N

N

On equilibrium elasticities of substitution in simple
overlapping generations economies with heterogeneous
goods

Jean-Paul Barinci, Hye-Jin Cho, Jean-Pierre Drugeon

» To cite this version:

Jean-Paul Barinci, Hye-Jin Cho, Jean-Pierre Drugeon. On equilibrium elasticities of substitution in
simple overlapping generations economies with heterogeneous goods. Mathematical Social Sciences,
2021, 112, pp.120-137. 10.1016/j.mathsocsci.2021.03.012 . halshs-03238950

HAL Id: halshs-03238950
https://shs.hal.science/halshs-03238950
Submitted on 13 Jun 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://shs.hal.science/halshs-03238950
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0165489621000329
Manuscript_02651d67dc9764317061c63dc7c4bel3

T

ON EQUILIBRIUM ILLASTICITIES OF SUBSTITUTION IN SIMPLE
OVERLAPPING GENERATIONS ECONOMIES WITH

_{ETEROGENOUS GOODS

Jean-Paul Barincir Hye-Jin Cho' & Jean-Pierre Drugeoni

2021/03/08

*Université Paris-Saclay, Univ Evry, EPEE.

tSciences Po Reims.

! Paris School of Economics and Centre National de la Recherche Scientifique. Corresponding author (jpdrg@psemail.eu).

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0165489621000329
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0165489621000329

This contribution! introduces a sectoral supply functions approach of equilibrium dynamics in the
context of a simple model of overlapping generations with heterogenous goods. The class of preferences
that is here considered hinges upon an endogenous leisure motive and an elementary savings behaviour,
that comes as a simpler alternative to the Diamond tradition in the benchmark contributions about the
properties of overlapping generations economies with two industries. The presence of some institution
making possible intergenerational transfers is shown to influence both the equilibrium aggregate factors
shares and elasticity of substitution along a stationary equilibrium. Both Wealth-to-Capital and Golden
Rule steady state equilibria being considered, the economies are categorised, either as Samuelsonian
or classical, according to the sign of the transfers between generations at the Golden Rule steacly
state. The local stability properties of the various types of equilibria are successively investigated, the
elasticities of substitution between the two inputs being emphasised to play a key-role for that purpose.
[nterestingly, the smoothing properties of factors substitution on the obtention of local uniqueness may

differ between the Samuelsonian and classical economies.

Keyworbs: Overlapping Generations, Wealth-to-Capital and Golden Rule Equilibria, Heterogeneous
Goods, Samuelsonian and classical Economies, Equi]ibrium Elasticities of Substitution.
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1. Introduction

Dating from the pioneering contributions of Samuelson (1958) in an exchange economy and Diamond
(1965) in a production economy, the model of overlapping generations has admittedly become the
most convincing competitive equilibrium alternative to the mainstream optimal accumulation envi-
ronment. duch a framework is based upon heterogenous cohorts and emphasises the simplest source
of heterogeneity among agents, 1.e., their dates of birth. The ensued intergenerational trade will hence
capture the differences in agents needs over their life cycle. This, e.g., clearly appears within the
benchmark setup with identical agents living for two periods while being solely endowed with positive
resources in their first period of life: the young would save for their retirement while the old would
dissave in order to consume. Now, and for a benchmark production economy, the availability of an
intergenerational transfers contrivance on top of physical capital radically changes the equilibrium of
the model. Entailed economies can indeed be classified in two types depending on the sign of the
transfers between successive generations at the Golden Rule steady state, 1e., clepending on the rela-
tionship between private wealth and the stock of capital. In the Wealth-to-Capital steady state private
wealth equals the stock of capital; in the Golden Rule steady state private wealth may be greater or
less than the stock of capital. Along the terminology coined by Gale (1973) and emphasised by Weil
(2008), the former are called Samuelsonian economies, the latter classical economies. This article will
aim at providing an articulation between the signs of the intergenerational transfers, the ensued range
of admissible long-run equilibria and the role of the involved substitutability mechanisms, everything

being allowed by the consideration of a simple heterogeneous goods environment.

Indeed, and even though it provided an entirely new framework for analysing inter-temporal economies
with heterogeneous goods? and significantly enriched the earlier Leontief-type attempts of, e.g., Reich-
lin (1992), the introduction by Galor (1992) of a two-sector overlapping generations economy with
positive factors substitutability only moderately succeeded in the academic area. Notwithstanding
the increasing interest into numerical techniques and the ensued disinterest into new and alterna-
tive setups that may have hindered its diffusion, key to this misunderstanding was presumably the
complexity of his framework and of the local properties of the involved equilibria. As an illustration
and in opposition, e.g., to the benchmark homogenous good argument of Diamond (1965) whose
dynamical equilibrium is canonically associated with a one-dimensional map, the ensued map was
two-dimensional, that complexified any line of comparisons between a homogenous good and a hetero-
geneous goods structure. It was not before the contributions loy Cremers (2006), Drugeon, Nourry
& Venditti (2010), Kalray (1996), Li & Lin (2008}, Nourry & Venditti (2011a), Nourry & Venditti
(2011]0) and Venditti (2005) that its structure, and noticeably its efficiency3 properties, got clari-
fied. Yet, while a recent contribution due to Leriche & Magris (2017) has convincingly considered a

two-sectors version of the model of overlapping generations with liquidity constraints, this remains a

2Further associated devolopments have been Complctcd in the recent years and illustrate the endless richness of this
environment: as a matter of illustration, Nishimura, Shimomura & Wang (2006) developed a cost function based approach
of a two goods structure while Roe, Sirin Saracoglu & Smith (2009) provide a more general purpose integrated picture of
multi-sectoral setups.

3The classical modern characterisation is due to Abel, Mankiw, Summers & Zeckhauser (1989) Vide also Geerolf

(2018) for recent challenging views in this area.
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highly demanding environment where uniqueness is commonly difficult to obtain and no clear image is
still available for distinguishing the sign of the intergenerational transfers that separate Samuelsonian

economies from classical economies, not to mention the qualitative behaviour of their equilibria.

This contribution is then aimed at circumventing these remaining difficulties by letting the analysis
rest upon a sectoral supply functions! based approach of equilibrium dynamics® in the context of a
simple model of overlapping generations with heterogeneous goods. The class of preferences that is
considered, based upon Reichlin (1986) and Benhabib & Laroque (1988), hinges upon an endogenous
leisure motive and an elementary savings behaviour. It will be argued that this comes as a much
simpler alternative to the two periods positive consumptions Diamond (1965) tradition retained by
Galor (1992) in his benchmark contribution about the properties of overlapping generations economies
with two industries. Enriching earlier approaches of a heterogeneous goods world, this article will
also introduce an equilibrium acceptance of the measure of factors substitutability for the whole
production sector. Considering the associated inter-temporal equilibria, it will then be shown how the
contrivance supporting intergenerational transfers—the source of the potential dissociation of savings
from the value of the capital good—influences both the equilibrium aggregate factors shares and the
equilibrium elasticity of substitution along both the Wealth-to-Capital and the intermediated—Golden
Rule—stationary equilibria. To clarify further the issue at stake, the economies will then be categorised
accor(iing to the sign of the transfers between generations at the Golden Rule stea&y state. [t 18, e.g.,
shown that, for Samuelsonian economies, the equilibrium elasticity at the Golden Rule steady state is,
e.g., larger than the one at the over—accumulating Wealth—to—Capital steady state when the sectoral
elasticity of substitution is larger in the investment good industry than in the consumption good

industry.

An eventual part aims at characterising the stability properties of the Wealth-to-Capital and Golden
Rule steady states and to sketch the scope for non-stationary equilibria in the neighbourhood of
these steady states. As a simple illustration, the marginal contributions of each sectorial elasticity of
substitution to the Wealth-to-Capital steady state saddle-point stability condition noticeably differs.
A strong discrepancy also surprisingly emerges for the Golden Rule steady state where it it is shown
that while positive transfers, and thus Samuelsonian economies, are univocally associated with saddle-
point stability and local determinacy, a larger range of properties is allowed for negative transfers and
thus classical economies. Depending indeed upon the respective strengths of contradicting properties
on the two sectorial elasticities of substitution, the associated economies may, e.g., allow for complex

non-stationary equilibria in the neighbourhood of the Golden Rule steady state.

The technological set, an elementary class of preferences and the definition of competitive equilibrium
being introduced in Section 2, stationary and non-stationary equilibria are analysed in Section 3 while

most of the formal developments are left to the appendix.

4Vide Drugeon (2010) for a detailed appraisal in an optimal accumulation environment.

5]n contradistinction with the more standard Production Possibility Frontier approach used, e.g, in Venditti (2005), while
similarly solving at first the allocation problem and letting the analysis resting upon the aggregate values of the inputs, the
current approach is based upon a pair of heterogenous sectoral supply functions and the way their substitutability properties

interact with the inputs costs and outputs relative prices ones.
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2. A Constant Returns to Scale Two Sector Overlapping Generations
Economy with Simple Savings

2.1 The Productive Sector

The economy ofa glven country encompasses four commodities: two are produced l)y constant returns
no-joint production technologies (sectors); two are factors of production. Produced commodities
(outputs) are labeled v and indexed by j € {0,1}, with the indexes 0 and 1 that respectively feature
the consumption and investment outputs; factors of production (inputs) are labeled X and indexed by
i€{o,1} with the indexes 0 and 1 that respectively feature the labour and capital inputs. Within the
static context of the current section, the factors of production do correspond to the initial endowment
of the economy, the available quantity of factor i being X; > 0. The technological possibilities in
sector j are described by the production function F7:

Y7 < FI (X5, X)), (21)

where Xij denotes the amount of input 4,i € {o,1} employed in sector j, j € {o,1}. Capital and

labour are freely shiftedd between the two sectors and feasibility constraints are stated as:

ixij < X;, ie{o1}, (2.2)

j=o
The properties of the production technologies are restricted to the following list of assumptions:
Assumprion T1.— Each production function Fi(-,4), j € {o,1}, is homogeneous of degree one/,
increasing in each argument, concave and continuous over Ry x Ry, such that, for any X,; € Ry,

Fi(0,X,;) =o.

AssumpTion T2.— There exists a level X, € R such that, for any X, € Ri, X, € RL, F'(X,,X,) >
X, for any X, < X, and F'(X,,X,) < X, for any X, > X,

AssumpTioN T3— Vj € {o,1}, FI(-,-) 1s of class 63 over R x R%.

Competitive firms in industry j € {o,1} take {w®,w*,p’} as given, for w°, w* and p? factor prices and

the price of commodity j. They select {Xoj. X415}, j € {o,1}, n order to maximise their profits:

A PYT — WXy — WX, st Y < FI (X5, Xy ), Xoj > 0, X, > 0. (2.3)
07y<v1j

For example, similar to Ricardo’s comparative advantage argument, farmers can shift to work as fishermen without
Incurring an extra cost.
"Constant returns to scale production technologies in the consumption good and investment good sectors implies that

outputs increase by the same proportional change as all puts change.
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2.2 A Productive Sector Equilibrium and its Sectoral Supply Functions Reformulation

An interior competitive equilibrium of the productive sector is given by:

. OF7

wi = pJaTi'(Xoj’le)’i’j € {07 1}7 (24&)
YI = FI(Xoj, Xoj). € {0, 1}, (2.4b)
ZI: Xij = X;,1,j € {O, 1}. (24(})

j=o

The equilibrium equations (2.4&)—(2.4(:) is a system of eight equations determining outputs, factor
allocations to each sector, and factor prices for given factor endowments and output prices. As a

matter of fact, under assumption T1, the system of equations (2.4a) implies:

o 8Fj l,le/XOj)/aXoj

W° _ OF( .
W OFI(1, Xy Xog) 0K, {o,1}, (252)
P OF°(1, X0/ Xoo) [0Xi0
P T OF (1, Xy Xon) 0K, 01 (2:5b)

Under assumption T3, equations (2.5a define the sectoral input ratios X,:/X,; as a pair of strictl
p q p j j b y

increasing functions (X,;/ Xo;) () of the ratio between the price of the two inputs w® /w*. The argument

shall then further be simplified by imposing an extra no factors-intensity reversal assumption between

the two industries:

Assumprion Tf—V (w®/w*) > o, either (X11/Xo1) (W/w?) > (Xio/Xoo) (w®/w?) or (X10/Xoo) (w°/w') >
(Xu/ch) (WO/WI)'

Under assumption T4, w° Jw' emerges, from any of the equations (25]3), as a monotonic func-
tion (w®/w')(+) of p*/p°. The same (lependency with respect to p? /p° holds for the factor ra-
tios as well, or (le/Xoj)[(wo/wl)(-)].8 From the balance conditions (2.40), one gets X, /X, =
Yo (Xoj/Xo) (X1j/Xoj)- Thus, under assumption T4, the share of the labour input that is em-
ployed in sector j emerges as:

X,/ Xo — Xojr) Xop
X5/ Xoj = Xujr/ Xoj

Xoj/ Xo - ] ! 7é J .

The sectorial factor ratios being functions of p* /p°, 1t follows that Xoj/ X, emerges as a function
(Xo;/Xo) [(wO/w*) (p*/D°), X1/ Xo] of the two inputs and the relative price of the investment good.
Finally, from (24]3), this eventually equips the analysis with a pair of structures that shall hencefor-
ward be labelled sectoral supp]y functions:

G (Xo, Xy,p" 1°) 1= (Xog / Xo) [ /') (0" /%), X/ Xo] XoFT (1, (X o5/ Xog) [(w" /0°) (0 /6°)]).

where j € {o,1}. These functions are homogenous of degree one and additively separable in X, and
X, and it was established in Drugeon (2010, Prop. 1<ii)a / ) that their derivatives directly relate to

8Strictly speaking, the values for the relative price p* /p° must be restricted in order for the production to be diversified,
that is for both outputs to be strictly positive (vic[e Drugeon (2010)).
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competitive prices. Under assumptions 11-4, given the economy input endowment and the (Suita]ole)
output prices (X, X,,p°, p*), an equilibrium of the productive sector in which no specialisation occurs
is a vector of input prices (w°, w') € (RL)? and an allocation (Y°, Y, Xo0, Xo1, X10, X..) € (RL)S such
that:

w'/p® = E(p]/p ) (Xo,Xl,p /p°), i € {o,1}, (Q.Ga)
)01 5°) 5 oy o e 7) = (2.61)
Y = Gj(XO,Xl,pl/po), j€{o,1}, (2.6(:)

where it is noticed that, in (2.6&), neither 9G7 /0X,, nor 0G7 /90X, depend upon X, or X,. For

compactness, the rental rates of the labour and capital units shall henceforth respective]y be referred

to through [35_, (p7/p°) (9G7 /0X,)] (p* /p°) and [S_, (07 /p°) (9GT /OX,)] (0" /p°).

2.3 A Productive Sector Equilibrium Elasticity of Substitution

At that stage, one may wonder about the nature of the (Smooth) depenclency of the productive sector
equilibrium with respect to the amount of available inputs and the relative price of outputs, ie, a
typical comparative statics exercise. In that perspective, let Wg( = w'X;;/p’Y7,i,5 € {o,1}, feature
the factor i income share in sector gy Ty = YT / Z pJYJ , j € {o,1}, denote the share of output
j in national income; mx, := WX/ 3w Xy = Do TyiT,, i € {0,1}, be the share of factor i
in national income; and finally let Z&OXI = dIn(X,;/Xo;) / dIn(w*/w®) stand for the (HleSlan)
elasticity of substitution between the two inputs in sector j. Also let pij = Xij/Xi denote the share
of input 7 used in industry j and o; := Z;:O pij(1— ﬂ'%'{i)z&o x, & 1nputs based weighted expression of
the sectoral elasticities of substitution. Remarking that this latter coefficient is also implicitly defined
through the satisfaction of o; = Dlico Ty wg(i (1— W&)E&O x,/Tx,, 1t can also be understood as a given
aggregate factor acception of this weighted expression of the sectoral elasticities of substitution, for a
weight that emerges as product of the two factors shares of a given industry times the share of that

output in national income.

The following statement will now establish the comparative statics properties of costs, prices, outputs
and inputs and illustrate the usefulness of this formalism. It is worth emphasising that all of these

properties should be understood as being stated in rates of variation / percentage deviations.

Lemma 2.1 Under Assumptions T1-4, consider a competitive equilibrium of the productive sector:

(i) letting A, = TS, Tk, — X, T, = 71'}(1 — 7%, —the second equality comes from the constant
returns to scale assumption 2 7TX — 1—denote the difference in factor shares between the

two ind ustries,

!/ . . ! .
a / the vector of costs [wo wl} relates with the vector of prices [po pl] tbrougb the matrix
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b / the relative cost of the capital input w' /w® relates to the relative price of the capital good
(p*/p°) according to (Az)"* ;

(ii) letting Ay = flooftar — Mot flor = Pa1 — Ltor—the second equality comes from the full employment

of the productive factors condition Z;:O Mij = 1— denote the difference of inputs shares between

. . . . / .
the two mputs 1 a given 1nc]ustry, the vector of the outputs [Yo Yl] relates with:

/
a/ the vector of inputs [XO Xl} through the matrix

M1 —HMo1
— Moz Hoo

(Au)™

?

b / the relative price of the investment good p* /p° through the vector

[_(MMUO + HO1U1)]
H1000 + o001

An early remark about Lemma 2.1 could be that, while the first-order derivatives of the sectoral Gi(-)
with respect to the stocks of mputs X, and X 1 relate to sectoral factor shares and thus the first-order
properties of the sectoral production functions FJ, their first-order derivatives with respect to the
relative price of the investment good p*/p° relate to sectoral elasticity of substitution and thus the

second-order properties of the sectoral produetion functions F7 ().

A first comment ought also to emphasise the speciﬁc features of the coefficients A, and Ay that are
introduced through Lemma 2.1. While these are linked on a formal basis? and both relate to differences
in factor intensity between the two industries, these uncover two different facets of that issue. As this
was clarified, e.g., by Jones (1971) and Bond, Wang & Yip (1995), while the first coefficient AW
depicts differences in factor intensities in the physical sense through the shares of inputs that are used
in a given industry, the second A, relates to differences in factor intensities in the value sense through

the distributive shares of inputs.

Lemma 2.1(ii)a/ and Lemma 2.1(i> distinctively build upon these two coefficients AW and A, in
order to respectively form the well-known Ry]jczynsl{i and Stolper—Samuelson theorems!?. As a basic
illustration of the Rybezynski theorem, consider a capital intensive investment output configuration
with p11 > fio:. Then notice that, taking advantage of the full employment of the productive factors
holding of Yot =1 for i € {o, 1}—this is turn implies that far — Hor = Moo — Mio—, 1t derives
that the components that respectively relate the consumption output to the labour mput and the
investment output to the capital output respectively detail as p,, J(fa: — Hor) > 1 and fo0 / (too —
o) > 1. As an equally simple illustration of the latter Stolper-Samuelson theorem, consider a labour
intensive consumption output configuration with TS, > Tx, - Then notice that, taking advantage of the

constant returns to scale assumption Y1 ﬂg(i = 1 for j € {0, 1}—this is turn implies that T, —TX,

9From the specialisation of a more general argument developed in Drugeon (2009)7 it can readily be checked that
H;:U Tyi A-,r = l_[il:o ﬂ'XiA,,L,

0The former theorem states that the increase in the endowment of one factor, for unchanged endowment of the other
factor and output good prices, will increase production of the good intensive in this factor, and will reduce production of
the good intensive in the other factor. The latter states that an increase in the price of a output good raises the rental rate

of the factor used more intensively in its production, and reduces the rental rate of the other factor.
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=7y, — 7%, 1t derives that the components that respectively relate the cost of the labour input to
the price of the consumption output and the cost of the capital input to the price of the investment

output respectively detail as % /(% —Tx,) > 1 and T, [ (T, = 7%,) > 1.

Beyond these famous yet classical results, Lemma 2.1 allows to reach a measure of the substitutability
property for the whole productive sector. As a matter of fact, it allows to define an elasticity of
substitution relating changes in factor relative scarceness to changes in factors relative price. More

specifically, fixing the outputs and letting the relative factor quantity vary:

Proposirion 2.1.— Under Assumptions T1-4, the constant-outputs equilibrium elasticity of substi-

tution between the two aggregate inputs is given by:
1

1 J oJ

T T Tyi i

nA =N = TXo T X T Y 5 ] 2.7

0 X1 XoX,
=0 j=o TXoTX,

Unsurprisingly and taking advantage of 31 wx, = 1, this expression can be understood as the direct
sum of the earlier coefficients o; that featured a given factor i acception of the sectoral elasticities
of substitution. It is however worthwhile briefly discussing the specific features of the above derived
constant-outputs elasticity of substitution. It indeed literally relates, at the production sector level,
changes in the factor endowments to the resulting changes in the equilibrium factor prices!!. In that
respect, it does distinguish itself from the (Hicksian) elasticity of substitution!? that relates, at the
individual firm level, changes in the relative factor quantity to changes in the relative factor price.
Going from the individual to the equilibrium elasticity is, essentially, turning the cause and effect
sequence around: in the former exogenous changes pertain to factor prices Whereas, in the 1atter, they
are concerned with the endowments of the factors. Further observe that the equilibrium at stake is the
one of the productive sector. This derives from the fact that changes in output prices are exogenous.
As soon as a general equilibrium analysis is contemplated, the response of the relative factor price to
the relative output price is not any longer part of a comparative statics exercise. Nor it is consistent, in
the current context, to consider that they are fixed; as indeed factor price is determined only by output
price (Vicle Lemma 2.1(ii)), a nil variation of the output prices p7 for both j implies a nil variation of
the input costs wt for both i. Therefore, the substitution relationship (27) implicitly supposes that
any change in the relative factor price is matched by an appropriate change in the relative output

price.

2.4 The Consumer Sector

1s section adds a consumer sector to the production sector ot the previous section. In a dynamic
This section add tor to the product tor of th tion. In ad

perspective, the consumer sector is made of an infinite sequence of overlapping cohorts of two-period
ving agents. In the so obtained overlapping generations production economy, neither the prices o
| ts. In th btained overl £ duct ther th f

the produced commodities nor the available quantities of factors of production at any date t € N are

UThe equilibrium elasticity of substitution Y4, x, as it is stated in (27) gives, for unchanged outputs, the percentage
rise in X, /X, needed to raise w Jw* by 1 per cent. It appears as a linear function of the Hicksian elasticities of substitution
in each sector, %, x, and Tx.x,-

2]t is worth recalling that the Hicksian elasticity of substitution is defined, at the firm level, as the elasticity of the
relative factor quantities with respect to the marginal rate of substitution holding the output constant. In a competitive

economy, profit maximization requires that the marginal rate of substitution equals the factor price ratio.
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assumed to be exogenous ; they are rather enclogenously determined. The commodities nature has
been stipulated in the previous section. It will be assumed that the produced commodities are a pure
consumption and a pure investment (capital) good. With regard to the factors of production, while
the consumer is born with the first, i.e., labour, the remaining one, I1.e., capital, needs to be purchased.
Likewise, while the supply of the former is bounded by the endowment, the latter is produced and
its stock can therefore be altered through accumulation. Yet capital will not be assumed to be the
exclusive savings’ support. An institutional apparatus will allow to disconnect the private wealth from
the value of the stock of capital. Consequently, the available stock of capital, the factor shares and the
equilibrium elasticity of substitution, will rest upon the contrivance supporting the intergenerational

transfers.

The economy is populated by generations of agents who live for two periods. At any date ¢t € N, the
total population summarises to a representative young agent of generation ¢ and a representative old
agent of generation ¢ — 1. At date t = 1, an agent was born old. The labour endowment of an agent of
generation ¢t € N summarises to £ > o at the first period of his lifespan. The preferences of an agent of
generation ¢ are described by an inter-temporal utility function (¢, ¢, ), where ¢! and ¢, are the

leisure time at period t and consumption at period ¢ + 1. The properties of the utility function list as:
Assumprion P1.— v e C* (Jo, €[ x R4,R), k> 4 and is strictly quasi-concave over Jo, 0] x R%.

Assumprion P2 v (¢, ¢, ) € o, £[xR%, (i ( ) Vu(ll,c ) >o0; (n) ou(ly, ¢, ) /0t > o, Ou(ll, ct, )
JOct, >0} (iii) hmgtﬁof)u(ﬁ chy,) /00 = lim, ' o0ully, cyy) /Octy, = oo

Assumprion P3—v(¢, cf.,) € Jo, [ xR%, (i) [0u(l), cf.,) /06] [0%u(t), f.1,) /0tidc, ., ] — [Ou(t], .y, )

06, [9Pu(th 41, [0(0)°) > o (i) [0u(t ) /0t [0%u(th ) 0606k = [Dullhsch.) /08
[62 ( tvct+1)/a(ct+1) } > 0.

During the first period of his lifetime a representative agent of generation ¢ supplies all or part of
his labour endowment. The resulting wage income w?(? — ¢) is entirely saved. As for now, the
inter-temporal transfer arrangements are not Speciﬁed. Savings, s%, earn a gross rate of return, Ryq 4,
in the su]osequent period and enable the agent to consume. The second periocl consumption of a
representative agent of generation ¢, ¢! 41018 therefore ¢t 0 = Riast/ppy,. His feasibility constraints
thus summarize in an unique lifespan budget constraint and he selects (¢, ¢t 1) In order to solve:

i ulochy) subject to (. /of) by /R < (/) (= )
t?ct+1

First-order interior solutions list as:

ou ou
7

(etﬂ Ct+1) (pg+1/p?) / (w?/pz?) - %t-‘rl (‘% (etv ct+1) =0,

8 t+1
(P811/P7) Copr/Rir — (W /D7) (£ =€) = o.

Letting henceforward ¢ = L[wf/p9, Rirr/ (001, /10)] and ¢l = €[w? /D2, Riyr/ (P34, /PY)] denote

the solution of this system, an extra restriction 1s required:
Assumprion Pl— v (w9 /09, Rirr / (091, /02)) € RE x R, it holds that:

oL 06’
ooy (Wi /DY Revr [ (P4 /PY)] # O
%H—l/ (pt+1/pt) [ t/ t t+ /( t+ / t)] 7é

’ %H—l/ (P?+1/p?) [wg/p?a%t-‘rl/ (pg'f‘l/p?)] 7é 0
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The representative consumer of generation ¢ € N is equivalently to solve

(/) ki i — (/27) 7= ) sublect 1o u(thcl,) > 7
) t+1

u given, that in turns allows for introducing the consumption expense function of the consumer as

E [wl(f)/pgv %t+1/(p?+1/pg) ) ﬂ] L= (w?/p?)gi,H [wg/pga git+1/(p?+1/pg)7 'EL]
[ /90, Rir | 0240 /09), W ) Reir ] (D342 /99)

where €7 [w2 /P2, Riyr ) (000, /00), @] and ¢ [wf /DY, Rivr /(0241 /02), @) denote the dual compen-
sated Hicksian demand functions. Letting mp == (w@/p) €L/ [(w9 /p9) €L + by y /Rt ) (0242 /DD)]s T =
(b JRir ) 0550 /99)] ) [/ D2V O+l [ Risr [ (P24, /P))] denote the shares of the first period leisure
and second-period consumption expenses in the total expenses of the representative agent of genera-
tion t € N, letting & feature the scale elasticity of u(-,-) and the following indexes describe the ordinal

second-order elasticities of the expense function:

SH _ B O2E OF
O /pt> (P22 /19) [Prsa] | O /pt [(PFa/P9) [ Ra]
SH / OE_0E oy o O°F [ OBOE
- /pt you /| 8(w?/p?) du dudu | Ou du

for which any coefEcient )y refers to the dual Hicksian elasticities of substitution. Letting finally
#5 denote the Hessian Elasticities Matrix of the expense function, from the details of Appendix B,
it is available as 75 = 1S S+ (S ) Y for 1/ = [1 1} and Y/ = [EZ,T(C/ —Eg,m}.

2.5  Competitive Equilibria

The inter-temporal transfer arrangements mentioned in the previous section are now to be clarified.
The investment good is an obvious store of value in the current economy. Young agents can therefore
save by purchasing the investment good, the latter becoming capital in the subsequent period. Yet
further arrangements are indeed conceivable.!3 These arrangements are essentially devices operating
intergenerationa] transfers of resources that permit some agents to consume more than their current
endowments. The demographic structure ruling out intergenerational exchange, these transfers are in-
termediated by some social contract (Esteban & Sakovics (1993, p. 189)) Whatever the arrangement
that is considered, the ensuing savings of the young are not exclusively invested in capital. Formally,

9

it is conceivable that st — pY* # o, L.e., the private wealth could differ from the economy’s value of

the investment good.

Let B, := st — p1Y;*. Retaining as a benchmark the financial intermediary institutional arrangement,
B, represents the part of the savings deposits not invested in capital. In equilibrium, deposits and

capital investments have the same rate of return:

%t = wtl/pifr

BFinancial assets could serve as additional means of saving. Agents could save in another intrinsically worthless asset:
public debt as in Diamond (1965), fiat money as in Benhabib & Laroque (1988) or a bubble & la Tirole (1985), ownership
shares in firms (stock) as in Magill & Quinzii (2003), savings deposits offered by (inﬁnitely—lived) financial intermediaries
as briefly discussed in Cass & Yaari (1966)
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and in addition the financial intermediary’s net earnings are nil:'4
By = %R:By_,.

A positive value would hence correspond to a transfer from the young to the old whereas a negative

value would be a transfer from the old to the young.

Derinition 2.1— Under Assumptions T1-4 and P1-4, an inter-temporal competitive equilibrium is a
sequence {Xo1, X0, w? /D9, wi /DY, b /10, Be/p, & 0} >, such that

(i) clos =€ wp/Df, Riss/ (34, /P7)] and € = LLwp /00, R/ (B, /P9)]

(i) {Xos Xu1,p}/p} maximises pYGO(Xop, Xy 1,9} /1Y) + PEGH (Xots X 1,0} /PF) — w§ Xoy — wi Xa
at any t € N;

(i) (03 /) Y5t + Bu/g = (/99 Xos
(iv) Xier =Y = G (Ko, X p}/9):1
(v) Xoy =0 — 1

J

() i = [ 07107) o | o), = [0/ ot

j=o j=o

(vii) At =YP = G°(Xot, X4, 01 /DY)
(Vlll) %t_t,_l/ (p?+1/p?) = (w7t1+1/p?+1)/(p;/p?);

(ix) (Besa/p20) = e/ (084,/09) (Be/p?) = o0

Letting

(0} /08D 1) = [[Z@w) o i . [i 0 18) 250 | (2 011

J=

any such equilibrium is canonically associated with a three-dimensional sequence (X, 4, pt /9, B /1) >

that satisfies:

Xoies = G (0= U5} b /10), Koo [82) = 0 (2:8)
D) o }<pt/pt>w U0} /9 v /98)] = (Bif) = (/) X s = 0 (2:8b)
j=o

Bunslte) =[S 1) o] e ) B/ 1) = o (28]

U0Observe the similarity with the budget constraint of a government maintaining a zero budget deficit.
5The stock of capital is fully depreciated in one period.
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3. Equilibria: A Characterisation

There are two kinds of equilibria: the ones for which (B,/p¢) = o, t > 1, and the ones for which
(By/1%) # 0, t > 1. The former kind, in which the total private wealth is equal to the value of the
stock of capital, will be called Wealth-to-Capital equi]i]aria16. In opposition to this, such an equality
won 't generically hold in the latter kind for which intergenerationall” transfers are mediated by, say,
a bank: these will be hence be labelled as intermediated equilibria. Equilibria in which prices and
allocations remain constant over time will more generally be referred to as stationary or steady state

equilibria.

3.1 Wealth-to-Capital and Golden Rule Stationary Equilibria
DeriniTION §.1— A stationary equilibrium is a triple {X*, (p* /p°)*, (B/p°)*} that solves the system:
0=X; -G (z (/60 0 /9°)), X5 (0 /9°) ) 5 (31a)
1 J B
= [2 (v /p°) ] /)=t /), (0 /p°) )] = (B/p°)* = (0" /p°) X35 (3.1b)

0= (B/p’)" - [Z W 10) 55

Jj=

o w1 (B 1 1) (3.1¢)

Under assumptions T1-3 and P1-4, equations (3.1&)-(3.10) assume two ranges of solutions: the Wealth-
to-Capital steady state for which (B/p°)* = 0 and the intermediated steady state where (B/p°)* # o
Among stationary feasible allocations, the intermediated steady state provides the highest possible
utility to the consumer sector, hence the Golden Rule denomination that will henceforth be used to

refer to the intermediate steady state.18

Another facet of these two classes of Steady state solutions is clarified in the su]osequent statement:
beyond their straightforward definition, the key aggregate, i.e., equilibrium, parameters happen to

therein assume disaggregated formulations.
Lemma 31— Consider the set ofsteac]y states under assumptions 11-4 and P1-4.
(i) An interior Wealth-to-Capital steady state will be characterised by:

a/ the holding of (B/p°)* = 0 and

[2 (' /r°)

6T hat terminology was introduced by Gale (1973)
17As recalled by Reichlin (1992) in an environment with Leontief-type technologies, in opposition to pure exchange

} (p*/p°)* [0 = e((p* /p°)", (p* /1) )] = (0" /P°)" X}

economies of the Gale (1973) type where non-intermediated steady states are autarkic, both types of equilibria are here
associated with transfers.

BTt is actually the unique solution of the first-best steady state problem maxu(Y°,7 — X,) subject to the feasi-
bility constraints (2.1), (2.2) and X, = Y*. Optimality requires the achievement of (9F*/0X.,)(1, X11/X0) =
[Z;zo(pj/po)(GGj/(?Xl)][(pl/po)]/(pl/pO) = 1 and the transfer (B/p°)* given by (3113) is precisely the one that sus-

tains the Golden Rule as a stationary competitive equilibrium.
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b/ aggregate factors and outputs shares that satisfy X, = Ty = 1%, /(1 + Az), 7x, = Tyo =
Tx,/ (1+Ar);

c / a steady expression for the elasticity of substitution between the aggregate values of the input
X, and X, that is given by:

S, = (1 A0) (1%, S x, + 7, S, )
(ii) An interior Golden Rule steady state will be characterised by:

a / the holding of

[Z; p]/p

[ (p]/p)

}(p /p°)/ (" /p°)" =

. } (p*/p°) (€= L((p" /p°)", (0" /D)) = (B/p°)" + (0 /p°)" X7
G°le—€((p/p°)", (0" /p°)"), XT, (pl/po)*)]
[Z ' /p°)

}(p [P0V 0= €((p* /°), (0" /p°)")];

1

b/ aggregate factors and outputs shares that satisfy X, = Tyo = 7k /(1 — Ax) and 7x, =
Ty = 7%, /(1 — Ar);

c / a steady expression for the elasticity of substitution between the aggregate values of the input
X, and X, that is given by:

S, = (1= A) (7%, 2%, x, + 7, Zk,x,)

It is worth emphasising that the equalities X, = Ty: and Tx, = Tyo IN Lemma 3.1(i) and for
the Wealth-to-Capital steady state directly result from the simple class of preferences with no first-
period consumption and the ensued savings behaviour that are here considered. Otherwise stated,
these result from the assumption that the young do not consume. Consequently, the (young) labour
income is wholly accumulated by purchasing the investment good. In opposition to these parametric
dimensions of Wealth-to-Capital equilibria, the Golden Rule steady state is fundamentally associated
with the equilibrium of the financial sector. Making use of the no ar]oitrage opportunity condition, this
results in the first condition of Lemma 3.1(ii)a / that in turn leads to the satisfaction of = X, = Ty,
a condition that is is directly associated to the Golden Rule facet of the intermediated steady state
and holds beyond the speciﬁcs of the here selected behaviour and budget constraints that allow no

ﬁrst—period consumption.

What is worthy to note is that, by contrast to what is seen at the Wealth-to-Capital steady state, at
the Golden Rule steacly state, the share of the consumption goocl equals the share of labour in total
income while the share of capital is fully accumulated. Things appear to take place as if there were
workers who do not save and in each period consume all their labour income, and capitalists who do
not consume and invest all their capital income.To put these results into perspective, briefly consider
the Woodford (1986) finance constrained economy that is populated by heterogeneous infinitely lived

agents precisely labelled workers and capitalists. A L:ey assumption is that a financial imperfection
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prevents workers from borrowing against their future labour income. In the equilibria considered by
this author, labour supply decisions of dynastic workers are actually identical to those that would
be made by overlapping generations of two period lived agents that work in their first and consume
in their second period of life. Capitalists do not work, hold the whole stock of capital, consume in
every period a constant share of their capital income and invest the remaining share!y. Embedded in
a two-sector setup, the Woodford (1986)78 consumer sector would lead to two stationary equilibrium
equations, namely p°Y° = woX, + (1 — pfw' X, and p'Y?' = w'X,, where S €lo, 1] denotes the
capitalists’ propensity to save. In such an economy, at the steady state, myo = x, +(1—0)7x, while

my+ = Brx,. Lhe Golden Rule relations of Lemma 3.1(ii) are thus recovered as 8 — 1.

3.2 Samuelsonian vs Classical Economies

Lemma 3.1 illustrates how the presence of some institution making possible intergenerational transfers
influences both the equilibrium aggregate factors shares and elasticity of substitution along a stationary
equilibrium. To clarify the issue at stake, let the economies be categorised according to the sign
of the transfers between generations at the Golden Rule steady state. Positive transfers, ie., the
ones directed from the young to the old, indicate that the savings of the young are too high for
the capital stock needed at the Golden Rule; the Wealth—to—Capital steady state over-accumulates
capital. Oppositely, negative transfers, i.e., the ones directed from the old to the young, indicate that
savings are not sufficient to sustain the Golden Rule capital stock; the Wealth-to-Capital steady state
under-accumulates capital. Making use of the terminology coined by Gale (1973), economies with

positive (resp. negative) transfers at the Golden Rule steady state will be called Samuelsonian (resp.
classical ) 20

Lemma 3.2. Under Assumptions T1-4, P1-4, the set of classical ( Samue]sonian) economies Is associated
with %, < ()X,

In the Gale (1973) pure exchange framework, an economy’s type is determined by the agents™ pref-
erences and endowment proﬁle. In the current two-sector procluction framework, 1t purely rests upon
technological factors. Echoing the earlier discussion associated with the classical Rybezynski and
Stolper-Samuelson theorems after Lemma 2.1, it is worth emphasising that while the type of the
economy depends upon factors shares in value terms, namely T, and W&O—reformulating, the set of
classical (Samuelsonian) economies can also be understood as involving the sum of the two sectoral
profit shares in being associated with the occurrence of T, + 7, > (<)1—, 1t 1s not directly linked
to the Stolper—Samuelson theorem, which indeed rather involves A, ie., the difference between the

two proﬁt shares TX, and %,

Y]n a related vein, mention is also to be made of the Ramsey model with borrowing constraints of Becker (1980) and
Becker & Foias (1987, 1994) This economy is inhabited by heterogeneous infinitely-lived agents, the most patient eventually
holding the whole stock of capital, hence receiving the entire capital income, more impatient agents consuming only their
wages.

20Gale (1973) is a pure exchange model. He called the model Samuelsonian or classical depending on whether, at the
Golden Rule, the young generations consume less or more than their endowments. In the former case savings (transfers)

are then positive, in the latter they are negative.
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In line with the earlier comments and mal{ing use of Lemma 3.2, one can complete comparisons of

steady state equilibria in terms of the associated aggregate technological parameters.

CoroLLARY 31— Let w;‘ffj and 71')7;? denote the share of output j and the share of input i at the
steady state S = {WE, 4R} respectively. Then:

(i) In Samuelsonian economies,

a/ W;V:‘g > F«;yy;g’ 7Tw<g > W}Vzg;

o

YR GR YR YR
b/ wf% > 2 f#, n9% > 242
(ii) In classical economies,

We We WE WE .
a/ Tyo > TMyi , Tx ' > Ty '

b nl > n42, 24P > 24
Thus, Samuelsonian (resp. classical) economies are associated with a relatively high (resp. 10w)
equilibrium share of labour. Savings being by construction equal to the wage income, abundance
(resp. scarcity) of savings reveals, in accordance with the intuition, to be related with a relatively

high (resp. 10W> economy-wide share of labour.

The following statement complements this first line of results by achieving a comparison between the

two types of stationary equilibria:

CoroLLARY 3.2.— Let W)‘y,]‘ff and 77‘)75/ denote the share of output j and the share of mput ¢ at the
steady state S = {WE, 4R} respectively. Then:

(i) In Samuelsonian economies,
o THE > 7,
]3/ wayig > Wﬁi‘? i[ﬂ}(l 2%,
(ii) In classical economies,
a / ek > g6,

o GR We f 1 )
b/ 11[7TX1 2Ty, 1fﬂX1 27y, -

Thus, in Samuelsonian (resp. c]assical) economies the share of the investment good at the Golden
Rule is lower (resp. higher) than at the Wealth—to—Capital Steady state known to over-accumulate
(resp. un&er—accumulate) capital. As for the economy—wi&e mput Shares, observe that the results
finally rest upon the relative factor intensity. Noticing that wx, /7y, boils down to (w?/p°)*/(p* /p°)*

* according to whether

and that (w/p°)*/(p*/p°)* will be increasing (resp. &ecreasing) m (p*/p°)
Tx, > (<)7T§(1—V1'de Lemma Q.I(i)—, the aforementioned dependency could be understood as the
relative outputs price influence on the production of the investment good, hence upon the stock of

capital at the steady state.

An integrated picture is then available from Lemmas 3.1 and 3.2. Consider, e.g., the steady state

of an economy where capital is the sole support for savings. Assume, for instance, that ™, = T,
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From Lemma 3.1(i)b/, it follows that 7T}4(/1(€ < 6 or, equivalently, that (w?/p°)*/(p*/p°)* < 1. Since
long run efficiency requires a unitary capital rental rate, one concludes that the Wealth-to-Capital
steady state is ineflicient; the capital rental rate is too low, signalling that the economy is producing
too much investment good (over—accumuiates). The introduction of a device allowing for (positive)
transfers from the young to the old will ensure the existence of an efficient stationary equilibria in which
the production of investment good is lower, i.e., W}'ﬂ‘(? = TR, In that steady state, by the Stolper-
Samuelson effect, the higher capital rental rate in investment good, (w*/p°)*/(p*/p°)*, is matched
by a lower relative consumption good price 1 /(p*/p°)*. These long-run relative price discrepancies
explain why the output shares ordering is eventually reversed at the Golden Rule steady state, ie.,
ok > ael (in a damuelsonian econorny). As alast remark, it may be noted that there is a one-to-one

correspondence between the type of the economy and the aggregate factors shares. As a matter of

fact, and from Lemma 3.2(i), Wﬁ?/ﬂ;‘%{ﬁ =7%, /7%, = (1 —7%)/(1—7%,)- Thus, in a Samuelsonian
(resp. ciassicai) economy, w(giﬂ’ > wﬁiﬁ' (resp. 77}'4(? < 77}"%?2). From that perspective, it could be said

that an economy is Samuelsonian if the young share of total income (entireiy devoted to savings by

assumption) is greater than the old share of total income (entireiy devoted to consumption).

Lastly, and as regards the equilibrium elasticity of substitution, findings are summarised in the fol-

lowing corollary:

Corovrary 3.3.— Noticing that S¥6 — S, = (n%, — 7%,) (S, x, ~ Dk, x, ), one gets:
(i) In Samuelsonian economies, Sign(E}‘éﬁ)@X1 - Eﬁ?xl) = Sign (Z&OXI - E}(OXI);
(ii) In classical economies, Sign(Z}g;@Xl - Z(';}?Xl) = Sign(Z}(OX1 - Eg{o&)'

Otherwise stated, while for Samuelsonian economies, the equilibrium elasticity of substitution between
the aggregate inputs at the Golden Rule is larger (resp. iiigiier) than at the Wealth-to-Capital steady
state, when the sectoral elasticity of substitution is larger in investment good industry than in the
consumption good industry. An opposite configuration prevails for classical economies. Interestingly,
letting both of the sectoral elasticities of substitution share a common value would translate as an
identical value for the equilibrium elasticity of substitution for the Golden Rule and Wealth-to-Capital
steac]y states.

3.3 Non-Stationary Equilibria

A sequence (X6, 08 /07, Bi/?) >, with a set of initial conditions (X, o, p%/p%, Bo/pC) that satishes
the system (2.8&)—(2.8c) 1s an equiii]orium; this corresponds to a Wealth-to-Capital equilibrium if
B,/pS = o and to an intermediated equilibrium if B,/pS # o. Realistically enough, the global
properties of the equilibrium trajectories, especially their asymptotic behaviours, although of interest,
are unfortunately out of reach. A less ambitious aim, that is the focus of the current section, is
to characterize the non-stationary equilibria in the neighbourhood of the steady states. In order to
keep it short and concise, it will be assumed in the sequel that the investment good sector is more

capital-intensive than the consumption good one, i.e., Ty, — %, > 0.

Proposirion §.1.— Under Assumptions T1-4, Pl-/, assume gross substitutability in preferences,
SH > s et x = m(SH, — $I) and consider an interior Wealth-to-Capital steady state:
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(i) it is a saddle-point equilibrium if the following condition holds:

1
s
o Xo v1 .
o x, t 5 Xx,x, > 1
7I‘X1

(ii) it is either locally unstable or stable if oppositely:

X,

o 1

0 E)(O)(1 < 1.
X

(o)
XoX, T

Specifically:

a/ it is locally unstable, vy, i[wg’(l + 7y, > 1

b / if the reverse inequality TS, t Ty, <1 prevails, there exists a critical value X7, where
X =7 1= (7%, + 7)) such that the steady state in locally unstable for x < 7
and ]oca]]y stable and indeterminate for X > X‘%‘g.

Remark 3.1— The value of y labelled x?* is a Poincaré-Hopf bifurcation value. It indicates the po-
tential existence of quasi-periodic trajectories in the neighborhood of the Wealth-to-Capital equilibria

In case (ii]o) (Vide, e.g., Guckenheimer & Holmes (2006)).

Remark 3.2.— It is of interest to emphasise that, as a direct byproduct of the class of preferences
that are here considered, the results of Proposition 3.1 have their direct counterpart in a one good

homogeneous environment with F = F° = F* that could be understood as a smooth version of
Reichlin (19862l that would allow for factors substitutability. While the results of Proposition 3.1 could
be recovered, they would only involve aggregate factors shares and the unique factors substitutability
coefficient. It is however to be stressed that this does not extend to the remaining and more demanding
conﬁguration with A <o that are speciﬁc to the current heterogeneous goods structure and the

examination of which is left for future research.

Proposition 3.1 introduces a typology of the stability properties of the wealth-to-capital steady state
for a regular configuration that involves a gross substitutability assumption on preferences together
with a canonical greatest value for the profit share in the investment good industry, ie., Ar > o .
Unsurprisingly enough, under sufficiently large values for the sectoral factors substitutability measures
Z()’CO X, and Z}Q) X, the steady state assumes a locaHy unique convergent trajectory and the saddle-
point property is recovered. The remaining configurations that are associated with lower values for
the sectoral elasticities of substitution happen to be more involving. A first one, described as case
(iia), corresponds to the occurrence of T, + Ty, > 1 and thus to the set of classical economies ;
it is unequivocally associated with locally unstable wealth-to-capital steady states. A second one,
described as case (iib), that is oppositely associated with %, + Ty, <1 and thus to Samuelsonian
economies, uncovers a more complex scenario. Interestingly, arbitrarily low values of y and thus
a limited cliscrepancy between substitution and revenue effects in preferences, the environment first
recovers the unstable configuration of case (iia). However, and in opposition to this, for larger values
of x and thus a greater discrepancy between substitution and revenue effects in preferences, the

wealth-to-capital steady state becomes locally stable and is thus locally indeterminate.

As a matter of fact, these just described smoothness properties of sectoral factors substitutability

can be understood from a deeper perspective. Making indeed use of Lemma 3.1<i)c / , it is worth
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emphasising that the statements (1) and (ii) of Proposition 3.1 could be reformulated in terms of the

equilibrium aggregate elasticity of substitution :

SUE > (<) 7% (1+Ar).
Thus, if capital and labour are sufﬁciently substitutable at the Wealth-to-Capital steady state, the
latter is locally saddle-point stable. However, and from a slightly different perspective, recall that
Lemma 3.1 also indicates that the availability of an extra asset beyond the sole capital to support
savings dramatically influences both the aggregate factors shares and the elasticity of substitution
along a stationary equilibrium. One then notices that the marginal contributions of each specific
sectorial elasticity of substitution, namely Eg(o x.» J € {01}, to the holding of the saddle-point
stability condition do differ: the one of the consumption good sector is equal to 1, whereas the one of
the investment good sector is equal to T, /T, ; 1. Such an influence upon the aggregate elasticity

of substitution can be captured by introducing a substituabilities assymetry coefficient of:

Qj — 82:§0)(1/8213(—0)(1
821)4(0)(1 /82,1)(OX1

(32)

That coefficient captures the relative contribution of sectorial elasticities of substitution to the ag-
gregate elasticity of substitution. To put it differently, @ could be seen as the slope of an iso-
substitutability curve. First noticing that the Wealth-to-Capital steady state expression of the asym-
metry coefficient (32) summarises to "¢ = T, /X, the border between determinacy and non-

determinacy (insta]oihty or indeterminacy) in Proposition 3.1 thus reformulates to:
We WeE
d E0)(0)(1 + E}(o)(1 = % : (33)

[t is then worth emphasising that if, say, "¢ > 1, then Yox, > 1 unambiguously ensures the local
determinacy of the Wealth-to-Capital steady state. Put in other words, a technology of production of
the consumption good exhibiting a degree of substitutability higher than the unitary Cobb-Douglas
one ensures that the Wealth-to-Capital steady state will be a saddle-point whatever the degree of
substitutability in the capital good sector.

A related appraisal is available for the golden rule steady states:

Proposirion §.2.— Under Assumptions T1-4, Pl-4, assume gross substitutability in preferences,
o > sl let v == me(ZH, — B and consider an interior Golden Rule steady state:

(i) In Samuelsonian economies, the Golden Rule steady state is locally saddle-point stable;

(ii) In classical economies, the Golden Rule steady state is locally unstable ( locally stable and inde-

terminate ) for:

5 s 1
5)(1 —1+ g(oX1 + ‘())(1 E}(OXI —1)]=-< (>)O
ﬂ-Xo X
Remark 3.3.— Local saddle-point stability (resp. local indeterminacy) here means that the local

stable manifold has dimension 1 (resp. 2). As for classical economies, the boundary between local

instability and indeterminacy corresponds to a Poincaré-Hopf bifurcation locus.
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Remark 3.4 As this was the case for wealth-to-capital steady equilibria, the results of Proposition
3.2 assume a direct counterpart in a one good environment with F = F° = F* where they appear
as the components of Propositions IV.1 and IV.2 in Benhabib & Laroque (1988) that are obtained
for y := m (2L -2y > o Again, the extension of the results of Proposition 3.2 to the alternative
sectoral relative factor intensities configuration A, < 0 and / or gross complementarity in preferencees
along ng > Eg, and X <0Isa demanding task that should be the Object of future research.

Proposition 3.2 introduces a typology of the stability properties of the golden rule steady state for a
regular configuration that involves a gross substitutability assumption on preferences together with
a canonical greatest value for the profit share in the investment good industry, ie, A, > 0. A
first remarkable result springs from the unconditionality of the saddle point property in (1) and for
Samuelsonian economies: in contradistinction with the earlier wealth-to-capital structure, this state-
ment is unrelated to sectoral elasticities of elasticities of substitution. The contents of (ii), as for
themselves, may first be clarified by recalling that classical economies are unequivocally associated
with the occurrence of T, [T, — 1= (7, + 7%, —1)/(1 —7%,) > 0. Otherwise stated and under
gross substitutability, a configuration with a locally unstable golden rule steady state requires at least
one of the sectoral elasticities of substitution to be less than one. In opposition to this and again for
classical economies, the emergence of local indeterminacy emerges more naturally for large values of

sectoral elasticities of substitution.

Along the earlier substituabilities assymetry coefficient ¢f-based discussion of the stability properties
of the wealth-to-capital steady state in Proposition 3.1, the (classical) Golden Rule steady state—
the Samuelsonian one is always locally determinate—, is associated with the potential existence of a
Poincaré-Hopf bifurcation. This delineates a critical border, namely . 2% x, 7%, k. x, = TX, -
Noticing however that the Golden Rule steady state expression of this asymmetry coefficient (32)

summarises to o 9% = . /Tx, > this reformulates to:
A8 x, + B, x, =4, (34)

The formal similarity between the conditions governing the stability properties of the Wealth-to-
Capital steady state (33) and the Golden Rule steady state (34) conditions, or the condition in
Proposition 3.1(i) and the coefficient between parenthesis Proposition 3.2(ii>, is remarkable. As a
matter of fact, it seems that, while everything sums up, for wealth-to-capital steady states, to the sign
of %, /7%, —1= (7%, + 7%, —1)/(1 = 7%,), this assumes its counterpart for Golden Rule equilibria
with the sign of X /7%, —1 = [1— (7%, +7x )]/ 7%, Le, closely related formal expressions that have
opposite sign requisites on 1 — (7%, + T, ). The asymmetric role of sectorial factors substitutability
is here clearly underlined once it is remarked that this translates with the substituabilities asymmetry
coeflicient of as #"6 > 1 = 4% < 1. More generally, it may be worth emphasising that this article
appears to be the first to have emphasised the role of this coefficient that, while building upon an
intersectoral comparison in factors shares, does not relate to the classical inter-sectoral differences of
a given factor share that is associated with the coefficient A. Indeed, while the coefficients T, /7%,
and %, /7%, both build from a comparison between a factor share in a given sector and the other
factor share in the other sector, they have been proved to be at the core of the type of economy under

consideration—Samuelsonian vs classical—but also to be central to the stal)ility properties of both
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wealth-capital and golden rule steady states. At that stage, it remains to wonder in which regards

their role could extend to more complex environments.
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A. Proofs of Lemma 2.1 and Proposition 2.1

From the linear homogeneity assumption in T1:

Yj = 1 LW(XOJ',XU)XU, j S {0,1}.
=0 8Xij

Then, making use of the linear homogeneity assumption on the optimality condition on the inputs

(2.4a),

1
PYI = Z wiXZ-j, j€{o,1}. (Al)
=0
Letting % := dx /x and Q := dw! Juwt, differentiation of the previous equations gives:
1
iyl = (Q +%j) . je {o,1}. (A2)
1=0

for Wg(i = w'X;; /p'Y? the factor i income share in sector j. In differential terms, the equilibrium

conditions on the outputs (2.4b) write as

i = ZW_JX%J je {o,1}. (A.3)
Plugging (A.g) into (A.Q) finally delivers:

ng(sz = I, je {01}, (A4)

that show that factor prices depend uniquely upon output prices.

Turning now to the full employment relations (2.4c), rewrite them as:

P ¢ .
ZY]?; = X;, i € {o,1}. (A5)
J=0
Totaﬂy digerentiating these equations, one obtains:
X . A ,
Z 73 (%7 + 20 - ¥7) =%, i€ {o,1}, (A.6)
j=o

It follows from Xii /Y7 = X/ FI(Xoj, Xuj) that:

Koj — Y =1 (Xoj —%1j),
Koj— Y =rh (K1) — Xoj).

Plugging the latter expressions into (A6>, and letting Xij/ Xi = ij denotes the fraction of the ith
factor employed in sector j, yield:

D tog (W7, Koy —%15)) = %o,
j=o
2 j (@j + ﬂ&o (X5 — %oj)) =X,

j=o
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Remembering that Xoj —X1j = —ngo x, (20 —QY), and making the appropriate substitutions, one
finally obtains:

le Koy (@J - nglzj}(OXl (QO - Ql)) = Ko,
j=o
Zl: Hj (@j + W%OEQOXI(QO — Ql)) =%,.
j=o

The total differentiation of the equilibrium equations (2.4a)—(2.4c) now yields:

ﬂg(ogo—i_ﬂ&lgl :(0])]'7]‘ € {071} ( )
%U - %Oj = Eg(oXl (QO - Ql)aj € {07 1}7 (A’ﬂj)
Z uoj@/j =%Xo + 0o(2° — QY), (A?c)

)

j
Z ulj@j =%, —0,(2° = Q). (A?cl
J

for pij = Xi;j/ X and o; == Z;:O Wi (1 — 7[-.])(1) Z&Oxl.

Now, let A, := TS, Tx, — Tx,T%, = Tx, — X, where the second equality comes from D ﬂg(i = 1.

Assumption T4 ensures A, # o. Thus, solving (A?a)—(A?d) delivers:

0° = i (mx, P — &, P, (A8a)

Q= Aiﬂ (—7%, P° + 7%, D). (A.8b)
Hence:

QO—le—i(@l—@o), (A.9)

that establishes Lemma 2.1(i)a/ and Lemma 2.1(i)]o/.

As regards outputs, solving (A?c)—(A?d), making use of (AQ) and letting Ay =y — fors delivers
the dependency of the SSF with respect to inputs and the relative price of the investment output:

1

= A, (Nn%o — fo1%1 = (H1100 + Ho101)
m

I 1 gpo
Y = A,u ( Nlo%o + ,U/oo%1 + (HlOO-O + HOOO-I) A (9) P )> . (Al()b)

1

A - 92’0)) : (A.10a)

Hence, as Do Mij = 1,

1

Ay
that establishes Lemma 2.1(ii)a/ and Lemma 2.1(ii>b/.

Fixing the outputs and letting the relative factor quantity vary, equation (A.ll) then gives:

Yoy = (95 Xt (00 + ) o (P @0)) , (A1)

(Q° - QY= (%, — %), (A12)

0o+ 0y

that establishes Proposition 2.1. QED
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B. An Ordinal Representation of Preferences

The representative consumer of generation ¢ > o is equivalently to solve

000 e (/0D ) bt to u(tf) >
T t+1
@ given. Letting pu denote the shadow price associated to the constraint, the first-order conditions

derive as :

ou
W?/p? = M% (@7 c§+1)7
t

ou
(PE4a/PE) [Roter = g —
87&Jr1

(eiﬁ Ci-‘rl)?

u = u(@? Cg-&-l)'

The consumption expense function of the consumer emerges as

E [w?/pgv %t+1/(p?+1/pg) ) ’a] L= (w?/pg)ﬁi’H [wf/p,?, @t—i-l/(p?—i-l/pg)? ’a]
i [wf 09 R | D041 /19), ) [ Rotn ] (0542 /)

where 007 [w8 /p0, Ry [ (024, /7), 4] and ¢ [wd /p0, Ry / (024, /p), 4] denote the dual Hicksian de-

mand functions, for

T [wp /99, Rsn /(P24 /D) 1) = OE[wf /DY, Resr [ (P2, /5) 1) /O (w5 /5),
Ct+1 [wt /pt7%t+1/(pt+1/pt> } = 8E[ /p?,%tﬂ/(pgﬂ/p?),ﬁ} /0 [%t+1/(p?+1/p?)]7
1w /D7 Rigr | (0242 /97), @) = OB [ /p?, Ry / (D24, /17), 4] /D

their expression in its turn resulting from the total differentiation of the expense function:

AE = {(w?/p?)agj + (0242 /P2) /R 44] 8§f Au
+ [@’H + (W?/p?)% + (P01 /10) /R 44 (actf ) A(wp/p?)
|t ) a[<p?+18/§;/%t+lJ
1080 /89) /] a[(pgf/ﬁg ]| A0 ) e

<8u8£tH+ ou 8ct+1>A
ot ou o, ou )"

ou ot ou  OcH
+ [gt,H_i_u( t + t+1 >:|A WO po
! Ol 0w /py)  Ochy, O(w? /1Y) (wi/2)

n A[(p24./00) [ PRorsa].

b <8u (‘%i’H n ou ot iy )
1 T H o o
t+ ot [(pt+1/pt)/%t+1] aci—&-l a[(pt+1/pt)/%t+1]
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Further noticing that the differentiation of the system of @ = u(c, cf.,) gives

_ouog” L Ou acpt
C o du ' ad., du

u o ou  ochl
0= apt 0 /10 + t 0/,,0)’
oty 8(% /pt) ey 6(% /pt)
ou azf;H ou 8ct+1

—— + ,
(%% 8[(p?+1/p?)/%t+l] BC€+1 a[(pt+1/pt)/gat+1}

the eventual differentiated expression of the sectoral cost functions simplifies to :
_ | tH tH
AE = pAu+ ;7 Awy /pF) + e APy /PY) /PRorsa ]

that establishes the earlier assertion.
Introducing then w0 == (wp/p) €/ [(wWp /B0 + char/Risa/ D51 /P))]s 7o = i /Tina
o, /p? WO PV + et /R ) (PO, /D)) as the shares of the first period leisure and second-
t+1/Pt t /Pt )bt T Coqr /[ Ttt1/ Diy1 /P
period consumption expenses in the total expenses of the representative agent of generation ¢ € N,

letting # feature the scale elasticity of u(-,-), the linearised system of the first-order conditions gives :

Ewd Zped 1| [m o o | £ QY — PP
EC%S” EC/C/S) 1 0O T O (6€+1 = (g)t0+1 - @to) - %t+1 (Bl)
1 1 ol lo o 1| | M S

and the following indexes describe the following ordinal second-order elasticities of the expense func-

tion:
wH ._F OPE OF
o O(w? /p?)0 [(P24./PY) /%t—i-l o(w /Pt (P91 /P9)/Risn]’
SH . 82E / OF _p’E | OEOE
o wP/p2)ou [/ O(wp/py?) 311’ YY oudu | ou ou

for which any coefficient )y refers to the dual Hicksian elasticities of substitution. The linearisation

of the defining equations of the system of demand functions then gives :

.555 i syl sE 71 Tr o o QP — 9P
(thi-l = ng Egc’ ZgY 0 7¢ O (g)tOJrl - @to) - %t-‘rl : (BQ)
M i, 28, s, 9] lo o 1 wU/|S

Taking then advantage of
sh ui
o e |‘7.r ' 0] B [O‘|
0 )
Zgé E(ch’

o 2]
1) an

and identifying between ( ( ), it derives that the components of the Hessian elasticities
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matrix of u(-,-), e.g., Zpo: = u[0?u/(€))%] / (Bu/dLL)?, state as:

H \2 H s H
_Z)ijy _ (Edy) me _Z)h/rygg + Yy Yoy
- = i Sy
& [:Eé ‘:Ec"| _
— — - 9
Sl Sele! H wH H \2
g Yy Xy _yH o _ (Z5y) e
YY H YY H
Eéc’ Zﬂc’ﬂ-c'

H
_ _vH 1 _ | ZeyTe H _yH 1
= —YyyS H {1 1} [—ngﬂﬁ {Ec/yﬂ'd Egym} S

= 10 Y (S mre) Y

for 1/ = {1 1} and T/ = {Egyﬂ'cl —Eg/m] Interestingly, the very holding of ¥ >0 does not
preclude the occurrence of =4 < 0, a conjunction under which the first-period leisure and second-

period consumption would simultaneously be p-substitutes and g-complements. QED

C. Proof of Lemma 3.1

(i) The steady state is defined by the holding of | o0 /o) (0GT JOX,] [(p*/1°)"] (€—7) = (p*/p°) X
Rearranging, this reformulates to: Tx, = Tys, that is Z;-:O Wijg(o = mys+. Solving in mys, the
steady state expression of the latter is obtained as it = (1 — %)/ (1 + 7%, = 7%.), the obten-
tion of the associated expressions of 7y, X, = Z;:O Wijg(o, Tx, = Z;:O 7Tyj77g<1 and ¥ XX, =
Yico Ty Wg(oﬂ’g(l ngo X, being then immediate.

(ii) Letting the equilibrium rate of return satisfy [ ;:O(pj/po)((‘)Gj/aXl] [(p*/p°)"]/ (p*/p°)" = 1,
this proceeds from an adaptation of the line of argument developed for the Proof of (1) QED

D. Proof of Lemma 3.2

From the Golden Rule expressions of wx, and 7y available from Lemma 3.1(ii):

B/p° * 0
7( /p*) 20@1_%§0,
(p*/p°)" X3 TX,
that establishes Lemma 3.2. QED

E. Proof of Proposition 3.1

First-order conditions:

ou ou
—t(@,ciﬂ) — (wi/p}) [@t+1/(p?+1/17?)]f(@ciﬂ) =0,
861& actJrl
(p?+1/p?)ci+1/git+1 - (w?/pg) (Z - gf) = 0.
Linearising:
(EM - EC’Z) s _(E'c’c’ - Efc’)ﬂc’y <
T e ¢’

Do Tyimx, Te| (R — (P =PP)| o
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The system of demand equations derives as:

Ayt ) (o' 1) ]
Acwe/po) Ao /o))

= {[(Bu — Bee) + (Boe — Bu) | mme S}
T [1 + (Ec’c’ - E'Zc’) Z;’:O Ty Wé(oy] Tt [1 + (ECIC/ — Egcl)ﬂc/y]
—Ty [1 — (EM — EC’Z) Z;:o Wyjﬂﬁfoy] —Ty [1 - (EM — EC/Z)T(C/y:I

where a more satisfactory picture in terms of the demand functions is also available, noticing that

= = _ H H = = _ H H .
S — Sty = —WC/EC,Y/WC/TF@E&/, Zele! T Sl — —Wgzzy/ﬂ'c/ﬂ'ggec/, as:

[Aﬁ(wo/po) AZ[@//(pol/po)]] _ [_ (5:2/ - E§/>ﬂ-cl —gg/ - Eé{/)ﬂ'c/] .
Berwo/p)  Bergr /o po) LpeTe+ Yy T Ny + Xy Te

The raw form of the linearised version of this dynamical system in a neighbourhood of the steady

state is available, once it is noticed that the components of the dynamical system reformulate to:

Xl,t-i—z -G [E_ €(p§+1/p§’+1,p§+2/p?+2), Xl,t+17p;+1/p?+1] =0,
Xova = (b /20) ™ {1 Bl 00 [ = 0k B 2))

(wl/po) (p%+1/p1c§)+1)
(pi/p?)

i

£t b ) = 2| (@) (1),

the linearisation of the dynamical system in the neighbourhood of the Wealth-to-Capital steady state

delivers:

AL A (i /DErs) + ALA i /PEy ) + AL A(pE/p]) = o,
0X,in OGO

/

= B o) T 0%, 0ty o)

0% G 0Xy, 09GN oG
P 0pt/pf)  0Xi 0. /PR.)  0XoO(pi/p?)  O(pi/pP)’
o 0G 0Xyun,

B 0X 0wt/

OXip: 1 [ w/p° I (w®/p°) 5 wo/p° (Ot

a(pt /1Y) _pl/po[ p*/p° (9(p1/p°)](€ E)erl/po( 8(1)%/19?))’
0X, +41 _ w®/p° (_ or >

a(p;+1/p?+1) pl/po 8(pt1+1/p?+1)

o0 9L 0w°/p°) 9L (w'/p°)
apt/p)  Owe/p°) O(p*/p°) R’ (p/p°)”
ol 0L O(wH/p°) 1

P /P,)  OR" A(p*/p°) (p*/p°)’
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Whence:

A= (=i + o) o 3 ) G )
Az = pl;po {;1;11;0 g(%ﬁoﬂ (= (C;IZZ;O " gf(()) 3(7%?51’?)

B [gfc] L;g (_6(19;32&1)) B 6(1?;5;?)
_ 1 {_wo/po 8(w°/p°)}(—_£)_ 0G*
p/pe L pt/p°  O(pt/p°) 9 (pt/1})
" (—;fﬁo gf(o){agffpo) Z((;fﬁ)) + gt {‘ é;/ﬁ%] }
5 s Lo Lo ) ) o))
=)l 2 e
WO/ 0L OW/p°) 0L (w'/p°)
pl/po{a(wo/po) a(p*/p°) 592’[ (pl/po)z]}}’

In elasticities terms and for
A,n(gptl—f—z - @to—ﬂ) + A,12 (@tl—H - @f+1) + A12 (g)tl - g)to) =0,

this gives:

Ty
A, =— {1 - A(wO/pO)(pl/w)]

1— Ty

St wy
j:o X, Y

-y .
j:o X1 Y

E 1 7.[.] Ty s
j—O X: Y :| }
)

AUJI (e} 1 o] -
} { (w*/p°)(p /p)l—z;zoﬂggﬁyj

x {Am'/@o’/pon L

Ty

Al = =1+ Ao /po)(pr /p0) — [Auo /p0) A (wo /p9) (01 /5°) — Daiger /00" Jpo)))

] {—Am'/@o’/zzon [

1— 7y
1 J _ 1 J )
Z]’:o US' NG Zj:o Tx,Tyi

_ N\t J _ _ 31 J A
1= Do T, Ty 1= Do T, Ty

—1

- {vapoxpl/po)

P S S
2= TX, Ty _ 2j=0 TX, X, Vi XX, X,
(3

X | A1 /p0)(pt /o -
{ (W /p2) et /p°) T 2]1‘:0 e mys
o
B /0) Ty [P 52 B )0 /) — Bt o]
Zl’*o Wg( Ty;
A12 - — |:A(w1 0 ( 1/ 0) j_l = :|
/r°)(p* /P 1—23':077%(1773/3‘

Ty
X {—1 + Awo/po)pr /p0) — T [De(wo/p2) Alwo /02) (07 /°) — Dggnr (0" fpoy]) }

1— Ty

P SR CED WA 5 )

Remem]oering the parametrical features of the Wealth—to—Capital steady state assessed through Lemma
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3.1, the expressions of the first coeflicients of the characteristic polynomial derive as:
A/
tr(f) =——-~
Al
s B VS k] -
R R e\ + %, — 7%, Ty (R’ (p°" /p°)]
W%l Ty Wg(l 2A Z]1:0 7T&o W&l Wyj E‘—7;(0—)(1
X 41+ - 1+71 — o @[%//(po’/po)]+ T o0 2
b Tx, ~Tx, (7x, = 7%,) Ty

1—1—{ Z;:Owgﬁww ] 1+{—7TK A 5 }_1
1—Z;=07r§(17ryj 1 — gy TR (p /p0)]) T X

1 J J N
ijo T, ™x, TYi XX, X,

(1 - Z}:o Trg(l Tryj)

< {mk mk, —7%) +

0 1 L
1— 7% ijoﬂyﬂrxl

1 _ .0
T, — T, Ty
0
1—T7 1
X 0 1
=T (%, Tyo + T, Ty 1)
7TX1 ﬂ-Xl Ty 1
- 0 ) 0
1— 7TX 7TX Tyo 7TX 1
= ( 1 1> 01 +(1_7T_C))(1)< 1 > o +1)7TYI:|
L Ty, — T, T, — %, Ty
r .0 0 )
_ %, (1 — 7%, ) Tyo g 1=7Tx, i 1
- 1 0 X 1 0 )Ty - Tys
L Ter _7TX1 ﬂ-Xl _7TX1 Ty
0
™% 1
= |—=—[(1 — 7% )7yo + (1 — 7k )7y:] + 7y
7.‘.1 _ 7.[.0 1 1 T
L2 X, X, Y+
o 1
™S ] 1
== ﬁ Z 7Tyj7TAJX — +1
— °| Ty

'7TX1 X j:o

(o)
™
= 1 Xl (o] + 1
7TX1 - ﬂ-Xl

1

where the last row takes advantage of the earlier arguments about the dual Hicksian representations
of the demand functions and where it should further be noticed that:

or [(1—=7%,)/(7k, = 7%, )] Xizo Ty W&l /my: =Tk at the Wealth-to-Capital steady state that is also
for future reference, loy the prevalence of A D)

characterised,

= Ag(wo /po)- [t is also noticed that

1 Jj o RyY)
Zj:o 7TX07TX17TY‘72X0X1 1

(7%, = 7%,)"

1 1

_ Jj J N J (-1 _ 0 \2

o= Z WXDWXIFYJEXOXI/Z T, Ty (7TX1 7TX1)
j=o j=o

T}le trace t}lence reformulates to:

tr([#]) =

1
1+ [Z TyiT%, /Ty:]

j=o

% {1 + 2]1':0 7[-&0 [Z;:o ﬂg(oﬂ-g(l Tys Eg(oXl/Z}zo ﬂ-g(oﬂ-yj + ﬂ-}Q (F}Q - ﬂ-g(l)]
—x, Ty oy L (1 = 7%, ) (jmo Tyva Y, /Ty ) }
1
1+ [Z Wijg(l/m/l]

Jj=o

1

|

%

% {1 + 2]1':0 Wg(o Tyj [Z;:o 7'(‘_])(0 7'(‘_])(1 Ty ZjXOXl/ Z]l':o ﬂg(o Ty 773(1 + (ﬂ-Xl

TR, T g ) (0 1p0)

|

] }
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In ordinal terms, its expression emerges as:

1
() =1+ [ myamy, /7y
j=o0
fis 2o ™, M (X e, T, Tva S, x, / X T, Tyam, o+ (, — 7)) |
Tk, meme (S5 — X))
e Jf 7%, B, + (=) Sy, ]+ (mk, — ) t
(1= 7%,) i, 7t (S — iy)

once the definition of the steady state has been taken into account.

ot

Similarly, the remaining coefficient of the characteristic polynomial derives as:

det(g) = 222

_ { m ( P ) H Lj=o TX, Ty }IA ( 4 )} }
- - y op ! o’ (e} -
1— 7y T, — TX, D I T Ty R/ (p° /p°)] % — %
X, T, Ty
) {_(1 - M) Kl * M) (_1 L WAM'/@o’/po)}ﬂ }

Z;—oﬂg( Ty :| { . -1
W R |
L—z;:owém v )

1 )
_ Z]ZO 7TY]7TXO - WEAE[O/?/ p /p |:Z ﬂ-Y]T['X /7TY1:|
—WZAZ[%’/(pO//p )]

where the steady state holding of Yico Ty TI'XO = 7y was used for the obtention of the eventual line.
Alternatively:

1 L
Zj:o TyiTx,

*WZAg[gl//(po’ /p°

det(g) = { ; + 1} [timg(l/m],

In ordinal terms, noticing that

1 1
j H H j
TyiTx. — Tel (o 7rYJ7TX (=S + 5 Y TyiTy )
0 p°) o

Jj=o
1
] H H
= Z Tyi 7T‘]XO (1 — Ezyﬂ'é) — Eeclﬂ'gﬂ'cl
j=o
1
" .
= T (EC’Y Z 7TY17TJXO + Eéc’ﬂ-ﬁ)a

j=o
or

1 1
Z WYJW%O - WEAZ (wO /p°) Z Ty 7TX - Ag[/ /(o /p°)] = Z Ty; 7T7><0 [1 + (Eﬁ/ - ng)ﬂ'g]

it reformulates to :

det(j)

sy 3 7TYJ7TX + Xpermy
TFK(E@C/ — EZY)

Zﬂ'yﬂrX /Ty 1)

1 ‘
= +1} | 7TYJ‘7T‘]X1/7TY1]
[ Al
1 T
= —|— 1:| 1
[(Eﬁ, — X )m (1—7%,)
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Finally, the stability argument shall build from the critical values undergone by the characteristic
polynomial at +1 and —1. Then computing Z(—1) =1 + tr(¢)+ (iet(j) :

Z(—1)=2 {1 + i W%lﬂ'yj/ﬂ'y{|

j=o

Dm0 T, Ty [ 2o T, Ty /Ty ]

TR g ' )
2= X, TX, MY S, x, [ 2= TR, YT, + (T, —7X)
X 77}(1 +1
1 .
= 2{1 + Z 7r§(17ryj/7ry1]
j=o
Z;:o ﬂ—g(o Tyi [Z]l'zo Trg(l Ty /ﬂ-Yl]
meme (S — i)
y [Z}:o T, T, Ty D, x, o T, Ty, F (T, 7R |
X,
= ofu ]
(1-7%,)
1 (o] 0 1 1 1 (0]
n 1 [ X, ] {[WXI Sox, T (0 —mx ) 5% x,] + (mx, —7%,) n 1]
(S — Tiy) L= 7%,) X,
Asfor Z(+1) =1 - tr(¢) + det( %), its expression is available as:
Z(41) = im0 "XV [0 T, Ty /7y
TR (! /)]
D=0 X, X, 7Y K, x, [ Dm0 T, TV TR, + (T, — 7%,
X | — W}(I +1
B Z;:o Trg(o Ty [Z]l':o 7'['%(1 Ty /ﬂ-Yl]
meme (B, — )
% |:_ Z;zo ngoﬂgflﬂszj)(oXl/Z;zo Trg(Oﬂ-Yjﬂ'}(I + (7‘(‘}(1 - ﬂ.g(l) 4 1:|
W}(l
1 [00 +(1_1)E1 ]+(1_0)
_ 1 { X, } {_ X, 24X, X, Tx, ) 2o X, ) T Ty, TTX) 1}.
me(Sfe — i) L —7%,) X,

As 7 (-1) >0 for s >yl and T, > T, the saddle-point parameter conﬁgurations are assocl-
ated with the ones that then underlie the holding of Z (+1) < o. Noticing that such a conjunction
reformulates to the one of:
% — (7% X5 + (1 — 7% )25 1— 7y
% — M S%x, * ( %) 2k, x,] <o L [Eg(oXl +( X1>23(0X1] <o,

1 (0]
X, X,

the statements (1) and (ii) follow. As for the statements (ii)a/—b/, the point to note is that the

boundary is associated with the holding of det( ¥)=1. QED
F.  Proof of Proposition 3.2

Buiiciing upon the expressions of A’ A, and A,, listed in Appendix E but specialising them to let

110
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Z;:O Ty Wg(l /Ty =1 uniformly prevail, namely

Y

A= 4 {1 - A(w@/p@)(pl/w)] {Am//@o’ /po)}AW/po)(pl/po)}’

Ty

Arp = =1 Doy o) — T (Bt ) Do) /) — Bt ! )

- {A(wl/p())(pl/pO)} {—Amf/(po//po)}A(wl/p‘))(pl/p")}v

1
Jj J ¥ 1 0 \2
- 2 ™%, X, Ty XX, X, / (X, —7%,) Ty,
j=o

¢

Ao = —Awl/po)(pl/po){—l + Ao /o) (0 /p0) — [Adee /o) A(wo /) (01 /5°) — Daggrr (00" Jpoy)) }

1— Ty

the linearisation of the dynamical system in the neighbourhood of the Golden Rule steady state

delivers:
-A/ A _ (B/PO)* |
11 12 1 o *X*
(p /p ) * Q/t-i-l
g)tl—l-l - @&-1
0 1 0 Boss — PP,
L 0 A /) /p) 1 |
[ (B/p°)" ]
(0] A12 A wl /po N e e —
(w*/p°)(p* /P )(pl/po) Xx 9, :
+ Pr—=—P2| = o
-1 0 0 B, — P o
| o 1 —1 ]

Letting D = A’_, the components of the Jacobian Matrix list as:

119

s = —(DA’>_1{_ [A’m - mmwpo)(pvpo)} <—1)}5
<BMW*}

(*/p°) X5 )

(B/po)* (B/po)* (_1)}.

pH/) Xy (pt/pR) X ’

$a = —(@A/YI{AH +

Jiz = _(@A/)_I{A(wl/w)(pl/p”)(

Jor == (@) {0 s
Joo = 0;
oz = 0;

I = —(@A/)_l{Awl/po)(pl/po)A’ll(—l)};
o=~ (@) AL s
oo =~ (@) {0 .
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The critical coefficients of the Jacobian Matrix can then be derived. First consider its trace:
tr(f) = fun + Jas
(B/p°)"

g —(@A/)_l{ |:A/12 — (pl/p())*)(*A(wl/po)(pl/po)] - Alll}
2 (B/p°)"
=1+ (Da) { {A’m T )X X*vapo)(pl/po)]}

(1 —m%,) (mk, —7%,)

= 1 —|— ﬂ_}(l
' X, 1-mg, 1
+ {_ 1 — 7 (1 + T — 7%, )Ae[%’/(po'/p")] [7@(1 - 7%, ] }
T X, :
PPy T, T, + { T ] el }
1
Ty my, oy, Uk, -k ) (0 /p0) XY
Then noticing the holding of
- Z;’:O mwﬁ(o <%, n 1— 7%, (B/po)* _ Z;:O 71'ij&0 { 1-—7%, }
Ty T, —T%, Ty, — 7%, (pl/po)*Xf Ty T, T, ’

the expression of the trace is hence eventually available along:

1 — m9 gy (nl — 7l i
() = 1+ LRIy Do T, (o, -7 ] +
X, T [Ae[ga//(po’/po)} (1 —7%,)] (1 —7%,)

1 L J J
Zj:o TyiTx, Tx, XX, X,

=T, (Dot ey (1= 7%, )]

+

Relying anew to the ordinal-like parametric formulations of the Hicksian demand functions but also to
the Golden Rule expressions of the aggregate values of the inputs and of the elasticity of substitution
between the latter, this reformulates to:

X, — X,
mo(Sf - SE )y,

% 1 — 78 7% (1 — 7% )2S + T3 23
tr(j):1+ X, ( Xl) Xl[( Xl) Xo X, X, XOXl] +

(1—7%,) TX, m(Sih = ER )Ty, (1 - 7%,
where use was made of the occurrence of
1— WS’(I

1 _ .0 |: 1 _ .0
7'(')(1 7'(')(1 71')(1 7'(')(1

that also implies the one of

1 ] 0
Zj:o TyiTx, X,
Ty Tr}(l — 778(1

+1+{ 17X, ]((B/p")*

T, — 7%, ) (0 /p°)" X:

_ {1+ (B/r)” H LT, }
(p/p°)" X;

Yo WYjWg(O [ 1— T, }

(/) Xy ’

1 _ =0
7TX1 7TX1

1 _ =0
7TX1 7TX1
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for the obtention of the eventual expression. Then consider the sum of the principal minors of order

two:

spm(f) = = frofor + Jur Fsz — Fis I ) X
= —(@A/)_l{— {Alz + (;j]if)?)q} + {Allz - mA(wl/po)(pl/po)]
= {A(wl/po)(pl/po) - 1}% [A@Jl/po)(pl/po)} }}

1 ] —1
T =0 TYITX, - X, A 1- 7%,
=q— ; of _—

1— 7y Ty 7['}(1 — ﬂ'g(l LR/ (p°" /p°)] 7'('}(1 — 7'(3(1

o 1 ] o
{ { [1—7er H ijowymxo %,
Xq—q—|———">||—1—
s

X, X, Ty Tx, —TX,
L ( A A >] (B/r°)" }
Ty L(we /p°) ﬂ.}(l _ 7.‘.3)(1 LR/ (p° /p°)] (p1/p0)*Xz<
TS % )
— _—t A 0 /po) ——————— A apl o’ /o
+ { (1 T _7&)( e /p) e T S )
- {1 | A o [1 - ]}
5 s S R S K S ¢

S Wyjﬂggo % 1-7% 1?2 (B/p°)"
+ Ay ey + 1+ 2 +] } : b

1 0 1 o *
Ty Tx, — 7%, LTx, = 7%, 1 (p'/p°) X7

Completing the same approach as for the coeflicient tr(¥), 1t 1s obtained that:

ml (1—7%)
X, X,
spm(¥) =1+ ( > n
1— 7TX1) X,
v 2;:0 ijﬁg(o 71'3(1 1 — 71'3(1 —1
- Lt o | a7 o)) | o o
1— Ty Ty Tx, — 7%, Tx, — Tx,

1 ] *

[t (Bt e )
1 (o) 1 (0] 1 (0]
Tx, — Tk, Ty Tx, — 7%, Tx, — TX, Ty
1 i *
ijo 7TYjTr_jXU ﬂ-g( (B/po)
+AY1(p1/po)+ 1 z o “I‘l‘i“
ﬂ—Yl 7TX1 - 7TX1 7rY1
1 O B
-1 + (1 - ﬂ'g(l) 7'('}(1 Z:]:0 7TY'J71—)(071—)(12)(0)(1
- 1 o 1 o
X, (L-7%,)  —mmk, At oo’ /o)) (1 —7%,)
1 o J 1 ] 2
N Dimo Ty, (Tk, = 7%,) Dimo TyiT, (1 — 7%,)
_ 1 _ -0
e, Ao o) (1 )

—Te D o ey (1~ TX,)

This reformulates to:

spm(f) = 1+ X, (1—7%.) N %, (1 = 7%) 5%, x, + 7%, Sk x.]
(-7 m(SL, — SR, (- 7%
Tx, — TX, (1—7%,)

+
TS =T (1= 7%,)  m(Eg — T,

[t is noticed that the Golden Rule steady state being defined from the satisfaction of Z;:O Ty i 7r§<1 [Ty =
1, from the definition of 7y, this gives my: = 7% /(7% + %) and myo = %,/ (7%, +7%.), those

expressions having being incorporated in the eventual forms of the above coefficients.
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Finally consider the determinant:

det(f) = Fir (= o1 J3) + iz (Jor o)

= e Wg(l 11— 71—3(1 -
N _{_WYI <1 - w%l)Ae[%'/<po’/po)} er—ﬂx} }

1 . J *

x {|: 1= 7‘8(1 :| [ 1 ijo 7TYJ7TX0 7(8(1 (B/po)

1 0 e 1 o *

Tx, —Tx, Ty X, — 7%, (p/p°) X7t
1 L
T Dj=o TYITX, ( A , A %,
— - ap 1 o 0] — £ (wO° /p°
1— Ty U/ (p" /p°)] WP e — 7%,

Rearranging along the approach followed for tr(¢) and spm( ), 1t 18 obtained that:

S myimk (1 —7%,)

70D gy’ 1oy (1 — )

= {@A/

i Ty, ~ B o)

det(j) =1+

1 o) 0
Tx, —Tx, X, — Tx,

TR ! )
Z;:o 7"%(0 Tyj .

= 1 —
T g ) (oo’ o))

Alternatively, the determinant is available as :
1

det(9) =1+ — g

me(Sg — )
Finally computing

— 1+ tr(f) — spm(f) + det() =

Moy, [ =7 )] (mk, —7%) N mvamk, (mk, — 7%,

—mem, A’ o) (1~ T) ~Te g o) (1~ TR, )
n Z;ZO WYJ”%(D (1 - 773(1) B Z;zo Ty 7T§<O (1- Wgcl)Q
T gy o) (L= TR TR By oy (1~ )

o Ty, (1= k) {1 (- W?()}
)

~Te B o) (1~ TR, ) X,
Where
Caemy) ()
W}(I 7r}<1
g, — (=)
_ "

Then similarly computing:

Z(—1) = 1+tr(j)+spm(j)+det(j)

_ { X, (1—7%,) } %, [ — 7% ) B x, + X, Bk x]
=201+ +
(1—7%,) X, (S — T )Tk, (1= 7%,)

1 (1—7%,) 1 X,

ks

1—-7%, 1 ™%, Y=o Wyjﬂg(o T
} } {[1 T } { Tys  Tys A5[5‘73’/(270'/100)]]}

_ -0
7TX1

+ [1 + } + [1 +
mo(Zih — B3y X, (k-5 L (1-7%,)

1
} 7TX1

1
7TX1
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Z(+1) = —1 +tr(¥) — spm(¥) + det( %)
S S PO . 01 O Y A
(S — Tty X, T, (1-7%,)
IR S B EUR
)

Use was made in the foregoing computations of the occurrence of

_ .0 ) 1 ]
1 _ 0 1 _ 0 TyiTx, +1
T, — X, X, ~ 7%, = Ty
o o} 0\*
__ Tx, TX, (B/r°)
.1 _ -0 +1+ 1 _ .0 1/,0\% Vv r’
Tx, —Tx, X, —T%, (p'/p°)" X;

that also implies the one of

1 o 0 0\*
i T, /Ty { 1 - 7%, } (B/p°)

§ TyiTh, ——— + 1+

= Tk, ~ X, T, = 7%, (01 /p°) X

- [ g o)
= 2j=o WYng(o [ 1 -7y, }

Ty

1 _ .0
Tx, — 7%,

Tx, — X,
Adapting then the line of argument developed by Barinci & Drugeon (2017), as the focus on a

configuration o > 3 specialises the analysis to det( ¥)>1,a saddle-point stable Golden Rule
will be available for Z(+1)Z(-1) < o.

For T, > T, 1t 18 readily observed that Z(—1) > o whilst:

.0
(1 17TX1) <o

Z(+1)So<=1—
T,

The statement about the Samuelson economies immediately follows. As for classical economies and
from Barinci & Drugeon (2017), their properties will be ruled by the sign of spm( F)—1—[tx(¥) —
det(#)]det(¢) for |tr(#) — det(#)| < 2. This latter restriction being satished for classical economies
with Z(—1) > o, the expression of the main text follows from a direct computation of the first. QED





