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Will a BERD model fly?
Estimating aggregate R& D expenditure using a micro
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Richard Fabling:

Abstract

This paper tests the feasibility of using a microeconometric model to construct a consistent
measure of Business Expenditure on Research and Development (BERD) over time. This
approach is motivated by an attempt to compensate for changes to survey-design that make it
difficult to interpret recent growth in R&D — a key economic indicator of the innovativeness
of the economy. We begin by estimating a two-stage selection model of the determinants of
R&D investment decisions for private-for-profit firmsin New Zealand. The first stage yields
estimates of whether a firm performs R&D, while the second stage estimates R&D intensity
taking into account the determinants of the decision to make the investment. Using Statistics
New Zealand’s prototype Longitudinal Business Database, we are able to consider a wide
range of potential determinants of R&D activity including ownership, industry, balance sheet
structure and prior performance. After appraising the appropriateness of the R&D model, we
use it to predict expected R& D expenditure for the population of firms and, from this, derive
atime series for aggregate BERD.
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DISCLAIMER

This research uses data that was accessed while the author was on secondment to Statistics
New Zealand in accordance with security and confidentiality provisions of the Statistics Act
1975. Only people authorised by the Act are alowed to see data about a particular business or
organisation. The results of this work have been confidentialised to protect individual
businesses from identification. The analysis and interpretation of these results were
undertaken while the author was at the Reserve Bank of New Zeadand. The opinions,
findings, recommendations and conclusions expressed in this report are those of the author.
Statistics NZ, the Reserve Bank of New Zealand, and Motu take no responsibility for any
omissions or errors in the information contained here.

The results are based in part on tax data supplied by Inland Revenue to Statistics NZ under
the Tax Administration Act 1994. Thistax data must be used only for statistical purposes, and
no individual information is published or disclosed in any other form, or provided back to
Inland Revenue for administrative or regulatory purposes. Any person who had access to the
unit-record data has certified that they have been shown, have read and have understood
section 81 of the Tax Administration Act 1994, which relates to privacy and confidentiality.
Any discussion of data limitations or weaknesses is not related to the data’s ability to support
Inland Revenue's core operational requirements.

Statistics NZ protocols were applied to the data sourced from the New Zealand Customs
Service and the Foundation for Research, Science and Technology. Any discussion of data
limitations is not related to the data’s ability to support these government agencies’ core
operational requirements.



1 M otivation

Research and development (R&D) is generally believed to be a major mechanism by which
firms can improve or create products and production processes. R&D can create new market
opportunities and temporary monopoly power, raise profits and improve productivity for the
firms concerned. R&D is further considered to have wider benefits than those that are
captured by the instigating firm. Since it may be difficult for firms to fully protect the
knowledge they create, a positive spillover may occur to other parts of the economy.
Knowledge generated through R&D (and other firm investments) can thus be seen as a
possible cause of long-term economic growth, where future knowledge creators build on the
work of those before them, increasing the knowledge “stock” on which economic production
is founded (Romer 1990). For this reason, measured R&D in the whole economy, and
particularly the business sector, is seen as a key driver of economic performance (eg, OECD
2006, 2007; Furman, Porter and Stern 2002).

The presence of economic benefits that cannot be completely captured by the individual firms
investing in R&D creates a strong case for governments to compensate R&D performers.
International estimates of the private and social returns to R&D have stimulated many
researchers and policymakers to attempt to describe or explain the R& D performance of the
New Zealand economy (eg, Mazoyer 1999; Davis 2006; Hall and Scobie 2006; Smith 2006;
MORST 2006a; Crawford et al. 2007; Johnson, Razzak and Stillman 2007). Partly as a result
of this effort, the New Zealand government recently announced the decision to adopt a tax
credit, directly compensating R&D-performing firms for the broader returns from their
investment decision.

From an official statistics perspective, the story is mixed on New Zeadand’s Business
Expenditure on R&D (BERD) performance. Figure 1 shows Organisation for Economic Co-
operation and Development (OECD) comparative figures for the evolution of R&D intensity
over the last decade. According to these dstatistics, New Zealand’s growth in R&D
expenditure has been quite strong (relative to Gross Domestic Product), with an apparent
doubling in the ratio over the decade. However the level of the ratio of R&D to GDP has
been, and continues to be, weak in a cross-country sense.’ The theoretical arguments
discussed briefly above suggest we should care greatly about our historic R&D performance
because it is the accumulated (depreciated) stock of knowledge generated by R&D that
matters for production. That is, in the same way that the purchase of a computer yields flows
of capital services over several years, outputs from investment in R&D can be seen as
contributing to the ongoing production of goods and services until a subsequent “invention”
renders the current knowledge obsolete.

Potentially, New Zealand’s historical BERD is not as weak as reported. Specificaly, the
methodology underlying the collection of R&D Survey data has changed substantially over
the last ten years, evolving from a census of known R&D performers, to a mixed list-sample
survey approach.® While this series of changes represent important methodological

Though Crawford et al. (2007) provide evidence that our poor relative performance can largely be
explained by slowly-evolving (or permanently fixed) features of the NZ economy, particularly the average
firm size, industry composition and distance from major R& D-performing countries.

The R&D Survey isajoint survey with the Ministry of Research, Science and Technology (MoRST) and is
carried out biennially by Statistics New Zealand. It measures the level of research and development
activity, employment and expenditure by business sector enterprises, government departments,
government-owned trading entities, and universities. R&D data is also collected through the Business
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improvements in the estimation of BERD, every step towards a full sample survey has
uncovered numerous firms that were not previously considered R&D performers. Such
discoveries have meant that it is difficult to compare estimated measures of BERD over time.
This is recognised by Statistics New Zealand, who advise “caution... when making
comparisons between 2004 results and previous survey periods’ (Statistics New Zealand
2004) and that “R&D expenditure figures in the 2002 reference year are not directly
comparable with those collected in 2000 and previous years because of changes in the
methods employed to identify enterprises undertaking R& D activity” (Statistics New Zealand
2002).

The problem of inter-temporal consistency is addressed by the Ministry of Research, Science
& Technology in their Decade in Review publication (MORST 2006a). MORST’s approach to
creating a consistent time series was to convert aggregate values with sample-survey
components into “list-based measures” and to harmonise the population coverage to exclude
firms with less than ten employees (MoRST 2006b). This reduced the observed measure of
BERD in 2002 and 2004 (the final year the study covered) by roughly $100 million per year,
or approximately 15 percent of the total. These adjustments also materially affect the
estimated number of firms performing R&D, with that count dropping by over 1,000 firms
(that is, by more than half). Overall, this harmonisation effort challenges the perception of
recent rapid growth in New Zealand R&D, attributing a very large share of that apparent
growth to changes in survey population and design. Figure 2, sourced from MoRST (2006b),
provides a graphical summary of this point. Their methodology suggests a downward revision
of nominal BERD growth from roughly 19 percent to around 10 percent per annum.

This paper takes an alternative approach, starting from the premise that the recent sample
survey approach adopted by Statistics New Zealand provides strong evidence that aggregate
BERD is seriously underestimated historically. Like the MORST approach, this assumption
also implies that aggregate BERD has been growing at a much slower rate than previously
reported. However, in contrast to that earlier work, our assumption also implies that the
accumulated investment in R&D — the stock of R& D knowledge generated in New Zealand —
is much higher than previously thought.*

In order to construct a consistent measure of BERD for all employing private-for-profit firms,
this paper uses an econometric two-stage selection model to estimate the relationship between
R&D activity and a wide range of firm characteristics including prior R&D behaviour, firm
performance and market structure. The model is then used to predict R&D for every firmin
the sector, yielding an estimate of BERD. Section 2 outlines the motivation of the model
based on the international literature. Section 3 describes the data underlying the estimation,
focusing on the breadth of information available from Statistics New Zealand’s prototype
Longitudinal Business Database (LBD) as well as the multiple sources of R& D data available
at the micro level. Section 4 presents model estimates and implied aggregate BERD values,
while Section 5 draws out conclusions from these findings, particularly in regard to the
existing empirical literature that makes use of BERD official statistics.

Operations Survey (BOS), though not for the purpose of producing official BERD statistics. The
relationship between BOS and R& D Survey datais discussed later in the paper.

This does not necessarily imply that New Zealand’s relative historical performance in either levels or
growth rates is understated. A detailed harmonisation of data methods across countries (taking account of
sample design changes elsewhere) would be the only fair basis on which to make that comparison. We are
unaware of any study that has attempted to harmonise international R& D data to that extent.



2 M odel

The international literature suggests severa reasonably strong hypotheses related to the
decision to perform R&D. Smaller firms are found to be less likely to conduct R& D but, once
this decision is made, firms in the same industry invest at similar intensities.” This stylised
fact suggests an econometric two-stage selection model (ie, Heckman) is appropriate to
consider what influences R&D investment decisions. Such a model allows potential
determining factors to have different influences on the decision to do R&D and the scale of
the investment decision. The first stage estimates whether a firm performs R&D, while the
second stage estimates R&D intensity conditional on R&D being performed. The key to
estimating such models is to find variables that might reasonably influence the decision to
perform R&D, but not affect how much R&D is done. In the absence of variables in the
selection equation that do not appear in the intensity equation, the two-stage model is
identified purely from functional form assumptions.

We now present a quick summary of potential R&D determinants based on two prior
literature reviews by Symeonidis (1996) and Becker and Pain (2008). With varying degrees
of success various authors have considered — among other things — the following loosely
categorised determinants of R& D investment decisions:

Firm size: The importance of size to the investment decision is often seen as reflecting a
combination of economies of scale or scope in R&D, portfolio effects that mitigate risk (eg,
being able to afford a diversified portfolio of R&D projects), superior access to finance, or a
greaterﬁability to generate returns from innovations (eg, because existing client bases are
larger).

Internal financing: If capital markets are incomplete, then the ability of firms to finance
“lumpy” and potentially risky R&D might be compromised. Past profits are often used as an
indicator of the ability to finance projectsinternally.’

Competition/market power: Recent empirical effort has focused on whether competition
has a non-linear effect on innovation effort. For example, oligopolistic markets may provide
the optimal conditions for investment because current market players are big enough to make
large-scale R& D investments, and yet they are till sufficiently incentivised to compete for
the market (Aghion et al. 2005).

Location: Proximity to other sources of R&D output/input may be beneficial based on,
among other arguments, the potential for spillovers from the effort of other firms to be
transmitted by personal interactions or labour mobility. The important role that distance has
in inhibiting the diffusion of potential knowledge transfer has been considered in many
contexts including citations (eg, Jaffe, Tratenberg and Henderson 1993) as well as the
determinants of aggregate R& D expenditure (eg, Crawford et al. 2007).

Technology characteristics: It may be that some industries have different product cycles and
the demand to produce new technologies differs across these markets. While some studies try
to directly control for technological characteristics, most studies rely on industry dummies to
control for this effect. To give a sense of the importance of industry differences in R&D
effort, Mazoyer (1999) decomposed the difference between New Zealand BERD over GDP

R&D intensity is normally measured as the ratio of R&D expenditure to sales, value-added or total
employment.

Thislast ignores the potential dynamic effects of successful R&D efforts on firm size.

Though Symeonidis (1996) notes that past profits might also represent expectations of future profits or the
success of past R& D efforts.






