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Abstract

This study examines the determinants of inflation volatility in Tunisia, focusing on cen-
tral bank independence (CBI), economic transparency, and macroeconomic fundamentals.
Although CBI is widely regarded as essential for monetary credibility, its effectiveness
depends on its institutional framework. Our contribution is twofold. First, we develop
a theoretical framework based on game theory to illustrate how the effectiveness of eco-
nomic transparency and CBI shapes the welfare of both the central bank and the private
sector in the presence (or not) of fiscal policy. Second, we use a binary threshold nonlinear
autoregressive distributed lag (NARDL) model to capture long-run relationships and a
Markov-switching GARCH (MS-GARCH) framework to model volatility dynamics. As a
continuous measure, CBI has no significant impact on volatility. Paradoxically, high de jure
independence in a binary regime is associated with a slight increase in inflation fluctuations.
This indicates that legal independence alone is insufficient without fiscal discipline or
effective coordination between the monetary and fiscal authorities. Notably, under fiscal
pressure, greater CBI substantially reduces inflation volatility, highlighting the need for
a coherent macroeconomic framework. Economic transparency generally increases short-
term volatility but stabilizes inflation when supported by credible fiscal signals. Among the
macroeconomic fundamentals, volatility in broad money is strongly destabilizing, whereas
fluctuations in industrial production and the real exchange rate are largely insignificant.
Government spending and exposure to external shocks, including import prices and geopo-
litical risks, further amplify this volatility. The observed negative trend over time reflects
gradual improvements owing to policy reforms. Policy recommendations emphasize the
establishment of genuinely independent and credible monetary institutions, enhancing
coordination with fiscal policy, improving communication strategies, and strengthening
risk management.

Keywords: central bank independence; transparency; fiscal disciplining; government;
Central Bank of Tunisia; threshold nonlinear ARDL

JEL Classification: C22; C72; D82; E58; H32

1. Introduction
Over the past decades, central banks have increasingly adopted greater transparency

in their operations and communication. This evolution reflects a broad consensus that
openness enhances credibility, anchors inflation expectations, reduces uncertainty, and
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enhances the effectiveness of monetary policy. These benefits are greatest in advanced
economies with solid institutions and well-developed financial markets (see De Haan et al.,
2005; Crowe & Meade, 2008; Neuenkirch, 2012). Conversely, emerging economies often
follow a more uneven path, constrained by structural weaknesses, fragile institutions, and
fiscal dominance.

Tunisia, a small open economy, provides an instructive case given its political, eco-
nomic, and structural transformations since the late 1980s. Its growth was driven by market
services and industry, supported by high trade openness (about 90% of GDP) and strong
integration with European markets (Nabi, 2019). However, these developments masked
persistent vulnerabilities, including a shallow financial system, state-dominated banking,
and exposure to external shocks such as the 2001 global slowdown and the 2008–2010
European debt crisis.

The 2011 revolution marked a turning point, bringing political instability, social unrest,
and delayed reforms. Underinvestment, labor market rigidities, and persistent youth
unemployment weakened economic resilience (Robbins, 2016; Gherib, 2021), while fiscal
and external imbalances deepened. The COVID-19 pandemic further exacerbated these
structural weaknesses, leaving the economy stagnant and inflationary pressures high.
During this period, the transparency index of the Central Bank of Tunisia rose from 3.5 in
1998 to 7.5 in 2019 (Dincer et al., 2022). Gains were most visible in operational and policy
transparency, reflecting clearer communication of monetary tools, processes, and objectives
(see Figure 1). However, progress was limited in political, procedural, and economic
dimensions, indicating ongoing opacity in mandates, decision-making, and forecasting.
This asymmetry suggests that reforms prioritized technical efficiency and predictability
over institutional accountability and legitimacy.

Figure 1. Evolution of central bank transparency in Tunisia: overall measure and by dimension.
CBT1: Political transparency, CBT2: Economic transparency, CBT3: Procedural transparency, CBT4:
Policy transparency, CBT5: Operational transparency.

Tunisia’s fragile fiscal position underscores the importance of complete transparency.
Public debt exceeds 80% of the GDP, budget deficits remain between 6% and 7% of the GDP,
and access to external financing is constrained (Abdelkafi, 2018; Gouasmi & Haffoudhi,
2020). Fiscal consolidation efforts, including subsidy cuts, tax reform, and the restructuring
of state-owned enterprises, have faced political resistance and implementation delays,
while the informal sector accounts for approximately 30% of the GDP. Consequently, fiscal
dominance persists; pressures to monetize deficits and proposals for direct central bank
financing up to 3% of the GDP threaten monetary autonomy.

Understanding the interaction between central bank transparency and fiscal policy is
therefore essential to Tunisia’s macroeconomic governance. More transparency strengthens
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credibility, reduces information gaps, and limits inflation risks of fiscal imbalances. How-
ever, when reforms are incomplete or face political limits, the central bank may be unable
to firmly anchor expectations or counter fiscal demands.

This study examines the interaction of transparency with fiscal dynamics in a small
open economy, assessing its implications for monetary stability and policy coordination.
Unlike models that isolate either fiscal or monetary policy, this research explicitly integrates
both dimensions. The main argument is that transparency affects government behavior,
which in turn influences central bank responses. Hence, the overall impact of transparency
on economic stability and welfare depends on the interaction between fiscal and monetary
authorities. The integration of strategic fiscal–monetary interaction with informational
frictions is introduced to capture key institutional features of the Tunisian economy, includ-
ing fiscal dominance, imperfect communication, and limited central bank independence.
The purpose of this theoretical structure is not to reproduce quantitative dynamics, but to
derive testable qualitative predictions regarding how credibility, transparency, and fiscal
behavior affect inflation volatility. The study’s contribution lies in translating this theo-
retical framework into an empirical investigation centered on Tunisia, offering insights
relevant for other emerging economies.

The remainder of this paper is organized as follows: Section 2 provides an overview
of related studies. In Section 3, we develop a theoretical framework to analyze the optimal
design of central bank transparency in a small, open, emerging economy. We translate this
model into an empirical framework, the results of which are presented in Section 4. Finally,
Section 5 concludes with practical recommendations.

2. Literature Review
Conventional models of monetary policy transparency focus on the interactions be-

tween the central bank and private agents. The related theoretical discussions frequently
highlight the detrimental effects of uncertainty and the incentive benefits associated with
time inconsistency issues. In contrast, policymakers often stress the potentially constructive
role of uncertainty under transparent regimes and give less weight to arguments that
assume a systematic inflationary bias. However, studies highlight several reasons why
transparency remains important even when central banks are independent and the concerns
about credibility are low. Increased transparency can reduce the uncertainty of private
actors, provide policymakers with opportunities to mitigate economic shocks and stabilize
production, and ensure that the actions of central banks align with socially desirable results
(Geraats, 2002; Geraats, 2009; Dai, 2016; Dai & Zhang, 2017). However, more recent work
has extended this perspective by examining the interplay between monetary and fiscal
authorities (e.g., Blinder, 1982; Von Hagen et al., 2002; Van Aarle et al., 2003; Hanif & Arby,
2003; Hefeker & Zimmer, 2011; Šehović, 2013; Demid, 2018; Foresti, 2018; Reichlin et al.,
2023). In frameworks where public spending is financed through distortionary taxation,
uncertainty regarding the central bank’s policy preferences, specifically the relative weight
assigned to price stability versus output stabilization, shapes macroeconomic outcomes.
Such opacity can lower average inflation and mitigate volatility in both inflation and output
(Froyen & Waud, 1995; Schaling & Nolan, 1998; Cukierman, 2000; Grüner, 2002; Eijffinger
et al., 2003; Hallett & Viegi, 2003; Ciccarone et al., 2007). In the same context, Ciccaronea
and Giulia (2008) argue that transparency enhances the stability of inflation around its
target; however, its overall welfare implications depend on the relative preferences of
fiscal and monetary authorities. Specifically, when the fiscal authority does not assign
disproportionate weight to output stabilization relative to the cost of policy instruments,
greater transparency yields unambiguous welfare gains. When fiscal authorities increase
expenditures, the resulting higher taxes reduce output and increase unemployment, which,
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in turn, pressures the central bank to tolerate greater inflation, thereby fueling upward
wage demands. Under these circumstances, limited transparency regarding the central
bank’s objectives may constrain fiscal expansion. Indeed, the disciplining effect of reduced
transparency can outweigh its costs when the government places little emphasis on public
spending, the central bank adopts a more populist stance, and the initial degree of opacity
is high (Dai & Sidiropoulos, 2011a, 2011b). Dai et al. (2015) investigate the interaction
between monetary and fiscal policies within a framework where the government, acting as
a Stackelberg leader, is concerned with the political costs of corruption. In such a setting,
central bank opacity can operate as a disciplinary mechanism for fiscal authorities. Greater
opacity can lower inflation expectations, reduce inflation, diminish the output gap, and
attenuate the response of these variables to supply shocks, thereby increasing social welfare.
When corruption exerts either a “sanding-the-wheels” effect or only a weak “greasing-the-
wheels” effect, opacity strengthens its role as a fiscal disciplining device, with this effect
potentially being magnified in cases of systemic corruption. In contrast, opacity fosters
corruption only when the “greasing-the-wheels” effect is sufficiently strong. Henry et al.
(1999) show that uncoordinated policies may lead to lower growth, an overvalued exchange
rate, and weaker net trade performance than coordinated strategies. This highlights that
independence, although valuable, cannot be analyzed in isolation from fiscal dynamics,
particularly in economies exposed to external imbalances.

The theoretical foundation for analyzing the interaction between monetary and fiscal
authorities in multi-agent settings is richly developed in a study by Banerjee (2001), who
examines rules versus discretion when a common monetary authority coexists with separate
fiscal agents. In his framework, the commitment and coordination mechanisms are key to
determining macroeconomic stability. Our study complements and extends this perspective
by empirically testing whether legal central bank independence (a rule-like constraint)
indeed reduces inflation volatility in practice, and under what fiscal constraints or pressures
this effect materializes or fails. By embedding threshold nonlinearities and volatility
dynamics in a small open economy, we provide new evidence on when the monetary
authority can credibly stabilize inflation and when it cannot, thereby refining the theoretical
insights of Banerjee into a policy-relevant, data-driven context.

Recent cross-country evidence further highlights that central bank independence does
not uniformly constrain fiscal deficits. Instead, its effectiveness depends on the institutional
and political environment. For example, Bodea and Higashijima (2017) demonstrate that
CBI primarily deters fiscal imbalances in democracies with the rule of law, an impartial
press, and checks on executive power. Moreover, the disciplining effect of independence
is conditional on the electoral cycle and government ideology, being stronger during non-
election periods and under left-leaning governments. Thus, the fiscal effects of CBI are
context-dependent, an insight particularly relevant for emerging economies such as Tunisia,
where institutional constraints are fragile. A related line of research emphasizes that while
central bank independence remains crucial for credibility, temporary coordination between
monetary and fiscal policy is indispensable during crises. According to Ashoor (2021), emer-
gency coordination mechanisms help mitigate economic and social costs when financial or
economic shocks occur, even though such coordination should remain temporary and end
once the crisis subsides. The study concludes that coordination is not only necessary in
crises but also desirable in normal times to enhance welfare and economic resilience, if it
does not compromise central bank independence or undermine fiscal policy tools. Hall and
Henry (2006) contend that central bank independence alone cannot secure stability in open
economies. This may create strategic frictions with fiscal authorities, leading to structural
imbalances, such as excess demand in nontradable sectors and weaker activity in tradable
sectors, as evidenced in the UK case.
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A more recent study related to our work was conducted by Ferré et al. (2024). The
authors consider a specific dimension of central bank transparency: the announcement
of the inflation target. Ferré et al. (2024) investigate how opacity in communicating with
the central bank’s inflation target affects macroeconomic stability and welfare, considering
the relationship between an independent central bank and the fiscal authority. Their
analysis indicates that the impact of transparency largely depends on the relative weight
each authority assigns to output versus inflation stabilization. When the central bank
prioritizes output stabilization more strongly than the government does, complete opacity
can serve the central bank’s interests. Contrary to our reasoning, Ferré et al. (2024) built
their framework on the assumption that the central bank places greater emphasis on output
stabilization. This setting appears more tailored to advanced economies such as the United
States. Furthermore, their theoretical conclusions are not tested through empirical lenses.
This study aims to fill both gaps. We employ a model with features of the Tunisian economy.

3. Theoretical Construct
The model incorporates the key structural features typical of such economies, in-

cluding exposure to external shocks, limited policy credibility, and constrained monetary
autonomy. By embedding transparency as a policy instrument that shapes private agents’
expectations and reduces informational asymmetries, the model systematically explores its
effects on macroeconomic outcomes.

3.1. The Benchmark Model

• Assumption A1 (Central bank’s Objective Function)

The central bank is conservative and primarily targets price stability. The loss function is

LCB =
1
2
(π − π∗)2 +

ω

2
(y − y)2, 0 < ω < 1 (1)

where π∗ is the inflation target. The output gap ( y − y) is defined as the difference between
the actual output and the output target.

• Assumption A2 (Aggregate Supply and Demand Shocks)

We suppose the following supply (s) and demand (d) shocks:

π − πe = κ(y − y) + s (2)

y − y = −ιr + d (3)

where πe is the expected inflation by the private sector, r is the real interest rate, and κ, ι > 0.
For tractability, we do not decompose the demand and supply shocks into anticipated

and unanticipated components (Geraats, 2009).

Lemma 1. Optimal Monetary Rule.

Substituting (2) and (3) into (1), the central bank’s first-order condition yields

r =
κ

ικ2 + ω
(πe + s − π∗) +

d
ι

(4)

Proof. See Appendix A.1. □

Inserting (4) into (2) and (3) gives equilibrium inflation and output
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π =
κ2

κ2 + ω︸ ︷︷ ︸
α

π∗ +
ω

κ2 + ω︸ ︷︷ ︸
1−α

(πe + s) (5)

y − y =
κ2

κ2 + ω︸ ︷︷ ︸
α

(π∗ − πe − s) (6)

α stands for central bank independence, which is an institutional feature derived from
legal statutes (Romelli, 2024).

The demand shocks are offset in Equations (5) and (6). A possible explanation is that
demand shocks can be directly counteracted through monetary policy tools (such as interest
rates, which are used as the main instrument of the Central Bank of Tunisia). Supply shocks
(e.g., oil price increases) represent real constraints that monetary policy cannot neutralize
without creating distortions.

If we plug these expressions into (1), we obtain

LCB =
1
2
(1 − α)(πe − π∗ + s)2

3.2. Information Structure and Equilibrium

The central bank perfectly knows the inflation target.
The private sector is uncertain about the true state of the economy. Each agent i

receives an idiosyncratic public signal about the supply shocks and the central bank’s
signals about the inflation target as follows:

si = s + ρi, ρi ↝ 𝑁൫N
(

0, σ2
ρ

)
πCB,i = π∗ + η︸ ︷︷ ︸

πCB

+ φi, η ↝ 𝑁൫N
(

0, σ2
η

)
, φi ↝ 𝑁൫N

(
0, σ2

φ

)

where π∗, and s are stochastic with a zero mean and variances of σ2
π∗ and σ2

s , respectively.
η, φi are independent. We consider a setting where agents form their expectations using all
available information. Let πe

j represent the inflation expectation of an individual agent j.
The overall average expectation across all agents is expressed as follows:

πe =
∫

πe
i di

The framework is structured as a two-stage game in which the private sector engages
in strategic interaction with the central bank. The objective of the private sector is to
maximize the following utility function:

Max
πe

i

Ui

(
πe, πT

)
= Ei

[
−(πe

i − π)2
]

(7)

The optimal expectation formation follows from the first-order condition of (7), yielding

πe
i = Ei(π)

Substituting (5) in (7) yields

πe
i = Ei(απ∗ + (1 − α)(πe + s)) = αEi(π

∗) + (1 − α)[Ei(π
e) + Ei(s)] (8)

This structure parallels that of Morris and Shin (2002), where α might represent the
coordination motive, referred to as the degree of strategic complementarities. Agents are
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concerned not only with forming accurate expectations about future inflation but also with
coordinating their decisions with those of others (in wage bargaining or price setting).
Transparency, therefore, affects not only informational accuracy but also coordination
motives among agents. Transparency is, however, defined by the precision of the observed
signals by the private sector.

Proposition 1. Individual Expectation Rule.

Under Gaussian signals and common priors, each agent’s expectation is a weighted
average of the central bank’s signals and private information,

πe
i = λ1πCB,i + λ2si (9)

The weights λ1, λ2 depend on the relative variances of the fundamental and
noise components.

Proof. See Appendix A.2. □

Proposition 2. Aggregation under Partial Transparency.

Considering the scenario of perfect sticky information is unrealistic (Baeriswyl &
Cornand, 2010). The proportion m stands for the quantitative dimension of transparency.
Following Mankiw and Reis (2002), we assume that information diffuses gradually through-
out the economy. In their sticky information framework, only a fraction m ∈ (0, 1) of agents
update the information set each period, while the remaining fraction 1−m continues to rely
on outdated information and does not incorporate any contemporaneous news. m stands
for the quantitative dimension of transparency. Agents who do not update behave as if they
did not know the current shock. Therefore, their expectations are set to zero, consistent
with Baeriswyl and Cornand (2010). The informed agents form their expectations according
to (9), whereas the uninformed agents have πe

i,uin f = 0.
The expected inflation across all agents is given by

πe =
∫ m

0
πe

i di +
∫ 1

m
πe

i di︸ ︷︷ ︸
0

= m(λ1πCB + λ2s) = m(λ1(π
∗ + η) + λ2s) (10)

The updated weights λ1, λ2 depend on m, α, and the signals’ variances.

Proof. The full expressions are given in Appendix A.3. □

3.3. Optimal Monetary Policy Under Intermediate Transparency and Welfare Effects

Intermediate transparency refers to the case where m-type agents observe the monetary
instrument and the central bank does not make any explicit announcement about its
economic assessments ( σ2

φ −→ ∞ ).
We calculate the unconditional expected loss function of the central bank

E
(

LCB
)
=

1
2
(1 − α)E[(πe − π∗ + s) 2

]
which, using (10), expands to

E
(

LCB
)
=

1
2
(1 − α)

[
(mλ1 − 1)2σ2

π∗ + (1 + mλ2)
2σ2

s + m2(λ1)
2σ2

η

]
︸ ︷︷ ︸

S(m)
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Proposition 3. Optimal Transparency Conditions.

∂E(LCB)
∂σ2

φ
> 0 since m < 1 and α < 1. Therefore, full transparency regarding the inflation

target (σ2
φ↓) minimize expected loss. Intuitively, greater clarity on inflation enhances

credibility and reduces inflation bias. This result is in accordance with Geraats (2009).
To illustrate the behavior of S(m) and the optimal information weight m∗, we rely

on a benchmark calibration consistent with standard macroeconomic assumptions. While
several parameter combinations could be considered, exploring all possible configurations
is beyond the scope of this study. We show that m∗ is either intermediate or equals 1.
Instead, we report results for a representative set of values, noting that sensitivity checks
confirm that the qualitative insights remain robust (see Figure 2a,b).

(a) 

(b) 
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5
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26
0
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5
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m

S
(m

)

 m* = 0.4115
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16
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22
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24
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m

S
(m

)

 m

Figure 2. The optimal number of informed agents. Parameters’ calibration (a) σ2
π∗ = 0.8,

σ2
s = 0.5, σ2

η = 0.3, σ2
φ = 0.8, σ2

ρ = 0.2, α = 0.6 (b) σ2
π∗ = 1, σ2

s = 0.2, σ2
η = 0.2, σ2

φ = 1, σ2
ρ = 1, α = 0.5.

(a) Case 1. (b) Case 2.
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We also show that the expected loss is decreasing in α

∂E
(

LCB)
∂α

< 0

Increasing α (the weight given to monetary policy in the optimization) reduces the
expected loss of the central bank because the central bank becomes more effective at
anticipating shocks to the inflation target.

Proof. See Appendix A.4. □

Next, we compute inflation volatility and study how it is impacted by increases in σ2
φ.

V(π) = E
[
(π − E(π))2

]
We need to know the optimal value of σ2

φ that satisfies the following optimization program:

MinV(π)

Subject to


m < 1
α < 1

σ2
φ ≥ 0

The partial derivative with respect to the variance of the noise in the private signal
about the central bank’s inflation σ2

φ is given by

∂V(π)

∂σ2
φ

< 0if m < 1, α < 1

The partial derivative with respect to the number of informed agents is

∂V(π)

∂m
> 0

To minimize inflation volatility, the central bank should remain opaque about its
inflation target.

Now, the same derivative with respect to α ( ∂V(π)
∂α ) is ambiguous. For some plausible

parameter values, there exists a minimum in α (see Figure 3a,b).

Proof. See Appendix A.5. □

Optimal communication by the central bank is inherently asymmetric. From the central
bank’s perspective, transparency on the inflation target anchors expectations, reduces
uncertainty, and curbs inflation bias. Private agents value both coordination and forecast
accuracy; when signals are noisy, excessive information, even about inflation, can amplify
belief dispersion, coordination failures, or overreactions. Importantly, lower transparency
(less accurate signals) increases the central bank’s expected loss but can reduce inflation
volatility, while there exists an optimal level of informed participation that minimizes
loss. These considerations imply that the central bank may rationally adopt selective
transparency, whereas private agents may prefer more limited information to simplify
coordination. Consequently, there is no universally optimal transparency level; reforms in
emerging economies often prioritize credibility and discipline rather than fully aligning
with private-sector preferences for simplicity.
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(a) 

0.0 0.2 0.4 0.6 0.8 1.0
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α

V
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  α* = 0.573

(b) 

0.0 0.2 0.4 0.6 0.8 1.0

0.
6

0.
8

1.
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2

Minimization of V(π) over α

α

V
(π
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Figure 3. The optimal stabilization policy. Parameters’ calibration (a) σ2
π∗ = 1, σ2

s = 1, σ2
η = 0.2,

σ2
φ = 1, σ2

ρ = 1, m = 0.5 (b) σ2
π∗ = 0.8, σ2

s = 0.5, σ2
η = 0.4, σ2

φ = 0.8, σ2
ρ = 0.2, m = 0.5. (a) Case 1.

(b) Case 2.

3.4. Introducing Taxation and the Coordination of Monetary-Fiscal Policy

We assume that a responsible fiscal authority (the government) sets distortionary taxes,
following Dai and Sidiropoulos (2011b) and Ferré et al. (2024). The central bank sets a
monetary policy.

• Assumption A3 (Fiscal and Monetary Interdependence)

The Phillips curve becomes

π − πe − ςτ = κ(y − y) + s (11)

⇒ π − πe = ςτ + κ(y − y) + s

where τ represents the tax rate levied on output, with ς > 0. In Equation (11), the term
ςτ with ς > 0 indicates that higher taxation increases inflation. This does not imply a
mechanical or direct effect of taxes on prices; rather, it reflects how distortionary output
taxation alters firms’ price-setting conditions. By increasing the effective wedge between
the price firms charge and the income they retain, a higher tax can amplify firms’ sensitivity
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to cost pressures, thereby affecting the inflationary response to output gaps. In this sense, ς

captures the overall influence of fiscal distortions on the Phillips curve, showing how taxes
contribute to higher production costs and inflation in a reduced-form framework, without
making a structural claim about the precise microeconomic mechanism.

The demand shock equation becomes

y − y = −ιr + d + δτ (12)

where δ captures the effect of taxes on aggregate demand and the output gap, for example,
through their impact on disposable income, consumption, or investment, rather than a
direct effect on inflation.

The government’s budget constraint can be expressed in terms of the ratio of public
expenditure to output. In this framework, government spending is financed through distor-
tionary taxation, managed by the fiscal authority, given the actual central bank independence.

The tax instrument in the model is interpreted as a distortionary consumption-type tax
rather than a lump-sum levy. As shown in Equation (11), taxation affects firms’ marginal
costs and enters the Phillips curve through price-setting behavior. In contrast, Equation (12)
captures its impact on aggregate demand via a balanced-budget mechanism, in which tax-
financed expenditure generates a short-run output multiplier. Accordingly, the tax variable
is best viewed as an indirect tax (e.g., VAT or consumption tax), which is empirically
relevant for Tunisia, where indirect taxation accounts for a large share of public revenues.
In this framework, the parameter δ represents the indirect effect of taxes on inflation,
rather than the direct effect, and captures the sensitivity of inflation to marginal-cost
distortions transmitted through fiscal instruments. The focus on this channel reflects
Tunisia’s institutional context, where fiscal dominance operates mainly through expenditure
pressures and indirect tax adjustments rather than through deep bond markets or systematic
deficit monetization, the latter being constrained by shallow domestic financial markets
and the Central Bank of Tunisia’s evolving inflation-oriented policy framework.

gc = τ (13)

• Assumption A4 (Government’s Objective)

LG =
1
2

(
π − πG

)2
+

β

2

(
y − yG

)2
+

θ

2
(

gc − gc
)2 (14)

Let β and θ denote the weights assigned by the government to stabilize output and
government expenditure, respectively, relative to inflation stabilization, with both parame-
ters being strictly positive (β > 0, θ > 0). Accordingly, the government aims to minimize
the deviations of inflation, output, and public spending from their respective target levels,
which are normalized to zero for output and spending.

We allow for the possibility that the government’s emphasis on output stabilization
differs from that of the central bank, i.e., β ̸= ω. If β > ω, this implies that the government
places a relatively higher priority on output stabilization than on inflation stabilization.
Furthermore, when the government’s weight on spending stabilization θ is sufficiently low,
the condition β > ω also suggests that the central bank exhibits a more conservative stance
relative to the government.

In line with the baseline framework, we continue to assume that the central bank
observes public signals about the inflation target, while the private sector relies on private
noisy signals to infer the target.

The sequence of events unfolds as follows. First, the central bank’s inflation target π∗

is realized, although it retains private information for the central bank. Next, a noisy signal
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of this target is observed simultaneously by both the government and the private sector.
Based on this signal, the private sector rationally forms expectations about future inflation.

The subsequent interaction between fiscal and monetary authorities is modeled as
a Stackelberg game in which the government acts as the leader, anticipating the reaction
of the central bank. The fiscal authority sets the tax policy with foresight about the central
bank’s response. This structure reflects the relatively slower adjustment capacity of fiscal
policy than monetary policy, a modeling approach commonly employed in the literature,
including by Dixit and Lambertini (2003), Acocella et al. (2007), and Oros and Zimmer (2020).

The sequential policy game is analyzed via backward induction. We begin with the
last-moving player, in this case, the central bank. Taking the expected inflation πe and the
tax rate τ as given, the central bank selects the inflation rate π to minimize the loss function.

Lemma 2. Central Bank Reaction Function.

Substituting (11) and (12) into (1) gives

π =
κ2

κ2 + ω︸ ︷︷ ︸
α

π∗ +
ω

κ2 + ω︸ ︷︷ ︸
1−α

(πe + s + ςτ) (15)

y − y =
κ2

κ2 + ω︸ ︷︷ ︸
α

(π∗ − πe − s − ςτ) (16)

Therefore, when fiscal policy is considered, the optimal inflation rate corresponds to
the level derived in the benchmark case (Equation (2)), augmented by an additional term
that is positively associated with the tax rate τ, provided that the central bank places weight
on output stabilization (i.e., ω ̸= 0). In such cases, higher taxation induces the central bank
to tolerate greater inflation to mitigate the contractionary effects of increased tax burdens
on economic activity. This mechanism reflects how higher distortionary taxes suppress
output, prompting the central bank to ease monetary policy (tolerating higher inflation)
to mitigate economic contraction. This directly illustrates the challenges posed by fiscal
dominance in Tunisia.

Proposition 4. Optimal Tax Policy.

The government is faced with the following optimization problem:

min
τ

E
(

LG
∣∣∣π) = E

[
1
2

(
π − πG

) 2
+

β

2

(
y − yG

)2
+

θ

2
(

g − gc
)2|πG]

Subject to


π − πe − ςτ = κ(y − y) + s

g = τ

y − y = α(π∗ − πe − s − ςτ)

π = απ∗ + (1 − α)(πe + s + ςτ)

To solve the government’s optimization problem, we apply the method of substitution.
This involves replacing the expressions for output, government spending, and inflation
in the government’s conditional expected loss function. As a result, the objective function
becomes a function of a single policy instrument, τ. Taking the derivative of this reduced-
form loss function with respect to τ and setting it equal to zero yields the corresponding
first-order condition:
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τ =
(1 − α)ς

(
πG − απ∗ − (1 − α)(πe + s)

)
+ βα2(π∗ − πe − s) + θgc

(1 − α)2ς2 + βα2ς2 + θ
(17)

To simplify (17), we write

τ = AπG + Bπ∗ + Cπe + Ds + Egc

Proposition 5. Fiscal–Monetary Interaction.

Equation (17) implies the following:

• A fiscal expansion (τ↑) increases equilibrium inflation when the policymaker places
greater weight on output stabilization ( ω > 0 ⇒ α < 1).

• Transparency enhances policy coordination only when fiscal activism (β) is moderate.
• Excessive fiscal expansion (β) or weak fiscal discipline (θ small) undermines monetary

credibility and heightens inflation volatility.

In the context of Tunisia’s macroeconomic environment, the model implies that tax
reductions are warranted when inflation expectations or the government’s perceived infla-
tion target increase. In such cases, lowering taxes may help mitigate the adverse effects of
inflation on output and stimulate aggregate demand. Given Tunisia’s recurring inflation
volatility and fiscal limitations, this form of countercyclical fiscal easing can provide critical
economic support without necessarily intensifying inflationary pressure.

Moreover, when the output gap reflects economic underperformance or when the gov-
ernment adopts ambitious output targets, tax reductions can play a vital role in bolstering
demand and fostering job creation. This is an especially relevant concern for Tunisia, where
unemployment remains persistently high and productive capacity is underutilized. Similarly,
positive supply shocks, such as improvements in agricultural yields or energy supply, justify
tax cuts as a means of leveraging favorable conditions and reinforcing growth momentum.

Higher government spending targets in Tunisia, which reflect ongoing efforts to
expand social programs and public investment, should not be interpreted as implying
unrestricted access to financing. The feasibility of lower taxation depends on alternative
sources of funding, such as concessional external borrowing or the development of do-
mestic public debt markets, which remain limited and do not remove the government’s
intertemporal budget constraint. Moreover, given Tunisia’s institutional context of fiscal
dominance, fiscal policy naturally assumes a leading role vis-à-vis the central bank. This
provides a coherent rationale for modeling fiscal authorities as the Stackelberg leader in
our analytical framework.

Finally, in an environment marked by policy uncertainty and imperfect information
regarding the central bank’s inflation target, the fiscal authorities may adopt a precautionary
stance. In such situations, reducing taxes in response to ambiguous inflation signals can
prevent unnecessary contractions in economic activity. This framework advocates for
a flexible fiscal policy in Tunisia, adjusting taxes downward when inflation is elevated,
output is weak, or spending pressures increase to support economic stability and growth.

The expected loss function of the central bank is provided by

E
(

LCB
)
=

1
2
(1 − α)E[(πe − π∗ + s + ςτ) 2

]
Substituting (10) and (17) and then deriving with respect to σ2

φ, m, and α gives
the following:

Proposition 6. Optimal Transparency Conditions Under Fiscal Policy.
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The expected loss function of the central bank attains a minimum at

σ∗2
φ = Max

0,
α(1 + ςC)

(
σ2

π∗ + σ2
η

)
(1 − ςB)

− (1 − m + αm)
(

σ2
π∗ + σ2

η

)
since 0 < m < 1 and 0 < α < 1.

∂E
(

LCB)
∂m

= (1 − α)(1 + ςC)S′(m)

Thus, the minimum of loss corresponds to the minimum of S(m) =
∫ m

0 S′(t)dt. Using
the same combination of parameter range, we find the optimum as seen in Figure 4a,b.

(a) 

 
(b) 

Figure 4. The optimal number of informed agents. Parameters’ calibration for (a) σ2
π∗ = 0.8,

σ2
s = 0.5, σ2

η = 0.4, σ2
φ = 0.2, σ2

ρ = 0.2, α = 0.5, β = 0.3, θ = 1, ς = 0.8, (b) σ2
π∗ = 0.8, σ2

s = 0.5,
σ2

η = 0.4, σ2
φ = 0.2, σ2

ρ = 0.2, α = 0.5, β = 0.6, θ = 0.6, ς = 0.8. (a) Strong fiscal discipline. (b) Weak
fiscal discipline.
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The partial derivative with respect to α gives rise to
∂E(LCB)

∂α < 0.
Increasing α raises the weight the central bank places on stabilizing inflation relative

to output. As a result, inflation is more closely tied to the fundamental target and less
influenced by noisy signals from private expectations, shocks, or fiscal policy. Consequently,
the central bank’s loss declines as α rises. Economically, this means that a central bank
more focused on inflation delivers a more stable and credible inflation outcome, whereas a
central bank prioritizing output stabilization (α lower) is more exposed to shocks, resulting
in higher loss.

Proof. See Appendix A.6. □

We calculate the volatility of inflation, as given by Equation (15), and we insert (17).

V(π) = V[απ∗ + (1 − α)(πe + s + ςτ)]

= [α + (1 − α)(mλ1 + ςCmλ1 + ςB)]2σ2
π∗

+[(1 − α)(1 + mλ2 + ςCmλ2 + ςD)]2σ2
s

+[(1 − α)(mλ1 + ςCmλ1)]
2σ2

η

(18)

Enhancing economic transparency about the inflation target increases inflation volatil-
ity ( ∂V(π)

∂σ2
φ

< 0). In a similar vein, increasing the number of informed agents makes the

volatility of inflation rise ( ∂V(π)
∂m > 0).

Proof. See Appendix A.7. □

Once fiscal policy is incorporated, the interaction between taxation and transparency
modifies the equilibrium; fiscal policy shifts the optimal strategy toward opacity on the
inflation target. In this setting, excessive transparency induces fiscal overreactions and
private-sector miscoordination, increasing volatility. Thus, under fiscal dominance, strategic
opacity becomes welfare-enhancing.

Now, there is an optimal α∗ that minimizes V(π), given a plausible range of the
parameters (see Figure 5a,b) (see Table A1 in Appendix A.8 for arguments about the
range’s choices).

Increasing α raises the weight the central bank assigns to stabilizing inflation relative
to output. As α approaches its optimal value α∗, inflation becomes increasingly aligned
with the fundamental target and less sensitive to noisy signals from private expectations,
shocks, or fiscal policy. As a result, the variance of inflation V(π) decreases, reaching its
minimum at α∗. Economically, this implies that a central bank placing greater emphasis
on inflation stabilization achieves a more stable and credible inflation outcome, whereas a
central bank prioritizing output stabilization (α lower than α∗ is more exposed to shocks,
leading to higher inflation volatility.

Proof. See Appendix A.7. □

The optimal transparency strategy is almost symmetric for both the central bank and
the private sector. With fiscal policy providing partial stabilization of output, the Central
Bank of Tunisia optimally maintains opacity on the inflation target. This approach limits
destabilizing private-sector reactions to announced targets, whereas fiscal interventions
absorb fluctuations in output. Given Tunisia’s moderate monetary credibility and institu-
tional constraints, strategic opacity enables the central bank to minimize expected losses
and support macroeconomic stability effectively.
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Although the theoretical model does not feature an explicit interaction term between
economic transparency and taxation in the inflation equation, it shows that the govern-
ment’s tax policy depends on the precision of its signal regarding the inflation target. Since
taxation then feeds into the inflation process, we expect the effect of taxes on inflation volatil-
ity to be conditional on transparency. To capture this conditional relationship, we include
an interaction term between taxation and transparency in the empirical specification.

(a) 

(b) 
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V
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)

α* = 0.192
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Minimization of V(π) over α

α

V
(π

)
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Figure 5. The optimal stabilization policy. Parameters’ calibration (a) σ2
π∗ = 0.8, σ2

s = 0.5,
σ2

η = 0.3, σ2
φ = 0.8, σ2

ρ = 0.2, m = 0.5, β = 0.3, θ = 1, ς = 0.8 (b) σ2
π∗ = 0.8, σ2

s = 0.5, σ2
η = 0.3,

σ2
φ = 0.8, σ2

ρ = 0.2, m = 0.5, β = 0.6, θ = 0.6, ς = 0.8. (a) Strong fiscal discipline. (b) Weak fis-
cal discipline.
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4. Empirical Assessment of the Monetary–Fiscal Interaction
4.1. Data

We gather data spanning the period January 1993–May 2025 for the Tunisian economy.
Our variable of interest is the consumer price index, given that the ultimate objective of the
Central Bank of Tunisia is to control inflation. Real economic activity is also incorporated
into the empirical framework. Typically, real GDP growth serves as a proxy for real
production. However, we use the industrial production index because it is available
monthly. To examine the factors influencing inflation volatility in relation to our previous
theoretical model and explore the interaction between monetary and fiscal policies, we
include variables such as government spending, central bank transparency (economic
dimension), central bank independence, the money market rate to signify the real interest
rate, the import price index, the industrial sales index, and geopolitical risk to account
for political and turbulent events. Following the methodology of Blanchard and Simon
(2001) and other related studies, we calculate unconditional inflation volatility and output
volatility via the rolling standard deviation over five years.1 Broad money volatility is based
on the work of Ghanayem et al. (2023). We also checked for seasonality via the Census X-13
method in Eviews. Only variables that exhibit seasonality are adjusted. Table 1 summarizes
the variables that we have collected, along with their sources and construction details.

Table 1. Variable definitions, sources, and measurements.

Variable Definition Linkage to Theory Notation Source

Inflation

The logarithm of the ratio of
the consumer price index in

the current month to the
consumer price index

12 months ahead, adjusted for
seasonality

It represents the policy
outcome variable affected
by agents’ expectations

about inflation

INFLATION_YEAR National Institute
of Statistics

Unconditional
volatility of inflation

The rolling standard deviation
of the inflation rate over

60 months

It portrays the private
sector’s welfare objective VOL_INF_YEAR Calculus

Conditional volatility
Variance of inflation based on

GARCH(1,1) Markov
Switching

The private sector’s
welfare. It captures the
dynamic adjustment of

inflation volatility to
information shocks

VOL_INF_MS Calculus

Industrial production
growth

The logarithm of the ratio of
the consumer price index in

the current month to the
industrial production index

12 months ahead

It reflects output
movements IPI_GROWTH National Institute

of Statistics

Output volatility
The rolling standard deviation

of the industrial production
growth

It measures uncertainty
in output expectations,
linked to opacity about

the output target

VOL_IPI_YEAR National Institute
of Statistics

M3 growth

The logarithm of the ratio of
the monetary aggregate M3 in

the current month to the
monetary aggregate M3

12 months ahead

A proxy for liquidity
conditions influencing
inflation expectations

M3_GROWTH National Institute
of Statistics

Monetary aggregate
volatility

The rolling standard deviation
of M3 growth over 60 months

It approximates the
uncertainty surrounding

liquidity conditions
VOL_M3_YEAR Calculus
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Table 1. Cont.

Variable Definition Linkage to Theory Notation Source

Real Effective Exchange
Rate Growth

The logarithm of the ratio of
the real effective exchange rate

in the current month to the
same variable 12 months ahead

It captures external
shocks influencing

private inflation
expectations

REER_GROWTH
International

Financial
Statistics

Volatility of the real
effective exchange rate

The rolling standard deviation
of the real effective exchange
rate growth over 60 months

It reflects external
uncertainty VOL_REER_YEAR Calculus

Interest rate The Money Market Rate

The main instrument of
the Central Bank of

Tunisia, determining how
the central bank adjusts

to information and
expectations (policy

reaction channel)

MMR Central Bank of
Tunisia

Geopolitical tensions The logarithm of the
geopolitical risk index

External source of
uncertainty LNGPR Caldara and

Iacoviello (2022)

Central bank
transparency

The economic dimension of the
multidimensional index of

transparency, converted to a
monthly frequency. It takes

values between 0 and 3

It represents the precision
of the public signal about

the inflation target
CBT2 Dincer et al.

(2022)

Central bank
independence

An index that draws on the
central bank legislation,
converted to a monthly

frequency2

It captures credibility in
monetary signaling and

autonomy from fiscal
influence

CBI Romelli (2024)

Central bank
independence regime

High versus low regime
dummy variable = 1 if the
central bank independence

index is higher than the
median (0.68)3

CBI_REGIME Calculus

Government spending
The logarithm of the annual

government spending,
converted to monthly

It approximates the
uncertainty surrounding

fiscal conditions
LNGE World Bank

The import price The logarithm of the import
price, seasonally adjusted

Reflects external
cost-push shocks that

affect inflation volatility
LNPIMI_D11 National Institute

of Statistics

The industrial sales
index

The logarithm of the industrial
sales index, seasonally

adjusted

A proxy for domestic
demand shocks

influencing inflation
expectations

LNPISI_D11 National Institute
of Statistics

4.2. Econometric Strategy

To choose the proper econometric model and technique, we need to test for unit
roots in the variables. Starting with the inflation rate, the variable passes the stationarity
test according to Table A2 in Appendix A.9. Then, we must test for the presence of the
Autoregressive Conditional Heteroscedasticity (ARCH) effects (see Table 2).

Table 2. Test of ARCH in the residuals.

Heteroskedasticity Test: ARCH

F-statistic 17.70653 Prob. F(1,373) 0.0000

Obs × R-squared 16.99472 Prob. Chi-Square(1) 0.0000
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For the other variables, we have a mix of I(0) and I(1), justifying a priori the use of
the nonlinear ARDL. This model, proposed by Shin et al. (2014), investigates potential
asymmetrical relationships among the variables in both the long and short run. It provides
unbiased long-run estimators, addresses endogeneity issues, and is not sensitive to the
sample size.

GARCH-based volatility forecasting requires the presence of ARCH effects, as noted
earlier. This can be achieved by regressing inflation on a constant and its lagged value and
then performing a test of heteroscedasticity on the residuals.

The GARCH-Markov switching (MS-GARCH) framework offers a superior approach
for modeling inflation volatility, particularly in environments characterized by structural
breaks and regime shifts. Unlike conventional GARCH models, which impose a constant
volatility structure, the MS-GARCH model accommodates time-varying dynamics by
allowing different sets of GARCH parameters across unobserved regimes governed by a
latent Markov process. This specification enables the model to capture abrupt transitions
between periods of high and low volatility, reflecting changes in the monetary policy
stance, external shocks, or shifts in inflation expectations. Empirical evidence suggests that
MS-GARCH models outperform standard and single-regime nonlinear volatility models in
terms of in-sample fit and out-of-sample forecasting accuracy. Moreover, they are better
suited for reproducing salient features of inflation volatility, such as persistence, volatility
clustering, and asymmetric responses to shocks, which are common in macroeconomic time
series. Despite increased computational complexity, the MS-GARCH framework provides a
more realistic and flexible tool for analyzing inflation dynamics and offers valuable insights
for monetary authorities operating under uncertainty.

The binary threshold nonlinear ARDL equation is written as4

∆VOL_INFt = γ0 +γ1VOL_INFt−1 + γ2CBT2t−1 + γ3CBI_REGIMEt−1 + γ4VOL_IPI_YEARt−1

+γ5VOL_M3_YEARt−1 + γ6VOL_REER_YEARt−1 ++γ7 MMRt−1 + γ8LNGEt−1

+γ9CBT2t−1 ∗ LNGEt−1 + γ10CBI_REGIMEt−1 ∗ LNGEt−1 + γ11LNGPRt−1

+γ12LNPIMI_D11t−1 + γ13LNPISI_D11t−1 +
p−1
∑

j=1
ω0j∆VOL_INFt−j +

q1−1
∑

j=0
ω1j∆LNCBT2t−j

+
q2−1
∑

j=0
ω2j∆LNCBI_REGIMEt−j +

q3−1
∑

j=0
ω3j∆VOL_IPI_YEARt−j +

q4−1
∑

j=0
ω4j∆VOL_M3_YEARt−j

+
q5−1
∑

j=0
ω5j∆VOL_REER_YEARt−j +

q6−1
∑

j=0
ω6j∆MMRt−j +

q7−1
∑

j=0
ω7j∆LNGEt−j

+
q8−1
∑

j=0
ω8j∆CBT2t−j ∗ LNGEt−j +

q9−1
∑

j=0
ω9j∆CBI_REGIMEt−j ∗ LNGEt−j

+
q10−1

∑
j=0

ω10j∆LNGPRt−j +
q11−1

∑
j=0

ω11j∆LNPIMI_D11t−j +
q12−1

∑
j=0

ω12j∆ LNPISI_D11 _t−j + ϵt

(19)

Table A3 in Appendix A.10 links each theoretical term in Equation (19) to its empirical
proxy, detailing the hypothesis tested, expected sign, and interpretation, thereby clarifying
the connection between theory and empirical implementation.

To select the optimal lag length for analyzing the relationship between environmental
sustainability indices and visitor arrivals, we considered five criteria: the Schwarz criterion
(SC), the sequential likelihood ratio (LR) test, the final prediction error (FPE), the Hannan–
Quinn criterion (HQ), and the Akaike information criterion (AIC). The results (not reported
for brevity) consistently indicate a lag length of three, which is also appropriate given the
small sample size. To address potential autocorrelation in the residuals, we adopt two
strategies: increasing the lag of the dependent variable to five or six and applying the
heteroscedasticity and autocorrelation consistency (HAC) estimator for robust residuals.
Consequently, standard post-ARDL diagnostic tests for serial correlation, heteroscedasticity,
and normality are reported for indication only.
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5. Results and Discussion
The long-term and short-term results are presented in Table 3. The dependent variable

is the volatility of inflation, which is calculated as the rolling window standard deviation
of monthly inflation, as previously indicated in Table 1. The bound test of Pesaran et al.
(2001) indicates that the Fisher statistic exceeds I(0) and I(1) at all significance levels.

Table 3. Long- and short-run results (dependent variable: unconditional volatility of inflation).

Long-Run Results with Unrestricted Constant and Restricted Trend

Variable Coefficient Std. Error t-Statistic Prob.

CBT2 0.166055 0.067587 2.456899 0.0157

CBI_REGIME 0.054271 0.024536 2.211873 0.0292

VOL_IPI_YEAR −0.013460 0.016756 −0.803306 0.4236

VOL_M3_YEAR 0.061223 0.027276 2.244528 0.0269

VOL_REER_YEAR −0.025278 0.028816 −0.877209 0.3824

MMR 0.000144 0.000280 0.515128 0.6076

LNGE 0.047464 0.008445 5.620063 0.0000

CBT2_GE −0.058100 0.023438 −2.478847 0.0148

CBIREG_GE −0.018266 0.008700 −2.099548 0.0382

LNGPR 0.002885 0.001616 1.784964 0.0772

LNPISI_D11 0.006550 0.004622 1.417186 0.1594

LNPIMI_D11 0.008642 0.001999 4.323222 0.0000

@TREND −8.07E-05 1.38E-05 −5.842822 0.0000

Pesaran et al. (2001)’s test of cointegration

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
n = 1000

F-statistic 4.930111 10% 1.98 2.97

k 12 5% 2.21 3.25

2.5% 2.42 3.52

1% 2.68 3.84

Short-Run Results: ECM Regression with Unrestricted Constant and Restricted Trend

Variable Coefficient Std. Error t-Statistic Prob.

C −0.014043 0.001593 −8.816729 0.0000

D(VOL_INF_YEAR(−1)) 0.697700 0.041157 16.95223 0.0000

D(CBT2) −0.004510 0.005546 −0.813153 0.4180

D(CBT2(−1)) −0.021334 0.005604 −3.806898 0.0002

D(CBI_REGIME) 0.004170 0.000479 8.714376 0.0000

D(CBI_REGIME(−1)) −0.000222 4.64E-05 −4.780986 0.0000

D(VOL_IPI_YEAR) 0.011086 0.005187 2.137353 0.0349

D(VOL_IPI_YEAR(−1)) −0.013975 0.004030 −3.467619 0.0008
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Table 3. Cont.

Short-Run Results: ECM Regression with Unrestricted Constant and Restricted Trend

D(VOL_REER_YEAR) 0.030950 0.008266 3.744129 0.0003

D(MMR) −7.04E-05 4.19E-05 −1.678198 0.0963

D(MMR(−1)) −6.94E-05 4.20E-05 −1.653643 0.1012

D(LNGE) 0.001860 0.000559 3.327768 0.0012

D(LNGE(−1)) −0.002988 0.000533 −5.611097 0.0000

D(CBT2_GE) 0.001557 0.001926 0.808255 0.4208

D(CBT2_GE(−1)) 0.007450 0.001947 3.826516 0.0002

D(LNPISI_D11) 9.51E-06 0.000993 0.009573 0.9924

D(LNPISI_D11(−1)) −0.001816 0.000978 −1.857951 0.0660

CointEq(−1) −0.078620 0.008922 −8.811881 0.0000

Diagnostic tests

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 1.454017 Prob. F(1,103) 0.2306

Obs×R-squared 1.879222 Prob. Chi-Square(1) 0.1704

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.653686 Prob. F(30,104) 0.9087

Obs×R-squared 21.41748 Prob. Chi-Square(30) 0.8744

Scaled explained SS 14.21151 Prob. Chi-Square(30) 0.9935

Jarque–Bera test for
normality 1.438965 Prob 0.4870

Note: Refer to Table 1 for the definitions of the variables. @TREND represents a deterministic linear trend variable.
D is the first-difference operator.

The long-term estimation results presented in Table 3 highlight the regime-dependent
nature of the impact of central bank institutions on inflation volatility in Tunisia. Notably,
central bank independence (CBI) does not exhibit a significant stabilizing effect when
considered as a continuous variable; however, it becomes statistically and economically
significant when analyzed through a binary regime framework. In regimes characterized
by high independence, inflation volatility tends to increase slightly, indicating that legal
independence alone is insufficient to ensure price stability, particularly in the absence of
fiscal discipline or credible policy coordination (Beetsma & Debrun, 2004). This suggests
that independence alone is not stabilizing; its effectiveness depends on complementary
reforms that strengthen transparency, credibility, and policy coordination. This finding is
consistent with the theoretical observations of Cukierman et al. (2002) and Aisen and Veiga
(2008). However, the interaction between CBI and government spending (CBIREG_GE)
shows that under fiscal pressure, stronger independence significantly reduces inflation
volatility. This finding highlights the importance of institutional credibility and the effi-
cacy of monetary–fiscal coordination. Similarly, economic transparency (CBT2) generally
increases inflation volatility, potentially due to communication-related uncertainty, but
exerts a stabilizing effect under high fiscal pressure, as evidenced by the negative and
significant coefficient of the CBT2 × government expenditure interaction. In addition to
institutional variables, several macroeconomic determinants influence inflation volatility.
Volatility in broad money (VOL_M3_YEAR) significantly exacerbates inflation volatility,
underscoring the importance of stable monetary aggregates in managing expectations. Con-
versely, volatility in industrial production and the real exchange rate appears statistically
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insignificant, possibly due to weak transmission channels or measurement issues within
the Tunisian context. Government expenditure (LNGE) exerts a strong and positive effect,
indicating that fiscal expansion contributes to inflationary uncertainty. This illustrates the
need for fiscal discipline, especially when paired with an independent monetary policy.
Geopolitical risk (LNGPR) has a moderately positive impact, suggesting that external
shocks and political uncertainty can exacerbate inflation instability. Moreover, fluctua-
tions in import prices (LNPIMI_D11) significantly increase inflation volatility, reinforcing
Tunisia’s vulnerability to external price shocks, given its reliance on imported goods. The
negative and significant time trend coefficient indicates a gradual reduction in inflation
volatility over time, potentially reflecting improvements in macroeconomic management
and structural reforms. The findings emphasize that inflation stability in Tunisia relies
not only on strengthening central bank institutions but also on effective coordination with
fiscal authorities, prudent monetary control, and the mitigation of external vulnerabilities.

In the short term, inflation volatility in Tunisia is influenced by both macroeconomic
fluctuations and institutional factors. The persistence of inflation volatility indicates that
past shocks continue to shape expectations, reinforcing instability. Disturbances in the real
sector, particularly fluctuations in industrial production and the real effective exchange
rate, significantly contribute to inflation volatility. These findings highlight the sensitivity
of domestic prices to both internal supply-side shocks and external pressures, which is
consistent with Tunisia’s structural dependence on imported goods and its exposure to
global market dynamics.

Monetary and fiscal policy instruments significantly influence short-term inflation
dynamics. Although an increase in the money market rate (MMR) seems to dampen in-
flation volatility, its limited impact indicates that interest rate policy alone may not be
sufficient to stabilize inflation expectations under current economic conditions. Govern-
ment expenditure shocks are linked to heightened volatility in the short term; however,
they typically exert a stabilizing effect over time, reflecting the complex transmission of
fiscal policy through both demand and supply channels.

The insignificance of the money market rate in explaining the volatility of inflation in
Tunisia deserves careful consideration. In principle, the money market rate should act as
the central bank’s key operational instrument for transmitting monetary policy decisions
to the real economy. Its lack of impact, however, suggests weaknesses in the transmission
mechanism. This finding is consistent with earlier observations by Oros and Zimmer (2015)
and Trabelsi (2025a, 2025b). Several factors may explain this outcome. First, the Tunisian
financial system remains relatively shallow, with limited interbank activity and a strong
reliance of firms and households on direct bank financing, which diminishes the role of
short-term market rates as a benchmark. Second, structural rigidities, such as interest
rate ceilings, segmented credit markets, and the dominance of state-owned banks, may
weaken the pass-through from policy rates to lending and borrowing conditions. Third,
fiscal dominance often constrains the central bank’s ability to steer liquidity conditions
effectively, as the financing needs of the state can overshadow monetary objectives. Finally,
high levels of informality and cash usage in the economy reduce the sensitivity of aggregate
demand to money market rate adjustments.

Institutional variables exert a significant influence on inflation volatility. Enhanced eco-
nomic transparency, as evidenced by the central bank’s communication index, contributes
to a reduction in inflation volatility, albeit with a short lag. This highlights the critical role
of credible and consistent information in shaping market expectations. Conversely, the tran-
sition toward a regime characterized by greater central bank independence initially results
in increased inflation volatility, likely owing to adjustment effects and evolving market
perceptions; however, it ultimately fosters stability over time. The interaction between fiscal
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policy and transparency indicates that while transparency is generally advantageous, it can
amplify the market impact of fiscal announcements if it is not accompanied by coordinated
policy measures. These findings emphasize the importance of strengthening institutional
frameworks, enhancing policy credibility, and bolstering the resilience of the real economy
against shocks. In Tunisia, where inflation expectations are particularly sensitive to both
domestic uncertainties and external volatility, a coordinated approach that integrates trans-
parent communication, prudent fiscal management, and responsive monetary policy is
essential for mitigating inflation volatility and promoting macroeconomic stability.

Our model must pass the stability tests through the cumulative sum (CUSUM) and the
cumulative sum of squares (CUSUMSQ) to ensure the validity of the estimates (Figure 6).

 

 

Figure 6. Stability test (dependent variable: unconditional volatility of inflation).

We now analyze the effects of the same variables on the conditional volatility of in-
flation, calculated through MS-GARCH (Table 4). The results broadly corroborate the key
findings of the ARDL specification in Table 3, particularly concerning the institutional de-
terminants of inflation volatility in Tunisia. Central bank independence, when considered
in isolation, remains positively associated with higher volatility, although only marginally
significant, suggesting that legal independence alone does not ensure monetary stability.
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Crucially, the interaction between central bank independence and government spending
(CBIREG_GE) remains negative and statistically significant, reinforcing the earlier conclu-
sion that independence effectively reduces volatility primarily under conditions of fiscal
pressure. Government spending continues to exert a strong positive effect on inflation
volatility, confirming its destabilizing effect. While the role of economic transparency
(CBT2) is less pronounced in this nonlinear setting, the consistency of the interaction ef-
fects and fiscal dynamics across models enhances the credibility of the earlier findings
and supports the view that institutional quality must be accompanied by effective policy
coordination to ensure macroeconomic stability.

The short-run dynamics reveal that institutional credibility and policy interactions,
rather than traditional monetary factors, are the primary drivers of conditional inflation
volatility in Tunisia.

The first key finding is the strong and highly significant contribution of changes in
the central bank independence regime (CBI_REGIME). The contemporaneous value and
the first two lags all carry positive and highly significant coefficients, indicating that shifts
toward higher (or lower) central bank independence generate short-lived increases in
inflation volatility. This suggests that regime changes—often interpreted by markets as
signals of evolving policy priorities—initially raise uncertainty until their implications
become clearer.

Table 4. Long- and short-term results (dependent variable: conditional volatility of inflation).

Long-Run Results with Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

CBT2 −1.361798 0.833636 −1.633564 0.1053

CBI_REGIME 1.104820 0.318506 3.468754 0.0008

VOL_IPI_YEAR 1.204395 0.660703 1.822900 0.0711

VOL_M3_YEAR 1.077655 0.555090 1.941405 0.0548

VOL_REER_YEAR 0.513300 0.510304 1.005870 0.3167

MMR −0.004912 0.005713 −0.859782 0.3918

LNGE 0.475081 0.132318 3.590447 0.0005

CBT2_GE 0.465905 0.288791 1.613295 0.1096

CBIREG_GE −0.388567 0.112308 −3.459835 0.0008

LNGPR 0.046330 0.029047 1.595000 0.1137

LNPISI_D11 −0.070187 0.054097 −1.297422 0.1973

LNPIMI_D11 0.010979 0.051166 0.214574 0.8305

C −1.108434 0.318501 −3.480159 0.0007

Pesaran et al. (2001)’s test of cointegration

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
n = 1000

F-statistic 3.834634 10% 1.76 2.77

k 12 5% 1.98 3.04

2.5% 2.18 3.28

1% 2.41 3.61
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Table 4. Cont.

Short-Run Results with Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

D(CBI_REGIME) 0.236315 0.044940 5.258456 0.0000

D(CBI_REGIME(−1)) 0.148012 0.036699 4.033096 0.0001

D(CBI_REGIME(−2)) 0.145303 0.036989 3.928244 0.0002

D(VOL_IPI_YEAR) −0.391613 0.201151 −1.946864 0.0542

D(VOL_IPI_YEAR(−1)) −0.252075 0.197357 −1.277255 0.2043

D(VOL_IPI_YEAR(−2)) −0.493300 0.170569 −2.892090 0.0046

D(MMR) 0.001991 0.001647 1.208763 0.2294

D(MMR(−1)) 0.002549 0.001684 1.514332 0.1329

D(CBIREG_GE) −0.085052 0.015892 −5.351718 0.0000

D(CBIREG_GE(−1)) −0.053737 0.012985 −4.138256 0.0001

D(CBIREG_GE(−2)) −0.052501 0.013126 −3.999655 0.0001

D(LNPISI_D11) −0.001882 0.037710 −0.049916 0.9603

D(LNPISI_D11(−1)) 0.128873 0.038072 3.384947 0.0010

CointEq(−1) −0.185733 0.023937 −7.759339 0.0000

Diagnostic tests

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.525725 Prob. F(1,106) 0.4700

Obs×R-squared 0.661315 Prob. Chi-Square(1) 0.4161

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 1.255853 Prob. F(26,107) 0.2081

Obs×R-squared 31.33064 Prob. Chi-Square(26) 0.2162

Scaled explained SS 17.82304 Prob. Chi-Square(26) 0.8821

Jarque–Bera test for
normality: 0.259677 Prob 0.8782

Note: Refer to Table 1 for the definitions of the variables. C is a constant. D is the first-difference operator.

Real activity volatility, captured by VOL_IPI_YEAR, also affects short-run inflation
volatility but with a negative sign. Both the contemporaneous term (marginal at 10%)
and the second lag (significant at 1%) reduce inflation volatility. These results imply that
sudden variations in industrial production growth lead to short-run stabilization of inflation
volatility, potentially reflecting demand-driven adjustments that dampen price fluctuations
in the immediate term.

Regarding monetary policy, changes in the money market rate (MMR) and its lagged
value are statistically insignificant, indicating that short-run interest rate adjustments do
not exert measurable effects on inflation volatility. This aligns with the weak monetary
transmission mechanism typically observed in Tunisia, where structural factors and shal-
low financial markets tend to limit the short-term impact of interest rate movements on
price dynamics.

Conversely, the interaction between the credibility regime and government effec-
tiveness (CBIREG_GE) exerts a notable stabilizing effect in the short run. Both the con-
temporaneous value and its two lags have negative and highly significant coefficients,
implying that institutional coordination between transparency and central bank indepen-
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dence helps reduce inflation volatility. This supports the idea that policy coherence and
credible governance frameworks mitigate uncertainty.

Turning to cost-push factors, the industrial sales price index (LNPISI_D11) presents
mixed short-run effects. While the contemporaneous term is insignificant, the first lag is
positive and significant, indicating that past increases in industrial prices feed into higher
short-run inflation volatility. This highlights a delayed pass-through of production-cost
shocks to inflation uncertainty.

Finally, the error-correction term is negative and highly significant, confirming rapid
adjustment toward the long-run equilibrium. The magnitude of −0.1857 indicates that
approximately 19% of any deviation from long-run inflation volatility is corrected each
period, reflecting a stable and well-specified conditional volatility equation. The diagnostic
tests at the bottom of Table 4 and the stability tests in Figure 7 indicate that the residuals
are robust and stable.

 

 

Figure 7. Stability test (dependent variable: conditional volatility of inflation).

While the theoretical model highlights the potential benefits of limited transparency
in mitigating strategic fiscal behavior, the empirical results demonstrate that greater trans-
parency enhances short-run stability and supports the long-run anchoring of expectations,
showing that these insights are complementary rather than contradictory.
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6. Robustness Checks
While we use annual data to measure central bank independence, this choice is justi-

fied because the legal and institutional features underlying independence typically change
very slowly, often only once per year or even less frequently. Nevertheless, we construct a
monthly measure of monetary policy credibility. We adopt a hybrid expectations–outcomes
approach that relies on the extraction of an implicit or “shadow” inflation target. Although
the central bank does not announce a formal numerical objective, it frequently commu-
nicates qualitative goals such as maintaining “price stability,” achieving “low and stable
inflation,” or “reducing inflation to single digits.” These statements imply the existence
of a preferred inflation level that can be recovered statistically. First, inflation forecasts
(inflation_f) are generated using a SARIMA(1,1,1) (1,0,1)12 specification, following Zardi
(2017), which provides a forward-looking benchmark consistent with agents’ expectations.
The final choice was based on AIC and SC (not reported for brevity). Second, a shadow
inflation target is extracted using filtering techniques. A Kalman filter is applied to de-
compose observed inflation into a persistent component that reflects the central bank’s
implicit objective and a transitory component associated with shocks. As a robustness
strategy, we also infer the preferred inflation level from a Taylor-type reaction function,
thereby ensuring consistency with the central bank’s revealed policy behavior. Based on
the estimated shadow inflation target (inflation_year_smlevel), credibility is defined as the
inverse distance between actual inflation and this implicit objective using the approach of
Faust and Svensson (2001), as follows:

Credibility1 = −|inflation_f − inflation_year_smlevel|.

This measure is particularly suitable for economies where the central bank commu-
nicates policy intentions but does not operate under a formal inflation-targeting regime,
allowing credibility to be assessed even in the absence of an explicit target.

We replicate the results of Tables 3 and 4 by replacing the central bank independence
regime with the credibility measure:

The ARDL results in Table A4 of Appendix A.11 indicate the existence of a stable
long-run relationship between inflation volatility and its determinants, as confirmed by the
Bounds test and a highly significant error-correction term, although the speed of adjust-
ment remains slow. In the long run, neither monetary policy credibility nor central bank
independence exerts a statistically significant effect on unconditional inflation volatility
(VOL_INF_YEAR), suggesting that institutional features in Tunisia have not yet generated
durable anchoring of expectations. Instead, long-run volatility appears to be driven mainly
by structural and external forces, as shown by the positive and significant effects of the
money market rate (MMR), government expenditure (LNGE), and import–export price
shocks. By contrast, the short-run dynamics reveal strong persistence in inflation volatility
and highlight the importance of credibility shocks: a decline in credibility (CREDIBILITY1)
significantly increases inflation volatility, while interactions between credibility and fiscal
policy can mitigate such fluctuations, pointing to an important conditional role of institu-
tions. Short-run volatility is also amplified by real and external disturbances—industrial
production and exchange rate volatility, while monetary tightening has a small but delayed
stabilizing effect. Taken together, these results suggest that monetary policy credibility in
Tunisia influences inflation volatility primarily in the short term, whereas long-run volatil-
ity remains shaped largely by fiscal pressures and external shocks, reflecting the structural
characteristics of a small open economy. The long-run relationship is confirmed through
the Pesaran et al. (2001)’s test and the statistically significant and negative coefficient on
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the error correction term (cointeq1). The diagnostic tests and the stability tests in Figure A1
confirm the robustness of residuals.

The ARDL in Table A5 results show a very strong long-run cointegration relationship,
as confirmed by an F-statistic far above the upper bound, indicating that conditional in-
flation volatility co-moves with institutional, monetary, and real-sector variables across
regimes. In the long run, central bank economic transparency (CBT2) exhibits a mod-
erately negative and borderline significant effect on inflation volatility, suggesting that
stronger independence may help reduce regime-dependent volatility, while credibility does
not display a statistically meaningful influence, consistent with the idea that credibility
shocks operate mainly at higher frequencies. Real and monetary volatilities, industrial
production (VOL_IPI_YEAR), money supply (VOL_M3_YEAR), and the exchange rate
(VOL_REER_YEAR), show positive but statistically weak long-run coefficients, implying
that external and real-side disturbances contribute to conditional volatility, but their effects
vary across regimes. Fiscal–monetary interactions, captured by the CBT2_GE term, also
show a marginally significant and positive association with volatility, consistent with the
view that fiscal pressures amplify uncertainty about the inflation process when regime
shifts occur. In the short run, the adjustment coefficient is large and highly significant,
confirming rapid correction toward equilibrium and strong regime persistence in volatility
dynamics. Short-run fluctuations are dominated by credibility shocks: reductions in cred-
ibility sharply increase conditional inflation volatility, highlighting the sensitivity of the
Tunisian inflation process to informational uncertainty and policy-signal fragility. However,
several diagnostics indicate specification concerns—serial correlation, heteroskedasticity,
and non-normality, suggesting that although the model uncovers meaningful dynamics,
the volatility process is highly nonlinear and may require alternative specifications or
additional robustness checks. Since we have applied the HAC estimator, the results remain
valid as those residuals pass the stability tests in Figure A2.

Overall, the results point to a regime-dependent inflation volatility structure in which
institutional quality matters primarily in the short term, while long-run volatility is shaped
by broader macroeconomic disturbances and fiscal–monetary interactions characteristic of
a small open economy under fiscal dominance.

7. Conclusions
While CBI is often regarded as a cornerstone of monetary credibility, its effectiveness

in the Tunisian context appears to be highly dependent on the regime in place. When
treated as a continuous institutional measure, CBI does not have a significant stabilizing
effect on inflation volatility. However, when modeled through a binary regime approach,
high-independence regimes are paradoxically associated with a slight increase in volatility.
This finding suggests that legal or de jure independence alone is insufficient to ensure
price stability in the absence of fiscal discipline or credible coordination between monetary
and fiscal authorities. Importantly, the interaction between CBI and government spending
(CBIREG_GE) indicates that under fiscal pressure, greater central bank independence
significantly reduces inflation volatility. Thus, there is a need for institutional reforms to be
accompanied by broader macroeconomic coherence to be effective.

Economic transparency (CBT2), while generally associated with increased inflation
volatility, likely due to uncertainty related to communication, plays a stabilizing role when
fiscal pressures are high. This suggests that transparency enhances market confidence only
when it is supported by coherent fiscal signals and credible monetary commitments. In
addition to institutional variables, macroeconomic fundamentals affect inflation volatility.
Volatility in broad money (VOL_M3_YEAR) exerts a strong and destabilizing influence,
highlighting the importance of stable monetary aggregates in managing inflation expecta-
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tions. In contrast, volatility in industrial production and the real exchange rate is statistically
insignificant, possibly reflecting weak transmission channels or structural rigidities within
the Tunisian economy. Government expenditure remains a key determinant of inflation
volatility, with expansionary fiscal policy consistently increasing price uncertainty. Tunisia’s
exposure to geopolitical risks and external shocks, particularly through import prices, fur-
ther contributes to inflation volatility, revealing the economy’s vulnerability to international
price fluctuations. Nevertheless, the negative and significant trend coefficient in both mod-
els indicates a gradual reduction in volatility over time, likely due to the cumulative effects
of macroeconomic reforms and improved policy frameworks.

Based on these findings, several policy, managerial, and practical recommendations
have emerged. From a policy perspective, Tunisian authorities should prioritize the estab-
lishment of a credible and genuinely independent central bank while recognizing that legal
independence must be supported by sound fiscal governance. This requires institutional
mechanisms to enforce fiscal discipline, such as the adoption of medium-term fiscal rules
(expenditure ceilings or debt anchors) and the creation of an independent fiscal council to
increase accountability and policy coordination. These mechanisms reduce fiscal noise and
support the Central Bank of Tunisia in achieving its price stability objective.

In addition, the central bank should strengthen its communication framework to
ensure that transparency enhances credibility rather than uncertainty. The regular publica-
tion of a forward-looking monetary policy report, accompanied by clear statements and
explanations of decision-making criteria, would improve policy predictability. Establish-
ing a fiscal–monetary coordination committee between the central bank and the Ministry
of Finance would further align fiscal targets and inflation objectives, helping to contain
volatility arising from policy inconsistency. Furthermore, monetary policy should focus on
reducing volatility in broad money aggregates through improved liquidity management,
transparent intervention rules, and enhanced forecasting models.

From a managerial perspective, officials from the central bank and the finance ministry
should collaborate closely to align fiscal and monetary objectives through joint macroeco-
nomic forecasting units. Integrated policy planning would allow authorities to anticipate
inflationary pressures and adjust instruments proactively. Managers within public admin-
istration should also implement spending control mechanisms to prevent procyclical fiscal
behavior, particularly during episodes of high uncertainty. Strengthening analytical capac-
ity in data monitoring and inflation modeling will be critical for managing expectations
more effectively.

On a practical level, the government should develop early warning systems to track
import price fluctuations, energy costs, and geopolitical risks. Tunisia could also establish
strategic reserves for essential commodities and explore financial hedging instruments
to mitigate exposure to global price shocks. Concurrently, structural reforms are needed
to deepen domestic financial markets, enhance fiscal flexibility, and diversify production
to reduce dependence on imports. In summary, achieving inflation stability in Tunisia
necessitates an integrated approach that combines credible central bank independence,
fiscal discipline through enforceable rules, transparent and well-structured communication,
and proactive risk management. These reforms strengthen the institutional foundations of
monetary policy, reduce volatility, and promote inclusive and sustainable economic growth.
While the analysis is country-specific, the results are not confined to Tunisia alone. They can
be generalized to economies with comparable characteristics, notably, small open emerging
economies in the MENA region, and beyond that, face fiscal dominance, institutional
weaknesses, and exposure to external shocks. A broader comparative framework could
have highlighted this external validity, but such an extension would be beyond the scope
of the current study and might lead to an unnecessary proliferation of results.
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While our analysis focuses on distortionary consumption taxes, other channels could
transmit fiscal shocks in different contexts. Bond-financed deficits can influence inflation
and output through changes in real interest rates, but their effect is limited in Tunisia
due to shallow domestic bond markets and low secondary-market liquidity. Expected
monetization of deficits may also affect inflation through forward-looking price-setting,
yet this channel is less relevant given the Central Bank of Tunisia’s legal constraints and
gradual shift toward an inflation-targeting framework. These alternative mechanisms
are therefore context-specific and less central to Tunisia’s fiscal transmission, which is
dominated by expenditure pressures and adjustments in indirect taxation.

Technically speaking, while alternative validation approaches, such as bootstrap
procedures for ARDL bound testing and cross-validation, could enhance robustness, their
full implementation is suitable for smaller samples (McNown et al., 2018). A key limitation
of our study is that we rely on annual institutional indicators without applying interpolation
to generate monthly values; while this preserves the true observed changes in central bank
independence and transparency, it may limit the temporal granularity of our analysis.

Future research should explore alternative indicators of transparency and evaluate
their effectiveness in capturing central bank communication in Tunisia. Complementary
evidence could be obtained through public opinion surveys, shedding light on whether
higher levels of transparency translate into improved comprehension of monetary policy
(Ospina-Tejeiro & Romero, 2025). Such insights are crucial for the ongoing evaluation of
communication strategies. Furthermore, leveraging natural language processing tools is rec-
ommended to monitor public perception and policy effectiveness in real time, particularly
in emerging economies with fragile institutional credibility.
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CBI Central Bank Independence
CBT Central Bank Transparency
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CUSUMSQ Cumulative Sum of Squares
FPE Final Prediction Error
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Appendix A
The proofs provided in the appendices establish the analytical foundations of the

model, linking central bank transparency, private expectations, and fiscal interaction un-
der uncertainty.

Appendix A.1. Derivation of the Optimal Monetary Policy Rule

The central bank minimizes (1).
This is subject to (2) and (3).
Substituting gives

LCB =
1
2
(πe + κ(−ιr + d) + s − π∗)2 +

1
2

ω(−ιr + d)2

The first-order condition with respect to r is

κ(πe + κ(−ιr + d) + s − π∗) + ω(−ιr + d) = 0

which yields

r =
κ

ικ2 + ω
(πe + s − π∗) +

d
ι

(A1)

Substituting (A1) back into the structural equations gives (5) and (6).
Uniqueness follows from the strict convexity of LCB in r, ensuring a stable policy rule.

∂2LCB

∂r2 = ι2
(

κ2 + ω
)
> 0

The derivation confirms that the central bank’s optimal rule follows directly from
minimizing its quadratic loss function, combining inflation and output gaps subject to
supply and demand constraints.

Appendix A.2. Derivation of Individual Expectation Weights λ1, λ2

Agents update their beliefs via Bayesian inference, where the optimal weights λj

depend on the precision of the central bank’s signals and the degree of strategic comple-
mentarities among agents. This structure captures how higher transparency (lower noise)
improves informational accuracy but can simultaneously increase coordination risk when
agents react too strongly to public signals.

We need to determine the conditional expectations of Ei(π
∗) and Ei(s), given the

signals πCB,i and si. We solve for the following matrix:

Ξ

 π∗

πCB

s

∣∣∣∣∣∣∣πCB,i, si

 = Π

(
πCB,i

si

)
= ΣX −ΣXYΣ−1

Y Σ′
XY where X =

 π∗

πCB

s

, Y =

(
πCB,i

si

)

ΣX is the covariance matrix of the unobserved expected variables themselves. ΣXY is
the covariance matrix of the unobserved expected variables and the observed signals, and
Σ−1

Y is the inverse of the covariance matrix of the observed signals themselves. Σ′ denotes
the transpose of a matrix.

ΣX =

σ2
π∗ σ2

π∗ 0
σ2

π∗ σ2
π∗ + σ2

η 0
0 0 σ2

s

, ΣXY =

 σ2
π∗ 0

σ2
π∗ + σ2

η 0
0 σ2

s

, Σ−1
Y =

 1
σ2

π∗+σ2
η+σ2

φ
0

0 1
σ2

s +σ2
ρ


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Via algebra, we obtain

Ξ

 π∗

πCB

s

∣∣∣∣∣∣∣πCB,i, si

 =


σ2

π∗(σ2
η+σ2

φ)
σ2

π∗+σ2
η+σ2

φ

σ2
π∗σ2

φ

σ2
π∗+σ2

η+σ2
φ

0

σ2
π∗σ2

φ

σ2
π∗+σ2

η+σ2
φ

(σ 2
π∗+σ2

η)σ2
φ

σ2
π∗+σ2

η+σ2
φ

0

0 0
σ2

s σ2
ρ

σ2
s +σ2

ρ


Substituting these conditional expectations into (8) of the main text yields

πe
i = α

σ2
π∗

σ2
π∗ + σ2

η + σ2
φ

πCB,i + (1 − α)

[
λ1

σ2
π∗ + σ2

η

σ2
π∗ + σ2

η + σ2
φ

πCB,i + λ2
σ2

s
σ2

s + σ2
ρ

si +
σ2

s
σ2

s + σ2
ρ

si

]

=

[
α

σ2
π∗

σ2
π∗ + σ2

η + σ2
φ

+ (1 − α)λ1
σ2

π∗ + σ2
η

σ2
π∗ + σ2

η + σ2
φ

]
︸ ︷︷ ︸

λ1

πCB,i + (1 − α)

[
λ2

σ2
s

σ2
s + σ2

ρ
+

σ2
s

σ2
s + σ2

ρ

]
︸ ︷︷ ︸

λ2

si

We obtain the following weights:

λ1 =
ασ2

π∗

α(σ 2
π∗ + σ2

η

)
+ σ2

φ

, λ2 =
(1 − α)σ2

s
ασ2

s + σ2
ρ

(A2)

Appendix A.3. Aggregation with Partial Information

Let a fraction m of agents observe private signals.
Expected inflation over all agents is given by (10). Substituting it in (8) and rearranging

terms results in the following weights:

λ1 =
ασ2

π∗(
1 − m + α m)(σ 2

π∗ + σ2
η

)
+ σ2

φ

, λ2 =
(1 − α)σ2

s

(1 − m + αm)σ2
s + σ2

ρ

(A3)

• A larger fraction of informed agents (m) leads to expectations anchored to fundamen-
tals, i.e., high λ1 and low λ2.

• A higher α (trust in central bank target) amplifies that anchoring.
• When both m and α are low, expectations are dominated by noise (large λ2), making

policy communication less effective and inflation more volatile.

Appendix A.4. Derivation of Expected Loss and Optimal Transparency

The unconditional expected loss is written as

E
(

LCB
)
=

1
2
(1 − α)

[
(mλ1 − 1)2σ2

π∗ + (1 + mλ2)
2σ2

s + m2(λ1)
2σ2

η

]
(A4)

Differentiating (A4) with respect to the variance of the central bank’s signal noise yields

∂E
(

LCB)
∂σ2

φ
= (1 − α)m

∂λ1

∂σ2
φ

(
−σ2

π∗ + mλ1(σ
2
π∗ + σ2

η

))
> 0 since

∂λ1

∂σ2
φ
< 0 and mλ1 <

σ2
π∗

σ2
π∗ + σ2

η

We compute the partial derivative with respect to the number of informed agents.

∂E
(

LCB)
∂m

= (1 − α)

((
λ1 + m

∂λ1

∂m

)
(mλ1 − 1)σ2

π∗ + mλ1

(
λ1 + m

∂λ1

∂m

)
σ2

η +

(
λ2 + m

∂λ2

∂m

)
(mλ2 + 1)σ2

s

)
︸ ︷︷ ︸

S′(m)
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The sign is ambiguous and depends on S′(m). Thus, there exists an optimal m∗ for
some plausible parameter values.

Similarly, we compute

∂E(LCB)
∂α = − 1

2

(
(mλ1 − 1)σ2

π∗ + m2λ2
1σ2

η + (1 + mλ2)σ
2
s

)
+(1 − α)

[
∂λ1
∂α m

(
(mλ1 − 1)σ2

π∗ + mλ1σ2
η

)
+ ∂λ2

∂α m(1 + mλ2)σ
2
s

]
< 0

since ∂λ1
∂α > 0, ∂λ2

∂α < 0andmλ1 <
σ2

π∗
σ2

π∗+σ2
η

Appendix A.5. Inflation Volatility

The inflation variance follows directly from (5) and (A2).

V(π) = (α + (1 − α)mλ1)
2σ2

π∗ + ((1 − α)(mλ1 ))
2σ2

η + ((1 − α)(1 + mλ2))
2σ2

s

The optimal transparency level minimizes V(π) subject to m < 1, α < 1.
After inserting (A3), the first-order conditions confirm

∂V(π)

∂σ2
φ

= 2(1 − α)m
∂λ1

∂σ2
φ

[
(α + (1 − α)mλ1)σ

2
π∗ + (1 − α)mλ1σ2

η

]
< 0 since

∂λ1

∂σ2
φ
< 0

Similarly, the partial derivative with respect to the informed agents is

∂V(π)

∂m
= 2(1 − α)

[(
λ1 + m

∂λ1

∂m

)(
σ2

π∗(α + (1 − α)mλ1) + (1 − α)mλ1σ2
η

)
+

(
λ2 + m

∂λ2

∂m

)
((1 − α)mλ2)σ

2
s

]
> 0 sinceλ1 +

∂λ1

∂m
> 0, λ2 +

∂λ2

∂m
> 0

Thus, inflation volatility increases with transparency about inflation in both dimen-
sions: accuracy and the number of informed agents. When agents overreact to published
signals, information amplification effects dominate the benefits of precision, leading to
higher aggregate volatility.

Now, we derive the volatility of inflation with respect to α.

∂V(π)

∂α
= 2

[
1 − mλ1 + (1 − α)

(
m

∂λ1

∂α

)]
σ2

π∗ + 2
[
−1 − mλ2 + (1 − α)

(
m

∂λ2

∂α

)]
σ2

s + 2m
[
−λ1 + (1 − α)

(
∂λ1

∂α

)]
σ2

η

The sign can be positive or negative. V(π) attains a minimum for some α∗.

Appendix A.6. Second-Order Conditions and Welfare Comparisons

All the quadratic loss functions are strictly convex in their control variables (r, πe
i , τ),

implying global minima.
Hence, each proposition’s first-order condition is both necessary and sufficient.
Welfare dominance follows directly from comparing minimized expected losses under

alternative transparency regimes.
Let

b1 = −1 + ςB + (1 + ςC)mλ1, b2 = (1 + ςC)mλ1, b3 = 1 + ςD + (1 + ςC)mλ2 = (1 + ςC)(1 + mλ2)sinceD = C

E
(

LCB
)
=

1
2
(1 − α)

(
σ2

π∗b2
1 + σ2

η b2
2 + σ2

s b2
3

)
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∂E
(

LCB)
∂σ2

φ
= (1 − α)(1 + ςC)m

∂λ1

∂σ2
φ

(
(−1 + ςB + (1 + ςC)mλ1)σ

2
π∗ + (1 + ςC)mλ1σ2

η

)
= 0 ⇒ σ∗2

φ

= Max

0,
α(1 + ςC)

(
σ2

π∗ + σ2
η

)
(1 − ςB)

− (1 − m + αm)
(

σ2
π∗ + σ2

η

)
E
(

LCB)∣∣∣σ∗2
φ = Min

(
1
2 (1 − α)

((
−1 + ςB + (1 + ςC)

ασ2
π∗

(1−m+α m)(σ 2
π∗+σ2

η)

)2
σ2

π∗

+

(
(1 + ςC)m

ασ2
π∗

(1−m+α m)(σ 2
π∗+σ2

η)

)2
σ2

η +

(
(1 + ςC)(1 + m (1−α)σ2

s
(1−m+αm)σ2

s+σ2
ρ

)2
σ2

s

)
, 1

2 (1

−α)

((
−1 + ςB +

(1−ςB)σ2
π∗

σ2
π∗+σ2

η

)2
σ2

π∗ +

(
(1−ςB)σ2

π∗
σ2

π∗+σ2
η

)2
σ2

η

+

(
1 + ςC + (1 + ςC)m (1−α)σ2

s
(1−m+αm)σ2

s+σ2
ρ

)2
)

σ2
s
)

We compute the partial derivative with respect to the number of informed agents.

∂E
(

LCB)
∂m

= (1 − α)(1 + ςC)
((

λ1 + m
∂λ1

∂m

)
σ2

π∗b1 +

(
λ1 + m

∂λ1

∂m

)
σ2

η b2 +

(
λ2 + m

∂λ2

∂m

)
σ2

s b3

)
︸ ︷︷ ︸

S′(m)

The sign is ambiguous. There exists a minimum m∗ for a plausible range of parameters.
In the same vein, we calculate the partial derivative with respect to α

∂E(LCB)
∂α = −1

2

(
σ2

π∗b2
1 + σ2

η b2
2 + σ2

s b2
3

)
︸ ︷︷ ︸

Term1

+(1 − α)

 (
(1 + ςC)m ∂λ1

∂α + mλ1ς ∂C
∂α + ς ∂B

∂α

)
σ2

π∗b1 +
(
(1 + ςC)m ∂λ1

∂α + mλ1ς ∂C
∂α

)
σ2

η b2

+
(
(1 + ςC)m ∂λ2

∂α + mλ2ς ∂C
∂α + ς ∂C

∂α

)
σ2

s b3


︸ ︷︷ ︸

Term2

< 0

since Term 1 largely dominates Term 2.5

Appendix A.7. Inflation Volatility in the Presence of Fiscal Policy

V(π) = V[απ∗ + (1 − α)(πe + s + ςτ)]

= [α + (1 − α)(mλ1 + ςCmλ1 + ςB)]2σ2
π∗

+[(1 − α)(1 + mλ2 + ςCmλ2 + ςD)]2σ2
s

+[(1 − α)(mλ1 + ςCmλ1)]
2σ2

η

Using (17) and (A3) and deriving with respect to σ2
φ, respectively.

Let

a1 = α + (1 − α)(mλ1(1 + ςC) + ςB), a2 = (1 − α)mλ1(1 + ςC), a3 = (1 − α)(mλ2(1 + ςC) + ςD)

∂V(π)

∂σ2
φ

= 2(1 − α)(1 + ςC)m ∂λ1
∂σ2

φ

(
σ2

π∗ a1 + σ2
η a2

)
= 2(1 − α)(1 + ςC)m ∂λ1

∂σ2
φ

[
σ2

π∗((1 − α)(1 + ςC)m)λ1 + α + (1 − α)ςB
)
+ σ2

η(1 − α)mλ1(1 + ςC)
]

< 0since ∂λ1
∂σ2

φ
< 0, 1 + ςC > 0, andα + (1 − α)ςB > 0
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Now, we derive the same function with respect to the number of informed agents.

∂V(π)

∂m
= 2(1 − α)(1 + ςC)

[(
λ1 + m

∂λ1

∂m

)(
σ2

π∗ a1 + σ2
η a2

)
+

(
λ2 + m

∂λ2

∂m

)
σ2

s a3

]
> 0

Finally, the partial derivative with respect to α is

∂V(π)
∂α = 2

[
1 − ςB − mλ1(1 + ςC) + (1 − α)

(
(1 + ςC)

(
m ∂λ1

∂α

)
+ mλ1ς ∂C

∂α + ς ∂B
∂α

)]
σ2

π∗

+2
[
−1 − mλ2(1 + ςC)− ςC + (1 − α)

(
m(1 + ςC) ∂λ2

∂α + ς(mλ2 + 1) ∂C
∂α

)]
σ2

s

+2m
[
−λ1(1 + ςC) + (1 − α)

(
(1 + ςC) ∂λ1

∂α + ςλ1
∂C
∂α

)]
σ2

η

The sign is ambiguous and depends on the parameters’ range.

Appendix A.8. Justification of the Parameters’ Range

Because our model is analytical rather than estimated, the calibration relies on param-
eter values widely used in the monetary-policy and information-frictions literature (e.g.,
Baeriswyl & Cornand, 2010; Dai & Sidiropoulos, 2011b). For Tunisia specifically, the ranges
we adopt reflect:

• the country’s characteristics as a small open economy with partial central bank
independence,

• the documented presence of information frictions and weak expectation-anchoring,
• and the fact that variances of shocks and signals are normalized to lie between 0 and

1 in this class of models to preserve tractability and allow direct comparison with
existing theoretical studies (see Table A1).

Table A1. Calibration of parameters according to literature and facts.

Parameter in
Our Modeling Definition Range Economic Justification/Reference

α
The degree of the central bank’s

independence Between 0 and 1
Plausible: Captures institutional independence;
consistent with Tunisia’s gradual reform path;

standard normalization

m The fraction of informed agents Between 0 and 1
Plausible: Sticky-information models assume a

share of agents updating each period
(Mankiw & Reis, 2002)

σ2
π∗

The variance of the Central Bank’s
inflation target Between 0 and 1 Normalized variance:

Baeriswyl and Cornand (2010)

σ2
s The variance of the supply shock Between 0 and 1 Standard in small-open-economy New

Keynesian models (Baeriswyl & Cornand, 2010)

σ2
η

The variance of the signal’s noise on
the Central Bank’s inflation target Between 0 and 1 Information friction literature (e.g., Baeriswyl &

Cornand, 2010)

σ2
φ

The variance of the private sector’s
signal on the inflation target Between 0 and 1 Information friction literature (e.g., Baeriswyl &

Cornand, 2010)

σ2
ρ

The variance of the noise on the
supply shock Between 0 and 1 Baeriswyl and Cornand (2010)

θ
The weight assigned by the

government to stabilize
government expenditure

Between 0 and 1
Plausible: Reflects fiscal trade-offs; relevant for

Tunisia, where expenditure smoothing
is prioritized

ς The weight assigned to the tax rate > 0 Fiscal-policy responsiveness: plausible for
developing small open economies

β
The weight assigned by the

government to stabilize output Between 0 and 1 Standard in welfare-based policy formulations
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Appendix A.9. Unit Root Tests

We present the results of the variables’ stationarity in Table A2.

Table A2. Unit root results (PP+ADF).

PP

With
Constant

With
Constant

and Trend

Without
Constant

and Trend

With
Constant

With
Constant

and Trend

Without
Constant

and Trend

At Level t-Statistic t-Statistic t-Statistic At First Difference t-Statistic t-Statistic t-Statistic

INFLATION_YEAR −2.5805 * −3.4765 ** −0.8353 d(INFLATION_YEAR) −15.2227 *** −15.2050 *** −15.2398 ***

VOL_INF_YEAR −1.8868 −2.4331 −0.1031 d(VOL_INF_YEAR) −4.1259 *** −4.2001 *** −4.1269 ***

VOL_INF_MS −22.1431 *** −23.4163 *** −12.0397 *** d(VOL_INF_MS) −116.8128 *** −116.2389 *** −117.0793 ***

VOL_IPI_YEAR −0.4710 −1.0701 0.8120 d(VOL_IPI_YEAR) −10.8924 *** −10.9091 *** −10.8601 ***

VOL_M3_YEAR −3.5080 *** −3.3879 * −1.2434 d(VOL_M3_YEAR) −5.3652 *** −5.1901 *** −5.3418 ***

VOL_REER_YEAR −1.1534 −0.5607 −0.4823 d(VOL_REER_YEAR) −4.2351 *** −4.3539 *** −4.2511 ***

CBT2 −0.7237 −2.0672 0.0000 d(CBT2) −17.6068 *** −17.5943 *** −17.5784 ***

CBI_REGIME −1.7482 −2.2305 −0.8209 d(CBI_REGIME) −17.5688 *** −17.5403 *** −17.5784 ***

LNGE −1.4359 −2.3404 0.5102 d(LNGE) −19.5092 *** −19.4835 *** −19.5192 ***

LNGPR −8.0333 *** −8.0815 *** −6.2830 *** d(LNGPR) −51.7587 *** −51.7005 *** −51.8464 ***

MMR −1.3379 −2.1825 −0.1238 d(MMR) −14.4159 *** −14.4599 *** −14.4362 ***

LNPISI_D11 1.0044 −2.1368 7.6606 d(LNPISI_D11) −13.9874 *** −14.0470 *** −12.1718 ***

LNPIMI_D11 −0.9219 −2.3260 3.3081 d(LNPIMI_D11) −19.8755 *** −19.8375 *** −18.8852 ***

ADF

With
Constant

With
Constant

and Trend

Without
Constant

and Trend

With
Constant

With
Constant

and Trend

Without
Constant

and Trend

At Level t-Statistic t-Statistic t-Statistic At first difference t-Statistic t-Statistic t-Statistic

INFLATION_YEAR −1.3012 −2.7743 −0.2704 d(INFLATION_YEAR) −10.3705 *** −10.3867 *** −10.3848 ***

VOL_INF_YEAR −2.5611 −3.3121 −0.2984 d(VOL_INF_YEAR) −5.0098 *** −5.1006 *** −5.0113 ***

VOL_INF_MS −2.2880 −4.0840 *** −0.7660 d(VOL_INF_MS) −6.7169 *** −6.7315 *** −6.7300 ***

VOL_IPI_YEAR −0.5621 −1.1088 0.7634 d(VOL_IPI_YEAR) −10.9097 *** −10.9256 *** −10.8428 ***

VOL_M3_YEAR −4.0212 *** −4.0820 *** −0.9464 d(VOL_M3_YEAR) −4.5222 *** −4.5069 *** −4.5176 ***

VOL_REER_YEAR −1.5100 −0.9600 −0.9911 d(VOL_REER_YEAR) −3.8556 *** −3.9825 *** −3.8716 ***

CBT2 −0.7237 −2.0568 0.0000 d(CBT2) −17.6068 *** −17.5943 *** −17.5784 ***

CBI_REGIME −1.7339 −2.1870 −0.8174 d(CBI_REGIME) −17.5688 *** −17.5403 *** −17.5784 ***

LNGE −1.4295 −2.2989 0.5102 d(LNGE) −19.5092 *** −19.4835 *** −19.5192

LNGPR −6.4598 *** −6.4911 *** −3.7308 *** d(LNGPR) −9.3181 *** −9.3069 *** −9.3306 ***

MMR −0.8669 −1.6081 0.2593 d(MMR) −14.0665 *** −14.1306 *** −14.0794 ***

LNPISI_D11 0.9784 −2.1013 5.7674 d(LNPISI_D11) −8.6504 *** −8.7409 *** −4.8657 ***

LNPIMI_D11 −0.7275 −1.9366 3.2980 d(LNPIMI_D11) −19.7506 *** −19.7066 *** −18.9922 ***

Note: ***, **, and * denote the statistical significance at 1%, 5%, and 10%, respectively.

Appendix A.10. Linkage Between the Empirical Modeling and Theory

We reconcile between the game theoretical approach and our empirical model in the
following table.
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Table A3. Mapping Between Theoretical and Empirical Variables.

Theoretical Element Interpretation Empirical Proxy Role in Inflation Variance
(V(π))

V(π) Volatility of inflation

VOL_INF_YEAR,
VOL_INF_MS

(Unconditional and
conditional measures of

volatility

The proxy of V(π)

α (central bank’s
weight on π*)—

credibility/conservatism

Higher α reduces reliance
on noisy public/private

signals

CBI_REGIME (binary
high-independence)

Shifts the multiplier on all
variance terms; when α↑,

terms multiplying σ2 from
private signals shrink. γ3 and

γ10 test this.

Signal precision and
fraction informed m

contained in λ1

How precise/salient the
public inflation signal is

CBT2 (economic
transparency index)

Higher CBT2 ≈ Higher λ1;
may raise or lower V(π)

depending on fiscal noise (γ2
and γ9 test this).

Government fiscal
pressure/tax/spending

τ

Fiscal noise feeding into
inflation via ςτ

LNGE (government
spending)

Interactions CBT2 × LNGE
and CBI_REGIME × LNGE
test conditional fiscal effects
on volatility. They capture

how fiscal behavior interacts
with monetary institutions,
which is relevant for fiscal

discipline (θ), but implicitly

Output uncertainty Real-side shocks affecting
inflation via demand VOL_IPI_YEAR

γ4 should be positive if output
uncertainty increases inflation

variance.

Monetary/liquidity
uncertainty

Shocks in monetary
aggregates and interest

rates transmitted to
inflation

VOL_M3_YEAR and MMR

The interest rate is captured in
the monetary policy rule r. γ5
and γ7 capture the impact of

monetary uncertainty on V(π).

Supply/external shocks
σ2

s

Import prices, REER
shocks, geopolitics

VOL_REER_YEAR,
LNPIMI_D11, LNPISI_D11,

LNGPR

These capture σ2
s ; positive

coefficients imply external
shocks increase inflation

variance.

Noise in private
sector’s signals (σ2

η , σ2
φ)

Dispersion of private
signals/measurement

errors

Implied by residual
dynamics, partly proxied
by low transparency and

weak institutions

Changes in CBT2 and
CBI_REGIME reflect changes
in the effect of private-signal
noise on realized volatility.

Note: ↑ means ascending.

Appendix A.11. Robustness Checks Using a Monetary Policy Credibility Measure

We propose a novel measure of monetary policy credibility and replicate the ARDL
results using that measure;
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Table A4. Long and short-run results using the credibility measure (dependent variable: uncondi-
tional volatility of inflation).

Long-Run Results with Unrestricted Constant and Unrestricted Trend

Variable Coefficient Std. Error t-Statistic Prob.

CBT2 0.003960 0.063927 0.061943 0.9507

CREDIBILITY1 0.971902 1.055566 0.920740 0.3593

VOL_IPI_YEAR −0.066381 0.044666 −1.486147 0.1402

VOL_M3_YEAR 0.053726 0.051729 1.038600 0.3013

VOL_REER_YEAR −0.022104 0.049549 −0.446115 0.6564

MMR 0.001377 0.000424 3.249581 0.0015

LNGE 0.019004 0.006989 2.719017 0.0076

CBT2_GE −0.001495 0.022170 −0.067428 0.9464

CREDIB_GE −0.325998 0.372643 −0.874828 0.3836

LNGPR 0.000604 0.001999 0.302369 0.7630

LNPISI_D11 0.021870 0.008014 2.729173 0.0074

LNPIMI_D11 0.010724 0.004064 2.638617 0.0096

Pesaran et al. (2001)’s test of cointegration

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic: n = 1000

F-statistic 5.055101 10% 2.07 3.16

k 12 5% 2.33 3.46

2.5% 2.56 3.76

1% 2.84 4.1

Short-Run Results with Unrestricted Constant and Unrestricted Trend

Variable Coefficient Std. Error t-Statistic Prob.

C −0.007885 0.000924 −8.536099 0.0000

@TREND −7.71E-06 9.11E-07 −8.472148 0.0000

D(VOL_INF_YEAR(−1)) 0.669188 0.073612 9.090722 0.0000

D(VOL_INF_YEAR(−2)) −0.012434 0.090941 −0.136724 0.8915

D(VOL_INF_YEAR(−3)) −0.102473 0.067028 −1.528809 0.1293

D(CREDIBILITY1) 0.586604 0.091064 6.441659 0.0000

D(VOL_IPI_YEAR) 0.010975 0.003620 3.032271 0.0030

D(VOL_REER_YEAR) 0.018309 0.009051 2.022845 0.0456

D(MMR) −6.50E-06 4.11E-05 −0.158219 0.8746

D(MMR(−1)) −8.77E-05 4.28E-05 −2.049267 0.0429

D(LNGE) −0.002257 0.000613 −3.681658 0.0004

D(CBT2_GE) −4.01E-05 2.20E-05 −1.819246 0.0717

D(CREDIB_GE) −0.205315 0.032197 −6.376776 0.0000

D(CREDIB_GE(−1)) 0.001449 0.000645 2.244759 0.0268

D(LNPISI_D11) −0.000999 0.000986 −1.012583 0.3135

D(LNPISI_D11(−1)) −0.003478 0.001032 −3.369895 0.0010

CointEq(−1) −0.048602 0.005685 −8.549057 0.0000
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Table A4. Cont.

Diagnostic test

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.330035 Prob. F(2,105) 0.7196

Obs×R-squared 0.849607 Prob. Chi-Square(2) 0.6539

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.937776 Prob. F(28,107) 0.5608

Obs×R-squared 26.79808 Prob. Chi-Square(28) 0.5293

Scaled explained SS 22.78058 Prob. Chi-Square(28) 0.7439

Jarque–Bera test of
normality 5.600123 Prob. 0.0608

Note: Refer to Table 1 for the definitions of the variables. C is a constant and @TREND represents a deterministic
linear trend variable. D is the first-difference operator.

 

 

Figure A1. Stability test (dependent variable: unconditional volatility of inflation and using the
credibility measure).
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Table A5. Long and short-run results using the credibility measure (dependent variable: conditional
volatility of inflation.

Long-Run Results with No Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

CBT2 −0.356917 0.190357 −1.874988 0.0633

CREDIBILITY1 0.115536 1.134557 0.101833 0.9191

VOL_IPI_YEAR 0.229666 0.128768 1.783557 0.0771

VOL_M3_YEAR 0.261970 0.162440 1.612717 0.1095

VOL_REER_YEAR 0.116116 0.094755 1.225441 0.2229

MMR 0.002491 0.001650 1.509864 0.1338

LNGE 0.005138 0.007598 0.676314 0.5002

CBT2_GE 0.123598 0.065915 1.875121 0.0633

CREDIB_GE 0.337547 0.404485 0.834510 0.4057

LNGPR 0.001105 0.003296 0.335266 0.7380

LNPISI_D11 0.022241 0.017316 1.284440 0.2015

LNPIMI_D11 −0.012747 0.008842 −1.441705 0.1521

DUMMY2011 −0.000569 0.000798 −0.714028 0.4766

Pesaran et al. (2001)’s test of cointegration

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic: n = 1000

F-statistic 31.35369 10% 2.07 3.16

k 13 5% 2.33 3.46

2.5% 2.56 3.76

1% 2.84 4.1

Short-Run Results with No Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

C −0.022760 0.001262 −18.03263 0.0000

@TREND −9.14E-06 3.06E-06 −2.984386 0.0035

D(CBT2) −0.089864 0.083211 −1.079947 0.2824

D(CREDIBILITY1) −0.682613 0.058968 −11.57597 0.0000

D(CBT2_GE) 0.030819 0.028849 1.068265 0.2876

D(LNPIMI_D11) 0.000398 0.005746 0.069333 0.9448

CointEq(−1) −0.787751 0.035670 −22.08448 0.0000

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 19.59780 Prob. F(1,116) 0.0000

Obs×R-squared 19.80046 Prob. Chi-Square(1) 0.0000

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 2.184144 Prob. F(19,117) 0.0059

Obs×R-squared 35.86985 Prob. Chi-Square(19) 0.0110

Scaled explained SS 191.3300 Prob. Chi-Square(19) 0.0000

Jarque–Bera test for normality 1082.606 Prob. 0.0000
Note: Refer to Table 1 for the definitions of the variables. C is a constant and @TREND represents a deterministic
linear trend variable. D is the first-difference operator.
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Figure A2. Stability test (dependent variable: conditional volatility of inflation, and using the
credibility measure).

Notes
1 The authors used quarterly data over 20 quarters (5 years).
2 Nevertheless, the measure remains constant within legal periods, highlighting its limited time variation. While we use annual data

to measure central bank independence, this choice is justified because the legal and institutional features underlying independence
typically change very slowly, often only once per year or even less frequently. Monthly variation in the dependent variable,
such as inflation or interest rates, reflects high-frequency shocks and policy adjustments, whereas central bank independence is
largely structural and persistent. Using an annual measure, therefore, appropriately captures the long-term stance of the central
bank without introducing spurious short-run fluctuations. Consequently, the econometric identification focuses on the persistent
influence of central bank credibility and independence on monetary outcomes, which is theoretically meaningful even when
other variables are monthly.

3 Since no theoretical benchmark exists for the level of Central Bank Independence (CBI) that delineates “low” from “high”
independence, the threshold is set at the sample median of the CBI index. The median split ensures that both regimes contain
an equal number of observations, avoiding imbalance in subsample estimation. Statistically, the median provides a robust,
distribution-free cut-off that is not affected by outliers or skewness in the CBI distribution. Accordingly, periods with CBI
below (above) the median are interpreted as low (high) independence regimes (see Bleaney & Fielding, 2002). The Bai-Perron
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procedure identified two statistically significant thresholds at 0.6725 and 0.684. The median value of 0.68 is very close to these
two thresholds, close to the intermediate regime. Using the median has some advantages. It is simple, transparent, and easy to
interpret, dividing the sample into “above” and “below” groups. We note that only around 25% of the observations fall in the
“low independence” regime.

4 The threshold ARDL framework is used to capture how the relationship between credibility, fiscal–monetary interactions, and
inflation dynamics changes across low-credibility and high-credibility regimes. This structure allows us to estimate distinct short-
and long-run effects depending on the credibility environment, while also incorporating interaction terms to reflect the strategic
fiscal–monetary dimension. In contrast, the MS-GARCH model is designed to capture regime-dependent shifts in the conditional
volatility of inflation driven by uncertainty shocks.

5 Even when using numerical values, we find that α∗ = 1.
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