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Abstract

This paper develops a discrete-time model to investigate the impact of financial inter-
mediation on economic growth in an economy composed of households, firms, and
banks. The model is initially formulated in a general framework, allowing for flexibility
in both the utility function and the financial intermediation technology. In a subsequent
specification, we adopt a modified Constant Elasticity of Substitution (CES) utility
function and assume a constant share of labor employed by each bank, leading to a
two-dimensional dynamical system. Our analysis shows that the model’s behavior is
sensitive to the choice of utility function: multiple dynamical scenarios emerge as the
savings rate changes. We identify key economic parameters — specifically, the number
of banks, the rate of change in the share of employment per bank, and the rate of change
in savings — and assess their influence through sensitivity analysis. Additionally, we
explore the joint effects of these parameters using Monte Carlo simulations. The results
highlight the complex interplay between financial intermediation and macroeconomic
dynamics, offering new insights into the structural determinants of economic growth.
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1 Introduction

Studies investigating the key role of financial factors in economic growth have a
long-standing tradition. In this regard, we refer to seminal contributions such as Ben-
civenga and Smith (1991); Benhabib and Spiegel (2000); Demetriades and Hussein
(2000); Greenwood and Jovanovic (1990); Levine (2005); Levine et al. (2000); McK-
innon (1973); Pagano (1993), among others. More recent literature has deepened this
analysis by incorporating a wider array of methodologies and highlighting complex
interactions between financial development, regulation, and macroeconomic stabil-
ity. For example, King and Levine (1993) and Rajan and Zingales (1998) reinforced
the empirical basis of the relationship, while (Levine 2005) offered a comprehen-
sive review of mechanisms. Other recent studies, such as Aghion et al. (2019) and
Beck et al. (2021), highlight nonlinearities and threshold effects in the finance-growth
nexus, showing how institutional quality and inequality may alter the effectiveness
of financial intermediation in promoting growth. From a macro-financial perspective,
models that incorporate financial frictions and market imperfections (e.g., Gertler and
Kiyotaki (2010); Brunnermeier and Sannikov (2016)) have provided new insights
into the mechanisms through which financial development influences economic sta-
bility and long-run performance. Notably, Gennaioli et al. (2012) examine behavioral
finance aspects and their macroeconomic consequences, Adrian and Shin (2010) ana-
lyze the interplay of liquidity and leverage in financial stability, and Dell’ Ariccia et al.
(2017) explore the impact of bank leverage regulation on economic performance.
These contributions underscore that the relationship between financial development
and growth is multifaceted, influenced by regulatory frameworks, institutional quality,
and the evolving structure of the financial system, thus motivating further theoretical
exploration as in our work. The central idea of this line of research is that financial
intermediation acts as a key driver of economic growth. More specifically, the financial
sector influences both savings and capital accumulation, and increases in these vari-
ables are associated with positive effects on economic growth (see Levine (2005) and
Pagano (1993) for discussions on the role of the financial sector in economic growth).
In this regard, financial development plays an important role in long-term economic
growth.

Although these studies generally confirm the existence of a link between finan-
cial development and economic growth, their approach is predominantly empirical. In
addition, their findings are not always consistent. For example, Levine et al. (2000)
find that exogenous components of financial intermediary development are positively
associated with economic growth, while (Benhabib and Spiegel 2000) argue that indi-
cators correlated with the growth of the productivity of total factors differ from those
that encourage investment, which implies a weaker relationship between financial
development and growth.

However, it remains reasonable to assume that banks play a fundamental role in the
growth process through their intermediation between households and firms.

In recent years, banking systems have been analyzed using duopoly frameworks,
primarily to explore issues related to stability in the banking sector, although with a
focus on different aspects. For example, Fanti (2014) studies the impact of exogenous
capital regulation on loan demand, Brianzoni and Campisi (2021) and Brianzoni et al.
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(2022) apply a similar framework to Italian banking systems, Ansori et al. (2024)
examine macroprudential policy in Indonesia.

Given that most contributions studying the role of banks as intermediaries between
firms and households remain empirical rather than theoretical, Eggoh and Villieu
(2014) propose an endogenous growth model in continuous time in which banks serve
as the sole intermediaries between firms (the productive sector) and households. In
their framework, household savings are channeled through banks and transformed into
investment by firms. Financial intermediation is thus modeled as a process that con-
verts savings into loans for productive investment. Banks operate under monopolistic
competition, while the final goods sector is perfectly competitive and features a con-
stant returns-to-scale technology. The authors identify two distinct balanced growth
paths in the long run. Extending this approach, Byrska et al. (2019) assume that finan-
cial intermediation technology depends on the share of labor employed by banks,
which is endogenous. From a mathematical perspective, the model in Eggoh and Vil-
lieu (2014) is two-dimensional, whereas Byrska et al. (2019) extend the analysis to a
three-dimensional system. Both frameworks are developed in continuous time.

Our model contributes to this growing literature by providing a discrete-time
theoretical framework that explicitly incorporates financial intermediation as a key
mechanism linking household savings to productive investment, extending and com-
plementing previous continuous-time models such as Eggoh and Villieu (2014) and
Byrska et al. (2019). Our results resonate with recent empirical findings regarding the
heterogeneous effects of financial sector expansion. For instance, the finding that an
increase in the number of banks can have opposing effects on consumption depending
on the equilibrium level echoes the dual role of financial development highlighted
in Dell’ Ariccia et al. (2017) and Adrian and Shin (2010), where financial deepen-
ing can both foster growth and introduce vulnerabilities. From a practical standpoint,
our framework could help interpret economic scenarios observed in banking systems
undergoing structural changes, such as those experienced in emerging markets or
in economies subject to macroprudential regulation adjustments (e.g., Fanti (2014),
Brianzoni and Campisi (2021)). By bridging theoretical modeling with empirical
observations and policy-relevant contexts, our work aims to enrich the understand-
ing of the financial-growth nexus and support the design of effective macro-financial
policies.

Our paper falls within this research area and is primarily motivated by two con-
siderations: i) effects of financial intermediation are still not fully understood, i7)
the contrasting results in the literature often stem from the different methodologi-
cal approaches employed, which may yield progress along specific dimensions while
leaving others unexplored.

Motivated by these insights and by the broader economic relevance of the topic,
we develop a discrete-time growth model with financial intermediation. As in Byrska
et al. (2019) and Eggoh and Villieu (2014), the economy is composed of households,
firms (the productive sector) and banks (the financial sector). Households and compa-
nies cannot interact directly; instead, banks intermediate and transform savings into
investment in the productive sector.

More precisely, in Section 2, we introduce a discrete-time economic framework
that generalizes previous continuous-time models by incorporating a flexible inter-
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mediation technology and a broad class of utility functions. This generality allows
us to capture a richer set of dynamics in the financial intermediation-growth nexus.
Later, in Section 3, we specialize the model using a modified Constant Elasticity
of Substitution (CES) utility function and a constant rate of change in the share of
employment per bank to facilitate analytical and numerical tractability. Our analysis
reveals novel qualitative dynamics—including the existence of multiple equilibria and
bifurcation phenomena—that arise naturally in discrete time and extend the insights
provided by earlier frameworks. This approach offers a new theoretical perspective
on how financial intermediation shapes economic growth patterns and complements
existing empirical and theoretical contributions in the literature.

Our contribution to the literature is twofold. First, by developing a discrete-time
framework with endogenous financial intermediation technology, we offer a novel
perspective on dynamic phenomena—such as fold bifurcation and multiple steady
states—that complement and enrich the insights from existing continuous-time models.
This allows for a richer characterization of the finance-growth nexus and its inherent
nonlinearities. Second, our flexible modeling approach accommodates a broad class
of utility functions and parameter variations, enabling a more nuanced analysis of
how changes in banking structure and savings behavior affect long-term growth and
stability. These features make our framework particularly relevant for understanding
real-world financial systems and their complex dynamics, thus offering new theoretical
insights and potential policy implications.

Given that the findings in the existing literature depend heavily on the financial
indicators selected for analysis, in Section 4, we examine the role of the most relevant
economic parameters from two complementary perspectives. First, we perform a sen-
sitivity analysis to evaluate the impact of individual parameters of interest, focusing on
three main factors: the number of banks, the rate of change in the share of employment
per bank, and the rate of change in savings. Second, we explore the joint effects of
these parameters through Monte Carlo simulations.

Our dynamical analysis primarily focuses on the existence of acceptable equilibria
depending on parameter values. It reveals that the system can exhibit a continuum
of steady states, no equilibrium at all, or up to two fixed points generated through
a fold bifurcation. Local stability analysis confirms the existence of a saddle point
under suitable parameter values. Furthermore, the numerical analysis shows that an
increase in financial intermediation activity can boost overall consumption without
affecting deposits — though this occurs only at a low-consumption equilibrium level.
Monte Carlo simulations suggest that an increase in the number of banks can have a
positive impact on the economy at high-consumption equilibrium levels, while having
a negative effect at low-consumption levels.

2 The general setting
The economy consists of households, firms, and banks. Banks perform financial inter-

mediation by collecting deposits from households and lending these funds to firms. In
other words, banks transform household savings into investment.
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Firms. The output produced at time ¢ by firm i is described by the Cobb-Douglas
production function: ¥;; = K (Li:K)'"™ (0 < a < 1),! where K; denotes the
aggregate capital stock of the economy at time ¢, while L;;, K;;, and Y;; represent,
respectively, the labor, capital, and output of firm i at time ¢. Capital is obtained from
bank j at the interest rate r j;.

As in Eggoh and Villieu (2014) and in line with Romer (1986), technological
progress is embedded in the aggregate capital stock K;, which is treated as external
to the production function of firm i.

The production function, consistent with the relevant literature (Eggoh and Villieu
2014; Byrska et al. 2019), exhibits increasing returns to scale, driven by positive
externalities arising from the expanding scale of financial intermediation. This key
feature is interpreted as reflecting organizational synergies (Farmer 1999).

Firm i maximizes its profits at time ¢ according to the following objective function:
nf = K*(Li K)'™ — r;;Kis — w,Li;, where w; is the wage level at time 7.

The first-order conditions (FOC) for the maximization problem of firm i are:

F
—H” = Oquil(KtLit)l_a —rjp=0, €]
8Kit it J
and
nr
— = K%(l —a)(K:Li)) “K; —w; =0. (2)

oLj; !

Banks. Consider an economy with n banks. As previously noted, banks collect
deposits from households and lend them to firms. Each bank j maximizes its prof-
its according to the following objective function: Hft =rjpKj — rBBjt — wbj,
where r8 B i+ denotes the interest paid on deposits, and 6, represents the share of
labor employed by bank j to transform household savings into loans. Let ¢(6;,) be
the financial intermediation technology, assumed to satisfy the following properties:
9®j;) < 1,¢'(0;;) > 0and ¢"(0;;) < 0). Each bank maximizes profits subject to
the following equation:

Kjtv1 — Kjr = 0(0j1)(Bjr+1 — Bjr). 3)

As in Eggoh and Villieu (2014), we assume that the total labor force is allocated
between the real and financial sectors. For the sake of tractability, it is therefore reason-
able to assume a common wage across both sectors, leaving a more detailed treatment
of sectoral wage differentiation for future research.

In this work banks are assumed to be homogeneous, meaning they adopt the
same strategy and behave in the same way. As a result, the total labor employed in the
financial sector is given by Z;;l 0j: = n0, and the interest rate is the same across
all banks, i.e., rj; = r; (Vj = 1, ..., n). This assumption is justified by the fact that,
in a symmetric equilibrium, credit interest rates are identical across banks, leading to
similar employment patterns across them. Then, from the the first-order condition (1):

I See Layson (2015) and Shanks (2024) for an in-depth analysis of increasing returns to scale.
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ro=aKy  (KiLi)' ™"

Hence, in a symmetric equilibrium — where all banks behave identically and charge
the same interest rate on credit — it follows thatK;; = K; and we obtain:

_ 1—a
re=alL; .

Since L;; and 6, = nt; are the proportions of the workforce in the productive and
financial sectors, respectively, we have the following:

re=aLl™ =a(l —nb)' .

Moreover, under symmetric equilibrium (such that K;; = K;), the equality between
investment and savings in the goods market becomes: K;+1 — K; = Y;; — C; =
K;"(Li,K,)l_“ —C; = K;(1 —no)=® — C;, where C, represents the consumption
of a representative household.

The last equation yields the following:

K1 — K _
— ==t —q )

1
where ¢; = % is the consumption-to-capital ratio.

Now, consider the bond-to-capital ratio b; = %' Then:
bt =bi _ b
by b;
Bi11 K;

Kt+1 B,

K; (Bz+1 _ Kt+1)

Kit1 \ B K;

K <3t+1 — B Kiji— I@)
Kt B, K, '

Taking into account (3), the previous equation becomes:

byt —b _ K < 1 )_Kz+1—Kz
b, Kiy1 ©(6;)b; K; )

(&)

Finally, we use Equation (4):

b[+1 - b[ _ 1 ( 1

b (=) —a+1 \g@b 1)[(1 o)t~ ©

Households. Assuming a discount rate p > 0 (the discount factor is (1 + p)~"),
the representative household has preferences over consumption represented by the
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following intertemporal utility function: U= Y72 (1 4+ p) u(c;), where we assume
that the total supply of labor is constant and normalized to unity.

In each period, households earn labor income w;, receive interest payments rB B, and
dividends A; from banks. Consequently, the budget constraint is as follows:

Bii1=0+r®)B +w —c + A, (7

Solving the optimization problem via the substitution method - specifically, by
expressing ¢; and ¢;41 from the constraint and substituting into the objective function
- the first-order condition ( 3251' =0)is:

W' (cr) = (14 p) ' () (1 +7B). ®)

Note that 78 — p > 0 represents the net interest rate spread.

At this stage, two of the equations forming the final discrete-time dynamical system
have been derived; these are given by (6) and (8).

Regarding the rate of change in the employment share at each bank, 6;, Byrska

et al. (2019) propose that it depends on the rate of change in savings: 9’“ = =

(a—6) - B’L, where a € (0, 1)). By contrast, Eggoh and Villieu (2014) assume
that 0, remalné constant over time.

From a mathematical perspective, the former assumption leads to a three-
dimensional system of difference equations, whereas the latter yields a two-
dimensional system. In this work, we develop the model following the approach of
Eggoh and Villieu (2014), postponing the analysis of an endogenous rate of change in
the employment share to future research.’

Furthermore, in the next section, we introduce the Constant Elasticity of Substitu-
tion (CES) utility function.

3 A bidimensional system’s analysis

The utility function considered here is a modified CES (Constant Elasticity of Sub-
stitution) form: u(c) = (1 + cs)%, s € (—o0, 1) — {0}. Parameter s is related to
the elasticity of substitution, given by o = ﬁ For s > 0 (s < 0), there is low
(high) substitutability between factors. This specification reflects the assumption
that utility depends solely on consumption, c, and remains strictly positive even when
consumption is zero.>.

It is important to note that the CES function does not satisfy the weak Inada con-
ditions (see Brianzoni et al. (2007) and Brianzoni et al. (2009)).

Substituting this utility function into u’(c,) = (1 4+ p) ™'/ (¢;+1)(1 4+ r®), one can
obtain:

. — B B,
2 Observe that the expression 9’*5{ O = (a—6) - M

can be rewritten as w = (a—6) -
m . [(l — n0[)l_" — c,:l, implying that the plane {(ct, bt, 6;) : 0; = a} is positively invariant.

3 The utility function incorporates external factors (normalized to 1) that act as consumption reference
points.
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; _1
Cryl1 = |:(1+—;»B> Cts+])—1:| .

Assuming 6; = 6 Vt, the model reduces to the following two-dimensional system:

, 1
ctH:[(%)m(c;SH)—] — A=)+ e =fle) 9)

- 1 (.1 _ . _ l—a _ _
bt = ot (g — 1) - [ =117 =i+ by = gter. )

T =

In what follows, we derive conditions on the parameter values under which the
system admits feasible steady states. To this end, the following preliminary result is
established.

Prop05|t|0n1 Let s > 0. For parameter values such that (1 — n0)*@=D 4+ 1 =

( 11:;/; ) , System (9) admits a continuum of fixed points defined by c = (1 —n6)'~¢,

for any b.

Proof After imposing equilibrium conditions ¢; = ¢ and b, = b (Vt) in the System
(9), the second equation says that ¢ = (1 — no)! =% or b = ﬁ. Considering the
former solution and substituting it into the ﬁrst equation of System (9), we find that it

is verified iff (1 — n0)s@=D 4 1 = (11;“0 ) . For s < 0 the continuum of steady

states does not exist, because the condition on parameter values defined in Proposition
1 cannot be verified (being 2 > p). o

Thanks to the triangular structure of System (9), the eigenvalues of the Jaco-
bian matrlx at a steady state are given by: A} = 3 (c b*) and 1y, = (c b*).

Since 2 b (c b*) = 1 for ¢* = (1 —nH)'~2, all ex1st1ng fixed points are therefore
non-hyperbolic. Figure 1 provides clear emplrlcal support for Proposition (1), demon-
strating that the economy admits a continuum of steady states. In particular, the deposit
variable b; varies according to initial conditions, reflecting path dependence and the
multiplicity of equilibria in the model. Meanwhile, the consumption variable c¢; spans
continuously all values along the horizontal line (shown in black), indicating that a
wide range of consumption levels can persist in the long run. This continuum of fixed
points highlights the model’s rich dynamic structure and suggests that long-term eco-
nomic outcomes are highly sensitive to initial endowments and shocks, with important
implications for policy design and economic forecasting.

Now, consider the case where (1 — nG)S("‘_l) +1 # (11:;’;) = , S0 that ¢ #
(1 — n0)!=*. From the second equation of System (9) it immediately follows that
the equilibrium condition is b = %. To analyze the first equation, we distinguish
between two cases: i) s € (0, 1),i1) s <O.

We begin with casei) s € (0, 1). The following proposition addresses the existence
of fixed points for positive values of s.
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[ (constant)
—_—- b(, init=0.50
25F — = =b,init=1.50
b[, init=2.50

05f= — = = = = m m o mmmm—— - -

t

Fig.1 Time series of ¢; and b; showing the existence of a continuum of fixed points

=5

Proposition 2 Fors € (0, 1) and (1 —n6)*@=D 41 £ (11_:’; ) m’ the system cannot

accept economically meaningful steady-states.

Proof Consider ¢; = ¢ Vt, hence the first equation of System (9) can be written as:

_1
1+p\T I+p\&=| ° -
_1 S = 1— 0 ®_ .
<1+r3) ‘ +<1+r3> (mnoy—e

_1
Let H, (¢) = {[(fjj;)“" - 1] o+ (I‘J%)“} and G, (c) = (1—nb)!——

c. Then, G is a decreasing linear function that intersects both axes at the point (1 —

1
n6)'=% < 1. Function Hj is such that H;(0) = (%) "™ > 1.1In order to guarantee

the existence of function H; for all admissible parameter values, we consider ¢ < ¢*
1

with ¢* = |: (ip)m —— :| > 1. Observing that H{(c) > 0, Ve < ¢*, we can
(14rB)T=s —(14p) T=s
conclude that there are no fixed points.

]

Proposition 2 establishes that for s € (0, 1), the model fails to generate eco-
nomically meaningful steady states unless a specific functional condition is met.
Economically, the restriction s € (0, 1) implies a very low intertemporal elasticity
of substitution (i.e., households strongly prefer smoothing consumption over time).
However, under such preferences, the dynamic interaction between consumption and
deposits cannot reconcile the agents’ optimal saving behavior with the constraints
imposed by the production technology and financial frictions. The failure of the con-

-5

dition (1 — nf)*@=D 41 £ ( l‘jfg) " Jeads to inconsistencies in the steady-state

equations, making it impossible for the system to settle at a fixed point where both
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consumption and deposits are positive and finite. This result complements the find-
ings of Eggoh and Villieu (2014), who also highlight the sensitivity of steady-state
existence to preference parameters in models with financial frictions. However, while
their framework emphasizes determinacy and indeterminacy through dynamic inef-
ficiencies, Proposition 2 shows that even before addressing equilibrium uniqueness,
the model may simply fail to generate any economically feasible long-run outcome if
preferences are not well aligned with structural fundamentals.

Let us now turn to case ii) s < 0. The following proposition characterizes the number
of steady states under this condition.

-5

Proposition 3 Fors < Oand (1—nf)* @~ D41 £ ( lljrpB ) ™ there are two scenarios:

1. If s € (—1,0) then there are no equilibria
2. If s < —1 then the system can admit up to 2 fixed points.

Proof We rewrite the first equation of System (9) for ¢; = ¢ Vr as:

{( 1Jr">l_s.(c—S+1)—1} = (1 —no)' =% — 2.

14r8

1

Define Ha(c) = {(fj—rg)”-(c—wrl)— 1} " and Ga(e) = (1 — nO)l—%c —

c%. Gy is a concave function intersecting the horizontal axes in ¢ = 0 and ¢ =
(1 — nH)'~2, with maximum point for ¢y = %(l — n0)'=*, Moreover, H(0) =

{(%)”—1} > 0and H;(c) > 0Vc > 0.

To complete the proof, we observe that lim._,¢ Hz/(c) = 4o0 for s € (—1,0),
while lim¢_.o H5(c) = 0 s < —1. This means that for s < —1 functions H and G»
cannot intersect for ¢ > 0; while, for s < —1 there can be no or one or two equilibria
such that ¢* < (1 — n@)! 2. O

Proposition 3 establishes that the existence and multiplicity of fixed points hinge on

the validity of the algebraic condition (1 —n0)*@~D 41 £ (11_7_’5’ ) " The left-hand

side of this expression captures the combined effect of production efficiency, labor
market frictions, and preference parameters on the economy’s long-run capacity to
sustain consumption and deposits. Specifically, the term (1 — n6)*@~1 reflects how
labor adjustment costs and the elasticity of substitution influence steady-state out-
comes. The right-hand side, instead, summarizes the intertemporal trade-offs between
impatience and financial returns, governing agents’ saving and consumption decisions
over time. When this equality fails to hold and the parameter s, representing intertem-
poral substitution, lies in the interval (—1, 0), the model admits no fixed points (Case
1). This suggests that under moderate substitutability preferences, the dynamic forces
in the economy prevent the system from settling into a steady state. Conversely, when
s < —1, the equality may hold, and the system can exhibit up to two distinct fixed
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Fig. 2 Time series of ¢; (left panel) and b; (right panel) showing the existence of a unique equilibrium
when r, = 0.02, p = 0.01999, « = 1.21903796, n = 2, s = —2.2,6 = 0.08, B = 1.5. Initial conditions
co = 0.00003, by = 0.00002

0.03 50

0.025 w0
0.02

30

U~ 0015 o

20
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0.005 10

0 0

0 100 200 300 0 100 200 300
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Fig. 3 Time series of ¢; (left panel) and b; (rigth panel) showing the existence of the first equilibrium
when rp = 0.02, p = 0.01999, @ = 1.21903796, n = 2, s = —2.299999996, 6 = 0.08, B = 1.5. Initial
conditions c¢g = 0.0004, by = 0.0008

40 50
40

30
30

O~ 20 o

20

10
10
0 J 0

0 100 200 300 0 100 200 300
t t

Fig. 4 Time series of ¢; (left panel) and b, (right panel) showing the existence of the second equilibrium
when r, = 0.02, p = 0.01999, @ = 1.21903796, n = 2, s = —2.299999996, 6 = 0.08, 8 = 1.5. Initial
conditions c¢g = 0.00008, by = 0.1
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points (Case 2), indicating the possibility of multiple long-run equilibria driven by
stronger substitution effects. These findings align with the insights of Eggoh and Vil-
lieu (2014), who also emphasize how preference parameters can generate multiplicity
through bifurcation mechanisms. However, our framework differs by embedding this
mechanism into a setting where labor market frictions and financial parameters jointly
determine the dynamics. This highlights how both institutional and behavioral fea-
tures interact to shape the existence and multiplicity of steady states in the economy.
In particular, Proposition 3, Case 2, highlights the emergence of multiple steady states
as a result of a fold bifurcation driven by the preference parameters s, which cap-
tures the intertemporal elasticity of substitution. When s crosses a critical threshold
(i.e., becomes more negative), the system admits up to two distinct fixed points for
consumption, while the level of deposits b; remains constant across equilibria. Fig-
ure 2 illustrates the case with a single equilibrium, whereas Figures 3 and 4 depict the
scenario with two equilibria, where the long-run outcome depends on the initial condi-
tions. Economically, this implies that long-run consumption can settle at either a low
or high level depending on initial conditions, despite the financial side of the economy
(i.e., deposits) remaining unchanged. This reflects a form of non-linear adjustment
where preferences alone can generate regime-switching behavior in real economic
activity without any corresponding change in financial accumulation. Such dynamics
emphasize the importance of expectation-driven outcomes and suggest that even in
the absence of financial policy shifts, multiple long-run consumption paths may exist.
Policy interventions that affect expectations or directly shift initial conditions could be
key to steering the economy toward the more desirable high-consumption equilibrium.

From the geometric analyslis presented in the previous proof, we emphasize that

I+p
of two distinct fixed points, which emerge through a fold bifurcation. Notably, these
equilibria satisfy ¢* < (1 —nf)! =%,
Given ¢* < (1 —n6)'~%, the second equation of System (9) implies that, at steady
state, b* = ﬁ.
The eigenvalues of the Jacobian evaluated at (c*, b*) are:

B\ T=s ! . .
the term {(H—’) B must be sufficiently small to guarantee the existence

o =50 b

P 1— l—a_
o hr= (b = —WT(;H +1€(0,1)

When |A1| > 1, i.e., the fixed point is a saddle, the eigenvalues split into two sets
based on their moduli — one greater than one and the other less than one. Consequently,
the state space can be decomposed locally into two invariant subspaces: a stable invari-
ant manifold and an unstable invariant manifold.* In Figure 5, we prove that the fixed
point is a saddle. To this purpose, the diagram shows the stable (the solid curve in
blue) and the unstable (the dashed line in red) manifolds. We can see, with the help of
arrows, that the consumption variable is converging while deposits are diverging.

4 See Medio and Lines (2001) for details.
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60 -

== == b-nulicline (Ab = 0)
e c-nulicline (Ac = 0)
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Fig.5 Transitional dynamics of System (9) showing that the fixed point is a saddle point

Table 1 Parameter setting " o o R P P)

0.02 0.01999 0.9 —2.47 0.08 L5

4 Numerical analysis

In this section, we present several numerical simulations, including sensitivity analyses
on individual parameters and Monte Carlo simulations that allow parameters to vary
across their entire plausible ranges. Our primary focus is on the impact of three key
parameters - the number of banks 7, the rate of change in the share of employment in
each bank 6, and the rate of change in savings s - on the dynamics of consumption
and deposits. The selection of these parameters aligns with the core objective of our
analysis: to understand how financial intermediation influences economic growth.
Specifically, n and 6 relate directly to the financial sector, while s captures features of
the economic sector. Following the approach of Brianzoni et al. (2018), we conduct
parameter variations by increasing and decreasing each parameter by 50% relative
to the benchmark values to facilitate meaningful comparisons. The set of parameters
used in the simulations are listed in Table 1. In detail, r; represents the cost of banks to
collect resources from households, p is the discount rate and measures the degree of
impatience. High discount rate implies a strong preference for current consumption,
while low discount rate indicates that households are willing to postpone consumption.
« indicates how important one input (i.e., capital) is relative to another (i.e., labor) in
the production process, s is the parameter related to the elasticity of substitution (as
outlined in Section 3), 6 is the rate of change in the share of employment in each bank,
B is a positive parameter capturing external shock on the technology of intermediation.

Consistent with Proposition 3, two values of s are considered depending on the
number of equilibria: for s = —2.3 the model admits two equilibria, whereas for
s = —2.47 there is a unique equilibrium. With sensitivity analysis each parameter
is perturbed within a symmetric interval (plus and minus fifty percent from the cen-
tral value reported in Table 1, and for each new value, we numerically compute the
fixed points of the dynamical system. Among these, we retain only the economically
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Table 2 Sensitivity analysis on o o b bE

parameter n, when s = —2.47 ! 2 ! 2
1 0.0333 - 41.9744 -
2 0.0388 - 41.9586 -
3 0.0471 - 41.2950 -
4 0.0612 - 41.2783 -
5 0.0905 - 41.2592 -
6 0.1917 - 41.2371 -

et i P b
1 0.0333 38.5822 41.9744 41.9744
2 0.0388 38.5901 41.9586 41.9586
3 0.0471 38.6144 41.2950 41.2950
4 0.0612 38.6189 41.2783 41.2783
5 0.0905 38.6273 41.2592 41.2592
6 0.1917 38.6290 41.2371 41.2371

meaningful (i.e., non-negative and stable) steady states, and we track the resulting
levels of consumption and deposit at equilibrium as the final output of the sensitivity
analysis. In the Monte Carlo simulation, we jointly vary the same three parameters by
drawing 10,000 random combinations from independent uniform distributions over
pre-specified intervals. For each draw, we solve the system numerically to identify
possible steady states. When multiple equilibria exist, we retain all admissible steady
states and record the associated consumption and deposit levels.

Tables 2,3 report the results of the sensitivity analysis as the number of banks
operating in the system varies between 1 and 6. Table 2 corresponds to the single-
equilibrium case, with consumption increasing and deposits remaining essentially
constant over the range of n.

In contrast, Table 3, which refers to the two-equilibria scenario, reveals the emer-
gence of a new steady state characterized by a higher and constant consumption level,
while deposits remain unchanged.

This finding is in line with the results of Huang and Lin (2009), who emphasize
that the positive effects of financial development on growth are generally more pro-
nounced and significant in low-income countries (represented in our model by lower
consumption levels) than in high-income economies.

Tables 4 and 5 illustrate the effects of the share of employment in each bank,
represented by the parameter 6, on the levels of consumption and deposits.

In Table 4, a clear divergence in the behavior of consumption and deposits emerges.
Specifically, as 6 increases, the level of deposits declines sharply. In contrast, consump-
tion experiences a period of strong growth as 6 increases. Unlike the scenario with
one equilibrium, the emergence of a second equilibrium leads to a notable reduction
in both consumption and deposits.
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paramete 8 when s = o247 ‘i G 4
0.04 0.0589 - 118.7062 -
0.05 0.0653 - 84.9342 -
0.06 0.0736 - 64.6077 -
0.08 0.1027 - 41.9586 -
0.09 0.1321 - 35.1612 -
0.1 0.1925 - 30.0191 -
0.12 1.2540 - 22.8331 -

parameter 0 when s o230 b
0.04 0.0589 50.0327 118.7062 118.7062
0.05 0.0653 42.0347 84.9342 84.9342
0.06 0.0736 39.0369 64.6077 64.6077
0.08 0.1027 38.5901 41.9586 41.9586
0.09 0.1321 21.0464 35.1612 35.1612
0.1 0.1925 17.0510 30.0191 30.0191
0.12 1.2540 10.0644 22.8331 22.8331

Table 6 Sensitivity analysis on

parameter s s al % b b
-3.7 0.5396 - 50.1215 -
=32 0.0919 - 46.3355 -
2.7 0.0375 - 43.7895 -
-2.47 0.1027 - 41.2783 -
-2.3 0.1027 38.5901 41.2783 41.2783
-1.6 0.006 31.1326 39.7257 39.7257
-1.24 0.0051 30.1489 39.7191 39.7191

Simulation results concerning the elasticity parameter s reveal more ambiguous pat-
terns. When the model admits a unique equilibrium, consumption exhibits a fluctuating
pattern, while deposit levels tend to decline. However, once s falls below the threshold
value of —2.3, a second equilibrium arises, characterized by falling consumption and
deposit levels.

We now turn to the numerical simulations that examine the joint effects of the
key parameters under consideration.Table6 To this end, Tables 7 and 8 present results
from a Monte Carlo analysis based on various parameter combinations. Specifically,
we compute the average levels of consumption and deposits by varying two parameters
across their respective ranges, while holding the third parameter either above or below
its central (benchmark) value.

As in the sensitivity analysis, we distinguish between the case with a unique equi-
librium (Table 7) and the case with two equilibria (Table 8).
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Table 7 Monte Carlo simulation o b*
results with one equilibrium
n>4 0,0015 41,2076
6>0,08 0,0202 41,1197
s > —2.47 0,0316 41,1065
n<4 4,3238 41,2015
6 <0,08 0,0039 41,2385
s < —2,47 0,0836 41,1757
Table 8 Monte Carlo simulation o o b bE
results with two equilibria 1 2 1 2
n>4 0,0937 51,9407 41,2076 41,2076
6>0,08 0,0251 39,2013 41,1703 41,1703
n<4 0,3925 47,6790 41,0460 41,0460
6 <0,08 0,0068 46,7961 41,2317 41,2317
s <-2,3 0,0168 28,8174 41,1986 41,1986

As shown in Table 7, when the model is characterized by a unique equilibrium,
the behavior of average consumption and deposits varies notably across parameter
combinations. Specifically, for values of n > 4 and with 6 and s varying within their
respective ranges, the average consumption is very low. Conversely, when n < 4 the
average consumption increases, while deposits remain at the same level.

Focusing on 8, deposits remain constant for all combinations, whereas consumption
is higher when 68 > 0.08. As for the savings elasticity parameter s, it behaves similarly
to n: higher average values are observed when it is less than —2.47.

In Table 8, which corresponds to the case with two equilibria, the level of deposits is
again constant across all parameter combinations. Relative to the unique equilibrium
case, whenn > 4, the low-consumption equilibrium value (c’l*) is lower than forn < 4,
while the opposite occurs for the high-consumption equilibrium value (c3).

When 6 > 0.08, the low-consumption equilibrium c7 tends to be higher than when
6 < 0.08, while the high-consumption equilibrium 3 is lower in comparison.

Finally, for values of s < —2.3, we observe that the low-consumption equilibrium
value is lower than its counterparts in both cases with a single equilibrium. Moreover,
the high-consumption equilibrium value reaches its minimum compared to the other
cases.

We can summarize our results from two perspectives. In the first case, we separately
consider the roles of financial intermediation (captured by the parameters n and 6) and
of the economic sector (with the parameter s). In particular, in economies characterized
by a low-consumption equilibrium level, an increase in financial intermediation activ-
ity can lead to a significant improvement in consumption, with no substantial impact
on deposit levels. However, with a high-consumption equilibrium level, although an
increase in the number of banks seems to have no effect on either consumption or
deposits, raising the level of employment in each bank tends to reduce consump-
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tion. Second, when considering the joint effect of the parameters, different results
emerge. Specifically, an increase in the number of banks may be beneficial in a high-
consumption equilibrium but may have adverse effects in a low-consumption regime.
Conversely, a greater level of employment in each bank seems to expand (reduce) the
low (high)-consumption equilibrium level. Our theoretical findings suggest several
policy-relevant insights. First, we show that the macroeconomic impact of financial
intermediation is highly regime-dependent. In economies operating near a low-
consumption equilibrium, increasing the number of banks or enhancing labor intensity
within banks can improve aggregate consumption without reducing deposits. In con-
trast, in high-consumption regimes, further increases in financial sector employment
may have a negative effect on consumption. These results imply that one-size-fits-all
financial sector policies may be ineffective or even counterproductive, depending on
the economy’s underlying equilibrium. Second, the joint variation of financial param-
eters reveals non-linear and asymmetric effects, pointing to the existence of threshold
dynamics in the finance-growth relationship. For policymakers, this underscores the
importance of identifying an economy’s position relative to possible multiple equilibria
before designing financial reforms. Improving the quality and efficiency of financial
intermediation—rather than simply expanding the number of banks—may be a more
effective lever for long-run growth. Although our model is theoretical, it is consistent
with several real-world contexts. For instance, Italy’s banking sector is characterized
by high fragmentation and uneven efficiency across regions, with implications for con-
sumption and credit availability (Guiso et al. 2004). Similarly, recent cross-country
evidence suggests that the benefits of financial development diminish—and may turn
negative—once a certain threshold is exceeded (Arcand et al. 2015). These empiri-
cal cases suggest that our framework can help interpret the non-linear relationship
between financial structure and economic performance observed in practice.

In conclusion, our results underscore the critical role of financial intermediation in
supporting economic growth, particularly in less developed scenarios. These findings
are consistent with the existing literature, which emphasizes the positive but complex
interplay between financial development and macroeconomic performance.

5 Conclusions

This study investigates the impact of financial intermediation on the production sector
by modeling the real economy—comprising firms and households—alongside a finan-
cial sector represented by banks. The primary objective is to explore how financial
intermediation influences economic growth. We contribute to the existing literature by
formulating the model in discrete time, which allows for the application of advanced
analytical tools and facilitates a richer dynamical analysis. Furthermore, the model is
developed in a general framework that captures the role of both the utility function
and the financial intermediation technology in shaping long-term outcomes. While
we eventually adopt a Constant Elasticity of Substitution (CES) utility function and
assume a constant rate of change in the share of employment in each bank, these
assumptions are introduced progressively, allowing the model to remain flexible and
broadly applicable.
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Our dynamical analysis uncovers a variety of equilibrium scenarios, depending
on the parameters governing preferences. The system may exhibit no equilibria, a
continuum of steady states, or up to two fixed points arising through fold bifurcation.

We also examine the most relevant economic parameters through a sensitivity anal-
ysis, focusing on three key factors: the number of banks, the rate of change in the
share of employment per bank, and the rate of change in savings. Numerical simula-
tions reveal that increased financial intermediation can enhance consumption without
affecting deposit levels, but only in the presence of a low-consumption equilibrium.

Additionally, Monte Carlo simulations highlight the complex joint effects of the
parameters. In particular, increasing the number of banks may positively affect
the economy in high-consumption equilibria while negatively affecting it in low-
consumption regimes.

Finally, the generality of our framework makes it well-suited for future extensions.
In particular, the model can accommodate alternative utility specifications or endoge-
nize the evolution of the employment share in the financial sector, paving the way for
deeper insights into the finance—growth nexus.
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