarea. While there

* The interviews are not described in detail in fraper. More information can be found in McGuckiale, 2004a
and 2004b. Large multinational R&D performers inrftigh-tech industries, in the United States, dapad
Europe, were selected for face-to-face intervidiven with the small sample, coverage of many caesitr
industries is substantial. Interviews involved staned discussions about firms' R&D organizatiammposition,
and reporting practices. A detailed financial gisestaire on R&D costs items and expenditures wss edmpleted
by about one-third of the interviewed firms.



are many reasons for this state of affairs, an important factor is&taeRpenditures are not
yet incorporated into the System of National Accodnts.

A key issue in estimating R&D PPPs is that the output of R&D cannot be easigdief
If R&D were a typical economic activity, like the production of steel otocothen standard
measurement of quantities and prices could be applied. However, the results oftR&Bref
ideas and other intangibles which are typically in the “hard-to-measuga® Bloreover, R&D
services are often transferred within the firm rather than traded on marketses are hard to
measure. As a result, measurement of R&D prices has generally focusaastmcting input
price indices, which can be used to assess differences in costs. This apprahendasrized
all the major studies from the 1960s onwar@ven the difficulties in measuring output even
for relatively well-defined high-technology products, such as Informatichiiaogy (IT)

capital, some caution should be used when interpreting price indices for R&D.

2.1 Overview of earlier studies

In most of the literature, the relative cost of R&D across countries msatstl based on
prices for a basket of “standard” R&D inputs at the economy-wide fdueleman and Young
(1965) performed the first of these studies. Their work was undertaken fothE2, before
the first edition of the Frascati Manual (OECD, 1963) and they did not benefit from tee mor
comparable survey instruments in use today. Nevertheless they use expeatbyoaes
similar to those we apply in this study. Freeman and Young estimate a PREDftayRreaking
up total R&D expenditure into labor costs, materials, other current and capigsiditares. For
labor costs they calculate the wage cost per worker in R&D and assumeathsappropriate
for other current expenditure. For materials and capital expenditures susyeathe exchange

rate is the appropriate price.

® See Fraumeni and Okubo (2005) for recent workesrelbping R&D measures in the framework of the U.S.
National Income and Product Accounts.

® In related work, we have found that although resess for the most part intangible, developmenmitigte different
and has physical dimensions that should be relgteasier to measure (McGuckin et al., 2004b).

" One quite different approach has been appliedéopaceuticals, where the total cost of an innoweais priced
out over its development cycle, including the addailures (DiMasi et al., 2003). While this appah has great
appeal when assessing the cost of a specific itioovike a drug, it is harder to apply in othediurstries, and says
little about the relative cost of performing R&Ddifferent countries.

8 The Conference Board (1976) and Mansfield (19&&cdy queried firms about the relative cost deseed R&D
inputs, but this approach is difficult to generalip multiple industries and countries.
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Brunner (1967) compares the cost of research projects subcontracted by the U.S.
Department of Defense across a number of European countries. For thess,project
subcontractors supply budget sheets, which contain data on total costs, including wafes, bene
support and overhead costs. The cross-country comparability issues areltkelsnhaller than
in the Freeman and Young study, since the Department of Defense imposesbosidykt
standards on all subcontractors. However, the estimate includes a very spbs#icas R&D
and it is unclear if the budgets include all R&D costs (e.g., capital expegjit

The work by MacDonald (1973) extends the previous two studies to sixteen OECD
countries by calculating R&D PPPs relative to the United Kingtléta.distinguishes between
labor cost, other current cost and capital expenditure. For the countries include®mrner
(1967) study, MacDonald uses wage data for scientists and for technicians base¢dtodyha
For the other countries he relies on average wage costs (total labor cost dwemiber of
R&D workers). His estimate of a capital PPP is based on relative fnocesrade statistics,
weighted using the aggregate expenditure on these products. For other currentuaepedi
assumes the exchange rate is applicable. Based on these figures, hetfiR@®thrathe United
States is around 40% more expensive and Japan 70% cheaper than in the United Kingdom (see
Table 1).

[Table 1 about here]

In 1979 the OECD published a study, presenting calculations for R&D deflators for the
1966 to 1976 period and an R&D PPP for 1970 (OECD, 1979). Four cost categories are
distinguished in the study: labor, other current costs, land and buildings and instruments and
equipment. The labor PPP is calculated as the average labor cost per R&D AWEHIRE for
other current expenditure is proxied as the relative price of current governipendiure other
than salaries, from International Comparisons Project (ICP) studiesv®luapital categories
are also ICP-based: for land and buildings the PPP for non-residential/coateildings is

used, while for instruments and equipment, the PPP for electrical machamsyist used.

° In Table 1, we convert these to cost levels nedaiih the United States to facilitate comparabilityis is
appropriate since all PPPs are aggregated frongichdil cost category PPPs using U.K. weights, faatfcreating
a Laspeyres-type index. Although the Laspeyresxinds its weaknesses, it is transitive.
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The most recent study is by Kiba, Sakuma and Kikuchi (1994). The countries they cover
are France, Germany, Japan and South Korea, with the United States as tbariagelbeir
breakdown of cost categories is more refined than in previous studies: they distmgtasials
spending from other current expenditure and they break down capital expenditure imtzenyac
& equipment, land & building and other assets. Since such a detailed breakdown was not
available for all countries, estimates were made using data from couvitees these
distinctions could be made.

Kiba et al.’s (1994) basic approach is to select price parities from GDP pehditures
(ICP studies) to proxy each of the R&D input cost categories. They selegribe parities
based on the composition of items in the R&D industry of Japan’s input-output use table. In
cases where they cannot identify relevant input price parity heading$@frthey use the
exchange rate as the relative price. This same selection of prices isuakdduntries. Their
match between R&D categories and price parities is very rough and is basey thre onl
Japanese structure of R&D inputs.

If the input-output tables were sufficiently comparable across countriesf trseinput
structure for the R&D industry could be very useful. However, our research asltbat the
data for the R&D industry are not comparable. The problem is that the inputseslltzghe
R&D industry depend on the institutional structure of the country and the related isguiefof
facilities are designated as R&D labs by data collectors. GermanfR&B, for example, obtain
a significant share of their intermediate inputs from the education sectta,imvbther
countries, this share is non-existent. In the United States only stand dloregdaes are
included in the R&D industry and their inputs are very different from integratsities
(McGuckin et al., 2004b).

2.2 Drawing lessons

The methodologies used in these studies for calculating R&D PPPs contain several
common features. As OECD (1979) notes, an ideal approach would be to calculate thestabor c
per employment occupational category (scientist, technician or supporijniations on the
disaggregation of labor expenditure prevents this method from being implementeg.broadl
While Kiba et al. (1994) use ICP government and educational labor PPPs as apsxiR&D
labor PPP, this is likely to be a less appropriate measure of the averagmktlmer R&D



worker. The latter method is commonly employed in studies on an economy-wisteAsasi
adopt the same approach at the industry level for this study.

Calculating a PPP for the other current expenditure category is a problamdgada
difficult to determine exactly what inputs are in this category. In généere are two major
groups, purchased goods and purchased services. The first would include matsr{gheps
non-durable goods) but, depending on statutory tax depreciation provisions, also mactiinery a
instruments. The second, frequently referred to as overhead costs, can ingthihegy drom
building rent to the purchase of scientific journals.

The procedure used by MacDonald (1973) that assigns the market exchafge rate
materials and the labor PPP for overhead is probably too crude. Overhead, for exehoples i
much more than simply extra labor cost. OECD (1979) and Kiba et al. (1994) take a more
promising approach by using product-specific ICP expenditure PPPs to comé apRiAP for
this cost category. A further point to note is that the price consumers payalordnsumption
goods or firms for investment goods may not be relevant for intermediate input parchase
R&D labs.

MacDonald (1973), OECD (1979) and Kiba et al. (1994) develop capital PPPs using
import and export prices. Unfortunately, these prices may not reflect pride®psimilar
goods by R&D laboratories. It is probably more appropriate to select one or Rsefd? both
land and buildings and instrument and equipment, as is done by the OECD (1979) and Kiba et al.
(1994) using ICP expenditure PPPs.

Finally, the aggregation used in most of these studies could be improved. The earlier
studies use a weighted average of the category PPPs to calculatecthemyevide R&D PPPs.
While the MacDonald, OECD, and Kiba et al. studies use a Laspeyres-typgatgyy, for
many countries they do not have complete expenditure weights. None of the stiediesesaa
Fisher-type index or some multilateral index, which are the preferred dseitn®PP studies
(Kravis, Heston and Summers, 1982; van Ark and Timmer, 2001).

Despite the various shortcomings of each study, the studies provide a similar bottom |
Table 1 shows that the relative price of R&D of other countries compared to tieel States

had a strong upward trend between 1962 and 1988e table focuses on those countries that

12 Some studies originally used a different base trgubut all have been recast to use the UniteteStas the base
country to facilitate the comparison.



are included in this study. While R&D was initially less expensive outsidd.thein every

country, the gap narrowed substantially in the 20 years covered by these studckeantue,

between 1962 and 1985 the relative cost level of R&D in Germany rose from around 60 percent
of the U.S. in the early 1960s to 85 percent in 1985. These increases partly refergethe

changes in the exchange rates over these years, but changes in realycsolpl as well.

3. R&D PPP Estimation in Manufacturing

This work is motivated by concerns about the appropriateness of the curreicehct
using GDP PPPs for R&D expenditure and international R&D intensity coroparmsed on
nominal expenditures and output. Limitations on the availability and comparability o
international data are the biggest obstacle to more systematic devel@brR&R-specific
PPPs. While not all problems associated with calculating R&D PPPs casobads there have
been a number of improvements in data in recent years and there are a nundzey fofrar
potential improvements. For example, work coordinated by the University of @emrsnCOP
group has created databases of industry-level PPPs, supplementing the mgravaitidle
expenditure PPPs from the ICP programs of the United Nations, World Bank) &&C
Eurostat (see Kravis et al., 1982; van Ark, 1993; and van Ark and Timmer, 2001).

In addition, the comparability of R&D data has improved, in part through the efforts of
national statistical agencies guided by the OECD’s Frascati Manu@OE63—-2002).
Nonetheless, it is far from clear whether companies in different courdgpest R&D costs in a
similar way. For example, in one country companies may include purchases of newertemput
under current expenditure while in others it may be reported as a capital exgendihis is
one reason for the use of the firm interviews in our work. Still, the problems with caoiipar
should not be overdrawn. The studies surveyed in Table 1 demonstrate that ssuiliisiare
found despite large differences in data availability and methodology.

3.1 Methodology and procedures
We develop estimates of industry-specific R&D PPPs by aggregatingdudiyprice
parities for major categories of R&D expenditures with expenditure sleghts derived from

national surveys. On this basis we obtain R&D PPPs for 19 manufacturing industdesavehi

1 See McGuckin et al. (2004b) for more discussionarfiparability problems.
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then aggregated to the total manufacturing level. The principal results of tleedaticans are
two measures that we later use in assessing the cross-country degerdie first is an R&D
PPP which measures the price of an R&D unit in a particular country reiatikre price in the
United States, the base country. This measure is in units of local currency paolldrSand
can be used to “deflate” R&D expenditures in the spatial dimension. Second, by dik&ling t
R&D PPP by the dollar exchange rate, we obtain the relative cost (pritedeae R&D unit of
input compared with the base country.

The R&D PPP for each individual industry is estimated from an aggregation ofeelat
R&D input prices (price parities or just PPPs) using corresponding R&hditpee shares as
weights. For each industry and country pair, cost weights of the base aourttrg United

States — are used to create a Laspeyres PPP,

PPP*! = Z ‘W'PPP 1)

Equation (1) is simply a share-weighted average of the individual PPPs fangaticategories,
labor, materials, other current costs, and capital expenditure, indexed/éights are based on

the share of each category’s expenditure in R&D (of the base country in U.&s)dolla

w' =C/ /z G (2)

wherei andj index the cost categories. For the comparison countwy use that country’s

expenditure weights to calculate a Paasche PPP,

PPR =Y W PPP €)

w' =(C//PPR)/3" (C//PPR) @)
wherew” is the expenditure share of input categadrythe comparison country)(converted

into U.S. dollars using the corresponding PPP.rigaki geometric average of (1) and (3) yields a

Fisher PPP, the measure of the price of R&D inllogarency units of country per U.S. dollar.



Dividing these PPPs by the exchange rate providestdree index measure of relative
R&D costs compared to the United States, whicheddase country in all the calculations.
Thus, all of the comparisons are made on a bilbbasis™® We now turn to the details of the

PPP calculations and their sensitivity to variossuanptions and data.

3.2 R&D input prices and weights

Computation of R&D PPPs requires both prices aamjts for each category of R&D
input. We identify four main categories of R&D iniplabor, materials, other current costs
(“overhead”), and capital. Weights for each catggoe based on each input’s representation in
R&D expenditure. This industry-level expendituroimation comes from summary data
compiled by the OECD based on national R&D surveysach country. We also use industry-
specific R&D input prices for labor and materialglaconomy-wide prices for other current
costs and capital. The labor PPPs rely most heamilyomparions of wages for R&D personnel,
derived primarily from the national R&D surveys. \evelop independent estimates for the
price of material inputs, other current expendsuend capital using the industry-of-origin PPPs
from the University of Groningen’s ICOP program,igéhare based on item-level matches
derived from production census and industrial syidegta in the United States, European Union,
and Japan. We supplement this information with Ri&#Pised from ICP studies using the
expenditure approach (OECD, 2002) after making @mpate adjustments to “peel-off”
estimated margins for transportation and distrdyu{see Jorgenson and Kuroda, 1992; van Ark
and Timmer, 2001). The firm interviews, as desdatilmeMcGuckin et al. (2004a), are used to
inform the necessary assumptions that are madediagdhe structure of R&D expenditure and

about how to use the data in a way that approagitesstant-quality of input basis.

[Table 2 about here]

12 These bilateral PPPs for each country pair dfffem multilateral PPPs as used in the expendit@®® programs
of ICP (see, for example, Kravis, Heston and Sumsni#82). In practice this could mean that someuofpair-
wise R&D PPP estimates are not transitive. Howegiggn that we only cover six countries in thisdstuvith
relatively similar cost shares, the gains from ggmmultilateral indices were found to be modest.

13 Note that the industry-level PPPs are aggregatexss industries using a Fisher index, in ordexttin
manufacturing-wide PPPs. This procedure takes atafudifferences across countries in industry \tsg
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Table 2 provides an overview of measures and sswrsed for the R&D input prices for
the construction of the R&D PPP measure. Below iseuss our input price measures and
weights in some detail and examine possible vagitmbur preferred measure. Additional details

on the estimates are available in an on-line AppefMcGuckin et al., 2004a).

Labor

Labor is the largest component of R&D cost, aviexg@bout half of total expenditures.
Average R&D compensation per R&D employee, basedational R&D survey information,
measures the price of R&D labor for R&D performethim business enterprises (intramural).
For each country and industry, we calculate theageewage of R&D labor by dividing R&D
labor expenditures by the corresponding numbeulbtime equivalent R&D personnel. These
wages are then divided by the wage of the basetigoyrelding the relative price (PPP) for
R&D labor.

This procedure implicitly assumes R&D personnalifferent countries are equally
productive, ascribing any differences in wagesighér labor cost, not to higher productivity.
Data limitations prevent us from grouping employeg$unction or qualification and comparing
their relative wages across countries before theyggregated to form R&D labor PPPs.
However, in the interviews, firm officials statdtht the biggest differences in compensation are
across technical fields and these variations kedylito be captured by average compensation in
each industry. Firm officials also indicated tHa skills of R&D personnel in routine
development work, which constitutes the bulk of R&lPe quite similar across countries. This
suggests that the tacit assumption that workeeadhm country have comparable qualities or
capabilities may not be that far from the redlftidowever, while this assumption may be
realistic for the group of (advanced) countriessively here, much more caution would be
necessary if countries like Mexico or China werduded in a comparison.

A major hurdle in developing R&D compensation ratethe coverage of the U.S. R&D
survey, which only collects data on the numberestarch scientists and engineers (RSES) in its

survey of business enterprises. In contrast tota#r countries there is no information on the

14 This assumption is also supported by an insigmificorrelation of labor price with the supportrehaf R&D
personnel at the industry level. The support sh&R&D personnel provides a proxy for (basic) stifemand
engineering skills, and is the only comparablel sh@asure available outside the United States.

11



number of support staff employ&diln order to determine the number of support perebim the
United States, we examined a wide range of alterdata sources. A careful assessment of this
evidence suggests that the support share in astiytutotal employment is a fair representation
of its support share in R&D. More detail on thisdence, which was supported by the firm
interviews, is described in McGuckin et al. (2004a)addition, our independent estimate of the
U.S. share is in the range of that found for theentountries in this study.

Because only R&D personnel headcount is colleaéter than full-time equivalents in
Japan, the Japanese R&D labor price is probablgmstated. If part-time R&D personnel are
counted as full-time, then compensation per em@oyeinderestimated. While this distinction
may not be important in practice, one study maldege downward adjustment to the personnel
count (NSF, 1998). On the other hand, given Jaggpisally higher working hours, the net

effect of the part-time/full-time difference on asge compensation may not be large.

Other Inputs

Materials and supplies represent about 20% of R&fenditure. The interviews suggest
that the majority of expenditure in this categooysists of prototypes of new products, or in
other words, the products of the industry itselfefiefore, we use own-industry output PPPs,
adjusted for margins so that they represent thehase prices of own-industry goods used as
inputs'® These prices come from industry-of-origin studi&em-level matches of industrial
census data for specific industries in each couatrgt are described further in Section 4.

It was more difficult to identify prices for otheurrent costs and these are important at
24% of R&D expenditure. According to the firms warviewed, this category includes an array
of goods and services typically described as “oxad’ Detailed financial data for about 10
firms showed that this category includes such itamsommunications services, rent, utilities,
and non-capital computers and instruments. We aleleeto identify industry-of-origin (ICOP)

and final expenditure (ICP) price parities thatchad many of these goods and services.

15 Information on the number of technicians is alsb(explicitly) collected in the United States. Hewer, we have
found that most firms appear to make little didiiore between RSEs and technicians, and tend tadedhem in
reported RSEs.

18 Since output PPPs do not reflect transportatiahdistribution margins, we add these margins baaksing
information from input-output tables, in order tedt these goods as purchased inputs to the igdustr

Y For ICOP (intermediate) prices, this means thatsgportation and distribution margins are adde# baand for
ICP (final expenditure) prices, tax margins areoeed (“peeled off”). These margins are estimatedgus
input/output tables.
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However, this information is not industry-specifso we implicitly assume that the relative
prices of these overhead goods and services ailarsaoross industries. While most goods
purchased for use in R&D programs are obtainedtional markets, they may not be used in
the same proportions in all industries. Since waalchave any information about the
expenditure shares within this category, we usemaveighted average of 11 price “headings.”

For high-tech inputs such as computers, it is paldrly difficult for the PPPs to take full
account of quality differences. Since there is dengpread in the prices of these inputs, the
resulting price parity for this category is sometwbensitive to what prices are included and
excluded, especially in the case of Germany andnlafet some simple experiments in which
we removed outlying prices suggest that the impadhe aggregate R&D PPP is not that large
(see McGuckin et al., 2004a).

It was also difficult to develop prices for capieadpenditures; they are, however, the
smallest category of R&D expenditure, at Ve followed a similar approach to that used for
other current costs, and selected five ICOP andpi@fe parities that correspond to plant and
equipment headings appropriate for capital expareht Again, since we do not have an
industry-level breakdown of capital expenditure,imelicitly assume that the proportions of
capital inputs and relative prices of capital irgoused in each industry are similar across
countries.

The assumption of common patterns and national eimdeems more plausible for the
other current and capital costs than for labor atemals. But the lack of systematic weights and
potential quality adjustment problems for the pgioé current cost and capital items means that
we are less confident about the PPPs for thesésinperefore, we explore some alternative
R&D PPPs that use different proxies for these imati¢gories. The most interesting of these
uses the industry-specific material PPPs for athefnon-labor inputs, while another uses the
GDP PPP. These are described further in Section 3.5

18 |n considering capital inputs, a number of addiiodifficulties arise. Some countries appeareldawe quite low
capital expenditures. This could be related toemtgr tendency to own land, in which case the dppity costs of
owning are not accounted for (some interviews ssiggkthis). To the extent that firms in other coestare more
likely to lease land, capital expenditures couldrbsleading. Moreover, capital service flows based
appropriately valued capital stocks are the appatgroncept, but given data limitations we cary @alnsider
current capital expenditure. Still, capital expendis were rarely a large share of expenditure &BD,Ro the
results may not be substantially affected by thprsblems.
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Weights (shares)

Weights for each of the four categories of inpyteduntry are shown in Table 3. Each of
these expenditure shares for total manufacturifgiis up from expenditures of 19
manufacturing industries in the national R&D surveds shown in the table, the expenditure
shares from national statistics are in a similageaas those we obtained from firm interviews.
In fact, if we compare the 10 firms’ financial imfoation we obtained in interviews with
corresponding industry expenditures shares in finmse countries, their labor shares only
differ by about 2% on average.

[Table 3 about here]

There were two categories of expenditure where adetb make assumptions about the shares.
First, expenditure information on materials andpdigs is not collected in France, Germany and
the Netherlands. For these countries we assigreedvitrage of the United States, United
Kingdom, and Japan’s shares of non-labor, non-gbgipenditure. Second, the U.S. R&D
survey only collects R&D depreciation, so it is sotnparable with the other five countries’
R&D capital expenditures. Moreover, because adiogimequirements for R&D (at least in the
United States) restrict the capitalization of R&pesific assets, depreciation is likely to be quite
different from even the average expenditure ontahpn fact, the U.S. depreciation share is far
lower than the other countries’ capital expendishrares, at only 1.3%, compared to the 9%
average for the other countries. The 9% figurdss aeloser to the typical capital expenditures of
the firms we interviewed. We therefore use the stiduspecific average of the other five
countries’ capital expenditure shares as an estiwfahe U.S. share. More details about the
interviews and the basis for our assumptions att@uR&D input prices and weights are
described in McGuckin et al. (2004a).

3.3 Discussion of the Results

Table 4 provides estimates of the R&D PPP and tive fevel or cost of R&D for each
country. These price levels represent the relatbst of a unit of R&D input in each country
compared with the United States. R&D price levetsdefined as the R&D purchasing power
parity (PPP) divided by the exchange rate of thentrg's currency relative to the U.S. dollar.
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These levels represent costs relative to the UiSitates. If the PPP is the same as the exchange
rate, the price level equals 100.

[Table 4 about here]

Based on these results for 1997, manufacturing R&Bermany and Japan is 10% to
15% more expensive than in the United States, vililgance, Netherlands, and the United
Kingdom, R&D is 5% to 15% less expensive. Becabhseskpenditure weights are relatively
similar across countries, these cost differenaa¢sdriven by the differences in the relative ®ice
of input categories. Comparative price levels facreR&D input category are shown in Table 5
for total manufacturing. Lower prices in Francetidglands, and the United Kingdom can be
traced to lower R&D labor prices. The higher price§&ermany and Japan are attributable to the
high price of other current costs, or “overheaddenses. For both countries, wholesale and
retail trade, and transportation and storage hasdighest relative prices (McGuckin et al.,
2004a). In Japan, insurance is also relatively esipe, while in Germany, electricity, gas and

water are relatively costly.

[Table 5 about here]

The approximate magnitude of the price differertbas we observe using these newly
constructed R&D PPPs are similar in character asetreported in the interviews. In most cases,
the cost of performing routine R&D was described@isvarying all that much across the
countries included in this study. The differencesmeasure for total manufacturing in the 5-

15% range are consistent with these observations.

Labor prices and inter-industry variation

Since labor represents the largest share of R&Dilandata are R&D- and industry-
specific, it is worth examining the labor PPPs nosely. Interviews suggest that R&D labor
compensation can vary widely between technicad$i@nd that the mix of technical fields varies
greatly from firm to firm and industry to industiyabor costs do vary considerably across

industries, and particularly across countries, evithin industries.
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Due to shortage of space, this paper does not gimvesults for the individual 19
manufacturing industrie$.Inter-industry variation is illustrated by the ffigents of variation
(CV) for price levels of R&D labor relative to thénited States. These are especially wide for
the Netherlands and United Kingdom, where the Q¥9a38 and 0.40, respectivéfin
contrast, France has the narrowest range of rel&thor price levels across industries, with a
CV of 0.16. An important question is whether thiéedences across industries are larger or
smaller than the differences across countries. 8®pned a two-way ANOVA and found
significant differences across both industries emahtries, with more of the variation coming
from across countries, than from across indust@eg explanation for the importance of the
country effect is national policies and union négains in most of the European countries. The
large differences in R&D labor prices across bathntries and industries illustrate the

importance of including R&D labor explicitly in R&PPPs.

Non-labor input prices

The three remaining categories of input pricesldsethe construction of the R&D PPPs
are materials, other current costs, and capitatmaiures. Only the materials prices are
industry-specific. The variation in relative priewels across industries for materials is nearly as
large as that for labor. The coefficient of vanatiacross industries for each of the five
comparison countries is between 0.20 and 0.42.i&kslabor, an ANOVA analysis shows that

the differences across both industries and cowndrie statistically significant.

R&D PPPs for 1987

Using the same methods and data sources, we &lise delative prices in 1987 for the
same four categories of R&D inputs and aggregathsing R&D expenditure weights.
Although for some countries the source materidss extensive and detailed (in particular for
the Netherlands), we are able to follow very simieocedures. The results of this exercise at the

level of total manufacturing are shown by couniryfable 6.

[Table 6 about here]

19 See Table B6 in McGuckin et al. (2004a).
20 Coefficients of variation are calculated as tlandard deviation divided by the unweighted arithicnetean of the
relative price levels of R&D labor by industry.
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[Table 7 about here]

Comparing the relative R&D price levels for 198/& observe that the United Kingdom
is least expensive, 22% cheaper than the UnitddsStand France, Germany, and the
Netherlands are most expensive, at 5% to 15% nusttydhan the U.S.; Japan is nearly tied
with the U.S. The lower R&D prices in the U.K. a@iven most importantly by lower R&D
labor prices, while higher prices in France, Gerypand the Netherlands can be linked to the

high price of capital. The relative price levels floe input categories are shown in Table 7.

3.4 Sensitivity of the R& D PPP; alter native measures

An important question for the interpretation of oesults is how sensitive the R&D PPPs
are to the assumptions we make. In general, our R&Ps will be more accurate if the
underlying relative prices are well-measured, éythefer specifically to R&D in each industry
and if there are industry-specific weights to cometihem into a single index. Of the four R&D
input categories, we are most confident in our mesasf the price of R&D labor, since it is
collected specifically for R&D within each industand country, and is nearly comprehensive
across countrieS.As mentioned before though, a drawback is the tdekbreakdown by labor
type. The materials inputs are next best, sinceg dne industry-specific and the coverage in each
industry is high, although they are not R&D-spexifi

As discussed in Section 3.2, the prices for otherent costs and capital costs in the
preferred R&D PPP construction are more problemblire we have a limited number of
individual item prices, some of which could be ioyed with hedonic quality adjustments, and
no weights for the prices that make up the inptegaries. Although the choices of price proxies
were informed by interviews of R&D-intensive firmse are less confident about these prices
because they are not quality-adjusted, there amenghts, and the available price data is
relatively sparse.

In many respects the choices we face are simplgescof the earlier studies. But here we

develop several alternative versions of the R&D,RIPB use them to ascertain the sensitivity of

% This discussion abstracts from various issuesciteal with the R&D survey design. In particulée tollection
of expenditure data at the firm level coupled with classification of a firm into a single industngans that for
diversified firms the industry numbers involve arof industries.
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the resulting R&D PPP. The specific input pricesdusn developing these alternative R&D PPP
estimates are described in Tabl& 8.

[Table 8 about here]

In addition to our “preferred” R&D PPP discusseda labeled (a), we estimate two
other versions, labeled (b) and (c), in additiothi® current practice labeled (d). The alternatives
discussed here use the same industry-specific meeabthe price of R&D labor. They also use
the same weights for the individual inputs. Onlg grices used for the input categories are
varied. We compare these different versions oR&® PPP to understand the sensitivity of the
results to the selection of price proxies for tmgut categories.

Both alternative R&D PPPs are roughly based orctimeept of the Griliches-Jaffe R&D
deflator, which combines the price of labor witbraader measure of economy-wide price
changes (Jaffe, 1972; Griliches, 198%Alternative (b) uses industry-specific PPPs fotarials
and supplies to reflect the cost of prototypesaswmbciated goods. For other current costs and
capital expenditure it borrows from the currentgticee of using the GDP PPP. This approach
makes the assumption that the relative price lesetdéher current and capital R&D costs equal
the average relative price level for the aggregatsomy. This alternative is referred to as
“lab+mat+GDP” and since it is strongly industry-siie, we consider it to be the most
conceptually appropriate alternative to our prefermeasure.

Alternative (c) uses the GDP PPP to proxy the pofcal non-labor inputs, including
materials and supplies. This alternative is retétoeas “lab+GDP,” and it combines industry-
specific R&D labor with economy-wide GDP final g@oprices. Finally, we compare the results
with the current practice alternative (d), whiclesishe GDP PPP for all R&D inputs and is
widely used by statistical agencies and nationahse authorities for international comparisons
of science and technology indicators. As argued/@pase of GDP is particularly problematic

#2\We estimated several other variants as well, ngp&tigariety of different assumptions about thegwiased for
other current and capital costs. The result ofah@siants was in each case similar to eitherradtere (b) or (c), so
they are not shown here.

% The Griliches-Jaffe deflator originally referrexla proxy R&D price index for the United Statest tb@mbined
the hourly compensation index with a 51% weight gredimplicit deflator for non-financial corporatie with a
49% weight (Griliches, 1984). We analogize thigiptetation to spatial comparisons by using PP$teadl of
deflators, and extend it to use industry-speci®DRabor prices and weights from actual R&D expdurdh shares.
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since it includes a wide range of products andiseswot used in R&D, and the concept is
based on final expenditure.

The use of these alternatives obviously does owércthe entire range of possible
measurement problems. Although we do not have mte quantitative estimates of potential
error, we examine here several simple changesimgstions within each of the alternative
estimates to see if they produce major changdsinesulting R&D PPP. For instance, we have
excluded some outliers from the set of prices wefasother current costs in calculating our
preferred R&D PPP for Germany and Japan. Thistesuh drop in the input prices in the range
of 6-13% relative to the United States. But in singtances the resulting R&D PPPs are only
affected by 1.0-3.5%. This result is typical of thets we have conducted.

When we use the Fisher PPP aggregation formulzited above in section 3.1 to
aggregate prices across countries, large diffeseimcthe underlying weights in fact imply a
wide range of possible outcomes. This range isnedeo as the Paasche-Laspeyres spread, and
is usually large when countries have very diffeqante structures. Since the six countries in this
comparison are at a similar level of developmermtdid not expect that this should be a
significant problem, and it is not. The Paaschepkgses spread is on the order of 2-3% for most
comparisons, suggesting that differences in thghtgiare not large enough to meaningfully
affect the comparisons. Moreover, we anticipaté i@asurement errors in the underlying prices
will affect the results more than any differenaeshie weights, which are R&D- and industry-

specific?*

Alternative versions of the R&D PPP at the couémel, 1997

Table 9 reports the different versions of relapiee levels based on various R&D PPPs,
labeled (a) through (c), and the alternative (@, &DP PPP which is used in current practice.
As discussed above, these alternatives make diffassumptions about what prices to use to
represent non-labor R&D input prices. The priceelebased on the alternative R&D PPPs (b)
and (c) are quite similar to the one using ouregarefd R&D PPP (a). They differ by -7.1 to +1.8
percentage points from the preferred specificai@rior each country. Alternative R&D PPP (b)

% The issue of measurement errors in internatioriaing programs, such as the ICP program or theR@@ject,
is discussed extensively elsewhere. For a disausdgimeasurement issues related to the expendiased ICP
program, see the “Castles report” (OECD, 1997).&m@view of industry-of-origin studies of PPPs and
productivity, see van Ark (1993) and van Ark anchiiier (2001).

19



“lab+mat+GDP” yields results that are within 5 partage points of the preferred R&D PPP (a),
while alternative (c) “lab+GDP” yields results withabout 7 percentage points of (a). Recall
that both alternatives (b) and (c) are based onl&ligs-Jaffe type R&D PPP. In particular
alternative (c) is relatively straightforward tongpute, since it only requires a PPP for R&D
labor and a GDP PPP.

[Table 9 about here]

In sharp contrast, the current practice of usimgGDP PPP by itself yields substantially
different results from the preferred measure. Caegpéo the preferred R&D PPP (a), current
practice version (d) varies by 12.4 percentagetpain average and by as much as 20.6
percentage points in the case of Japan. Only fom@ey are the results within the range of the
other alternatives. The size of these differenoggests that the use of an R&D PPP will yield
comparative costs and R&D intensities that varystauttially from the current practice of using
GDP PPPs, likely increasing the real R&D perforngaotthe comparison countries relative to
the United States.

Alternative R&D PPPs at the industry level, 1997

When comparing the preferred R&D PPP (a) withralive (b) that uses fully industry-
specific input price data at the level of indivitliralustries, the coefficients of variation across
industries are about the same for both R&D PPRaressand we see similar significant
differences across industries and countries und&NOVA analysis. The price levels are
significantly determined by the price of R&D labwhich both preferred version (a) and
alternative (b) contain in equal proportions. Theme, it is not surprising that the simple
correlation between the two sets of price levelafal (b) is 0.83. If we correlate the industry-
specific prices with GDP PPPs by themselves, tineladion is only about 0.59.

These results suggest that it is important tr@R&D PPP be industry-specific, but that
it is less essential that a full R&D PPP be devetbfor all input categories in a specific year.
Given the current uncertainties in measuremert®R&D PPP for other current cost and
capital expenditure, the alternatives (b) andia} tombine R&D-specific measures of the price

of labor (and preferably also material prices) vathput prices performs very similarly to a fully
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developed R&D PPP. These results are consisténtanalogous findings about the importance
of measuring R&D labor prices in the time dimensionstudies by Mansfield (1987) and
Jankowski (1993).

Alternative versions of the R&D PPP, 1987

In order to assess how much the 1987 R&D-specRie$differ from the current practice
of using the GDP PPP as a substitute, we also caupae preferred R&D PPP and several
alternatives with the GDP PPP, just as we didHert997 PPPS. Again the alternative R&D
PPPs are quite similar to the preferred R&D PPE.dlternative PPPs for the European
countries differ by no more than 7 percentage pdmam the preferred PPPs. The gap for Japan
is somewhat larger with R&D PPP alternative (cp4&DP” differing by 17 percentage points
from the preferred PPP. However, for all countriee, GDP PPP (d) yields quite different results
from any of the other measures. As with the 199ues there is substantial variation across
industries and great similarity in the coefficientssariation between R&D PPP versions (a) and
(b). Arguably, alternative (a) is too difficult tmlculate systematically on a year-by-year basis,
but it is relatively straightforward to obtain (@)d in particular (c), and these alternatives
provide R&D price levels that correspond reasonalige to the preferred ones. We will return

to this issue in our closing comments.

3.5 Comparing thedistribution of relative prices over time

Having made two benchmark estimates, it is temptngse them to compare the change
in relative price levels of each country vis-at¥ie United States over time. In principle, such
comparison should give more reliable results, sewan though the relative price levels are
measured with some error in each benchmark yeay témd to cancel out for measures of
change over time provided the errors come frons#me sources in each year. Such an
argument is often invoked in the context of diseuss of productivity growth estimates (for
example, Hulten 2001). However, even when basege@mnd quantity data for the benchmark
PPPs and time series are consistent, two index auptbblems plague a comparison of PPPs
for two different benchmark years. The first probles that for a comparison between two points
in time the weights need to be held fixed. The sdagement relates to the fact that the time

% see McGuckin et al. (2004a), table A4.

21



series are typically based on national weightsaghandividual country, whereas benchmark
estimates are based on a common weighting systebofio countries. Both weighting problems
are well-known in the price-index number literatuard have been called the “tableau effbgt”
Heston and Summers (199%).

Despite these difficulties, it is informative tonapare the change in our R&D PPPs
between 1987 and 1997 to the change in GDP PPPshaveame period. While the period
considered is relatively short and the levels ofelflgoment across countries are not too different,
comparisons of PPP results from two different bematk years will only lead to relatively

minor inconsistencies when price and quantity $tmeés remain rather stable.

[Table 10 about here]

In Table 10 we show the change in the R&D PPP#otai manufacturing for the
preferred construction, alternative (b) “lab+mat+@&IPPPs and the change in the GDP PPPs.
The table shows that while the sign of the changbe PPPs is the same for each alternative
PPP, the magnitudes differ considerably, even atvweeir preferred measure (a) and alternative
(b). But on average the difference between theR&D® PPPs is smaller than the difference
between the R&D PPPs and the GDP PPPs. Thesesrssgtiest that the current practice of
using GDP PPPs over time will be biased comparersittg dedicated R&D PPPs, with the
direction of the bias varying by country and indysin addition it calls into question using GDP
deflators to compare R&D expenditure over timewggsested by Jankowski (1993) on the basis
of U.S. data that are now over 10 years old. Thesalts suggest that the development of
dedicated R&D deflators could be worthwhile.

4. Real R&D intensities

As mentioned in the introductory section, the atd R&D expenditure to GDP or
national income are a key focus of policy discussiacross the world, and are often used as

comparative measures of the intensity of the effdelvoted to innovative activities. Since such

% Conceivably, an appropriate weighting system sheuist (something akin to chain-weighting or stleth
“spanning trees”) that could remedy these incoesiges, but an exploration of this issue is beythiedscope of this
paper. See, for example, Hill (2004).
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comparisons of R&D intensities often rely on nonhiingures to make comparisons, this is an
application where properly adjusting for price drfnces may have a substantial impact. We
therefore examine the effect on R&D intensitieadjusting for differences in R&D prices as
well as output prices at the level of total mantifeing and for individual industries. While we
cannot directly apply the R&D PPPs we develop is study to economy-wide R&D — since the
non-manufacturing R&D could be quite different atohost 36% of private U.S. R&D was
outside of manufacturing in 1999 — the differenoesveen nominal and real R&D intensities
that we observe should be indicative of the dantgtsmay exist with current practice for

similar measures covering the aggregate economy.

4.1 Adjusting R& D intensitiesfor differencesin price structure

Real R&D intensity measures require that R&D exjiteine be deflated by an R&D PPP,
and output by an appropriate output PPP. In thpepwe have developed preferred and
alternative R&D PPPs. Here we use the preferredeoreoutput, the PPPs come from industry-
of-origin studies conducted in the Internationah@arisons of Output and Productivity (ICOP)
project at the University of Groningen. These otufpBPs, or more appropriately unit value
ratios (UVRSs), are calculated using data on quastdnd values of output from production
censuses and industrial surveys. Individual pradlact matched across countries and then

weighted to form industry-specific and — after aggition — manufacturing-wide PPBs.

Quiality adjustments for output PPPs

As with all price measurement, adequately taking atcount the differences and
changes in quality of products is a difficult undé&mg. Moreover, as with other price indexes,
research on quality adjustment has generally fatosecomparing constant-quality prices over
time, rather than constant-quality prices acrosmtes®® Exceptions are the work of Danzon
and Chao (2000), Konijn, Moch and Dalén (2003) zaua Mulligen (2003). Danzon and Chao

2" We do not show changes in relative price levets bince those include both changes in the PPPstamjes in
exchange rates and are therefore more difficuhiterpret.

% For a more extensive general description of thishwd, see - van Ark (1993) and van Ark and Tim(@601).
For the European manufacturing UVRs PPPs usedsrstindy, see O’Mahony and van Ark (2003). Forthpan-
U.S. PPPs, see Inklaar, Wu and van Ark (2003). égation follows similar procedures as describetiezan the
case of R&D PPPs.

29 For a survey of quality change over time for na&ERproducts, see Lebow and Rudd (2003). For litexabn
cross-country quality measurement, see van Ark3188d van Mulligen (2003).
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(2000) estimate PPPs for pharmaceuticals, Konial.d2003) estimate computer PPPs and van
Mulligen (2003) estimates automobile PPPs. Of tistiseies only the work of van Mulligen
(2003) fits well into the industry-of-origin appicia since it compares prices of cars that are
producedn a country. The other two studies examine thedliof goodgurchasedn that
country.

For our output PPPs, we therefore only make usleecdutomobile PPPs constructed by
van Mulligen (2003). The main difference with stardlUVRs based on the (producer) unit
value per average car is that these PPPs takadotwunt the fact that cars produced in the
United States generally have more horsepower anthager than those produced in Europe or
Japan. Van Mulligen uses power and length chaiatiter of vehicle models to estimate quality-
adjusted PPPs using hedonic methods. Unadjusteision factors are shown to be biased
downward by as much as 50% relative to the UnitatkeS.

It is much harder to gauge what the likely efegbuld be of quality-adjusted PPPs for
other products such as computers or telecom equiprAecomplicating factor is that many of
these high-tech goods are not produced in all cmsntin a series of comparisons of
productivity for manufacturing industries by the Kdasey Global Institute, quality adjustments
were made on an industry-by-industry basis mostlyhe basis of proprietary information or by
using expert judgments on the quality of comparabbelucts (McKinsey Global Institute, 1993;
Gersbach and van Ark, 1994). Although quality anijients could be considerable for particular
products, we have not used this information, &sanly available for a limited number of

industries, relating to the early 1990s and cogednly Germany, Japan and the United Stétes.

Real R&D intensities and ranking

The nominal and real R&D intensities at the levidotal manufacturing are shown in
Table 11, for 1987 and 1997. The nominal R&D iniignis in the first column, the real R&D

intensity in the second, and the difference betvikenmeal and the nominal intensities in the

39 For example, for personal computers the diffecemposition of products produced in Germany anduthiéed
States led to an upward adjustment of the censsmdb@erman/U.S. computer output PPP by 41% in TR89.
PPP for audio and video equipment (including tetleeguipment) was only adjusted upwards by 5.1%mnéite
aggregate levels (e.g. for total manufacturingsé¢heffects are likely to be much smaller as qualitjystments for
some other industries may bias the PPP in the depaisection (Gersbach and van Ark, 1994).
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third > The real R&D intensity is calculated by using R&PPs to deflate nominal R&D
expenditure and using output PPPs to convert meatwfag gross output to a common currency.
The difference between the real and nominal intiexsstan therefore be traced to these two

adjustments.

[Table 11 about here]

In Table 11 the nominal R&D intensity is definednaanufacturing R&D expenditure
divided by manufacturing gross output, as grospuius the correct measure for sectoral
analysis. Since international comparisons oftemaade using GDP, we also replicated all the
analysis using R&D intensities based on value adddthe output measure. Table B21 in
McGuckin et al. (2004a) shows these results. Thgnihade of the value added-based intensities
is roughly three times higher because the value@ddakasure omits intermediate inputs. The
main results of the analysis, reported below, laeesame irrespective of the output measure
used.

The U.S. R&D intensity is highest in all cases,reaéter the PPP adjustments described
above. The typical adjustment, using R&D and ouRRPS, to each of the comparison countries
is positive and sizable, yielding R&D intensitibat are closer to the U.S. level than under
current practice and this is true for both 1987 28873 These results suggest that the efforts
devoted to R&D in each country are more similapasrcountries than is apparent using the
nominal R&D intensities that are currently the norm

The effect of the price adjustments on R&D intgns particularly large for the United
Kingdom: before adjustment (in nominal terms) R&D intensity is only 2.1% in 1987 and
1.9% in 1997. After adjustment for relative pricddR&D and gross output, the U.K.’s R&D
intensity (in real terms) is much higher at 3.194887 and 2.5% in 1997. In 1987, these
adjustments shift the rank of the U.K. from nexdast among the six countries in this study to
second place after the United States, displacingh@ey and Japan. The R&D PPP contributed

about two-thirds of the adjustment in that year.

31 The results described here are based on the mefR&D PPP. If the alternative R&D PPP is usedeiad of the
preferred R&D PPP, the difference between the nahaind real R&D intensities is similar and the dpesin rank
are identical.

% Since the United States is the base country, tBe ibtensity does not change with the PPP adjustme
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Not only are the levels of R&D intensity affectegl frice adjustments, but so are the
changesn R&D intensity. From 1987 to 1997, nominal R&Density in Germany dropped by
0.2 percentage points. Using real R&D intensitywewer, the drop was 0.4 points. In general,
R&D PPPs declined less than output PPPs, worséimintgend in R&D intensity between 1987
and 1997.

Real R&D intensities for individual industries

R&D intensities for individual industries are sutijéo the same interpretation problems
as those at more aggregate levels due to the usenuhal values. Using industry-specific R&D
PPP and output PPP price adjustments to adjustnabmdustry-level R&D intensities gives
real R&D intensities for individual industries. Agesult of the large variation in the R&D PPPs
(because of large R&D labor price variation), outpEPs, and nominal R&D intensities across
industries, these adjustments are often largeetiogmtage points than those at the total
manufacturing level. The average difference betweah(PPP adjusted) R&D intensities and
nominal R&D intensities is 0.7 percentage poirthatindustry level, while for total
manufacturing this is only 0.3 percentage points.

A key question for the interpretation of theseealdinces is how important the adjustment
for differences in relative R&D and output pricessompared to the differences in nominal R&D
intensity. A two-way ANOVA between real and nomiR&D intensity among the six countries
and 19 industries demonstrates that the variatioong industries is very large and statistically
significant, while differences across countriesratatively small, and not statistically
significant. The variation among industries is ljkattributable to the differences in technologies
and R&D production functions and to demand-sideoojypities that generate differences in the
intensity of R&D efforts across industries. The Heradifferences across countries are most

likely a result of internationalization of R&D amicreased competitiveness due to globalization.

5. Concluding Comments

This paper develops R&D PPPs that are conceptapfyopriate in that they are based
on relative prices for a basket of R&D inputs. Te extent that current data allows, we have
developed R&D-specific prices and weights and agapesd them into R&D PPPs for 19
individual manufacturing industries covering thenge1997 and 1987. Previous R&D PPP

estimates did not utilize such detailed R&D-speqtiiice and weight data as in this study, nor
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did they use interviews to guide the applicatiothair methodology. Thus the R&D PPPs we
developed allow us to better evaluate the impodarichaving R&D-specific measures of R&D
price across countries.

A comparison of our preferred R&D PPPs with GDP #BRygests that current
procedures for comparing R&D across countries laveeld. While there is some netting of
industry differences at the economy-wide level @i&P PPPs still differ substantially from
R&D PPPs. At the industry level, use of the GDP RBR proxy for the R&D PPP is
inappropriate. The differences between R&D PPPsGDR PPPs are large and a substantial
fraction of these differences can be traced toatians in the price of R&D labor across
industries.

The size of this difference and the relatively ceermature of our preferred R&D PPP
has led us to consider two alternatives that camedeily calculated and could easily be adopted
by statistical agencies. These relatively easy-¢asure alternative R&D PPPs are based on a
Griliches-Jaffe type index and are relatively clos¢he preferred R&D PPP in approximating
differences in R&D price across countries and imdes. The most plausible alternative measure
combines industry-specific R&D labor PPPs and ingusutput PPPs for materials and supplies
with the GDP PPP for other inputs.

While the most important source of differenceshateéconomy-wide level is still R&D
labor cost, prices of the other inputs to R&D cad do vary across industries. So by advocating
that priority needs to be given to develop laboP®Rve are not suggesting that price
measurement for other inputs to R&D should be igdoFor comparisons over time, few
substitutes for our preferred R&D PPP are availalMkile industry-level changes in the
preferred R&D PPP over time correlate well withgbmf the alternative R&D PPPs, differences
at the total manufacturing level are large enowgtause significant errors of interpretation in
not only R&D expenditures, but also R&D intensiti€éhis suggests that periodic benchmark
estimates of the preferred R&D PPP would be udefaehsure that an alternative R&D PPP that
relies mainly upon variations in R&D labor pricesintains a solid grounding over time.

Our results in the interspatial domain also sugtiestintertemporal R&D deflator work
should be given further attention. We find impottdifferences between changes in the GDP
PPP and the R&D PPPs. While one cannot draw dimgatlusions regarding the development of

relative prices due to different weighting systeahgarying points in time, the results suggest
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that it would be useful to reexamine Jankowski®9Q3) finding of a correlation between the
GDP and the R&D deflator. One reason is that hudysts now over 10 years old and there have
been vast changes in economic structure and measaot®f quality change. There is also
evidence that this correlation does not hold upelsin other countried® Moreover, given the
lack of strong conceptual roots in using GDP assasure of R&D price, internationally
consistent R&D deflators should be further examimetthe time domain.

Finally, we consider it vital that research be amntd in this area. Our study is the first
to examine R&D PPPs at the industry level, andbtiilg study that has been able to take
advantage of the recently developed measures gb@ile prices at the output level from the
University of Groningen’s ICOP program. Further noyements in price measurement and
ongoing harmonization of R&D statistics and suriresgruments could facilitate the construction
of future comparisons, and render them more raid®apid growth of global R&D activities

makes it vital that accurate comparisons be madR&d, regardless of where it is performed.
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TABLE 1
Previous studies of R&D PPPs -- R&D price levels (cost relative to the U.S.)*
Freeman & Young Brunner** MacDonald*** OECD Kiba et al.

Country 1962 1961-2 1963-4 1970 1985
France 66.7 42.4 60.0 73.3 76.8
Germany 58.8 28.7 60.0 70.6 85.4
Japan - - 35.3 57.1 81.3
Netherlands 52.6 - 66.7 68.1 -

U.K. 55.6 34.0 60.0 58.8 68.0
U.S. 100.0 100.0 100.0 100.0 100.0

*R&D price levels are defined as R&D purchasing power parity (PPP) divided by the exchange
rate of the country's currency relative to the U.S. dollar. These levels represent costs relative
to the United States. **Refers to research costs only. ***Price levels are converted to use the
U.S. as base country (original study used the U.K. as base country).

Sources: Freeman and Young (1965), Brunner (1967), MacDonald (1973), OECD (1979)

and Kiba, Sakuma and Kikuchi (1994).

TABLE 2

R&D PPP input categories and price measures

R&D input Input prices Industry-  Avg.
category Measure Source specific?  weight
1. Labor compensation Average wages for R&D personnel NSF/OECD Yes 49%
2. Materials and supplies Price of industry's output adj. for margins  ICOP Yes 18%
3. Other current costs Prices of overhead goods and services ICOP/ICP No 24%
4. Capital expenditure Prices of plant and equipment ICOP/ICP No 9%
Total R&D* Yes 100%

*Aggregation of R&D input category prices to total R&D uses R&D expenditure weights from national R&D surveys.
ICOP = International Comparisons of Output and Productivity Project, University of Groningen

ICP = International Comparisons Project (United Nations, World Bank, Eurostat, OECD)

Sources: NSF (2002), OECD (2002, 2003), ICOP 1997: O'Mahony and van Ark (2003) and Inklaar et al. (2003),
ICOP 1987: van Ark (1993)

TABLE 3

R&D expenditure shares, total manufacturing, 1997

R&D input Shares of total manufacturing R&D expenditure Average from
_category France Germany Japan _Netherlands _U.K. U.S. Interviews**
1. Labor compensation 52.8% 61.7% 42.7% 52.1% 37.0% 46.5% 46.7%

2. Materials and supplies 16.9%*  13.9%* 20.3% 14.7%* 26.1% 15.8% 19.7%

3. Other current costs 23.2% 17.5% 27.3% 23.7% 24.8% 29.3% 24.4%

4. Capital expenditure 7.1% 6.9% 9.7% 9.5% 12.1% 8.4%* 9.2%
Total R&D cost 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

*See text for description of assumptions made to determine weights.

**Average of 10 firms' expenditures that provided detailed financial data for total R&D in interviews.
See McGuckin et al. (2004a) for more details.

Source: National R&D surveys, NSF (2002), OECD (2003)
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TABLE 4
R&D PPPs and R&D price levels (cost relative to the U.S.), total manufacturing., 1997

France Germany Japan Netherlands U.K. U.S.

£/$ €13 ¥/$ £/$ £/$ $/$

R&D (lab+mat+OC+cap): 0.86 0.98 138.1 0.80 0.54 1.00
Exchange rates:* 0.89 0.88 121.0 0.88 0.61 1.00
R&D price level (U.S.=100):** 96.4 111.0 114.1 90.0 88.8 100.0

*Exchange rates are year-averages (EMU countries converted into Euro equivalents);

*R&D price levels are defined as R&D purchasing power parity (PPP) divided by the exchange rate of the
country's currency relative to the U.S. dollar. These levels represent costs relative to the United States.
Sources: see sources Table 2 and 3

TABLE 5

R&D input price levels (cost relative to the U.S.), total manufacturing, 1997

Input category France Germany Japan Netherlands U.K. U.S.
1. Labor compensation 84.9 97.6 93.9 76.4 58.9 100.0
2. Materials and supplies 118.1 129.9 101.0 1175 149.3 100.0
3. Other current costs 102.0 133.2 161.3 95.0 107.1 100.0
4. Capital expenditure 108.8 119.1 103.3 1184 105.2 100.0

Note: R&D price levels are defined as R&D purchasing power parity (PPP) divided by the exchange rate of the
country's currency relative to the U.S. dollar. These levels represent costs relative to the United States.
Sources: see sources Table 2 and 3

TABLE 6
R&D PPPs and R&D price levels (cost relative to the U.S.), total mfg., 1987
France Germany Japan Netherlands U.K. uU.S.
€/$ €/$ ¥/$ €13 £/$ $/$
R&D (lab+mat+OC+cap): 0.99 1.06 141.1 0.97 0.48 1.00
Exchange rates:* 0.92 0.92 144.6 0.92 0.61 1.00
R&D price level (U.S.=100):** 107.7 115.9 97.5 105.9 77.7 100.0

*Exchange rates are year-averages (EMU countries converted into Euro equivalents);

**R&D price levels are defined as R&D purchasing power parity (PPP) divided by the exchange rate of the
country's currency relative to the U.S. dollar. These levels represent costs relative to the United States.
Sources: see sources Table 2 and 3 and McGuckin et al. (2004a)

TABLE 7

R&D input price levels (cost relative to the U.S.), total manufacturing, 1987

Input category France Germany Japan Netherlands U.K. U.S.
1. Labor compensation 92.0 110.8 83.1 89.7 48.4 100.0
2. Materials and supplies 128.3 121.9 100.4 1125 111.2 100.0
3. Other current costs 118.5 121.5 116.2 114.1 104.5 100.0
4. Capital expenditure 129.9 125.2 102.3 141.9 115.3 100.0

Note: R&D price levels are defined as R&D purchasing power parity (PPP) divided by the exchange rate of the
country's currency relative to the U.S. dollar. These levels represent costs relative to the United States.
Sources: see sources Table 2 and 3 and McGuckin et al. (2004a)
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TABLE 8

Selection of input price measures for alternative versions of R&D PPP, by input cateqgory

R&D input Price measure
category Preferred (a) Alternative (b) Alternative (c) Current Practice (d)
1. Labor compensation Labor Labor price parity Labor price parity
2. Materials and supplies Materials Materials price parity GDP PPP*
*
3. Other current costs Other current GDP PPP* GDP PPP
4. Capital expenditure Capital
Name of alternative: "lab+mat+OC+cap" "lab+mat+GDP" "lab+GDP" "GDP"

Notes: Price parity is price of good in comparison country divided by price of same good in base country (U.S.);
The labor price parity and materials price parity are available at the level of specific industries. *Categories
with the same price measure use the total weight of the merged categories for R&D PPP aggregation.

TABLE 9

Comparison of price levels (cost relative to the U.S.) using preferred R&D PPPs and
alternative R&D PPPs, total manufacturing, 1997

R&D PPP Version France Germany Japan Netherlands U.K. u.S.
Preferred

(a) R&D (lab+mat+OC+cap) 96.4 111.0 114.1 90.0 88.8 100.0
Alternatives:

(b) R&D (lab+mat+GDP) 98.2 106.4 109.0 90.1 88.0 100.0
(c) R&D (lab+GDP) 97.3 104.1 114.7 88.0 81.7 100.0
Current practice

(d) GDP (GDP PPP) 111.4 112.3 134.7 100.9 103.2 100.0
Difference between (a) and (b) 1.8 -4.6 -5.1 0.1 -0.7

Difference between (a) and (c) 0.9 -6.9 0.6 -2.0 -7.1

Difference between (a) and (d) 14.9 1.3 20.6 10.9 14.5

Note: Alternative R&D PPPs are described in Table 8.

Sources: see sources Table 2 and 3

TABLE 10

Changes of R&D PPPs for total manufacturing and GDP PPPs between 1987 and 1997

Preferred (a)

Alternative (b)

Current practice (d)

"lab+mat+OC+cap" "lab+mat+GDP" GDP PPP
Country 1987 1997 Chq. 1987 1997 Chq. 1987 1997 Cha.
France 1.02 0.86 -16.8% 0.99 0.87 -12.4% 1.04 0.99 -45%
Germany 1.08 098 -9.7% 1.08 094 -14.0% 1.13 0.99 -12.6%
Japan 159.1 138.1 -14.2% 172.8 1319 -27.0% 210.2 163.0 -25.4%
Netherlands 0.95 0.80 -17.4% 0.92 0.80 -14.5% 1.06 0.89 -17.2%
U.K. 0.56 054 -2.8% 0.53 0.54 1.8% 0.56 0.63 11.1%
U.S. 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 1.00 0.0%

Note: Percent changes are log differences. *Exchange rates are annual averages.
Sources: see sources Table 2 and 3 and McGuckin et al. (2004a)
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TABLE 11

Nominal and real R&D intensity for total manufacturing

(R&D / gross output) using preferred R&D PPP and output PPPs.

Current With R&D PPP and
practice output PPP_Adjustments
Country Nominal Real Difference
Year 1987
France 2.06 2.47 0.42
Germany 2.71 2.87 0.16
Japan 2.24 2.75 0.51
Netherlands 2.04 2.21 0.17
U.K. 2.07 3.09 1.03
U.S. 3.44 3.44 0.00
Year 1997
France 2.22 2.40 0.18
Germany 2.50 2.47 -0.02
Japan 2.89 2.95 0.06
Netherlands 1.59 1.74 0.16
U.K. 1.92 2.49 0.57
U.S. 3.12 3.12 0.00
Change from 1987 to 1997

France 0.16 -0.07 -0.24
Germany -0.21 -0.40 -0.18
Japan 0.65 0.20 -0.45
Netherlands -0.46 -0.47 -0.01
U.K. -0.15 -0.61 -0.46
U.S. -0.32 -0.32 0.00

Note: Adjustments for R&D PPP divide R&D expenditures by the R&D PPP;
Adjustments for Output PPP divide gross output by an Output PPP;
Real intensity includes both adjustments

Sources: see sources Table 2 and 3. Gross output based on OECD (2004)
Output PPPs based on O'Mahony and van Ark (2003) and Inklaar,

et al. (2003) for 1997 and van Ark (1993) for 1987.
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