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Abstract

This paper analyses how a public institution chedle optimal contract (cofinancing rate) in
funding agricultural R&D research projects. A thetarzal model is developed within a
principal-agent framework taking into account tisgrametric information both players have
to handle. The researcher (the agent) initiallysdoet know the cofinancing granted by the
funding institution (the principal). This latten turn, only observes some objective features
of the researchers and of the selected resear@cigand, ex post, the research outcome, but
not the agent’s actual effort on the project. Theagipal uses the available information to
offer the cofinancing rate (the contract) that, @mdpecific contractual clauses, induces the
agent’s effort that maximizes principal’s utilitfhe model eventually assumes the form of a
Stackelberg-type game. An empirically testabletiafais also derived from the theoretical
model and is then applied to the agricultural R&Bgramme funded by the lItalian region
Emilia-Romagna over years 2001-2006.
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1. Introduction

In the last decades, the scientific debate on algmi@al R&D public funding
progressively shifted the attention from the optimmount of expenditure to its optimal
allocation, i.e., how optimally allocate the fixed even diminishing amount of resources
(Huffman and Just, 1994, 1999a, 1999b; Huffmanl.e2806; Pardey and Beintema, 2002;
Pardeyet al, 2006; Spielman and von Grebmer, 2004). Thiedaspect emphasizes a key
issue of public research funding: it always invelvewo players whose interests and
objectives tend to diverge (Huffman and Just, 20@) the one hand, the funding public
institution aims at obtaining the maximum outconpmayf) from the funded research
activities in terms of social net benefits. On titeer hand, the researcher aims at raising
funds and progressing in his professional (acadecaieer. This potential clash of interests
becomes an issue for the presence of asymmetricnation between the two players
(Materia and Esposti, 2009). Public research fumndinus takes the form of a contract

between such players under this asymmetry.

At many different levels (regional, national, Eueap) one funding mechanism has
progressively emerged. It consists in granting jouiohds to research projects selected within
a competitive procedure and through a cofinanciggeement. We may wonder why and
when this funding mechanism approach is expecteBetaational. We may regard this
approach as a two-stage process: the fundingutistit firstly run a competition and select
among projects presented by the researchers. Tthaoposes them the contract, namely, the
cofinancing rate granted to the project. From tkespective of the funding institution the
problem then becomes how to optimally define thigneacing rate in this kind of contract
and, in particular, which characteristics of prige&gnd researchers have to affect this optimal
cofinancing rate. This paper aims at modelling thisding mechanism. Within a principal-
agent framework, the public funding institution gttprincipal) looks for the optimal
compromise between two conflicting aspects. Onaie hand, the need of an high-enough
cofinancing rate to induce the researcher (thetagerspend his effort within the project. On
the other hand, alternative uses of public expaneliencourage the principal to maintain the

cofinancing rate at the lowest possible level.

Though issues related to the appropriate desigR&D public funding and to this
specific funding mechanism are not evidently exeri®f agricultural R&D (David, 2000), a



model is here developed with specific referenceh® agricultural case. Not only for the
sectoral empirical application presented hereaftisg because the large prevalence of public
funding in agricultural R&D (Huffman and Just, 1999 and the increasing use of
cofinancing research contracts (Materia, 2008) nthkesector particularly suitable for the

present analysis.

On the basis of specific assumptions about ageb&baviour and principal’s
expectations, section 2 develops the model derithiegbehaviour of the funding institution
(i.,e., the optimal cofinancing rate) and analysihgw it is affected by observable
characteristics of the researchers and of the res@aojects. To achieve this, section 3 firstly
presents comparative static analysis and then ppesfaumerical simulations. An empirically
tractable and estimable relationship between thinamcing rate and these observable
variables is derived in section 4. To finally assdke consistency of model predictions with
real data, this empirical relation is estimatedsattion 5. The application concerns public
agro-food R&D funding carried out by Regione EmiRamagna (one of the largest Italian

administrative region) over the period 2001-200&ct®n 6 concludes.

2. The modd

2.1. The logic and the assumptions

Let us consider the two players involved in reseainding: the public funding
institution (the principal) and one (or many) raskar(s) that carries out the research work
(the agent). Assume a funding mechanism where R&Djepts are selected after a
competitive proposal evaluation process and theddd through a cofinancing agreement. It
is helpful to represent this funding mechanism as@stage process (Figure 1). Initially,
researchers submit projects and compete for fundihgn, once the public institution has
selected some projects exclusively on the basighef scientific-technical merit (peer-
reviewing), the principal offers a contract (namelycofinancing rate) to the agents.

From the principal’'s perspective, the selectiorgstdoes not only pursue the best
allocation of a limited budget through the objeetiand competent evaluation of peer-

reviewers. The first stage also aims at collectinfiprmation on competing researchers

! This is definitely the case in Italy. Alfranca aHdffman (2003) show that private expenditure hie hineties,
amounted to about 25% of total agricultural R&Dlt@y. Among other EU countries it was about 60%lia
UK and only 10% in Germany and Spain.



(agents). They have to disclose information abbaiselves and their research activities to
participate in the competition and maximize thelramces to succeed. This additional

information can be then used by the principal mftiilowing contracting stage.

The peculiar characteristics of research activigee riskiness (the outcome is
uncertain in timing, quantity and quality of resiland presence of asymmetric information.
On the former aspect, for the sake of simplicitythbplayers are here assumed risk neutral
Asymmetric information occurs because the princigal not observe the actual effort (for
instance, days of work) the i-th agent is goingspend on the projecg)?, while, on the
contrary, the agent can not know, when he prepamdssubmits the project, the cofinancing
rate the principal will offer|{;) after project approval.

At the same time, however, the principal has twgomsources of information about
projects and agents. On the one hand, he observitéiere or ex-post the outcome of the
research projects(). On the other hand, he receives from the peaewsrs an objective and
competent evaluation informing him about real ageability (¢;) and declared project’s cost
(Ci). On this basis, if the principal is able to degliube researcher’s “production function”
from the contents of the project proposal, he ¢ars infer the agent’s effort on the project

(e), ex-post by observing research results.

The first modeling step concerns players’ behavige assume that both players aim
at maximizing their utility. The researcher looks the optimal allocation of his efforts and
own funds to maximize his research results. Thelipdbnding institution looks for the
cofinancing rate that maximizes the overall sobhefits from public funds. Let us firstly
define the respective utility functions. After pgoj approval, the i-th agent utility function

can be measured in terms of research resultslas/fol

1) Ut =R +Ry :(Hidqbcf)"' V{HI (Ei -6 )M +1,C -Cyf, Ui=1.N
whereE andW are the overall effort (in terms of working timad financial endowments of

the agent, respectivelyC, are the financial resources actually spent inrésearch project.
0< i <1 is the cofinancing rate ar(quiCi) is the amount of funds granted by the principal

on the basis of the declared cost the researcleqird@j, . In (1) the agent allocates the total

2 In Huffman and Just (2000), for instance, the @gal is risk neutral while the agent is risk aceer

% Henceforth, index identifies both the generic project and the genessearcher among the N selected projects
(researchers), the assumption being that they id@in@amely, that any researcher submits only eiceessful
project).



financial resources(V\/i + U C.) and the total effort) between the project and alternative

research activities. The financial resources spant alternative research thus are
C, = M +u C, —Cli] . R} :(Hidquj) is the expected outcome of the research projact (i

terms of publications, patents, etc.) aR§ :;/{6?i (E, —e,)B/\/i +u C —Cﬂ]} is the expected
output of alternative research activities for whidiowever, no public cofinancing is
provided? d,b,a,y >0 are fixed (i.e., invariant across research prsjectagents) unknown

parameters expressing returns to ability, effod timancial resources.

These two research production functions are evigleifferent. Both assume a Cobb-

Douglas form butR/} shows variable marginal returns to ability, effamd financial

resources, whileR, is a sort of linear production function as it slsoaonstant marginal
returns to all research production factors (prodideat the amount of the other factors
remains constant). The economic argument underlhrggdifferent functional specification
is that the i-th research project is a single agtivor which it is reasonable to admit
decreasing returns to ability, effort and financiakources (i.e,0<d,b,a<1). On the
contrary, there is no reason to impose decreasggrns over the possibly large and
unbounded set of alternative research activitiEisere is also a practical argument supporting
these functional specifications. They make thet fasd second order derivatives of the
objective function (and, therefore, the associatadximization problem) analytically

treatable.

Now, let us consider the principal’s utility funati associated to the i-th selected

project and expressed in terms of the resultingabbenefits from research outcomes:
@ U =R-R =[plgect)-uc] -(uc)y

where utility R} :[¢ (qubCia)—,uiCi] expresses the i-th project expected outcome mser
of social benefits net of the public funds allocate the project itself(x;C,). Parameter

@ >0, therefore, converts the research output intoasdmenefits. The reservation utility

* As both players are risk neutral, it follows thgent's and principal’s utilities are only affecteylthe expected
outcome of the research activity, while other atpet its stochastic nature (variance and covagando not
matter.

® Among these possible alternative activities weutthalso include the i-th project itself when nabmitted to
the competitive selection process and, thus, éyfiseded by the agent.



RY =(1C, )’ expresses the net social benefits obtainable fatiernative usésof public

funds (,ui C ) p > 0 is the net return parameter of these alternates.u

The clash of objectives between the two playensgrgithe asymmetric information,
makes this research funding mechanism assume thealkyfeatures of a contract-design
problem in a principal-agent framework (Huffman ahgt, 2000). In this case, the object of

the contract is the cofinancing rate (between OJgrgranted by the principal.

2.2. The nature of the research contract
(2) makes explicit that the principal purposes highest possiblee (0U” /de >0)
while minimizing the cofinancing ratg; (0U7/d u <0). The principal, however, can not
decide the level ok . He can only decidg that, in turn, affect agents’ effort. The agent

decides how much effort to spend on the projecedhe project has been selected and the

contract (i) offered by the principal. Therefore, the prindipams at using the cofinancing

rate 4 to induce the maximum agent’s effort on the projec

Moral hazard can evidently occur typically in thermh of a post-contractual
opportunistic behaviour of the agent: with resgedhe project’s original contents, the agent
can change the allocation of both effort and fin@neesources after he accepts the
cofinancing rate offered by the principal. The pijpal only partially admits this moral hazard
behaviour. On the one hand, he has to accept thsilpldy that the agent, once his own
project has been selected and cofinanced, demdesllocate part of the effort in alternative
research activities. On the other hand, howeverptincipal excludes that the agent uses part

of the funds granted by the principal to carry altgérnative R&D activities.

This principal’s belief about agent’s moral hazhathaviour is grounded on the design

of the contract he offers to the agent. Togethéh tie granted, , the contract includes three

clauses. The first is theompatibility clauseand establishes that the agent is allowed to run
other research activities in parallel with the fadgroject. The second is thecession clause
and admits that the agent, though selected in its¢ $tage, can decide to reject the
cofinancing rate offered by the principal thus patticipating to the contract. As will be

shown in the following sections, these two clausesneeded because otherwise the agents

® For instance, investments in public infrastructure



would not even participate to the first stage @b&ction process). The third is th@nction
clauseand establishes that, as soon as the princip&nods a research outcome that is an
appreciable deviation from expected behaviour, ftem the full use of granted funds within
the project, he can immediately sanction the agent by recefliogn the contract (thus
stopping funding) if he is able to evaluate projexdultsin-itinere, or he can sanction the
agentex-post for instance not paying the finance balance efgloject, excluding him from
future funding or, more simply, just in terms of$oof reputation. The application of this
clause is credible in agent’s perspective becaasmrding to the assumptions made above,
he knows that his “production function” can be aoled (through project contents), namely,
that the principal knows the expected project tssigiven the cofinancing rate, the ability,

the project cost and the expected effort.

2.3. Agent’s Optimization

Given the nature of the contract, the principal noggimally design it by firstly
inferring agent’s optimizing behavioural rule. The¢h selected agent (project/researcher)

maximizes his own utility function with respecttte behavioural variable under the three

contractual clauses:
3) manUiA - (0ide|bcia)+y{0i (E _Q)[\Ni +4,C -C, ]}

The agent looks for that leved that represents the best allocation (in terms of

research results) of his total effdtacross all possible research activities. Giventtiiel

contractual clause, however, he restricts himselinfusing the principal's grantsy C.,

outside the funded research project. Conseque@tlyn (3) corresponds t€,; in (1).

Imposing the first-order condition on (3) we obtain

" It must be acknowledged that the principal onlyoks the “stochastic production function” of the
researcher/project, namely, the expected researguto What the principal observex post in fact, is the
actual research output. Therefore, in principle, difference between the actual and the expectgmiboan be
attributed either to the stochastic nature of tBdRactivity or to the moral hazard of the research#erefore,
the assumption is made that the principal is abldistinguish,ex post between a poor research result due to
moral hazard and a randomly generated poor reseescit. In practice, however, what we are reafiguaning

is that the agent does not want to take the risk forbidden (according to the contract) moral hdidzsehaviour
because he is convinced that the funding institutiaght associate a poor research result to hisint@zard
then imposing him the consequent sanctions.



A
@) a(;;, =0= b@'e™'C? - 9w, + 41, C -C, |=0

from which we can derive the agent’s optimal effat):

b-1

© &=tarcrumc-c)f

The second order condition clearly indicates thatig always a maximum, provided
that0<b <12
azu A

(6) <0= (b-Dbg" e?C* <0

The optimal effort thus depends on the invarianirreparametersl,b,a, y, but also
on 8 , C and, in particulark;, offered by the principal. Agent’'s optimal efforanes with

respect to these variables as follows:

* 2
) 1
®) Zi@::bi—l(l_d){% oW +1.C, - ]}
2
O Se=ptra e uc —c | le-alu - -awe: ]

Provided thatO<b< 1 (7) demonstrates that the optimal agent’s eftdways

declines with the increase qf,. It is worth noticing that, by definition oV, it must be

W 2 (1—,ui )Ci, otherwise the agent could not provide its pdrfumding on the project.
Therefore, it is alway$V +C, (/,1i —1)2 0. For this reason, (9) shows that the optimal egen
effort always increase with the increase@ft Evidently, an higher cost generates an higher

productivity of the effort within the project anak, the same time, subtracts financial resources

to alternative research activities.

8 By definition, itis8,e,C > 0.



On the contrary, according to (8), the responsageht’s optimal effort to a change in

his ability, €, may be either positive or negative. This differeahaviour can be explained
by the fact that, unlike effort and financial resms, ability is not rival across research

activities. Therefore, the sign of the response obnly depends on the returns @f within
the project. Wher0<d < Itherefore under decreasing marginal returng jahe effort will
always decrease with the increasedafUnder increasing marginal returns@o(d >1) , the

response of the effort to ability will become post The economic rationale is
straightforward: whenever the returns to abilitg rgher (lower) in the project rather than in
alternative activities it is convenient for the ageo reallocate his effort in favour of the
project (of the alternative activities) itself.

2.4. Principal’s Optimization

On the basis of the abovementioned nature of thdract and of his beliefs, the

principal takes agent’s behaviour as given, thugudes the optimal effortd) in utility

function (2) to decide about his own behaviouralalde, (-
(10a) max{[pare’cr - uc |- (uc.)}

By substituting (5) in (10a), we obtain:

b

(10b) max| g4’ [g gc W +C (1 —1))} el -uc -(uc)

The respective first-order condition is:

ou”

(12) —0= Y g9 [Z 6-c W+ —1))}13_1 -pct ) -1=0

b-1 b

i
where 4 indicates the optimal cofinancing rate providedttithe second order

condition holds true:

(12)

0°U; y? 2-d1-a| V pi-d (\N ( )) E;‘? 1( )p-Z
L <0=> —F——¢07°C?| L87CP W +C | -1 < -1)Cc M

a’uiz = b(b_1)2 ¢ i i |:b i i i i /'I| j| IO(IO ) i :ul



As 0< u <1, clear conclusions can be drawn from (11) and.(E8) O<b <1 and
all parameters >0, in fact, (12) may hold true ofdly negative values of; and the first-
order condition can never be met o 1, < . After all, from direct inspection of (10b), it is
already evident that, for non-negative value, the maximum principal’s utility is always
reached whery, = 0The economic argument is immediate: wgh= th& agent’s effort
will be maximum while the principal’'s explicit andmplicit (opportunity) costs
(1.C. and(uC

)", respectively) will be minimum. Evidently, howeyeao agent is willing to

i
accept such contract. Namely, all agents would nusleeof the second contractual clause and
recede. If this clause was not admitted in thereahtthe agent would not even participate to
the selection procedure. Therefore, if we assuratg for symmetry, the agents are perfectly
able to foresee this principal’s behaviour, the liogtion of this behaviour would be that no

agent will even enter the first stage of the preces

As a conseguence, to avoid a generalized receBsionthe contract or self-exclusion
from the selection process by the agents, the ipatis behavioural rule can not be expressed
by (11). He must rather take into account the pigdtion constraint of the agent. The agent
utility from participating to the selection proceasd, then, accept the contract must be at
least equal to the utility the agent can obtainspgnding all his own efforts and financial
resources in alternative research activities (iles reservation utility). Such agent’s

participation constraint is:

(14) (Hidelbcia)-l-y[gi (Ei _el)(Wi +14,C -G )] 2 V(gl EiWi)
where y(Hi EiV\/i) is the agent’s reservation utility. If (14) is noet, namely, whenever the

reservation utility is larger thab *, the agent is expected to recede from the confact

rejecting the principal’s offegs ). In such caseg will be 0.

Given this participation constraint, the princigaproblem has to be rewritten as

follows:
(10c) m;,?x{[¢ 6'e’C? - uC ] - (:Ui G )p}
s.t.:

(Beebct)= HaEW)- M8 (E ~e)W + 4 C -,



(aolqbca)2 G + (:uiCi )p

The second constraint represents the principal’sstcaint that completes his
contractual behaviour: the principal will neveresffa cofinancing rate that makes the social
benefits generated by the granted project lower bemefits that would be generated by using
the same public funds in alternative investmentse #wo constraints in (10c) evidently are
mutually exclusive: if the former is binding theté is slack (andice versa In particular, if
the latter is more binding the funding programmd not even exist; it happens when the

maximum . the principal is willing to propose (correspondiogthe value at which the net
utility U, i.e., utility from the project less the reserwatutility, equals 0) is lower than the
minimum £, the agent is willing to accept. Figure 2 illustsithow the two participation
constraints may combine in generating a non-emgityfpossible contractual outcomgs:
for the funding programme to start, there mustteaiset of values ofs, for which the

participation constraint of both players is respdcstill, if existent, the optimal; is always

decided by the agent’s participation constrainteré€fore, we can solve (10c) skipping the

second constraint.

(10c) can be solved by applying the Kuhn-Tuckeroram. The Lagrangian function
(15)

L={lparecy - e |- (uc - Arae w)-[e'ece)+ 8 (E -e )W +uc -c )}

where 1 is the Kuhn-Tucker multiplier. According to the KuTucker sufficiency, solutions

to (15) satisfy the following conditions:

16) |30 wnenffa e w) =
( A20 when{{8 E W, )-|\8°e’C?)+ 0 (E -e )W +x C -C, Ji=0
A=0 when{/6.E W )-[(6'e’C? )+ )8, (E, &)W, +4 C -C, Ji<0

The former equation is the usual first-order candiof the Lagrangian function while

the latter equations are the so-called complemgisfackness conditions. If the constraint is

10



slack (not binding, i.eA= J) oncee in (15) is substituted with (5), the problem will

correspond to (10b) and it will bgs = .@But this solution clearly violates the agent’s

participation constraint unless the returns toighieffort and own financial resources in the

project are higher than in alternative activitiewr fany level of §,e and C,. This
circumstance, however, is excluded fgras we assume@<b<1, i.e., that the objective
function of the agent is concave &. Moreover, in such case the agent would simplyycar

out the project in any case, regardless extermalifig.

From the Kuhn-Tucker sufficiency, as well as froimedt examination of problem,
and under the assumed values of model parametersamvconclude that the only non-trivial
case is a contract that satisfy (5) and for whiah dgent’s participation constraint is always
binding:

(17) (Hide:bcia)-'-y{ei (E, ‘el)(Wi +4,C -G )] =6E W)

Substituting (5) and after some simple algebrainimadations to isolatey , the

boundary solution (17) can also be rewritten as:

(18) is the reduced-form relationship linking thetimal contract (i.e., cofinancing
rate) to the characteristics of the i-th project aagent €, W, 8 and C,) and to the
invariant parametersd,a,y>0and 0<b<1. From (18) and the underlying modelling
approach, we can draw three general propositionsitathis funding mechanism and the
respective contract.

Proposition X The principal’s utility function is irrelevant fdhe optimal contract.

As the optimal cofinancing rate in (18) only confesm agent’s utility function and
his participation constraint, the principal utilitunction (2) is apparently irrelevant.

Therefore, parameter® and o would not matter, too. Actuallygp and o enter the

11



UG + (,Ui C )p

principal’s participation constrair(ﬁidqbcia)z . Therefore, though they do not

affect the optimal contractz , an high-enoughp and a low-enoughp are needed to make

the contract itself exist.

Proposition 2 The contractual clauses are strictly needed tokenahe funding

mechanism work.

The model makes clear that, if tlkempatibility and recession clausesvere not

included, the funding mechanism would have a trieiatcome with the principal always
offering & = 0 and the agent never finding any interest in pigdiing to such research

contracts. In fact, without these two contractualises the whole funding process would not

even start.
Proposition 3 The funding mechanism works as a Stackelberggdgpee.

The model does not behave as a conventional pahagent model (Gibbons, 1998).
Although the theoretical framework assumes thecipfieatures of a principal-agent problem
(due to asymmetric information) and equation (3) ktoks like anincentive-compatibility
conditionof a conventional principal-agent model, the mdugrie developed excludes post-
contractual opportunistic behaviours of the ag&iten assumptions made and the third
contractual clause, the post-contractual behawbdtine agent exactly follows the principal’s
expectations in order to avoid sanctions (from lokseputation to loss of money). On this
basis, the principal can offer its optimal contracicordingly. The model consequently
assumes the typical features oStackelberg-type gamehere the funding institution (the
principal) acts as théeader that exactly knows the response function of thenagThe
researcher (the agent) acts asftiwer that behaves according to principal’'s expectations

as he does not find any convenience in opportenigthaviout.

° For this reason and to avoid confusion, hencefaetwill always use the term “funding institutionistead of
“principal” and “researcher” instead of “agent”. thally, if the researchers did not care about thesjble
sanctions, the model would really become a typicacipal-agent model. The principal would haveptopose
appropriate incentives to contain the moral habatthviour and/or would need to spend resourcesnitralling
and monitoring agents’ behaviour. More detailpancipal-agent models in research contracts cafotned in
Holmstrom (1989) and Levitt (1995). Some furtheteiesting developments in these modelling exercses
also suggested in Sun (2008). Model developmerttsisrfield have been recently proposed also vagpect to
“private-to-private” research contracts (Norbéclkd dPersson, 2009) or to the design of public Uniters
systems (Agasisti and Catalano, 2009).

12



Within this game, model (18) represents how theinaoicing rate (the optimal
contract) offered by the public funding institutios expected to change whenever the

characteristics of researchers and research psofeamely,E;, W, 8 andC,) change. In

particular, the interest here is on analysing hbe funding institution uses the information

provided within the submitted projects. As, and W, are hardly observable even after

project submission, the available information conse&d, andC, as illustrated in the project

documentation and emerged in the selection proddss. information can be used by the

funding institution to establish the optimal cowrtraOn a purely empirical ground, however,

the issue can be re-formulated as follows: givendbserved cofinancing ratgs and their

relationship with observed andC, , can we empirically assess whether, and undechwhi

model parameters, model (18) is supported by ra@™

3. Comparative statics and numerical smulations

3.1. Comparative statics

To give an empirical content to the funding mechanmodelled in previous section,
we have to figure out how the behaviour of the players (namely, variables and g )

depends on either observable or unobservable dbastics of researchers and research

projects. While taking derivatives with respectth@se independent variables is relatively

straightforward fore (see equations (7)-(9) and comments thereaftanyelter, such
comparative statics’ analysis is not immediate tforsince (18) is in implicit form.
Nonetheless, (18) still expresses the functionatiomship betweeny”, E,,W,, 8 and C,,
that is, 1‘(/,1i*,Ei W, 8 ,Ci):O. In particular, we are here interested in the ti@hship
between the behavioural variable of the fundingtitiméon, £, and the observable

characteristics of projects and research@randC, .

We can express these relationships with the impfigictions fl(,ui*,C.):O and

1‘2(,ui*,6?i )=O. The Implicit Function Theorem indicates under ethiconditions the

respective explicit functiong/ = g,(C,) and 1’ = g,(8) exist. Let us assume that the two

generic points(,uO,Co) and (,u ,HO) are solutions to the implicit functions above,.,i.e

13



f,(1,,C,) =0 and f,(y,,6,)=0. We can then conclude that the explicit functions
4 =g,(C)and 4 =g,(8) exist in open intervals centred ify,,C,) and (g,.6,)

provided that, within these intervals,fl( i*,Ci) and fz( ,0,) are continuously

differentiable and afl( O*’C°)= 6f2( 0*'60)7&0. Under such conditions, functions
0, Oty

u =g,(C)and 4 =g,(8)are, in turn, continuously differentiable and théist-order

derivatives can be derived as implicit functiongai®ws:

(19a) g,'(C,) ~E:’—§

f29 i ’3|
(190) 9(0)=-50
* e of,\u. 6
where f1c(:ui ’Cl)_ afl%[éi’CI)’ fzg( ’gi)zzl(aTlil) and
) of,\u ,.C)_of,\u .6
fl,u(/'[i ’Ci) fZ,U( I’Hi): lg;l,.* ): 2((9/J-* )
Let us consider the following intervals:z 0[01],  C O[12] and

6, 0[0.00025,001]. As shown in numerical simulations below (Figueand 7), within this
interval there exist solutions to both implicit fiions. In particular, if we consider the case

wherea=b=d=y=0.5, W=2 and E=5000, we may notice tlaf = 087, C, = 1.05,6,=0.001)

is a solution tof, (' ,C,)= 0 and f,(4 .6 )=0. By substituting these values m—af E} .C)
u

and M we obtain the foIIowing:afl( O*’C°)=0f2( c1'6’0)=0-988- Therefore, the
ou 0ty Oty

afl(yS,Co): of (44,6 )¢o is met.
a,uf) a/Jo

condition

Therefore, in the intervals above functiop$ = g,(C,) and &/ =g,(8) , as well as

first-order derivativesg,'(C,) and g,'(8,), do exist. Nonetheless, they still remain implicit
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functions that can be hardly manipulated argressed in explicit forth The behaviour of’
with respect to changes & and &, however, can be still derived through numerical

simulations by assuming plausible valuesdob, a, y, E andW.

3.2. Numerical Simulations and Implications

To understand model outcomes and implications tilrawumerical simulations, it is

helpful to make the units of measure explicit:

Model variable Units of measure

(Proportional to) Number of publications/patents (o
other measurable research results)
(Proportional to) Social benefit expressed in heddr

U” Researcher's utility

U®  Funding institution’s utility

thousand €
Number of publications/patents per working day and
(7] Researcher’s ability per cost unit (one hundred thousand €) spent on the
research project
€ Researcher’s effort Number of working days on tregget
C Project cost Hundred thousand €
E Researcher's (effort) Number of total working days
endowment
W Researcher’s (financial) Hundred thousand €
endowment
M Cofinancing rate Pure numbeD[O,l]

d,b,a,y,#, o : Unknown and invariant model parametérs

' The analytical derivation off,. (,ui*,Ci), fzg(/Ji*,Hi), flﬂ(/Ji*,Ci)Z fzﬂ(,ui*,ﬁi), 9,'(C,) and
gz'(Hi) is available upon request. Looking at (17) we doargue that functionsfl(,ui*,Ci) and

fz(,ui* 0 ) can be also written as fl(,ui* ,C, )= Fl[e* (,u, ,Ci) =0 and

fz(,ui* N ): Fz[e* (,u, N )] =0 where function€’ ([)] in fact, expresses (5). Therefore, we can rewrite

fzg(ﬂi* ’Hi): erv([)]ai and

26

flﬂ(,ui*,Ci): fZ,U(IUi*’Hi): Flﬂ([)]gi :Fzy([)]gi- respectively. Though we know the signs of
Hi Hi

derivatives in (19a) and (19b) an1C(’u‘*’Ci): FlC( gg ,

de de’

derivativesE and —— from (7) and (9), however, still we can not bedasive with respect to the signs of
i [
o . _ oe
derivatives (19a) and (19b) as we do not knawyiori, the signs of —-, F,., F, and F, =F,,. These
i
signs will depend on the values of model parametedsindependent variablegb, b, a, ¥, E andw.

1d,b,a, 0 are return coefficientsp indicates the average social value of a researtdome and is measured
in hundred thousand € per research result (pulditapatent, etc.)y makes the results obtained in alternative
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By attributing plausible and acceptable<{b < ) vhlues tod,b,a,y,E, W andC (or
6) it becomes possible to compute hewvaries in response ta andé(or C), and howy’

varies in response té (or C). In the case ofe’, numerical simulations are expected to

confirm derivatives (7)-(9). In the cage , on the contrary, simulations aim at illustratthg

behaviour implied by the reduced form of the model, equation (18).

Evidently, many different combinations of paramstean be used to compute and
4 according to (5) and (18). Nonetheless, we catindisish among generalases Such
distinction can be made on the basis of two magpeats. Firstly, the returns to research
activities: we can consider the cases of decreaminmgcreasing returns to scake+p+d<1 or
>1, respectively) as well as the cases of equalifterent returns to the different research
inputs @=b=d or a#b#d, respectively). Secondly, we can consider the eizthe research
project and of the researcher distinguishing retems with small endowment in terms of
both effort and financial resources compared topitugect requirements (that i§ =e and
W = C, respectively) from researchers with a large endemt (that is, E>>e and
W >>C).

Under these alternative specifications dfb,a,y,E, W *?, figures 3-5 report the
numerical simulations computed on (5). They repoedderivatives (7)-(9), that is, howa
responds to variations @f 6 and C. Figures 5-7 report analogous simulationsngglicit
function (18) showing howu  responds to variations & andC accordingly. Figures 3-5
confirm the expected behaviour of derivatives @)-(n the first and the third case (
depending on: and C), the response qualitatively does not change dbgss the values of
d,b,a,y,E,W: e always decreases asncreases while it increases with On the contrary,

it may increase (whed>1 and, thusa+b+d>>1) or decrease (whest+b+d<1) as& grows.

research activities comparable to those obtainegtirwthe research project under question; thuss & pure
number. As mentioned, however, neither paramgtenor O influence the value oe,* and ,ui*. In running

numerical simulations, their value is specifiedyotd warrant that the principal’s participation stnaint (see
(10c) is respected.
12 Note that for any simulation it is possible todiplausible values off , 0 >0 for which the principal’'s

participation constraint in (10c) is respected. fstance, in Case 5 of Figure 6 this occurs ywith 0.20 andp
= 60.
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The same occurs witpy' (Figures 6-7): regardless,b,a, y, E,\W, x4 always decreases &s

increases but always increases wth

Despite this quite univocal behaviour, the différepecifications of research returns

and researcher’'s endowment may still affect th@eslud curves in Figures 3“5 The relation
betweene and g is always convex but the degree of convexity iases witha+b+d>1
and small researcher's endowmew £ C). A larger researcher's endowment, on the

contrary, increases the degree of convexityeofas function of§ when a+b+d<1. With
a+tb+d>1, e = f(6) becomes an increasing and concave function. Téredsing function
e = f(C ), finally, can be either convex or concave, thitelabehaviour only occurring with

a>b=d anda+b+d<1 and with large researcher’'s endowment. This foneii behaviour has a
straightforward economic explanation on the faet,tfrom researcher’'s perspective, higher
(a+b+d) makes effort spent in the project relatively mpreductive and larger researcher’s

endowment makes resources spent within the progéatively less scarce.

Much less intuitive is the experimental behaviobifumctions y = gl(Ci) (Figure 6)

and u = gz(Hi) (Figure 7). The former is a decreasing and alntiostar function (only

slightly concave withatb+d>1 and W =C), while the latter is increasing and concave
regardless returns parametesly, a,y) and researcher’'s endowmeiy, (E), though these
parameters may affect how marked concavity is. €benomic explanation is that an
increasing cost of the project more and more insuas mentioned, a greater researcher’s
effort within the project and, thus, the fundingstitution can increasingly reduce its
cofinancing rate still preventing the researchemfrexiting the contract. This is more
manifest when the financial size of the researdWér is large and project returns high
(a+b+d>1).

Figure 8 summarizes the optimal contractual medmammplied by the model and by
these simulations. On the basis of the observaddanical and scientific content of the
project, thusC; and ¢;, the funding institution proposes the contragt) (to the researcher.

This latter, in turn, pursues his maximum utilitydaopts for the consequent optimal effort on

3 Figures 6 and 7 only report those solutions f)ll‘(,LlI ,C, ) =0 and fz(,ui* e/ ) =0 that are plausible, i.e.

0< 4, <0, and real (thus, not imaginary). For any simulatianly one plausible solution is found.

4 These functional behaviours could be evidentlyivééer even by taking second-order derivatives ofviih
respect tqu, 6 andC.
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the research project. Within this contractual medra, both players eventually achieve the
maximum utility from the project. The figure illuates such mechanism under two different
exemplary cases, that is, wheatb+d>1 and W=C (Case A), and whena+b+d<1, and
W>>C (Case B) Eventually, for a given project co€l , different cases may induce a
significantly different cofinancing ratgs, and, therefore, a different level of researcher’s
effort. Thus, if observable, the relationship besaw€; and 4 may be informative also about

the underlying unobservable model parameters andbles.
We can now ask whether these relationships betebservable variableg,, C, and

(partially observablep (while e is, in fact, hardly observable) can be empiricagessed,

thus supporting the theoretical derivation of thedel, and which parameters’ values can be

eventually deduced from real observations.

4. Theempirical application

4.1. Functional specification

Of major interest here is the relation betweendiervable cofinancing rates), the

observable cost of the projec,() and the ability of the researche& ), Actually, & can not

be directly observed but the funding institutiom edill conjecture on (and proxy) it on the
basis of the available information. To empiricaligsess the actual funding institution’s
behaviour, we need an explicit specificationzgf= f(6,C,). This specification has to be, at
once, empirically tractable and a good approxinmatid the underlying theoretical relation
(18).

Though linearization of (18) is not affordable rémains possible to approximate it
with a second-order Taylor polynomial and, in matar, with a generalized quadratic
function (or flexible function) (Chambers, 1988).tkh this family, the most widely used
specification is the translogarithmic (or translofynction. The unknown function
U = f(@i,Ci) can be approximated, at the approximation p@nt antl = 1, by the

following empirical specificatioh:

' a; =a; due to symmetry.
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(20a)
Ing =In[t(8.C)|=a,+a,InC, +a,In8 +12a,(nC,)* +12a,(n6 ) +a,InC,Ing

At the approximation point, the value, the firstahe second-order derivatives of this

function correspond to the unknown functign = f(Hi,Ci). Through the estimation of (20a),

therefore, it becomes possible to empirically abees 1/ varies in response 16, and 4, .

4 .2. Data and model variables

(20a) is here applied to the agro-food R&D activit;mded by the Italian Region
Emilia-Romagna over years 2001-2006, accordindpéocbfinancing pluriannual programme
promoted with regional law LR 28/98 (Materia, 2008 his regional law represents an
exemplary case of competitive funding as it impleselection of submitted projects (1221
over the period under consideration) firstly pemied by a panel of external and independent
experts peer-reviewers They assign an evaluation score to any projased on its purely
technical and scientific merit. This evaluationtien followed by a further approval-stage
controlled by the competent regional bureau threlly admits the projects to public funding.
On selected projects (589 over the whole peridiy, Region must then decide the rate of
cofinancing. This funding mechanism does not impasg constrain on other possible
research activities the researcher can carry opéaiallel. The researcher can eventually even
reject the cofinancing rate offered by the Regiod,ahus, skip the contract. Therefore, the
two contractual clauses mentioned in section 2e2 fmrmally or informally, in force. The
same holds true with the third clause: though metgs explicit in the contract, the region
can condition the final payment to-itinere and ex-postevaluation of results or can even
exclude the researcher from successive fundingraneges if a negative evaluation of results
now emerges. Therefore, LR 28/98 is a concrete chsepublic agricultural R&D funding

programme whose mechanisms seem very close tmtitiect modelled in previous sections.

The dataset contains n=589 observations (projefiis) which the following
information are available: project cost (total betigl expenditure)y); the percentage (rate

of) cofinancing granted by the Region)( score assigned by tipeer-reviewergp;); project

6 Region Emilia-Romagna made these data availabteruthe research project untitled “Valutazione alell
spesa per ricerca, sperimentazione e sviluppo kegico in agricoltura: la legge 28/98" (“Evaluatioof
expenditure for agricultural research and techrioldgdevelopment: law 28/98") funded by the Regitzelf
and carried out by the Associazione AlessandrodBafEsposti et al., 2010).
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typology in terms of sector of applicatios)| year of funding ). Table 1 reports some
descriptive statistics of these model variablefiwithe sample.

Though & remains unobservable, varialplgs, from the Region’s perspective, a good

proxy of the ability attributable to theth researcher/project. Dummy variables are included
to admit that model parameters vary across sub-eamp particular, a sectoral typology) (

is assigned according to what established in LRO8&self. Projects are classified across
three sectors: crop productions (VEG); animal potidns (ZOO); farm and rural
development, environment and marketing (ALT). Thiegmlogies actually represent quite
different research activities as largely acknowkstign the literature in particular with
reference to the comparison between crop and tiekstesearch (Townsend and Thirtle,
2001). Therefore, it seems fully plausible to eagis different model parameters and,
consequently, funding institution’s behaviour asrtise different research typologies. Within
the adopted empirical model, such heterogeneiggt®unted for by simply including sector-

specific dummies associated to the constant tendsathe parameters Gf (see (20b)).

A final aspect to be considered is the possibléediht behaviourceteris paribus
depending on the year of funding).(The funding institution can opt, in fact, forl@aver
(higher) cofinancing rate in years when the ovebaltiget for research is lower (high&r)
Under LR 28/98 a progressive reduction of the abdd budget can be detected, especially
for the final years. To capture this increasingralldudget constraint, two time dummies are
added taking value = 1 for projects whose fundieary;) is 2005 and 2008&

Eventually, the estimated model is the following:

(20b)

Z00
In 4 :(ao + zastiJ-l_zsaisti InC; +a,Inp, +]/233(|nci )2 +]/234(|n bi )2

s=VEG

+a,InC Inp +> aD, +&, i =0,...589 s=VEG,ZOO, ALT;t = 20052006

" Project duration is also an available informatiar it has been dropped as it is strongly collingih total
project cost (Materia and Esposti, 2009).

8 A lower budget may generate an higher opportuoigt of a funded research project, that is, anerigh
reservation utility.

19 Table 1 shows that the number of funded projemtigally decreased over years and this declinertcplarly
evident in years 2005 and 2006.
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where D, are time dummies and, sectoral dummiesi, is the conventional i.i.d.

disturbance termg, ~ N(O, 02). If we exclude sectoral heterogeneity (sectorahihies) the
model “collapses” to the following specification:

Inu =a,+a,InC +a,lnp +Y2a,(nC ) +y2a,(np,)* +a,InC, Inp,

(20c) :
+a;InCInp, +> ab, +&, i=0,..589 t=20052006

As the translog specification is here adopted kxa approximation of(x) at x =1
(Inx =0), it is helpful, before estimation, to normaliz model variables (excluding the
dummies) with respect to the sample mean (by sciiich the mean) such that the
approximation is exact in the sample mean poiran¢20b), the elasticity gff with respect

to C andp can be easily computed as follows:
(21a) dIny /dInC =3 a D, +a,InC +aslnp
(21b) dlng/olnp =a,+a,Inp +a,InC

In the sample mean point, therefore, these eltiscsimply becomea,, and a,,
respectively, and it is also straightforward to pone the first and second order derivates. It
is: 0y, /0C, =a,,, 84 /oC. " =a,—a,, 0 /dp =a,, 34 /dp.° =a,-a,. In any other
sample point or sub-sample mean such elasticities derivatives may assume different

values and signs according to the respective vati€s and p, .

It must be finally taken into account that the degent variable Ifi iz ) may evidently
vary within a finite interval. On the one hand, timaximum value ofy is 1, thus the

distribution of the dependent variable is rightssmed at 0. On the other hand, though in
principle the minimum value ofz is O (in such casé x would not have a lower bound), in
practice the application of LR 28/98 has acknowéetlg minimum cofinancing rate of 45%,
the justification being that a too low cofinancimgte would discourage even capable
researchers to submit projects thus inducing advargo-selection (Materia and Esposti,
2009). Therefore, it is alwayg, =  04&nd the distribution ofn /1 is also left-censored at -
0,80. Estimation of (20b,c) has to appropriateligetanto account this censored-normal

distribution of the dependent variable.
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5. Model estimates

Three alternative estimates are performed. Firgtyation (20b,c) is estimated as a
classical linear regression model using an OLSredtir. Then, the two distribution limits are

introduced in sequence. Firstly, a right-censostdn(z;, = 0) normal distribution and then a
left (Ing, =-08) and right-censored distribution is assumed. Hqnat20b,c) becomes a

censored-normal regressioand can be estimated through a Maximum LikelihobtL)(

estimatof’. Unlike OLS estimates, these latter estimates cargsistent under a censored
distribution, provided thats,~N(0,0%) (Cameron and Trivedi, 2005; McDonald, 2669)

Table 2 reports the three model estimates. As tier@ significant amount of empirical
studies underlying the different performance ofiadtural R&D activities according to the
application sector (Townsend and Thirtle, 2001)irgtial objective here is to assess possible
differences among groups VEG, ZOO and ALT. Thetfeslumns of Table 2 concern
estimates of (20c) applied to these sectoral soipkss. It may be firstly noticed that,
compared to OLS, ML estimation generally providesenstatistically significant parameters
under both right censoring and left and right ceingp in particular for variables of major
interest, € andInp. As a matter of fact, though left censoring consemany observations

(78 projects, overall), estimates with only rigletasoring and with censoring on both tails are
quite similar (as confirmed by? tests), with the only exception of group VEG. Twwia

repetitions, only left and right-censored ML estiesawill be commented and discussed

further.

The most relevant evidence emerging from modeiedés on sub-samples concerns
the different behaviour of b andlnp in the sample mean point, namely the different siga

statistical significance of parameteas and a,*. For VEG projects, presumably an highly

%0 What we call hereensored-normal regressids more often known as Tobit model, or type-I abibdel
(Wooldridge, 2002). As clarified by Wooldridge (Z200517-520), the present application should beeawvein
considered a case of censoring as it is ratheoeée solution model”. From the econometric poifiview,
however, it raises exactly the same issues antedhus legitimately considered a two-limit Tobibael. More
details on this, as well as on the comparison betw®LS and Tobit estimates, can be found in McDibnal
(2009).

LIt can be shown (Wooldridge, 2002) that the OL&shinder censoring increases as the fraction gblsatimat
is censored increases.

2 |t must be reminded that censoring makes theioeldtetween variables non-linear at the extremetpaif
the distribution. This intrinsic non-linearity aelly emerges, though indirectly, in OLS estimatdsere only
parameters associated to quadratic terms aretistatis significant. As a consequence, marginaket$ differ
between censored and uncensored observations. stilegorrespond, however, to parameter estimateghe
(uncensored) latent variable, that is, the unoteskdependent variable for which the linear relatidth the
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heterogeneous groum, estimate is not statistically different from O, ilehit is significant
and negative (positive) in the case of ALT (ZOOpups. On the contrarya, estimate is
negative and significant for VEG, while it is nagsificant for the other two sectors, though
positive for ALT and negative for ZOO. Quadraticrns of InC and Inp behave
homogeneously across groups, as respective pargnaetealways negative though statistical
significance differ across sectors (both paramedeessignificant in ALT, none in ZOO).
Parameters associated to time dummies are alwagatime, as expected, though both

significant only for group VEG.

Model estimations on sub-samples, however, doesfuilyt exploit the available
statistical information. To achieve better and mmteust estimates, Table 2 also reports (last
columns) model estimates on the whole sample witlvithout the introduction of sectoral
dummies. In the former case, corresponding to (28bgtoral dummies allow for some

different model parametersa{ and a,,) across sectors. In the latter estimate, (20@, th

between-sector heterogeneity is ruled out as paesmere assumed constant across the
whole sample. It follows that specification (20Bpresents the best compromise between the
maximum exploitation of degrees of freedom graredhe whole-sample estimation without
sectoral dummies, and the appropriate consideraifothe manifest heterogeneity across
sectoral typologies as emerged from sub-samplenasin.

The heterogeneity across sectoral groups is coeflrby the estimation performed on
the whole sample without sectoral dummies. For Bati model parametersa( and a,)
estimates are not significant. On the contrary,nifigant estimates are obtained for
parameters for which no relevant heterogeneityg strongly prevailing relation, emerged in
sub-sample estimations (those associated to quadiatl interaction terms and to time
dummies). This estimate, though poor, indirectinfoens that the relations betwegnand
p(€) and, above all, betwegnandC do differ across the different research typologiealso
confirms that specification (20b) should be preddrfor its capacity to take into account such
heterogeneity.

Therefore, it should not surprise that estimatibii20b) (last three columns of Table

2) generates better results in terms of statissigalificance. Paramete, is now consistent

independent variables always holds true. Only is $kense, estimated parameters can be interpreteduginal
effects (Wooldridge, 2002; Cameron and Trivedi, 200
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with what obtained in separate estimations: it a$ statistical significant for VEG though
negative, significantly positive for ZOO and sigcaintly negative for ALT. Most of other
parameters are statistically significant, with éxeeption of the interaction terms and, in part,
of a, itself as it is weakly significant, and negatiesly under left and right censored ML
estimation. This parameter value confirms what ioketh for VEG group in sub-sample

estimation as the larger sample size of this geigently tends to prevail on others.

Parameter associated to further sectoral dummjgs and a,,, are weakly and not
statistically significant, respectively, thus indiing that, although a residual heterogeneity
may remain within the whole sample, this has be@stiy captured by the sector-specific
parametera,.. Time dummies, in turn, are univocal across typis: always statistically

significant and negative, thus confirming that gregressive reduction of available budget

also reduces;eteris paribusthe cofinancing rate the funding institution igliwg to grant.

To better compare estimation results with modellicagions, the estimation of first
and second order derivatives and of elasticitieg/ @fith respect toC andp(&) is helpful
(Tables 3 and 43. dIn i /dInC, is not statistically different from 0 in VEG grouphile it is
positive and significant for ZOO, negative and gigant for ALT. According to the model
development in section 2 and the respective sinomisiin section 3 (Figures 6 and 7), only a
negative elasticity and a weak concavity tofwith respect toC are admitted. Therefore,
results suggest that ALT and VEG projects are abasi with this behaviour while it is the
opposite in the case of group ZOO. Sector VEG,algtudoes not show a significant relation
betweeny and C but this could be explained by the specific unged values of model
parameters (high returns and large researchergvendnt) as in Cases 4 and 5 of Figure 6.
In addition, also the relevant within-group hetexogity presumably makes a significant

relationship hardly identifiable.
On the contrary, the relation betwegnand p(€ ) is expected to be positive and

concave according to Figure 7. By looking at thenested 0y, /0p, and °y, /apiz, this is

confirmed only for group ALT, where the former ig, fact, not statistically significant. In
general terms, looking at first and second ordeivdgves, it clearly comes out that only the

ALT projects strictly respect model predictions time case of the other two groups, estimates

23t is worth reminding that in sub-samples’ meaingelasticities and derivatives do not simplyrespond to
estimated parameters as these estimates have loiaémed on the whole sample.
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could be interpreted either as a rejection of thdeulying theoretical framework or as the
consequence of the fact thatis only a poor proxy of at least for such kind of projects. In
the former case, one major explanation could be ttia funding institution is not really
convinced that the researcher refrains from masabhd behaviour, that is, it is not convinced
that the third contractual clause is really effeetin this respect. In the latter case, though the
funding institution believes that moral hazard does occur, it does not trust the score
assigned by theeer-reviewersaand may try to infer ability from other mostly axmal and
less objective sources. A final reason why modekeiations are not supported by empirical
results at least for some types of projects (Z@airticular) could be the misspecification of
the research “production function” in sections & & Here, ability, effort and cost have been
assumed as substitutes but this can be not neibgsther case especially for the more
complex research projects.

6. Concluding remarks

The theoretical model developed in this paper aanhsanalyzing how a funding
institution supports agricultural research actasgtby designing optimal cofinancing contract
with selected researchers. The model wishes to dstrade that, under certain conditions and
by observing some features of the selected rese@fpinojects, the funding public institution
may choose the (optimal) cofinancing rate that aeduany researcher to spend the effort that
maximizes the utility of both players. Model belawi, in fact, depends on a set of structural
parameters concerning inherent characteristics edearchers and research activities.
According to these parameters, the relation oaecgrbetween cofinancing rate, project cost

and researcher ability may assume different forms.

An empirical application of the model is also praséd to assess whether model
predictions are confirmed by real data across wdiffe typologies of agricultural research.
Such application concerns the research programmaetuwith law LR28/98 by one of the
largest Italian Region (Emilia-Romagna) over yeda@91-2006. Estimation results seem
consistent with the underlying theoretical framekvéor the research projects of the ALT
group (farm and rural development, environment @yagketing) and, at least partially, of the
VEG group (crop productions). Results concerningjgats of the ZOO group (animal
productions), on the contrary, are not consistatit model predictions regardless the diverse

possible values of model unknown parameters arndhlas.
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This contradictory evidence suggests that both inodestruction and econometric
estimation may deserve further improvements. Plesgilevelopments of the theoretical
model concern the introduction of risk-aversiorparticular for the researcher (Huffman and
Just, 2000); moral hazard behaviour of researdhdtre second stage of the funding process;
an explicit budget constraint for the funding ihgion; alternative specifications of the utility
functions. These further complications of the tle¢éical framework, however, may hinder
empirical tractability. Therefore, steps forwardshl be also achieved for a more explicit
transfer of the underlying theoretical model intoestimable empirical specification to allow
for direct estimation and hypothesis testing of eidtieoretical parameters. As a matter of
fact, these latter are not directly estimated i@ firesent application. Results, even when
consistent with model predictions, do not allowtaonjecture on all structural parameters
(for instance, return parameters) and on possitiferences across research groups in this
respect.

On the empirical ground, alternative estimationhteques may be also attempted
especially to take into account possibly non-linedations. It could be also helpful to look
for a better approximation of the researcher’'sigbiinstead of exclusively using project
scores, by more extensively exploiting all the ke qualitative and quantitative
information on selected and funded projects. Thoslat be also helpful to better detect
heterogeneity across and within research typologesicularly in those cases (the VEG
group, for instance) where such heterogeneity niagen an higher statistical significance of

estimates.

26



REFERENCES

Agasisti, T., Catalano, G. (2009): Public Funding &fficiency of Italian Universities. Paper
presented at the 50th Annual Scientific of Meetfgthe Italian Economic
Society, 22nd-24th October, Rome.

Alfranca, O., Huffman, W.E. (2003): Aggregate ptey&&D investments in agriculture: The
role of incentives, public policies and instituttorEconomic Development and
Cultural Change, 52, 1-21.

Cameron, A.C., Trivedi, P.K. (2005): Microeconontedr Methods and Applications.
Cambridge: Cambridge University Press.

Chambers, R.G. (1988): Applied production analysis.dual approach. Cambridge:
Cambridge University Press.

David, P.A. (2000): The Political Economy of Pubfcience. In: Smith, H.H. (ed.), The
Regulation of Science and Technology. London: M#ani

Esposti, R., Materia, V.C., Sotte, F. (2010): Favorare la scienza per il territorio. Le
Regioni come agenzie di ricerca agricola. Milan@ri€o Angeli.

Esposti, R., Pierani, P. (2003): Public R&D investin and cost structure in Italian
agriculture, 1960- 1995. European Review of Agtiadl Economics, 30(4), 509-
537.

Esposti, R., Pierani, P. (2006): Price, Private Biethand Optimal Provision of Public R&D
Investment. An application to Italian agricultureg,960-1995. Empirical
Economics, 31 (3), 699-715.

Gibbons, R. (1998): Incentives in Organizationsurdal of Economic Perspectives, 12 (Fall
1998): 115-132.

Holmstrom, B. (1989): Agency Costs and Innovatidournal of Economic Behaviour and
Organization, 12, 305-327.

Huffman, W.E., Evenson R.E. (1993): Science fori&gture: a long term perspective. Ames
IA: lowa State University Press.

Huffman, W.E., Just, R.E. (1999a): Agricultural e@asch: benefits and beneficiaries of
alternative funding mechanism. Review of AgricudiuEconomics, 21(1), 2-18.

Huffman, W.E., Just, R.E. (1999b): The organizatadnagricultural research in Western
developed countries. Agricultural Economics, 21.81-

Huffman, W.E., Just, R.E. (2000): Setting efficiantentives for agricultural research:

27



lessons from principal-agent theory. American Jalaf Agricultural Economics,
82, 828-841.

Huffman, W.E., Norton, G., Traxler, G., Frisvold,,&oltz, G. (2006): Winners and Losers:
Formula versus Competitive Funding of AgricultuResearch. Choices, 21 (4),
269-274.

Levitt, S.D. (1995): Optimal Incentive Schemes Whenly the Agent’'s “Best” Output
Matters to the Principal. RAND Journal of Economi8, 744-760.

Materia, V.C. (2008): Il finanziamento pubblicoelittivita di R&S in agricoltura. Il caso
dellEmilia Romagna. Paper presented at the Anrahgress of the Italian
Society of Agricultural Economics (SIDEA): Politiehper i sistemi agricoli di
fronte ai cambiamenti: obiettivi, strumenti, istitoni, 25th -27 th September,
Portici (Naples).

Materia, V.C., Esposti, R. (2009): Selezione erfiriamento pubblico di progetti competitivi
di R&S agricola: quanto conta il merito scientificth caso della regione Emilia-
Romagna. Rivista di Economia Agraria, LXIV (1-2yithcoming).

McDonald, J. (2009): Using least squares and iobsiecond stage DEA efficiency analysis.
European Journal of Operational Research, 1977 %.798.

Norback, P-J., Persson, L. (2009): The organizatiaihe innovation industry: entrepreneurs,
venture capitalists, and oligopolists. Journal ofdpean Economic Association, 7
(6), 1261-1290.

Pardey, P.G., Beintema, N.M. (2002): Slow magicicagfural R&D a century after Mendel.
Paper prepared for the 8th Joint Conference on [Fdéaiculture and the
Environment, August 25-28, Red Cedar Lake, Wisgansi

Pardey, P.G., Beintema, N.M., Dehmer, S., Wood,(2806): Agricultural Research: a
growing global divide?. Washington D.C.: Internatib Food Policy Research
Institute (IFPRI).

Spielman, D.J., von Grebmer, K. (2004): Public-atévpartnerships in agricultural research:
an analysis of challenging facing industry and @ensultative Group on
International Agricultural Research, WashingtonCD.EPTD Discussion Paper
No. 113, International Food Policy Research Insi{iFPRI).

Sun, S. (2008): Optimal contract under double-sisedral hazard and Cobb-Douglas
production technology. Paper presented at the 20@8national Conference on

Risk Management & Engineering Management (ICRMEMPEE Computer

28



Society, 76-81.

Townsend, R., Thritle, C. (2001): Is livestock st unproductive? Separating health
maintenance from improvement research. AgricultE@nomics, 25, 177-189.

Vagnozzi, A., Di Paolo, I., Ascione, E. (2006): Liaerca agro-alimentare promossa dalle
Regioni italiane nel contesto nazionale ed euroeli peculiarita nei contenuti
e nella gestione. Rivista di Economia Agraria, I(X), pp. 479-518.

Wooldridge, J. (2002). Econometric Analysis of Gr@ection and Panel Data. Cambridge:
MIT Press.

29



30



Table 1. Descriptive statistics of model variables

Variable Mean Minimum Maximum Coeff"?'e”t of
Variation
U 0.82 0.45 1.00 0.19
C 1.685 0.068 16.247 1.16
p 199.02 56 380.00 0.42
Number of granted projects by sector and financing year
2001 142
VEG 356 2002 114
Z00 140 2003 101
ALT 93 2004 96
Total 589 2005 66
2006 70
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Table 2. Parameter estimates of model (20b,aen(kird error in parentheses)

WHOLE SAMPLE

WHOLE SAMPLE

Sample VEG 200 ALT (without sectoral dummies) (with sectoral dummies)
oLS (right E!gﬁta“d oLS (right E!gﬁta“d oLS (right E!gﬁta“d oLS (right E!gﬁta“d oLS (right ﬂg;‘ta”d
Parameter censored) censored) censored) censored) censored) censored) censored) censored) censored) censored)
0.095** 0.132* 0.143** 0.041 0.059* 0.062* 0.150** 0.237** 0.324* 0.091** 0.129** 0.141* 0.037 0.079** 0.077**
aO (0.029) (0.026) (0.031) (0.030) (0.031) (0.033) (0.057) (0.065) (0.098) (0.019) (0.019) (0.023) (0.037) (0.032) (0.038)
-0.005 -0.003 -0.003
a - - - - - - - - - (0010)  (0010) (0.012) ~ - -
-0.014 -0.008 -0.012 ) ) ) ) ) ) ) ) ) -0.014 -0.009 -0.014
Avec (0.013) (0.013) (0.015) (0.013) (0.013) (0.015)
} ) ) 0.051* 0.055** 0.064** } ) ) ) ) ) 0.053** 0.061** 0.076**
a:I.ZOO (0.022) (0.019) (0.021) (0.019) (0.022) (0.027)
-0.077** -0.098** -0.148** -0.072* -0.085** -0.100**
At i i i i ) ) (0.030) (0.039) (0.058) i i i (0.037) (0.030) (0.036)
-0.005 -0.070** -0.081** 0.032 0.008 0.013 0.104* 0.033 0.104 0.007 -0.049 -0.055 0.004 -0.051 -0.058*
8.2 (0.032) (0.033) (0.039) (0.037) (0.040) (0.044) (0.063) (0.082) (0.122) (0.022) (0.032) (0.039) (0.023) (0.032) (0.033)
-0.078** -0.092** -0.115* -0.029 -0.033 -0.042 -0.155* -0.188** -0.283** -0.063** -0.073** -0.091** -0.071* -0.082** -0.102**
8 (0.024) (0.018) (0.023) (0.036) (0.033) (0.037) (0.086) (0.069) (0.106) (0.019) (0.016) (0.019) (0.019) (0.016) (0.019)
a -0.235 -0.265 -0.322 -0.050 -0.088 -0.101 -1.087** -1.425** -2.237** -0.323** -0.401** -0.492** -0.289** -0.364** -0.440**
4 (0.227) (0.176) (0.209) (0.207) (0.187) (0.204) (0.386) (0.429) (0.675) (0.139) (0.127) (0.152) (0.140) (0.125) (0.151)
-0.030 -0.033 -0.038 -0.094** -0.102** -0.113** 0.226** 0.262** 0.410* -0.018 -0.020 -0.022 -0.023 -0.026 -0.029
a5 (0.034) (0.028) (0.033) (0.039) (0.041) (0.045) (0.087) (0.098) (0.153) (0.025) (0.023) (0.027) (0.025) (0.023) (0.027)
) ) ) ) ) ) ) ) ) ) ) ) 0.060* 0.057* 0.071*
Aec (0035  (0.030)  (0.036)
a 0.043 0.029 0.046
Z00 i i i i ) ) ) ) ) ) i i (0.038) (0.034) (0.041)
-0.115** -0.122** -0.144** -0.082** -0.090 -0.087 -0.094 -0.071 -0.114 -0.093** -0.101** -0.113** -0.097** -0.105** -0.118**
a2005 (0.044) (0.040) (0.048) (0.041) (0.051) (0.055) (0.108) (0.121) (0.174) (0.030) (0.032) (0.039) (0.031) (0.032) (0.038)
-0.067 -0.083** -0.098** -0.125* -0.124** -0.151** -0.031 -0.018 -0.020 -0.094** -0.102** -0.130** -0.097** -0.107** -0.135**
a200‘5 (0.043) (0.041) (0.048) (0.068) (0.055) (0.061) (0.136) (0.140) (0.201) (0.033) (0.034) (0.040) (0.034) (0.033) (0.040)
306uncensored cggs%frtéd 121 uncensored c;g;?)frtéd 67 uncensored anléif:éd 495uncensored  78left-censored 495uncensored 78 left-censored
; . 50right- 18right- 26right- 94right- 417 d 94right- 417 d
Observatlons' 356 cer:[sgorted gg?i;:fnsored 140 cer:[sgorted Ezri;rr:f_ensored 93 cer:[sgorted gg ﬁ;ﬁf_ﬂsored 589 cer:[sgorted 94 rilé:(t:_ensore 589 cerzgorted 94 ri:rr:tc_ensore
censored censored censored censored censored
R% 0.116 0.203 0.286 0.105 0.133
LR )(2 : 43.02** 44.64** 27.81* 29.79* 24.91* 27.21* 57.36** 59.36** 74.08** 77.00**

** * statistically significant at 5% and 10% cod@nce level, respectively



Table 3. Elasticity of, with respect toC, and p, computed in the sample mean by groups

of research projects (estimation performed on tHele sample with time and sectoral
dummies; left and right censored ML estimate

Sub-samples dlnu /oInC, dlng /dln p.
-0.014 -0.085**

VEG (0.015) (0.035)
0.048** -0.033

200 (0.024) (0.027)
-0.063** 0.017

ALT (0.032) (0.029)

** *. statistically significant at 5% and 10% cod@nce level, respectively

Table 4. First and second order derivatives pfwith respect toC, and p, computed in the

sample mean by groups of research projects (esomaierformed on the whole sample with
time and sectoral dummies; left and right censdvikdestimate)

Sub-samples 0u/0C, 9’ /0C?  Ou/op, 0% Jop,”
VEG -0.014 -0.092** -0.080** -0.314**
0.15)  (0.026)  (0.033)  (0.115)

700 0.036** -0.084** -0.036 -0.473**
(0.018)  (0.018)  (0.030)  (0.174)

ALT -0.091** -0.094** 0.019 -0.612**

(0.045) (0.050) (0.033) (0.215)
** *. statistically significant at 5% and 10% cod@nce level, respectively
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Figure 1. The two-stage logic of the funding medsranselection among competing research
projects (£' stage) and cofinancing agreement’(&age)
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Figure 2. Existence of the contract space: the aeg® contract only exists in the Case B,
when the minimum p accepted by the agent (i.et,ni@kes his net utility [ =0) is lower

than the maximum p accepted by the principal (et makes his net utility ; =0)
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Figure 3. Simulations of the relation between cafiting rate () and optimal effort ¢”).
Case 1a=b=d=0.33; y=0.5; 8=0.001; C=1.8; W=2.Case 2 a=b=d=0.50; y=0.5; €=0.001;
C=1.8; W=2. Case 3 a=b=d=0.33; y=5; €=0.001; C=1.8; W=2.Case 4 a= b=d=0.33;
y=0.5; 6=0.001; C=1.8; W=5

5 8608
e

"ase |\
\
" e8|

56

CASE1

.2

et 56000
45600
488680

35000 ||
30000 ||

25008 [ |
20000 |
15000 f
16000 |
5000 -

CASE 2

CASE 3

118

168

78 r

N CASE 4

8.2

68

Figure 4. Simulations of the relation between reskar’s ability (6) and optimal effort ¢”).
Case 1a=b=d=0.33; y=0.5; ¢x=0.6; C=1.8; W=2.Case 2 a=b=0.50; d=1.1;y=0.5; 4=0.6;
C=1.8; W=2.Case 3a=b=d=0.33; y=5; u=0.6; C=1.8; W=2.Case 4 a=b=d=0.33; y=0.5;

/1=0.6; C=1.8; W=5
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Figure 5. Simulations of the relation between peoost (C) and optimal effore( ). Case 1
a=b=d=0.33; y=0.5; x=0.6; &0.001; W=2. Case 2 a=1.1; b=d=0.50; y=0.5; ©=0.6;
6=0.001; W=2. Case 3 a=0.1; b=d=0.33; y=0.05; x=0.6; &=0.001; W=50. Case 4
a=b=d=0.33; y=0.5; x=0.6; &=0.001; W=5
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Figure 6. Simulations of the relation between peojeost (C) and optimal cofinancing rate
(«*). Case 1 a=b=d=0.5; y=0.5; 6=0.001; W=2; E=5000.Case 2 a=b=d=0.5; y=0.5;
6=0.001; W=5; E=5000.Case 3 a=d=0.2; b=0.5; y=0.5; €=0.001; W=70; E=5000.Case
4. a=b=d=0.5; y=5; €=0.001; W=50; E=50000.Case 5 a=b=d=0.5; y=0.5; 6=0.001;
W=50; E=5000.
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Figure 7. Simulations of the relation between reskar’s ability (6) and optimal cofinancing
rate (*). Case 1 a=b=d=0.5; y=0.5; C=1.4; W=5; E=5000.Case 2 a=b=0.2; d=0.5;
y=0.5; C=1.4; W=5; E=5000.Case 3a=b=d=0.5; y=0.5; C=1.05; W=2; E=5000.
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Figure 8. Optimal contract in research cofinancingelation between project cost,
cofinancing rate and researcher effort under défg@r model parameters (Cases) - Case A:
a+b+d>1, W=C; Case B: a+b+d<1, W>>C).
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