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Abstract

The paper presents a dynamic model for the analysis of the National Agricultural
Research Systems (NARS) strategy. In a context of increasing globalisation, both
intersectoral and international technology spill-ins may greatly affect the NARS design,
and this paper proposes an analytical framework for its study when major spill-ins are
present. These spill-ins are calculated by applying the Yale Technology Concordance
(YTC) methodology. A VAR/VEC model is then specified to detect empirically, given the
calculated spill-ins, what NARS design prevails in a dynamic framework. The model is
estimated for the Italian agriculture data and provides evidence of close dependency on
external R&D sources.
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PUBLIC AGRICULTURAL R&D DESIGN AND TECHNOLOGICAL

SPILL-INS

A DYNAMIC MODEL

1. Introduction

In the agriculturd economics literature, numerous recent studies have focused on
technologicd spillovers and their enhancement of agriculturd  productivity, the generd
concluson beng that in many cases their role is of particular importance (Johnson and
Evenson 1997; Schimmepfenning and Thirtle, 1997, Esposti, 20008). There are adso
good reasons for dtention to be paid to spillovers in the agricultural sector. Firdly,
agriculture can be viewed as a supplier-dominated sector for the introduction of
technologica innovations (Pavitt, 1984; Esposti, 1999), so that we may expect
oillovers to be very high. Secondly, most own agriculturd research is financed by
public invesments, and we should consequently enquire how public decision-making
takes these externdlities into account.

Internationd  and intersectord  technologicd  spillovers in favour of some nationd
agriculture may aso explan why some countries display good productivity performance
despite thear low leves of nationd research, this being adso the case of Itdian
agriculture. One hypothess in explanation of Itay’s scant nationd research investment
in a rdatively rich agriculturd sysem is that the country free-rides research efforts
undertaken in other sectors and countries (Swinnen et al., 2000), t&king advantage of the
consequent  spillover  and  concentrating  limited  resources  on - country-gpecific

programmes and on some phases of the innovation process (especidly devel opment).



This paper proposes a modd for assessment of national public R&D drategies in the
agriculturd sector in the presence of subgtantia technologica spillovers. An empirica
goplication to the Italian case is dso presented. Section 2 describes the andytica
framework underlying the functiond relationship between public agricdtud R&D and
the technologicad spillover. Section 3 shows how this technologicd transfer can be
cdculated gpplying the Yae Technology Concordance. Section 4 presents a dynamic
model depicting the dynamic interaction between the sectora technologica stock
supplied by public invesments and the technologicd spillover. Application of this
mode may provide useful indghts into nationd R&D drategies as shown for the

[tdian case in section 5. Section 6 concludes.

2.  Technological Spill-Ins and Agricultural Public R&D

2.1. The policy issues

The recent debate on the creation of scientific knowledge and technologica innovations
concentrates on two apparently conflicting aspects (Archibugi and Michie, 1997). On
the one hand, increasing importance is given to so-cdled Nationa Innovation Systems
(NIS). This concept was introduced by Freeman (1987) to describe and interpret the
nationspecific factors crucid in shaping technologica change. On the other hand, there
is an increasng evidence of the globalisation of technology, a concept which describes
and explains how the process of economic and socid globdisation closdy affects the
production and transfer of technology (Howells and Wood, 1993).

An agricultural “versgon” of this debate has dso recently developed (Anderson, 1994) it
being argued that the role of Nationa Agriculturd Research Systems (NARS) mugt be
fashioned according to the opportunities avalable to exploit international and

intersectoral  technology trandfer. Moreover, the agriculturd sector and technology



digplay peculiarities that make the case of agriculture to some extent different. Fird,
very few agricultura firms (fams) undertake R&D, with the consequence that sectord
private ressarch invesments are negligible in many countries. However, numerous
indugtrid and service firms (at both nationa and internationd level) provide farmers
with new generation inputs embodying technological innovetions, which gives rise to
vay intense ill-ins to agriculture, while spill-outs are usualy consdered to be very
sl

But agriculture adso engages in subgtantiadl own research effort through public NARS.
Most countries devote resources to public agriculturd R&D and Extenson. At the
internationa level, some of these NARS may be leaders and dominate in technologica
fidds highly specific to agricultura production: the cregion of new vaieties soil
science and agronomy, and so on (Evenson, 1994). Moreover, many Internationa
Agricultura Research Centres (IARC) have been created mainly in order to generate
and trandfer agricultura technology internationdly, to the especia benefit of NICs and
LDCs . Therefore, agricultura own R&D effort, too, is able to generae internationd, if
not intersectord, spill-outs. Each NARS consequertly defines its drategy in the
awareness that most innovations can directly or indirectly take advantage of spill-ins
ether from other sectors or/and from other dominating NARS or IARC. Indeed, every
country has the option between either designing a comprehensive research programme
for adl commodities and ecologicd aeas or focusng on dSte-gpecific commodities
and/or areas while the others take advantage of massve soill-ins (Pardey and Wood,

1994).

1 The terms *spill-in’, ‘spill-out’, ‘spillover’ are different names for technological transfer depending on
the context. A research programme generates spill-in if seen from the point of view of the receiving
sector, spill-out (spillover) if seen from the producing sector.



Although dl NARS mix these two options to some extert, the relevant question is how
they choose between them. This choice dso dosdy influences the amount of public
R&D expenditure and its potentid spill-outs. On these premises, understanding how
NARS design their own drategies is aso crucid for explanation of the recent decline in
nationa public R&D investments in agriculture despite the widdy acknowledged high
raes of return (Binswanger, 1994; Lipton, 1994; Huffman and Just, 1999). One possible
explanation is that large intersectord and internationd  spill-ins induce  nontleader
NARS to redrict their effort to very specific commodities and agricultural  technology
fidds, free-riding on other sectors and on other NARS (or IARC) R& D €fforts.

If technological spillovers are acknowledged, any NARS should concern itsdf with the
co-ordination of public and private research, of its own activities and the access to the
pool of internationa knowledge (Fuglie and Schimmepenning, 1999). Coordination
between the NARS and private-public collaboration a the internationd level may dso
explan why some countries display technologicad proximity and dso form convergence
cdubs in terms of higher productivity growth, thereby credting an internationa R&D
hierarchy with a leading and a tralling group of countries (Schimmepfenning and
Thirtle, 1999; Quah, 1997).

Some empiricd sudies have dready concentrated on rationd co-ordination between
NARS and IARC in the presence of drong international and intersectord  spill-ins
(Evenson and Kidev, 1975; Davis, 1991; Englander, 1991). However, they are affected
by two man methodologicd difficulties Fird, cdculation of spill-ins to a nationd (or
loca) agriculturd sector a both internationd and intersectord level dways encounters
the empirical problem of a paucity of data Many published sudies, indeed, redtrict
themsdves to very limited contexts and only consder technologicad transfer between

NARS or IARC and a very specific and localised ecological zone or commodity.



Second, they often disegard a main endogeneity problem (Griliches, 1995; Evenson
and da Cruz, 1989): if there are large spill-ins, the NARS's R&D investment decison
cannot be moddled as an exogenous variable because it depends on other R&D
programmes and their transferability (spill-in potentias).

Section 3 and 4 will suggest possble empirica solutions to the spillover measurement
and endogeneity problems respectively. Neverthdess, detalled andyds of the

theoretical background isrequired if empirica modelling isto be possible.

2.2. Theoretical background and modelling strategy

In a semina work, Cohen and Levintha (1989) moddled the internd R&D efforts of a
firm in terms of two ‘faces: a firm's R&D both enables it to create new knowledge and
enhances its ability to assmilate and exploit existing external knowledge. Cohen and
Levinthd cdl this dimenson the firm's “absorptive capacity”. If we extend this basic
intuition to NARS, we may conceive their strategy as a mix between these two faces of
R&D effort.

According to the CohenLevinthan mode, each firm decides the levd of R&D
investments with respect to those of its competitors on the bass of three crucid
concepts. The firg is the technological opportunity condituted by dl the technologica
knowledge potentialy spilling-in from other competing firms or sectors or countries.
Technologicd opportunity increases a firm's R&D according to its absorptive capacity.
that is, the ability to appropriate externdly produced knowledge. This capacity is dways
endogenous because it increases with own R&D effort, but it dso depends on the
characteridics of the spilling-in knowledge. However, the incentive to increase own
R&D aigng from increesed technological opportunity may be offsss by a

countervailing force spillover reduces the appropriability of the results of own R&D



effort, discouraging it because of the new knowledges prevdent nature as a public
good. Different types of research programme (basic, applied, development) may involve
different festures of the three key concepts. Basc R&D provides greater technologica
opportunity (i.e. spillover), but it dso requires higher aosorptive capacity if it is to be
exploited, and therefore grester own R&D investments, for the same reason, however, it
also requires lower gppropriability, which reduces the incentive to invest.

Given technologicad opportunity, the badance between the opposng forces of
endogenous absorptive capacity and gppropriability gives the R&D non-cooperative
Nash equilibrium level between the firms However, | shdl not dwel further on the
theoreticd foundations of the Cohen-Levinthan modd; here the focus is not on privae
R&D but on public research by NARS, whose ams and consequent behaviour may be
much more complex than firm's profit maximisaion. Therefore, observed R&D
invetments can be ill viewed as a Nash equilibrium, but the outcome can hardly be
predicted by the theory and can be only empiricaly analysed and reveded by data.

Specific detalls regarding agriculturd reserch may help to outline a condgtent
empiricd modd. Following Evenson and Binswvanger (1978), we can modd NARS
behaviour in a resource alocation framework which incorporates research spill-ins and
soill-outs as a component integral to the design of the research programme. A country
seeking to improve its agricultura productivity has three generd research options:
direct technology transfer, adaptive research and comprehensive research. Under the
first option, a NARS screens new technologies from other sources, adopting the ones
most gppropriate to its requirements without spending effort on further research.
However, this option gill needs R&D capability to screen, sdlect and test the improved
technology (that is, to increase its absorptive capacity, according to Cohen-Levinthan).

If a NARS dso caries out its own research programmes to develop, modify and



redesgn technologies from other sources to suit its own needs, then it shifts to an
adaptive research drategy. Findly, under the comprehensive research option, the
NARS's drategy is to produce and develop its own own technologies while aso
generaing the requidite pretechnology or scientific knowledge.

The sze and complexity of NARS invesments increese from the firg option to the
third. It is the cogts of the dternative options and the accesshility of technology from
other sources that findly determine the mogst efficient choice among competitive
drategies (Maredia and Byerlee, 2000). Although this choice may differ across
commodities and regiona specidities, economies of size and the potentia of research
soll-ins are often of such importance in agriculture that countries tend to design ther
NARS according to one dominant option. Which grategy prevals within a NARS is an
empirica question which can be answered with appropriate modelling.

Figure 1 shows the traditiond digtinction of R&D gock into basc research, gpplied
research and development, where some R&D stock depends on the past vaues of the
others, and reformulates that relation in terms of the NARS's own R&D, intersectora
and internationd Soill-ins. At leest pat of the R&D mix spills-in from other sectors
and/or countries. This is the externd technologica opportunity of the CohenLevinthen
moddl: absorptive cagpacity induces an increase in own R&D when spill-ins incresse.
The interaction and combination of own stock and spill-ins depend on the NARS design
and its underlying dStrategy; we can restate the three options outlined above in terms of
this dynamic combination and interaction. Figure 2 shows that a NARS chooses a direct
transfer option when most of basc and applied R&D sock spills-in while own
investments are only targeted on development? According to which spill-in sources

prevail, other sectors or countries will thus dominate technology creation and transfer. A



NARS adopts an adaptive drategy if its R&D combines with spill-ins a least in gpplied
research. Findly, in the case of comprehensve research, own R&D assgs Fill-ins in
al the phases of the sequence.

There is, therefore, a sequence and a dynamic causdity between different research
efforts, if there is some measure of own stock and of spill-ins, in principle one can sudy
the dynamic relation between them and infer the NARS draegy. All three stocks
participate in the creation of sectord-nationd knowledge stock (figure 3). However,
own stock will be affected by the others if a direct transfer is prevaent. There is a one-
way (or “end of chan”) trandfer if no knowledge spills-out from the own research stock,
and it will be the only endogenous one.

However, dso spill-ins may be endogenous, and this renders the dynamic relation much
more complicated. There are two opposte ways to endogenize pill-ins Recdling
figure 2, under direct transfer the NARS devotes R&D only, or mainly, to development
free-riding on other sectors and countries basc and applied R&D. One may thus
observe an increase in spill-ins induced by a reduction in own R&D. This | shdl cdl
the freeriding pull effect induced by the low levd of CohenLevinthen
‘gopropriabdility’. This trander mode implies that both own and spill-in R&D are
endogenous and dynamic substitutes. Moreover, if adaptive research, and even more s0
comprehensive research, is chosen, then the trandfer may be two-way (or symmetric)
because the own R&D produces spill-outs, so that adso the spilled-in knowledge stocks
may be enhanced as a consequence (Evenson and Putnam, 1990). In this transfer mode,
own and spill-in R& D are endogenous and dynamic complements.

These trandfer modes (one-way, two-way, free-riding pull effect) may differ between

internationa and intersectord Spill-ins and they may aso exist between them. The idea

22 By “development’ is also meant screening and extension activities.



is that there is a causdity relaion between the stocks which makes them potentidly
endogenous; the prevaling transfer mode depends on the prevadent designed option
underlying the NARS R&D investments. All possble relations must be moddled, as in
figure 3, if we are to determine empiricaly how sectora-nationd knowledge is formed

and sngle out the prevalent transfer modes and the dominant stocks.

3. Measuring spill-ins: the YTC and  Agricultural

Technological Stocks

According to Evenson and Johnson (1997), the essentid concern of spillover studies is
to define an R&D stock varigble for a sector in location i a time t. The R&D stock of a
given sector in a given ndion is defined by its own past R&D investments but aso by
soill-in stocks deriving from other national private sectors, other (non-agriculturd)
nationa public inditutions or other nations private sectors-public R&D. Generdly
gpesking, the problem is how to measure the diffusion across time, sectors, and nations
of an initid R&D investment. Given the context (a tth sector of a mth country a time
t) the knowledge stock R can be cdculated as the sum of the three stocks. the own, the
intersectord  pill-in, and the internationd pill-in stocks. These stocks can be calculated

from the investment flows as follows (Fagerberg and Verspagen, 1998):

o

D  On=a Ws(Kines) "590...s...S
2  Sm :éjw.jésws(ij,t_s), " =0, d; " $90.,....5,...,S

©)

L=, QW@ Ws(Kicrs) " 150 d; " $70,..8..,8" €0,..,.C,...C and ¢t m;

where O, S, It are the own stock, the intersectoral spill-in stock, the internationd spill-

in stock respectively. Kjcs is the R&D invesment made in the period (t-s) in the c-th



country, in the j-th sector, included the i-th sector of the mth country in question. The
am § W(l,n.s) cumulates past investments according to a given set of weights

This is therefore the usud caculation of R&D stock where the weights depend on the
lag profile of the invetment's effect. For amplicity, we assume that the lag profile is
the same everywhere, so0 that we can cdculate the own stock for any sector and nation
given the series of past invesments.

The lag profile is imposed and moddled using the perpetua inventory method
(PIM) frequently used for physical capita stock. It follows that R&D capitd stock is
(Park, 1995):
@ Ra=R(L-&)}Ke,
where K., is a nlagged R&D expenditure taking account of a gedtation period from

expenditure to effects (Schimmepfenning and Thirtle, 1999),° and d is the depreciation
rate of the stock.* Thereforethe w, are:

o) w; =0 if s<n
w,=(1-d)*" if s3n

However, once we have dl the own docks, we mus cdculate their spill-out.
Cdculating the technologica flows between sectors and nations is a complex task

which involves cdculation of the weights w; and w; defining the so called spillover
matrices (Pardey and Wood, 1994). Although different approaches have been proposed

(Marengo and Sterlacchini, 1990), a recently developed technique has rapidly become

prevaent in the applied literature on technology flows.

3 A value of the initial stock can be obtained by means o a backward recursive substitution:
R=1, (1+g)/(g+é) where g is the average annual investment rate over the sample period.

* Following Park (1995) and Esposti (2000b) n is set equal to 4 years; following the Japan Economic
Ingtitute (1989) and Esposti (2000b) d is set equal to 0.20 assuming that each R&D investment is a
mixture of base research, applied research and development.
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| refer to the so-cdled Yde Technology Concordance (Johnson and Evenson, 1997),
which cdculates the coefficients of the spillover matrix on the bass of patent data
Patent data are usudly avalable according to the Internationd Patent Classfication
(IPC), which diginguishes paented inventions by technologicd fied. The YTC is a
procedure which assgns, on a probability base, any paented invention to an industry of
manufacture (IOM) and to a sector of use (SOU) according to the IPC designation of the
invention.

Applying the Y TC we can cdculate the weghts as follows:

©  wi =18} and wyo = {8} Qe

where SijN is the ith row and jth column eement of the Spillover Matrix normaised by

the row's total.® In other words, it is the share of patents granted to the i-th IOM flowing
to the jth SOU. §j. differs from §' because the j-th IOM belongs to the cth country,
and the normdisation by the row's totdl is aso multiplied by ;e i.€. the share of the

totl patents granted to the IOM by the own country aso issued in the mth country.®
Cdculating the dements of the soillover matrix by applying the YTC therefore requires
data on granted patents by IPC fidd and by the gpplying and issuing country. From the
assumed w, we can calculate the own R&D stock for any IOM of any country. Then,
by applying the w; and wi. weghts from the YTC we can cdculate the stock spilling-

in to the i-th SOU and m-th country under study.’

® Notethat also intrasectoral spillover is permitted (S, > 0).

® In other words, the patents issued to agiven IOM in its own country are used as an indicator of its total
inventive output; calculated on thistotal is the share flowing to other sectors and countries.

’ For instance, if the SOU being studied is Italian agriculture, we calculate the R&D own stock for any
other national IOM sector. From the Y TC we derive the share of total patents granted to this |IOM flowing
to Italian agriculture; the R&D spill-in stock will be the own IOM R&D stock multiplied by that share.
By summing these spill-ins for any national IOM we obtain the intersectoral spill-in stock. We can also
calculate the own R&D stock for any IOM of another country. Knowing how many patents have been
issued by the Italian patent office to this foreign IOM, we can repeat the Y TC analysis and calculate the

1



The use of patent data to caculate technologicd spillover is controversd. Firdly, such
data are not dways good indicators of red innovative activity or of the economic vaue
of the innovations themsdves (Griliches, 1994). Moreover, technologica flow between
sectors and nations may take many forms. Patents are only one such form, and they
amost exclusvely concern innovations embodied in some new input (new chemicds,
new mechinery, etc.). A large number of inventions are unable to flow in tha form and,
in any case, paenting activity may differ across sectors and countries due to the
differing drategic behaviours of firms and to heterogeneous regulations and rules across
countries.

The mogt serious drawback to patent deta is that many mgor R&D investments do not
imply patentable innovations (Keler, 1997). Basc research, especidly by univergties,
and mogt public research, produce new scientific knowledge that is difficult to protect
with property rights and is not embodied in a new good. Furthermore, in many countries
certain kinds of innovation are given different forms of protection and are not collected
in patent data (new varieties are a case in point for agriculture). Consequently, the use
of patent data to caculate research pill-ins implies the assumption that the patent flow
edimated by means of the YTC is a good proxy for the overdl transfer of technology
and knowledge among sectors and/or countries.

Under this assumption, we can use YTC to include public R&D investments in the spill-
in sock cdculation. We can assume that national non-agriculturd public R&D spills-in
to naiond agriculture with the same proportion of totd patents granted in the country
flowing to the SOU agriculture. According to the same argument, we can assume that
public foreign R&D (included other NARS investments) flows to the SOU agriculture

under study with the same proportion of total patents granted in the foreign country aso

spill-in using the share on total patents granted in its own country. Adding up the spill-insfor all countries



issued in the country under examination. Thus, we can draightforwardly add spillovers
from public R&D to intersectord and internationd spill-in stocks.

Agan, ill-in stock caculation on the depicted base and on patent data relies on
assumptions that greatly smplify the complex, discontinuous and causd process of
scientific and technologicd cross-insemination between periods, sectors and nations.
Although recent empiricd dudies ae willing to accept these drong assumptions

(Johnson and Evenson, 1999), particular caution isrequired in interpreting the results.

4. A Dynamic Model
Once we have an appropriate caculation of the stocks, we may return to figure 3 and
modd it more formaly and explicitly with the following system of equetions

On=¢ +3,0,+a,S +a;l, +e;
(78) Su=C +ta; 0O +a,S +axl +tey
[t =Cs +8510 + 82 S + a3 |1 +&y;

which can be written in more compact form usng matrices.

(7b) R, =C+UR, +4,

where R is the vector of research stocks, C is a vector of the congtant terms, e isa
vector of error terms and W is the matrix of coefficients. System (7b) formally expresses
the logic behind figure 3 and the discussion in section 22. Any stock is potentidly
endogenous because it can be affected by the past values of dl the others; the sgn and
magnitude of parameters can dso indicate the interaction between the stocks. Assuming
that e is a vector of seridly uncorrdlated white-noise disturbances with variances s, S»
and s3 respectively, (7b) can be viewed as a VAR(1) moded. Specifying only a one-year

lag might seem too redrictive; yet according to the PIM described in the previous

givestheinternational spill-in stock.
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section, many lagged R&D investments enter into cdculaion of the stocks, so that any
one-year lagged stock in fact contains numerous past R&D investments.

Despite the controversy on the economic content of the VAR modds (Canova, 1995;
Sims, 1980; Runkle, 1987; Enders, 1995), here we can only apped to the reduced form
of the relation between the stocks given in equation (7b). Although hypotheses on how
they interact dynamicdly are formulated in section 2.2, we do not know a priori which
transfer mode is actudly prevdent, and therefore which stock must be modeled as
endogenous. However, our principle interest here is the sructurd linkages among the
stocks, because they reved the underlying NARS drategies that we are looking for. A
VAR modd like (7b) is able to yiedld much useful information about these underlying
dructurd behaviours. Granger-causdity testing and innovation accounting (impulse
response functions and forecast-error variance decompostion) can yidd empirica
evidence of the prevaent dynamic relation between the three stocks.

However, innovation accounting cannot be carried out on the reduced form (7b); the
VAR modds in dructurd form are overparametrised and are therefore not identified
unless some redtriction is introduced (Enders, 1995). The structurd form of the modd is
necessary because the error terms in (7b) may be corrdated; if this happens, every
varigble has a amultaneous effect on the others: shocks on one varidble, i.e. change in
the error terms, aso affect al the others. To obtain a structura form we must rewrite the
modd so tha al the effects of one variable on the others is explicit and the error terms
(innovations or shocks) are incorrelated.®

We can rewrite (7b) in structura form asfollows.

(8 R,,=B'A,+B'A,R, +B*u,

8 They are also called ‘pure innovations' because they affect only the respective variable without affecting
the others.

14



where u is a vector of pure shocksard C=B"'A,, U=B'A,, &, =B 'u, . To make
the structura form more explicit, (89) is rewritten asfollows.

(8b) BR,,=A, +A,R, +u,

which is a dructurd VAR: unless B is a diagond matrix, each varidble smultaneoudy
affects the others and the eror terms are pure shocks. The equations in (8b) are
therefore behavioura functions, the error terms being orthogond. Following (83 we

can aso rewrite the structurd extensive form of the mode (7b):

Oum=bo- B,;S4u- bl +930,+ 9, S + g | + Uy,
(7€) Su1=by - D210 - bz liws + 01O + 92 S + Oos | ¢ + Uy,
lior =030 - 031001~ D22 St ¥ 01O + G2 S+ Gz |+ +Usy

where:

é 1 b, by l;| égn O, O l:J i‘ho @
B:gbl 1 bzsg 1A1 :?@21 O 9233, Ao 233203-
g by, 14 8k On Osf &0l

Writing modd (7a) in dructurd form essentidly means giving it an economic content.
Here we are interested in finding what happens to the own stock when sill-in stocks
increase, and in how it produces feed-back to spill-ins themsalves.

Mainly, a VAR modd can provide this kind of informaion by means of innovation
accounting. Like any univariate autoregressve process, a VAR modd has a moving

average representation (VMA). The VMA version of (7b) is:

—_— ¥ ~ .
(7d) R,=R+3 U' &,
=0

where R is the vector of the unconditiond means of the R&D socks. Using

transformationsin (7c), (7d) can be written asfollows:

— ¥ ~ -
(79 R, =R+§ E' u,
i=0

15



where E' is a 3x3 matrix whose dements depend on the dements of matrix B (Enders,
1995). (7€) describes how an exogenous shock (U) on one variable affects the movement

of others around their unconditiond means. Therefore, dements f , of the E matrix
ae dso cdled impact multipliers and their change over time f (i) is the so caled

impulse response function. Developing the VMA in (7e) forwards rather than
backwards, we can also caculate the so caled forecast-error variance decompostion
which caculates the proportion of the movement in a sequence due to its own shocks
versus shocks to the other variables.

Combining (78 and (7¢) and aso condgdering variances and covariances of the error
terms, it emerges that the reduced form edimation yidds 18 parameters, while the
dructurd form contains 21 unknown parameters. Therefore, the necessary, dthough not
adways aufficient, condition for the structurd form to be exactly identifidble is to impose
three redrictions on the parameters (Enders, 1995). Severd identification restrictions of
sructural VARS have been proposed (Sims, 1986; Bernake, 1986; Blanchard and Quah,
1989; King et al., 1991). These redrictions are based on assumptions driven by the
theory which impose redtrictions on the smultaneous effect or the long-run relation (for
indance, the money neutrdity assumption in the long run) among the varigbles. Here,
theoretical assumptions can be made according to the discussion in section 2.2.°

On the one hand, | am unwilling to impose redrictions on the long run relations between
the stocks, after dl, in the present model the long run equilibrium between the stocks
defines precisely the NARS design that we are looking for. On the other hand, imposing

short term redrictions in the structurd model implies the condraining of some possble

° There are some empirical works on dynamic causality and cointegration involving R&D investments in
the agricultural economics literature (Shalek, 1999; Zapata and Gil, 1999; Makki et al., 1999). However,
al of them dea with analysis of the Granger causality between R&D, prices and TFP, for instance in
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samultaneouus effects, as is clear in (7c) (Canova, 1995). On this ground, it must be
consdered that athough a NARS may adopt a fully comprehensve research drategy,
the agriculture sector is gill a supplier-dominated sector. Therefore, dthough it may
happen that own R&D affects intersectoral pill-in over time, this can only come about
with a lag. We can therefore sat bp; = 0. At the same time, the globdisation of
technology can, in terms of agriculturd innovations magindize a rddivdy amdl
country with respect to international research advances. Again, own R&D may affect
internationd pill-in, but this can happen only as a lagged effect; therefore k3; = 0. The
same agument holds for | and S in a sandl country, nationd Spill-in to agriculture
affects internationd spill-in only with a lag; then is bz = 0. This s&t of redrictions
dlows identification of the VAR dructurd form, thus pemitting innovation
accounting.*° Figure 3 shows how these restrictions work.

Beddes identification of the dructurd form, another crucid issue for uncovering the
long-run relaions between the stocks in the VAR modd is the daionaity of the
varigbles in vector R.* If they are stationary, we can interpret (7b) as a long run stable
dynamic sysem. Assume that stocks in (7b) grow a the same long run rate, which
means that the sectora-nationd knowledge stock in figure 3 grows at a congtant rate.
This assumption implies a long run balanced growth of the sysem in (7b). If we wish to
sudy the interlinkage between the stocks under this long run condition, and if C = 0, we

can interpret system (7b) as afirst order homogeneous difference equations system.
If long run baanced growth holds, we can write R,,;,=gR, and R,,, =g" R,. We can

graightforwardly obtain the growth rate g by solving the (7b) sysem under C = 0. If

order to test the induce innovation hypothesis. Identification of the underlying structural model and its
economic content is not an issue addressed by these studies.

101t is easy to check that these restrictions allow structural decomposition through Choleski factorisation
according to this ordering of variables: I, Sand O.
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the estimated W is a non-negative matrix, the Perron-Frobenius theorem holds and there
exigds a podtive dominant egenvaue | ,, of W associated with an eigenvector n 1, . Since

| m is greater than any other eigenvadue of W, it follows that in the long run (i.e for t
grest) we can write R, =1}, R, where R, is the vector of the initid stocks (Tu, 1994)

which can be calculated according to note 3. Therefore, | m = g and each stock will grow
a the same rate; due to the dationarity of the stocks, we expect | <1, that is, long-run
dability (Enders, 1995; Tu, 1994). Findly, the associated egenvector n, can be
interpreted as the stable mix between the stocks. However, it should be emphasised that
interpreting the modd in terms of the long-term balanced growth of a dationary system
is only a projection to the long run equilibrium, assuming it exists, not a forecas where
this equilibrium is imposed. In other words, the long run reations are not estimated but
only extrgpolated from the estimated coefficients. Consequently, if this estimation is not
efficient or congstent, thislong run projection is potentidly incorrect.

However, if the R&D stocks are not stationary in the levels'? balanced growth will be
explosve, the VMA representation will fal because it does not dlow innovation
accounting, and the usud hypothess testing cannot be performed; generadly spesking,
the VAR mode cannot be properly estimated. Therefore, tationarity is a necessary
condition for a VAR modd to be meaningful. In this case of non dationarity, we have
two dternaives. Suppose that the stocks are dationary in the first differences that is,
they are 1(1) processes. If the stocks are not cointegrated, we can ill gpply the modd
outlined above to stocks first differences. However, some authors (Sims, 1980; Doan,

1992) counsd againg differencing dso when variables in the levels contain a unit root.

™ Innovation accounting requires the VAM form of the model, which is not possible if the process is not
stationary.

12 Asin many studies (Shea, 1998), stock variables can be in the logarithm of levels but this do not affect
the stationarity problem.

18



They ague that the god of VAR andyds is not paameler etimation itsdf, but the
interrdationships among variables, their co-movements adso in the long run, which
would be lost with differentiated variables.

But if they are cointegrated processes, Cl(1), we have an dternative to firg differencing,
that is, writing equation 7(b) asaVEC mode using the error correction mechanism:

(9 DR,,=C+a& R,+UAR, +4,

where & is the matrix of the cointegration vectors and & is a matrix of corresponding
weights indicating the adjustment speed to the long run equilibrium. Therefore, 48' R,
indicates a cointegrated dationary process defining the long run equilibrium between
the stocks. The VEC representation implies that the movement of the stocks over time,
athough not daionary and behaving as a stochadtic trend, is such hat they do not drift
too far apart because each responds to the deviation from a stable long-run equilibrium.

We can estimate this VEC modd as a usud VAR because it contains both the long run
relaionship between the stocks given by the cointegrating relation and the short-run
adjusment identified by the adjusment parameters. This implies that the structura form
is dill underindentified and that it is necessxry to introduce the above-outlined
redrictions on parameters. Note, however, that if there is a cointegraing rdation
between the stocks, and consequently (9) holds, then (5b) written in the first differences,
dthough it is a solution to non-dationarity, may generate biased estimates due to mis-
oecification erors the long term redions ae, in this case, excluded from the

edtimated specification.

5.  The Case of Italian Agriculture: Data and Results

The mode is now applied to Itaian agricultura data There are specific reasons for

focusng on the Itdian case. According to the World Bank, in 1996 Itdian agriculture

19



ranked second in Europe for agricultura vaue added. But nationa agriculturd research
intengty (i.e. the ratio between agriculturd research expenditure and agriculturd gross
domestic product) is low when compared to that of other developed countries (Alston
and Pardey, 1998; Huffman and Just, 1999; OECD, 1995). Nevertheless, according to
the traditiond parametric edimation, public research in Itdian agriculture displays a
very high socid rate of returns (Esposti, 2000b). Moreover, recent multilaterd TFP
comparisons (OECD, 1995) demondrate that, dthough Itaian agriculture in fact
achieved dgnificant TFP growth in the last decade, it cannot be placed in the high-
productivity growth club of European countries (Schimmepfenning and Thirtle, 1999).
Thereistherefore enough empirical evidence to suggest underinvesment in R&D.

Furthermore, in Ity vegetables and fruit (including grapes and olives) account for
about 40% of gross domestic agricultura product. These products are highly territoridly
gpecific and often require a nationd and regiond research effort. We may therefore
expect to find a public R&D closdy and sdectively targeted on these products.
Recdling section 2.2, one suggested explanaion for Itay’s low research intendty in
agriculture is that the country chooses the (less expensive) option of the direct transfer
of foreign technology for most commodities, while it adopts a (much more expensive)
comprehensive research programme only for nationd and regiond-specific products
(Maredia and Byerlee, 2000). The latter strategic option aso requires large-scae public
invesmentsin Extenson.

This sdective ressarch drategy endbles Itdian agriculture to free-ride technologicd
soll-ins from other countries and sectors for undifferentiated products, concentrating
mogt of its effort on producing its own technology for some specific products, thereby
avoiding redundant research that would reduce the rates of return (Swinnen et al.,

2000). This drategic choice of the NARS, however, prevents Itdian agriculture from



joining the group of the most productive nationd agriculture sectors (USA, Netherlands,
France for ingance). There is an internationd R&D hierarchy comprising the high-
productivity club integrated with the internationd sysem and a traling group, which
includes Itdy, that can only patly cach-up through spill-in because technologica
distances may be too greet (Schimmelpfenning and Thirtle, 1999).

The modd outlined above is able to provide indghts and empirica evidence regarding
this hypothess on Itdian NARS design and its dynamic dependence on intersectiona
and internationdl spill-ins. Spill-ins are calculated by applying the YTC as presented in
section 3. Patent data are taken from the CRENOS daabase of the University of
Cagliari*®. Reliable data cover the period 1972-1991:* they refer to patent applications
in Itay (to dther the Itdian Patent Office or the European Patent Office) by both
nationd and internationd inventors. The database contains patent applications by
inventors in the following foreign countries USA, UK, Netherlands, Germany, France,
Japan. During the period in question, patent gpplications from these countries accounted
for about 85% of tota applications in Itady; they therefore exhaustively represent overal
internationd technologicd trander to Itdy.

Itdian agriculture, too, displays a very maked concentration of intersectord and
international  dependency in few sectors® Table 1 sets out the YTC evidence on
dominant sectors and countries in the creetion of technicad change in Itdian agriculture.
Most agriculturd innovations produced by domestic inventors concern three sectors

manly Machinery and, to a much lesser extent, Chemicds and Drugs. These are dso

13 For more details and explanation see Paci et al. (1996).

1 This is admittedly a limited and insufficiently updated period. However, patent data always raise
problems of updating, also in view of the lag, quite long in the Italian case, between application for a
patentand its granting. This problem is stressed in many studies. Also Johnson and Evenson (1999)
reports problem with Italian records and patent data updating; their empirical analysis applies to the
period 1973-1987.

15 819% of patented innovations used by Italian agricultureis produced by foreign inventors.
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the prevaling sectors of foreign inventors, however, in this case the share of Chemicds
is as high as Machinery. American and German inventors account for more than 60% of
the foreign patented innovations used by Itdian agriculture, while the proportion of
French, British and Japanese inventors is less than 15%. Moreover, innovations
originating in the USA, Germany and France manly concern the Machinery sector,
while inventions from Jgpan and UK manly concern Chemicds, and dso show an
higher share of the Drugs sector.

The results provide substantid empirical support for the redrictions on the smultaneous
effect between docks foreign invention activity dominates the nationa and, in turn,
other national sectors dominate agriculture. Consequently, it seems legitimate to assume
that agriculture R&D does not have a contemporaneous effect on spill-in stocks and the
intersectora nationa pill-in has no contemporaneous effect on the internationa one.

The weights of the spillover matrix, once they have been caculated by means of the
YTC,'® can be applied to own R&D stocks. Nationa (both private and public) and
sectora R&D investments are taken from OECD databases (OECD, 1994 e 1997). The
own (Itdian) agriculturd R&D gock is cdculated usng public R&D expenditure. In
Itay, privale agriculturd R&D is negligible, while public agricultura Extenson
amounts to about 75% of public R&D on average. Therefore, in cdculating own R&D
gock both R&D and Extenson public investments are consdered (see Esposti and
Pierani, 2000a for details). The R&D socks, own (O), intersectora spill-in (S and
internationd spill-in (1), are expressed in 1985 PPP USA dallars.

Fird, the presence of an unit root is detected for the three stocks. This aso requires
testing for the presence of a drift and/or of a trend. Inappropriate testing may confuse

(especidly in the presence of smoothed series) a stochagtic trend (therefore a unit root)



with a process with a determinigtic trend or with a dtationary process with a drift and a
drong (athough less than unit) autoregressve coefficient. The appendix (table A.1)
reports unit root tests under severd assumptions. Three unit root tests are caculated: the
Adjusted Dickey-Fuller (ADF) test, the Perron-Philips (PP) test and the Weighted
Symmetric (WS) test (Pandula et al., 1994). It is not dways easy to interpret the results
of this set of unit root tests, partly owing to the smal sample sze and to the well known
low power of these tests with respect to the dternaive hypothess. However, the
presence of a unit root is never rgected for any stock. The lower part of table A.l1
reports tests on the presence of both a determinigic trend and a drift; moreover, a
dructural bresk in 1980 through a time dummy is tested (Perron, 1989). Following the
procedure suggested by Dolardo et al. (1990), the data rgect the presence of a
deterministic time trend, of a drift and of a structurd change in 1980} We may
therefore conclude that all the stocks are not stationary. Table A.2 reports ADF unit root
tests on the firgt differences. We can rgect the presence of an unit root a the 90%
confidence interval; conddering that the tet has low power with respect to the
dternative hypothess of no unit root, we are willing to accept the hypothess that the
gdocks are dationary in the firgt differences. Consequently, we can conclude that the
three stocks move over time around a stochastic trend (Esposti, 2000b).

Table A.3 reports the Engle-Granger and Johansen cointegration tests. According to the
Enge-Granger test, null hypothess of no cointegration can be rgected a 85%
ggnificance level. The test is not particularly powerful with respect to the dterndive
hypothesis, given thet it is based on a ADF test where unit root means no cointegration.

Moreover, the Johansen trace test suggests that the hypothess that the cointegrating

16" See Esposti (2000a) for more details.
17 Other years of the early eighties have been considered for structural change obtaining the same results.
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matrix (0 = 4&' ) has rank lower or equd to one can be accepted at 95% level while
the hypothess that it has rank zero is rgected a the 95% criticd vaue but not a the
90% one. In other words, cointegration tests suggest that the stocks are not sationary
but ether the hypothess of one cointegrating vector or of no cointegration could be
accepted.

Since the cointegration tests are inconclusive with respect to the red underlying data
generation process, we can accordingly follow two diginct moddling dSrategies. If the
socks are difference dationary and not cointegrated, we can estimate a VAR modd in
the differences, whereas if they have one cointegrating vector a VEC modd like (7)
holds. The gructurd form, and therefore innovation accounting, of both modes can be
identified through the regtrictions on Smultaneous effects outlined above.

Tables 2 and 5 report the edimated parameters of the VAR and VEC modds
respectivdly.’®  Although reduced form parameters ae difficult to interpret
economicdly, the esimates show that introducing an eror correction term in a VAR
mode in the firg differences may affect the results. Note that according to the AIC
there is no sgnificant advantage in extending the model to two or three lags in the case
of the VEC modd one lag is the optimd solution. Therefore, a one-lag specification is
mantained for both models. Consdering that only one cointegrating vector is present,
and degpite the risk of amdl dze bhias, the VEC modd is edimated usng the Engle-
Granger two-steps procedure (Engle and Granger, 1987).1° This estimation procedure is
used by Makki et al. (1999) on a smilar subject and it provides efficient estimation of

the unredtricted VEC,; it does not rely on any digtributiona assumption required by the

18 According to previous tests, constant terms, deterministic trends and time dummies are excluded from
the estimated model.

1919 The normalisation is made with respect to the own R&D stock (O). However, normalisation in the
other stocks does not change the results significantly. Moreover, we are assuming that O depends on
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MLE estimation of the VEC, according to the Johansen (1988) and Stock and Watson
(1993) dternative approach (Canova, 1994).

Two paameters of the edimated VAR show a negdative sgn; however, they are not
datigticaly different from 0. The equation of the Own R&D stock (O) shows the lowest
goodness of fit. Only one parameter is significant and the R? is dealy the lowest.
However, it is dso the only stock for which the hypothess of Granger-causation by the
other two stocks can be accepted. Indeed, the spill-in stocks afford a better goodness of
fit due to an higher impact of own lagged vaues, while we may accept that they are not
Granger-caused by the other VAR variables.

The dependence of the own sock on spill-ins is confirmed by the innovation
accounting. Table 3 reports 10-years variance decompostion of the forecast error while
table 4 and figure 4 report the impulse response function to one standard deviation pure
shocks. Forecast-error variance decomposition suggests that the own R&D stock closdy
depends on internationa pill-in; in a 10-year horizon, after 5 years the effect of shocks
in international spill-in equals the effect of an own shock. Also the nationa intersectora
sall-in is gsrongly affected by the internationd one, while the impact of a shock on the
own R&D gock is negligible. As a consequence, the international stock is mostly
exogenous in the estimated system: in a ten-year horizon a least 80% of the forecast-
error variance can be attributed to its own pure shock.

The impulse response functions confirm the previous interpretation. A few years after
the pure shock, the impulse in the internationd Spill-in is dominating for dl socks. The
effect of an own R&D shock is dways amost negligible from the second year dfter the
impulse onwards. More marked and persstent is the response of the intersectorad spill-

in to its own shock, but this dmogt vanishes & a 10-year horizon. It must dso be

contemporaneous values of both | and S, whereas the reverse does not hold. Therefore, thisrestriction on
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congdered that this impulse response concerns shocks in the firgt differences, not in the
levels. Therefore, cumulating the response a any year provides the impulse response in
the sock levels to a single period shock (Enders, 1995) (table 4). Shocks in the
internationd  spill-in greatly increase the levels of both own and intersectord spill-in
gtocks. Shocks on the others have a postive and sgnificant effect on themselves but not
on the other shocks, moreover, an impulse on the intersectord soill-in has an overdl
reducing effect on the others.

As sad, the edimation of the VAR modd in the first differences may miss important
information about the long run equilibrium between the socks, this equilibrium is of
main interest to recover the NARS drategy according to the discusson in section 2.2,
The results may be a mixture of both the movement around the long term relation and
the short term adjustment to a previous disequilibrium. Without a cointegrating relaion
to separate these digtinct effects in a ECM, representation is not possble; moreover, it
may aso happen that no cointegration and no stable long run equilibrium between the
stocks exigs. However, we can gill use the estimated VAR parameters to derive some
information on long term behaviour. Setting the negaive not ggnificant parameters
equa to zero, and assuming baanced growth of the dynamic sysem generating the
sectoral-nationd  knowledge stock, we can cdculate the dominant eigenvalue and the
associated elgenvector of the non negative matrix of coefficients. Projecting the system
in the long run, we can interpret the eigenvaue as the baanced growth rate and the
eigenvector as the long term stable distribution between the three stocks.?°

Table 2 reports the caculated eigenvalue and eigenvector. The system is stable because
the eigenvaue is indde the unit drde This implictly confirms the HSationarity of the

series firg differences. However, the eigenvalue is very dose to unity, which suggests

the contemporaneous effects makes | ess critic the choice of normalisation.
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that the fira differences show gtrong persstence and may be eadly confused with
random waks. The stable digtribution between the stocks attributes the highest share to
own gock with respect to spill-ins This may seem to contradict previous results.
However, as shown, the own stock has a limited impact on itsdf and on the other
shocks, therefore, to have baanced growth, reatively more investments in own R&D
are required.

We can ds0 explicitly introduce a long run equilibrium between the stocks assuming
that a cointegrating vector exids. In this case, to prevent omisson of a relevant
regressor, an error correction term must be introduced. This has dso an important
economic interpretation. It dlows the separation of the short and long term reations
between the stocks, thereby avoiding the mixture of results that could potentidly affect
the previous estimated modd. In the VEC modd, through the error correction term, part
of the socks movement is an adjustment to disequilibrium; the rest of the movement is
aresponse to change in the stocks according to the long term equilibrium.

The lower part of table 5 reports the estimated cointegrating vector and the speed of
adjustment vector. Note that the dgns of the dements of both vectors b and a are
consgent with cointegration, that is, with a long run equilibrium, and a consequent
eror correction term in the modd. b expresses the long run didribution between the
docks, the stable combination implies that 0.64 and 0.28 units of the intersectora and
internationd spill-ins respectively correspond to an unit of the own sock. This is a
proportion which is not very different from the egenvector cdculated in the previous
VAR modd as a baanced growth projection of the estimated matrix of coefficients. The
edimated dements of the vector b datidicdly differ from 1; this implies tha the long

run equilibrium implied by the cointegrating relation does not meen that the stocks

20 Spe section 4 for details.
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move around a common gtochastic trend; rather, that they move around stochastic trends
maintaining a stable proportion in the long run.

The dgns of the dements in the b vector express the adjustment with respect to the
ghort run disequilibrium; if the own gtock is greater than the long run proportion the
eror correction term should downward adjust the variation of the stock itsdf.
Therefore, the adjustment parameter in a corresponding to the own stock is expected to
be negative, following the same argument, the adjusment coefficients are expected to
be pogtive for the spill-in stocks. Edtimated parameters are fully consgtent with these
theoretical expectations. The own gock adjusts much more quickly than the spill-in
gdocks, in the case of the internationd Soill-in the coefficent is even not datidicaly
different from 0. This result has a clear economic interpretation; the own stock is under
the control of the NARS and it can adjust rgpidly to its own long run equilibrium,
whereas it cannot affect the adjustment process of the spill-ins. It dso implies that the
eror correction term may be quite relevant in the case of the O equation, while it is less
important for the S and dmost negligible for the | equations of the VEC modd!.

By means of the eror correction term, VEC edimated parameters can sgnificantly
differ with respect to the previous VAR. Firg of dl, note that now aso the intersectoral
soill-in is dealy endogenous. The hypothess of no Granger causdity by the other
stocks can be accepted only for he internationd spill-in, which is further evidence tha
it tends to be mostly exogenous and not under NARS control. Moreover, the goodness
of fit of the O stock increases dightly, dthough it is gill quite dow. In any case, more
ggnificant parameters are found and they clearly affect both the O and the S equations.
As explanatory varidbles, O is never sgnificant while S shows negative and sSgnificant

effects with respect to the other stocks. Although these edtimates are hardly directly
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interpretable, they dgnificantly affect the innovation accounting and the consequent
€00NoMmiC meaning.

Table 6 reports the forecast-error variance decompostion. A shock in the own stock
explans very little of the stocks movement, while an important role is played by the
internationd  spill-in. The novelty is that dso the shocks of the intersectord spill-in
explan a large proportion of the sysem’'s entire movement. The impulse response
functions (figure 5 and table 7) confirm the role of O and I: a sSngle-year pure shock of
own gtock has a little impact and vanishes quite rapidly in a 10-year horizon. A sngle-
year impulse in intendiond gpill-in dways has a pogtive impact, vanishing quite
dowly over the years. The effect of one pure shock on intersectora spill-in is only
patly surprisng. It determines a negdive effect on the other two stocks and, via its
endogeneity, this negative response dso affects the S dock itsdf over the years.
However, the cumulated effect of the pure shocks findly confirms what partidly
emerged in the VAR modd: the S impulse has a negative feedback on the entire system.
An impulse on the own sock has a very limited effect, except on itsdf, while the most
rdevant enhancing role on the entire sectord-national knowledge stock is induced by a

positive shock in the internationa saill-in.

6. The Underlying NARS Design: Some Final Comments

How can the results of the VAR/NEC modds be reconciled with the andyss of the
NARS in section 2? The smdl sample sze and the low power testing make it difficult to
detect the red underlying data generation process. In paticular, if a cointegrating
relation exiged, the VAR edimates would mix the long and short run movements,
making the results difficult to interpret. However, the VAR and VEC modds yidd

largely concordant results. A firgd important finding from the edimation is the role



played by own R&D effort in desgning the NARS in the case of Itdian agriculture. It
depends dynamicdly to a grest extent on Soill-ins, while its own effect on the pill-ins
themsdves is quite limited. This confirms thet a “one way” transfer mode prevails in the
case of Itaian agriculture, which suggests the prevaence of a direct transfer drategy.
However, this conclusion may not be not entirely correct.

In fact, dthough strongly endogenous, the own R&D sock must conditute the largest
proportion in the long run equilibrium between the stocks. This is explained by its
narrow multiplying impact on the entire sysem implied by the “end of chan” transfer,
but dso by the fact tha subgtantid own effort is needed. In other words, the NARS
seemingly requires an adaptive effort, rather than a pure direct transfer, aso because
many agriculture products and techniques are highly country or regiond specific.
Therefore, even in the case of a trailing country and/or sector from a technologica point
of view, and in which soill-ins predominate, the specific characters of  agricultura
production aways require an adaptive R& D effort to some extent (Evenson, 1994).

Also of paticular interest is the role that emerges for the two spill-ins. Internationd
saill-in is mogly exogenous and plays a crucid leading role in increasing and orienting
the NARS. Its powerful multiplying effect influences both own R&D and intersectora
(nationd) spill-in. However, it is negatively affected by an increase in the latter, which
adso shows a negative impact on own sock. Evidently, there is a free-riding effect
between national non-agriculturd research and the effort spent by the nationd
agriculturd  (public) research and the inventions produced by foreign countries. In
economic terms, intersectoral spill-in is a subgtitute for, and not a complement of, both
owvn and international spill-in stocks. We can dso infer that this subdtitution holds

because research is a least partidly conducted on the same ground at the conjunction



between the international spill-in and the agriculturd nationd effort: thet is a the levd
of applied research.

This result confirms the findings of previous sudies (Esposti, 20008), and it aso
suggests the need for close co-ordination within the NARS between non-agricultura
and agricultura research efforts, given internationd pill-ins. A more radica change in
NARS drategy would also be possble affecting the reation between own and
internationd  spill-in stocks. Selecting a comprehensive research strategy would make
ovn R&D and intenaiond spill-in subdtitutes to some extent. This would grestly
increese own R&D effort, but it might dso endble Itdian agriculture to move out of the

group of technologica followersinto the club of leaders.
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Figure 1 — The research sequence in the creation of the sectoral (agricultural) and
national knowledge stock with spill-ins
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Figure 2 — The NARS options according to the research sequence with spill-ins
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Figure 3 — Causality direction and sign under different technology transfer modes and
with structural restrictions on contemporaneous effects (VAR model structural form)
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Table 1 — YTC patens count by IOM and SOU (1972-1991): contribution of sectors and
countries to Italian agricultural (SOU) innovations

Main IOMs

Domestic Patents

Branch Share
(Other) Machinery® 64%
Chemicals 12%
Drugs 5%
Total 81%
Foreign Patents
Branch Share
(Other) Machinery 3%
Chemicals 3%
Drugs ™%
Total 85%
Share of foreign patents for Italian agriculture (SOU)
France Germany Japan United USA Total
Kingdom
Livestock 1% 28% X 14% 32% 100%
Crops and combo farms 13% 30% 11% 13% 3% 100%
Fruits and vegetables 15% 28% 11% 13% 3% 100%
Horticulture 26% 2% 6% 12% 28% 100%
Servicesto livestock 16% 20% 13% 15% 35% 100%
Servicesto crops 15% 30% % 12% A% 100%
Other 20% 2% X 12% 31% 100%
Total Italian agriculture 15% 28% 10% 13% 33% 100%
Share of agriculture (SOU) on total patent 2.3% 17% 25% 24% 19% 20%
applicationsin Italy
Foreign countries of sector sharesin patenting for Italian agriculture (SOU)

France Germany Japan United Kingdom USA
Machinery 4% Machinery 44% Chemicals 58%  Chemicals 44% Machinery 40%
Chemicals 25% Chemicals 3B% Machinery 21%  Machinery 32% Chemicals 3%
Drugs 6% Drugs 4% Drugs 10%  Drugs 10% Drugs 8%
Total 7% Total 86% Total 8% Tota 86% Total 85%

21

This branch identifies all the production of machinery highly user-specific and that can not be

aggregated into otherwise classified machinery production. Agricultural machinery is included in this

branch (Esposti, 2000a).



Table 2 — Estimated parameters of the VAR model in the differences (1 lag; no drift, no
trend assumed; t-values in parentheses)

Dependent Regressors R
Variable @) S I
@) A75 421 .818** 031
(1.68) (122 (2.66)
S -014 .866** 133 0.66
(-0.18) (7.89) (1.35)
I 118 -153 .760** 0.60
(1.32) (-1.07) (4.41)
1llag 2 lags 3lags
AlC values 2841 2791 28.99
(0] S I
Granger causality: 5.36* 243 416
block exogeneity test
Dominant (normalised) Dominant Eigenvector
Eigenvalue
(0] S I
Long-run 0.96 100 0.76 057

balanced growth

* Statistically significant at 90%; ** Statistically significant at 95%

Table 3 — Innovation accounting of the VAR model in the differences: 10 years forecast-
error variance decomposition

Forecast Error Variance Decomposition of O

Year 0] S I

1 79 3 17
2 67 3 30
3 60 3 37
4 55 3 42
5 52 3 45
6 50 3 47
7 49 2 49
8 48 2 50
9 47 3 50
10 47 3 51

Forecast Error Variance Decomposition of S

Year 0] S I

1 0 66 34
2 0 61 39
3 0 57 43
4 0 53 47
5 0 49 51
6 0 46 54
7 1 43 56
8 1 41 58
9 1 40 59
10 1 38 60

Forecast Error Variance Decomposition of |

Year 0] S I

1 0 0 100
2 5 2 93
3 7 3 90
4 9 4 87
5 9 5 85
6 10 7 84
7 10 8 82
8 10 8 81
9 11 9 80
10 11 10 80

41



Table 4 — 10 year cumulative effect of shocks in the R&D stocks (VAR model in the

differences)

Cumulative Shocksin

effectson 0) S |
(0] 72,7 -9,8 1730
S 109 72,8 107,2

| 36,9 -37,7 9,9

Table 5 — Estimated parameters of the VEC model (1 lag; no drift, no trend assumed; t-
values in parentheses)

Dependent Regressors R
Variables 0] S I
O .090 -.614** 2.570** 0.33
(1.05) (-2.34) (3.16)
S -.040 0.571** 634** 0.87
(-1.14) (372 (259
I 109 =317 1.041** 0.80
(121 (1.85) (3.39)
o] S I
Cointegrating vector 1.000 -0.635 -0.275
(b =long term relationship) (:212) (.328)
(standard errorsin parentheses)®?
Speed adjustment vector -.898** .165* 071
(a = short term adjustment) (-2.28) 1.77) (143)
llag 2lags 3lags
AlC values 25.78 27.26 2761
o] S I
Granger causality: 7.26%* 5.21* 389

block exogeneity test

* Statistically significant at 90%; ** Statistically significant at 95%

22 Due to non-normal distribution, traditional t-testing does not hold; therefore, only standard errors are
reported (Enders, 1995)
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Table 6 — Innovation accounting of the VEC model: 10 years forecast-error variance
decomposition

Forecast Error Variance Decomposition of O

Year (0] S |

1 53 36 11
2 26 20 54
3 18 21 61
4 14 25 61
5 12 30 59
6 11 34 55
7 10 38 52
8 10 42 49
9 9 a4 46
10 9 46 44

Forecast Error Variance Decomposition of S

Year (0] S |

1 0 71 29
2 0 41 59
3 0 24 75
4 1 18 81
5 2 18 80
6 3 22 76
7 3 26 70
8 4 31 65
9 4 35 61
10 4 39 57

Forecast Error Variance Decomposition of |

Year (0] S |

1 0 0 100
2 2 6 92
3 3 13 84
4 3 20 76
5 4 26 70
6 4 32 64
7 4 36 59
8 5 40 55
9 5 43 52
10 5 45 50

Table 7 — 10 year cumulative effect of shocks in the R& D stocks (VEC model)

Cumulative Shocksin

effects on (0] S |
(0] 1378 -340,7 3103
S 450 -101,2 1941
I 464 -138,9 1453







Figure 4 — 10 years impulse response functions of the estimated VAR model Figure 5 — 10 years impulse response functions of the estimated VEC model
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APPENDI X

Table A.1 — Unit root tests on the stock levels (test statistics are reported; p-values in parentheses;
distributions taken from MacKinnon, 1994, and Pantula et al., 1994)

Stock No trend No trend With trend With time dummy
No drift With drift With drift (structural break in
1980)
ADF PP WS ADF PP WS ADF PP WS ADF PP WS
O 252 143 NA 140 049 031 -109 -220 -148 -28 -108 -282
(99  (.99) (99 (98 (99 (93 (9%) (089 (018 (.38 (.13
S 126 064 NA -179 -168 -009 -008 -253 083 -121 -387 -165
(95 (89 (38) (81) (099 (99 (95 (99 (090 (89 (.83
I 100 070 NA 08 342 024 193 257 -010 -222 -915 -241
(920 (.89 (99 (99 (99 (99 (9 (9 47 (49 (39
No trend No trend With trend With time dummy
No drift With drift With drift (structural breakin
1980)
O S I o] S I O S I @] S I
AlC 2 4 3 2 3 3 2 4 4 2 2 2
Optimal lag

Restriction Testing (Enders, 1995; page 257) (critical values in parentheses taken from Dickey and
Fuller, 1981; Perron, 1989; 95% confidence interval)®®

(@] S |
No trend, No drift, No unit root 047 0,69 0,38
(critical value = 5.68)
No trend, No unit root 0,17 0,28 0,07

(deterministic drift)
(critical value=7.24)

No constant, No unit root 0,14 0,28 0,09

(trend stationary process)
(critical value=5.18)

tat 015 0.30 201
(critical value = 3.20)
tht 104 043 178
(critical value = 2.85)
tam 195 197 263
(critical value=2.61)
Perron’ stest of structural change 142 132 103

(critical value=-3.94)

23 For the tests taken from Dickey and Fuller (1981), critical values for sample size n = 25 are considered;
for the Perron’stest| = 0.4 isassumed.



Table A.2— ADF unit root tests on the stock first differences (no trend, no drift admitted)

Stock Test statisticst 90% Critical values 95% Critical values
O -2.29 -1.60 -195
S -1.75 -1.60 -1.95
I -1.66 -1.60 -1.95

Table 5— Cointegration tests; 1 1ag, no costant, no trend, no dummy assumed (test statistics are reported;
p-values and critical values taken from Engle and Yoo, 1987, and Johansen and Juselius, 1990)

Test statistics p- value
Engle-Granger t test -3.67 0.14
Johansen (trace) test: Test statistics 90% Critical values 95% Critical values
Rank =0 29.38 2843 3125
Rank £ 1 11.75 1558 1784
Rank £ 2 2.88 6.69 8.08




