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Abstract

Promoting Research and Development (R&D) and intiwaactivity is a key
element of the EU Lisbon Agenda and is seen asngay central part in stimulating
economic development. In this paper we argue #nn allowing for benevolent
policymakers, informational asymmetries can leadatamisallocation of public
support for R&D, hence government policy failurathathe potential to exacerbate
pre-existing market failures. Initially, we exploadternative allocation mechanisms
for public support, which can help to minimize #wale of these government policy
failures. Of these mechanisms (grants, tax creditsllocation rules based on past
performance), our results suggest that none iseusaly most efficient. Rather, the
effectiveness of each allocation rule depends ens#verity of financial constraints

and on the level of innovative capabilities of finms themselves.
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I ntroduction

Promoting Research and Development (R&D) and intiewaactivity is seen as
playing a central part in stimulating economic depeent (Fagerberg et al. 2006;
Ramstad 2009; Becker and Pain 2008; Edquist 20ddoviation Union 2011).
Despite persistent skepticism about technology cgoin certain academic and
political circles, investment in R&D is a major ussfor Europe’s long-term policy
strategy (Ortega-Argiles et al. 2009). Moreovemsiderable evidence shows that
there is a positive link between government poiimentives for R&D and the extent
of firms’ R&D investments: the additionality of plibR&D support is often, though
not always, positive (Meuleman and De Maeseneife 2A0figa-Vicente et al. 2013;
Luukkonen 2000).

In the economic environment currently prevailingnost economies as a result of the
financial crisis, many commentators are hailing le@efits of promoting R&D and
innovation activity as a means to help economielréak the dire economic cycles
and poor growth prospects faced by many (Wycko@@®ailey et al., 2011). Recent
evidence also shows that access to public fundngnhovation ‘helps to counteract

pro-cyclical trends in innovation investments’ (Rau 2011, p. 32).

Given this backdrop, many governments are invessigably in R&D policy
interventions and instruments such as R&D gramtsoyvation Union 2011). In light
of increasing government budget constraints, inre important than ever that a
sufficient rationale exists for government intertien with respect to such R&D
policy interventions (with respect to market fadurand recent evolutionary
perspectives). It is equally important, as suggestehe current paper, to study issues
of government policy failure (i.e. potential alltiva failures resulting from the
government’s action) with respect to R&D suppoas,area of public policy where
this argument is easily invoked but seldom analyzsd both academic and
policymaking commentators to date. The current papes to begin to fill this gap in
the literature, by incorporating government failyesnd the deriving loss of social
welfare) in a number of theoretical illustratioepresenting typical situations in R&D

policymaking.



Even assuming a benevolent policymaker who onlysyms public interest,
informational asymmetries and incomplete informatican obviously lead to
misallocation of public support for R&D, hence gowaent policy failure, with the
potential to exacerbate pre-existing market fagursllowing for the presence of this
failure, we compare the social costs and benefitalternative policy instruments
(e.g. grant subsidies and tax credits) and alteaubsidy allocation mechanisms
(e.g. random, grandfathering principle), and aralifze situation where firms have

different financial constraints or innovative caitibs.

Each of these situations has been already analyrede literature. Our original

contribution is to review them by adopting and adda government policy failure

perspective. Thus, the current paper is a stephéndirection of deepening the
understanding of subsidy allocation processeg)\axked, for instance, in Blanes and
Busom (2004) and in Takalo and Tanayama (2010).

The remainder of the paper is organized as folldwghe next section we discuss the
rationale for government intervention in the markat R&D, focusing on related

market failures and on the concept of governmelht¢yéailure. In the second section
we bring the concept above in the context of a fiwn-case, where both firms suffer
from financial constraints but demonstrate diffgrabilities to produce technological
spillovers to the benefit of society. By contrafstyrth section assumes that both
firms are financially unconstrained. The fifth gent considers the allocation of
subsidies between firms with different costs ofis@nd innovative capabilities. In

the sixth section we examine the policy insightsnshing from the theoretical

analysis, and conclusions end the paper. Throughauillustrate the effectiveness of
various allocation mechanisms, which have been tadom the past or which are

suggested by other policy arenas.

M ar ket and Gover nment Failures

In general terms, market failure arises from fatuin the areas of competition,
presence of public goods, positive or negative ragiédies, incomplete markets,
information failures or market disequilibrium (Glhyk and Pitelis 2011; Stiglitz

2000). In terms of R&D and innovation, the maintification for public intervention



resides in the lack of incentives for private agdotinvest, as well as in their lack of
means (Martin and Scott 2000).

The first problem, lack of incentives, can resulbnfi positive externalities of

technological development activity and from the lmugood characteristics of newly
generated knowledge, both of which raise questi@i®ut the potential

appropriability of private R&D efforts. As R&D iskely to generate spillovers, and
might achieve results possessing public good chenatics, agents are not
incentivized to perform as much R&D activity as Wbupbe socially optimal and

desirable (Arrow 1962; Jones and Williams 1998hese issues are likely to provide
the greatest disincentives when technologies area ofjeneral-purpose nature
(Bresnahan and Trajtenberg 1995)

The second problem, lack of means to invest, mageadue to information
asymmetries in capital markets, exacerbated byatttethat R&D activity is typically
human-capital-intensive, opaque and risky. As aigog Giordani and Zamparelli
(2011), R&D investment decisions are made whileestors are faced with conditions
of ‘severe uncertainty’. On the one hand, poterftr@nciers have less information
than entrepreneurs about the intrinsic riskinessuad expected returns from, a given
R&D project. This asymmetry may lead to insuffidigmovision of capital and loans
(if any at all) necessary to get a project staf&taylitz and Weiss 1981). On the other
hand, after the project’s inception, an agency lgmobmay arise as the financier is
unable to control the entrepreneur’'s behavior nwsuee that the latter does not

behave opportunistically.

1. Roper et al. (2004) provide an overview of th#edent mechanisms through which positive
externalities of R&D can occur, while Borrus andwgsky (1997) provide estimates of private and
social returns from R&D activity. Specifically, Bois and Stowsky (1997) estimate the private raftes o
return on investments in new technology to be betw20 to 30 percent in a variety of industries with
social returns varying from 20 to 100 percent véthaverage of 50 percent (see also Mansfield et al.
1977).

2. The Arrowian argument has been criticized inhtigof a number of subsequent theoretical
developments. A major point has been raised bysinil organisation scholars, who have shown that
competition between firms may result in a duplicatiof R&D efforts and, therefore, in a total
investment level which is above the socially optifeael (Fundenberg and Tirole 1987; Dasgupta
1988; D’'Aspremont and Jaquemin 1988). This nonroglity happens in a patent race, where two
firms struggle to be the first to obtain a monopadyply the winner will see its R&D investment
rewarded by the patent, while the investment cdroeit by the loser cannot be recovered and
represents a cost for society.



In light of the above, the entrepreneur’s inability finance the R&D project with
his/her own funds may be (mis)taken by the financés evidence of the
entrepreneur’s low motivation and effort. Similarlyy may be seen as a sign of the
entrepreneur’s lack of confidence in the succesbeproject, resulting in insufficient
external provision of resources (Holmstrom and [€irb997). Although information
asymmetries can interfere with the good functioroh@ny capital market, they affect
young and small enterprises particularly sevemdythese enterprises (relative to their
larger and older firm counterparts) lack track relsp collaterals and reputation
(Zuniga-Vicente et al. 2013; Czarnitzki and Krafd0B). Additionally, from the
financier’s viewpoint, the volume of finance regadrmay not be worth undertaking a

costly risk-assessment procedure (Peneder 2008).

Despite the importance of justifications for intemion in R&D markets linked to

more strategic objectives (Metcalfe 1997), policterventions are usually initiated to
overcome or mitigate the negative effects of thevabmarket failures. These policy
interventions include direct funding, fiscal incees, and capital market stimulation.
The public agent changes the relative cost of iatiom to favor promising projects or

desirable technologies, either by reducing the matgost of capital or by raising the

marginal rate of return on private R&D investmewtu 2008; Hall and van Reenen
2000). The public agent’s goal is to induce firmsrvest more than they would have
in the absence government support, and also tgétlie financing gap that concerns
specific types of private agents; for example, ypand small enterprises whose lack

of finance can curtail — or indeed prevent — innesit (Peneder 2008).

However, a number of potential failures in governmeaction can inhibit the
achievement of many of the above goals. This isnibigon of government policy
failure. Weimer and Vining (2005) distinguish ‘pagsgovernment failure’ (where
government does not intervene to correct markétirss so as to achieve Pareto-
superior outcomes) from ‘active government failum@here government intervention
leads to less efficient allocations than those éxédted prior to the intervention). We
may also think of real-world situations where fadluis partial, due to the fact that

government intervention improves the allocationibwn incomplete way.

In the current paper, we focus on active governnpaticy failure. Some authors

convey a pessimistic vision of such failure: foample, Kreuger (1990) argues that



‘economists have demonstrated an incredible naivéte regard to government
behaviour [...]' (p. 21-22); similarly, Winston (@6, p. 3) argues that evidence over
the past thirty years ‘suggest[s] that welfare coktgovernment failure may be
considerably greater than that of market failurehile Nedergaard (2006, p. 398)
warns that if market failures at the micro leved addressed by public intervention, it
may encourage private economic agents to ‘becontenpial rent-seekers in the
political system and create government failure [reulting in further increase in

market failures’.

As suggested by public choice theory, active failoray be caused by government
officials who are not benevolent and behave inliaiserested way, as highlighted in
the budget-maximizing model (Niskanen 1971) and bweau-shaping model
(Dunleavv 1991). More generally, however, governtreoices may be limited by
political values, norms or processes that forceegawient to reconcile choices among
conflicting preferences (Dolfsma 2011). Values ormns such as ‘fairness’ or ‘equity’
may constrain governments’ options; political pss®s may empower distortive,
rent-seeking behaviors, resulting in the phenon@neorruption and capture (Aidt
2003; Winston 2006). However, Acemoglu and Verd2000) have suggested that
there may be a trade-off between market and gowembhrfailures; government
intervention might somehow be “optimal” if markeiltire is relatively important and

government failure (e.g. corruption) relativelyear

On the other hand, even if policymakers are bemeplgovernment policy failure
may arise due to lack of sufficient informationnb@ke the right decisions, which can
hamper any serious industrial or R&D policy targgti Pack and Saggi (2006) list
many issues regarding which policymakers must bewledgeable in order to
implement successful industrial policies; theseassrelate to knowledge spillovers,
learning, and the nature and extent of capital etaskillovers. As policymakers are
not omniscient, one could consider industrial ad&DRpolicy to be overambitious.
On the other hand, information constraints affecitrepreneurs as well as
policymakers; in addition justifications for intemtion are not clear-cut even in
conventional areas of economic policy (Rodrik 20@®grting from this viewpoint,
Rodrik challenges the idea of industrial policy a@mat correcting distortions by

means of first-best instruments. He puts forwardsion of industrial policy as a



process of discovery, where the policymaker eligiformation from the private
sector and both engage in a process of stratetjabooation and coordination ...]
with the aim of uncovering where the most significhottlenecks are, designing the
most effective interventions, periodically evalongtithe outcomes, and learning from
the mistakes being made in the process’ (Rodrik82@0 20). During this process,
government must deal with limited information andntol over private market
responses to the public stimulus, and with the ahaif intervention and allocation

mechanisms.

As to private responses to R&D policy, recent depeients in program evaluation
literature are providing us with new insights. Tim@jority of studies point to the
positive impact associated with R&D incentives (Eoien 2006; Zufiga-Vicente et
al. 2013); however, findings in general are stther mixed (Garcia-Quevedo 2004),
a key issue being what effects should be expeétecbrding to traditional economic
theory, effects may be expressed in terms of ttditiadal inputs or outputs of a
‘black-box’ innovation process (David et al. 200Q0ette et al. 2000); see Cerulli
(2010) for a recent review of the related appliedr®metric literature. According to
more evolutionary, systemic and managerial viewdditeonal effects should be
sought in the form of ‘softer’ elements, such asméng or organizational behavior
within the firm which raise the firm’s innovatiompability (e.g. Buisseret et al. 1995;
Fier et al. 2006; Busom and Fernandez-Ribas 2008p/Aet al. 2008; Clarysse et al.
2009; Caloffi and Mariani 2011; Berggren and Elind612). Beyond equilibria at the
single-firm level, much work must be done to untmrd the positive or negative
effects of R&D programs in terms of broader generglilibrium (Klette et al. 2000;
Lenihan 2011). With respect to control of privaésponses, governments have some
opportunities to monitor the behavior of benefigiirms during the process of policy

implementation.

In addition, and perhaps more importantly, effdrod be focused on designing
programs where incentives to private R&D are deéidein an appropriate form, and
are allocated according to the ‘right’ mechanisiite issue of how to allocate R&D
incentives is underexplored in the literature (Fale2012). In practice, governments
can adopt a wide range of indirect and direct stuppwasures for R&D (see e.g.
Griffith 2000; David et al. 2000). Intellectual perty rights legislation is the most



obvious example of an indirect policy; direct p@iinclude direct funding for R&D
(i.e. grants/subsidies), government R&D contratag, credits for R&D and, under

particular circumstances, investment in human ahfotmation.

Here, our focus is on direct measures; of thesentbst commonly used in OECD
countries are R&D loans or grants (Blanes and Bug06%), which are expected to
be effective particularly where potential for knedte spillovers is significant (e.qg.
Spence 1984; Trajtenberg 2001). However, this tgpeolicy instrument raises

significant operational issues related to the sizéhe grant. Toivanen (2006, p. 74)
notes that, ‘An important insight derived from 8implest model of R&D subsidies is
that optimal subsidies are heterogeneous, i.e,dbght to vary from firm to firm and

from project to project, and that the informatiomEmands for designing optimal
policies are potentially prohibitive.” Pack and §a2006) emphasize a similar point:

given full information, optimal subsidies would leato be non-uniform.

In practice, however, if subsidies are treated r@foum, a range of policies can be
used. Subsidies could be treated as uniform adiross, with each firm receiving the
same absolute value of subsidy if it meets cer&digibility criteria. This type of
approach is exemplified by innovation voucher measuwhich are directed at easing
small firms’ access to external knowledge in otdecarry on or develop/expand their
R&D and innovation processes (Cornet et al. 2006;ENTR-Unit D2 2009).

Other alternatives relate to providing uniform esubsidies for R&D, based either on
the grandfathering principle — i.e., firms receineentives based on pre-subsidy R&D
levels (e.g., tax credits) — or on a simple pet-basis where the level of subsidy is
proportional to proposed expenditure on R&D (eR&D grants). This latter option is
by far the most commonly employed in European aoesitand may respond to more
or less selective procedures based on policymalkestssment of the quality and
potential of R&D projects (Takalo et al. 2013; Hyerand Trenado 2010). R&D
grants have the advantage of directly tackling miaf&ilures that prevent firms from
performing R&D, but also leave room for moral hakam the part of the firm.
Additionally, they may give rise to arbitrary ddoiss by government and possible
government policy failures. A tax credit systemR&D is preferred by some authors
and policymakers; because it requires no discrediod (ex-ante) involvement by

government or bureaucracy, it can benefit all besses that have incurred eligible



R&D expenditures (Griffith 2000). Although tax ciesdmay provide a stimulus to
overall R&D activity, some authors have stresseat they are less suitable than
grants to address the sources of market failuge (ack of capital to be invested,
Czarntzki et al. 2011); in addition, they are likeéb encourage firms to undertake
R&D activities resulting in short-term revenueshea than projects with high rates of

social return or long-term exploratory activitiéta{l and van Reenen 2000).

Finally, distribution mechanisms, including auctioased allocation mechanisms and
random allocation of R&D support, are less politicacceptable and are difficult to
implement. The auction approach has been develbpdgiebe et al. (2006), among
others; due to its peculiarities and complexityacgconstraints prevent its analysis in

the current paper.

Given our concern with government policy failureg wefine it more explicitly by
employing a partial equilibrium framework. Subseuflye we consider alternative
assumptions about firms’ financial constraints, teosf capital and innovative
capabilities. Throughout, we discuss alternatiiecation mechanisms for public

support that can help minimize the scale of govemnpolicy failures.

Defining Gover nment Policy Failurewith Financially Constrained Firms

As do Howe and McFetridge (1976) and David et 2000), we posit that at each
planning period firm faces a large set of potential R&D investmentshez which
has expected costs and benefits. Therefore, thegsanay be compared and ranked
in descending order on the basis of their interatd of return. This ranking explains
why the firm’s marginal private returns (MPR) dexses as the firm increases its

R&D investments.

The firm also faces marginal private costs (MPQ@) tharies with size of investment
and reflects the opportunity cost of investing i&R Following Hall (2002) and
Hottenrott and Peters (2012), we assume that the draws on internal funds (IF)
before resorting to external fundihghe cost of external capital is assumed to be
higher than that of internal funds, as lenders ireqa risk premium in imperfect

capital markets. Hence, the MPC schedule is fiosizbntal (at level i) and then

3. This assumption is consistent with pecking-orderory in corporate finance (Myers and Majluf
1984).



upward sloping (see Figure 1)ror profit-maximizing firmi, the optimal level of
R&D investmentl, occurs where marginal private return (MPR) equaézginal

private cost (MPC).

Figurel

Allocation of grant subsidies with perfect inforriaat

Rate of return / cost

Cint |-

IF I¥1IFAl's R&D investment, IF

Suppose that the government considers subsidiz&D Rctivity in two financially
constrained firms, A and B. While the economy contains manytledse firms, the
government considers subsidizing only two of tffeAs illustrated in Figure 1, it is
assumed that R&D investments of firm A generateitanféil social returns in the
form of knowledge spillovers or externalities. Thissmarginal social return (MSR
schedule lies above its marginal private return RYIBchedule. Here, subscript
indicates the firm; however, no subscript is ugedschedule or figure is the same for
both firms. Here we assume that R&D investmentsua#ien by firm B generate no
social benefits. In this case, the MS&d MPR schedules coincide. Apart from the
difference in the marginal social returns, the irare assumed to be identical. Both

firms’ private optima are given by point a, witretlevel of R&D being undertaken

given by " .

4. In the literature, these schedules are alsedalie marginal rate of return (MRR) and the maigin
rate of cost (MRC) when no distinction is made lesw private and public returns (and costs).

5. By financial constraints we mean that in orderdach the private optimum, a firm will have to
resort to external sources of funding.

6. We also assume for simplicity that subsidizatibfirm A does not affect the optimal investmeft o
firm B (i.e., no displacement effect).



We can usefully distinguish two policy scenariosreheFirst, assume that the
government is perfectly aware of the scale of ddmaefits arising from each firm’s

R&D activity. As R&D undertaken by firm B generates social benefits (MPR =

MSRs), government does not wish to subsidize its R&ZEstments. On the contrary,
firm A’s R&D investment |” is below the socially optimal level: at the priwat

optimum, the marginal social return is higher tila® marginal cost. This is a classic
illustration of market failure in the case of postexternalities (Nelson 1959; Arrow
1962).

With perfect information, the government can redineesocial welfare loss by giving
a cash subsidy (graytto firm A. It is assumed that this amount of grant is equal
to the social benefit; thus it maximizes social ferd The grant subsidy shifts its

MPC curve right toMPC), . At the new private optimura’, firm A has increased its
R&D investments tdl', , social benefits have increased by quadrangaldta’ , and

market failure has been removed. Note, howevet,rdduction of market failure did

not come without a price. The social (opportunitgsts of the grant are given by
rectangle SC (grey area). That is, a (safe) refiyih for public subsidies could have
been alternatively received from financial markets.

Second, assume that the government’s informatidnisséess than perfect. This
situation may arise when social benefits cannotobserved by all actors or are
difficult to determine or estimate in advance. hnfiation can also be asymmetric.
Even if the firm knows the pattern of social betgfit may choose not to reveal it; for
instance, in an attempt to limit the outflow of Igpiers (this could be the case for
firm A which produces spillovers) or to ensure titais not excluded by the set of
beneficiary firms (this could be the case for fiB In either situation, given a budget
for supporting R&D, the government faces an allmeatecision in the context of

incomplete information.

7. Note that the grant is independent of the firR&D expenditures. Later we will consider cases
where the subsidy is proportional to the firm’s R&KRpenditures.

8. If we define byAl; the increase in the R&D investment for fiindirectly covered by the grant
subsidy (i.e.l— I'}), then it is possible to identify a situation afditionality (or neutrality) ifAl; >
subsidy (=Al;) or a situation of crowding out il; < subsidy. In Figure 1 the use of the grant subsid
on firm A results in partial crowding out.

10



Suppose that the government is aware of the distoib of social benefits arising
from R&D undertaken by firms A and B, but does kioow which of the firms’ R&D
creates positive social benefits. In light of thiscomplete information, the
government opts for a uniform (i.e. homogenous) R&f@ant subsidy (Y2zgrant for
bothY, as depicted in Figure 2. In this instance, A &havill settle atb’, both
undertaking R&D investment df' . In the scenario depicted, a grant subsidy fon fir
A’s R&D investment will generate additional socibenefits (ald'a’), while a
subsidy for firm B’s R&D investment will be compédy wasteful. The cost of the

grant subsidies is two rectangles ¥2SC.

Figure 2

Allocation of grant subsidies with imperfect infaation

Rate of return / cost

Cint

»

IF I *r R&D investment, IF

Government policy failure is defined as the lossatdial welfare due to government’s
inefficient subsidy allocation. In the above exaeagovernment policy failure (GPF),
resulting from incomplete information, can be c#oéed as a difference in the

(increase in) social benefits between the two cases

GPF= (abba’ - SC)-[(abd'a” - %ASC)+ (0-%SC] = abba’ — abb'a” = Ysabla' (1)

9. In practice such a government subsidy can bedegaas a voucher (providing a subsidy of equal
value to each firm). This approach minimises tratisa costs on the part of both government and
firms, and may have the political advantage ofrffass’. In the case of the Dutch innovation voucher
scheme which adopts this approach, both of thesandalges have been important to the scheme’s
take-up and success (Cornet et al. 2007; Corredt 2006). This voucher-type government subsidy is
now available in most European regions (DG ENTRtWD2 2009; Danish Innovation Policy 2010;
Technopolis 2010).

11



In this example, half of the social benefit is ldste to the failure of government to
allocate subsidies correctly. The same result negpdhieved if we assume that the
grant subsidy G is randomly assigned to firm Amfitm B, if both firms suffer from

financing constraints and only firm A is able tmguce positive social returns. We

denote byG,= 1the situation in which firm A is randomly assigni& grant, which
occurs with probabilityP(G,=1) =%. Similarly, the situation in which the grant is
randomly assigned to firm B (i.e.,.Gg=1) will occur with probability
P(Gyz=1) =1-P(G,=1 =%. Expected government policy failure, E(GPF), isrth
given by:

E(GPF)= (abba' - SC)-[P(G,=1)[(abla’ - SC)+ P(G,=1)[(0 - SC)
= (ablda’ - SC)- [v2(abda’ - SC)+¥2(0- SC)| 2)
= abba' -%2albda’ =Yzalba’

This first example illustrates that government @plfailure arises in any situation
where subsidies are misaligned with the social tisnef firms’ R&D activity.
However, for simplicity, we have assumed that goment's subsidy budget is
sufficiently large to reach the social optimum. dnsituation where government’s
subsidy budget is less than that, some marketréaiill remain. To minimize this
market failure, a government with perfect inforroatiwould allocate all of the
subsidy to firm A (cf. Figure 1). With incompletaformation, allocation of the
subsidy across both firms would result in a furtless of social welfare as illustrated
in Figure 2.

Government Policy Failure with Financially Unconstrained Firms

In the previous section, we assumed that firmsfiaencially constrained. That is,
they do not have sufficient internal funding fortioml R&D investment and
therefore must resort to external funding. Suppostead that firms are financially
unconstrained at their initial private optimum (lrig 3). As before, firm A generates
positive social returns but firm B does not. Assuimg government tries to increase
firm A’s investments in R&D, but falsely assumeattlit is financially constrained.

Figure 3 shows that the additional cash due tggthat subsidy does not change the

12



optimal R&D investment " for an unconstrained firm; therefore, the full ambof

the grant is wasted, regardless of its amount anchich firm it is given.

Figure 3
Grant subsidy when firms are financially unconsieai
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We now address the question of whether some otlmration mechanism could be
used to increase (financially unconstrained) firns Avestment in R&D and thus
possibly lower the government policy failure. Wegimeby assuming that firm A is
subsidized proportionally to its current expenditon R&D, for example, using a tax
credit systent® As illustrated in Figure 4, it is then possiblefiod a level of tax

credit that would increase firm A’s R&D investmeatl’, . The social benefits would

increase by quadrangulatida’, but at a high social cost relative to the beadBee
grey area SC). Marginal social returns should leatgr (e.g. MSR curve) if the
illustrated tax credit is to meet the cost-benafitlysis criteria (e.cqacda’). If social
benefits increase by less than the tax credit systests, there is a clear failure in
government action. As in the previous section, govent policy failure can also
arise if government does not know which of the fimms generates positive social

benefits, or if it sets an incorrect magnitudetfog tax credit.

10. See Appendix for an example that compares gragidy allocation to tax credit allocation when a
firm is financially constrained.

13



Figure 4

Tax credit when the firms are financially unconistea
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Government Policy Failure with Different Costs of Capital and Innovative
Capabilities

In this section we acknowledge that governmentcgolailure can also arise when
subsidized firms differ vis-a-vis their financiarstraints (i.e., marginal rates of cost)
or innovative capabilities (marginal rates of rejubut this information is partially or
fully unknown to the government. As in Figures 1w& assume that firms are
financially constrained, but on the contrary, bfitms’ R&D activity results in equal

social returns that are higher than mere privatams.

In Figure 5, the government considers giving a gsasidy to firms A and B. Both
firms generate positive social returns and havegual amount of internal funding,
but they face different marginal costs for exterfiuading: firm A’s marginal cost of
external funding is high, firm B’s is low. If theogernment has perfect information, it
will give a grant subsidy only to firm A: this clo@ will increase social benefits by
acc, which is greater than the social costs (SC). l@ncbntrary, subsidizing firm B
would result in an increase in social costs (SG)avis social benefits (quadrangle
bbcc).
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Figure5
Grant subsidy when firms’ marginal private cosféedi

A

Rate of return / cost

Cint

Alternatively, let's suppose that the governmert inaperfect information: it does not
know which firm, A or B, is financially constrainelt looks at the average net gains
from subsidies; given that they are higher than dlverage costs, it decides to
subsidize both firms equally by splitting the gramtequal parts (Y2 grant to both).
However, the policy leads to government policyueel (GPF) as follows (Figure 2):

GPF=(adc-SC) - [1a(adc'c — SC)+¥a(bbicc — SC) = Yradcc - Ysbbce  (3)

where government policy failure relates to theead#hce between firms A and B in

terms of the increase in social benefits generayetie subsidies.

Even when it has imperfect information as describbdve, government might be
able to reduce policy failure if it knows the firmme-subsidy level of R&D. Such
information is useful if it positively correlatesittv each firm’s optimal R&D

investment in the current period, thus revealingctwHirm is likely to face greater
financial constraints. In Figure 6, it is assumeddimplicity that pre-subsidy levels
of R&D are equal to optimal investment in the catrprogram period. In this case

government can allocate subsidies based on these\grandfathering principle, in

which firm i receives a proportidg, =1-1, /(1 +1;) of the total grant available.
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That is, the subsidy is in inverse proportion tanft pre-subsidy level of R&D"
Firm A, with a lower level of R&D, receives morebsidies K, = 2/3), because it
faces greater problems in finding external fundeiga reasonable price. If the
government strongly believes that pre-subsidy R&Wenls which firm is A and
which is B, it could give the entire subsidy to tfeancially constrained firm A.
However, if this belief is wrong the social benefivill be smaller than those

produced by using the grandfathering principle.

Figure 6
Grant subsidy when firms’ marginal private cosféedi(inverse grandfathering)
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Figure 7 refers to a situation where the two firdifer in terms of innovative
capabilities (i.e. marginal rates of return) butdaequal financial constraints. If
government is not aware of these differences abdidies are delivered uniformly
(same grant subsidy to both firms), a failure isyviékely to arise. For example, in
Figure 7, too large a grant subsidy is given tmfi: it would have chosen the same

profit-maximizing R&D investmentl, (point &) even with a smaller subsidy. In

addition, since firm B has higher innovative cafitibs than firm A, a grant to firm B
will increase social benefits at a higher rate (pEmarginal rate of cost) than in the
case of firm A. If a grant were given to two firm$ type B, the increase in social
benefits would be(bddd) . However, if A and B are equally subsidized, tbgulting

government policy failure would be:

11. Note that in reality the grant or tax creditoften directly proportional to the pre-grant lel
R&D, which suggests possible inefficiencies in #lecation of subsidies.
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GPF= Zbodd-SC)-[(bbdd - SC)+ (acca - SC)|

4
= (bbd'd - SC) - (acda’ - SC)= bbdd - acta’ @

Note that firm B’s (A’s) social benefitbddd ( aca’ ) depend on the extent to which

the subsidy generates increases in its investnagotén social returns.

Figure 7
Grant subsidy when firms’ innovative capabilitieSeat
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The government could also try to connect subsidg 8 firms’ pre-subsidy level of
R&D when innovative capabilities differ. Howeven ihis case government should
give a larger, not smaller, proportion of the sdisio the firm with stronger
innovative capabilities (B) as revealed by larg&CRinvestments in the past (Figure

7). If the grandfathering principle is followed, rifi i would receive a
proportionK, =1 /(1,+1; ) of the total grant subsidy available. HowevermfiB,

with a higher level of R&D, receives more subsidiescause its innovation

capabilities are (supposed to be) better.

Policy Insights

We have assumed that it is possible for governrpelity failure to derive only from
informational constraints, and not from other pesb$ characterizing bureaucracies
(e.g., corruption and rent-seeking behavior of Auceats). Given this assumption, we
have illustrated and analyzed the possibilities dotive government policy failure

when R&D subsidisable firms are heterogeneous,ideriag a variety of subsidy-
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allocation mechanisms. Firm heterogeneity may hebservable by the government,
and relates to: differing abilities of financialkpnstrained (and unconstrained) firms
(and their R&D projects) to generate social retunigher than mere private returns
associated with R&D investments. In addition, onalgsis has considered cases,
where the severity of financing constraints diffacsoss firms; or firms differ in

terms of their innovative capabilities.

Our analysis has shown that government policy faiarises when all (or part of) the
available subsidy funds are granted to financiabnstrained firms that do not
generate spillovers. However, firms’ ability to geate spillovers is a necessary but
not a sufficient condition to merit the allocatioha subsidy to them. For example, if
firms are financially unconstrained, there seembdmo rationale for R&D grants.
The full amount of grant subsidy is wastefully spegardless of the firms’ ability to
generate spillovers. In this case, we have showh @htax credit may be a more
efficient allocation scheme. However, in a tax dratlocation scheme one must also
ensure that social returns are high enough to toffieepotentially higher social costs
associated with tax credits (this cost is higheceiit benefits all R&D investments

and firms, irrespective of heterogeneity and expo$n sources of market failure).

Firms may differ in terms of the severity of théimancing constraints and/or their
innovative capabilities. We have seen that govemnpmlicy failure arises in a
uniform-subsidy allocation when unobserved souroEsheterogeneity exist. The
failure is particularly likely if the available fals are granted to firms that i) suffer
from relatively low financing constraints; or ii)ake relatively low innovative

capabilities.

Grandfathering allocation schemes (based on theylsidy level of R&D) can be
used in an attempt to minimize the government golglure. We have shown that
when the innovative capabilities of firms differ,irett grandfathering is
recommended. However, when the marginal costs rdifieerse grandfathering
should be used instead. Thus, government polidyréaarises in the grandfathering
allocation scheme when: i) higher subsidies arernectly granted to firms with
fewer financial constraints; ii) higher subsidige @ncorrectly granted to firms with

lower innovative capabilities.
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Overall, it is not clear that either of these adittan mechanisms considered is clearly
preferable in terms of minimizing government polieylure. With respect to R&D
policy interventions and instruments, this findotallenges policymakers to carefully
consider available options as they strive to supp&D investments by firms. We
have dealt with policy initiatives in this paperieh seek to reduce the cost of R&D
to the firm (Folster 1991; Stoneman 1991) and iaseethe pay-off of firm-level
innovation. It is less easy to see how our statadyesis can apply to policies designed
to enhance the innovation potential of firms, sashcollaborative R&D programs
(Peck 1986; Baumol 1992; Geroski 1992); or to pedicthat link firms’ internal
efforts with public R&D carried out in the scienbase. The latter merits further
investigation. What our analysis has the potemti@chieve, however, is to encourage
policymaking and academic communities to considex tange of R&D policy
choices to be made by government. It also highdighe need to explore new ways to
ameliorate information asymmetries between firmd gavernment with respect to
R&D investment decisions. Finally, our analysis Hiights some of the true

complexities in the R&D policy allocation process.

Conclusion

Using a range of theoretical illustrations, we sddhe notion of government policy
failure in R&D policy in terms of allocation mechams for R&D funding at the
micro (firm) level. This topic has been largely deeked in the literature on
government intervention with respect to R&D polidyhis is an opportune time to
examine this concept, in view of increased inter@shong policymakers and
academics alike) in the potential of R&D policy popt to help economies not only to
grow, but also to overcome economic ills resulfirggn the global financial crisis. It
is particularly vital to limit government failure ssociated with R&D policy
interventions in the current economic downturn; eyovnent budgets are more

constrained than ever, so funding must be allocaseabtimally as possible.

One of the key contributions of the current papeits potential to stimulate further
debate; such debate needs to happen from the pavepef both theory and policy.
The paper highlights the benefits of reverting teearetical underpinnings of

microeconomic concepts like government failure,chirare frequently bandied about
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but seldom understood in a policy context. Thewdis@on here is merely the first step

in this type of analysis.

Relationships between firms and government fredudast over many years and
involve numerous support packages; therefore, mugldbnger-term relationships
(possibly within a general equilibrium analysis mbdwhich includes a
macrodynamic perspective) should be of interediutare research in this field. A
more general equilibrium framework would facilitaggploration of issues such as
those surrounding provision of R&D subsidies tonfirin a dynamic setting; there is a
whole other story to be explored beyond the paetiplilibrium framework presented
in the current paper. Much more work still has ¢oumdertaken in order to understand
the potential positive and negative effects (anderewalities) of R&D policy

interventions and instruments in a broader geregrailibrium setting.
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APPENDI X

Both the tax credit and grant subsidy can be usedllacation mechanisms when
firms are financially constrained. Hence, it is fubdo compare their social costs
when both allocation schemes generate same ambadtldional social benefits. For
example, the social costs of the proportional siybgiax credit) would have been

much higher than those of a grant subsidy in Fidurhe rectangld, (0a’) is larger

in both height and width than the grey area BCufgagA1 illustrates a case where tax
credit is cheaper for the government. Notice, havethat the use of subsidies is
guestionable in both cases given that the socstbare larger than the social benefits
(Figure Al). The amount of money spent on the taxlit can easily get high if firms’
expenditure on R&D is large, and vice versa. Taditrcan be useful if the firm can
get funding from capital markets at a reasonahieepii.e. MPC curve is relatively
flat).

Figure Al
Grant and tax credit (tc) when firm is financiadignstrained
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