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A RESEARGH AND DEVELOPMENT MODULE SUPPLEMENTING THE NATIONAL ACCOUNTS

Abstract

This paper presents a modified national accounting system tailored to a
description of the role of Research and Development (R&D} in the natioc-
nal economy. The main differences with the standard National Accounts
are some changes in the basic concepts {e.g. own-account production of
R&D is considered as work-in-progress, or as fixed capital formatien if
it is not intended ro be patented) and the introduction of additional,

more detailed, classifications (e.g. new subsectors).
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1. Introduction

Most incomes and expenditures related to Research and Development (R&D)
are not speclfied as such in the National Accounts. For example, own-
account R&D production by establishments is not recorded as production
and, as a consequence, the inputs in this R&D production are recérded as
inputs into the producer’s other production processes. Another case in
point is that patents and licenses belong to an asset category called
intangible non-produced assets, which also includes copyrights and trade
marks., In order to provide a coherent description of R&D, a specific
R&D-module that is linked to the National Accounts should be designed,

In this paper, an outline of such a module is presented.

The notion of modules supplementing the Naticnal Accounts has been
advocated for many years by various authors from the Netherlands Central
Bureau of Statistics. They have argued that a flexible national accoun-
ting system, containing a core and modules is the 'ideal’ NA system (see
e.g. van Bochove and van Tuinen, 19%86). The core should consist of a
basic set of accounts for general purpeses. In Gorter (1988) and Gorter
and van der Laan (1992), the concept of the core has been elaborated.
The modules should meet more specifie data needs. At present, four
modules have already been worked out:

- & socio-sconomic acecounts module {Gorter and van der Llaan, 1992);
« an environmental module (de Boo et al,, 1991);
- a module on the allocation of time (Kazemier and Exel, 1992);

a medule in use as data set for a specific general equilibrium model

t

{Zeelenberp et al., 1989).

The need for an R&D module stems from the important role that is
attached to R&D by economists and politicians {see Mowery and Rosenberg,
1989). Innevations and inventlons have greatly contributed to spurring
economic growth. Governments have stimulated and subsidized many R&D-
projects in order to maintain and improve the competitiveness of their
national economies. A similar policy is also followed by internatiomal

organizations like the EC and the OECD.



-2 .

The importance of R&D for the national economy is further reflected
in the statistieal programmes of many countries and international
organizations, like the EC and the DECD.

Since the 19605, most industrialized countries collect statistical
data on R&D. In 1963, international guidelines on R&D statistics were
issued for the first time: the Frascatl Manual. It was meant to harmo-
nize the national R&D-statistics and to stimulate national statistical

offices in setting up such statistics.

In the mid 1970s, the French statistical office -in cooperation with
the French Hinistry of Research and Technology- started to draw up a
research satellite account(/module!?) limked to the national accounts.
This account describes "the circuits of funding and performance of
research and development in a manner rendered compatible with the

methods and concepts of national accounting™ (Minder et al., 1589, p.
9.

Some years ago, a research satellite account has also been developed
for Japan. It describes "the income and cest structure of R&D activities
and ... the sources of funds for [these] activities" (Kurabayashi and
Matsuda, 1989, p. 5). The concept of R&D activities and the sector
classification are based on the Frascati Manual (OECD, 1981). This
satellite account focuses on the R&D activities of academic institutions

and pays special attention to the apge structure of researchers and Iits

changes over time.

In 1988, the OECD started the Structural Analysis (STAN) database
project. The STAN database is a large database "which combines
industrial and technoleglcal data for all OECD countries and, where data
is availsble, for a number of non-OECD countries ... STAN has been
designed specifically to underpin OECD and Member country studies of the

role of technology in International competitiveness, structural change

1} The terms 'module’ and ‘sateilite account® coutd be used intarchangesbly (see also Gorter and
van der Laan, 1992, p. 4). In both cases, they refer o a structured set of information which
is linked to the standard national sccounts.
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and economic growth ... Though a number of disaggregated databases exist
., none is sufficiently complete to support the desired quantitative
analysis. To overcome this problem, STAN “patches’ these and other
source databases together to foxm the most comprehensive, disaggregated,
technology/industry database available" {(OECD, 1980, p. 1).

In this paper, a RSD wmodule that supplements the national accounts is
presented. In common with the French satellite sccount, a major purpose
is to establish a linkage between R&D statistics mnd the national
accounts, However, in addition, the module aims at providing a general
perspective on the role of R&D In the national economy, e.g. by also
paying attention te the role of multinationals and patents. In this
respect, it has more in common with a report by the Dutch Advisory Board
on on Science and Technology {van Heeringen and Langendorff, 1988) or
the extensive R&D statistics of Canads (Statistics Canada, 1989). Fur-
thermore, unlike all the above mentioned accounts, reports and statis-
tics, several standard national accounting concepts are also modified in

order to provide a better account of R&D.

Amending the concepts and classifications in the standard national
accounts for the purposes of the R&D module is deseribed in section 2,
The design of the R&D module is the topic of section 3. Conclusions are
drawvm in section 4. R&D statistics will serve as a major data source for
compiling the R&D module. Appendix A therefore provides a discussion of
the international guideline en R&D statistics, the Frascati Manual. In
Appendix B the relationship between figures in the R&D module and those

standard national accounts Is made eXplieit for rthe major aggregates.
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2. Amending the standard accounts in the R&D module

2.1 Introduction

The concepts and classifications in the standard system of national
accounts are not tailored to & description of the role of R&D in &
national economy. Therefore, concepts and classifications in the R&D
module must differ in some respects from those im the standard system.
In subsection 2.2, the concepts proposed for the module are discussed.

The classifications are the topic of subsection 2.3.

2,2 Concepts in the module

A discussion of alternative accounting procedures for R&D can be found
in Muller (1990), OECD (198%b) and Harrison {1990), We restrict our-
selves to explaining the basic logle of the aécounting conventions
adopted in our R&D module. Of course, our discussion of concepts in the

module starts with the concept of R&D employed in the module.

In the module, the concept of R&D follows its definition by the
Frascati Manual: "creative work undertaken on a systematic basis in
oxder te increase the stock of knowledge, including knowledge of man,
culture and society and the use of thls stock of knowledge to devise new
applications®" (OECD, 18Bl, p. 23; see alse Appendix A in this paper).
The categories Research and Development in the International Standard
Industrial Classification {ISIC: UN, 1990b), the Central Product
Classification (CPC: UN, 1991), the Classification of the Purposes of
Private Non-Profit Institutions (COPNI: UN, 196B, table 14, p. 185) and
the Classification of Outlays of Producers by Purpose (COIP: UN, 1975)
are also based on the Frascati concept. So, this concept is also

employed in most R&D statistics.

A drawback of the rather narrow R&D concept in the Frascati Manual,
is that it ignores many activities that are crucial to its commercisl

success, like preduct design and marketing. Furthermore, it includes R&D



which will never be a commercial success, e.g. basic research performed
at universities (see also OECD, 1989b, paras 30 and 31}, As a conse-
gquence, there is frequently no direct causal 1ink between production of
‘Frascati-R&D' and changes in value added and economic growth. A broader
concept of R&D with respect to e.g. preduct englneering. 1s nevertheless
not adopted for the module, because that would imply almost insurmoun-
table data problems (all relevant data sources employ a Frascati-type

copcept).

In the System of National Accounts {(SNA: YN, 1992), production of
R&D by enterprises is limited to R&D sold on contract??, In the module,
production of R&D by establishments encompasses also their own-account
production. Furthermore, selling patents is regarded as a trade activity
and as a desinvestment, and not as the sale of a non-produced asset.
Similarly, the rental of patents by means of licenses is reglstered as a
production activity generating value added and not as a transaction that
generates property income, These modifications imply an extension of the
standard production boundary, It should be noted that own-account
production of R&D by the government and non-profit institutions was
already recorded as output {(due to the convention that their output

equals the costs of production).

R&D production differs In two lmportant respects from most other
types of preduction, Firstly, as R&D production is no routine activity
(by definition), it is always uncertain whether and to what extent the
inputs will indeed result in outputs, e.g. an increase in knowledge.
Secondly, even if the inputs lead to the expected outputs, it is usually
uncertain what the revenues will be; this uncertainty may proleng for
many years after the R&D has been produced. This also applies to R&D
production that explicitly aims at obtaining revenues from patents and
licenses. In the module, R&D production not sold on contract is valued
at costs, whether it is successful or not, and independent of what the

expected revenues from patents and licenses are. As stated above, the

2 1n earlier Draft chapters for the revised SWA (UN, 1998a), alsc own-account production of RED by
enterprises is regarded as production and fixed capitel formation. However, it has been decided
that in the final version of the revised SWA, the 19568 5HA's coaventions are retained.



-6 -

actual revenues from patents and licenses are recorded as revenues from

trade and rental activities respectively.

Extending the scope of production in the module is accommodated by
changes in the concepts of intermediate consumption, changes in stoecks,
fixed capital formation and capital consumption. In our modified
concepts it plays the central role whether or not the R&D production is

patented;

1. R&D output which is intended to be patented, should be recorded as

work-in-progress, i.e. s change in stocks. At the time 1t i{s patented,
the stocks of the R&D producer are then reduced and fixed capital forma-
tion is recorded. Subsequently, this asset is written off, whereby its
length-of-life is equal to the number of years for which the patent is
granted. When the patent is sold, negative fixed capital formation
should be recorded for thé producer by amount of the production costs
not yet written off, The difference between the patent’s selling price
and these costs is registered as a revenue from trade in patents. For
the purchaser, positive fixed capital formation is registered by amount
of the price paid for the patent plus the other acguisition costs for
the patent. This implies that part of his Investment consists of
transfer costs, analogously teo the case of trade in other existing

capital goods,

Of course, it is also possible that the R&D output is unsuccessful,
because it does not result in a patent. At the time this becomes clear,
the stocks of the R&D producer are reduced and his fixed capital forma-
tion is increased; this fixed capital formation is then 1mmedia;ely

written off for the full amount.

Like all rental of capital goods {(cf. operational leasing) in the
standard national accounts, rental of patents (licensing) does not
diminish the capital stock of the owner. In the module, renting patents

is to be recorded as intermediate or final consumption, depending on the

buyer.



2. R&D production which iIs not intended to be patented, should be

directly recorded as fixed capital formation and depreciated for 100% in
the same year. This pertains to e.g. most R& 1n the soclial sciences and
humanities and to R&D which is in the public demain {e.g. through a
publication In scientific journals}. The reason for this accounting
procedure is that R&D is very difficult to sell after it is prodiced
unless it is patented.

Recording expenditure on R&D production as capital formation implies
that this expenditure is no longer recorded as intermediate or final
consumption. So, enlarging the concept of capital formation in this way
entails a concomitant narrowing of the concepts of intermediate and

£inal consumption.

Capital consumption of R&D assets should be caleculated in the same
way as capital consumption on tangible assets: straight-line deprecia-
tion on the assumption of expected economic life times (see Bos, 19%0
and Ward, 1976). The latter can be determinad on the basis of expert
knowledge, practice in the business accounts that have capitalized R&D

expenditure, dates of expiry of patents, etc,

Governments stimulate R&D production not only by direct subsidies,

but also by all kinds of implicit or indirect subsidies. Examples given

in the Frascati Manual are "the remission of income taxes for industrial
R&D, the payment by a government, on demand and after audit, of a
certain portion of some or all of firms' R&D expenditures, bonuses added
toe R&D contracts to encourage & firm in its own R&D, remission of taxes
and tariffs on R&D equipment and the relmbursement of part of a firm's
costs if it hires more R&D staff™ (OECD, 1981, p. 77). Such subsidies
are ignored or not accounted for explicitly in the standard national
accounts. According to the Frascatri Manual, they should also not be
accounted for (expli;itly). However, compiling such information seems
crucial for analyzlng the role of the government and comparing subsidles
on R&D among countries. Therefore, such information should, as far as
possible, be included in the R&D module; its concept of subsidies should

be adjusted accordingly. If the subsidy consists of a rebate on incorme
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taxes, thls implies that the subsidies as well as the incowme taxes are

larger in the module than in the standard national accounts.

Enlarging the cencept of fixed capital formation alsc entails a shift
in the demarcation between current and capital transfers. All subsidies
received by "investors™ in R&D, i.e. that serve to finance purchases of
R&D work or own-account R&D production, should now be recorded as capi-
tal transfers and not as operating subsidies. This is in accordance with
(Muller, 1990, p. 12): "[G]rants received by firms undertaking R&D on
behalf of other firms remain classified as operating subsidies ... This
remark obviously does not concern capital-goods subsidies received by

these R&D contractors™

By recording revenues from the sale or rental of patents as revepues
from the sale of goods and services, establishments that formerly were
regarded as non-market may become market producers. The reason is that
by taking these revenues into account, some establishments may now be

mainly financed by revenues frxom the sale of goods and services.

The consequences of these changes in concepts for balancing items

like Domestic Product, MNational Income and Net Lending 1s discussed in

Appendix B.

2.3 Clasgifications in the module

The module should focus on a description of the role of R&D. On the one
hand, some details in the standard classifications are superfluous and
can be left out., On the other hand, various categories that are impor-
tant in a description of the role of R&D tend to be absent and should
thus be included. We will subseguently discuss the main taxonomies in
the naticnal zccounts and present the classifications proposed for the
R&D module. Attention is restricted to those elassifications that

deviate from the standard cnes,.
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The classification by industries in the module should show the major
producers and users of R&D and be based on ISIC (YN, 1990b). In the
module, a high level of aggrepation could be employed for most
industries. Exceptions are only made for the division "Research and
Development” and the subdivision "Defence activities" (see table 1). The
latter should be shown separately in order to distinguish military R&D
by the pgovernment from non-military R&D. It may be useful to subdivide
Manufacturing, as this Is in most countries relatively larpge. However,
the level of detall recommended in some cases by the Frascati-Hanual,
e.g. including a separate category Aerospace, is not always appropriate,

if only for reasons of secrecy.

Toble 1. The clossification by industry in the R2D module

1. Agrieulture, hunting, forestry and fishing (0%, 02, D332’
2. Mining and quarrying {10-14)

3. Manufacturing (15-373

4. Electricity, gas and water supply (60-41)

5. Construction (45}

6. Transport, storage and communications (&60-£4)

7. Research and development (73)

8. Defence activities (V322)

. Other public adoinistration (75 with the exc. of 7522)
10, Education (80}

11. Other services and n.e.c. (50-52, 55, 65-72, 74, BS, 90-93, 95, 99

3/ The codes betuween brackets refer to the I1SIC Divisions and Classes (UN, 1990b}.

The classification by institutional sectors in the module differs in
several respects from that in the standard national accounts (UN, 1992,
Chapter 1V). The "Non-financial corporate sector™ and "Financial
coyporate sector"” are grouped together in a new sector "Business® (see
table 2). This sector is subdivided into "Foreipgn-controlled corpora-
tions”, "Domestic multinationals” and "Other business™. In this way, one
can account for the specific role played by multinationals. In fact,
Foreign-controlled corporations are also distinguished as a subsector in
the standard classificatlen. Our subsector Domestic multinationals must
still be defined, The most logical option is to define it as the mirror-
image of Foreign controlled corporations, that is ‘those domestic

corporations that controi foreign corporations’,

The "Government sector™ is subdivided into "Public universities and

other public higher educatien institutions” and "Other government". It
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should be realized that universities that are not mainly financed by the
government, are not recorded in this sector (see also our appendix on
the Frascati Manual). The Household sector and the Private non-profit
institutions serving households sector are similar to those in the

standard national accounts.

Tabie 2. The classification by institutionsl sectors in the RED module

Business (Hen-financiel corporate sector + Financial corporate sector)
Foreign controlled corporations
pomestic mattinationals
Other business
Goverrmment {General government sector)
Public universities and other public higher education institutions
Other government
Households (Household sector)
Private non-profit institutions serving households
Rest of the World
International organizations
Dther

The "Rest of the World"-account is included as a separate 'sector’,
as this Is very cenvenient when presenting the tables in the module. For
this account/sector, a new distinction is introduced: namely that
between International organizations and rest of the Rest of the World.
This distinction reflects the special rele that is frequently played by
international orpganizations in stimulating R&D, think of subsidies
provided to R&D projects by the EC.

The commodity classification is based on the Central Product Classi-
fication of the UN (1991). The CPC is a classification of goods,
services and assets. For our purpose, the categories Research and
development services and Patents are the most relevant ones. In the
module, Research and development services will be subdivided inte
Natural sclences and engineering and Soclal sciences and humanities (see
table 3). The third CPC subclass Interdisciplinary is left out, as this
subclass is also absent in the product c¢lassification of the EC, the
NACE {(Eurostat, 1991), and in the Frascati-Manual (OECD, 1981). A
further subdivision of market services/non-market services is made in
order to distinguish between R&D for sale on the one hand, and, own-
aceount and non-profitr production of R&D on the other, It should be

noticed that in this way it is very well possible that market enter-
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prises produce non-market R&D, e.g. if it is for use in their own

organization,

In our modified concepts (see subsection 2.2) payments for patents
and licenses are regarded as payments for goods and services. A new
distinction is introduced between (the annual payments for) licenses and
{the payments for) patents. The reason is that the purchase of patents
is recorded as capital formation in the module, while the payments for
licences are registered as (Intermediate or final) consumption of the

purchaser.

Table 3. RED commodity classification

Research and development services (85387
Market services
Hatural sciences and engineering {85103
social sciences and humanities (8520)
Mon-market services
Haturel sciences snd engineering (8510}
Social sciences and humanities (8520)
Licensas (89210)
Patents (8921

47 The codes betwesn brackets refar to CPC groupsf/{sub)classes (UN, 1991).

in the classification by categories of value added (see table 4},
compensation of employees is subdivided into high and low skilled labour
income. This distinetion is Introduced because a specific feature of R&D
production is that it requires relatively much high-skilled labour. In
addition to the classification by level of education, classifications by
type of education {e.g. a simple dichotomy between natural sciences and
engineering versus social sciences and humanities) and by occupation {on
the basis of the International Standard Classification of Occupation,

‘ ILO, 1990) could be introduced. By linking data on the volume of labour
employed in R&D production to other data on the employed population and
labour force, the (mis)matching of supply and demand in the labour
market can be described. This issue may also be relevant in the context
of developing a R&D policy, e.g. if a shortage of technically skilled

labour hampers R&D productien.

In the tables of the module, the categories of value added are not

only classified by industry, but also subdivided into: a) related to R&D



- 12 -

preduction and b) related to other types of production. This functional
split could also be regarded as a sub-classification of the categories
of value added. If information on implicit or indirect subsidies can be

obtained, these subsidies should be shown separately,

Table 4, The RED mockilets classificetion by category of value added {gross, st market prices)

Corpensation of smpioyees
High skilled (University or Dther post Secondary)®?
tow skilled {Secondary or Other)®?
Met operating surplusfmixed income
Consumption of fixed capital
indirect taxes and subsidies
Taxes on production and Imports
Subsidies {+}

=T 3he eategories between brackets refer to the International Standard Classification of

Education (ISCED; UNESCO, 1976).

In the classification of current taxes and transfers (table 5), a
subcategory for gifts and donations for R&D is introduced in order to
take account of this way of financing R&D production or purchases. In
practice, these gifts and donations may frequently be so small that they
can be ignored in the R&D module. For the other current transfers,
making a functional split on the basis of whether it is related to R&D
production or purchases does not seem very useful. A possible exception
are current taxes on income, wealth, etc., which could single out taxes
on compensation of employees in R&D production. However, most other
current taxes on income, wealth, etc. can only (and best) be split by
introducing simple assumptions {e.g. about the ratio of tax te income).

Such ipformation could be shown in a separate table.

Table 5. The classification of current texes snd transfers in the R&D module

Current gifts and donations for R&D
Current taxes arx! other transfers (like other gifts, current taxes on income, wealth, ete.,
socfal contributions and benefits, casuslty insurence premiums and claims or current

transfers within government)

In the classification of capital transfers (table 6), a category for
gifts and donations for R&D Is slso introduced. In practice, this sub-
category will probably be more Important than its current counterpart.
Gifts and donations usually occur for specific types of R&D, e.g. for

medical research. For some types of R&P, it may even he a major source
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of finance., In case of investment grants, it may be possible to collect
informatien on the amount related to R&P. This is therefore shown as a
separate category. Taxes related to R&D are incorporated as a separate
category. For the other capital transfers, such a functional split seems
less feasible and is therefore left ocut. Perhaps, in some cases, It may

also be possible to single cut some taxes on capital related to R&D.

Table 6. The clessification of capitat taxes and transfers in the RAD module

Taxes on capital related to RED production, purchases or sales

Investment grants for RED production

Legacies, large gifts or exceptionally large donations for RED prodction

Other capital transfers (tike other investment grants, other taxes on capitsl, transfers within
the government)

R&D production or purchases csn also be stimulated by granting loans
at non-market conditions, like interest rates clearly below market inte-
rest rates or with non-commercial repayment conditions. Therefore, in
the classification of transactions in financial Instruments {table 7),
we have introduced a category Loans at non-market conditions for finan-

cing R&D expenditured?.

Table 7. The classification of transactions in financial instrumepts in the R&D module.

Loans at non-market conditions for fineancing RED experciiture
Other transactions in financisl Imstruments (like other losns, trensactions in securities,

currency ard trade credits)

3} tn principle, the interest differential should be recorded as & gift or a subsidy.
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3. The design of the R&D module

3.1 Introduction

In this section, the set of standard tables constituting the R&D module

is presented. The R&D module consists of five types of tables:

- an overview matrix;

- tables which are magnified cells of the overview matrix;

- & table comparing major aggregates in the module with those in the
standard national accounts;

- supplementary tables in non-monetary terms (e.g. number of employees
or number of patents classified by subject);

- tables with figures for intertemporal and international comparisons.

In subsection 3.2, a National Accounting Matrix specially tallored te
the R&D module is discussed. This matrix is the basic framework of the
R&D module. In subsection 3.3, the other tables in the R&D module are
presented., The module does not describe the external effects of H&D.
Such limitations of the R&D medule are shortly investigated in

subsection 3.4.

3.2 Basle framework

In designing the national accounting framework for the R&D module, we
start from the standard system of national accounts as described in the
revised SNA (UN, 1990a, 1992). For our purposes, several modifications
are introduced, in particular with respect to the concepts and classifi-
cations employed (see section 2). This modified accounting system is

summarized in a matrix-format in table 8. It shows the accounts®?, the

“) the accounts not shown are: [1.3 Redistribution of income in kind account, 11.4.2 Use of
sdjusted disposabie income account, 111.3 Other chenges in sssets accounts, IV.Y Opening
batance sheet, 1V¥.2 Changes in balance sheets wnd 1V.3 Closing balance sheet. The last four
aceounts have been omitted in cur matrix, because in many countries there will be serious
difficulties in obraining deta for these accounts. The other two accounts are hardly relevant
in describing the rote of RED in the national economy. Omitting these accounts therefore
serves to keep the overview relatively sirple and cleor.
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type of classifications used per account and the majer balancing items
and aggregates. The rows describe the revenues and the columns are used
for expenditure. Our R&D-matrix can be regarded as an extension and
modification eof the mational accounting matrices presented by Keuning
{19%1a, 1991b)3?, This matrix is also the first table in the R&D module
{(R&D.1). For explanatory purposes, a stylized numerical example Is

included in table B.

In the R&D module, the Goods and Services Account Is split in two
parts: one pertaining to R&D commodities and the other pertaining to the
other commodities. The first and second rows show the use of goeds and
services (intermediate consumption, final consumption, gross capital
formation and exports) and the first and second columns describe the
supply of goods and services (output and imports). The intermediate and
final consumption of R&D commodities consist of cthe rental of patents
(see subsection 2.2 above). In cells (2,1} and (2,2) trade and transport
margins by residents on behalf of residents are registered. At the
national level, supply of this trade and transport is by definition
equal to its use and therefore these cells always add up te zero., This
is accomplished by inserting the total trade margin as a negative item.
In the aggregate matrix, only the trade and transport margins on Ré&D,

i.e. the trade margins on patents, are shown.

The Production Account "is designed in order to put emphasis on value
added as cone of the main balancing items in the System. Consequently, it
does not cover all transactions linked with the production process, but
only the concrete result of preduction (output) and the using up of
goods and services when producing this output (intermediate consump-
tion)™ (UN, 1990a, Chapter II, p. 27). At the national level, the balan-
cing item is Net Domestic Product, i.e. the aggregate of the value added
of all domestic producers, The producers are classified by industry in
the Production Account, In our matrix, an additional functional split is
made in the Production Account between R&D production on the one hand

and other types of production on the other. This split is in fact only

5 another extended matrix has been applied to the envirorment {de Boo st al., 1991},
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relevant to establishments that partly produce R&D and partly produce
other commodities. By means of the functional split, all the inputs and

outputs of R&D production can be shown separately.

Governments frequently stimulate the production and dissemination of
R&D-knowledge by means of subsidies. In order to show this important
aspect of R&D, a separate account is introduced for Taxes on production
and imports {’'indirect taxes'’) and subsidies. The indirect taxes are
recorded in the rows and the subsidies in the columns. Another advantage
of this accounting procedure is that also the indirect tax revenues
related to R&D production and consumption are explicitly shown. Taxes
and subsidies on products are recorded in the Goods and Services Account
and other taxes and subsidiss on production are recorded in the Produc-
tion Account5’. As a consequence, Qutput in cells (3,1} and (4,2) is
valued at basic prices. The balancing item of Indirect taxes and subsi-
dies is recorded in the Allocation of Primary Income Account. This
implies that Net Domestic Product and Net Generated Income are valued at

factor costs.

The Primsry Distribution of Income Account consists of two sub-
accounts: the Genmeratlon of Income Aeccount and the Allocation of Primary
Income Account. The Generation of Income Account records "distributive
transactions which are directly linked to the process of production®
(UR, 18%90a, Chapter II, p. 30). In order to establish a link to figures
on the employed population (see subsection 2.3 on the classification of
value added), also the compensation of employees paid to and received
from the Rest of the World is Included. At the national level, this

results in the balancing item Net Generated Income.”?

The Allocation of Primary Income Acecount shows the remaining part of
the primary distribution of Income, i.e. property income flows plus net

primary income received by institutlonal sector. As & consequence of our

8} it would have been possible to show the toxes on products that pertafn to copital formation in
cells (9,71 and (9,12) ond not as part of cells (7,71} and {9,2). In arder to keep the matrix
as sizple a5 possible, this more complicated accounting procedure was left out,

7 1his is not one of the offigial aggregates in the standard nationat accounts; cf, Xeuning

1991a).
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modifications, property income does not anymore include the revenues
from licenses for R&D. Net primary income for the nation as a whole is
generally known as Net National Income. From a conceptual peoint of view,
it seems appropriate to make a distinction between revenues from direct
investment and revenues from portfolio-investment, For the purposes of
the R&D module, we are particularly interested in the part of the
revenues from direct Investment that should be regarded as a payment for
the use of R&D knowledge. However, for statistical reasons, such a

subdivision of property income flows are left our.

The Secondaxy Distribution of Income Account covers redistribution of
income through current taxes pald out of income (that is, excluding
taxes on production) and other current tvansfers (in cash). Its
balancing item is Net Disposable Income. The Use of Income Account
describes how Net Disposable Income is allocated between final consump-

tion expenditure and Net Saving (= the account’s balancing item).

The Capital Account records "transactions linked teo investment in
non-financial assets and capital transfers involving the redistribution
of wealth® (UN, 1990a, Chapter II, p. 42). Net lending links the
Capital Account and the Financial Account: in both accounts it serves
as the balancing item. The Financlal Account shows the changes in

financial assets, like borrowing and lending and the purchase and sale

of equity.

In the standard national accounts, two dlfferent transactor-classifi-
cations are employed: the industry classification is used in desecribing
production and supply and use of commodities and the institutional
sector classification is used In describing Income distyibution and the
financing of production, capital formation and final consumption. The
R&D module aims at a simultanecus discription of:

- the production and consumption of R&D as well as income generated due
to R&D on the one hand,

« and the income distribution and financing related to R&D production
and consumption on the other hand.

Therefore, the linkage between these two parts of the national accounts
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is very important for the R&D medule. This linkage is established in

various ways.

In cells (5,3) and (5,4) value added is cross-classified by industry
and value-added category, while in cell (6,53) value added is cross-
classified by value-added category and institutional sector. This
information can be linked in a three-dimensional table that clasﬁifies
value added simultaneously by industry and institutional sector. This
could be shown explicitly in a more detailed matrix; refer te the
supplementary table 11 below (R&D.4). A three-dimensional table of value
added will also be Included in the revised SHA.

In order to describe the financing of R&D production, also R&D output
in cell (3,1) should be classified by institutional sector {see table
11). In this way, this information can be linked te the gifts in
cells (7,7) and (7,14) that are used to finance R&D production. The
latter are explicitly shown in table 12 below (R&D.5).

Furthermore, by introducing Capital Formation accounts in rows and
celumns 11 snd 12 of the overview matrix, fixed capital formation and
changes in stocks by industry are classified simultaneously by industry
and by insritutional sector in cells (11,10) and (12,10). In this way, a
linkage is established with the accounts that describe the financing of
capltal formation, i.e. the Capital and Financlal Account. It 1s parti-
cularly important te link capital formation with the taxes on capital
and investment grants in cells (10,10) and (10,15} {(e.g. investment

grants by the EC).

The Rest of the World Account describes transactions between resident
and nen-resident institutional units and related changes in assets and
liabilitles. "As the Rest of the World plays in the accounting structure
a role similar te the one of an institutional sector, the Rest of the
World Account is established from the point of view of the Rest of the
World. A resource for the Rest of the World is a use for the Nation and
vice versa. When looking at a balancing item, if it is positive it means

a surplus of the Rest of the Woxrld and a deficit of the Nation, and vice
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versa 1f it is negative"” (UN, 1990a, Chapter II, p. 56). In our matrix,

we have distinguished a current account and a capital account.

The Current Account shows imports and exports and compensation of
employees, property income and current transfers to and from abroad. The
Capital Account corresponds to those for the domestir sectors. Its

balancing item Ils NWet Lending of the Rest of the World.

3.3 Other tables in the module

In this subsection, we will present the other tables in the R&D module.
in the second table of the R&D module {table 9), the wmajor aggregates

in the R&D module are compared to those In the core (standard national

acecounts). How the aggregates in the module can be derived from those in

the core, is explicitly shown in Appendix B.

Table 9 (=R&D.2). A tomparison of major aggregates in the core and the RED module

NP i Gross Fixed Censumption Final Current
Abs. Growth Abs. Growth Capital of Con~ External
Formation  Capital sunption Balance

Core

RED module

The third table in the module (R&D.3 = table 10} describes the supply
and use of R&D production, In the first eolumn the supply of R&D goods
and services is presented. Submatrix (3,1) shows the R&D output by
industry and in row vector {(14,1) R&D imports are recorded. Similarly,

in the second column the supply of other goods and services is recornded.

The use of R&D goods and services (intermediate consumption, final
consumption, capital formation and exports) can be found in the first
row. In cells (1,3) and {(1,4) intermediate consumption by industry 1s

registered. As a major part of the purchase and own-account production
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of R&D is ineluded in gross fixed capital formation, most rows are

empty in this block. The exception is the expenditure on licenses. In
submatrices (1,1ls}, (1,11b), (1,12a) and (1,12b) gross capital
formation 1s shown; with the exception of the row for the expenditure on
licenses, all rows could be non-zero here, Exports of R&D commodities
can be found in vector (1,14). Analopously, the second row shows. the use
of other goods and services. In row vector (2,1), the trade and
transport margins on patents are presented. In order to balance the
totals, these margins are also entered in cell (2,2), but now with a

negative sign.

In columns 3 and 4 the inputs into production are recorded: interme-
diate consumption in submatrices (1,3), (1,4}, (2,3) and (2,4) and the

various categories of value added in submatrices (5,3) and (3,4).

Table R&D.4 (= table 11) serves to establish a linkage between table
R&D.3 (= table 10) on the supply and use of R&D production and other
tables on the financing of R&D production (R&D.5; =~ table 12). In terms
of the overview matrix, it contains information from the third row and
column. The table is three-dimensional, as it cross-classifies the
varlous costs of preduction by industry and by institutional sectexr. For
the subsectors of Business, no cress-classification is made for reasons
of secrecy. Bubsidies are subdivided into those received from the
national government and those from international organizations, in order

to show the funding sectors as well.

The fifth table of the R&D module (table 12}, describes the Current
gifts and donations for R&D purposes. In order to add up to the totals
in cells (7,7), (7,14) and (14,7) of the overview matxix, alszo the
catepory Net other current transfers 1s entered. For our purposes, it is

not necessary toe show these flows by Institutional sector of origin.

The sixth table in the R&D module (table 13), cross-classifies gross
capital formation for R&D production by industry and institutional

sectors. This table corresponds te cell (11,10) in the overview matrix.
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In the seventh table {table 14/R&D.7), Taxes on capital, Investment
grants and lLegacies, large gifts etc. related to R&D production are
shown., Just as in table 12, a category HNet other (capital transfers) iIs
included, in order to add up to the total capital transfers in cells
{10,10), (10,15) and (15,10) of the overview matrix.

The eighth table {(table 15/R&D.8), describes the non-market loans
with the specific purpose of financing R&D. The table corresponds to
cells (13,10) and (10,13) in the overview matrix.

This standard set of tables can be supplemented by tables in non-
monetary terms or tables which focus on intertemporal or international
comparisons. Examples are:

- tables on the size of domestic R&D production (as a percentage of
Domestic Product);

- tables on the financing of R&D production (showing the relative impor-
tance of direct and indirect subsidies);

- tables on the volume of labour inputs in R&D production by quality of
labour;

- a table on the number of patents owned and licences used classified
by economic asctivity and subject of the patent/license;

- tables on the relation between R&D-intensity and indexes of producci-
vity or

- a table on the sensitivity of the measurement of output to our alter-

native accounting procedures.

3.4 Limitations

In designing our module, some problems of data compilation have been
explicitly taken into account, e.g. when choosing the R&D concept.
Nevertheless, it may not yet be possible teo compile all the necessary
data. R&D statistics, which are generally based on the guidelines in the
Frascatl Manual, should serve as a principal data source for compiling
the R&D module. Unfortunately, the Frascati Manual deviates in scope as

well as in concepts from the national accounts. These differences are
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discussed in Appendix A. Another data problem is that our module starts
from the revised SNA, but in most countries national sccounts are based
on the 1968 SNA. Finally, informatlen on the new subsectors as defined
in the module may not be readily available,

In drawing conclusions about the role of R&D in the national economy,
it is important to realize which aspects of R&D are not described by the
standard set of tables. We will list four of such analytical
limitations,

First, as already remarked in subsection 2.2, the concept of R&D
employed in the module focuses on creative and innovative work. The
limitations of this concept have already been noted above. For example,
it ignores many activities that are crucial to commercial success,

such as marketing and product design.

Secondly, in the case of joint ventures or multinatiomals, it
frequently occurs that use is made of R&D output, but that accomodating
payments -e.g. in the form of license payments- are absent or not
recognizable as such. Such flows are neglected in the medule for

measurement reasons, In fact, this Is a transfer pricing problem.

Thirdly, in the module, R&D production Is generally valued at costs.
Exceptions are only made for R&D on contract and the revenues from the
trade in patents. This valuation at costs implies that gains in effi-
ciency and effectiveness due to the use of R&D are not Incorporated in
the valuacion of R&D production., These gains are also not shown else-

where in the module, because they are merely analytical constructs?’,

This statement holds for R&D which leads to new products (changes in
outputs) as well as for R&D that only changes the Inputs for production,

B3 productivity snalysis ond growth sccounting try to sstimate end aratyze the reiative
contribution of various Irputs to changes in prodoctivity and growth, The results obtained are
subject to a lot of discussion (see Maddison, 1987 and ven der Wee, 1987, pp. 138-149).
Accounting for the deprecintion of patents as an extra capital input, like in our module,
decreases total facter productivity, but this probably hardiy contributes to an
explanation of the residual,
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For example, for individual enterprises, it may be possible to
caleulate the {expected) savings on the costs of producing due to a
concrete invention or innovation. However, even if such s caleculation 1s
possible, a problem for the statistician is that enterprises often do
not make such caleculations: enterprises only have to decide on whether
it is profitable to make use of the invention or innovation or not; for
this decision, it is not necessary to know how much more profitable it
is. Another preoblem with calculating the benefits from R&D as input is
that, 1if the simple criteriuvm of cost reduction is used, Innovations and
inventions that do not lead to cost reductions are not regarded as
benefits from R&D. Examples are innovatiens that Improve the safety of

employees or that lead to less pollution.

Calculating the bepefits of R&D that changes outputs is even more
diffieult. For the individual enterprise, innovation of its products may
be necessary to survive national and international competition. From
this point of view, even all its profits and value added could be regar-
ded as the benefir from innovatien. In the leng term, this reasoning
applies to nearly all output, and the calculation would clearly be non-
sensical. However, taking a more modest view on the benefits of R&D is

equally preblematic as clear criteria for delineating these benefits are

absent.

Furthermore, new or improved products, e.g. computers, can be used as
inputs for producing other goods and services. So, the macro-economic
benaefits from this R&D activity include the savings due to this change
in inputs. This external effect is very important, but also very

difficult to quantify.

As a final limitation, we mention that the module also does mot
present specific information on the supply and use of R&D-intensive

commodities, because the concept of R&D-intensive is problematic.

A solid operationalization of the concept of R&D-intensive is diffi-
cult even when it is narrowed down to technology-intensive (thus exclu-

ding commercial and managerial knowledge). Eurostat (1989, Appendix B)
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has published a list of 130 high-tech commodities. This list comprises
commodities in aerospace, automatic data processing machines, electronic
equipment, telecommunications equipment, drugs, scientific instruments,
electrical machinery, non-electrical machinery and chemicals. How hete-
rogeneous this list may seem, it nevertheless excludes e.g. some R&D
intensive commodities for which the Netherlands are world famous, like

flowers, breeding-cattle and seeds.

Furthermore, for analyzing international competitiveness, the
absolute R&D intensity of a commodity can be very misleading. A R&D
extensive commodity ecan be very successful as long as it is more R&D
intensive than competing products. A similar remark applies to
unsuccessful R&D-intensive commodities. For that purpose, a classifi-
cation by relative R&D intensity is preferable. However, such a
classificatlon is outside the scope of the R&D module as it would
constitute an extensive analysis of international flows in goods and

services.



- 25 .
4. Conclusions

The role of Research and Development (R&D) in the national economy 1s
not described as such by the national accounts. By means of a set pf
tables linked to the national accounts, the various aspects of R&D
{production, consumptlon, income, financing) can be described in rela-
tion to the national economy. Linkage to the national accounts implies
that the same statistical units, concepts, classifications and accounts
are used as in the national accounts, Only some specific modifications
in concepts and classifications are allowed in order to improve the

description of the role of R&D.

The modifications with respect to the basic accounting concepts are:
- Production of R&D by market producers not scold on contract, e.g. their
own-account production, 1s also recorded as output;

- R&D output which is intended to be patented, should be recorded as

work-in-progress, i.e. a change in stocks. At the time it is patented,
the stocks of the R&D producer are then reduced and fixed capital
formation is recorded. Subsequently, this asset is written off,
whereby its length-of-life is equal to the number of years for which
the patent is granted, For the purchaser, positive fixed capital
formation is registersd by amount of the price paid for the patent
plus the other acquisition costs for the patent. This implies that
part of his investment consists of transfer costs, analogously to the
case of trade in other existing capital goods.

- R&D output which is not intended to be patented, is recorded as fixed

capital formation and immediately written off;

- Revenues from the sale of patents are recorded as revenues from trade
and thus not recorded as revenues from the sale of a non-produced asset;

- Revenues from licenses are recorded as the output of a business
activity rental of patents and pot as property income;

- The purchase of a license is recorded as intermediate or final con-
sumption, the purchase of a patent is always recorded as fixed capital
formation; the sale of a patent Is recorded as negative fixed capital

formation;
- Indirect subsidies, like the remission of income taxes for industrial
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R&D, are also recorded as subsidies;
- Subsidies received by "investors” in R&D should be recorded as capital
transfers and not as operating subsidies.
As a consequence of these changes, Fixed Capital Formation, Final
Consumption, Value Added, Domestic Product and Natlonal Income change as
well,

The major changes in the classifications are:

- Intermediate consumption, value added categories and fixed capital
formation are cross-classified by economic activity and institutional
sectors;

- In classifying R&D output, a distinction is made between market and
non-market services (e.g. own-account);

- New subsectors are introduced: Domestic Multinationals and
International Organizations;

- Compensation of employees is also classified by quality of labour.

Although the concepts and classifications for the R&D module have
been selected with the possibilities of data compilation in mind, it may
not yet he possible te compile all the necessary data. Statistics on
R&D, based on the guidelines in the Frascati Manual, have to serve as a
major data source for compiling the R&D module. However, the Frascati
Manual has some cleax limitations in scope and concepts:

- The focus Is on measuring RS&D expenditure and R&D employment; income
from and expenditure on patents and licenses are ignored;

- The distinction between current and capital expenditure does not
coincide with that in the national accounts and in our module;

- No distinection is made between subsidies for R&D and the purchase of
R&D by the government;

- Linkage with national accounts tables that are classified by economic
activity (like the supply and use tables and the production accounts)
is problematic, because a different statistical unit is employed.

$o, for the purpeses of the R&D module, supplementary information is to

be used. Part of this information should preferably be obtained by

extending and modifying the (annual surveys for the) R&D statistics.
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Appendix A. The Frascatl Manual and the National Accounts

In this section, the Frascati Manual, the international guideline on R&D
statistics, is discussed. We start by taking a short look at its
historical roots and then continue by discussing the R&D-~concepts, the
statistical units, the sector classification and the classification of

transactions employed.

Most DECD countries started the collection of R&D data in the early
sixties, following pioneering countries as the United States and the
Netherlands (OECD, 1981, Amnex I, pp. 122-126). Two main problems called
for the standardization of the measurement techniques used in the R&D
surveys, First, among the pioneering countries there were differences in
scope, methods and concepts, obstructing an international comparison of
their R&D staristies. Secondly, several other countries were facing
theoretical difficulties in starting R&D surveys. International

guidelines regarding these measurement techniques weve thus needed.

The OECD tried to meet these needs by setting up studies on the
technical problems of measuring R&D, culminating in 1963 in the publica-
tion of the Frascati Manual - a 'Propesed Standard Practlce for Surveys
of Research and Develeopwment’ -. Improved versions of this Manual were
published in 1970, 1976 and 198l. A supplement on the specific problems
of measuring R&D in the Higher education sector was published in 1989,
Presently, a new revision of the Manual is in preparation. The success
of the Frascatl concept is evidenced by its use by nearly all OECD
countries. This significantly increased the compasrabiliry of R&D

statistics among these countries.

The main objective of the Manual is to present guidelines on the
measurement of two variables: R&D expenditures and R&D manpower. Over
the years, these data have been used in a wide range of studies, e.g.

productivity-analyses and studies on economic growth.

The Frascati Manual defines Research and Experimental Development

(R&D) as "ereative work undertaken on a systematic basis in order to
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increase the stock of knowledge, including knowledge of man, culture and
society and the use of this stock of knowledge to devise new applica-
tions® (OECD, 1981, p. 25). R&D covers three activities: basic research,

applied research and experimental develcopment. "Basic reseaxch is

experimental or theoretical work undertaken primarily to acquire new
knowledge of the underlying foundation of phenomena and cbservable
facts, without any particular application or use in view. Apglie&
research Is also original investigation undertaken in order to acquire
new knowledge. It is, however, directed primarily towards a specific

practical aim or objective. Experimental development is systematic work,

drawing on existing knowledge gained from research and/or practical
experience that is directed to producing new materials, products or
devices, to installing new processes, systems and services, or to

improving substantially those already produced or installed" (ODECD,
1981, p. 25).

In order to sharper the notion of {ts R&D concept, the Manual
distinguishes three types of related activities which are to be excluded

from R&D,

The first type of activities which is to be excluded, 1s education
and training taking place st universities and other institutions of
post-secondary education. The research performed by post-graduate

students at universities however, should be included in R&D as this

research is not part of their formal education.

Secondly, all activities classified as other related scientific and

technological activities are not to be treated as R&D. Examples of these

activities, are:

- the trenslation and collection of already established research;

- the biblicgraphic activities supporting R&D;

- all data collected for general purposes;

- the testing and standardization of R&D Inputs and outputs;

- feasibility studles to the successful implementation of the outcomes

of R&D;
- spacialised medical care based on routine activiries;
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- and policy related studies.

The last type of activities to be excluded from R&D Is other indus-

trial activities. It comprises all those steps in the Innovation

process, except R&D, executed to increase the successful development and
marketing of the output of R&D. If further technical progress is not
the central objective, these activities should not be included. Examples

are design engineering, market research and patent filing and licensing.

In table A.1l the sector classification in the Frascati Manual is
presented. The Frascati sector classification differs in several
‘ respects from the institutional sector classification in the National
Accounts. The major difference is that Higher Education has been
established as a separate sector. In this sector, privately-funded
profit-making universities, privately funded non-profit universities as
well as universities funded by the government are incorporated. In the
standard national accounts, these are classified in respectively the
Non-finaneial (or financial) Corporate sector, the Private non-profit
institutions serving households sector and the General government

sector,

Table A.1. Sector classifications in the Frascati Manusil and the revised SHA

Frascati Marmsl Revised SNA

Business enterprise sector 1. Mon-financial corporate sector

- private enterprises

- public 'market! enterprises

- PEptg serving business
Government sector

- goverrment agencies

!
|
!
!
!
| 2. Financial corporate sestor
!
|
|
- PP's serving government | 4. Household sector (employers, own-
|
]
!
i
|
!
|
|

3. Genersl government sector

Higher education sector account workerg, employees, reci-
- universities pients of property or transfer
- other post-secondary education income)
- PRPts serving higher education
private-non-profit sector
- other PNP's
- households and unincorporated
enterprises

5. Private Non-profit institutions
serving houszholds
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The Frascati Manual recommends to subclassify the Business entexprise
sector according to a specific rearrangement of the International Stan-
dard Industrial Classification (ISIC Rev, 2) {ses table A.2 = Tsble
IIL.1, pp. 41, 42 in OECD, 1981). A problem with this rearrangement is
that the rearrangement occurs at a level of detail that is generally not
published in the national accounts. As a consequence, linkage with
published national accounts tables classified by industry is usually not
possible.

The statistical unit (the 'unit of elassification') recommended for
the sector Business enterprises is the ’'enterprise-type unit’!, because
"one of the most fundamental questions concerns the sources of funds for
R&D" (OECD, 1981, p. 43). This statistical unit is preferable for esta-
blishing a linkage to the Income and Outlay and Capital Finance Accounts
in the National Accounts. However, as a consequence, the data on
Business Enterprises by iﬁdustxy in the Frascati Manual do not corres-
pond with the figures in the production account of the National
Accounts. In the Dutch R&D statistic, the statistical unit erployed
corresponds to enterprises and sometimes even groups of enterprises
(GBS, 1991); in the latter cases, it certainly deviates from the unit

employed in the National Accounts.

The Frascati Manual recommends to subclassify the sector Business
Enterprises also by size of employment, because this normally affects
the "extent and nature of the R&D programmes of entities in the Business
Enterprise Sector™ (OECD, 1981, p. 45). Separate classifications are

recommended for larger and swaller economies.
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RE&D statistiss

OECD surveys of the busipess enterprise sector

Industry groups

componsnt industries

ISIC reference?

Agriculture

Agriculture

Hajfor division 1

Mining

®ining

Major division 2

Electricat group

themical group

Aerospace
Transpert equipment
(except aerospace)

Basic metals

Machinery

Chemical-tinked

Other wonufacturing

Electrical machinery

Electronic equipment and components

Chemicals
Drugs
pPetroleun refining

Aerospace

Motor vehicles
Ships
Other trensport

Ferrous metals
Non-ferrous metals
Fabricated metal products

Instruments
Dffice and computing machinery
Hachinery n.e.c.

Food, drink omd tobacco
Textiles, footwear and leather
Rubber and plastic products

Stone, clay, glass
Paper and printing
Wood, cork and furniture
other manufacturing

383 except 3832
1832

351, 352 except 3522
3522
353, 354

31845, part of 3829

3843
3841
3842, 3844, 3849

in
32
381

385
3825
382 except 3825
andd part of 3829

3
32
335, 356
24
3

33
19

Total manufacturing

total manufacturing

Major divigion Z

Servizes

ytitities
Construction
Transport, storage
Commnication

Scientific and engineering services

other

Major division 4
Major division 5
71

72

azz4, 9320
Ma}or division &

Major division 8 n.e.c.

Major division 9

Total services

Total services

Major divisfons 4-9

Total business enterprise sector

8} International Standard Industriat Clessification of all fcoromic Activities {ISI0),

series M, No.4, Rev.2, United Netions, Mew York, 1964,

In the Frascati Manual, two types of R&D expenditures are distin-

guished. Intramural expenditures comprise all expenditures for R&D spent
within the statistical unit. ALl expenditures spent outside the statis-

tical unit are classified as extramural, The intramural expenditures are

subdivided into:

- labour costs
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« other current expenditure

- capital expenditure,

The labour costs comprise wages, salaries and fringe benefits paid to
the personnel directly contributing to R&D; the other current costs com-
prise non-capital purchases of materials and equipment, and the labour

costs of those providing indirect services.

"Capital expenditures’ consist of those expenditures made for land
and buildings explicitly used in the production of R&D; and expenditures
on instruments and equipment of a capital nature. The concept of
'capital expenditure' in the Frascati Manual differs from the concept of
"fixed capital formation’ employed in the standard national accounts,
The latter concept does not include the purchase of land but encompasses
all expenditure on behalf of own-account capital formation. Furthermore,
the Frascati Manual is not very clear about the treatment of, e.g.,
delivery and installation costs, because "it is neither necessary nor
practical to insist on any rigid standard for this purpose™ (DECD, 1981,
p. 75).

The Manual recommends to collect data on the intramural expenditures.
The national intramural sggregate, Gross Domestlc Expenditures on R&D
(GERD) 1ncludes all expenditures on R&D performed within the country,
disregarding whether residents or non-residents finance thease
expenditures. From a national accounting point of view, internatiocnal
comparisons on the basis of GERD are lmperfect as measures of 'natiopal
efforts on R&D', because;

- capital consumption instead of capital expenditure should have been

included;
« the national accounting concept of fixed capital formation should have

been enployed.

In the Frascati Manual, a distinction is also made between 'Natural
sclences and engineering’ (NSE) and ’Social sciences and humanities’
{S5H). The NSE cover "the physical sclences, the life sciences,
including the medical and agricultural sciences, plus engineering®

(OECD, 1981, p. 17). For the business enterprise sector, the Manual
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focuses exclusively on R&D in the NSE.

The size of R&D manpower is an lmportant input indicator as a major
part of expenditures on R&D consists of labour costs. All persoms wor-
king directly on R&D or providing direct services should be counted as
R&D personnel, These counts should be converted inte full-time equlva-
lents (FTE’s}. Especially in universities, where most researchers have

to perform a good deal of educational (and managerisl) tasks as well,

the distinction between R&AD and other activities cannot easily be drawnm.

The Manual states that estimates of the share of R&D of universicy
researchers have to be based on detailed studies of the proportion of

working time devoted to this activity.

In the Frascati Manual, unlike in the National Accounts, no distine-
tion is made between transfers and the purchase of goods and services.
For example, the term ’'direct transfers’ in the Frascati Manual encom-
passes contracts paid for the performance of R&D as well as donations
(OECD, 1981, pp. 76, 77). The absénce of this distinction iIs a pity, as
it is important for anmalyzing the financing of R&D expenditure. For
example, a subsidy by the government of a R&D project is generally
rather different in nature and motive than the purchase of R&D by the
government, A similar argument applies to the difference between spon-
soring of medical research for reasons of good-will on the one hand and
a contractual payment for medical research against a claim on resulting

patents and other commercial off-shoots on the other hand.

In the National Accounts, a distinction 1Is also made between current
transfers and capital transfers. This distinction is absent in the
Frascati Manual (see OECD, 1981, p. 112). This reflects the notion of
the Frascati Manual to explain the financing of R&D expenditure,

irrespective of whether this concerns current or capital expenditure.
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Appendix B. Linking the module to the core

In the R&D module, the concepts and classifications differ in several
respects from those in the standard natiomal accounts. The differences
in classification have been summarized in subsection 2.3 in tables 1-7.
The conceptual amendations have been discussed in subsection 2.2.
However, the consequences of these modifications for aggregates like
fixed capital formation and final consumption and wvarious balancing
items have not yet been investigated. This will be the topic of this
appendix. We start with a general overview of the conseqguences and

then present some concrete examples for further clarification.

In table B.1, the relationship between output in the standard
national accounts and in the R&D module is made explicit, The

consequences of modifying the concepts depend on whether a market or a

Table B.1, The relstionship between Output in the standard national sccounts (the core)
ardd in the RED module. .

Msrkst prochcers that producs RRD:
Cutput in the core

+ Costs of RED production not on contract
+ Costs of patent-filing

+ Trade margin on the sale of patents

+ Revenues from the rental of patents

Qutput in the RED madule

Non-market producers that produce RED:
Qutput in the core
+ Copitel consurption on patents

Dutput in the RED module

Karket prockesrs that buy or rent RED:
Output in the core = Dutput in the RED mockile

Nom-market producers that buy or rent RRD:
Qutput in the core

+ Costs of rental of patents

+ Copitel consumption on patents

Output in the RAD module

non-market producer is invelved. In case of non-market producers, output
is namely calculated by adding up all {non-financial) costs. In tahle
B.1, a distinction is therefore made between the consequences for market

producers and those for non-market producers. For clarity’s sake, a
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distinction is also made between buyers and renters of R&D on the one
hand and producexrs of R&D on the other hand. O0f course, sometimes a
producer of R&D also buys or rents R&D and then both types of conse-

quences apply simultaneously.

The consequences of modifylng the concepts on final consumption can
easily be deducted from table B.1. The changes in final consumption are
equal to the changes in output by the Government and by Private non-

profit institutions serving households {see table B.2).

Tabie 8.2, The relationship betwesn final consumption and output.

final consumption expenditure by households
Final consumption of the cutput by Privete pon-profit institutions serving households

final consumption of the cutput by the Government

Total final consumpiion

In table E,3, the consequences of the alternative concepts are shown
for Net Value Added and Met Domestic Product, both at factor costs.
Again, a distinction is5 made between market and non-market producers and
also between producers of R&D and buyers of R&D., The table does not show
the consequences for Net Domestic Product of a reclassification of a
non-market producer as a market producer. Such a reclassification would
amount to changes similar to that for a market producer plus the

positive operating surplus of the formerly non-market producer.

The changes in Gross Value Added and Gross Domestic Product can
easily be deduced from this table: they are equal to the net changes

plus the increase in capital consumption.
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Table B.3, The relationship between Net Value Added end Met pomestie Product In the stendard nstiona!
asccounts {the core) and the RAD module.

Market prochicers that produce RED:

Het value added at factor costs in the core

+ Trade margin cn the sale of patents

+ Revenues from the rental of patents (licenses)

+ Gross cepital formation of RED production

- Cap. consumption on RAD assets owned

+ Subsidies on RED production in the form of a remission of income taxes

~ Subsidies for “investing” in R2D (= reclussification as capital transfer)

Net value added at factor costs in the RED module

Kone-market producers that produce RID:
Het value sdded at foctor costs in the core » Ket value added at factor costs in the RED module

Karket procucers that buy or rent RED:
Ret value added at factor costs in the core
- Experctiture on the rental of patents (licenses)
+ Acquisition costs for patents
~ Cap. consumption on patents
{+ Experditure on tha purchase of RID production on contract
- Lapital consumption on RAED bought on contract b
+ Subsidies on the purchese of RED n the form of a remission of income taxes
+ Subsidies for ®investing® in RED (# reclessification as copital transfer)

Net value added at factor costs in the RED module

Non-market producers that buy or mrit RED:
Het value added at factor costs in the core = Net value pdded at factor costs in the RED module

Domegtic Product

ket Domestic Product at factor costs in the core

+ Trade margin on the sale of patents by market producers

+ Balance of revenues from and exp. on rentsl of patents by market producers

+ Change in net capital formation by market producers

+ Subsidies on the purchase or production of RAD in the form of s remission of fncome taxes received by
market producers

+ Subsidies received by market producers that “invest® in RRD

Ket Domestic Product at factor costs in the RAD moduie

In table B.4, the changes in capital formation and capital consumption

are sumnmarized.

The modifications in Net Primary Income, Net National Income at
market prices, Net Disposable Income and Net Saving are equal to those
in Net Value Added and Net Domestic Product with thé exception of the
modifications on revenues from and expenditure on licenses and those on
the subsidies. For Net Lending there is one more difference: it is also

not affected by the alternative accounting procedure for patents.

The change in the Current Extermal Balance consists of the net pur-
chases of patents by the Rest of the World: in our module, they are

recorded as part of the Rest of the World's Current Account.



Tsble B.4. The relationship between Capital Formetion in the standard natfonal accounts {the core)
and in the RAD module.

Producers of RRD:

thanges in stocks in the core

+ Expenditure on RED production that is intended to be patented

- {osts of RAD production that is patented

- Costs of RAD prochiction that was intended to be patented, but did not result in a patent

thanges in stocks in the RED module

Gross fixed capital formation in the core

+ Costs of RED production that is patented

+ Patent filing costs

- Costs of patents that are soid

+ Costs of RED production that is not intended to be patented

+ Costs of R0 production that was interxied to be patented, but did not result in a patent

Gross fixed capital formation in the RED module

- tapital consumption in the core

- Capital consumption on patents

- {osts of RAD production that is not intended to be patented

- Costs of RED production that was interded to be patented, but did not result in » patent
{= capital consumption)

Net fixed capital formotion im the RED module

Suyers of RID:
Changes in stocks in the core

Changes in stocks in the RED module

Gross fixed capital formation in the core

+ Purchases of patents

+ Acquisition costs of patents .
+ purchases of RLD production on contract (without patent) }

Gross fixed capital formation in the RAD module

- Capital consumption in the core

- Capital consumption on patents

- purchases of R&D production on contract (without patent)”? (= capital consumption)

Het fixed capital formation in the RED module

*JT7tn case of RED production that result in the construction of prototypes, these may already (partly)
have been included in Gross fixed capitsl formation in the core (cf. UN (1992, ..)).
Two examples may 1llustrate and clarify the consequences as described

above. We will discuss them in terms of our overview matrix (table 8)}.

By recording own-account R&D production by market producers as gross
fixed capital formation, gross capltal formation in cell (1,11), output
in cell (3,1) and gross value added increase by the same amount. In
arder to calculate the change in net value added In cell (3,3), capital
consumption on this R&D asset should be deducted (see cell (10,3)). The
change in net value added trickles down in all other balancing items:
net generated Iincome in cell (6,5), net national income in cell (7,6},

net disposable income in cell (8,7), net saving in cell (10,8) and the
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sectoral investment allocation (11,10) all change by exactly the same

amount as net value added in cell (5,3).

In the standard accounts, the sale and purchase of patents is regis-
tered In the capital account. By recording it as the sale and purchase
of a commodity, several changes occur in the accounts "above’ the
capital account; the balancing item of the capital account (Net lending)
remains unaffected. Our alternative accounting procedure, implies that
in case of the purchase of a patent, fixed capital formation is regis-
tered in cells (1,11) or (1,12} with the purchaser, negative capital
formation is recorded in the same cells with the seller, and z trade and
transport margin on the sale is recorded in cell (2,1), counterbalanced
by a negative item in cell {2,2). In turn this is countervailed by =&
pesitive change in the output of trade {cell {(4,2)).

In case of a purchase from abroad, imports in cell (14,1) also
increase. In case cf a sale of -2 patent to abroad, exports in eell
(1,14) are augmented. The increase In trade and transport margins
trickles down in output in cell (4,2}, net value added in cell (5,4) and
in the balancing items in cells (6,5), (7,6), (8,7) and (10,8). Finally,
the investment allocation in (11,10) or (12,10} is affected. On the
other hand, capital transfers in cell (10,10) no longer include this
transaction. The changes in imports and exports also affect the current
external balance in cell (15,14) and this is compensated by a concomi-

tant change in capital tranfers to and from abroad (cells (15,10) and
(16,15)).
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