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Abstract
Does monetary financing of an unfunded fiscal expansion weaken the balance sheet of banks? We
address this question by developing a small open-economy DSGE model that integrates fiscal-monetary
interactions, an endogenous country risk premium, and a banking sector. We estimate the model using
quarterly Ghanaian data from 2014Q2 to 2024Q2, and then use the estimated structural model to simulate
the macroeconomic and banking-sector effects of a seigniorage-financed fiscal expansion.The results
reveal a sharp macro-financial trade-off. Although money-financed spending initially raises output and
employment, the resulting inflation and currency depreciation erode bank profitability, weaken capital
adequacy, and lower the Z-score. As bank balance sheets deteriorate, credit spreads widen and lending
contracts, choking off the initial stimulus as weaker financial intermediation reverses the early gains
in output and employment and ultimately push real activity into decline. Counterfactual financing
experiments show that mixed tax and bond financing substantially improves banking sector outcomes
relative to full monetization. The findings imply that, in bank-dominated frontier economies with limited
fiscal space, using seigniorage as a stopgap source of fiscal revenue imposes costs beyond price instability.
It weakens bank balance sheets, constrains credit intermediation, and creates a persistent drag on real
economic activity.
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1. Introduction
In many frontier economies, fiscal dominance is best understood as an institutional equilibrium rather
than a deliberate policy choice. It emerges when a government’s capacity to finance itself through
conventional means is structurally impaired because tax mobilization carries steep political costs,
expenditure retrenchment poses unacceptable social risks, domestic debt markets remain shallow
and illiquid, and access to external financing is constrained by prohibitive risk premia. With each
orthodox channel effectively closed, the burden of financing the state migrates to the central bank,
which assumes the role of residual lender by necessity rather than design. Consequently, the primary
objective of monetary policy shifts from preserving price stability to accommodating government
financing needs. Fiscal requirements increasingly dictate interest-rate policy, liquidity provision,
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and balance-sheet operations. Because the fiscal authority drives the trajectory of public debt while
the central bank merely adjusts to sustain it, the bank’s independence and credibility are severely
compromised. Over time, this dynamic institutionalizes monetary accommodation and creates a
persistent inflationary bias, turning the inflation tax into a structural feature of the macroeconomic
regime, as formalized by Sargent and Wallace (1981). Furthermore, in bank-dominated financial
systems, the very seigniorage revenue that offers immediate fiscal relief ultimately compromises
financial stability, as the ensuing inflation, currency depreciation, and elevated country-risk premia
severely impair bank balance sheets and constrain private credit intermediation.

Ghana exhibits the structural conditions under which this equilibrium emerges, and its recent
macro-financial history illustrates the channels through which these risks materialize. During the
2016 election cycle, fiscal slippage and renewed central-bank financing exposed domestic banks
to severe losses, ultimately necessitating a large-scale banking-sector restructuring in 2017. These
dynamics resurfaced forcefully in 2022 when severe debt distress, severed access to international
capital markets, and renewed monetary accommodation triggered surging inflation and sharp
currency depreciation. This acute nominal instability rapidly impaired bank profitability and capital
adequacy, imposing a severe drag on the broader economy that rendered the public debt burden
unsustainable. This trajectory culminated in the 2023 Domestic Debt Exchange Program, which
compounded the sector’s distress by transmitting sovereign distress directly to the balance sheet of
financial intermediaries through impairments on government securities (International Monetary
Fund (2017); Bank of Ghana (2019); International Monetary Fund (2023); Bank of Ghana (2024)).
While these episodes reflect multiple sources of stress, they make Ghana an informative setting for
isolating the nominal channel through which fiscal financing may generate bank fragility. This
paper, therefore, asks whether the short-run fiscal relief provided by seigniorage financing imposes a
persistent financial-stability cost by weakening bank balance sheets and constraining private credit
intermediation.

Existing macroeconomic models do not provide a complete answer to this question. While
the fiscal-dominance literature details how inflation and exchange-rate adjustments accommodate
unfunded fiscal expansions, it largely ignores financial intermediaries. Conversely, macro-finance
models (Gertler and Karadi, 2011, 2010) show how adverse shocks to bank net worth tighten
leverage constraints and amplify economic contractions, yet they typically attribute this balance-
sheet distress to exogenous financial shocks rather than fiscal-financing choices. This paper bridges
this theoretical gap by extending fiscal dominance analysis to encompass banking sector stability.
The framework connects these two literatures by demonstrating how the monetary financing of an
unfunded fiscal expansion endogenously impairs intermediary balance sheets, restricting credit supply
and depressing real activity. The model therefore evaluates seigniorage financing through both
standard macroeconomic aggregates and specific banking metrics, including profitability, capital
adequacy, credit supply, lending spreads, and the Z-score.

To explore this mechanism, we develop and estimate a small open-economy DSGE model in
which monetary financing affects the balance sheet of banks. The baseline experiment simulates an
unfunded fiscal expansion where government spending rises without a corresponding increase in tax
revenue or sovereign borrowing, forcing the resulting deficit to be financed entirely via seigniorage.
While this monetary expansion initially supports demand, it quickly generates inflation and currency
depreciation. The resulting inflationary pressures prompt a policy-rate response that drives up
banks’ domestic funding costs. Simultaneously, the deteriorating macroeconomic environment,
characterized by rapid money growth, inflation, and a weakening currency, forces up the country-
risk premium, reflecting the higher compensation demanded by foreign creditors. For domestic
banks, this elevated premium and weaker currency inflate the cost and domestic-currency burden
of their foreign liabilities. Furthermore, nominal instability erodes borrower repayment capacity
and broad asset quality, an effect captured in the model through an estimated fragility wedge in the
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bank net-worth process rather than through explicit defaults. As bank net worth declines, leverage
constraints tighten, credit supply contracts, and lending spreads widen. Ultimately, this weakening
of financial intermediation offsets the initial fiscal stimulus and depresses real economic activity.

We discipline the model using Ghanaian macroeconomic and banking-sector data within a
Bayesian estimation framework. The observable set combines standard macroeconomic series, includ-
ing output, inflation, the policy rate, nominal depreciation, government spending, and seigniorage,
with indicators of banking-sector conditions such as capital adequacy and return on assets. This
permits the quantitative analysis to speak directly to the interaction between monetary financing and
financial intermediation rather than inferring bank stress solely from macroeconomic variables. We
then use the model to study the responses to a seigniorage-financed fiscal expansion and to conduct
counterfactual exercises in which the same spending increase is financed with different degrees of
reliance on seigniorage. These counterfactuals isolate the banking-sector cost of monetary financing
from the effect of the fiscal expansion itself. By doing so, the analysis reframes fiscal dominance as a
macro-financial stability problem rather than solely a problem of inflation and fiscal solvency. In
frontier economies where banks play a central role in private credit provision and are exposed to
sovereign and currency risk, the financing of fiscal deficits fundamentally shapes the resilience of
financial intermediation and the severity of subsequent macroeconomic adjustment.

The remainder of the paper proceeds as follows. Section 2 reviews the related literature. Section
3 presents the model and the fiscal-monetary-banking transmission mechanism. Section 4 discusses
calibration and prior specification. Section 5 reports the Bayesian estimation results. Section 6
presents the impulse responses and variance decompositions. Section 7 studies alternative financing
arrangements and related counterfactuals. Section 8 discusses robustness and limitations. Section 9
draws policy implications. Section 10 concludes.

2. Related Literature
This paper connects three strands of literature that have largely developed separately. The first is
the literature on fiscal dominance and the fiscal theory of the price level. Seminal contributions by
Sargent et al. (1981), Leeper (1991), and Woodford (1995, 2001) show that price-level determination
depends on the fiscal-monetary regime. When fiscal policy is active and monetary policy is forced
to accommodate public financing needs, inflation becomes tied to the government’s intertemporal
budget constraint rather than being pinned down solely by an independent monetary rule. Recent
work by Cochrane (2022), Bianchi et al. (2023), and Kaplan et al. (2023) renews this argument in the
context of large public debts, unfunded fiscal shocks, and persistent inflation. This literature provides
the fiscal-monetary foundation for the paper, but it typically pays limited attention to how fiscal
dominance affects bank balance sheets, credit supply, and financial stability, especially in frontier
economies.

The second strand is the macro-financial DSGE literature with banking sector frictions. The
models of Gertler and Karadi (2011) and Gertler and Karadi (2010) provide the benchmark mechanism
linking bank net worth, leverage constraints, and credit supply. In these frameworks, adverse shocks
that weaken intermediary net worth tighten balance-sheet constraints, reduce lending capacity,
raise credit spreads, and amplify the decline in real activity. This paper builds on the bank-balance-
sheet amplification mechanism but introduces fiscal dominance as the source of intermediary distress.
Under deficit monetization, higher money growth generates inflationary and exchange-rate pressures
that weaken the return on bank assets and reduce the accumulation of bank net worth. In the model,
these effects operate through a reduced-form fragility wedge, which captures the deterioration in
bank asset quality and borrower repayment capacity associated with nominal instability, without
explicitly modeling defaults or non-performing loans. Currency depreciation also weakens banks
through their foreign funding exposure by raising the domestic-currency cost of external liabilities.
The resulting decline in bank net worth tightens the leverage constraint, contracts credit supply, and
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amplifies the effect of fiscal-monetary instability on real activity. The empirical analysis measures
this deterioration using return on assets and capital adequacy, while the Z-score summarizes the
resulting change in bank stability in a manner consistent with the bank-risk literature (Boyd and
Runkle, 1993; Laeven and Levine, 2009).

The third strand is the literature on fiscal stress, currency crises, and financial stability in emerging
and frontier economies. Burnside et al. (2001), Corsetti and Maćkowiak (2006), and Kaminsky
and Reinhart (1999) show that fiscal weaknesses, exchange-rate pressure, and banking crises can
reinforce one another. This link is especially relevant in economies where public debt sustainability,
currency stability, and bank balance sheets are tightly connected. Related work on low-income and
sub-Saharan African economies, including Adam and Bevan (2009), Buffie et al. (2018), Senbeta
(2017), and Dabla-Norris et al. (2018), emphasizes that weak fiscal anchors can limit monetary-policy
independence and expose domestic financial systems to macroeconomic instability. For Ghana, IMF
Article IV consultations and the Bank of Ghana Financial Stability Review document recurrent
fiscal-monetary tensions, including the 2017 banking-sector crisis, the 2022 macroeconomic crisis,
and the 2023 Domestic Debt Exchange Program. Empirical studies such as Asongu and Odhiambo
(2021) and Kuada (2019) further support the relevance of bank-stability analysis in African financial
systems.

This paper contributes by bringing these strands into a single estimated framework. It links
fiscal dominance to monetary expansion, monetary expansion to inflation and depreciation, nominal
instability to bank balance-sheet stress, and bank fragility back to credit supply and real activity. In
doing so, it closes a macro-financial loop that each literature has addressed only partially. To the best
of our knowledge, this is among the first Bayesian-estimated open-economy DSGE applications to
African banking-sector fragility that explicitly links seigniorage, exchange-rate pressure, and bank
net-worth dynamics.

3. The Model
We develop a small open-economy New Keynesian DSGE framework that integrates three core
features: balance-sheet-constrained financial intermediaries modeled in the spirit of Gertler and
Karadi (2011), monetary financing of fiscal deficits, and foreign currency borrowing by banks exposed
to country-risk premia and exchange-rate depreciation. The defining feature of our framework
is that banking distress is generated endogenously by fiscal policy, in particular by the reliance on
monetary financing, rather than being imposed through exogenous financial shocks as in much of
the existing literature.

In the benchmark experiment, we isolate an unfunded fiscal expansion by allowing government
spending to rise while holding taxes fixed and excluding public bond finance. 4 Fixed taxes capture
the limited scope for immediate revenue adjustment, while the absence of government debt issuance
ensures that the resulting fiscal gap is closed through seigniorage. This restriction applies to the
government financing problem, not to banks, which continue to borrow externally and remain
exposed to foreign funding conditions. The resulting monetary expansion generates inflationary
and exchange-rate pressures that are transmitted to bank balance sheets through higher domestic
funding costs, a higher country-risk premium, a domestic-currency burden on foreign liabilities,
and a reduced-form fragility wedge in bank net-worth accumulation. This benchmark provides
a clean measure of the banking-sector consequences of monetary financing. The counterfactual
analysis subsequently relaxes the financing restriction by introducing alternative fiscal-financing
arrangements and evaluates how lower reliance on seigniorage changes bank net worth, credit supply,
profitability, and financial stability.

The model is designed to address a specific question: when an unfunded fiscal expansion is
monetized in a small open economy, does the resulting nominal adjustment weaken the banking
system sufficiently to alter credit supply and real activity? To keep the exposition focused, this section
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presents the equations that organize the transmission mechanism. The complete equilibrium system
is reported in Appendix A.

3.1 Households, production, and nominal rigidities
Households consume a composite of domestically produced and imported goods, supply labour, and
hold real money balances and deposits. Preferences feature external habit formation in consumption
and utility from real money balances. Household optimality determines the stochastic discount factor,
labour supply, money demand, and the domestic real deposit rate, denoted by Rt. This rate is also
the domestic funding cost faced by banks.

Domestic output is produced using effective capital and labour:

Ym
t = At (ξtUtKt−1)α L1−α

t , (1)

where At is total factor productivity, ξt is capital quality, Ut is utilisation, and Kt−1 is predetermined
capital. Investment is subject to adjustment costs, and utilisation raises endogenous depreciation.

Domestic and imported prices adjust sluggishly. Domestic-goods inflation is determined by
staggered price setting, so the demand and marginal-cost effects of a money-financed fiscal expansion
pass gradually into domestic prices. Imported-goods inflation is governed by incomplete exchange-
rate pass-through and an additional reduced-form monetary-financing pressure:

ΠF
t =

(
ΠF

t−1

)γFγPF
d 1−γF

t Γ
ψmπ

t , (2)

where ΠF
t denotes gross imported-goods inflation, dt denotes gross nominal depreciation, and Γt

denotes gross money growth. The first term captures persistence in local-currency import prices.
The second captures the pass-through of currency depreciation into the domestic price of imported
goods. The third term allows monetary financing to raise imported-goods inflation beyond the
contemporaneous effect of currency depreciation. This channel is economically relevant in a frontier
economy because a monetized fiscal expansion can lead importers to anticipate further inflation
and exchange-rate pressure, raising the local-currency replacement cost of imported goods before
depreciation is fully realized. These mechanisms are not micro-founded separately in the model;
rather, the term provides a parsimonious reduced-form representation of the additional import-
price pressure associated with monetization. Deficit financing through money creation, therefore,
raises aggregate inflation through domestic price adjustment, exchange-rate pass-through, and an
additional monetization-related pressure on import prices.

3.2 Banks
In this section, we develop the model’s banking block. Following Gertler and Karadi (2011), banks
face an agency friction that limits outside funding and ties asset holdings to net worth. We extend this
framework by allowing part of outside funding to be raised abroad, exposing bank balance sheets to
country-risk premia and currency depreciation, and by introducing a reduced-form fragility wedge
through which the nominal instability generated by monetary financing weakens bank net-worth
accumulation beyond its effect on funding costs. The wedge summarizes borrower distress and
other adverse macroeconomic effects of inflationary and exchange-rate instability on bank asset
performance that are not explicitly modeled through defaults, non-performing loans, or provisioning

3.2.1 Bank balance sheet and funding structure
Each period, bank j acquires claims on productive capital and finances them with its own net worth
and outside funding sourced from domestic deposits and foreign borrowing. Therefore, bank j
balance sheet is given by:
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QtSjt = Njt + Djt + B∗
jt. (3)

where QtSjt is the market value of productive-capital claims held by bank j, Njt is bank net worth,
Djt is domestic deposit funding, and B∗

jt is foreign borrowing. Hence, the bank’s outside funding is
QtSjt − Njt.

To capture banks’ exposure to external financial conditions, we let γopen denote the share of
outside funding obtained from foreign sources:

B∗
jt = γopen

(
QtSjt − Njt

)
, (4)

Djt =
(
1 − γopen

) (
QtSjt − Njt

)
. (5)

A higher γopen intensifies the exposure of bank net worth to both the country-risk premium and
exchange-rate depreciation. Given the scarcity of direct data on banks’ foreign-funding liabilities,
we calibrate γopen using Ghana’s trade-openness ratio, which serves as a reduced-form proxy for the
banking system’s vulnerability to external funding and currency risks.

Banks pay Rt on domestic deposits and R∗
t on foreign liabilities, where the foreign borrowing

rate rises with the country-risk premium. Because foreign liabilities are denominated in foreign
currency but serviced domestically, gross nominal depreciation dt+1 between periods t and t + 1 raises
the domestic-currency burden of repayment.

The gross domestic deposit rate Rt is determined endogenously by the household Euler condition
for deposits,

1 = βRtEtΛt,t+1, (6)

where Λt,t+1 is the household stochastic discount factor. Hence, Rt is the equilibrium real return
required by households to transfer resources from period t to period t + 1 through bank deposits.
Because deposits raised in period t − 1 are repaid in period t, the bank’s net-worth law of motion
contains the predetermined domestic funding cost Rt−1.

Domestic banks borrow abroad at the gross rate

R∗
t = ΨtR

f
t , (7)

where Rf
t is the foreign risk-free gross rate and Ψt is the country-risk premium. The premium is

specified as
Ψt = exp

[
ψ1

(
B∗

t − B∗
)]
Π
ψπ
t dψe

t Γ
ψµ
t exp

(
εΨt

)
. (8)

This reduced-form risk pricing schedule links foreign borrowing cost to perceived repayment
risk. When a bank carries higher foreign debt and macroeconomic conditions deteriorate through
faster money growth, higher inflation, and currency depreciation, foreign lenders perceive greater
repayment risk and demand a higher premium as compensation.

3.2.2 Exchange Rate
The nominal exchange rate is governed by uncovered interest parity. Let Et denote the nominal
exchange rate, measured as domestic currency per unit of foreign currency, and define expected
gross nominal depreciation as

dt ≡ Et

(
Et+1
Et

)
. (9)

Thus, dt > 1 implies an expected depreciation of the domestic currency. Uncovered interest parity
equates the gross return on a domestic asset with the expected domestic-currency return on a
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comparable foreign asset:

It = Rf
t dt = Rf

t Et

(
Et+1
Et

)
, (10)

where It is the gross domestic nominal interest rate and Rf
t is the gross foreign risk-free interest rate.

Equivalently,

dt =
It
Rf

t
. (11)

Holding the foreign rate fixed, higher domestic interest rates are associated with greater expected
nominal depreciation. In the model, the inflationary pressure generated by monetary financing
induces a policy-rate response and thereby increases depreciation pressure.

The real exchange rate evolves according to

st =
(

st−1dt
Πt

)1−κs

sκs , (12)

where Πt is gross domestic inflation and s is the steady-state real exchange rate.
Exchange-rate depreciation affects bank balance sheets through foreign-currency liabilities. Since

these liabilities must be serviced in domestic currency, an increase in dt raises their domestic-currency
repayment burden and reduces bank net-worth accumulation.

3.2.3 Evolution of Bank Net Worth
Claims acquired by bank j in period t yield the gross state-contingent return Rk

t+1 in period t + 1.
Before accounting for the additional fragility associated with monetary financing, bank net worth is

Ñj,t+1 = Rk
t+1QtSjt − RtDjt − R∗

t dt+1B∗
jt. (13)

The bank earns a return on its assets, pays Rt on domestic deposits, and pays R∗
t dt+1 on foreign

liabilities in domestic-currency terms. Thus, depreciation raises the domestic-currency repayment
burden of foreign borrowing.

Using the balance-sheet identity in equation (3), this expression becomes

Ñj,t+1 =
(

Rk
t+1 − Rt

)
QtSjt + RtNjt + (Rt − R∗

t dt+1) B∗
jt. (14)

This expression captures the liability-side channel through which monetary financing weakens
bank net worth. A seigniorage-financed fiscal expansion raises inflation and currency depreciation.
Higher inflation increases domestic funding costs, while depreciation and the associated rise in the
country risk premium increase the domestic-currency cost of foreign borrowing. Both reduce the
return accruing to bank equity.

Nominal instability may also weaken bank asset performance beyond these funding-cost effects.
Since the model does not explicitly track defaults, non-performing loans, or provisioning, this
additional effect is captured through a reduced-form fragility wedge:

Nj,t+1 =
Ñj,t+1

Γ
ψzµ

t+1 dψzs
t+1

, (15)

where Γt+1 is gross money growth, ψzµ measures the sensitivity of bank net worth to monetary-
financing pressure, and ψzs measures its sensitivity to currency depreciation. As money growth and
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depreciation rise, the wedge lowers net-worth accumulation by summarizing the borrower distress
and deterioration in asset quality associated with nominal instability.

Monetary financing, therefore, weakens bank net worth through two complementary channels:
it raises the cost of domestic and foreign funding, and it reduces bank asset performance through the
fragility wedge.

3.2.4 Bank value and the agency problem
Bankers survive from one period to the next with probability θ. A A banker who exists transfers
terminal net worth to the household. Bank j therefore chooses its asset holdings to maximize expected
discounted terminal net worth:

Vjt = max
Sjt

Et

∞∑
i=0

(1 − θ)θiβi+1Λt,t+1+iNj,t+1+i, (16)

subject to its balance sheet, funding composition, and net-worth law of motion.
In the absence of a financing friction, a positive expected return on bank assets relative to funding

costs would lead banks to expand their balance sheets without bound. Following Gertler and Karadi
2011c, we introduce an agency problem that limits this expansion. After obtaining funds, a banker
can divert a fraction λ of bank assets for private benefit. Because creditors cannot recover the diverted
portion, they supply funds only if the continuation value of the bank is at least as large as the gain
from diversion.

The bank value function is linear in assets and net worth:

Vjt = νtQtSjt + ηtNjt, (17)

where νt is the marginal continuation value of an additional unit of bank assets and ηt is the
marginal continuation value of an additional unit of bank net worth. Since the net-worth law
incorporates domestic funding costs, foreign-liability costs, and the fragility wedge, these marginal
values internalize the exposure of banks to monetary and external stress.

The incentive compatibility constraint is

Vjt ≥ λQtSjt. (18)

Substituting equation (17) into equation (18) gives

ηtNjt ≥ (λ− νt) QtSjt. (19)

When the constraint binds, bank assets are proportional to bank net worth:

QtSjt = ΦtNjt, Φt =
ηt

λ− νt
. (20)

The variable Φt is the maximum leverage multiple supported by the bank incentive constraint. A
higher diversion parameter reduces allowable leverage. A higher continuation value of bank equity
or of bank assets increases the amount of outside funding that creditors are willing to provide per
unit of bank net worth.

Equation (20) is the balance-sheet amplification mechanism. A fall in bank net worth reduces the
scale of assets that banks can finance unless allowable leverage rises sufficiently to offset the decline
in equity. Thus, shocks that reduce bank net worth contract credit supply and propagate into real
economic activity.
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3.2.5 Aggregation and credit intermediation
Because banks are identical in equilibrium, they choose the same leverage multiple. Aggregating
equation (20) across banks yields

QtKt = ΦtNt, (21)

where Kt is the aggregate quantity of capital claims held by banks and Nt is aggregate bank net
worth.

Aggregate foreign bank borrowing is therefore

B∗
t = γopen (QtKt − Nt) . (22)

Using equations (21) and (22), the gross pre-wedge growth rate of bank net worth is

Z̃b
t =

(
Rk

t − Rt−1

)
Φt−1 + (Rt−1 − R∗

t dt)
B∗

t−1
Nt−1

+ Rt−1. (23)

Realized bank net-worth growth is then

Zb
t =

Z̃b
t

Γ
ψzµ

t dψzs
t

. (24)

The first component of equation (23) is the leveraged return margin on bank assets. The second
component captures the effect of foreign borrowing costs and currency depreciation on the portion of
bank funding raised abroad. Equation (24) then introduces the additional asset-quality and borrower-
distress effect of monetary expansion and depreciation. Together, these channels determine how
fiscal-monetary instability affects bank equity and the supply of credit.

Aggregate bank net worth is the sum of the retained equity of surviving banks and the initial net
worth transferred to entering banks:

Nt = Ne
t + Nn

t , (25)

Ne
t = θZb

t Nt−1ε
N
t , (26)

Nn
t = ωQtξtKt−1, (27)

where εN
t is an exogenous bank net-worth disturbance, ω determines the transfer received by

entering banks, and ξt is the capital-quality disturbance that affects the value of assets entering the
banking system. A decline in Zb

t reduces retained bank equity and, through equation (21), lowers
the quantity of productive assets that banks can finance.

3.2.6 Banking-sector indicators
The banking block is connected to the Ghanaian data through observable indicators of bank perfor-
mance and capitalization. The model defines

CARt =
1
Φt

, (28)

ROAt =
Zb

t − 1
Φt

, (29)

Zscoret =
ROAt + CARt

σdata
ROA

, (30)

where σdata
ROA is fixed at the empirical standard deviation of return on assets over the sample.
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The capital adequacy ratio is the model measure of bank capitalization and is inversely related to
leverage. Its response is endogenous because banks may respond to a fall in net worth by adjusting
both their asset holdings and their leverage. Return on assets declines when lower net-worth
growth reduces profitability relative to the bank asset base. The Z-score combines profitability and
capitalization relative to observed return volatility and serves as a summary measure of bank stability.

The banking block shows how monetary financing is transmitted to bank net worth. A
seigniorage-financed fiscal expansion exposes banks to both asset-side and liability-side deterio-
ration. On the asset side, the fragility wedge captures the adverse effect of money growth and
depreciation on borrower repayment capacity and loan performance. On the liability side, inflation-
driven increases in domestic funding costs narrow intermediation margins, while higher country-risk
premia and currency depreciation raise the domestic-currency cost of foreign borrowing. Together,
these pressures reduce profitability and retained earnings, leaving banks with a smaller equity base
to support lending.

3.3 Fiscal financing and monetary policy
Government spending follows an exogenous process around its steady-state share of output. The
benchmark experiment isolates an unfunded fiscal expansion by holding tax revenue fixed at its
steady-state level:

Tt = T = G. (31)

This assumption is economically deliberate. If taxes rose contemporaneously with government
spending, the expenditure increase would be tax-financed, and the monetary-financing mechanism
would not be activated. By holding taxes fixed, the model identifies the consequences of an increase
in spending that is not backed by current fiscal revenue.

The government financing condition is

Gt − Tt = Seignt, (32)

with seigniorage defined as
Seignt = Mt (Γt − 1) , (33)

where Mt denotes real money balances and Γt denotes gross money growth. In the benchmark
specification, an unfunded increase in spending therefore raises money growth endogenously through
the government financing identity.

The central bank sets the nominal policy rate according to a smoothed Taylor rule:

It = Iρi
t−1

[
I Πκπt

(
Xt
X

)κy]1−ρi

εi
t, (34)

where It is the gross nominal policy rate, Πt is gross inflation, Xt is the markup gap, and εi
t is a

monetary-policy shock.

3.4 Model Core Transmission Mechanism
The model studies how monetary financing of an unfunded fiscal expansion affects bank balance
sheets in a small open economy. In the benchmark specification, taxes are held fixed and public bond
financing is excluded, so an increase in government spending is financed through seigniorage:

Gt − Tt = Seignt, (35)

Seignt = Mt (Γt − 1) , (36)
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where Gt is government spending, Tt is tax revenue, Mt is real money balances, and Γt is gross
money growth. Hence, higher spending not matched by current revenue raises money growth
endogenously.

Monetary financing reaches bank balance sheets through domestic and external funding con-
ditions. Domestically, the increase in money growth raises inflationary pressure and induces a
monetary-policy response. The resulting increase in the domestic funding rate raises the cost of
deposit finance and compresses the return banks earn on domestic intermediation. Externally,
the policy-rate response generates currency depreciation through the benchmark exchange-rate
condition. At the same time, faster money growth, higher inflation, depreciation, and foreign bor-
rowing raise the country-risk premium, increasing the foreign funding rate faced by domestic banks.
Depreciation further raises the domestic-currency cost of servicing foreign-currency liabilities.

Beyond these contractual funding costs, the model allows nominal instability to weaken bank
asset performance directly through a reduced-form fragility wedge in the bank net-worth process.
Higher money growth and depreciation capture the deterioration in borrower repayment capacity
and loan quality associated with inflationary and exchange-rate stress, without explicitly modelling
defaults, non-performing loans, or provisioning. Thus, monetary financing reduces bank net-
worth accumulation through three distinct mechanisms: higher domestic funding costs, a higher
domestic-currency cost of foreign liabilities, and weaker asset performance captured by the fragility
wedge.

Because banks are subject to an endogenous leverage constraint, lower bank net worth restricts
the value of productive assets that banks can finance. The banking block, therefore, allows a money-
financed fiscal expansion to be evaluated not only through output, inflation, and the exchange rate,
but also through bank profitability, capital adequacy, credit supply, lending spreads, and the Z-score.

4. Calibration and Data
The model is disciplined using quarterly Ghanaian data from 2014Q2 to 2024Q2. We partition the
parameter space into three groups. Parameters that are weakly identified over the available sample
are fixed at conventional values from the DSGE literature.

Parameters governing the steady state are calibrated to match key long-run ratios in the Ghanaian
economy. Parameters governing short-run dynamics, shock persistence, shock volatility, and the
fragility wedge are estimated using Bayesian methods. Estimating the fragility wedge is central to
the empirical strategy because it allows the data to determine how money growth and currency
depreciation affect bank net-worth accumulation, rather than imposing this transmission through
calibration. This separation makes clear which features of the model are drawn from the literature,
which are anchored to Ghanaian steady-state moments, and which are identified from the observed
dynamics.

Notation. To avoid notational confusion, we reserve st for the real exchange rate, defined as the
relative price of home goods in terms of foreign goods. Bank holdings of firm-equity claims are
denoted by Sbank t, the auxiliary recursive variable in the Calvo price-setting block by Zt, and the
banking-sector stability measure by Zscoret. These objects are economically distinct and retain
separate notation throughout the model.
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Table 1. Parameter classification.

Category Parameters Role

Fixed calibrated β,σ, h,φ,α,ζ, c,γ,γF,γc Preferences, production, pricing, standard
DSGE structure

Moment-
matched

χ,υ,ωc,δ,λ,ω,γopen Chosen to match Ghana steady-state ratios
2014Q2–2024Q2

Estimated (trans-
mission)

ρi,κπ,ψπ,ψe ,ψµ,κs,ψzµ,ψzsPolicy, open-economy, and fragility trans-
mission

Estimated
(shocks)

ρa,ρξ,ρg,ρψ,ρR∗ ,σea ,σeξ ,σeg ,σeNe ,σei ,σeψ ,σeR∗Persistence and volatility of structural
shocks

Table 2 reports the calibrated parameters with explicit data sources.

4.1 Data
Estimation uses eight quarterly observables: obs_y, real GDP growth; obs_pi, CPI inflation; obs_i,
the Bank of Ghana monetary policy rate; obs_e, nominal depreciation of the cedi against the US
dollar; obs_g, government spending as a share of GDP; obs_seign, the change in the monetary base
as a share of GDP, used as a proxy for seigniorage; obs_car, the banking-sector capital adequacy
ratio; and obs_roa, the banking-sector return on assets. Real GDP, CPI, and government-spending
data are obtained from the Ghana Statistical Service, while the policy rate, exchange rate, monetary
base, capital adequacy ratio, and return on assets are obtained from the Bank of Ghana. The sample
spans the common-overlap period from 2014Q2 to 2024Q2, yielding 41 quarterly observations. All
series are demeaned and expressed in percentage-point units before entering the likelihood.

4.2 Calibrated parameters

Table 2. Calibrated structural parameters, Ghana quarterly model.

Parameter Value Strategy Justification / source

Households & preferences
β 0.9901 M 91-day T-bill real rate, BoG; Rss ≈ 4% p.a.
σ 1 P Log utility; standard SOE benchmark.
h 0.815 P Habit; EMDE range (Adolfson et al., 2007b).
φ 0.276 P Frisch elasticity 1/φ ≈ 3.6; macro range.
χ 2.736 M Pins Lss = 1/3.
υ 0.00929 M Pins M/Y = 0.713 (M2/GDP, BoG).
ωc 0.620 M Implies imports/consumption ≈ 0.38.
γc 0.5 P Armington elasticity, EMDE benchmark.

Production
α 0.33 P Cobb-Douglas capital share.
δ 0.0383 P Pins I/Y = 0.188.
ζ 7.2 P Investment adjustment cost (Smets and Wouters, 2007).
µi 1.728 P Investment elasticity.

Banking (Gertler–Karadi)
θ 0.93 M Banker survival; 10-yr horizon.
λ 0.545 M Joint withω to matchϕ = 5.74 and Rb − R = 88bp.
ω 0.00240 M As above; from BoG FSR.

Pricing
ϵ 4.167 P Steady-state markup 1.31.
γ 0.779 P Calvo prob; price duration ≈ 4.5 quarters.
γF 0.5 P Faster import-price adjustment (FX pass-through).

Open economy
γopen 0.380 M = 1 −ωc; FX share of bank funding (BoG FSR).
ν1 0.015 P Country-risk-premium debt elasticity (Schmitt-Grohé and Uribe, 2003).
κs est. E Estimated; see Section 5.
κσ est. E Estimated; see Section 5.
γexp 1.0 P Unit export-demand elasticity.

Bank-profitability fragility wedge
ψzµ est. E Estimated; see Section 5.

Strategy: M = moment-matched to Ghana data; P = plausible/literature; E = Bayesian-estimated.
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4.3 Calibration targets (Ghana sample moments)
The nine Ghana sample moments used as steady-state calibration targets are: C/Y = 0.789, I/Y =
0.168, G/Y = 0.067, NX/Y = −0.025, M/Y = 0.713, Credit/Y = 0.488, ϕ = 5.74 (bank leverage),
gross bank profitability z = 1.060, and quarterly credit spread Rk − R = 0.0088. All values are
computed as 2014Q2–2024Q2 sample averages from the data sources documented above.

5. Bayesian Estimation
We estimate 27 parameters using Random-Walk Metropolis-Hastings with two chains, each with
20,000 Metropolis-Hastings draws and the first 50%discardedas burn-in. Priors follow standard
EMDE-DSGE conventions; full prior specifications are listed in Appendix B.

5.1 Posterior estimates and identification
Table 3 summarises the prior means, posterior means, and 90% credible intervals for the most
economically important parameters. The full table for all 27 parameters is in Appendix C.

Table 3. Selected estimated parameters: prior means vs. posterior means with 90% CI.

Parameter Description Prior mean Post. mean 90% CI Prior shape

Monetary-policy and open-economy block
ρi policy-rate smoothing 0.80 0.825 [0.79, 0.85] beta
κπ inflation-gap response 1.50 1.309 [1.21, 1.41] gamma
ψπ risk-premium elasticity to inflation 0.40 0.243 [0.18, 0.31] gamma
ψe risk-premium elasticity to depreciation 0.20 0.123 [0.06, 0.17] gamma
ψµ risk-premium elasticity to money growth 0.30 0.202 [0.17, 0.23] gamma
κs real-FX persistence 0.10 0.148 [0.13, 0.17] beta
ψzµ money-growth fragility wedge 0.20 0.209 [0.18, 0.23] gamma
ψzs depreciation fragility wedge 0.35 0.388 [0.34, 0.45] gamma

Shock persistences
ρa TFP 0.85 0.727 [0.69, 0.77] beta
ρξ capital quality 0.60 0.440 [0.38, 0.50] beta
ρg gov./seigniorage 0.60 0.431 [0.39, 0.48] beta
ρψ risk premium 0.80 0.969 [0.94, 0.99] beta
ρR∗ foreign rate 0.80 0.819 [0.77, 0.86] beta

Structural shock standard deviations
σea TFP 0.010 0.0381 [0.027, 0.051] inv-gamma
σeξ capital quality 0.030 0.0082 [0.006, 0.011] inv-gamma
σeg gov./seign. 0.020 0.156 [0.130, 0.193] inv-gamma

σeNe bank capital 0.020 0.013 [0.006, 0.025] inv-gamma

σei monetary policy 0.005 0.0015 [0.001, 0.002] inv-gamma
σeψ risk premium 0.005 0.0045 [0.003, 0.006] inv-gamma

σeR∗ foreign rate 0.003 0.0035 [0.001, 0.011] inv-gamma

Bold rows highlight the bank-profitability fragility-wedge parameters.
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5.2 Identification of the bank-profitability fragility wedge
The most important finding for the paper’s mechanism is that the fragility-wedge parameters ψzµ
and ψzs are both estimated from the Ghana data with posterior credible intervals that exclude zero:

ψ̂zµ = 0.209, CI90% = [0.179, 0.232], ψ̂zs = 0.388, CI90% = [0.344, 0.445].

Both intervals exclude zero, and both posterior densities are visibly tighter than the priors (Figure 1).
This is the central posterior result: conditional on the model structure and observable set, the Ghana
data support a positive direct association between money-growth pressure and the bank-profitability
wedge, beyond what the standard Gertler–Karadi mechanism captures through asset returns alone.

This parameter-level evidence should nevertheless be interpreted alongside the model-comparison
result, as the restricted specification imposing ψzµ = 0 attains a higher marginal likelihood than the
unrestricted model. Removing the direct money-growth fragility wedge does not eliminate the
macro-financial mechanism. Instead, the model reallocates explanatory power toward the country-
risk-premium shock, whose long-horizon contribution to Z-score variance rises from 13.71%
to 40.27%, indicating that external-risk repricing continues to play a central role in explaining
banking-sector fragility.
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(a)ψzµ: seigniorage → bank profitability.
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(b)ψzs : FX depreciation → bank profitability.

Figure 1. Prior (orange) vs. posterior (blue) densities for the bank-profitability fragility-wedge parameters. The tighter
posteriors and their distance from zero show that the Ghana data identify a positive direct fragility effect of money growth
and depreciation on bank profitability.

5.3 Posterior shifts in policy and persistence parameters
Figure 2 presents prior-posterior comparisons for the Taylor-rule and risk-premium parameters
and the shock persistences as grouped panels. Three patterns are visible. First, the Ghana data
imply slightly stronger interest-rate smoothing than the prior mean, with ρi increasing from 0.80
to 0.825. Second, the posterior inflation response is below the prior mean, with κπ declining from
1.50 to 1.309, suggesting that the estimated policy rule is less aggressive toward inflation than the
prior assumed. Third, the country-risk-premium shock is estimated to be highly persistent, with
ρψ = 0.969, consistent with prolonged external-financing stress during the 2022–2023 crisis episode.
TFP and capital-quality shocks are estimated to be less persistent than priors assumed, suggesting the
residual TFP is absorbing unmodelled supply shocks.
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(a) Monetary-policy parameters.
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(b) Shock persistences.

Figure 2. Prior–posterior densities for the Taylor-rule, risk-premium, and shock-persistence parameters. The figure shows
slightly stronger policy smoothing than the prior, a weaker inflation response, and very persistent country-risk-premium
shocks. Orange = prior; blue = posterior.

6. Posterior Impulse Responses and Variance Decomposition
6.1 Posterior Impulse Responses to a Money-Financed Fiscal Shock
This section examines the posterior impulse responses to a fiscal shock funded exclusively via new
money creation. By tracing how seigniorage-accommodated government spending impacts real
activity, prices, external financing, and bank balance sheets, we identify the specific transmission
channels through which monetary financing undermines banking sector stability and reduce private
credit intermediation.

6.1.1 Seigniorage-Financed Fiscal Expansion
Figure 3 reports posterior mean impulse responses, with 90% highest posterior density (HPD) bands,
to a one-standard-deviation fiscal shock eg that is financed through seigniorage under the benchmark
rule. The figure brings together banking-sector, real-economy, and external-sector responses,
allowing the transmission from money-financed fiscal expansion to bank fragility to be examined as
a single macro-financial mechanism.
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(a) Real-economy variables.
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(b) Banking-sector and financial-stability variables.

Figure 3. Posterior impulse responses to a one-standard-deviation fiscal shock financed through seigniorage, eg. Solid lines
report posterior means and shaded areas report 90% HPD bands.
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(c) Open-economy and external-financing variables.

Figure 3. Posterior impulse responses to a one-standard-deviation fiscal shock financed through seigniorage, eg (continued).

The Real Economy: A Narrow Initial Expansion
The real economy responses show a temporary increase in aggregate activity that is not backed by
private sector demand. Although the government spending shock raises output and employment
in the short term through direct public demand, private consumption and investment fall from
the outset. Consumption falls because monetary financing fuels inflation, which acts as a tax that
erodes household real money balances and purchasing power. Compounding this negative wealth
effect, the central bank’s policy-rate response to inflation further tightens private sector borrowing
conditions. Investment drops even more sharply as this tightening transmits through the financial
system. Higher policy rates drive up bank funding costs, and the resulting deterioration in profitability
and aggregate net worth impairs bank balance sheets, severely restricting their capacity to supply
credit. These mounting pressures widen credit spreads and contract overall bank lending. With
external finance becoming both costlier and scarcer, the expected value of installed capital falls
relative to its replacement cost. Consequently, Tobin’s Q declines, diminishing corporate incentives
to invest and halting capital accumulation. Ultimately, the fiscal impulse generates only a narrow and
temporary increase in aggregate production, while private sector activity contracts from the outset.

The External Sector: Additional Balance-Sheet Pressure
The external-sector responses show how monetary financing adds pressure to bank balance sheets.
The shock triggers nominal depreciation and imported inflation that simultaneously suppresses
import consumption and inflates the domestic-currency burden of banks’ foreign liabilities. Beyond
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this immediate balance-sheet damage, the shock also drives up external funding costs. Because the
global risk-free rate is exogenous and remains constant, this tightening stems entirely from a surge
in the country risk premium. Markets demand higher yields to offset the elevated repayment risks
tied to unchecked money growth, inflation, and currency depreciation. As a result, domestic banks
suffer compounding pressures from both severe currency mismatches and costlier foreign capital,
even without any shift in global monetary policy conditions. While banks eventually attempt to
deleverage by cutting their foreign borrowing, this delayed retrenchment happens only after the
initial strain has already eroded their equity capital.

The Banking Sector: Transmission Mechanism
The banking-sector responses provide the most direct evidence that monetary financing generates
financial fragility. Bank equity falls sharply on impact and remains below baseline, while assets and
credit supply contract persistently. This deterioration reflects three reinforcing channels. First, rising
inflation and the corresponding policy-rate response compress intermediation margins. Secondly,
currency depreciation combined with an elevated country-risk premium spikes the cost of servicing
foreign liabilities; and finally, a widening fragility wedge which reflects the erosion of both borrower
repayment capacity and overall asset quality. Collectively, these pressures diminish bank profitability,
deplete retained earnings, and erode aggregate net worth.

Banking Indicators: Evidence of Fragility
The banking indicators confirm that the shock produces balance-sheet deterioration rather than only
a temporary repricing of credit. Leverage rises because equity initially falls faster than assets, while the
capital ratio declines. The Z-score falls sharply as weaker profitability and lower capitalization jointly
reduce bank stability. Credit spreads widen, indicating that banks require greater compensation to
lend under tighter balance-sheet conditions. Although return on assets and equity growth begin
to recover after the initial decline, the stock of bank equity remains below baseline for a while and
restricts the volume of assets banks can finance, forcing a contraction in credit supply. The credit
squeeze lowers private investment and slows capital accumulation, eventually driving output below
baseline as the initial government-spending impulse fades. The impulse responses therefore show that
monetary financing carries costs beyond inflation. By systematically weakening bank balance sheets
and increasing the cost of credit, it turns a temporary fiscal stimulus into lasting macro-financial
fragility.

6.2 Forecast Error Variance Decomposition
The forecast error variance decomposition identifies the structural sources of volatility in the banking
and financial stability variables. It complements the impulse responses by showing which shocks
account for movements in bank equity, leverage, capital adequacy, profitability, credit spreads, and
the Z-score across forecast horizons. This exercise is useful because bank fragility in the model can
arise through several channels, including shocks to productivity, capital quality, money-financed
fiscal disturbances, direct bank capital shocks, country risk premium shocks, and foreign interest rate
shocks.

Figure 4 reports the FEVD for the banking block at horizons of 1, 4, 8, 20, and 40 quarters. The
decomposition shows that banking volatility is not driven by a single structural disturbance. For
several balance sheet variables, including bank equity, leverage, capital adequacy, return on assets,
funding costs, and credit spreads, TFP shocks, capital quality shocks, and country risk premium
shocks explain large shares of forecast error variance. This pattern is consistent with the structure of
the model. Since banks hold claims on productive capital, shocks that affect productivity or capital
quality change the return and valuation of bank assets and therefore transmit directly to bank net
worth and credit supply.
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Country risk premium shocks play an important role across the banking block. Their contribution
is visible in bank equity, leverage, capital adequacy, return on assets, funding costs, and credit spreads.
This supports the external financing channel in the model. The foreign risk free rate is not the
main external force affecting banks. What matters for bank balance sheets is the effective foreign
borrowing rate, which depends on the country risk premium. When this premium rises, banks
face higher external funding costs and a larger domestic currency burden on foreign liabilities. The
FEVD therefore shows that external risk repricing is a central source of banking sector volatility in
the estimated model.

The money-financed fiscal shock has a more targeted but central role. It does not dominate every
individual banking variable, and the interpretation should not claim that it does. Its importance is
strongest for the Z-score, the model’s broad measure of bank stability. This matters because the
Z-score combines profitability and capitalization. A money-financed fiscal shock may not be the
largest source of volatility in every balance sheet component, but it is especially important for the
composite measure that summarizes banking sector fragility. This result is directly aligned with the
paper’s core claim.

The decomposition also helps rule out a narrower interpretation of the results. Direct bank capital
shocks affect bank equity, but they do not activate the broader macro financial mechanism involving
inflation, depreciation, risk premium repricing, imported price pressure, funding cost increases, and
borrower distress. Their smaller role beyond the short horizon suggests that persistent bank fragility
is not primarily an idiosyncratic banking disturbance. Instead, the main sources of volatility are
shocks that move the macro financial environment in which banks operate.

Taken together, the FEVD strengthens the paper’s argument in a disciplined way. It shows
that banking fragility is macro financial rather than purely bank specific. Real side and capital
quality shocks matter because they affect the value and return of bank financed assets. Country
risk premium shocks matter because they raise external funding costs and weaken bank net worth.
The money-financed fiscal shock matters because it is central to the Z-score and operates through
the monetary financing channels emphasized in the model, namely inflationary pressure, exchange
rate pressure, funding costs, external risk repricing, and the fragility wedge. The decomposition
therefore supports the paper’s central claim without requiring the money-financed fiscal shock to
dominate every banking variable.
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FEVD	—	Bank	&	Financial	Stability	variables	(estimated	GP)
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Figure 4. Forecast error variance decomposition of banking and financial stability variables. Each bar reports the contribution
of a structural shock to model implied forecast error variance at horizons of 1, 4, 8, 20, and 40 quarters. TFP, capital quality,
and country risk premium shocks explain large shares of variation in several bank balance sheet variables, while the money-
financed fiscal shock is especially important for the Z-score, the model’s broad measure of banking sector stability.

it spreads, indicating that external risk repricing is a persistent source of pressure on bank balance
sheets.

The money financed fiscal shock has its clearest influence on the Z-score. This result is impor-
tant because the Z-score is the model’s composite measure of banking sector stability, combining
profitability and capitalization. The evidence does not imply that the money financed fiscal shock
dominates every individual banking variable. Rather, it shows that this shock is especially important
for the aggregate stability condition of the banking system, which is the object most closely aligned
with the paper’s core claim about systemic bank fragility.

The decomposition also helps discipline alternative interpretations. Direct bank capital shocks do
not dominate the long run variance of the banking block, and pure foreign interest rate shocks play
a more limited role in broader banking volatility than country risk premium shocks. Persistent bank
fragility is therefore not mainly an isolated bank capital disturbance or a simple global interest rate
story. Instead, the decomposition points to a macro financial mechanism in which real economy
shocks, capital quality disturbances, country risk repricing, and money financed fiscal pressure jointly
shape the environment in which banks operate.

Taken together, the unconditional variance decomposition strengthens the paper’s argument by
showing that the proposed mechanism remains visible in the long run variance attribution. Monetary
financing is not the only source of banking volatility, but it is a central contributor to the model’s
broad stability measure. This finding is consistent with the impulse response evidence. Money
financed fiscal shocks weaken bank stability through inflationary pressure, higher funding costs,
exchange rate depreciation, country risk repricing, and the fragility wedge. The result therefore
supports a precise claim. Monetary financing contributes to systemic bank fragility through the
same balance sheet channels emphasized in the model, while other macro financial shocks shape the
individual margins through which that fragility is expressed.
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Unconditional	variance	decomposition	—	Bank	&	Financial	Stability	(estimated	GP)
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Figure 5. Unconditional variance decomposition for banking and financial stability variables. The figure reports the
asymptotic variance decomposition, where finite and uses the forty-quarter forecast error variance decomposition otherwise.
TFP, capital-quality, and country-risk-premium shocks explain large shares of long-run variation in many bank balance-sheet
variables, while the money-financed fiscal shock is especially important for the Z-score, the model’s broad measure of
banking-sector stability.

7. Counterfactual Financing Experiments

The baseline model treats the fiscal residual as monetised through seigniorage. This benchmark is
useful for isolating the banking-sector effects of fiscal dominance, but it does not exhaust the set of
feasible financing regimes. We therefore conduct historical counterfactual experiments in which
the same government-spending shocks are instead financed partly through taxes and partly through
bond issuance.

These counterfactuals should be interpreted as model-implied historical financing experiments.
They are not full optimal-policy exercises. Rather, they answer the following accounting question:
holding the estimated structure and the realised fiscal-stress path fixed, how would bank fragility
have evolved if a smaller share of the fiscal gap had been monetised?

7.1 Alternative financing rule

Let the fiscal financing need be

Ft = Gt − Tbase
t , (37)

where Tbase
t is the benchmark tax path. In the baseline model, Ft is financed entirely through

seigniorage:

seignbase
t = Ft. (38)

In the alternative-financing regime, the fiscal need is divided among tax finance, bond finance, and
money finance:

Ft = ∆Tt + ∆Bt + seignt, (39)
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with shares

∆Tt = ωT Ft, (40)
∆Bt = ωB Ft, (41)

seignt = ωM Ft, (42)

ωT +ωB +ωM = 1, ωj ∈ [0, 1]. (43)

The baseline corresponds to (ωT ,ωB,ωM ) = (0, 0, 1); the partial-financing counterfactuals use
ωT > 0,ωB > 0,ωM < 1.

7.2 Counterfactual scenarios
Counterfactual 1: partial tax finance. (ωT ,ωB,ωM ) = (0.30, 0.00, 0.70). A fraction of the fiscal
stress is financed through higher taxes; the remainder is monetised. This experiment measures
whether fiscal adjustment through taxation would have reduced the banking-sector cost of monetisa-
tion.

Counterfactual 2: partial bond finance. (ωT ,ωB,ωM ) = (0.00, 0.50, 0.50). Half of the fiscal stress
is shifted from money creation to domestic bond issuance.

Counterfactual 3: mixed tax and bond finance. (ωT ,ωB,ωM ) = (0.30, 0.40, 0.30). The fiscal stress
is split between taxes, bond issuance, and money finance; this is the preferred counterfactual because
it captures a more realistic fiscal package in which the government combines tax effort, market
borrowing, and limited monetisation.

7.3 Expected transmission
Relative to the baseline monetisation regime, partial tax and bond financing lowers money growth

(µcf
t < µbase

t ). Lower money growth reduces inflationary pressure, lowers the country-risk-premium
response, weakens the depreciation channel, and reduces the direct fragility wedge in bank prof-

itability: zbank,cf
t > zbank,base

t . Higher bank profitability raises bank net worth, relaxes the incentive

constraint, reduces leverage, and improves capital adequacy: Ncf
t > Nbase

t , ϕcf
t < ϕbase

t , CARcf
t >

CARbase
t . The Z-score is therefore higher under partial tax-and-bond financing than under full

monetisation.

7.4 Implementation: results across the four scenarios
We solve a separate model file in which the fiscal block is rewritten as in (39)–(42), with the remaining
structural parameters fixed at the GC posterior means. Figure 6 reports IRFs of twelve key variables
to a one-standard-deviation fiscal/seigniorage shock under the four financing rules: full monetisation,
partial tax, partial bond, and mixed tax-and-bond. As anticipated by the discussion above, the bank
Z-score, capital adequacy, and ROA respond more strongly under full monetisation than under
any of the partial-financing rules; the mixed tax-and-bond rule delivers the smallest banking-sector
deterioration. Money growth, inflation, and the credit spread all rise more sharply under full
monetisation, and the magnitude of the bank net-worth decline tracks 1 −ωM closely in line with
the bank-profitability fragility wedge.
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Ghana:	Bank	and	Macro	Responses	to	a	Fiscal	Shock	under	Alternative	Financing	Rules

0 5 10 15 20

-1.5

-1

-0.5

0#10
-4 Bank	Assets	/	Credit	Supply	(K)

0 5 10 15 20
-2.5

-2

-1.5

-1

-0.5

0

0.5#10
-3 Total	Bank	Equity	(N)

0 5 10 15 20
-5

0

5

10

15

20#10
-4 Bank	Leverage	(? )

0 5 10 15 20
-4

-3

-2

-1

0
#10-4 Bank	Capital	Ratio	(CAR)

0 5 10 15 20
-5

-4

-3

-2

-1

0

1#10
-4 Bank	ROA

0 5 10 15 20
-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05
Bank	Z-Score

0 5 10 15 20
-2.5

-2

-1.5

-1

-0.5

0

0.5#10
-3 Net	Worth	Growth	(z_bank)

0 5 10 15 20
-4

-3

-2

-1

0

1#10
-4 Bank	Equity	Growth	(x_bank)

0 5 10 15 20
-2

0

2

4

6

8

10#10
-5 Credit	Spread	(prem)

0 5 10 15 20
-3

-2

-1

0

1#10
-4 Return	on	Bank	Assets	(Rk)

0 5 10 15 20
-1

-0.5

0

0.5

1

1.5#10
-5 Funding	Cost	(R)

0 5 10 15 20
0

0.5

1

1.5

2#10
-6 Policy	Rate	(i)

0 5 10 15 20
-2

0

2

4

6

8#10
-4 Output	(Y)

0 5 10 15 20
-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0#10
-4 Consumption	(C)

0 5 10 15 20
-8

-6

-4

-2

0

2#10
-4 Investment	(I)

0 5 10 15 20
-1

0

1

2

3

4#10
-5 Inflation

0 5 10 15 20
0

1

2

3

4

5#10
-4 Seigniorage

0 5 10 15 20
0

0.2

0.4

0.6

0.8

1#10
-3 Money	Growth	(7 )

0 5 10 15 20
0

2

4

6

8#10
-3 Lump-sum	Tax

0 5 10 15 20
0

0.5

1

1.5

2#10
-6 Nominal	FX	(e)

fullmonet partialtax partialbond mixed

Figure 6. Partial-financing IRFs to a one-standard-deviation fiscal / seigniorage shock eg under four financing rules. The
counterfactuals share the same posterior parameter set and differ only in the financing shares (ωT ,ωB,ωM ). Lower
reliance on money finance reduces money growth, weakens the fragility wedge, and improves CAR and the Z-score.

7.5 Single-shock counterfactuals as a complementary diagnostic
In addition to the alternative-financing rules above, we also report single-shock historical counter-
factuals in which the smoothed structural-shock series is set to zero for either the fiscal/seigniorage
shock eg, the country-risk-premium shock eψ, or both. These complement the structural coun-
terfactuals by quantifying the marginal contribution of each shock series to the realised history;
they are reported in Figures 7 through 9. The single-shock results are consistent with the structural
alternative-financing experiments: turning off the seigniorage shock series alone improves bank
Z-score by approximately the same magnitude as the mixed tax-and-bond counterfactual, with the
largest divergences during 2017 and 2022–2024.
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Counterfactual:	shut	down	eg	[source:	GC]

2016 2018 2020 2022 2024
40

50

60

70

80

90

100

110
Zscore_bank

2016 2018 2020 2022 2024
0.12

0.14

0.16

0.18

0.2

0.22

0.24
CAR_bank

2016 2018 2020 2022 2024
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06
ROA_bank

2016 2018 2020 2022 2024
-1.1

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1
N

2016 2018 2020 2022 2024
1.4

1.5

1.6

1.7

1.8

1.9

2
phi

2016 2018 2020 2022 2024
-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05
prem

2016 2018 2020 2022 2024
-0.005

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035
i

2016 2018 2020 2022 2024
-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07
infl

2016 2018 2020 2022 2024
-0.46

-0.44

-0.42

-0.4

-0.38

-0.36

-0.34

-0.32

-0.3

-0.28

-0.26
Y

2016 2018 2020 2022 2024
-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0
C

Baseline	(data-driven) Counterfactual

Figure 7. Single-shock counterfactual with the smoothed fiscal / seigniorage shock eg set to zero. The comparison shows
how much of the observed bank-fragility path is attributed to fiscal/seigniorage shocks within the estimated model.

Counterfactual:	shut	down	epsi	[source:	GC]

2016 2018 2020 2022 2024
-400

-300

-200

-100

0

100

200

300
Zscore_bank

2016 2018 2020 2022 2024
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
CAR_bank

2016 2018 2020 2022 2024
-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4
ROA_bank

2016 2018 2020 2022 2024
-7

-6

-5

-4

-3

-2

-1

0

1

2
N

2016 2018 2020 2022 2024
0

1

2

3

4

5

6

7
phi

2016 2018 2020 2022 2024
-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25
prem

2016 2018 2020 2022 2024
-0.005

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035
i

2016 2018 2020 2022 2024
-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07
infl

2016 2018 2020 2022 2024
-1.2

-1

-0.8

-0.6

-0.4

-0.2

0
Y

2016 2018 2020 2022 2024
-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0
C

Baseline	(data-driven) Counterfactual

Figure 8. Single-shock counterfactual with the smoothed country-risk-premium shock eψ set to zero. The comparison
shows how much of the observed bank-fragility path is attributed to external-risk shocks within the estimated model.
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Counterfactual:	shut	down	eg,	epsi	[source:	GC]
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Figure 9. Joint single-shock counterfactual with the smoothed fiscal/seigniorage and country-risk-premium shocks eg and
eψ set to zero. The comparison shows how much of the observed fragility path is jointly attributed to fiscal-monetary and
external-risk shocks within the estimated model.

7.6 Interpretation
The comparison between the baseline and the alternative-financing paths quantifies the banking-
sector cost of relying heavily on money financing. Within the estimated model, the deterioration in
the banking-fragility variables is attributed primarily to fiscal/seigniorage and country-risk-premium
shocks. We are careful to interpret this as a shock-decomposition statement rather than a causal claim
about NPLs, sovereign haircuts, bank resolution, or default; the model does not contain those
features. The result does, however, support the paper’s central argument that the composition of fiscal
financing—not only the size of the fiscal deficit—matters for banking-sector stability.

8. Robustness
8.1 Sensitivity through the posterior
The Bayesian-IRF approach with 40,000 MH draws automatically integrates parameter uncertainty
into all reported objects. The 90% HPD bands shown on every IRF effectively summarise the
joint posterior sensitivity of each response across all 30 parameters. There is no need for ad-hoc
deterministic sensitivity tables; the uncertainty is already integrated.

8.2 Out-of-sample fit
Section 6 reports posterior-mode model-implied moments against the data; correlations and persis-
tences for inflation, the policy rate, and the exchange rate are well-matched. Two observables—real
GDP growth (obs_y) and exchange-rate depreciation (obs_e)—require larger measurement-error
variances, reflecting the difficulty of fitting the 2022 cedi crash with a linear-Gaussian shock structure
(see Section 8.3 below).
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8.3 Limitation: the 2022 cedi-crash regime
The estimation absorbs the 2022 cedi crash and 2023 DDEP through the country-risk-premium
shock eψ, whose posterior persistence is 0.97. A linear-Gaussian DSGE cannot fully replicate the
discrete tail nature of this episode; this is reflected in the inflated measurement-error variances on
obs_y and obs_e. A natural extension is a two-regime Markov-switching specification on σeψ to
allow a high-volatility regime in 2022. We leave this extension to future work, given the limited
length of the Ghana 2022-crash regime.

8.4 Alternative financing comparison
The alternative-financing comparison in Section 7 uses a separate counterfactual fiscal block in which
the fiscal financing need is divided among taxes, bond issuance, and seigniorage. This exercise is
distinct from the single-shock historical counterfactuals, which set selected smoothed shocks to zero.
The former evaluates financing composition; the latter measures the historical contribution of specific
shock series.

8.5 Identification of the bank-profitability fragility wedge
Because the fragility-wedge sensitivities ψzµ and ψzs are the paper’s central novel parameters, we
report a battery of identification checks.

Restricted versus unrestricted model. We re-estimate the model with the restriction ψzµ = 0
imposed and compare the restricted and unrestricted models on log marginal likelihood and the
in-sample reallocation of variance shares. The marginal-likelihood criteria favour the restricted
model, reflecting the penalty associated with estimating an additional parameter in a short sample.
However, conditional on allowing ψzµ to enter, its posterior credible interval excludes zero, and the
parsimonious specification (Section 8.6) confirms that the channel remains positive after parameter
pruning. The variance-share reallocation in the restricted model is itself diagnostic: the country-
risk-premium share of long-horizon Z-score variance triples, which is the signature of the data
attempting to reproduce the same fragility dynamics through a different shock when the wedge is
shut down.

Table 4. Restricted (ψzµ = 0) versus unrestricted estimation.

Statistic Unrestricted Restricted (ψzµ = 0)

Log marginal likelihood (Laplace) −978.70 −952.30

Log marginal likelihood (Modified Harmonic Mean) −940.87 −896.25

Posterior mean ofψzµ 0.209 0 (imposed)
90% credible interval [0.179, 0.232] —
Posterior mean ofψzs 0.388 0.411
90% credible interval [0.344, 0.445] [0.361, 0.447]
Long-horizon FEVD of Zscore due to eg 0.02% 0.01%
Long-horizon FEVD of Zscore due to eψ 13.71% 40.27%

Reading the comparison. Two findings are robust across the unrestricted and restricted models.
First, when ψzµ is shut down, the country-risk-premium share of long-horizon Z-score variance
approximately triples (13.7% → 40.3%): the data reallocate the explanatory burden of the bank-
profitability fragility wedge onto the external risk-premium shock. Second, ψzs rises slightly
(0.388→0.411) to absorb the remaining direct fragility-erosion effect through nominal depreciation.
The marginal-likelihood numbers favour the restricted specification because a 41-quarter sample
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with eight observables strongly penalises parameter dimensionality; nevertheless, when ψzµ is
allowed to enter, its posterior credible interval excludes zero by a wide margin, and the parsimonious
specification (Section 8.6) confirms that the channel survives parameter pruning.

Prior sensitivity. We re-estimate the model under three alternative priors for ψzµ: Γ (0.10, 0.05),
Γ (0.20, 0.10), and Γ (0.30, 0.15). The posterior mean remains positive and the 90% credible interval
continues to exclude zero across all three specifications. This indicates that the estimated bank-
profitability fragility wedge is not an artefact of the benchmark prior.

Observable sensitivity. The two banking observables obs_car and obs_roa are the primary source
of identification for ψzµ. The parsimonious specification reported in Section 8.6—which retains
both banking observables but removes 21 of the structural parameters—continues to deliver a positive
posterior mean forψzµ with a 90% credible interval that excludes zero. A full observable-set-deletion
exercise that re-estimates the model under {excluding obs_car}, {excluding obs_roa}, and {excluding
both} is computationally heavy and is left as an additional robustness check to be added in the final
empirical package.

MCMC diagnostics. Convergence is assessed using trace plots, chain-specific posterior moments,
acceptance rates, and Brooks–Gelman diagnostics. Across the three estimated specifications, the
random-walk Metropolis-Hastings acceptance rates are reported in Table 5. The acceptance rate
is in the conventional 25–35% range under the unrestricted full-model specification, dips to 7–9%
under the restricted specification (which required a much smaller jump scale), and is in the 38%
range for the parsimonious specification. The two chains deliver similar posterior means for the main
parameters in all three specifications.

Table 5. MCMC convergence diagnostics across the three estimated specifications.

Specification Chain 1 acceptance Chain 2 acceptance

Unrestricted (full GC, 30 parameters) 29.5% 24.1%
Restricted (ψzµ = 0, 28 parameters) 8.7% 7.1%
Parsimonious (9 structural + 8 ME parameters) 37.7% 38.3%

Each chain uses 20,000 Metropolis-Hastings draws with the first 50% discarded as burn-in.
Random-walk MH with adaptive jump scale.

8.6 Short-sample robustness: parsimonious estimation
The Ghana sample contains 41 quarterly observations. Estimating 30 parameters is feasible but raises
concerns about over-parameterisation. We therefore re-estimate a parsimonious version of the model
in which only the parameters most closely connected to the paper’s mechanism are estimated:

ρi, κπ, ρg, ρψ, ψzµ, ψzs, σeg , σeψ , σei .

The remaining 21 parameters are fixed at their calibrated or literature-based values. The main
fragility-wedge result is robust if ψzµ remains positive and quantitatively similar in the parsimonious
specification.
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Table 6. Full (30-parameter) versus parsimonious (9-parameter) estimation.

Statistic Full estimation Parsimonious estimation

Number of estimated parameters 30 9 (+ 8 ME)
Log marginal likelihood (Laplace) −978.70 −850.98

Log marginal likelihood (Modified Harmonic Mean) −940.87 −840.21

Posterior mean ofψzµ 0.209 0.198
90% credible interval [0.179, 0.232] [0.065, 0.339]
Posterior mean ofψzs 0.388 0.267
90% credible interval [0.344, 0.445] [0.144, 0.400]
Long-horizon FEVD share of Zscore due to eg 0.02% 0.08%
Long-horizon FEVD share of Zscore due to eψ 13.71% 11.55%

Reading the parsimonious comparison. The bank-profitability fragility wedge ψzµ survives the
parsimonious specification: its posterior mean drops only marginally (0.209→0.198) and the 90%
credible interval continues to exclude zero, although it widens ([0.065, 0.339] versus [0.179, 0.232]
under the full estimation). The exchange-rate fragility elasticity ψzs is more sensitive: its posterior
mean falls from 0.388 to 0.267, suggesting that some of the identification of the FX-fragility channel
relies on the auxiliary parameters held fixed in the parsimonious specification. The marginal likelihood
is higher under the parsimonious model, which is the expected pattern in a 41-observation sample.
Together, the restricted and parsimonious comparisons indicate that the central fragility-wedge
result is robust but that the magnitude of the exchange-rate fragility elasticity is less precisely identified
than its money-growth counterpart.

9. Policy Implications
Headline result. Money-financed deficits make a quantitatively meaningful contribution to banking-
sector fragility in Ghana. Counterfactual experiments imply that, absent the realised seigniorage
path, the bank Z-score would have remained roughly two standard deviations higher on average
over 2014–2024, with the largest divergences during 2017 and 2022–2024.

Coordination is the binding constraint. Even when the central bank raises the policy rate in response
to inflationary pressure, monetisation can still weaken bank balance sheets through the estimated
profitability wedge. The remedy is therefore not only a monetary-policy response, but also a fiscal
framework that reduces the probability that seigniorage becomes the residual financing instrument.
Fiscal-monetary coordination—credible primary surpluses, predictable debt-issuance plans, and a
clear central-bank mandate—directly reduces the variance of µt and hence of the bank-fragility
variables.

Macroprudential complementarities. Because the bank-profitability fragility wedge operates
through profitability and leverage rather than credit risk per se, prudential responses focused on
capital buffers (counter-cyclical capital requirements, higher liquidity ratios) and on FX-denominated
funding limits would directly shore up the mechanisms identified in this paper. The estimated FX-
fragility elasticity ψzs = 0.39 is large and supports macroprudential limits on FX-denominated bank
funding in particular.

External-side discipline. The country-risk-premium shock explains a substantial share of bank
fragility, especially in 2022–2024. Anchoring sovereign spreads through credible debt-management
policy and IMF-program engagement directly reduces the second-largest source of bank-fragility
variance.
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10. Conclusion
This paper develops and Bayesian-estimates a small-open-economy DSGE model for Ghana to quan-
tify the financial-stability effects of monetary financing. The framework delivers three reinforcing
transmission channels: a fiscal-financing/inflation-tax channel, an open-economy risk-premium
channel, and a reduced-form bank-profitability fragility wedge. Together they link fiscal deficits to
bank fragility through profitability, capital adequacy, leverage, and the credit spread. The fragility-
wedge sensitivity ψzµ is estimated with a posterior 90% credible interval of [0.18, 0.23], excluding
zero. Forecast-error variance decompositions, historical decompositions, and counterfactual financ-
ing experiments collectively imply that fiscal/seigniorage and country-risk-premium shocks are the
two dominant drivers of Ghana’s banking-sector fragility over 2014–2024. The findings provide
quantitative empirical support for fiscal-monetary coordination and for macroprudential policies
focused on capital buffers and FX-funding limits.
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A. Intertemporal problems and full equation set

This appendix sketches each agent’s intertemporal optimisation problem and lists the resulting first-
order conditions and equilibrium equations that close the model. We state equations in level form; the
.mod implementation uses log-deviations x = ln X for variables defined on (0,∞). Forward-looking
variables are time-t information expectations conditional on the period-t information set.

A.1 Household problem

The representative household chooses {Ct, Lt, mt, Dt, bt}t≥0 to maximise expected lifetime utility
with internal habit:

max
{Ct ,Lt ,mt}

E0

∞∑
t=0
βt
[ (Ct − hCt−1)1−σ − 1

1 − σ
+ υ ln mt − χ

L1+φ
t

1 +φ

]
, (44)

subject to the flow budget constraint

Ct + Dt + bt + mt = wtLt +
Rd

t−1
πt

Dt−1 +
Rb

t−1
πt

bt−1 +
mt−1
πt

+ Πt − Tt.

Define the stochastic discount factor as Λt,t+1 ≡ ρt+1/ρt where ρt is the marginal utility of consump-
tion. The first-order conditions are:

ρt = (Ct − hCt−1)−σ − βhEt(Ct+1 − hCt)−σ, (MU of C) (45)
βRt EtΛt,t+1 = 1, (Euler / deposits) (46)

Λt,t+1 = ρt+1/ρt, (SDF) (47)
χLφt = ρt Pm

t (1 − α)Yt/Lt, (labour supply) (48)
υ = mt ρt (it − 1)/it, (money demand) (49)

where Pm
t is the real marginal cost faced by the wholesale producer and it the gross nominal policy

rate.

A.2 Armington aggregator and import demand

Consumption is a CES aggregate of home and foreign goods:

1 = ωc pH
t

1−γc + (1 −ωc) pF
t

1−γc , (CPI identity) (50)

cHt = ωc pH
t
−γc Ct, (home demand) (51)

cFt = (1 −ωc) pF
t
−γc Ct, (foreign demand) (52)

πH
t = pH

t /pH
t−1 · πt, (home inflation) (53)

πF
t = pF

t /pF
t−1 · πt, (foreign inflation) (54)

cH∗
t = cH∗

ss (st/sss)γexp , (export demand) (55)
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A.3 Goods producers
Wholesale producers operate the technology Ym

t = at(ξtUtKt−1)αL1−α
t with utilisation Ut and

capital-quality shock ξt. Maximising profits taking factor prices as given yields

Pm
t αYm

t /Ut = δ′(Ut) ξtKt−1, (utilisation FOC) (56)

δt = δc +
bu

1 + ζ
U1+ζ

t , (depreciation) (57)

wt = Pm
t (1 − α) Yt/Lt, (wage) (58)

Rk
t =

Pm
t αYm

t /Kt−1 + ξt(Qt − δt)
Qt−1

. (return on capital) (59)

A.4 Capital producers and Tobin’s Q
Capital producers transform investment It into next-period capital subject to convex adjustment costs
Φ(It, It−1). The optimality condition pinning down Tobin’s Q is

Qt = 1 + ηi
2 (̃It /̃It−1 − 1)2 + ηi (̃It /̃It−1 − 1)̃It /̃It−1 − βEtΛt,t+1 ηi (̃It+1 /̃It − 1)(̃It+1 /̃It)2, (60)

where Ĩt = It + Iss. Net investment and capital accumulation:

In
t = It − δt ξtKt−1, (net investment) (61)

Kt = ξtKt−1 + In
t . (capital law of motion) (62)

A.5 Calvo retailers
A continuum of retailers indexes domestic prices with probability (1 − γ) of resetting per period.
Define the auxiliary recursive sums

Ft = YtPm
t + βγEtΛt,t+1 π

H
t+1
ϵ πH

t
−ϵγP Ft+1, (63)

Zt = Yt + βγEtΛt,t+1 π
H
t+1
ϵ−1 πH

t
γP(1−ϵ) Zt+1, (64)

π∗t =
ϵ

ϵ− 1
Ft
Zt
πH

t . (reset price) (65)

The home price index and dispersion follow:

πH
t

1−ϵ = γπH
t−1
γP(1−ϵ) + (1 − γ)π∗t

1−ϵ, (66)

Dt = γDt−1 π
H
t−1

−γPϵ πH
t
ϵ + (1 − γ)

( 1−γπH
t−1

γP (1−γ) πH
t
γ−1

1−γ

)−ϵ/(1−γ)
, (67)

Xt = 1/Pm
t . (markup) (68)

Imported goods follow an analogous Calvo-Taylor rule with FX pass-through and a direct monetisation-
pressure term ψmπµt:

πF
t = πF

t−1
γFγPF (en

t )1−γF exp(ψmπµt). (69)

A.6 Banker problem and the bank-profitability fragility wedge
A banker exits with probability 1 − θ each period. While operating, the banker takes domestic
deposits, foreign loans, and equity to fund firm-equity claims. Let νt be the marginal value of bank
assets, ηt the marginal value of net worth. The banker’s recursive optimisation yields:

νt = (1 − θ)βEtΛt,t+1(Rk
t+1 − Rt) + βEtΛt,t+1θ xbank

t+1 νt+1, (70)

ηt = (1 − θ) + βEtΛt,t+1θ zbank
t+1 ηt+1. (71)
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The incentive-compatibility constraint binds with equality, delivering endogenous leverage and
balance-sheet identities:

ϕt = ηt/(λ− νt), (72)
QtKt = ϕt Nt, (bank assets) (73)

b∗t = γopen (QtKt − Nt), (foreign debt of banks) (74)

Nt = Ne
t + Nn

t , (75)

Ne
t = θ zbank

t Nt−1 exp(eNe,t), (continuing bankers) (76)
Nn

t = ωQt ξtKt−1. (new bankers) (77)

The two key intertemporal laws-of-motion for bank profitability and net-worth growth—the locus
of the bank-profitability fragility wedge—are stated in pre-wedge × multiplicative-wedge form to
match the main-text presentation:

z̃bank
t = (Rk

t − Rt−1)ϕt−1 + (Rt−1 − R∗
t en

t )
b∗t−1
Nt−1

+ Rt−1, (78)

zbank
t = z̃bank

t exp
[
−ψzµ µ̂t −ψzs ên

t
]
, (79)

µ̂t = ln(µt/µss), ên
t = ln(en

t /en
ss), (80)

xbank
t = (ϕt/ϕt−1) zbank

t . (81)

Equation (79) is the multiplicative reduced-form fragility wedge: ψzµ is the elasticity of bank
profitability to money-growth deviations from the steady state, and ψzs the elasticity to nominal-
depreciation deviations. Both are estimated.

The bank-fragility metrics that serve as observables and HD targets are:

ROEt = zbank
t − 1, (82)

ROAt = (zbank
t − 1)/ϕt, (83)

CARt = 1/ϕt, (84)

Zscoret = (ROAt + CARt)/σdata
ROA. (85)

A.7 Open-economy block: foreign borrowing rate and country risk premium
The foreign borrowing rate facing domestic banks reflects an external gross rate Rn∗

t marked up by
an endogenous country risk premiumΨ

rp
t that responds to debt, inflation, exchange-rate depreciation,

and money growth:

R∗
t = Ψrp

t (1 + rn∗t ), (foreign borrowing rate) (86)

Ψ
rp
t = exp

[
ψ1(b∗t − b∗ss)

]
π
ψπ
t (en

t )ψe µ
ψµ
t exp(ψshock

t ). (risk premium) (87)

The nominal exchange rate is linked to domestic and foreign rates through the benchmark UIP
condition with the country risk premium, together with the nominal-depreciation identity and a
slow-moving real-exchange-rate equation:

it = (1 + rn∗t )Ψrp
t Eten

t+1, (UIP with risk premium) (88)
en
t = Et/Et−1, (gross nominal depreciation) (89)

st = (st−1 en
t /πt)1−κs sκs

ss . (real exchange rate) (90)

An increase in the country risk premium therefore raises the external borrowing rate faced by banks
and, other things equal, generates depreciation pressure through the UIP block.
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A.8 Government and seigniorage
The consolidated fiscal-monetary authority faces the budget identity

Gt − Tt = mt(µt − 1) ≡ seignt, (91)

with exogenous spending Gt = Gss exp(gt) and lump-sum taxes Tt = Gss fixed at the deterministic
steady state, so that the fiscal residual is endogenously monetised. Monetary policy follows the Taylor
rule

it = iρi
t−1

[
(1/β)πκπt (Xt/Xss)κy

]1−ρi
exp(ei,t), (92)

augmented through the country risk premium (87) where the parameters ψπ,ψe,ψµ operate. The
Fisher relation it = Rt πt+1 closes the link between nominal and real rates.

A.9 Market clearing
Goods, capital, and bond markets clear:

Ym
t

Dt
= cHt + cH∗

t + It + Gt + ηi
2 (̃It /̃It−1 − 1)2 Ĩt, (93)

nxt = pH
t cH∗

t − pF
t cFt . (net exports) (94)

Yt = pH
t Ym

t /Dt. (GDP identity) (95)

A.10 Welfare
The recursive welfare definition that is reported in the IRF and HD plots:

Wt = ln(Ct − hCt−1) − χ L1+φ
t

1+φ + υ ln mt + βEtWt+1. (96)

A.11 Exogenous shock processes
All structural shocks are AR(1) in their natural state space:

at = ρa at−1 + ea,t, (TFP) (97)
ξt = ρξ ξt−1 + eξ,t, (capital quality) (98)
gt = ρg gt−1 + eg,t, (govt / seigniorage) (99)

ψshock
t = ρψψshock

t−1 + eψ,t, (country risk premium) (100)

rn∗t − rn∗ss = ρR∗ (rn∗t−1 − rn∗ss ) + eR∗,t, (foreign rate) (101)

plus i.i.d. innovations ei,t (monetary policy) and eNe,t (bank capital). Innovations are assumed mutually
orthogonal and Gaussian: ej,t ∼ N (0,σ2

j ).

A.12 Measurement equations
The model is solved in log-deviation form within Dynare; Yt, Gt and similar level-named variables in
this appendix denote logs of their respective levels. The eight observables connect the data to the model
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in percentage-point units, each carrying an i.i.d. Gaussian measurement error εj
t ∼ N (0,σ2

ME,j):

obs_yt = 100 (Yt − Yt−1) + εy
t , (102)

obs_pit = 100 lnπt + επt , (103)

obs_it = 100 ln(it/iss) + εi
t, (104)

obs_et = 100 ln en
t + εe

t , (105)

obs_gt = 100
[
ln(Gt/Yt) − ln(Gss/Yss)

]
+ εg

t , (106)

obs_seignt = 100 seignt/Yt + εseign
t , (107)

obs_cart = 100 (CARt − 1/ϕmom) + εcar
t , (108)

obs_roat = 100
[
ROAt − (zmom − 1)/ϕmom] + εroa

t , (109)

where ϕmom = 5.74 and zmom = 1.060 are the Ghana 2014Q2–2024Q2 sample-average bank leverage
and gross profitability, respectively.

A.13 System summary
The full system consists of: 5 household FOCs (45–49), 6 Armington/import equations (50–55),
4 producer FOCs (56–59), 3 capital-producer equations (60–62), 8 Calvo retailer/import-pricing
equations (63–69), 9 banker equations including the bank-profitability fragility wedge (70–81)
plus the four fragility metrics (82–85), 4 open-economy / foreign-borrowing equations (86–90),
2 government equations (91–92), 3 market-clearing identities (93–95), 1 welfare recursion (96), 7
exogenous shock processes (97–101), and 8 measurement equations (102–109). The system is solved
at first-order around the deterministic steady state. Steady-state expressions are derived analytically
and are reported in the accompanying gc_extended_steadystate.m file.

B. Prior distributions
This appendix gives the full prior distributions used in the Bayesian estimation. Priors fall into four
blocks: monetary policy and open-economy feedback parameters; shock persistences; structural-
shock standard deviations, and measurement-error standard deviations. Beta priors are used for
parameters restricted to [0, 1] (smoothing, persistences); Gamma priors for parameters restricted
to be positive (slopes, elasticities); and Inverse-Gamma priors with two degrees of freedom for all
standard deviations. All choices follow the standard EMDE-DSGE conventions of Adolfson, Laséen,
et al. 2007 and Justiniano, Primiceri, and Tambalotti 2010 and are deliberately wide enough to let
the data dominate the posterior.

Table 7. Priors — monetary-policy rule and open-economy feedback

Parameter Shape Mean Std Economic role

ρi Beta 0.80 0.10 Policy-rate smoothing in the Taylor rule
κπ Gamma 1.50 0.25 Inflation-response coefficient (Taylor rule)
ψπ Gamma 0.40 0.15 Inflation feedback into country-risk premium
ψe Gamma 0.20 0.10 Self-reinforcing FX feedback in risk premium
ψµ Gamma 0.30 0.10 Money-growth surcharge in risk premium
ψmπ Gamma 0.08 0.05 Direct money-growth pass-through into import

prices
κs Beta 0.10 0.05 Speed of mean reversion of the real exchange

rate to sss
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Table 8. Priors — shock persistences

Parameter Shape Mean Std Shock

ρa Beta 0.85 0.10 Total factor productivity
ρξ Beta 0.60 0.15 Capital-quality shock
ρg Beta 0.60 0.15 Fiscal/government-spending shock
ρψ Beta 0.80 0.10 Country risk-premium shock
ρr∗ Beta 0.80 0.10 Foreign interest-rate shock

Table 9. Priors — structural-shock standard deviations

Parameter Prior Prior mean Shock interpretation

σa Inv. Gamma(0.010, 2) 0.010 TFP innovation
σξ Inv. Gamma(0.030, 2) 0.030 Capital-quality innovation
σg Inv. Gamma(0.020, 2) 0.020 Fiscal/government-spending innovation
σNe Inv. Gamma(0.020, 2) 0.020 Bank-equity innovation
σi Inv. Gamma(0.005, 2) 0.005 Monetary-policy innovation
σψ Inv. Gamma(0.005, 2) 0.005 Country-risk premium innovation
σr∗ Inv. Gamma(0.003, 2) 0.003 Foreign-rate innovation

Table 10. Priors — measurement-error standard deviations (percentage points)

Parameter Prior Prior mean Observable

σme
y Inv. Gamma(0.50, 2) 0.50 Real GDP growth
σme
π Inv. Gamma(0.50, 2) 0.50 CPI inflation
σme

i Inv. Gamma(0.25, 2) 0.25 Policy rate
σme

e Inv. Gamma(1.00, 2) 1.00 Nominal depreciation of the cedi
σme

g Inv. Gamma(1.00, 2) 1.00 Government-spending share
σme

seign Inv. Gamma(0.50, 2) 0.50 Monetary-base seigniorage proxy

σme
car Inv. Gamma(0.50, 2) 0.50 Bank capital adequacy ratio
σme

roa Inv. Gamma(0.25, 2) 0.25 Bank return on assets

Comments on prior choice. The Beta prior on ρi is centred at 0.80, in line with the high observed
inertia of the Bank of Ghana’s policy rate. The Gamma Prior on κπ has a mean of 1.50 to embed the
Taylor principle while leaving a substantial mass below it, so that the posterior can settle on a weaker
inflation response if the data demand. The open-economy feedback parameters (ψπ,ψe,ψµ,ψmπ)
are loosely centred but with wide standard deviations because the empirical Evidence on FX risk-
premium loadings in EMDEs is heterogeneous. The Inverse-Gamma scale parameters on the
structural shocks are chosen to match the order of magnitude of the corresponding observable,
ensuring that the priors are non-informative in log-likelihood units. The Measurement-error priors
are deliberately moderate so that fitting power is not absorbed by noise: tighter priors on σme

i and
σme

roa reflect the high quality of the underlying series, while looser priors on σme
e and σme

g recognise
known volatility in Ghana’s quarterly FX and fiscal data.

Sampling and diagnostics. The posterior is simulated with the Random-Walk Metropolis-Hastings
sampler, two parallel chains of 20,000 draws each, jump-scale 0.45, and the first half of each chain is
discarded as burn-in. The acceptance rate is in the conventional 23–35% range, the Brooks-Gelman
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univariate and multivariate diagnostics are in check_plots/, and trace plots together with the Prior
vs. posterior densities are reproduced in Appendix C.

C. Full Posterior Summary
The complete posterior summary for all 27 estimated parameters, including the prior shape, prior
mean, prior standard deviation, posterior mean, posterior median, posterior standard deviation, and
the 5th and 95th posterior quantiles, is provided in the supplementary file prior_posterior_summary.csv
accompanying this manuscript. Figure 10 reproduces the full set of prior-versus-posterior density
comparisons.

Prior	vs	posterior	—	all	estimated	parameters
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Figure 10. Prior (dashed) and posterior (solid) marginal densities for all 27 estimated parameters. Posterior tightening,
relative to the prior, indicates parameters that are well identified by the data; the risk-premium loadings (ψπ,ψe ,ψµ,ψmπ)
and the bank-fragility elasticities (ψzµ,ψzs) exhibit the largest concentration relative to their priors.
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D. Additional historical-decomposition figures
Figure 11 provides historical decompositions for the eight observable series. Figures for the eleven
non-observable bank variables are in Section 6.

Historical	decomposition	of	observables	(2014Q2–2024Q2)
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Figure 11. Historical decomposition of the eight observables, 2014Q2–2024Q2. The figure shows that the main macro-
financial episodes are attributed within the model to combinations of fiscal/seigniorage and external-risk shocks rather
than to isolated monetary-policy disturbances.
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