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Abstract

This study investigates the linear and non-linear effects of official and non-
official exchange rates on the financial soundness of Iranian banks, with a
focus on ownership type (private-owned, state-owned commercial, and
state-owned  specialized banks). Using advanced econometric
methodologies, including the ARDL and State Space methods, the analysis
covers macroeconomic and bank-level data for the period 1996-2024. The
study identifies distinct responses based on owner-ship type: while state-
owned commercial and specialized banks are primarily affected by official
exchange rates due to their reliance on government-determined rates,
private banks demonstrate greater sensitivity to non-official exchange rates
due to their exposure to informal currency markets. Internal financial
metrics also significantly influence bank stability. Larger banks show
greater resilience due to diversified portfolios, while high liquidity ratios
positively impact short-term solvency. In contrast, over-reliance on loans
and interbank liabilities increases credit and liquidity risks.
Macroeconomic variables such as inflation exert negative effects, while
economic growth and stock market performance improve financial
soundness. This analysis underscores the importance of exchange rate
management, targeted policy interventions, and ownership-specific
strategies to enhance banking sector resilience in emerging markets. The
findings contribute to existing literature by integrating new metrics for
evaluating financial soundness and examining the dual impact of Iran’s
exchange rate regime on banking performance.

Highlights

e The results establish that both official and non-official exchange rates exert complex, non-linear effects
on the financial soundness of Iranian banks.

e  There is evidence of threshold effects, where moderate increases in exchange rates improve stability
before excessive volatility leads to destabilization.

e  State-owned banks are more vulnerable to official exchange rate fluctuations, while private banks
exhibit stronger sensitivity to non-official exchange rates due to their reliance on informal currency
market activities.

. In addition to exchange rate effects, internal financial metrics such as bank size, liquidity ratios, and
investment deposits significantly enhance stability, whereas high loan-to-asset ratios and interest
income dependency increase risks.

. Furthermore, macroeconomic variables show inflation negatively impacts financial soundness, while
GDP growth and stock market performance have positive effects.
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1. Introduction

The relationship between exchange rates and the financial soundness of
banks is complex and multifaceted, with exchange rate fluctuations exerting
significant influence on various aspects of banking operations, such as
profitability, liquidity, and credit risk.

Exchange rate movements directly impact bank profitability by affecting
foreign exchange transactions and investments. Banks exposed to assets or
liabilities denominated in foreign currencies may experience gains or losses as
exchange rates fluctuate. For example, Keshtgar et al. (2020) found that exchange
rate volatility negatively impacts banks’ capital return ratio in Iran, while
simultaneously widening the financial gap, thereby increasing credit risk.

In terms of liquidity, exchange rate volatility can create challenges in
managing foreign currency reserves and meeting short-term obligations. This may
lead to liquidity shortages and higher borrowing costs. For instance, Njagi & Nzai
(2022) highlighted that exchange rate volatility in the East African Community
posed risks to banks’ profitability by influencing their return on assets (ROA).

Exchange rate fluctuations also elevate credit risk, particularly for borrowers
with foreign currency-denominated loans who may struggle to meet debt
obligations during volatile periods. Carolyn et al. (2016) demonstrated that
exchange rate volatility contributes to both an increase in profitability and
heightened credit risks, reinforcing the notion that exchange rate instability can
exert mixed effects depending on context.

This study empirically evaluates the impact of exchange rate fluctuations on
the financial soundness of Iranian banks, using financial soundness indicators
alongside financial statement and macroeconomic data spanning 1996 to 2024.
The focus on Iran is justified by two primary factors. First, exchange rate volatility
plays a pivotal role in shaping banks’ financial strategies and stability. The Iranian
banking sector, as the main driver of economic growth, is directly influenced by
these fluctuations, which affect lending, liquidity, profitability, and overall risk
management practices. Seyed Kalaei et al. (2021) found that following a
significant exchange rate shock, Iranian banks initially increase their credit-to-
deposit ratio due to optimism about favorable economic outcomes. However,
prolonged volatility leads to decreased credit growth, underscoring the negative
impact of persistent exchange rate fluctuations on lending behavior.

Contrary to expectations that higher exchange rates strengthen banks’
financial positions, studies have shown that excessive appreciation beyond a
critical threshold (Rials 42,475) destabilizes the banking system. Banks initially
tolerate moderate fluctuations but succumb to instability when exchange rates rise
dramatically, leading to higher non-performing loans (NPLs) and weaker profits
(Mohammadi et al., 2020). Inflation reduces credit growth by diminishing
purchasing power, while GDP growth positively contributes to financial health by
improving credit availability (Seyed Kalaei et al., 2021).

Second, the effect of exchange rate fluctuations on financial soundness
varies significantly based on bank ownership type (state-owned, private, or semi-
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private). Ownership structure determines operational resilience and risk
management approaches, particularly in response to macroeconomic shocks like
exchange rate volatility.

This study makes several key contributions to the literature. First, it moves
beyond traditional investigations focusing on specific financial metrics such as
ROA, ROE, or NPL ratios (Bani Yousef et al., 2024; Cheluget et al., 2023) by
introducing a composite metric for evaluating banking sector financial soundness
based on insights from IMF (2019). Second, it innovatively analyzes the separate
effects of Iran’s dual exchange rate system (official and unoftficial rates) on banks’
financial soundness, revealing distinct impacts for these two exchange rate
regimes. Unlike previous studies that examined only a single exchange rate, this
approach provides a nuanced understanding of exchange rate dynamics.

Third, the study incorporates ownership type into its analysis, differentiating
between state-owned and private banks to assess how each responds to exchange
rate volatility. Past studies failed to consider these differences, making this
investigation particularly critical in understanding the relative vulnerability of
these ownership structures.

Forthly, this article examines both the linear and non-linear effects of official
and unofficial exchange rates on the financial health of banks. This approach is
unique compared to previous studies concentrated solely on the linear impacts of
exchange rates on banking performance.

Finally, the study employs advanced econometric methodologies, including
the ARDL model to evaluate exchange rate dynamics and their nonlinear effects,
and the state-space approach to examine temporal impacts on banks’ financial
soundness. The state-space method adds a temporal lens to the analysis, enabling
the assessment of specific shocks at particular time intervals. These novel
techniques provide deeper insights into the complex interplay between exchange
rate volatility and banking stability.

The analysis contributes meaningfully to the literature by integrating

macroeconomic variables with bank-specific factors to document a
comprehensive relationship between exchange rate fluctuations and banking
performance. Furthermore, the dual focus on official and non-official exchange
rates underscores the complexity of the Iranian economic context, particularly in
light of its unique financial challenges stemming from inflationary pressures and
foreign trade uncertainties. The results help inform strategies for mitigating the
risks posed by exchange rate volatility and enhancing the resilience of banks in
emerging economies.
The structure of the paper is as follows: Section 2 provides a review of the relevant
literature; Section 3 outlines the methodology and describes the data; Section 4
presents and discusses the empirical results; and Section 5 concludes with key
implications and offers recommendations for policy and future research.
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2. Literature Review

The banking sector plays a critical role in promoting economic growth,
especially in countries with underdeveloped capital markets, by providing
essential funds for investment activities. Bank performance has significance at
both micro and macroeconomic levels. At the micro level, the financial soundness
of banks is crucial for maintaining competitive institutions capable of offering
low-cost funding. At the macro level, a robust banking sector enhances resilience
to economic shocks and supports the stability of the overall financial system. Over
time, financial crises have illustrated the dependence of banking sector
performance on macroeconomic conditions. Economic disruptions, such as
fluctuations in GDP growth, exchange rate volatility, and inflation variation, have
historically contributed to banking crises and financial system instability.
Conversely, changes in bank performance impact credit conditions, either
amplifying or mitigating macroeconomic shocks.

Theoretical and empirical studies consistently emphasize the
interconnectedness of banking performance, solvency risks, and key
macroeconomic indicators such as GDP, inflation, and exchange rates. For
example, the substantial costs of financial crises—alongside government
interventions to stabilize banking systems, as seen during the 2008 U.S. financial
crisis—highlight the importance of this relationship. During that period,
government measures such as loans, guarantees, and bailouts were necessary to
address liquidity and credit crunches, reinforcing the banking sector’s central role
in economic equilibrium.

The impact of foreign exchange rate volatility on the financial performance
of banks has drawn significant attention from researchers and policymakers alike.
While macroeconomic factors like GDP, inflation, and interest rates have been
intensively studied in relation to banking, the effects of exchange rate exposures
on banks’ profitability and financial stability remain relatively underexplored.
Many studies focus either on how exchange rates affect bank profitability
indirectly, as part of a broader economic framework, or on the direct
consequences of currency volatility on bank performance. Despite the agreement
that exchange rate fluctuations influence banking, the nature and direction of this
impact vary across studies.

Several studies have explored the link between exchange rate fluctuations
and banking performance indicators—such as Return on Assets (ROA), Return
on Equity (ROE), and Net Interest Margin (NIM)—yielding mixed evidence.
Chamberlain, Howe, & Popper (1997); Ngerebo (2011); Babazadeh &
Farrokhnejad (2012); Acaravci & Calim (2013); and Issac (2015) report a positive
association, noting that exchange rate volatility can create profit opportunities for
banks engaged in foreign exchange operations. Conversely, research by Taiwo
and Adesola (2013); Almagtari et al. (2018); and Hasanov, Bayramli, &
Al-Musehel (2018) finds a negative relationship, indicating that such volatility
amplifies uncertainty and risk exposure, thereby eroding profitability.
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Bank performance in these studies is typically assessed using indicators such
as ROA, ROE, and NIM. ROA measures management efficiency in utilizing
assets, ROE evaluates shareholder returns, and NIM reflects the profitability of
interest-generating activities. These indicators are examined through various
methodologies, including Ordinary Least Squares (OLS), fixed and random
effects models, Error Correction Models (ECM), Generalized Method of
Moments (GMM), and Autoregressive Distributed Lag Models (ARDL).

The variability in results stems from differences in the specific measures of
bank performance, as well as country-specific or bank-specific factors. For
instance, Kemisola et al. (2016) argue that the choice of metric strongly affects
the observed relationships, while Almagtari et al., (2018) highlight the effects of
local currency depreciation. Wong et al., (2009) also note that bank size may
influence the magnitude and direction of the impact. These complexities suggest
that further research is needed to fully understand the relationship between
exchange rate volatility and banking performance, particularly in diverse
economic contexts.

Some region-specific investigations further elaborate on this dynamic. For
instance, Bani Yousef et al., (2024) examined how exchange rate fluctuations
impact bank profitability and risk management across 14 MENA countries,
concluding that exposure to foreign exchange risk negatively correlates with
financial performance. Similarly, Cheluget et al., (2023) analyzed the effects of
exchange rates and inflation on Kenyan banking performance, finding that while
inflation positively influences profitability, exchange rate volatility weakens it
due to increased credit costs and loan defaults. In Sudan, Abbas Elhussein &
Elfaki Osman (2019) noted that exchange rate fluctuations had minimal influence
on banking performance, attributing this to the prolonged economic embargo and
limited integration with global markets, reducing banks’ exposure to foreign
exchange operations.

In Iran, Keshtgar et al. (2020) found that exchange rate volatility negatively
impacted profitability in a study of 14 Iranian banks between 2007 and 2017.
Using GARCH methods and panel data models, the research emphasized the risks
posed by currency fluctuations, including rising credit risks and widening
financial gaps. These findings resonate with broader research, such as Agénor et
al. (2020), which identified a destabilizing effect of currency volatility on Iranian
banks’ lending and credit structures.

Collectively, these studies underline the essential role of exchange rate
volatility in shaping banking sector performance and underscore the need for
robust risk management strategies and adaptive economic policies to mitigate
these effects. Further research is encouraged to refine existing models and expand
the understanding of how exchange rate fluctuations influence bank soundness.

The fundamental distinction of this article compared to the literature lies in
its incorporation of both official and non-official exchange rates and its analysis
of their linear and non-linear effects on the financial soundness of banks. While
prior studies in the literature typically focus on only one type of exchange rate
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and adopt a linear approach to evaluate its impact on the financial soundness of
banks, this paper introduces a more comprehensive techniques.

Furthermore, while previous research emphasizes a single aspect of bank
financial soundness, such as profitability or asset quality, this article develops a
new composite measure of financial health based on CAELS methodology. This
innovative approach allows for a broader and more integrated assessment of
banking sector stability, setting it apart from traditional studies that rely on narrow
performance indicators.

3. The Study Model
3.1 Data description

Our dataset integrates bank-level and macroeconomic data from two primary
sources: bank-specific information obtained from the Iran Banking Institute and
macroeconomic indicators drawn from the Central Bank’s economic time-series
database. The final dataset comprises 25 bank observations spanning the period
1996-2024. Building on the existing literature on banks’ financial soundness, we
have constructed a novel variable to measure financial stability. This measure is
based on 2019 financial soundness indicators compilation guide (2019 FSlis
Guide)it is a composite indicator. The new financial soundness is dependent
variable. The dynamic explanatory variable will be one of the
official exchange rateand non — official exchange rate. To investigate the non-
linear effect of the exchange rate, we have used the official exchange rate”2 and
non — official exchange rate”2.The official exchange rate"2 and non-official
exchange rate”2 are dynamic explanatory variables.Other dynamic explanatory
variables are the liquid asset to total assets, loans to total assets, due to banks to
total liabilities, investment deposit to total liabilities as asset and liability
combination and so economic gorwth and stock price as macroeconomics
variables.

In accordance with previous studies, we incorporate the next set of fixed
explanatory variables. Since the effect of exchange rate can be different according
to the different ownership, we use interaction term between official exchange rate
and non- official exchange rate with ownership (official exchange rate *
ownership and non — official exchange rate * ownership). Ownership is
dummy variable so this variable is one if it is a private-owned bank and zero
otherwise.

! International Monetary Fund, 2019. Financial Soundness Indicators Compilation Guide. International
Monetary Fund, publisher.
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Table 1.Variables

Symbol definition Reference
the exchange
official exchange rate rate thgt it is Economic Time Series
obtained Database, Central bank of
officially by Iran,
Iranian https://cbi.ir/page/8020.aspx
government
the exchange
rate that it
means the
rate of

Economic Time Series

non — official exchange rate busyélr:?ngnd Database, Central bank of
. Iran,
t%:rirﬁ?gryn*:gl https://cbi.ir/page/8020.aspx
and non-
governmental
market.
the natural Performance report of the
. . Iranian’s banks. 1996-2024.
size logarithm of

Iran Banking Institute and
researcher calculations
Performance report of the
Iranian's banks. 1996-2024.
Iran Banking Institute and
researcher calculations

. Performance report of the
the ratio of

loan to total assets loan to total Iranian's ba_mks. 19.96_2024'
Iran Banking Institute and

total assets

the ratio of
liquid asset to total assets liquid assets

to total assets

assets .
researcher calculations
the ratio of Performance report of the
due to banks to total liabilities dueto banks Iranian’s banks. 1096-2024.
to total Iran Banking Institute and
liabilities researcher calculations
Ezsersi[r;?e?:[ Performance report of the
investment deposit to total liabilities deposit to Iranian's tl)(i-flnks. 19.96_2023'
total Iran Banking Instltut_e an
L researcher calculations
liabilities
the ratio of Performance report of the
. ) . interest Iranian's banks. 1996-2024.
interest income to total incomes - - .
income to Iran Banking Institute and
total incomes researcher calculations
the Economic Time Series
. . percentage Database, Central bank of
inflation >
changes in Iran,
the CPI index  https://cbi.ir/page/8020.aspx
the annual Economic Time Series
economic growth growth rate

of GDP Database, Central bank of
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Iran,
https://cbi.ir/page/8020.aspx
which is used
as aindex to
measure the
overall
performance
of the stock
market, is
obtained by
dividing the
current value
stock price index, of the stock
market at the
given time by
the current
value of the
stock market
in the base
year and
multiplying
the result by
100.
Source: Economic Time Series Database, Central bank of Iran and Iran Banking Institute

Economic Time Series
Database, Central bank of
Iran,
https://cbi.ir/page/8020.aspx

3.2 Construction of new financial soundness
We construct a new financial soundness indicator. Table 2 indicates financial
soundness indicators used in constructing new financial soundness.

Table 2. Financial Soundness indicators
Core indicators
Regulatory capital to risk-weighted assets
Tier 1 capital to risk-weighted assets

Capital Adequacy

Asset Quality Non-performing loans to total gross loans
Return on assets
Earning and Profitability Return on equity

Interest margin to gross income
Liquid assets to total assets

Liquid assets to short term liabilities
Notes: We used IMF(2019) to introduce financial soundness indicators. But the indicators have been
selected that can be calculated based on the data disclosed by the banks. Since the sensitivity to market
risk could not be calculated using the disclosed data, it has been excluded from the financial soundness
indicators.
Source: Researcher calculations

Liquidity

We use the next steps to construct of new financial soundness. First, we
aggregate financial statements of total banks. Second we make each of indicators
in Table 1. Third, the indicators are normalized using (1).
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Xit—min (X;¢)
max (X;t)—min (X;t) (1)
i, is each of financial soundness indicators. I;; is normalized financial
soundness indicators in Table 1. X;; is each of financial soundness indicators.
min ( X;;) is min of financial soundness indicator during 1996-2021. max (X;t)
is max of financial soundness indicator during 1996-2021.
Fourth, new financial soundness indicator construct using (2).

i i Tt L
new financial soundness; = —t; t @)

n is number of indicators that it is 8. The new financial soundness; is
between -1 and 1.1f the new financial soundness;is between zero and negative
one, it indicates low financial soundness, and if the new financial soundness;is
between zero and one, it indicates strong financial soundness.

Iy =

3.3 Descriptive statistics

Table 3 presents the summary statistics for the variables used in this study,
with particular emphasis on the newly developed financial soundness variable,
exchange rate measures, bank performance indicators, and key macroeconomic
variables. We observe that during 1996-2024, the
new financial soundness exhibits a mean of 0.51, meaning that the financial
soundness of Iranian banks is at an average level. Regarding the banks
performance variables, liquid assets exhibits a mean to 10.6 % of the total assets
and loans exhibits a mean 66.6 % of the total assets of the Iranian banking system.
This statistic shows, firstly, in time of sudden withdrawal of deposits from banks,
Iranian banks cannot respond to customers due to the low liquid assets to total
assets. Secondly, the share of more than 50% of loans to assets can increase the
credit risk of banks in future periods. Thirdly, the share of more than 50% of the
loans to total assets can have a positive effect on the profitability of Iranian banks.
As can be seen, interest income constitutes 88% of the total income. This statistic
shows that the income of Iranian banks is mainly focused on interest income rather
than non-interest income. The reason is the non-use of modern financial tools in
Iranian banking network. Investment exhibits a mean to 81.3% of the total
liabilities. This statistic confirms that, first, banks have enough long-term
resources to provide facilities. Second, due to the mismatch of maturity, in
liquidity risk of banks increase in future periods.

Table 3. Descriptive Statistics.

@ @ 3 4) ©) (6)

N mean Std.Dev P1 P2 P3
new financial soundness 26 0.510 0.206 0.046 0.071 0.469

Exchange rates:
official exchange rate 26 16420.81 14522.23 0.296 0.407 0.189
non — official exchange rate 26 40222.31 6513537 0.215 0.385 0.342
Banks performance variables:

size 26 5.241 0.351 0.277 0.279 0.291
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liquid assets to total assets 26 10.676 5.590 0442 0.214 0.053

loan to total assets 26 66.652 0569 425 0.2'19 0.243

due to banks to total liabilities 26 1.586 1789 0168 400 (926

investment deposit to total liabilities 26 81.394 4.819 0.2-61 0.264 0.339

interest income to total incomes 26 88.686 7.094 0.3:03 O.i44 0.396
Macroeconomic variables:

inflation 26 18.707 7.748 0.186 0.3:30 0.270

economic growth 26 6.088 3.889 0.2-09 0.321 0.2-81

stock price index 26 30324.39 26123.10 0.377 0.2_44 0.638

Notes: Table reports selected descriptive statistics for the variables included in the analysis.
new financial soundness is the  composite  of  financial  soundness indicators.
Source: Researcher calculations

Table 4 reports descriptive statistics of the variables used in our study across
banks with high and low financial soundness. We can observe that low financial
soundness banks exhibit higher
loan to total assets , compared to high financial soundness. This evidence
highlights the importance of credit risk management for banks. In addition to this,
low financial soundness banks shows higher due to banks to total liabilities,
lower investment deposit to total liabilities, and lower
interest income to total incomes, relative to high financial soundness banks.
This result exhibit that low financial soundness banks indicate more liquidity risk
and interest expense compared to high financial soundness banks. So, liquidity
risk management and asset and liability management are important for low
financial soundness banks.

Table 4. Descriptive statistics-subsample.

High Soundness ~ Low Soundness Difgsre t-stat
Mean Std.De Mean Std.De
v v
) . 2.075*
new financial soundness 0366 0391 0.136  0.169 *
Exchange rates:

. 521.31 3484.7 89239 5252.8 .
official exchange rate 7 01 4 83 l.%ig
non 1269.2 1351.7 21935 17405. 9 7'72*
— official exchange rate 72 7 73 42 .

Banks performance
variables:
size 1.980 2473 2184  2.565

2.067*
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L 3.059*
liquid assets to total assets ~ 5.234  9.004  6.190 12.12 -
loan to total assets 23.352 3.094 65.190 12.125 3.326*
*
due to banks to total liabilitie 23.496 6.541 24.257 6.585 2 3-81*
investment deposit to total li: 62.003 31.958 61.196 30.464 2.532*
**
interest income to total incon 53.011 40.242 51.098 40.592 3.757*
Macroeconomic variables:
inflation 9.327 11.214 9.845 11.196 -0.546
economic growth 1.241  3.130 1361  3.176 0.179
L 16318. 25481. 18391. 26541.
stock price index 43 71 55 19 0.677

Notes: Table 3 reports the mean, the standard deviation and the test of difference in means for variables
included in the analysis and for subsample of banks with high and low financial soundness. *, **, and ***
indicate significance at the 10%, 5%, and 1% levels, respectively.

Source: Researcher calculations

Table A1 presents the correlations among the study variables, revealing a
negative and statistically significant relationship between the newly developed
bank financial soundness variable and both the official and unofficial exchange
rates. This result exhibit the importance of exchange rate management in Iran. In
addition the correlation between new financial soundness and the ratio of loan to
total assets is negative and significant. This evidence is due to the fact that with
the increase of loans, non-performing loans increase, so increasing the ratio of
loans to total assets reduces the financial soundness of banks. The correlation
between new financial soundness and economic growth is negative and
significant. If the economic growth increases, the demand for loans increases and
the increase in demand for loans can increase non-performing loans and the credit
risk of banks increases. Therefore, the financial soundness of banks decreases.

3.4 Econometric specification
To examine the effect of exchange rates (official exchange rate and non-
official exchange rate) on financial soundness indicator, we propose Eq. (1):
soundness; = ymain dynamic explanatory variable, +
1 0ther dynamic explanatory variable, +
1=3 8, Fixed explanatory variables, + & 1)

The main dynamic explanatory variable will be one of the
official exchange rate and non official exchange rate,official exchange rate?,
nonofficial exchange rate?. Other dynamic explanatory variables are: size,
liquid asset to total assets, loan to total assets, due to banks to total liabilities,
investment deposit to total liabilities, interest income to total incomes, inflation,
economic growth, and stock market index. ¢, is the error term.
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Also, the fixed explanatory variables in different estimations will be
official exchange rateownership,and non official exchange rate ownership.

Official and non-official exchange rates will allow us to examine the direct
effects of exchange rate on banks financial soundness. official exchange rate?
and non — official exchange rate? represents the non-linear effect of exchange
rates on banks financial soundness. We examine the indirect impact of banks
financial soundness to exchange rates through the ownership of banks, with
official exchange rate * ownership, and non — official exchange rate *
ownership. These variables, show effect of the interaction term between the
official and non-official exchange rate and the ownership of banks.

Consequently, we have different estimates of Eq. (1). First, the ARDL
method has been used to examine the dynamics of the effect of official and non-
official exchange rates on the financial soundness of banks. Second, to separate
the effect of the exchange rates on the financial soundness of banks according to
the type of ownership of banks (private owned, commercial state-owned and
specialized state-owned banks), Eq. (1) is estimated using the State Space method
for each of private owned banks, commercial state-owned banks and specialized
state-owned banks.

4. Methodology and Stylized Facts
The central bank and Statistical center of Iran data were used during 1996-
2024, and the ARDL and State Space method is used to estimation.

4.1 Main Results

Table A2 indicates Unitroot test . Some variables such as Liquid asst to total
asset, Due to banks to total liabilities, Interest income to total income, have a
unit root and become stationary after first differencing. Other variables are
stationary at level.

Table B1 reports the results for the different estimation of Eq.(1). Official
exchange rate and non—official exchange rate are dynamic explanatory variables
in Panel A and B of Table B1. Columns (1) and (2) in Panel A examines the linear
and non-linear effects of the official exchange rate on the banks’ new financial
soundness without control variables and with control variables respectively.
Column (5) and (6) in Panel B examines the linear and non-linear effects of non-
official exchange rate on the banks’ new financial soundness without control
variables and with control variables respectively. Results confirm inverse U
shaped relationship between exchange rates and banks’ new financial soundness.
So an increase in the official exchange rate and non- official exchange rate up to
threshold improves financial soundness, and after that, an increase in the official
exchange rate reduces financial soundness. This result confirms the existence of
a threshold for the official and non-official exchange rate.

Likewise, in Columns (3) and (4) in Panel A of Table Blwe explore the
impact of official exchange rate*ownership on banks’ new financial soundness
with control variables and without control variables. Also, in Column (7) and (8)
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in Panel B of Table B1, we explain the impact of non-official exchange
rate*ownership on banks’ new financial soundness without control variables and
with control variables. Official exchange rate*ownership and non-official
exchange rate*ownership are fixed explanatory variables in Columns (3), (4), (7)
and (8). Ownership is dummy variable that it is 1 if banks are private owned banks
and other it is 0. The negative sign of the official exchange rate*ownership
demonstrates an increase in the official exchange rate has a negative effect on the
private owned banks’ financial soundness, but an increase in the non-official
exchange rate has a positive effect on the private owned banks’ financial
soundness. This result confirms exchange rates have different effect on the
financial soundness of banks according different ownership. Also, according to
the nature of activity of private banks that are focused on buying and selling
foreign exchange, the profit from buying and selling non-official exchange rate is
more than the profit from buying and selling official exchange rate. For this
reason, the official exchange rate has a negative effect on the financial soundness
of private banks and the non-official exchange rate has a positive effect on the
financial soundness of private banks.

The comparison of the coefficients in all estimation shows that the effect of
the exchange rate decreases with the addition of control variables. This results
shows the importance of the effect of control variables on the financial soundness
of banks.

Bank size exhibits a positive and significant relationship with financial
soundness, indicating that larger banks are better equipped to weather exchange
rate volatility due to their capital buffers and diversified portfolios.

Liquid Assets to Total Assets indicate liquidity positively contributes to
financial stability across the models. Banks with higher liquidity ratios tend to
manage short-term obligations better, which improves their overall financial
soundness.

A negative relationship exists between the loan-to-asset ratio and financial
soundness, as over-reliance on loans increases exposure to non-performing loans
(NPLs), especially during periods of exchange rate volatility.

Due to Banks-to-Total Liability is negatively associated with financial
soundness, emphasizing the detrimental effects of rising interbank borrowing on
stability, likely due to increased refinancing costs during volatile periods.

A significant positive effect of Investment Deposits to Total Liabilities
indicates that higher investment deposits boost financial stability, providing banks
with stable funding sources.

Interest Income to Total Income has a negative effect, suggesting that
excessive reliance on interest income can expose banks to risks, especially during
economic downturns when interest margins shrink.

Inflation negatively impacts financial soundness as it raises borrowing costs
and decreases credit growth. Conversely, economic growth tends to support
financial stability by improving borrowers’ ability to repay loans and enhancing
bank profitability.
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A strong positive relationship is evident between the stock price index and
financial soundness, as rising stock prices improve capital buffers, investor
confidence, and access to funding.

This analysis highlights the complex interplay between exchange rates,
ownership structures, and other financial indicators in determining the financial
soundness of banks. Both official and non-official exchange rates exert significant
effects, with non-linearities indicating thresholds beyond which currency
movements become destabilizing. Ownership type plays a critical moderating
role, with state-owned banks showing greater resilience. Additionally, internal
financial metrics such as size, liquidity, and investment deposits positively
influence stability, while high loan and liability exposures increase risks. The
results underscore the need for targeted policy interventions to mitigate exchange
rate volatility’s risks and support banking sector resilience.

4.2 State Space estimation

This section builds on our analysis by examining the robustness of the main
results. We investigate the effect of official exchange rate and non-official
exchange rate through the types of ownership (private owned commercial, state
owned commercial and state owned specialized banks) and various years using
state space method.

The effect of official exchange rate and non-official exchange rate depend
on types of ownership and may be different in various years. We using state space,
investigate the effect of official exchange rate and non-official exchange rate
through the types of ownership (private owned commercial, state owned
commercial and state owned specialized banks). We test three hypotheses. The
first hypothesis is the equality test of official and non-official exchange rate
coefficients for banks with various ownership. (The effect of official and non-
official exchange rates are compared in private owned commercial, state owned
commercial and state owned specialized banks separately). The second hypothesis
is the equality test of the effect of the official exchange rate for banks through
various ownerships (the effect of the official exchange rate is compared in private
owned commercial, state owned commercial and state owned specialized banks)
and the third hypothesis is the equality test of the effect of the non-official
exchange rate for banks through different ownerships( the effect of the non-
official exchange rate is compared in private owned commercial, state-owned
commercial and state owned specialized banks). Table 5 reports the estimation
result of Eq. (1) using the state space method.

In this study, to examine the effect of official and non-official exchange rates
on the financial soundness of banks with different types of ownership, the state
space model has been employed. The state equation is specified as follows:

State Equation:

soundness;j; = o + oy * 2
official or non official exchange rate, +
oy *



Ahmadyan et al., Iranian Journal of Economic Studies, 13(2) 2024, 543-573 557

official or non pfficial exchange rate? +
Vit &t

Where,y; is Bank fixed effects (by type of ownership: private, state-owned
commercial, and state-owned specialized)

&;; IS error term

In this equation, to capture the heterogeneous effects of ownership, the
coefficients are estimated separately for each type of bank. Moreover, to account
for the time series dynamics and heteroscedasticity, an ARMA(1,2) process is
included for the error term.

To estimate the state space model, the Kalman Filter was used. This
technique allows for efficient estimation of model coefficients under dynamic
time series conditions with incomplete or noisy observations.

The coefficients of the above equations were estimated using the Maximum
Likelihood Estimation (MLE) approach, specifically applying the
BFGS/Marquardt optimization steps to maximize the likelihood function.

The final model selection was also based on the Schwarz Bayesian Criterion
(SBC/BIC), according to which the ARMA(L1,2) model was selected for
estimation.

All these aspects (the specification of the state and observation equations,
methodology for coefficient estimation, and the model selection procedure) can
be incorporated and clarified in the relevant section of the manuscript.

In summary, the steps are as follows:

Specification of the state space model for each type of bank
Modeling errors using ARMA(1,2)

Coefficient estimation via Kalman Filter and MLE

Model selection based on the Schwarz/Bayesian Information
Criterion

Table5 Displays the results for the different estimation carried out Eq. (1),
including separate estimations for official exchange rate (Panel A) and non-
official exchange rate (Panel B), as well as their non-linear effect
(official exchange rate;*2 and non — official exchange rate;*2) through the
type of ownership of banks. For presentation purposes, the other fixed explanotary
variables have been removed from Eq.(1). The Schwartz Bayesian criterion was
used to select the appropriate model, and based on the Schwarz Bayesian results,
the ARMA (1,2) was chosen for all estimates.

Firstly, in estimations results of state owned commercial banks and state
owned specialized banks reported in Panel A of Table5, official exchange rate
show a negative and statistically effect on state owned commercial banks and state
owned specialized banks’ soundness, so, if official exchange rate increases 1%,
Soundness of state owned commercial banks and state owned specialized banks,
decreases 2.64% and 8.78% respectively. The effect of official exchange rate "2
indicates a positive and statistically effect on state owned commercial banks and
state owned specialized state owned commercial banks and state owned
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specialized banks’ soundness, 1.31% and 2.93% respectively. These results
support the non-linear and U shaped effect of official exchange rate on state
owned commercial banks and state owned specialized banks’ soundness. In other
words, when the official exchange rate increases, state owned commercial banks
‘soundness and state owned specialized banks’ soundness decreases to the
minimum level of financial soundness, and after that level, with the increase of
the official exchange rate, the financial soundness of banks increases.

But in private banks, with the increase in the official exchange rate, the
financial soundness of the private banks increases, and after reaching the
maximum level of financial soundness of the private banks As the official
exchange rate continues to rise, the financial soundness of the banks declines(-
3.81). These results confirm the non-linear and U inverse shaped effect of non-
official exchange rate on private owned commercial banks’ soundness. If official
exchange rate increase 1%, private own banks’ soundness, increases 1.65%.

Secondly, Panel B in Table4 represent estimation results of non-official
exchange rate and non — official exchange rate,"2 on banks’ soundness through
various ownership. Results of Panel B in Table4.indicate in line with the results
of Panel A in Table4, non-official exchange rate exhibit non-linear and U inverse
shaped effect on private owned banks’ soundness. So if the non-official exchange
rate increases by 1%, the financial soundness of private owned banks improves
by 4.03 % and after maximum level of soundness, after the maximum level of
financial soundness, the financial health of banks decreases 2.28% with the
continuous increase of the non-official exchange rate. Also non-official exchange
rate is related non-linear and U inverse shaped to state owned specialized banks’
soundness, so this result is contrary to the result of panel A in the Table4 So,
before the maximum level of the banks' financial soundness, with a 1% increase
in the non-official exchange rate, the banks' financial soundness improves by
3.77%, and after the maximum level of the banks' financial soundness, with the
continued increase in the non-official exchange rate, the banks' financial
soundness decreases. But, Panel B in Table4 demonstrate U shaped relation
between non-official exchange rate and state owned banks’ soundness. This result
is in line with Panel A.

Thirdly, the effect of the official exchange rate on the financial soundness of
banks in Panel A is less than the effect of the non-official exchange rate in Panel
B. So the official exchange rate coefficient is 1.65, -2.64, -8.76 less than the non-
official exchange rate coefficient (4.03, -6.24, 3.77) in private owned, state owned
commercial, and state owned specialized banks, respectively. The important
reasons, is the greater stability of the official exchange rate than the non-official
exchange rate. So banks expect the official exchange rate to remain stable for a
longer period of time than the non-official exchange rate. Therefore, their
financial soundness is less affected. This result is consistent with the results of
Table3. Also, state owned specialized banks are more affected by the official
exchange rate in Panel A and less affected by non-official exchange rate in Panel
B than other banks. According to the nature of the specialized activity, state
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owned specialized banks, which are responsible for financing specific sectors
such as industry, agriculture, and housing, use more official exchange rate in their
activities than other banks. Therefore, their effectiveness of the official exchange
rate is more than the non-official exchange rate in other banks.

Table 5. State Space method estimation results.

Panel A Panel B
Explanatory Official exchange Official Non-official Non-official
variable rate exchange exchange rate  exchange
rate”2 rate”2
Private Owned (1) 1.65 318 o
banks (2.995) (-3.107)
[0.0194] [0.0680]
@ e 4.03 -2.28
(2.870) (2.292)
[0.0342] [0.0332]
State owned (3) -2.64 131 L
commercial banks (-2.312) (3.235)
[0.0546] [0.0142]
[ -6.24 2.82
(-3.536) (2.652)
[0.0244] [0.0984]
State owned (5) -8.76 293 L
specialized banks (-3.347) (3.536)
[0.0279] [0.0513]
® e 3.77 -1.09
(2.474) (-3.397)
[0.0350] [0.0608]
Observations 26 26 26 26

Note: Table 5 Reports the estimations results for Eq.(1) applying the State Space method. Dependent
variable is soundness;, that i is private owned banks’ financial soundness, state owned commercial
banks’ soundness and state owned specialized banks’ financial soundness. Row (1), (3), and (5) present
linear effect of official exchange rate( of ficial exchange rate,) and non-linear effect of of official
exchange rate(of ficial exchange rate,"2) on private owned banks’ financial soundness, state owned
commercial banks’ soundness and state owned specialized banks’ financial soundness respectively. Row
(2), (4), and (6) demonstrate linear effect of non-official exchange rate( non — of ficial exchange rate,)
and non-linear effect of non-official exchange rate (non — of ficial exchange rate,"2) on private owned
banks’ financial soundness, state owned commercial banks’ soundness and state owned specialized banks’
financial soundness respectively. T statistic is in parentheses. Prob. Is in [].

Source: Researcher calculations

Now we test different hypotheses using the Wald test. The first hypothesize
is the equality of the effect of official and non-official exchange rates in banks
through ownership. The Table6 shows the result of the Wald test for this
hypothesize. The results indicate, null hypothesis of equality effect of exchange
rates is rejected and the effect of the official exchange rate is different from the
effect of the non-official exchange rate in banks. This result is consistent with the
Tabledand Fig1 results.
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Table 6. Equality effect of official and non-official exchange rate through ownership
of banks

null hypothesis of
Wald test equality effect of
exchange rates

Private owned banks ((1)8(1)8) rejected

State owned Commercial banks 1.040 rejected
(0.039)

State owned Specialized banks 1.808 rejected
(0.067)

Note: Table6 report results the equality test of official and non-official exchange rate coefficients for banks
through ownership. Row (1) compares coefficients official exchange rate, and onon —
fficial exchange rate, for private owned banks in Table5 . Row (2) compares coefficients
of ficial exchange rate, and onon — f ficial exchange rate, for state owned commercial banks in
Table5. Row (3) compares coefficients of ficial exchange rate, and onon — f ficial exchange rate,
for state owned specialized banks in Table4. The value is Chi-square and number in () is probability.
Source: Researcher calculations

The second hypothesize is the equality of the effect of the official exchange
rate between private owned banks and state-owned commercial banks and state-
owned specialized banks, as well as the equality of the effect of the official
exchange rate between state-owned commercial banks and state-owned
specialized banks. For this purpose, the Wald test has been used. The Table6
shows null hypothesis of equality effect through ownership is rejected and the
effect of the official exchange rate in private banks is different from state-owned
commercial and state-owned specialized banks. Also, the effect of the official
exchange rate in state-owned commercial banks is different from state-owned
specialized banks.

Table 7. Equality effect of official exchange rate through ownership
null hypothesis of

Wald test equality effect through
ownership
Private owned banks and State 2.299 reiected
owned Commercial banks (0.012) g
Private owned banks and State 2.393 rejected
owned Specialized banks (0.021)
State owned Commercial banks 1,022
and State owned Specialized (0.081) rejected

banks
Note:Table7 report results the equality test of official exchange rate coefficients for banks through
ownership. Row (1) compares coefficients of ficial exchange rate, between private owned banks and
state owned commercial banks in Table6 . Row (2) compares coefficients of ficial exchange rate,
between private owned banks and state owned specialized banks in Table6. Row (3) compares coefficients
of ficial exchange rate, between state owned commercial banks and state owned specialized banks in
Table4. The value is Chi-square and number in () is probability.
Source: Researcher calculations
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The third hypothesize is the equality of the effect of the non-official
exchange rate between private owned banks and state owned commercial banks
and state owned specialized banks, as well as the equality of the effect of the
official exchange rate in state owned commercial banks and state owned
specialized banks. Table8 represents null hypothesis of equality effect through
ownership is rejected and the effect of non-official exchange rate in private banks
is different from state commercial and specialized state banks. Also, the effect of
the official exchange rate in state-owned commercial banks is different from
specialized state-owned banks.

Table 8. Equality effect of non-official exchange rate through ownership.
null hypothesis of

Wald test equality effect through
ownership

Private owned banks and State 8.699 rejected
owned Commercial banks (0.003)

Private owned banks and State 8.954 rejected
owned Specialized banks (0.017)
State owned Commercial banks 2995

and State owned Specialized (0-083) rejected

banks
Note: Table7 report results the equality test of official exchange rate coefficients for banks through
ownership. Row (1) compares coefficients non — of ficial exchange rate, between private owned banks
and state owned commercial banks in Table7 . Row (2) compares coefficients non —
of ficial exchange rate, between private owned banks and state owned specialized banks in Table7. Row
(3) compares coefficients non — of ficial exchange rate, between state owned commercial banks and
state owned specialized banks in Table6. The value is Chi-square and number in () is probability.
Source: Researcher calculations

5. Concluding Remarks

This paper provides an in-depth analysis of the linear and non-linear effects
of official and non-official exchange rates on the financial soundness of Iranian
banks, considering the role of ownership structure. By utilizing advanced
econometric methods such as ARDL and State Space approaches, it offers a
comprehensive assessment of macroeconomic variables and bank-specific factors
affecting financial stability from 1996 to 2024.

The use of both the ARDL (Autoregressive Distributed Lag) model and the
State-Space model is intentional and grounded in the complementary strengths
each method brings to the analysis. The ARDL model serves as a robust tool to
establish baseline and general relationships at the sector level, identifying
dynamics effects. The State-Space model, on the other hand, allows us to address
the core research question with more granularity by disentangling the effects of
exchange rates based on bank ownership and by accommodating time-varying and
non-linear dynamics. Including both models strengthens the robustness of our
findings and enriches our understanding of how different segments of the Iranian
banking sector are affected by official and unofficial exchange rate movements.
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The ARDL approach is particularly suitable for modeling and estimating the
dynamic relationships between exchange rate variables (official and unofficial)
and the overall financial soundness index of Iranian banks, especially in the
presence of variables with different orders of integration (1(0) and I1(1)).

This method allows us to providing a general overview at the sectoral and
aggregated level without distinguishing bank ownership types.

The ARDL model is effective for examning the general time dynamics and
threshold effects of exchange rates on the banking sector as a whole.

After establishing general relationships using ARDL, the State-Space model
is employed to delve deeper into the heterogeneity among banks with different
ownership structures (private banks, state-owned commercial banks, state-owned
specialized banks).

The State-Space framework is dynamic and flexible, allowing for time-
varying parameters and a richer characterization of the underlying processes. This
enables us to capture the differential and possibly non-linear responses of various
bank groups to exchange rate shocks across different periods.

By using the Kalman filter, the State-Space model accounts for unobserved
components and offers more detailed insights into the temporal effects and
ownership-specific sensitivities, which are not easily captured by traditional
ARDL models.

The findings align with many previous studies that emphasize the critical
role of exchange rates in shaping banking performance. For instance, consistent
with Keshtgar et al. (2020) and Njagi & Nzai (2022), the results demonstrate the
destabilizing effects of excessive exchange rate volatility, particularly on credit
and liquidity risks, while moderate fluctuations tend to enhance financial
soundness. Similarly, studies like Babazadeh & Farrokhnejad (2012) and
Almagqtari et al. (2018) are supported by the evidence that macroeconomic factors,
including inflation and GDP growth, play a significant role in influencing bank
resilience.

However, this study diverges from previous research in three major respects.
First, it introduces a dual analysis of Iran’s unique dual exchange rate system,
exploring both official and non-official rates, which is absent in most prior studies
that focus on single exchange rate regimes. Second, while earlier works often rely
on narrow financial performance metrics like ROA, ROE, or NPL ratios, this
research develops a composite measure of financial soundness using IMF’s
CAELS methodology. This allows for a broader and more integrated evaluation
of banking sector stability. Third, the study accounts for ownership-specific
differences, highlighting the distinct impacts of exchange rate volatility on private
banks, state-owned commercial banks, and state-owned specialized banks—an
area often overlooked in the literature.

The results establish that both official and non-official exchange rates exert
complex, non-linear effects on the financial soundness of Iranian banks. There is
evidence of threshold effects, where moderate increases in exchange rates
improve stability before excessive volatility leads to destabilization. State-owned
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banks are more vulnerable to official exchange rate fluctuations, while private
banks exhibit stronger sensitivity to non-official exchange rates due to their
reliance on informal currency market activities.

In addition to exchange rate effects, internal financial metrics such as bank
size, liquidity ratios, and investment deposits significantly enhance stability,
whereas high loan-to-asset ratios and interest income dependency increase risks.
Furthermore, macroeconomic variables show inflation negatively impacts
financial soundness, while GDP growth and stock market performance have
positive effects.

Given these findings, several policy recommendations can be made:

Exchange Rate Stabilization: Policymakers should focus on mitigating
excessive exchange rate volatility, particularly for non-official rates, which
disproportionately affect private banks. This could involve narrowing the gap
between the official and non-official exchange rates to reduce systemic risks.

For state-owned banks, policies should focus on improving operational
efficiency and reducing reliance on government-determined exchange rates. For
private banks, regulations should address risks associated with non-official
exchange rate exposure, such as requiring higher capital adequacy ratios tied to
foreign exchange transactions.

Measures to boost liquidity ratios, diversify revenue sources, and improve
credit risk management should be prioritized across all banks to enhance their
overall financial soundness.

Macroeconomic Measures: Controlling inflationary pressures and ensuring
consistent economic growth are crucial to supporting banking stability. Policies
that promote investor confidence and strengthen credit repayment capacity would
mitigate the risks associated with exchange rate volatility.

This research contributes significantly to understanding the dynamics of
exchange rate fluctuations and their varied effects on bank financial soundness in
emerging markets. It highlights the importance of tailored policies addressing
ownership-specific vulnerabilities and advocates for a more integrated approach
to evaluating banking sector stability. The findings provide valuable insights for
policymakers aiming to enhance resilience in the Iranian banking sector and
similar economies facing dual exchange rate challenges.
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Notes: TableAl: Pearson Correlation Matrix reports the Pearson correlation coefficients for the
variables included in the analysis. . *, **, and *** indicate significance at the 10%, 5%, and 1%
levels, respectively.
Source: Researcher calculations
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Table B1. ARDL Method estimation results
Panel A: Official exchange rate Panel B: Non- Official exchange rate
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Note: TableB1 reports the regression results of Equation (3). Sample is total banking network.
Size is log of total asset. Ownership is dummy variable that it is 1, if bank is private own banks
and 0 otherwise. : In all regressions, maximum dependent lags is 4 and it is selected automatically.
Number models evaluated is 20.Model selection method is Akaike info criterion (AIC). Size, Liquid
asset to total asset, Loans to total asset, Due to banks to total debt, Investment deposit total debt,
Interest incomes to total income, Inflation, Economic growth, Stock price index are fixed
repressors in all regressions and they are selected based on theories , literature and significant .
Official exchange rate and non-official exchange rate are dynamic regressors in Panel A and B of
TableA2 respectively.

Source: Researcher calculations



