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Abstract

This paper aims at providing a simple economic framework to address
a somewhat neglected question of economic policy, namely the optimal
share of investments in medical R&D in total public spending. In or-
der to capture the long-run impact of tax-financed medical R&D on the
growth rate, we develop an endogenous growth model in the spirit of
Barro [1990]. The model focuses on the optimal sharing of public re-
sources between consumption and (non-health) investment, medical R&D
and other health expenditures. It emphasizes the key role played by the
public health-related R&D in enhancing economic growth and welfare in
the long run. According to our numerical simulations — based on pru-
dential assumptions about the economic impact of medical R&D — a one
billion euros permanent reallocation of public spending in favor of medical
R&D, would induce about €4 billions GDP increase the first year and a
GDP discounted benefit of about €60 billions over a decade. Then, in
economies characterized by productive externalities of R&D, the govern-
ment is recommended to invest substantially more in medical R&D in
order to implement an optimal policy.
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1 Introduction

Why spend public money in medical R&D? Even if many empirical and theo-
retical articles have focused on the effects of health on economic growth, sur-
prisingly, there is little room in the growth literature on the specific impact of
tax-financed medical R&D.

Human capital results from investments in education and health. The base-
line of models devoted to the role of health in economic growth is that a "good
health" increases human capital, workers’ productivity and, eventually, the
growth rate! (see Bloom, Canning & Sevilla [2004], Sala-i-Martin, Doppelhofer
& Miller [2004], Jamison, Lau & Wang [2004], Gyimah-Brempong & Wilson
[2004], Weil [2005]). Clearly, as the provision of health services is financed with
public resources, there is a trade-off between health and other services that a
government provides, such as education, defence, justice, etc., raising the ques-
tion of the optimal share of health investments in total public spending.

The issue of the optimal size of specific components (education, health,
defence etc.) of public expenditures has been especially addressed in a cir-
cumscribed literature inspired by Barro [1990], the seminal endogenous growth
model where the government spending plays the role of a productive externality
and determines the growth rate of the economy in the long run.?

Nevertheless, as pointed out by Agenor [2005], "most of this literature does
not account in a satisfactory manner for the macroeconomic effects of health
services. (...), these services are generally described as a government-provided
consumption good; models of this type almost invariably introduce a dichotomy
in the composition of public spending : expenditure on utility-enhancing ser-
vices is generally assumed not to affect the production side, whereas production-
related spending (such as infrastructure) is assumed to have no effect on utility-
enhancing services — for the very reason that these services are usually directly
related only to an exogenous component of government spending".?

In order to tackle these questions and avoid the so-called public-spending
dichotomy between wutility-enhancing and production-related expenditures, we
introduce R&D investments and distinguish four main components of public
spending: public consumption and (non-health) investment, tax-financed med-
ical R&D and other health expenditures. In our model, the R&D externalities
play a twofold role as utility-enhancing and production-related public expendi-
tures: medical R&D (i) contributes to increase the social welfare through the
quality of publicly provided health services; (ii) generates positive externalities
affecting the TFP and promoting more efficient production processes.

I Even if some papers have found evidence of reverse causality: economic growth may enable
individuals to spend more on health services. For example Zon & Muysken [2001], suggest
that a slow down in growth may be explained by a preference for health that is positively
influenced by a growing income per head.

2Close to ours, Hosoya [2003] is a two-sector endogenous growth model where the govern-
ment undertakes productive health expenditures.

3From a broader perspective, Agenor [2005, 2006] studies the optimal sharing of government
spending between health and infrastructures in an endogenous growth model where the public
spending is an input to produce final goods and provide health services.



Despite the fact that a large stream of endogenous growth literature has
put forward the technological change as the primary determinant of growth in
R&D-based models®, at the best of our knowledge, no papers have focused on
the macroeconomic impact of a tax-financed medical R&D.

Our work aims also at providing a finer description of the different compo-
nents of public spending from a theoretical point of view and disentangling the
specific effect of health-related R&D public expenditures. Our initial suspicion
was that scholars and policy makers tend to underestimate the long-run posi-
tive effects of public investments in medical R&D and their knowledge spillovers
across the main sectors of the economy. Surprisingly, simulating the optimal
share of health-related R&D in total public spending backs up our feeling.

Innovations, originating in public R&D investments, benefit, sooner or later,
to other firms of the same sector and, step by step, to the whole economy. Such
transmission mechanisms allow us to understand how scientific and technical
externalities bypass the market, by switching from one firm to another without
any priced transaction. This non-priced diffusion process particularly charac-
terizes medical R&D activities, which generate almost immediate effects in the
health sector and next in the other sectors.

In order to capture the twofold nature of health-related R&D, we distinguish
between productive and unproductive public expenditures, by identifying the
different channels through which externalities work. This approach allows us to
evaluate the benefits of a permanent reallocation of public spending from, for
instance, unproductive public consumption to health-related R&D.

To avoid any misunderstanding, we need to define what we call produc-
tive and unproductive spending. FExpenditures, eventually leading to a pro-
duction costs cut, through a classical supply-side effect, are called productive;
this definition is voluntarily wide to include public substructures investments
— airports, roads, communication networks, etc. —, public R&D investments
and educational spending as well as public subsidies to private R&D. Unpro-
ductive spending does not mean expenditures with no effects on the economy,
but rather those generating demand-side effects through a Keynesian multiplier
mechanism.

As sketched above, at a very rough level, two main effects of publicly-funded
medical research on economic activity can be highlighted:

(i) On the one hand, health-related R&D and its applications improve the
performance of medical equipment, i.e. the quality of the health services pro-
vided by the public health sector and, eventually, the global welfare.

(i1) On the other hand, medical R&D increases the total stock of available
scientific and technical knowledge, diffusing sooner or later, to the overall econ-
omy and, eventually, contributing to a more efficient production process which
results in a higher growth rate.

The first mechanism directly affects the consumers’ utility function, while the
second the aggregate production function: tax-financed medical R&D, through

4The reader is referred to the seminal papers by Romer [1990], Grossman & Helpman
[1991], Aghion & Howitt [1992].



innovations diffusion, generates spillovers effects from the health sector towards
the whole productive system. These positive externalities constitute a fun-
damental non-priced productive factor generating increasing returns and con-
tributing to endogenous growth.

The model developed in the paper not only considers public medical R&D,
but also private non-health R&D. Because a particular firm does not take into
account, when making its R&D investments decisions, the positive impact of
such investments on other firms and the overall economy, total R&D spend-
ing stands far below its socially optimal level; the role of the government is
thus to design the appropriate incentive schemes to encourage private firms to
sufficiently invest into R&D. Taking into account the two types of R&D — tax-
financed medical R&D ws private (non-medical) R&D — allows us to analyze
how the government manages the optimal allocation of tax resources between
public funding of health-related R&D on the one side, and subsidies to private
R&D on the other side.

According to our numerical simulations — based on prudential assumptions
about the economic impact of medical R&D — a one billion euros permanent
reallocation of public spending in favor of medical R&D, would induce about
four billions euros GDP increase the first year and a GDP discounted benefit
of about 60 billions euros over a decade. Then, in a framework characterized
by productive externalities due to R&D, the optimal policy of the government
should be to invest substantially more in medical R&D.

To summarize, the endogenous growth model we propose, allows us:

(i) To clearly distinguish four main public spending components: consump-
tion, health-unrelated public investment, medical R&D and other health expen-
ditures.

(i) To compute the optimal share of tax-financed medical R&D into public
spending and into overall public health expenditures.

(#i) To investigate the twofold nature of medical R&D, by carefully distin-
guishing its direct effect on welfare — through the quality of health services —
from its supply-side impact on the aggregate production function.

(iv) To consider different depreciation rates for private capital, private R&D
and the different components of public spending.

(v) To determine the optimal level of subsidies (tax-cut) associated to private
R&D.

(vi) To present numerical simulations, based on French data, in order to give
an evaluation of the impact of an increase in tax-financed R&D investments on
GDP and to compute the optimal relative size of medical R&D.

After the presentation of the model (section 2) and the equilibrium analysis
(section3), section 4 is devoted to the dynamic analysis. Sections 5 and 6 address
the policy issues, while proofs and technicalities are gathered in the appendixes.



2 The model

The purpose of this section is to develop a general equilibrium model to address
a policy issue, namely the optimal share of health R&D investment in total
public expenditure. Before deriving the equilibrium condition and simulating
the French economy, we need to understand how health R&D investments affect
the social welfare. Two distinct effects can be highlighted. On the one hand,
health R&D and relevant applications raise the health sector productivity i.e.
improves the quality of the services provided by the health sector: this first R&D
transmission channel, from the health sector to the whole economy, directly
affects the welfare through the utility function of a representative agent. On
the other hand, health R&D investments increase the total stock of scientific
and technical knowledge available in the economy. Thereby, as externalities,
they affect positively inputs productivity and, eventually, the growth rate of
the economy and the welfare ; this indirect but crucial effect of medical R&D
identifies a second transmission channel from the health sector to other economic
compartments.

An appropriate way to capture the impact of health-related R&D on the
growth rate, is to develop an endogenous growth model in the spirit of Barro
[1990]. The economy is populated by three types of agents: households, firms
and the government. Their behavior is characterized in the following sections.

2.1 Households

Households are supposed to live an infinite number of periods during which
they consume a private consumption good ¢, a public consumption good b and
health public services denoted by e. The overall level of utility reached by the
representative household during his life is given by the intertemporal utility
function:

> B Tuler) + v (be) +w(er)] (1)
t=0

where 0 < 8 =1/(1+14) < 1 denotes the discount factor and 7 > 0 the time-
preference rate.

The overall amount of public health expenditures is divided into two compo-
nents: the medical R&D m and the other health expenditures n. Viewed as accu-
mulable stocks these two components are employed to produce the health public
good e; = e(my,n;) under constant returns to scale: e (um,un) = pe(m,n).
The breakdown of (public) health spending between medical R&D and other
health expenditures, will enable us to disentangle the specific role played by
health R&D investments on social welfare.

As the public consumption good (b) and the public health services (e) are
supposed to be 100% publicly funded, households expenditures are simply con-
stituted by private consumption good (c¢), private investment in capital (k),
private investment in R&D (p) and different kinds of taxes: at each period of



time the representative household faces the following budget constraint:
crt ki1 —Apki+per —Appr < (1 — 73) Tk +(1 — 7p) rpepe+ (1 — 71) wely (2)

where §; = 1— A,;, with i = k, p, denotes different depreciation rates for private
capital and private R&D from a period to another.

Consumption and investment net expenditures stand on the left side of equa-
tion (2) while on the right side figures the disposable income with rj and 7, the
real returns on capital and on private R&D, w the real wage and 7y, 7,, 7; the
tax rates on capital, private R&D and labor income, respectively.’

For simplicity, labor supply is assumed to be inelastic and normalized to
one:

li=1 (3)
In such a framework the consumer’s problem is maximizing the intertemporal
utility function (1) with respect to k¢, p; and ¢;. The infinite horizon Lagrangian
function can thus be written:

Y8 Tuler) + v (be) +w(er)]
t=0

+Z/\t (1 —7r) rreke + (1 = 7p) T + (1 — T1) wp — ¢ — kg1 + Ak — D1 + Dppy]
=0

Rearranging the first-order conditions, after eliminating the Lagrange mul-
tipliers, leads directly to a No-Arbitrage Condition, which is, indeed, an equi-
librium condition:

Ap+ L =7e)rre = Ap+ (L= 7p) Tt (4)
to an Fuler equation:
' ()
W (ceq1)
and to the budget constraint (2), now with equality.

Eventually, the optimal solution must satisfy the transversality condition:

tlggo At (kt41+peg1) =0 (6)

= B[Ak + (1 — 7x) Tke+1] (5)

In order to simplify future calculations, and to get tractable equations, we
assume that the utility functions u, v and w are characterized by constant
elasticities of intertemporal substitution in consumption.

Assumption 1 CIES preferences:
:L.lfl/eh -1
h)=chb——F— ifepn# L h(z)=cplnzif g, =1 (7)
1—1/ep

where h = u,v,w and, without loss of generality, ¢, + ¢, + ¢, = 1.

5In this model, the policy maker can take into account the positive externalities associated
with private R&D, by reducing the tax rate on the real returns of private R&D, in order to
raise private R&D investments.



2.2 Firms

Technology is represented by a production function which processes six inputs:
three choice variables for the firm — its stock of capital (k), its stock of knowledge
resulting from its (past and current) investments in R&D (p), the labor demand
(I) — and three externalities — the stock of (health-unrelated) public capital
(a), the stock of knowledge resulting from public investments in medical R&D
(m) and, eventually, the average stock of knowledge resulting from other firms’
private investments in R&D (p). The public capital a, viewed as a productive
externality, is simply the result of the accumulation of all past and current public
expenditures generating productive externalities (i.e. devoted, for example, to
raise the quantity and/or quality of education and public substructures as roads,
airports, cable networks, etc.). On their side, health R&D expenditures affect
also the global productivity through a standard R&D externality (spillovers
effects from the health sector to the other sectors).

Assumption 2 (i) The production function F (k,p,l,a,m,p) exhibits con-
stant returns to scale in capital, private R&D and labor:

F (pk, pp, pl, a,m, p) = pF (k,p,l,a,m,p)

(ii) The intensive production function f(n, moa,m,p) = F (k,7,1,a,m,p), where
k = k/l and m = p/l is supposed to be homogeneous of degree one with respect
to its arguments:

[ (uk, pm, pa, pm, pp) = pf (k, 7, a,m,p)

The producer problem is to maximize the profit with respect to capital stock
ki, R&D p; and labor force l;, considering all the externalities — i.e., a, m and
p — as constants.

nax F (e, pes b, a0, my, D) — Treke — rpepe — wily
t,Ptlt

The firm equilibrium is thus defined by the equality between the real cost and
the productivity of each input:

e = Fi (ke,pesle, ar,me, Dy)
ot = Fp(ke,pe, e, ag, me, py)
wi = Fy(ke,pe, le, ap, my, pr)

Of course, these equalities can be rewritten in terms of the intensive production
function:

Tkt f (e, e, ap, me, Br) (8)
ot =[x (Ke, T, ap, My, Dr)
wy = f(/it,Wt,at,mt,ﬁt)—/‘Etfn (Ktaﬂ_taatamt,ﬁt)_ﬂ-tfﬂ ("{tyﬂ-tvatvmt?pt)



2.3 Government

The overall stock of public capital g is the sum of the stocks of (i) (health-
unrelated) public capital a (public networks substructures, education etc.), (ii)
public consumption b, (iii) knowledge m resulting from public investments in
health R&D and (iv) other (non-R&D) health spending n (medical equipment,
current wages, hospital buildings etc.):

gt = ap + by +my +ny

All these stocks result from accumulation of flows and depreciation across time.
For instance, public consumption includes durable consumption goods and can
be considered partially accumulable.

The government budget constraint at time ¢ is thus given by:

a1 — Dy + b1 — Dpby + My — Apymy + 1y — Apny
< TRTkeke + TpTpeDe + Tiwels 9)

where ; = 1 — A; is the depreciation rate of the public capital of type ¢, the
right-hand side of (9) representing the total amount of tax receipt.’

In such an economy the economic policy of the government is simply de-
scribed by the tax vector (74,7, 7;) and the breakdown of the public "capital”
g into its four components:

(Cas b, Om,0n) = (at/ge, be/ge, M/ ge,nt/ 9¢) (10)
with, of course,
Og+op+om+to,= 1 (11)

Using the sharing (10) and the budget constraint, equation (9) can be rewrit-
ten:

00 (g1 — Aagt) + 06 (ger1 — Apgt) + om (Ge+1 — Amgt) + 00 (ge+1 — Ange)
gi+1 — (UaAa + UbAb + O'mAm + UnAn) gt

TrTrtke + TprpeDe + Tiwel

A

or, equivalently:
g1 — Age < Trrpeke + Tprppe + 1wl (12)

where the depreciation factor of public capital g can be viewed as a weighted
average of specific depreciation factors:

A=o0,A, +0u Ny + 0D + on\, (13)

6 A lag could be introduced between fiscal revenues and public expenditures, but this would
not change the long term analysis and the stationary state of the model.



Notice that the "usual" breakdown of the total amount of public spend-
ing into four flow components — investment (excluding health), consumption,
medical R&D and other health expenditures — can be recovered as:’

_ (at+1 — Ayay bt+1 — Ayby mi41 — Ay N1 — An”t)

GasTby Oy On) = ’ ’ ’
(Ga msOn) g1 — Agr T g1 — Age T gee1 — Age | gre1 — Agy
(14)

still with 64 +0p + 0y + 05 = 1.

3 Equilibrium

The equilibrium in the labor market is characterized by an inelastic labor supply
(¢f. (3)): in order to compute the general equilibrium, we focus on the markets
of inputs and goods. Since all (competitive) firms are identical, we have in
equilibrium:

Dy =Pt =Ty

and, since [; = 1,

Treke + Tpepe +wily = Treky A+ Tpem Wy

f(/ftaﬂ'taatamtvﬂ't) = f('%tvﬂ'taatamt)

We notice that f (k, 7, a, m) is still homogeneous of degree one and
ffi (n,w,a,m) = ff-c (I{,’/T,CL,TTL,’/T)

Let us now define five elasticities of interest:®

Sp = fr (K, T, ag, my) Ky _ Tkt
t = =
f(fit»Wt7at7mt) f(fitaﬁt,at,mt)
s [ (K, T ap, my, Pr) T . TptTt
t = = =
g f("ihﬂ-taa/tamt)ﬁt) f(lit’ﬂ-t?a’ﬁmt)
_ Jx (BT, a,my) T _
Spt = =1— 5k — Sat — St
f(’{t77rtva’t7mt)
_ fa (Ht,ﬂt,at,mt)at
Sat =
f(ﬂtvﬂtaatamt)
_ Im (Ht,ﬂt,at,mt)mt
Smt -

f (K/t?ﬂ-ta atamt>

The first two elasticities are the shares of capital and private R&D revenues in
total income.

"The link between o and & becomes an explicit function at the steady state (see formula
(80) in the Appendix 2).
8These elasticities turns out to be constant under a Cobb-Douglas technology.



Since a; = 0,9; and m; = 0,,9¢, the representative agent budget constraint
(2) rewrites as an aggregate resources constraint:
Ct + Keg1 — Dpky + T — DpTe
< MU= 7k) sk + (1= 7p) spt + (L —71) (1 — st — Spt)] f (Kt, Tt 0aGt, TmGt)
(15)

On its side, the government budget constraint (12) becomes:

Gt+1 — Age = [Trskt + TpSpt + 71 (1 — skt — Spe)| f (Kt T, 0098, 0mge)  (16)

Substituting (8) in the Euler equation (5), one gets:

L) B AL (1= ) fo (Rrsn Tens arens meg)] (17)
w (Ccry1)

Observing that the homogeneity property of the intensive production func-
tion implies that its derivatives are homogeneous of degree zero,

fm‘ (/”'K'a nT, pa, :U/m) = fﬁ ("{‘7 T, Q, m)

it follows immediately

Rt T
ff-c (Hta Tty Oalt, Umgt) = fl*i (ta i7 Oa, Um>
gt Gt
Noticing that,

Rt Spt
Tpt = 7Lfn (Ht,ﬂt,at,mt)
Tt Skt

NAC (4) becomes:

it Spt

fr (fitﬂ"'tyatymt)
Tt Skt

Ap+ (1= 7g) fuo (Kt e, ap,my) = Ap + (11— 7p)

In order to simplify the analytical results, but without a substantial loss of
generality, we assume:

Assumption 3 A, = Ay.

Under this assumption, we find:

_1—71,% (18)

Ty =
1— 7 st

Then

Ky Ty Ky 1 —Tp Spp Ky
Tkt:fﬁ(ntaﬂtaatamt):fﬁ <a)0.aao-’m> :fm <a —50a,0m
gt Gt gt 1 — Tk Skt gt

For simplicity, we assume that the shares of capital income and private R&D
in total income are constant.

10



Assumption 4 The elasticities vector (Skt, Spt Sat, Smt) = (Sk, Sps Sas Sm) 18

constant.

Let us define z; = k;/g: and

1—71,s +
@("L‘t) = f <xt7 1 i pr’t,O'a,O'm)
— Tk Skt

Under Assumption 4, we obtain:

S+ Sr 1—7,s
fﬁ( S

1—7,s
‘pl(xt):fn'i' 1 plfw:
— Tk Sk Sk

since (18) holds and

Sr Kt 1—7ks
fﬂ' = l*f = lfﬁ
Sk Tt 1—7,5,
where s, =1 — s — 84 — S,. Therefore,
Sk ’
= T
fli Sk+37r(p ( t)
e = fe (Hit,ﬂ't,atymt) = i <P/ (l”t)
Sk + Sr

Defining the tax pressure as an average tax rate,

T =8SkTk + SpTp + (1 — sk — 8p) Ty (19)

equations (15), (16) and (17) can be then rewritten under Assumptions 3 and
4:

1—71,s
c + <1 + lpp) (ki1 — Agre) < (1 —7) gro(xy) (20)
— Tk Sk
giv1 —Agr = Tgip () (21)
' (ct) /
—_— = A+ (1—-71 T
e~ slank - e )
since
Kt T
f ("it,ﬂ-tvo—agtvo'mgt) = gtf (ta t70aao—m> = gty (:L't)
gt gt
Setting,
Yy = /g (22)
Yo = 9i41/9¢

and dividing both sides of (20) and (21) by g, one eventually gets:

1—

wot (141222 ) (i - A) < (A-n)pl) ()
— Tk Sk

W= Atrp@@) (20

11



On the other hand, the Euler equation can be revisited under Assumption

e LR P I

'
Ct S+ 5x

So, we have:

%% = (5 [Ak + (1 —7k) ¢’ ($t+1)DEu (25)

S+ Sx

4 Dynamic system

Substituting (24) into (25) and (23) gives:

Yt+1 Sk / o
A = A 1-—
[A + 7 (21)] m (ﬁ [ K+ (1—7k) P (xt+1)D
(26)
1-— 1—
Yt + 1 + 77-138710 (A$t+1 - Akxt) = 1—-7—11 + 77-17871) TLt41| P (.’L’t)
1-— Tk Sk 1-— Tk Sk
(27)

These equations constitute a two-dimensional dynamic system in (x¢,y;) where
x; — but not y; — is a predetermined variable.

4.1 Stationary state

In order to compute the steady state, one omits the time subscripts in (26-27)
and one solves the system:

v = Bl = (8[aer0-m 2y @]) (28)
y = <1+1:7T_:Z)(AkA)x+{lT<1+1:7T_:j:)7490($)
(29)

Growth is balanced (usual arguments of endogenous growth theory apply):

Y= Gi41/9t = cer1/c = kiy1/ke = pry1/pe. Noticing that Ay = B’ (¢;) and
using (7), the transversality condition (6) becomes:

. —1/eu 1-1/e, t
Hm cueq 7 (ko + po) (,6’7 ) =0

i.e., By /e« < 1. Thus, we get v < Ay + p from (28), where p = (1 — 74) 7 =
(1—7%) ¢ () s/ (sk + sx) is the after-tax return on capital.

12



4.2 Local dynamics

Raising the question of saddle-path stability is not a mere theoretical matter.
Indeed, as shown by Blanchard and Quah [1989], saddle-path stability implies
the uniqueness of equilibrium under rational expectations.

In this section, we show, without introducing additional restrictions on the
fundamentals, that the equilibrium is a saddle path and converges to the station-
ary state. Our proof is sufficiently general to show the uniqueness of equilibrium
as a robust feature of Barro-like models.

In the saddle case, the converging path is the unique solution of the dynamic
system under rational expectations because the other trajectories either make
some variable negative, soon or later, or violate the transversality condition.
Since g is a predeterminate variable, the control variable yy jumps to place the
starting point (zp,yo) on the saddle path.

In order to study the local dynamics and prove the saddle-path stability, we
linearize the dynamic system (26-27) around the steady state.

Differentiating (26) with respect to dynamic variables (2441, yt4+1, 2+, y) and
using (28-29), one gets,

" d d d d
P % Tt _ Yt+1 :7_90/1:& _ ﬁ

€ 30
YA o w ” 7, (30)

where the differentials are relative to the stationary state.

Linearizing now equation (27) around the steady state, one has:
dxiyq , ~dry  ydy
= [n(Ax — 1-— — == 31
o = (A= T2e) + (1= 7) '] — Ty (31)
where,
Spl—1T

=14+L—F 32
" + Sk 1-— Tk ( )

We observe that (32) implies:
y=nlk —A)z+ (1 -7 —nr2)p(z) (33)

Let e = 2" /¢’ < 0 denote the elasticity of the interest rate with respect to
the ratio k/g (capital per head over public spending). The linear system (30-31)
rewrites equivalently:

driy P -1 / dwt
- _ ’YEUEQM - TXY - dT
e o 0 Apn+(L—7—ran) ¢ —4 ||

The determinant and the trace of the Jacobian matrix are respectively:

1 !
D = |:Ak+<p<1—’7'—7'x’l7—’7'y):| (34)
Y n Y
1y (@' P )
T = 1+D+ -2 ~—72— £9Ey, 35
yan \ v p+ A (35)

The following proposition proves the uniqueness of equilibrium transition.
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Proposition 1 The equilibrium is unique (saddle-path stability).

Proof. See the Appendix 1.

Proposition 1 recovers the equilibrium determinacy of Barro [1990] where,
however, dynamics are poorer due to the lack of short-run transitions. The
economy jumps from the very beginning on the steady state because dynamics
are driven by a simple equation with one non-predetermined variable and an
unstable eigenvalue. In our model, determinacy still prevails, but equilibrium
transitions becomes possible.

5 Optimal policy

As seen above, a key issue of this model is to find the optimal (welfare-maximizing)
breakdown of public capital (g) into four components: productive public capital
(a), public consumption (b), stock of knowledge issued from public investments
in medical R&D (m) and other public expenditures on health (n). Until now,
economic agents (households and firms) were supposed to solve their programs,
taking as given the economic policy, i.e. the tax rates and the breakdown of
public capital into these four components. The government is supposed now
to compute the optimal policy, that is the vector of optimal shares of public
capital and tax rates (02, Opy Oy Oy 7'}2,7';,77), given the private agents’ best
responses. As the different shares resulting from the breakdown of public capital
add up to unity (¢f. (11)): 04 + 0p + 0 + 0 = 1, the number of policy tools
reduces to six endogenous variables and policy making sums up to computing
and announcing an optimal vector (J,’;, Ty Oy Thy T 77)

Under an inelastic labor supply and no restrictions on the tax rates, the
optimal policy should be a corner solution consisting in levying taxes on labor
income at a full rate (7 = 1) and subsidizing (7},7, < 0) the inputs that
generate positive externalities i.e. private capital and private R&D. A welfare
maximization without any constraint on the tax rates should entail an electoral
suicide.”

In order to rule out such nonsensical policy, we assume the same tax rate 7,
on capital and labor income: 7, = 7, = 7;. This restriction is far from being
unrealistic and is compatible with a balanced growth path.'® A common tax
rate on capital and labor implements an interior solution because capital supply
is elastic and the capital is an essential input in the production function (see
the Inada conditions).

This restriction brings back to five the number of policy variables, while
leaving the tax rate 7, on private R&D an independent tool ; we can freely play

90f course, introducing an endogenous labor supply would allow to bypass this problem
(a unit labor income tax rate would imply no labor supply and zero output, which is clearly
inefficient).

10T eisure demand is bounded and can not grow as the other arguments in the utility func-
tion, namely private and public consumption. The King-Plosser-Rebelo utility function can
not be considered because of separability.
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with 7, in order to evaluate the macroeconomic impact of subsidizing private
investments in R&D.

5.1 Characterization

The shortcut of a representative agent, makes equivalent for the government to
maximize, with respect to the five policy tools (o4, 0m,0n, Tp, Tq), any social
welfare function — but strictly increasing in the individual utilities — or the
representative agent’s utility function (1).

To keep things as simple as possible, let us focus directly on the case of
regular growth (in the long-run the equilibrium will be sufficiently close to the
steady state).!!

We will use a Cobb-Douglas production function not only to satisfy the
homogeneity property (see Assumption 2),

F(uk,up,,ul,a,m,ﬁ) = MF(k7p7l7a7m7p)
f(pk, pm,pa, pm) = pf (k, 7, a,m)

but also to simplify numerical simulations. Similarly, we assume a Cobb-Douglas
as production function of medical cares.

Assumption 5 The production functions F and e are specified as follows:

F(k,p,l,a,m,ﬁ) _ ekskpspll—sk—spasamsmpl—sk—s,,—sa—sm
e(om,on) = Bofnm Jgn

with B, + B, = 1.

Eventually, we restrict ourselves to the case of logarithmic utility functions,
easier to handle and widespread in the RBC literature.

Assumption 6 u(c) = ¢, Inc, v (b) = ¢, Inb, w(e) = ¢y lne.

A logarithmic utility function corresponds to the case of a unit elasticity of
intertemporal substitution. The social welfare function becomes,

W = iﬁtcu Inc; + iﬂtcv Inb; + iﬁtcw Ine;

t=0 t=0 t=0

where, without loss of generality:

Cutcytey=1 (36)

I'n fact, because of the uniqueness of the equilibrium, we could compute utility along
a transitional path, whenever the starting point stands off the steady state, and maximize
its value with respect to the policy parameters, but it would drive us to hard analytical
computations. As the main goal of the paper is to analyze long-run policy effects, we can
focus on the steady state or transitional equilibria close enough (by continuity, the optimal
rule will change little along an equilibrium path in a neighborhood of the stationary state).
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Instead of maximizing welfare with respect to policy t0ols (64, O, O, Tp, Tq),
one maximizes it indirectly with respect to an auxiliary vector (o4, 0m, 0n, 1, h),
where,

h=~—Ag (37)

and finally compute (7,,,7,)" using (04,0, 0n, 1, h)".

Proposition 2 The optimal policy is a vector (04, 0m,0n,n,2,0)" solution of
the following system:

1—8Sx—Sa—Sm

© = 005 0m(¢,04)"" (n(p,0a) — 1)
¢ —z(p,04) Bsy, msazsm
z (9070&) +A (5070—11) - ﬁAk 1- Sp + (77 (9070&) - 1) Sk

1—sp—84—5m

Pl 1~ (P = 2(9.90)) T e s

0 =
@ (8a+8m) = 2(0,04)
n (1—=5) (2(p,04) + A(p,04))
0 (2 (0, 040) + A (9,04) = BAK) + 1 (0,04) (1= B) (2(#,04) + A (p,04))
where
culBa=t+pz) (1-0u— 5K
z2(p,0a) = @ (5a+8m)— S 3 3
Cv T+ Cuw (Aa — At ‘Pi) (AQ—AZLw;—z + AQ—AJW;—(;)
(¢:04) B cw(Ba =By tp) (1-00— 5o )
On (P04 - Sa R
Ay —An+o2= 0 4 c (Aa —Ap+ goﬁ) (Aa—fs-wj—‘; + Aa_f:Jw%)
_ OSm Bin Ao —Ap+ 2=
om (<p7a-a) n Aa*Am+@% +an <(p,o-a) Bn AafAm‘i’(p%
1_ e+A(p,04) =LA + 1 B z2(p,0a) +A(9,04)—BAE
(p,00) = 1 1T—sp—s; PGatsm)—2(90a) | cu 1-B_ 2(,00) +A(p,0a)
e o +A(p.0a)—BA. __:(p0a)TA(pos) _ _ 1 B _ 4
go(sa-&-sm)—z(tp,oa) Z(‘Pao'a)""A(‘on'a)_BAk cy 1-P
and

A ((P,Ua) =Ap+o0, (Aa - Ab) +om (QD,O'a) (Am - Ab) +ton (9070'0,) (A’ﬂ - Ab)

Proof. See the Appendix 1.

After this system has been solved, one gets o4, 0m,0n,n, 2, and A; then
one computes o, = 1 — 0, — 04, — 0y, the growth factor v = z + A and (see
Appendix 1)

p—z Bsk
Z+A—5Ak1—8p+(77—1)8k

We thus have,

LB L=+ (= D]

T= |1+
AN Bsk
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and eventually:

1—71 Sk
- 1_ LU
P 1—sp+(n—1)sksp(n )
1—
Tq = 1 T

_1—8p+(77—1)5k

5.2 Numerical computation

The purpose of this subsection is to compute the optimal economic policy
(04,05, 00,05, 75,74, 7%) characterized above (see Proposition 2). As the an-
alytical resolution of the system is not possible, we fix plausible values for the

structural parameters and we solve the resulting system.

5.2.1 Parametrization

Table 1 below summarizes the calibration of the 14 free parameters of the model.

The yearly rate of time preference is plausibly set equal to 4%. As our model
does not allow us to distinguish between the depreciation rate of private capital
d1, and the depreciation rate of private R&D §,, we assume a common 8% annual
depreciation rate for both types of capital, corresponding, more or less, to a
half depreciation after 8.5 years. To avoid any bias in fanonsensicalvor of public
medical R&D and to be consistent with the calibration of the other depreciation
rates, we set to 8% the depreciation rate d,, of the stock of knowledge issued
from public investments in health-related R&D.'?

The depreciation rate d, of productive public capital is set to 5% to take
into account that public and private capital usually depreciate at different rates,
reflecting (i) the casual observation that some types of governmentally supplied
infrastructure (e.g. roads, port facilities, nuclear power stations, etc.) are
typically more durable than those provided by private agents, (i) the fact that
a significant part of public investment is devoted to increase human capital which
is characterized by a lower depreciation rate, often below 2%, than the physical
one.'® 1In this case, if we assume that (i) the investment in human capital
represents 10% of the total amount of public (human+ physical) investment,
(ii) the depreciation rate of public physical capital is equal to 6% and (%) the
depreciation rate of human capital is equal to 2%, then the average depreciation
rate of total public capital is equal to 5%.

Finally, the depreciation rate ¢, of public consumption is set to 100% (full
yearly depreciation) whereas the one of ordinary health expenditures (d,) —
weighted average of a 100% depreciation rate associated to the public health

12The assumption of a common depreciation rate, equal to 8%, for private capital, private
R&D and public medical-R&D is not immune from criticism. In a more specified setting, one
would fix higher depreciation rates for private and public R&D (around 12%) and a lower
depreciation rate for private capital (around 7%). On this particular point, one can see Nadiri
& Prucha [1996], Hall [2006], [2007], Mead [2007].

13See, for instance, Arrazola & de Hevia [2004], Arrazola, de Hevia, Risuefio & Sanz [2005].
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consumption (wage bill of the public health sector, drugs/medical consumption
refunded by social security administrations, etc.) and the lower depreciation
rates associated to medical equipment, hospital buildings, etc. — is fixed to
61%.'* The share s; of capital remuneration in GDP is set to 75% according
to the empirical estimates by Mankiw, Romer & Weil [1992], Aghion & Howitt
[1997] and other empirical estimations;'® sj is a measure of both human and
physical capital share in total income, while 1 — s = s, + 5,4+ s, represents
the overall weight of the three productive externalities associated with public
capital (a), private R&D (p) and medical R&D (m).

Our theoretical analysis has shed a light on the role of productive external-
ities (associated to public or private investments in R&D) as powerful growth
engine. One of the goals of the paper is to evaluate the impact of R&D on
economic growth and social welfare. In order to provide a cautious evaluation
of the macroeconomic impact of R&D expenditures and to avoid any overesti-
mation, we minimize the size of public and private R&D externalities by setting
sp = Sm = 1%.

With the same attitude, we decide (i) to limit the relative weight of the
health public good in the household’s utility function —i.e. the indirect impact of
health-related R&D on social welfare — by considering that households strongly
prefer private consumption and public consumption: ¢, = ¢, = 46% i.e. ¢, =
8%,'0 (i) to limit the direct role played by medical R&D in the production of
health services: 3,, = 10%.

This set of prudential and, in a way, pessimistic assumptions, about the
R&D mechanisms at work in the economy, could shelter us from criticisms
about a possible overestimation of their effects on the equilibrium growth rate
and welfare.

Eventually, the productivity parameter 6 is set to 0.5631. More precisely,
the TFP is revealed by the observed growth rate: we calibrate 6 to replicate
the average yearly value observed in the French economy during the last decade
(2%), while setting the policy parameters (64, Gp, Gm, On, Tp, Tq, T) to the values
experienced in 2006.'7

141n France, the amount of public health investment (investment in public hospitals, exclud-
ing consumption of intermediate goods) in 2006, stands around 5.2 billions €, representing
more or less 4% of non-R&D public health expenditures and meaning that 96% of them are
in fact pure consumption; in such a case, considering a 100% depreciation rate for the con-
sumption part and a 6% depreciation rate for the investment part, one gets an average 61%
depreciation rate for non-R&D public health expenditures.

15See, among the others, Jones [2007], Chari, Kehoe & McGrattan [1997], Howitt [2000],
Klenow & Rodriguez-Clare [2005], Manuelli & Seshadri [2005] and Erosa, Koreshkova &
Restuccia [2006].

16Notice that the share of the total amount of public health expenditures in GDP in France
is more or less equal to 9%; setting ¢, = 8% is a slightly prudential, but reasonable hypothesis.

1T An extensive calibration of the model and the evaluation of (54,54, 5m,&n,Tp, Tq, T) are
provided in section 6.1 below.
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Parameter | Definition Value (%)
i Rate of time preference 4.00
Cu Weight of the private consumptioninthe utility function 46.00
Cv Weight of the public (non-health) consumption in the utility function 46.00
cw= 1-cy—cy | Weight of the health good in the utility function 8.00
Sk Parameter of the productive private capital in the production function 75.00
Sa Parameter of the productive public capital in the production function 23.00
Sm Parameter of the public health-R&D in the production function 1.00
Sp Parameter of the private R&D in the production function 1.00

%] Scale parameter of the production function 56.31
Bm Parameter of the health-R& D expenditures in the production function of the health good 10.00
Br=1-Bm Parameter of the "other" heal th expenditures in the producti on function of the health good 90.00
Sk = dp Depreciation rate of the productive private capital = Depreciation rate of the private R&D 8.00
Sa Depreciation rate of the productive public capital 5.00
Sp Depreci ation rate of the public consumption 100.00
Sm Depreciation rate of the stock of knowledge i ssued from public investmentsin health-related R&D | 8.00
Sn Depreciation rate of other health expenditures 61.00

Table 1. Optimal policy: calibration

5.2.2 Results

In order to compute the optimal policy corresponding to the calibration of the
parameters listed in Table 1, we solve numerically the implicit system in Propo-
sition 2. The optimal values we are looking for are:

(i) the breakdown of the public capital into the four components: o, oy,
om and o,

(ii) the breakdown of the total amount of public spending into the four
components: G4, Gp, O and 7,

(iii) the tax pressure (average tax rate) 7 and its breakdown into the tax
rate on labor and capital income 7, and the specific tax rate on private R&D
Tps

(iv) the growth rate of the economy: v — 1,

(v) the social welfare: W.

Table 2 below summarizes the results under the benchmark parametrization
of Table 1, but also shows the optimal policies corresponding to alternative
parametrizations.

More precisely, in Table 2, we analyze the government response to a struc-
tural change involving one or more parameters. Each line considers the deviation
of one or more parameters with respect to the benchmark, while the remaining
parameters takes the values in Table 1: the vertical arrows indicate whether the
parameter value increases (1) or decreases (|) with respect to the benchmark of
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Table 1.

Parameters Ga |Op |Om |0On|Ga |Gb [6m|Gn|Tq |Tp T y-1|wW
Basic parametrization (cf. Table 1) 833(105|39 |23|466|446|26|62|155|-131|152(93 |0.62
Alternative parametrizations

1i = 5% 76.7|16.1|38 |3.3|306(59.7(19(7.8|134|-201|131|65 |0.34
Bm = 20% 83.1(10.4 |44 |2.0|46.9|446|3.0|55|155(|-13.0|152|94 |0.63
1Cu = 51.4%, |Cy = 41.4%, |Cw = 7.2% 84.3| 96 |39 |21|489(425(27|59|145|-128|142|9.4 |0.73
1Cu = 41.4%, 1¢y = 51.4%, |Cw = 7.2% 826(11.5|38 |2.0|445|476|25|53|16.3|-13.3|16.1|9.2 |0.56
1Cu = 43.7%, |Cy = 43.7%, 1Cw = 12.6% 826| 9.7 |42 |35|46.1|415(28(96|15.9|-13.1|156|9.3 |0.53
10k = 10% 84495 |39 |21|473(439(27(61|15.7|-123|154 (81 |0.24
18a = 7% 823|11.2 |41 |24|47.1|443|25|61|154|-134|151|88 |0.57
10p = 90% 82.8|11.1|39 |2.2|47.3|438(27(62|155|-13.1|152|9.4 |0.66
0m = 12% 836(10.5|3.6 |23|46.2|44.6(30(62|155-131152(93 |0.62
160 = 80% 83.6(105(39 |1.9|46.2|445|26|6.6|155(-13.1(152|9.3 |061
1Sa = 26%, |S¢ = 72.5%, |Sm = 0.75%, |sp, = 0.75% |86.6 | 8.7 |28 [1.9|51.9 |40.4|2.0|57 (181 |-13.0(17.9 (9.1 |0.38
1Sa = 20%, 1« = 78.5%, |Sm = 0.75%, |S, = 0.75% [80.9 |12.9 |34 |2.7 431482 (22|65 |12.6 |-123 124|109 [1.21
1Sa = 22.75%, |Sx = 74.5%, 1Sm = 2%, |Sp = 0,75% [80.5|10.1 | 7.1 |2.2 |445|445|4.8|6.2|16.0 |-135(158|87 [0.44
1Sa = 22.75%, |S¢ = 74.5%, |Sm = 0.75%, 1Sp = 2% [83.4 |11.1 (3.1 |2.4 [445|47.0|2.0|65 [15.1 |-13.7 |145|87 |053
Raising R& D externalities

1Sa = 21%, 1Sm = 2%, 1Sp = 2% 779|119 (7.6 |2.6|388|49.8 4.6 (638|143 |-145|138|79 |043
1Sa = 19%, 1sm = 3%, 1Sp = 3% 719 (138|114 |29 |314 |550 6.3 7.3 132 |-159 (123 (6.7 |0.31

Table 2. Optimal policy: results

Concerning the growth rate and fiscal pressure, results are somewhat usual,
in line with the endogenous growth literature & la Barro [1990]. The overall tax
rate of the economy stands to 15.2% and generates an equilibrium growth rate
of the economy equal to 9.3%; these findings are consistent with those generally
found in the endogenous growth literature where an optimal tax rate under
20% can sustain a 10% growth rate of the economy.'® The specific tax rate
on labor and capital income stands at 15.5%, i.e. above the overall tax rate,
allowing the government to save fiscal resources in order to subsidize private
R&D through an appropriate transfer characterized by a negative —13.1% tax
rate on private R&D income. The usual breakdown of the total amount of
public spending into the four components — investment (46.6%), consumption
(44.6%), health R&D (2.6%) and other health expenditures (6.2%) — highlights
the central roles played by public medical research and development. Despite
a pessimistic set of assumptions concerning the role played by the R&D in the
global economy, 2.6% of the total amount of public spending should be devoted
to medical R&D, in order for the government to implement an optimal fiscal
policy. This result can be usefully compared to the real value observed in France
during the year 2006:'? public health R&D stands to 2.95 billions euros for a
total amount of fiscal revenues equal to 792.49 billions euros, corresponding to

181n Barro [1990] the second best fiscal pressure has to be equal to the production elasticity
w.r.t. the externality of public spending, that is, under a Cobb-Douglas technology, to 1 — «,
where « is the capital share in total income. 1 — a can be small under weak externalities
(according to empirical estimates), consistently with the assumption (usually retained in the
endogenous growth literature) that capital includes human capital (as in Mankiw, Romer and
Weil [1992]).

19Gee Fenina & Geffroy [2007] and Appendix 3.

20



a share of medical R&D into public spending equal to 0.37%; then, according to
our numerical simulation, the public investment in medical R&D, stands 17.6
billions euros under its socially optimal level.

As can be seen on Table 2, the results are pretty sensitive to parameters
sp and sy, describing the size of R&D externalities, i.e. the impact of private
and public R&D on the whole economy; increasing these two parameters leads
without any surprise to (i) a higher share of medical R&D into the total amount
of public spending: 4.6% for s,, = s, = 2% and 6.3% for s,, = s, = 3%,
(ii) a higher subsides to private R&D: 7, = —14.5% for s, = s, = 2% and
Tp = —15.9% for s, = s, = 3%.

Increasing the time-preference rate (from 4% to 5%) tends to decrease all
kinds of public investments — the public investment share shifts from 46.6% to
30.6%, while the medical R&D share shifts from 2.6% to 1.9% — but to increase
the public consumption share from 44.6% to 59.7%.

Regard to the sensitivity of the optimal policy to the deep parameters, one
can clearly distinguish two subsets of parameters:

(i) our main conclusions are not too sensitive to certain parameters in the
households’ utility function (weights ¢,, ¢, and ¢,), to the parameters in the
provision public health services (elasticities 3,, and 3,,) or to the depreciation
rates (0g, 04, Op, Oy and dy,).

(ii) results are pretty sensitive to the assumptions made on the main pro-
duction function (parameters s, Sq, sm and s,); an increase of the size of the
externality associated to medical R&D (resp. public investment) leads the gov-
ernment to reallocate its fiscal receipts in favor of medical R&D (resp. public
investment); symmetrically reducing externalities associated with public spend-
ing (medical R & D or public investment) leads the government to reallocate
spending in favor of public consumption.

6 Raising public investment in medical R&D:
an evaluation

The purpose of this section is to realize additional numerical simulations, in
order to assess the macroeconomic impact on the GDP and the growth rate of
the economy, of increasing public investment in medical R&D. The added value
of this exercise for policy makers is to have an idea about the expected gains
from a fiscal policy oriented to support R&D. The first part is devoted to the
calibration of the model on French data including the current economic policy.
The second part presents the main results of numerical simulations.

6.1 Calibration

The calibration process consists to set the values of two types of parameters we
need to implement the numerical simulations:

(i) The structural parameters of the model: these deep parameters have been
already defined in the previous section; in order to draw a coherent picture, we
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use in this section the same values that the ones employed to compute the
optimal policy (see Table 1). As stressed above, the parameters of households’
preferences and R&D externalities are fixed according to a prudential view,
somewhat pessimistic, on the role of R&D in the economy: such approach should
prevent any criticism regarding a possible overestimation of the impact of R&D
(including medical R&D) on the growth rate of the economy and welfare. As
above, the scale parameter 6 is calibrated in order to get, in our model, a
growth rate for the French economy which fits the observed value of 2%.

(ii) Other parameters that were endogenous in the optimal policy section (see
above), are now exogenous and fixed according to the observed policy practice
in the French economy: namely, the proportion in the total amount of tax
receipts of public investment, public consumption, health R&D and other health
expenditures; the tax rate on labor and capital incomes and the tax rate on
private R&D income; eventually, the GDP growth rate. The level of GDP,
expressed in euros, is also used as a convenient basis for providing a monetary
evaluation of the impact on the French economy of increasing public investments
in medical R&D (rather than getting the impact on the growth rate only).

All theses parameters are simply derived from French national accounts for
the year 2006. The shares into the total amount of fiscal revenues of public
investment (&), public consumption (&), health-related R&D (&,,,) and other
(unproductive) health expenditures (&), are simply derived from Table 6 (see
Appendix 3). For instance, the amount of health-related public R&D, standing
to 2.95 billions euros for the year 2006, represents 0.37% of the total amount
of fiscal receipts (792.49 billions euros): we thus obtain &,, = 0.37. The same
method has been used to compute the respective shares of public investment,
public consumption and ordinary (unproductive) health expenditures into the
overall public spending: &, = 7.58%, ¢, = 75.88% and &, = 16.17%.

The ratio of the total amount of taxes (792.49 billions euros in 2006) to
the French 2006 GDP (1792 billions euros) gives immediately the French fiscal
pressure in 2006: 7 = 44,22%. Since the overall tax rate of the economy 7 is
defined in equation (19) as a weighted average of the specific tax rates applied to
private capital incomes (1) , private R&D incomes (7,), and labor incomes (7;),
one gets immediately 7, = (7 — sp7p) / (1 — sp), where 7, denotes the common
tax rate on capital and labor income. This formula allow us to compute the
tax rate applied to capital and labor incomes as a function (i) of the overall tax
rate of the economy 7 and (%) of the specific tax rate applied to private R&D
incomes.

In order to be consistent with the parametrization of the aggregate produc-
tion, we assume that private R&D returns represents, more or less, 1% of the
GDP, i.e. 17.92 billions euros for the year 2006. Such incomes would generate,
if taxed at the average level 7, a total amount of taxes equal to 44.22% times
17.92 billions euros, that is 7.92 billions.

Considering that the so-called Research Tax Credit (RTC), the main tax
measure aimed at supporting the development of private R&D, represents an
annual cost of about 1.1 billion euros for the government budget for year 2006,
one can deduce that the total amount of taxes on private R&D incomes stands
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around 7.92 — 1.1 = 6.82 billions euros. Dividing this latter amount of taxes
by the corresponding amount of incomes (17.92 billions), one can approximate
the value of the specific tax rate on private R&D incomes: 7, = 38,09% and,
finally, compute 7, = 44,29%.

Eventually, the yearly real growth rate of the economy has been set equal
to 2%, corresponding to the average value observed in the French economy
during the last decade; as explained above, in order to have a coherent repre-
sentation of the economy, we need to calibrate the productivity parameter 6
(TFP) which implements the observed growth rate. Using the observed policy
values (G4, Gp, Gm,On, Tp, Tq, T) derived above from the national accounts, and
the calibration of the structural parameters presented in Table 1, we obtain:
0 = 0.5631. The details of this procedure are provided in the Appendix 2.

Table 3 complements Table 1 to give a complete representation of the set of
parameters that we use in the numerical simulations.

Parameter | Definition Observed (%)
Ga Share of public (non-health) investment in overall tax revenues | 7.58
Gb Share of public consumptionin overall tax revenues 75.88
om Share of tax-financed medical R&D in overall tax revenues 0.37
on Share of other health expenditures in overall tax revenues 16.17
T Tax pressure (overall tax rate) 44.22
7q Tax rate on labor and capital incomes 44,29
p Tax rate on private R&D incomes 38,09
0 Scale parameter of the production function 56.31
r-1 GDP growthrate 2.00
GDP (2006; billions €) 1792

Table 3. Economic policy simulations: calibration

6.2 Increasing public health R&D under constant global
public spending

In this section, one proceeds to numerical simulations of the model to address
the following question: what is the macroeconomic impact on the growth rate
of the economy, the GDP and eventually the fiscal receipts of a one billion euros
increase of public investment in medical R&D ? To do this, we distinguish two
scenarios:

(i) In the first case, we assume that the government keeps constant the (ex-
ante) total amount of fiscal receipts and just switches some fiscal resources (1
billion €) from somewhat "unproductive" public consumption to investments
in medical R&D.

(#) In the second case, we finance the one billion € increase in medical-R&D
public investment, by rising the tax rate on labor and capital income.
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6.2.1 Scenario 1

In this case, the policy shock we simulate, is a permanent transfer of an amount
of 1 billion € from public consumption to public medical R€D. Such a transfer
raises the share of public spending in medical R&D from &,,, = 0.372% to about
o, = 0.498%, while the public consumption share decreases from G}, = 75.873%
to 6, = 75.747% (6, and &, remaining constants); this corresponds to an
extra-investment in medical R&D of one billion euros under the balanced-budget
constraint 6, + &y, + 6, + 6, = 1.

The following table sums up the main results :

Discounted sum | Discounted sum Increase of
Growth rate of GDP of GDP fiscal
Y ear . .
(%) increases increases (% revenues
(billions €) GDP 2006) (billions €)
0 2.000% 0.000 0.00% 0.000
1 2.241% 4.055 0.23% 1.907
5 2.091% 29.486 1.65% 3.892
10 2.054% 61.323 3.42% 5.158
Longterm 2.048% 567.392 31.66% -

Table 4. Scenario 1: results

The first year the growth rate increases from 2% to about 2.24 % correspond-
ing to a short-term discounted GDP gain equal to 4.05 billions € generating an
increase of fiscal receipts close to 2 billions €. Over a decade, the GDP dis-
counted total benefit associated to the policy shock stands above 60 billions €
corresponding to 3.42% of the 2006 GDP, i.e. about 1.7 years of growth; af-
ter ten years the amount of annual fiscal receipts amounts to 5.157 billions €,
higher that it would have been without the policy adjustment.

6.2.2 Scenario 2

In this case, the policy shock we simulate, is a permanent €1 billion increase
of public medical-RED expenditures, totally funded by a rise of the tax rate on
labor and capital incomes.

Let us first compute the increase of the tax rate 7, on labor and capital
income in order to compensate the 1 billion € increase of public medical-R&D
expenditures and keep a balanced budget.

We know that total fiscal receipts are given by T' = 7Y = [1p,s, + 74 (1 — 5p)] Y.

!/

Then, the variation of T' associated to a rise of the tax rate from 7, to 7 is

given by AT = (7, — 74) (1 — sp) Y. Setting AT = 1 (billion €), we can easily

24



compute the rise of the tax rate 7, on labor and capital income which ensures
a balanced budget:

Ty =Tq+ = 44.34%

(1-sp)Y
since Y, the 2006 GDP, is 1792 billions €.

Eventually, the new shares, into the total amount of fiscal revenues, of public
consumption, public investment, health-related R&D and "other" health expen-
ditures, are simply given by:

(60, 04,0m,5,) =

5. T T 6,T+1 6,7
T+1'T+1 T+1 'T+1
(7.57%, 75.78%,0.5%, 16.15%)

since T, the 2006 tax receipt, is 792.49 billions €.

Table 5 below sums up the main results due to this policy shock:

Discounted sum | Discounted sum Increase of
Growth rate of GDP of GDP fiscal
Year . .
(%) increases increases (% revenues
(billions €) GDP 2006) (billions €)
0 2.000% 0.000 0.00% 0.000
1 2.213% 3.585 0.20% 1.686
5 2.081% 26.142 1.46% 3.459
10 2.049% 54.564 3.04% 4.612
Longterm 2.043% 505.755 28.39% -

Table 5. Scenario 2: results

The first year the growth rate increases from 2% to about 2.21% corre-
sponding to a short-term discounted GDP gain equal to 3.59 billions €, which
is less than what we got with the first scenario; the positive impact of the policy
shock on GDP, generates an increase of total fiscal revenues standing around
1.7 billions € after one year. Over a decade the GDP discounted total benefit
associated with the policy shock is close to 55 billions € corresponding to more
or less 3% of 2006 GDP, i.e. 1.5 year of economic growth; after ten years the
amount of annual fiscal receipts is 4.612 billions € higher than it would have
been without any policy shock.

Results associated to scenarios 1 and 2 are however close to each other: the
macroeconomic impact on GDP of a 1 billion € increase in public investment
in medical-R&D is clearly positive and strong, whatever the funding process.
Nevertheless the impact of rising publicly funded medical-R&D appears to be
higher when the supplementary investment is financed by a transfer from public
consumption, than when it is financed by a rise of the tax rate on labor and
capital income. Unsurprisingly, in the latter case, the rise of the overall tax rate
of the economy affects negatively labor and investment incentives, and then the

25



GDP and fiscal revenues; over a decade the difference between the two cases,
measured by the gap between the two discounted sums of GDP increases, stands
around 6.75 billions €. The graph below provides a quick comparison of both
the scenarios.
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Graph 1. Comparison of scenarios 1 and 2

7 Conclusion

The general equilibrium endogenous growth model presented in the paper em-
phasizes the key role played by public health R&D investments in determining
the long-run rate of economic growth and welfare.

From a theoretical point of view we obtain four main results: (i) the equilib-
rium path is unique, (i7) market imperfections — externalities and taxes — make
the equilibrium inefficient under arbitrary policies, (iii) an appropriate fiscal
policy (tax rate and public spending shares) can restore the second best, (iv)
health R&D matters more than other health expenditures in order to achieve
the social welfare target in the long run. This last point is crucial as it stresses
how the health-related research and development, as a productive externality,
is a powerful engine for growth, compared to alternative policies, such as, pub-
lic consumption for example. This depends on the fact that in an endogenous
growth framework, knowledge accumulation has a dramatic and unbounded im-
pact on factors productivity.

From an empirical point of view, the numerical simulations provided in the
paper can be seen as a fruitful illustration of what could be the benefits as-
sociated to a moderate public spending reallocation in favor of medical R&D.
More precisely, we find that a limited 1 billions euros permanent reallocation of
public spending, from "unproductive" public consumption toward medical R&D
investments, induces a GDP discounted benefit that stands around 60 billions
€ over a decade.
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8 Appendix

8.1 Appendix 1: Proofs of propositions

Proof of Proposition 1. We want to prove that the steady state is a saddle
point. Since the system is two-dimensional with one predetermined variable,
saddle-path stability entails equilibrium uniqueness under rational expectations
(with or without transition).

In the (T, D)-plane, the saddle points match with the two cones:

-T—-1 < D<T-1
T-1 < D<-T-1

As g9 <0, (35) implies:

1 /
D:T—1—y<“’m— P 525u><T—1 (38)
yan \ v p+ A
To show that the stationary state is a saddle point, one needs only to prove
that D > =T — 1.
Substituting formulas (34) and (35) into D > —T — 1, one gets the following

condition:
11y

p ¢’
D>_-—— €26y — —Tx | — 1
27 zn <p+Ak Ty )

or, equivalently,

@ TY Ly »p
+Ar+ | 1—T—Tan— == | > - ————¢28y
v g n( 7 27) 2anp+ Ay

Since €9 < 0, it is sufficient to prove that

/
7+Ak+i<1—7—7wn—;z>>0 (39)

From equation (29) and definition (32), using v = A + 7¢ we observe that
y=¢l—7)—nz(y—Ax) (40)

Replacing (40) in (39), we get:

/
7+Ak+¢<1—7—7xn—Ty>

n 2y
+

o 1 79 1A+ 70— Ak o'
+( T)n< 2A+T<p> <2 A+T1p @T<p+ﬂp+ k
¢ 1 79 1A+ 71— A
> A+(1-1)2(1-= el N el A
> +( T)n< 2A+T<p>+<2 Atro 1T +e1 (T + Ay)
o 1 7 1 R )
= A+(1-nZ(1-Z - 1-= A 0
+( T)17< 2A+T<p>+(27—¢+( 2A+Tgp) k)81>



where

o'
e1=—¢€(0,1
e
]

Proof of Proposition 2. Before maximizing, we need to compute the wel-
fare function (utility function) along the balanced growth path: (¢, by, my, ny) =
(co, bo, mo, o) v*s where v is the common (regular) growth factor:

et =e(mg,ng) =e (mo'yt,no'yt) = e (mo,n0) 7" = e’

(notice that the health good production function is supposed to be homogeneous
of degree one). Denoting eg = e (mg, ng), one gets under restriction (36):

W = ¢, Z B'In (cor') + ¢, Z B'In (boy') + cw Z B'In (o)

t=0 t=0 t=0
= (cylncog+ ¢y lnby + ¢, Ineg) Zﬁt + (cu + ¢y + cw) lnvzﬂtt
t=0 t=0
1

= m <cu1n00 + ¢y Inbg + ¢y Iney + 1 fﬁ 1n’y>

Equilibrium uniqueness under rational expectations (Proposition 1) requires
¢o, bo, ep to be compatible with the regular growth factor . Definition (10)
details the economic policy and implies at the beginning: (ag,bg,mo,ng) =
(Cas0b,0m,0n) go and ey = € (mo,n9) = €(0mgo,ongo) = € (0m,0n) go- From
definition (22) one gets ¢g = ygo. The endogenous growth of steady state
implies a regular growth path; under restriction (36) we obtain:

1
W o= % <cu In (ygo) + ¢v In (0u90) + cw Infe (0m, on) go] + : fﬂ 1n7>

1
— m colny+c,Inop +cpylne(ony,,0,) +1ngo +
where gg = ag + by + mo + ng is an initial condition.

As 3 and gy are not choice variables, the problem of maximizing W turns
out to be equivalent to the following:

b 1n'y]
1-p

B
1-p
Under Assumption 4, the policy of public spending (10) entails:

max {cu Iny+c,Inop +cpyIne(om,on) + In 7} (41)

r3 Sp _Sq _1—5k—Sp—Sa—5Sm

— S S
f ke, me,ae,me, pr) = Ok, a; mi™ p,
I (ke me, ag, my) mekwifs’“*s“*smaf“mfm

f(/it,ﬁt,at,mt)

px) = . fx,(n—1)z,00,0m)
_ 90’2“0212"‘ (77 _ 1)175k75a751n xl—sa—sm (42)
o' (x) = (1—84—8m)00saim (n— 1)1_sk_s“_8m' g ST 5m
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where now )
Spl—1
n=1+-2—=~
Sk 1-— Tq
Still under Assumption 4 we have: 1 = ¢’ /o =1 — 84 — Sim.
Since &,, = 1, one gets from (28) an implicit equation defining the stationary
state x:

A+70c5a%m (g — 1)1 75 ST plosa=em — g AL 4 (1 — Tq) Sk0oie o (n — 1)l seTem :U*S‘ﬁsm}

(43)
where now, according to (19):
T=38pTp+ (1 —5p) 7, (44)
Taking into account that 7¢ = v — A, equation (28) becomes
s, 1—7,1z¢
v =8 |Ak+ —E (-4 (45)

Spt+Sx T T @

Substituting e, into equation (45), noticing that s, = 1 — sy — s4 — S, and
solving for 7, the growth factor is now explicitly computed:

Asp (1 —74) — AgT

= 46
V=48 Bsp(1—714) — T2 (46)
Under Assumption 4, the implicit equation (43) becomes,
—8K—S8q—S A —BA Satsm
boseay (n— 1) oo = (B RO (a7)

- Bs (1 —Ty) —TX

Instead of maximizing welfare with respect to policy tools (4, O, Tn, Tp, Tq),
one maximizes it indirectly with respect to an alternative vector (o4, o, on, 1, h),
where h is given by (37), and finally compute (7, 74)" using (ca, om,0n,n, h)".

op is given by (11) and program (41) becomes

. fﬁ Invy| (48)

max ¢, Iny+c,In(1 —0y — 0 —0p) +cwlne (o, 0,) +

Let us express y in terms of (04, 0m, 0n, 1, ).
Using (32) and (44), we find that

1—7 Sk
1—-r, —(n—-1
r 1_5p+(77_1)5k3p(n )
1—17
1-— 4
Ta 1—sp,+(n—1)sk (49)
From (42) and (47), we know that
A—BAR)x
o () = 5000 (50)

© Bsk (1 —Tq) —TX
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From (28), we know also that

—A
=2 (51)
¢ (z)
or, equivalently,
- A
o (@) =1 (52)

Replacing (49) in (50) and (50) so modified in (51) and solving for 7, we get

T = [1 + m77 fik o ;EZ . Sk] (53)
Substituting (52) and (53) in (33), we get
y=a [P G aa) - A 69
Replacing (54) in (48) and using (37), we obtain
W (0a,Om,0n,1,h)
= ¢,Inz+c¢,n [1 “st =l (h+(1-08)Ayg) _Uh}
Bsk
teyIn(1—04 — 0 —0p) +cwlne(om,on) + 1 fﬁ In(h+ Ag)

We observe that x is determined by (47), where we have substituted (37),
(49) and (53):

00’2“0’87" (7] o 1)1—sk—sa—sm xlfsafsm _ h+Ak7A+I’ (h+ (1 . B) Ak) 1- Sp + (7’ B 1) Sk

m

where
A:Ab—‘ra'a(Aa—Ab)—‘ra'm(Am—Ab)-i-Un(An—Ab) (56)

From (55), according to the Implicit Function Theorem, we locally define
r=T (Uaa Om,O0n, 1], h‘)

with partial derivatives:

Ooxr Ox Ox Ox Ox
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These partial derivatives can be computed by totally differentiating (55).

& o Aa - Ab + 410;72 (57)
T (SatSm)e—2

.’137 . A1n - Ab + QO%:WL (58)
x ©(Sq+ 8m) — 2
n An - A

In . __SnT 80 (59)
T 0 (Sa+ sm)— 2

o | pIEeETm (1A BAYS )

©(8qg+ 8m) — 2
1=sp+(n—1)sk =

o _1H P (61)
T ©(Sq+ 8m) — 2

where z =v— A =h+ A — A.
The optimal policy implements a vector (o4, 0, 0n,n,2)" satisfying the fol-
lowing system:

o o o oW ot |
do,’ 0oy, 0o,’ On' Oh )

Noticing that, under Assumption 2,

Oe 1 _fBm el B,
dome om Oope op
we obtain
oW = c Lo —c 1 =0
oo, ‘x 1—0y,—0m—0n
oW m 1
— = cux— — ¢y —I—cwﬂ—m =0
o, T l—04,—0m —0p Om
aiw — Cul;",cv 1 Jrcwﬂizo
do, T l—0y,—0m—o0p On
o e+ A= BA) (- +A - Ay)
87 = Gt 1—s,+(n—1)sk =0
z Tt 0o (4 A~ GA) — (2 + A — Ag)
oW o Lozl ) 8 1
= cui‘i'cu 1—s +( 71)8 + :0
oh x %(Z—FA—BA;C)—H(Z—FA—A;C) 1-Bz+A

Substituting equations (57-61) and taking into account equation (55), we
get the following system. The optimal policy is a vector (o4, Om,0n, 0, 2)" such
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that (04, 0m,0n,1,2,¢)" is solution of:

Ooirony (n—1)" "7 gl = o (62)
Ay —Ap+ 22 1
” Ta ¢, = 0 63
¢ (Sa + $m) @ — 2 cl—aa—am—an (63)
Ay =Dy + 220 1 B
u Im— ) wiy = 4
¢ (Sa+sm)p—2 cl—aa—am—on+c Om 0 (64)
A, — Ny 1 B
Cu — ¢y +ew—= = 0 65
(Sa+8m)e—2 1—04—0m—0p on (65)
71*5k7]’_sifsm<p—z(z+A—ﬂAk) % N (1-05)(z+A4) _ 0
(80 +sm)p == 1229 (2 4 A= BA) + 1 (1= B) (2 + A)
(66)
1—spt+(n—1)sk 1—spt+(n—1)s
_c ! +ka Te Tk - + g 1 _
U (5 +s )gO_Z U 1—Sp+("l_1)5k A 1—ﬂZ+A B
ot om TGS (1 A~ BAL) — 1 (2 + A — Ay)
(67)
where

1—s,+(m—1)ssk
Bsk

@:h+Ak—A+$(h+(1—ﬁ)Ak)
Replacing (62) in (63) and (64), we obtain

B2 ((Sa + Sm) @ — 2) + Sm
Om = = ((A _A )i(psa) z (69)
n%((sa"’sm)%@_z)
Aa—AnJrgaj—a

On

Substituting (69) and (70) in (62) and solving for z, we find

(B0 =Bt pte) (100 - firr)

z (50’ Ua) =@ (Sa + Sm)_

Co T Cuw (Aa — Ayt W%‘;) (Aafffwi—“ + Aafffwf,—“)
(71)
Replacing (71) in (69) and (70), we obtain

on(p,00) = B o (8o =B +oit) (100 - o)

N N 50 B B,
“Fgooa Cy + Cyp (Aa — Ab +@Z> (AafA,,pri—‘; + Aa*An+SD§*Z)
(72)

_ ©OSm B Ba—Ap+ o2

e = T Anrem TP R TR e )
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From (68), we get

p—z Bsk
T LA A BARL—s,+ (- 1) s (74)

Replacing in (67) and solving for 7, we have

1 1 1— P+A(p,04)—BAE 1B 2(¢,0a) +A(p,04) —BAE
(p,04) = —Sp — Sk o(satsm)=2(p,0a) " cu 1=B z(p,04)+A(p,04)
M 0a) =187 4 o tA(9,00)— BBk __A90a)TA(R0a) 1 _B_ _
w(satsm)—2(p,00) 2(0,00)+A(p,00)—BAL  cu 1-P
(75)
where

A (907 Ua) =Ap+o04 (Aa - Ab) +tom (4,07 Ua) (Am - Ab) +on (4107 Ua) (An - Ab)
Substituting (74) in (65), we find

1—8k—Sa—5m

¢ = 003 0m (¢,00)"" (n(p,0a) — 1)

Yz (907 Ua) /Bsk 1_8(1_81(7?76)
Z((P,Ua) +A(<'D’Ua) _ﬂAk 1 - SP + (77(80»(%) - 1)Sk,

Eventually, replacing (74) in (66), we obtain

1—Sp—8a—3m

Pt 1~ (P = 2(9,00) s e
® (Sa + Sm) -z (307 Ua)
(1-8) (2 (p,04) + A(p,04))
53 (5 (p,00) + A (,00) — BAK) +71(9,04) (1= B) (= (9,00) + A (g,

+

(77
\l U
0q)

The optimal policy is (¢, 7,)" is solution of the two-dimensional system (76-
77), where (2,0.,,0,,m)" are given by (71), (72), (73) and (75), respectively.
[

8.2 Appendix 2: Calibration procedures
Calibrating 0. Using (28) and (42), we get
v—A

0= —— 78
Tose oy (n— 1) T gl s s (78)
Replacing in (43) and solving for x, we obtain
l—74 v—A
x=fs —_
oo T = PAk
Replacing in (78), we find
- A
0= 1 — (79)
Sa __Sm o 1—8K—S4a—58m 1-14 y—A a-om
Togtomr (n—1) (ﬂsk = w—BAk)
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that is the right way of calibrating the unobserved 6, given the observed ~.

From (14), the breakdown of the total amount of public spending into its
four components (investment without health, consumption, health R&D and
other health expenditures) takes the form:

- A b by — A — A, — A,
(5a,5b,5m75n)= (at+1/@t a t+1/t ba mt-‘,—l/mt m nt+1/nt n n)

b b7 b
Gis1/9e — A 7Y gy /g — A g1 /g — A " gia/g— A

At the steady state (regular growth), we obtain

— A, — A — A, — A,
(&a,a-b,&m&n)=(7 T2, ”V_ ) (80)

’Y—AJG,V—Ao—b”}/—Ao—m’ Ao—’n

Using (13) and solving for (o4, 05, 0m, 0p), we obtain (4, 0p, O, on)T =M (64,0, Om, 6n)T,
where

Y= (1—=64) Ay Gal\p Gl Faln

M= &bAa Y- (1 - &b) Ab &bAm &bAn

=7 Fmg Gy = (1= 6m) A Gl
Gnlq GnlAy Gnlm v = (1=6,)An

Numerically, we set v = 1.02, 6, = 0.0758432283057199, &3, = 0.758 728 816
8, 6m = 0.00371613521937185, &, = 0.161711819707504, A, = 1 — 6,4, Ay =
1—=0p, Ay =1—0m, Ay =1—10,, Ay =1—0p, §, =0.05, 5 =1, 0, = 0.08,
dn, = 0.61, 65 = 0.08, in order to find o, = 0.510790 2852, o, = 0.350 679 408 5,
om = 0.0175192442, 0,, = 0.121 011062 1. Notice that o, + 0y + 0y, + 0, = 1.

Using (13) and setting also 7 = 0.4422377233, 7, = 0.442857763, 7, =
0.38085379464, s, = 0.75, s, = 0.23, s, = 0.01, s, = 0.01, 8 = 0.961 5384615
and using (32) with 7, = 7, eventually, we get from (79): 6 = 0.563096 6639.

8.3 Appendix 3: Public spending in France
Public spending and percentages in 2006.
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% of Overall

YEAR 2006 Billions€ T Type of Public Expenditures
National Budget © 280,75 35,43%
After tranfers to Local Public Administrations | Health expenditures @ 3,70 047%
including  Medical R&D expenditures ™ 2,95 0,37% Medical R&D
Other health expenditures 0,76 0,10% Health expenditures (excl. R&D)
Other expenditures 277,05 34,96%
including Investment 10,27 1,30% Public investment
Consumption 266,79 33,66% Public consumption
L ocal Public Administrations © 101,32 12,79%
Health expenditures @ 1,50 0,19% Health expenditures (excl. R&D)
Other expenditures 99,82 12,60%
including Investment 43,51 5,49% Public investment
Consumption 56,31 7,11% Public consumption
Social Security Administrations® 405,75 51,20%
Health expenditures @ 125,90 15,89% Health expenditures (excl. R&D)
Other expenditures 279,85 35,31%
including Investment @ 6,33 0,80% Public investment
Consumption 273,52 34,51% Public consumption
European Union (U.E.) @ 4,67 0,59% Public consumption
Overall Taxes® 792,49 100,00%

Table 6. Breakdown of taxes paid by French citizens by type of expenditures (2006)

Sources:

(1) Ministry of National Education, Advanced Instruction, and Research, quoted
in Fenina & Geffroy [2007], p. 43.
(2) National Institute for Statistics and Economic Studies, INSEE, National ac-
counts (base 2000), in http://www.insee.fr/fr/themes/comptes-nationaux/.
(3) Report on 2006 National Accounts, quoted in Ministére de lintérieur, de
Doutre-mer et des collectivités territoriales [2008], p. 34.
(4) 2006 National Accounts, quoted in Ministére de lintérieur, de 'outre-mer et
des collectivités territoriales [2008], p. 40.
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