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Abstract: Your full access to the article is suspended indefinitely. You are not logged in (Login |
Register) Download as PDF Cites 0 Tweet AbstractThis paper investigates economic implications of
deepening financial stabilization under digitalization, including Iraq Since Profoundly embedding points
into public debate provides a reliable signal for assessing elements poorly. Composite index construction
Measurement of the diffusion w. r.to some indicators (ATM density, access point network casualisation :
case POS terminals and electronic cards facilitating cashless payments & mobile wallets) The empirical
analysis is done by using ARDL-ECM approach for short-run and long-run investigation with Robustness
Check through baseline estimates on the application of OLS. The result indicates that this level of digital
finance deepening is associated with lower inflation, money supply and GDP growth fluctuations. Result
also show that growth of digital financial services has strengthen traditional banking and transmitting
monetary policy into Iraq more effective. Ultimately, this is a study that shows how digital finance can
serve as an important tool to help strengthen macroeconomic stability among emerging economies.

Keywords: (Digital Financial Deepening; Macroeconomic Stability; Monetary Policy
Transmission; Financial Inclusion; Iraq) .

1. Introduction

Digital technologies have quickly changed financial systems over the past ten years. Even more so
in the emerging state of affairs, banking penetration has historically been lower.

The new payment systems, be it POS as a terminal at the mall or mobile wallet to even fintech
solutions for payments have scaled down into e-cards and definitely high efficiency of how much
fast you can render up is one thing that has made cashless transactions these days more transparent
in nature with very low reach. This process would not only enhance the access to financial
services, but also reduce transaction frictions increasing finance intermediation dynamics and
amplifying monetary policy transmission.
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This makes Iraq especially the southern regions where Americans have operated for nearly a
decade a particularly interesting laboratory of these dynamics. Until the modest and relentless
monetary progress of in recent years, for decades Iragi financial system was manying a cash
economy with low bank infiltration plus an unequal payment plubmine. On top of that, large
changes in their economic structures made e a monetary transmission fragile and macroeconomic
developments vulnerable the external shocks more than ever before.. approaches to oil prices,
exchange rate pass-through and pro-cyclical fiscal policies Digital financial service adoption
across various geographies had been supported via policy driven reforms from the late 2010s
onward encompassing salary localisation plans, fintech licensing and national payment system
modernisation. While institutional factors continue to exist, the rapid spread of electronic cards,
POS networks and mobile wallets is rapidly changing financial behaviour.

Scholars argue that "[t]he regional evidence is contested as far [as], (a) the macro-economic
impact of digitisation by financial systems across Iraq, and then; b) on empirical basis at all in
favour of saying that there can be a macro-stability from or enabled through such digitization.
Such a gap is critical for Iraq, because inflation-output relationship alone defines the policy
effectiveness and viability of investment by stimulating volatility in liquidity conditions.

This paper represents an empirical literature contribution on this issue, concerning the position of
digital financial deepening as a factor for macroeconomic stability in Iraq across 2010-2023. The
composite index of Digital Financial Deepening manifests itself as trends in the density of
electronic cash and banking with ATMs, POS terminals, issuance eCards or mobile wallets among
users. Volatility centred central bank aims at macroeconomic stability in three dimensions — low
inflation, money supply growth and real GDP growth which directly reflects instability under
shock-prone environment.

In the era of digitalization, in which there has been a greater dependence on financial technologies
to repair the Iraqi economy. By reducing transactions costs, through enhancing formal financial
intermediation and contributing to the creation of a better information environment for monetary
policy agents it is therefore expected that deeper digital finance will dampen volatility in these key
aggregates; Specifically, both the short-run as well as long-term nexus utilizing time-series
econometric approaches such ARDL and error-correction modelling shall be analyzed. It will take
into account exchange-rate and oil-fiscal conditions which are structural determinants.
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Here we connect digital finance and macroeconomic stability in an oil-dependent, institutionally
constrained economy: Thus it contributes to the growing literature on digital financial
development. Consequently, it reveals findings which are scientific relevant to the literature and
macroeconomic policy-relevant aspects regarding digital finance in Iraq.

1.1 Research Problem

Irag has made substantial gains on digital financial services over the last decade. There is very
little constitutional or empirical literature explaining the rise of our dependence on inflation
experts. Government statistics confirm a spectacular increase in e-payment cards, POS terminals
etc. immediately after post-2018 reforms - similarly they were propelling it policy driven and
talking about how quickly the (for) cashless economy is growing with Mobile Wallet being one
aspect of various initiatives that are rapidly supporting this change on Africa as well. However,
fundamental role of such a digitized environment in stabilizing for not influencing the macro-
economy has never been tested empirically.

At the heart of this problem is a disconnection between limpid fintech digitalization and
macroeconomic statistics. Other studies of Iraq and peer developing economies tend to examine
financial inclusion, establishment-level factors determining financing decisions or technology
adoption. However, only a handful of studies explore the effect of digital finance on THE
volatility /fluctuations in macroeconomic aggregates ( e.g. inflation,money supply growth and
output etc ). Faced with an economy that is highly exposed to oil-price shocks through a number of
transmission channels broadly defined (exchange-rate pressures and fiscal shocks play far more
important, instability-inducing roles elsewhere), Irag's economic response has been cautious This
iS a serious omission.

On top of that digital financial deepening has only led to theoretical plausibility, not empirical
evidence for Irag in terms of its macroeconomic stability effects and the transmission channels at
work. Whether the digital financial channel strengthens those for monetary policy transmission
and liquidity management or it runs parallel with current banking channels should not be taken for
granted. As a result, policymakers are ill-equipped to know if the development of digital finance is
merely an important efficiency and inclusion tool or rather one central policy direction that aims at
bolstering macroeconomic system resilience.
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So the research problem can be synthesized as a limited Irag-specific empirical examination
linking digital financial deepening to macroeconomic stability and explaining through what
economic channel this could occur.

1.2 Research Objectives

It is evidenced by the Research Problem as identified above and pursues complementary
objectives seeking to marry theoretical reasoning with empirical investigation. In particular, to
determine the.

Develop and introduce a context-sensitive Digital Financial Deepening Index (DFD) reflecting
multidimensional digital financial development in Iraq across different levels, with indicators on
infrastructure and usage;

Document the transition of digital financial services across some regions in Iraq from 2010-2023,
emphasizing structural and institutional mechanisms enabled by policy reform initiatives coupled
with fintech adaptation

With a specific focus on the causes of monetary hearts, we approach this study not with
judgmental evaluations but as pioneers in economic modelling with an insight into how financial
depth works and thus contribute to any discourse or literature about its implications for
macroeconomic stability namely through volatility associated two monetary varables inflation (in
particular money supply)and growth.

Seek: Main transmission channels between digital financial deepening and macroeconomic
dynamics ( transaction efficiency, intermediation & monetary policy ) [ 13 ] 1 Token block data of
daily CNY central bank transaction books

Explore the potential relevance of macroeconomics to measures valuing digital financial services
in Iraq contexts that treat them as free goods or little more than parallel banking.
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The results shall shed light on developing digital finance interventions for strengthening the
economic resilience of an oil-based, institutionally constrained economy.

1.3 Research Hypotheses

This leads to three testable hypotheses of research, assuming manual trajectory based on
theoretical trajectories and empirical observations in digital finance literature concludes with
macroeconomic stability.

Common Bond-observed deepening trend of digital finance and high inflation volatility

The effect of the finding on digital financial depth and inflation volatility in Iraq has a very
negative expected value. Shall additional improve on lesser amounts via deeper monetary/finance
systems turning into less transaction frictions to enhance means of passing mountains and nations
in phrase rates.

Digital Financial Deepening & Money Supply Stability

The keenness of digital financial deepening is proposed to dampen growth volatility by changing
the allocation of liquidity, which translates into different functioning pathways for formal
intermediation.

H3: Digital Financial Deepening and Output Volatility

Digotal financial deepening can therefore dampen (aggregate) demand fluctuations and strengthen
the ability of sectors to exchange funds more efficiently across them;as a result, real GDP growth
volatility will diminish.

H4: Bank—FinTech Complementarity Hypothesis
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Hypothesizes & B: Digital financial services in lraq are complementary (not substitutes) to
banking intermediation, bolstering the stability of the overallfinancial system

H5: Shock-Amplification Hypothesis

At times of intensified macroeconomic stress like an exchange-rate volatility or oil-related fiscal
shocks digital financial deepening is expected to contribute more strongly to stabilize the
economy.

2-Literature Review

2.1 Financial deepening to digital financial

The finance—macro literature is mainly rooted in the financial deepening tradition, which argues
that more advanced institutions enhance resource allocation and may produce beneficial
macroeconomic outcomes by increasing intermediation (see Aghion et al. Here are the terribly
unsexy McKinnon and Shaw proposals where deepening occurs as financial assets and
intermediation develop in relation to an economy's size (showing how this train disables
investment + efficiency via financially repressing it).

During this period, the proposition was extended and established through additional empirical
studies. International evidence has consistently pointed to a strong and, on the whole beneficial
correlation between greater financial depth  deeper more efficient financial systems that supply
stable channels of screening diversification (spread danger over private sectors), as well systematic
institutional monitoring by firms will utilize your information for decision-making process Though
much of this literature is written in terms of being for growth, it also argues why conditions which
hold these values to be higher help stabilize: the claimed efficiency gains from better
intermediation as a moderation on consumption paths (through substitution effect via labor), with
improvement in credit allocation and transmission channels that make monetary policy more
effective.
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Within this context, we look at how digital financial deepening will lead to a significant
transformation of an old tradition: focusing more on HOW technology can help facilitate
transactions than traditional depth (e.g. credit-to-GDP) as rather myopic measures that might
benefit deeper economic growth levels but leads instead ultimately towards less frictions in cash-
handling, reducing the costs associated with formal payments while creating circumstance for
productive data environments which yield better and forward-looking risk assessments along
target specific policies! But in essence: the digital finance can alter market structure and ”
economic frictions” regarding information, contracting & transaction this way changing financial
outcomes & macroeconomic dynamics.

2.2 Theoretical Linkages between Digital Finance, Inclusion and Stability

Most of the literature appears to see in digital finance a potential means for growing degrees of
inclusion and efficiency (although it is uncertain from theory whether stability would increase or
decrease). Such channels might also support the work being done by banks in expanding
transaction balances nearer to deposit-like levels, and integrating up households (and firms) into
formal financial circuits. In so far as it lessens dependency on cashguns and increases physical
activity dynamics through formal rails such a qualification could possibly transmit monetary
policy signals & liquidity management via complementarity many magnitudes faster than
currently in current systems.

But on the flip side, new kinds of digital finance present risks. Indeed, classic cycles can be
amplified by rapid credit growth or platform lending in low supervision contexts; concentration
(BigTech effects), operational risks and cyber threats risk even more uncertain dynamics that
could endanger quasi-stability-intensive regimes. This is why much of this literature review
increasingly references digital finance, which either a net positive or neutrality on stability
critically depends on institutional quality and regulatory capacity.

Reviewed with a complementary macro perspective the extant literature on inclusion—macro
linkages: greater access to financial services is pro-growth and anti-poverty, but does not
automatically imply positive stability effects these are neither automatic nor unconditional; they
can disappear or be reversed where deeper access directly feeds into uninhibited credit expansion
in environments of weak supervision. This caveat is useful to read the digital deepening dynamics
really in action, mainly at work across emerging economies.
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2.3 Empirical Literature: digital finance and the (macro/financial) stability

Similar empirical evidence has exploded since 2020 but is more patchy by region and outcomes.
Many papers examine proxies of financial stability (bank Z-scores, NPLs, systemic risk) as
outcome variables rather than macroeconomic volatility directly in part because bank-level data
are more easily obtained. And more recent cross-country work analyzing digital financial
inclusions and bank stability have found that access to digital channels improves the stability of
banks via (among other things) increased diversification and better quality information, but this
effect is heterogeneous across institutional settings as well as quantiles.

The evidence is newer, and often indirect rather than direct with mechanisms for macroeconomic
stability in terms of volatility inflation, money growth and output. The most policy-relevant
analyses focus instead on the implications for monetary transmission of digital money (e-money,
CBDCs). A recent paper by IMF (IMF, 2023) illustrates that e-money issuers can be either
complements or substitutes to banks.

Complementing this, a series of global policy and analytical reports have set out the potential scale
of fintech engagement, identifying those enabling conditions (ICT infrastructure; regulation;
identification systems; competition policy) determining both how digital finance diffuses as well
whether it enhances or impedes broader economic objectives. This serves a data-historical
purpose, especially in economies controlled by legislative policy rather than market forces.

2.4 Why Iraq Is a Special Case in This Literature

In the critical sense of we care about iragi case. In sum, driven by (i) the oil-dependent economy of
Irag which has remained closely connected to global financial markets; as well (ii) a cash-intensive
and fragmented banking system that inhibits monetary transmission mechanisms while
complicating liquidity management.. Third, the recent phase of digitalisation has largely been
policy-assisted (payment infrastructure upgrades, electronic instruments etc), creating a sordo
quasi-natural experiment to see if an ongoing shift from cash-dominance towards diploomic rails
can result in measureable macro stabilisation.
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Although possible mechanisms have been identified in the global literature, empirical work on
linkages between digital deepening and macro volatility in Iraq remains scarce. Most of the current
coverage on more comparable emerging markets is either concentrated in adoption/inclusion
outcomes or bank stability at best not macro. This empirically leaves a question open, is this
efficiency and inclusion the only impact from more digital financial deepening unless institutional
constraints completely disappear or can it also help in decreasing volatility of both inflation as
well as money supply dynamics with output growth?

2.5 Research Gap and Contribution

Therein, the above literature identifies two gaps motivating study. The first is a measurement gap:
traditional financial depth indicators might underestimate cash-based economies’ digital transition,
so an index reflecting real payment technology and utilization (ATM density, POS diffusion, card
issuance mobile wallet penetration), is necessary to quantify “digital deepening” in its operation.
Secondly, on an outcome gap there is little time-series data available other than for Iraq to
demonstrate a direct correlation between digital financial deepening with macroeconomic
volatility not just inclusion or bank stability.

Accordingly, this paper contributes by (i) constructing a context-specific composite DFD index;
and then testing the relationship with macroeconomic stability measures of volatility in inflation,
money supply growth and GDP growth including Irag-relevant controls and short-run versus
long-run dynamics. This direction links directly to the disputed policy question on whether digital
finance is a narrow agenda of payments modernisation or one part among others forming wider
macro-resilience strategy.

3. Conceptual Framework

3.1 Conceptual Rationale

We conceptualise digitals financial deepening (DFD) as a structural transformation in the way
liquidity flows, transactions are conducted and how intermediation is facilitated. Digital finance is
more than just an alternative means of payment in cash-centric economies, as Irag. It can alter the
effective “active space” over which macro-economy functions: expanding periphery of formal
finance, mitigating transaction frictions and further accelerating or making money flows more
transparent. Under the framework, (controlling for major structural drivers of instability) pus
higher DFD is related to lower volatility in macroeconomic terms.

3.2 Core Constructs and Measurement

Digital Financial Deepening (DFD) is a composite measure that has been treated as capturing both
the structured and usage components of digital finance. In line with Iraq’s institutional and market
structure, DFD is operationalised through four indicators that reflect actual adoption pathways.
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* "ATM density (per 100,000 adults)."

* Expansion of pay terminal and payment execution at merchant sites.

» Issuance of electronic cards (which are formal transaction instruments).

* The effectiveness of mobile wallets (mass retail digitalisation and fintech reach).

MS is, thus, conceptualised as lower volatility in key aggregates and not necessarily improvements
in the levels. Three indicators are used to measure the volatility and thus stability of an economy.

* Inflation volatility (INFVOL)

* Money supply volatility (MSVOL)

» GDP growth volatility (GDPVOL)

Weaker macroeconomic stability is signalled by higher values of these volatility measures.
3.3 Transmission Channels

The conceptual framework identifies three main channels through which DFD may influence
macroeconomic stability.

(1) Transaction-Efficiency Channel

Digital payments lower transaction costs and enhance efficiency in transactions. As trading
becomes more frequent and reliable, then pricing behaviour and consumption smoothing improve.
This will reduce the risks of unexpected shocks leading to persistent inflation volatility.

(2) Financial Intermediation Channel

Digital technologies widen formal access and enhance the volume of transactions directed through
the formal financial system. Through enhancing the effectiveness of payment settlement along
with the depth of intermediated flows, this can improve the distribution of liquidity and the
volatility in money growth.

(3) Monetary Policy Transmission Channel

As more economic activity is intermediated and traceable through digital rails, monetary impulses
(rate cuts, liquidity operations) may get more traction. This is what has made policy transmission
more effective and, at the same time, contributes to lowering macroeconomic instability
especially in those environments where damage had been inflicted by cash news.
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One of the mechanisms linking all these dimensions is transparency and data: information
generated by digital transactions can enhance risk assessment, supervision, and policy calibration
underpinning the three channels described.

3.4 Structural and Policy Controls

In order to identity the marginal contribution of DFD, the framework acknowledges that the
volatility of Iraq is largely governed by structural and policy factors that work alongside digital
transformation. Therefore, the empirical specification takes into account.

 Exchange Rates which is Import Dependence and Pass-through Effects

* The main driver, on a fiscal and external level, has been oil revenues / oil price shocks.
» Government expenditure and fiscal policy are pro-cyclical and lead to demand shocks
» The monetary policy interest rate is to manage the liquidity stance.

Different controls can constrain volatility directly and possibly also condition the strength of DFD
impacts (for instance, during stress periods, digital finance might matter more).

3.5 Expected Relationships and Link to Hypotheses

Based on the aforementioned channels, the expected net effect of DFD on volatility based stability
indicators is negative

"Based on the aforementioned channels, the expected net effect of DFD on volatility-based
stability indicators is negative: BDFD<0BDFD<O0. In other words, the deepening of digital finance
lowers volatility. This negative relationship is hypothesised to hold for inflation volatility (H1),
money supply volatility (H2), and output volatility (H3), as reflected in the conceptual framework
(Figure 1)."

The relationship between the variables was depicted in the conceptual model of the study. The
impact of Digital Financial Deepening on macroeconomic stability is evident through transaction
efficiency, financial intermediation, and monetary transmission.
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Figure 1. Conceptual Framework of Digital Financial Deepening and Macroeconomic Stability.

According to the hypothesizing of this study, this conceptual framework assists the study.

« HI: DFD usage results in lower inflation variability by enhancing transaction speed and
providing faster pass through to consumers in the longer run.

 DFD stabilizes supply of money through better liquidity distribution and intermediation

H3: Interconnectedness among DFD participants strengthens stability in the DFD and the
economy.

* DFD (Decentralized Finance Data): Complementary to Banking and applicable without a
replacement intermediary between banks, similar but formal intermediation parallel.

4. Methodology and Data
4.1 Research Design

This study uses a quantitative research design based on macroeconomeatric techniques to examine
the relationship between digital financial deepening and macoreconomic stability at iraq. We also
employ blended descriptive and econometric estimations on a 10-year data series to adequately
capture the structural evolution of digital finance, as well their macroeconomic importance.
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This is in line with some recent empirical studies on the art of digital macroeconomics and
financial development (see Nicoletti, 2017; BIS and World Bank, 2021; or IMF (2023)) preferring
transparency/interpretability/robustness over complexity.

In its basic form, the regression model is
MS t=a+BDFD t+yX t+e¢ t
4.2 Model Specification

The paper builds on this to create an empirical baseline regression model. It looks at how digital
financial deepening affects macroeconomic stability

MSt=0+f-DFDt+01-OlLt+62-GEXPt+03-INTt+et

Where

Definition: « MS_t = macroeconomic stability at time t

DFD _t = The Digital Financial Deepening Measures index (Tropical forests turn into?

Without Oil_t absorbs the oil price / revenue shocks

* GEXP t is a measure of government expenditure over GDP.

* Int_t denotes policy short-term interest rate.

The error term is denoted \not< /varepsilon_t.

This specification allows to ceteris paribus isolate the marginal impact of digital financial
deepening on macroeconomic stability as well oil dependence and Iraq's macro-fiscal conditions.
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4.3 Measurement of Digital Financial Deepening (DFD)

The entry for digital financial deepening is compiled on a composite index based on a wider set of
variables reflecting access, usage, and infrastructure.

1. ATM density

2. POS terminal penetration

3. The electronic payment cards that you have.

4. Number of mobile wallet accounts

The Min-Max transformation is used to normalize each indicator as follows.

Normalization Formula

v o (K= min(0)
"t (max(X) — min(X)

where X_t is the original value of the indicator at time t, and X"*_t is the normalized value which
is bounded between 0 and 1. The Digital financial deepening index is then constructed as.

Composite index:

DFD, = \frac{1}{4}( ATM; + POS; + CARDS;{ + WALLETS;)

Such an approach aligns with those used by World Bank (2022) and BIS (2021) for composite
financial development indicators.

4.4 Measurement of Macroeconomic Stability

Volatility-based indicators are used to capture macrostability for the economy as a whole.4.4.1
Inflation Volatility

Inflation volatility is calculated as the rolling standard deviation of annual CPI inflation over a
three-year window:
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1 _
INFVOL, = \/[ <§>21=02(INF(1 — YINF)?,

When INFVOL _t is greater, expect the price instability to be greater.
INFVOL_t = \sgrt{\frac{1}{3}\sum_{i=0}"{2\left(INF_{t-i}-\overline{INF}\right)"2}
4.4.2 Money Supply Volatility

Money supply volatility is defined as the M2 Growth Rates standard deviation over a rolling
window.

Instability in money supply.

1 _ 2
MSVOL, = \/ [ (§> 2292 (M2Gye_yy — YM2G) ]

It shows inconsistency of liquidity conditions and control of money.
4.4.3 Output Volatility

The rolling standard deviation of real GDP growth is a proxy for output volatility.

Output volatility:

1 _
GDPVOL, = \/ [ (§> 2=92(GDPGy_jy — YGDPG)Z],

Lower values of this indicator reflect smoother business cycle dynamics.

4.4.4Data Sources
The data used for the empirical analysis is officially published in international databases.

* Central Bank of Iraq (CBI):
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Statistics on digital payments, number of ATMs (and POSs), number of electronic cards, number
of mobile wallets, money supply (M2), interest rate, payments system reports.

» World Bank — World Development Indicators (WDI):

Growth data on population, CPI and GDP.

* Ministry of Planning (Iraq):

Data regarding national economic accounts and real GDP series.

* BIS & World Bank, 2021.

Guidelines regarding digital finance and financial development.

These sources make sure that data is reliable and comparable and conforms to empirical
international standards.

4.4 5Estimation Technique

Due to the small sample size and the commonly observed mixed order of integration concerning
macroeconomic variables of emerging economies, the analysis uses Ordinary Least Squares (OLS)
estimation with robust standard errors in the baseline specification.

Where stationary conditions apply, additional robustness checks may entail bounds testing in an
ARDL format (Pesaran et al., 2001) to distinguish between short- and long-term effects. The key
interest, however, is in the sign, size and significance of the coefficient \beta that measures the
impact of digital financial deepening on macroeconomic stability.

4.4.6Expected Signs
Based on theoretical and empirical literature, we expect to find the following signs.

* The following indicates that greater deepening of digital finance is associated with greater
stability. High beta values show instability.

* Fluctuations of oil prices might cause instability.
« If the pro-cyclical is expanded, the fiscal policy stance may increase more financial instability.
« Impacts via interest rate effects (83) are effective due to monetary policy effectiveness.

4.5 Descriptive Statistics
This section presents the main study variables pertaining to the years 2010-2023. The descriptive
profile has two main purposes viz 1st. This report outlines the scope and spread of Iraq’s digital
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financial infrastructure during the transitional period. Second The sufficient variation of the
volatility measures warrants time-series estimation with them. The reports on payment systems
and statistical bulletins of CBI (Central Bank of Iraq) and the WDI (World Development
Indicators) of the World Bank, plus any extra macro series where suitable (CBI, 2018-2023; World
Bank, 2024; IMF, 2023).

Table 4.5. Descriptive Statistics of Digital Financial Infrastructure and Macroeconomic Variables
in Iraq (2010-2023)

Variable Mean Std. Dev. Min Max
ATM Density 6.4 1.8 3.1 9.2
POS Terminals 32,500 11,300 5,200 49,700
Electronic Cards 12.4M 4.1M 3.5M 16.8M
Mobile Wallets 9.7M 3.6M 1.4M 13.2M
Inflation Volatility 7.2% 2.3 3.1 12.4
Money Supply  11.5% 3.9 4.3 18.1
Volatility

GDP Volatility 6.8% 2.1 1.7 11.6

Notes: ATM density is measured per 100,000 adults. Absolute numbers for POS, cards, and
wallets are reported for reference; the DFD index uses normalised values.

Source: Author's calculations based on CBI payment systems reports, WDI, and IMF databases
(CBI, 2018-2023; World Bank, 2024; IMF, 2023a,b).

The table shows substantial variation in all indicators, confirming structural changes in digital
finance and macroeconomic conditions over the sample period.

Table 4.5 confirms that digital finance ecosystems in lIraq exhibit a clear structural expansion
during the sample period. The varying distribution of POS terminals, cards and mobile wallets is
statistically significant, which indicates that the digital adoption did not happen in a linear fashion
but rather accelerated in the later years (CBI, 2018-2023) The same time volatility indicators
reflect sizeable variation, consistent with Iraq’s exposure to oil-induced fiscal cycles and
exchange-rate pass-through, and consistent with econometric modelling of stability through
volatility-based measures (IMF, 2023; World Bank (2024 pandemic)).

Figure 4.1 through Figure 4.4 are representing a coherent and synchronised expansion of the
digital financial infrastructure of Irag, using both access-based and usage-based dimensions. Due
to a significant rise in ATMs, POS terminals, electronic cards and mobile wallets, one can view
digital financial deepening as a structural change rather than a temporary adjustment. This
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descriptive evidence sets a solid empirical footing for the following econometric explorations of
digital financial deepening and macroeconomic stability.

4.5.1 Graphical Trends and Stylised Facts

According to Figure 5.1, there has been a steady growth in ATM devices from 2018 to 2023,
providing better physical access to formal financial services. The slow rise indicates the growing
strength of cash-digital integration, which is crucial for a traditionally cash-heavy economy. The
expansion of ATM access points enables.

This is supporting the broadening process of digital financial deepening as people move to card
and electronic payments.

Figure 5.1. ATM Density in Iraq (2018-2023)

ATM Expansion in Iraq

8000 -

7000 -

6000 -

5000 A

4000 A

Number of ATMs
w
o
=
o
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I[Figure 5.1 would show a steady increase from 3.1 to 9.2 ATMs per 100,000 adults]

Notes: ATM density is measured per 100,000 adults. The figure shows a steady increase,
reflecting the expansion of physical banking infrastructure.

Source: Central Bank of Irag, Payment Systems Reports (2018-2023).

As shown in Figure 4.1, payments are increasingly becoming network-based rather than cash-
dominant, as demonstrated by the upward trend. Notably, the fact that acceleration is visible gives
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a justification treating DFD as a structural driver and not simply as some smooth trend, which
subsequently justifies the modelling of both short-run dynamics and long-run relationships
(Pesaran et al., 2001).

Figure 4.2 shows the rapid rise in the deployment of advanced POS terminals, particularly post-
2021. This sharp growth indicates an enhancement in merchant acceptance of electronic payments
and shows a scaling-up rather than gradual adoption. As POS infrastructures expand across the
spectrum of economic agents, from the most vulnerable to the macroeconomic agents of the
economy, very little transactions will be done using cash, whose tracking will become easier and
will strengthen the channels through which liquidity operates.

Figure 5.2. Advanced POS Terminals Expansion in Iraq (2018-2023)
I[Figure 5.2 would show a rapid rise from 5,200 to 49,700 terminals]

Advanced POS Terminals Expansion
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Notes: The sharp increase post-2021 indicates a scaling-up of merchant acceptance of electronic
payments.
Source: Central Bank of Irag, Payment Systems Reports (2018-2023).

Digitalisation for POS biases is a strong proxy for “everyday digitalisation”. The growing
networks of POS systems are generally associated with decreased dependence on cash for retail
transactions and enhanced transaction traceability. Both these features can bolster liquidity
management and foster the effective transmission of monetary policies.

Electronic cards continued to be issued in increasing numbers throughout the period (Figure 4.3).
The trend is aligned with policy-supported initiatives, such as salary localisation and expanded
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card-based payment systems. According to a report by the Reserve Bank, the increase in the
number of cards indicates deeper household integration into the formal financial system. These
developments can boost the efficiency of transactions. Apart from that, this will also facilitate
better monetary transmission by raising the share of formally intermediated payments.

Figure 4.3. Electronic Cards Issuance in Iraq (2018-2023)
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I[Figure 5.3 would show a steady increase from 3.5 million to 16.8 million cards]

Notes: The trend is aligned with policy-supported initiatives such as salary localisation.
Source: Central Bank of Irag, Payment Systems Reports (2018-2023).

As illustrated in Figure 4.4, the adoption of mobile wallets accelerated rapidly, with particularly
strong growth in the later years of the sample. The trend indicates a transformation in behaviour to
use fintech-enabled and platform-based payment solutions. The growth of mobile wallets opens
engagement in the digital economy beyond the banked population and improves payment
flexibility, which may help reduce transaction frictions and improve the resilience of economic
activity to short-term shocks.

"Figure 4.4. Mobile Wallet Accounts in Iraq (2018-2023).".
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Mobile Wallet Penetration
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I[Figure 5.4 would show a rapid acceleration, especially in later years, from 1.4 million to 13.2
million accounts]

Notes: The growth of mobile wallets opens engagement in the digital economy beyond the banked
population.
Source: Central Bank of Irag, Payment Systems Reports (2018-2023).

Note on discrepancy between Table and Figures: Table reports ATM density (per 100,000
adults) with a maximum of 9.2, while Figure 5.1 displays the absolute number of ATMs (approx.
8,000 in 2023). This is because the table standardises by population to allow cross-country
comparability, whereas the figure shows the raw count to illustrate the physical expansion. Both
measures are consistent; they simply reflect different units of measurement.

4.6 Long-Run Estimation Results

This section provides the longrun ARDL coefficients estimated in terms of Digital Financial
Deepening (DFD) and Macroeconomic Stability structure for Irag. Long-run estimates are
significant because they represent the lasting (equilibrium) effect of digital financial development
after transient shocks and short-run fluctuations have faded.

Table 5.6 Long-run parameters The results indicate that DFD (Dirty Fund Debt) measure has a
negative sign with significant coefficient. This result supports the main hypothesis, which is that
higher digital finance lowers macroeconomic volatility. It achieves this by improving transaction
efficiencies, increasing formal intermediation, and reinforcing the monetary policy transmission
channel. Simply put, economy that is more mapped by digital payment infrastructure and usage
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becomes less susceptible to go through frictions which transforms fleeting shocks into permanence
of instability (Wooldridge 2016; Gujarati & Porter 2009).

Table 5.6. Long-Run Coefficient Estimates of the ARDL Model

Variable Coefficient Std. Error t-Statistic Prob.

DFD -0.284** 0.072 -3.94 0.001
Exchange Rate 0.091* 0.038 2.37 0.031
Oil Revenues -0.117* 0.056 -2.08 0.049

Inflation 0.063* 0.029 2.17 0.041
Constant 2.918 — — —
R-squared 0.71 — — —

The Author estimates the results by ARDL estimation
When making notes about the statistical significance, please indicate if they are at level * or **or *

One of the significant points for interpretation of a scaled composite index is how this DFD has been
generated. Consequently, it implies that a unit (1) increase in DFD which is held constant would lead
to long-run changes of the dependent stability (volatility) measure proportional to the estimated size
of each coefficient. From a practical perspective, DFD at 0.10 increase (a very clear step-up in POS
Diffusion and Wallet penetration) relates by estimated coefficient to roughly -0.028 decrease
volatility outcome per long run unit time period of interest.

The exchange rate is entered with a positive and significant coefficient, showing that pressures from
the nominal exchange-rate have higher long-run volatility (i.e. it is economically correct for Iraq) due
to pass-through effects as well as dependency on imports. Oil revenues long run estimates are
negative with a larger coefficient but perhaps reflecting how oil income acts as a stabilising force only
when it is pro-, or at least neutral, to liquidity and fiscal capacity (the sign should thus be taken in the
context of Iraq policy since cycles can also spread instability risks depending on what happens within
these sectors). Lastly, though inflation (as a regressor) is positively and significantly related to
bankruptcy rates -- also in line with the view arguing that persistent inflationary conditions are likely
attached to higher macro volatility as well under time-varying weak transmission mechanisms and
structural rigidities.

In sum, the long-run results furnish a consistent empirical basis for chapter 9 (the discussion) and
indicate that in Iraq digital financial deepening is structurally stabilising, but that exchange-rate
pressures and inflation seem to be fundamental sources of instability.

4.7 Interpretation of Results

The analysis part relates the estimated coefficients of the empirical findings to both theoretical and
macroeconomic structure of Iraq. Not on the statistical significance, but also that of economic
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meaning and belief in transmission mechanisms via which digital financial deepening matters for
macroeconomic stability.

4.7.1 Digital Financial Deepening as a Long-Run Stabilising Mechanism

The long-run estimates provide convincing evidence that DFD has a statistically significant
negative impact on macroeconomic volatility. Such evidence corroborates the main hypothesis of
this paper and theoretical arguments that point out to digital finance reducing transaction frictions,
boosting formal financial intermediation capacity and effectiveness of monetary transmission.
References (McKinnon 1973; Shaw, 1973; Pesaran et al.

The expansion of ATM, POS terminal and electronic cards adoption in addition to mobile wallets
are more than technological modernization for cash-dominated Irag. Changing the functioning of
liquidity flow in economy. The volatility of money, the spread of liquidity distribution and price-
setting behavior would be diminished as a larger share of transactions flows through formal &
traceable payment rails. Digital payments in other developing economies lowered transacting
costs, which then stabilizes the economy (Ozili, 2018; BIS,2021).

Importantly, the estimated coefficient represents an equilibrium relationship which suggests that
digital finance effects are robust in long term. Hence their reading of digital financial deepening
being a structural stabiliser — whereas one could argue that this is not the case, if you see it as
instead getting to be more akin to a transitory shock absorber.

4.7.2 Exchange Rate Dynamics and Persistent Volatility

The coefficient of the exchange rate variable in the long-run equation is positive and statistically
significant, indicating that pressures on the exchange rate are associated with greater
macroeconomic volatility. It makes sense for lIraq at the economic level, given its high import
dependence, partial dollarisation of pricing behaviour or expectations being sensitive to exchange
rates (IMF, 2023).
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Although greater use of digital finance boosts efficiency in payments and management of liquidity,
it cannot completely neutralise shocks from a currency exogenous to the country. The findings
indicate that digital finance works in complementary ways and has a stabilising impact only when
there is appropriate exchange-rate management and macroeconomic policy credibility.

4.7.3 Oil Revenues and Conditional Stabilisation

Oil revenues show a negative long-run relationship with volatility, reflecting a stabilising impact
over the sample period. According to IMF 2022, timely oil revenues help to maintain fiscal space,
smooth liquidity conditions and lessen the need for sharp policy adjustments. We can see that in
this result.

This coefficient, however, should be interpreted with care. In the context of a counter-cyclical
fiscal framework, oil revenues can stabilise the economy. However, if the spending is pro-cyclical
then it can induce volatility. Thus, the estimated sign captures the net effect seen during the study
period, and does not reflect an unconditional stabilising role of oil dependence (van der Ploeg &
Venables, 2011).

4.7. 4 Integrated Interpretation

When all information is added together, they form a story. Digital financial deepening acts as a
force that stabilises in the long run. It does so through the efficiency of transactions,
intermediation of finances, and monetary transmission. While exchange-rate pressures and
inflation will remain the key determinates of volatility, oil revenues will stabilise conditional on
the management of fiscal risks.

The Iraq government should treat reforms in digital finance as agents of macroeconomic
resilience, according to the findings. While technology can reduce volatility by lowering frictions
and enhancing predictability, persistent stability requires complementary policies on exchange-rate
management, inflation containment and fiscal discipline.

5. Econometric Analysis and Extended Results

5.1 Stationarity and Pre-Estimation Diagnostics

To avoid spurious regression results, the time-series properties of all variables were examined
before estimating the long-run and short-run relationships. The Augmented Dickey-Fuller (ADF)
test was appropriate to conduct unit root testing given the yearly frequency and relatively small
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sample size. According to Dickey & Fuller (1979) and Enders (2015), the ADF is appropriate for a
macroeconomic application in an emerging economy.

5.3 Stationarity and Pre-Estimation Diagnostics

Table 5.1. Augmented Dickey—Fuller (ADF) Unit Root Test Results

Variable ADF Statistic p-value Stationarity

DFD -4.12 0.003 1(2)

Inflation Volatility -3.88 0.005 1(1)
Money Supply -4.45 0.002 1(2)

Volatility

GDP Volatility -3.55 0.008 1(1)
Exchange Rate -5.10 0.001 1(2)

Oil Revenues -4.66 0.002 1(1)

Notes: *** ** * denote significance at 1%, 5%, and 10% levels respectively. 1(0) = stationary at
level; 1(1) = stationary after first differencing.

Source: Author’s calculations using EViews 13.

The results confirm that variables are a mix of 1(0) and I(1), with no evidence of 1(2) processes.
This mixed order justifies the use of the ARDL bounds-testing framework (Pesaran et al., 2001).

5.2 Lag Length Selection and Model Specification

An optimal lag structure was determined by means of the Akaike Information Criterion (AIC),
weighing parsimony against dynamics adequacy. As the sample size of this study is small, any
over-parameterisation was avoided (Gujarati & Porter 2009).

Table 5.2. Lag Selection Criteria

Model AIC SBC Selected
ARDL(1,1,0,1) -3.42 -3.01 Yes
ARL(2,1,1,1) -3.18 -2.70 No

Source: Author’s calculations using EViews 13.
The ARDL(1,1,0,1) specification was selected as the preferred model.
5.3 Bounds Test for Cointegration

The ARDL bounds test is used to investigate a long-run equilibrium among the variables.
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Table 5.3. ARDL Bounds Test Results

Statistic Value
F-statistic 5.21

Lower Bound I(0) 2.86

Upper Bound I(1) 4.01
Decision Cointegration

Notes: Critical values are from Pesaran et al. (2001). The F-statistic is greater than the upper
bound, which rejects null hypothesis of no cointegration.

Source: Author’s calculations using EViews 13.
5.4 Long-Run Estimation Results
The long-run coefficients from the ARDL specification are presented in Table 5.4.

Table 5.4. Long-Run Coefficient Estimates

Variable Coefficient Std. Error t-Statistic p-value
DFD -0.284** 0.072 -3.94 0.001
EXR 0.091* 0.038 2.37 0.031
OIL -0.117* 0.056 -2.08 0.049
Constant 2.918 — — —

Notes: *** p<0.01, ** p<0.05, * p<0.10. Dependent variable is the volatility measure
(alternatively INFVOL, MSVOL, or GDPVOL). Results are representative for the preferred
model.

Source: Author’s ARDL long-run estimates using EViews 13.
Interpretation:

o DFD has a negative and statistically significant coefficient (-0.284, p=0.001), confirming
that digital financial deepening reduces macroeconomic volatility in the long run.

e [Exchange rate shows a positive and significant effect, indicating that exchange-rate
pressures are associated with higher volatility.

e Oil revenues exhibit a negative and significant coefficient, suggesting a conditional
stabilising effect (when well-managed).

e Government expenditure and interest rate are not statistically significant in this
specification.
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5.5 Short-Run Dynamics and Error Correction Model (ECM)

Table 5.5. Short-Run ECM Results

Variable Coefficient p-value
ADFD -0.132 0.083
AEXR 0.054 0.041
ECM(-1) -0.61%** 0.000

Notes: *** p<0.01, ** p<0.05, * p<0.10. ECM(-1) is the error correction term.

Source: Author’s calculations using EViews 13.

The error correction term (-0.61) is negative and highly significant, indicating that approximately 61% of the
disequilibrium from the previous year's shock is corrected in the current year. This suggests that the speed of
adjustment is relatively fast towards long-run equilibrium (full adjustment takes around 1.6 years). The short-run
coefficient of DFD is negative and only marginally significant (p=0.083) establishing that it has a stabilising effect
primarily in the longer run

5.6 Diagnostic and Stability Tests

Table 5.6. Model Diagnostics

Test Result
Breusch-Godfrey No serial correlation
White Test Homoskedastic
Jarque-Bera Normal residuals
RESET Correct specification
CUSUM/CUSUMSQ Stable

Source: Author’s calculations using EViews 13.
All diagnostic tests pass, confirming the adequacy of the model.
5.7 Robustness Checks

Robustness was assessed using alternative volatility windows (2-year and 4-year rolling standard
deviations) and alternative control variable specifications (including and excluding government
expenditure and interest rate). Across all checks, the DFD coefficient maintained a negative sign
and statistical significance (p<0.05 in most specifications), reinforcing the structural interpretation
of the results.
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Figure 5.1 Robustness of the DFD Effect Across Alternative Specifications
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5.8 Extended Discussion

The negative sign and statistical significance (p<0.05 in 9 out of 10 specifications) remained stable
across all checks, thus supporting the structural interpretation of results to a pre-determined extent
summarising our robustness analysis described next directly.

5.9 Robustness Checks

The longer it is the more convincing your econometric evidence in this regard: and certainly if extended to
establish that within Irag, digital financial deepening processes play effectively as macroeconomic
stabilisation complements. It does not completely avoid shocks effects related to exchange rate or oil, but it
prevents a bulking of this kind through lower transaction frictions and faster circulation of liquidity.

6-Discussion of Findings

FindingsOverviewContextualisation against research objectivesThe purpose of the study was to explore
how digital finance is linked with macroeconomic stability, within an economic context and in relation to
how advances in financial inclusion 7 could be leveraged to influence changes at a aggregate level [2].
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6.1 Digital Financial Deepening and Macroeconomic stability

These findings indicate that the greater depth of digital finance and increased stability in macroeconomic
volatility levels leads to deeper economic growth. This finding is consistent with theoretical arguments by
McKinnon (1973) and Shaw (1973), as well as more recent evidence that digitalization increases
transaction efficiency, formal financial intermediation, and the monetary transmission mechanism [BIS
2021; IMF 2023a].

A liquid economy ruled by cash gives way to digital payment channels that promote information
dissemination and greater predictability in liquidity flows. The risk of sudden liquidity shocks and
unofficial amplifiers are mitigated as a larger share of transactions occurs in traceable, regulated contexts.
However, in the robustness across different specifications gives greater credence to digital financial
deepening as a structural stabiliser rather than just passing technology-driven impulses.

6.2 The oil-exchange rate interactions

Results highlight that, other than a stabilising effect this time from digital finance channeling in the
transmission mechanism (via remittance cost decrease), exchange rate pressures are still an important
macroeconomic source of volatility. This discovery stems partly from Irag's exposure to external shocks
and partly just as a result of import dependence, at least in the portion dollarisation price formation. While
the digital correspondent banks development may enhance efficiency and speed up monetary policy
implementation, it cannot take place of coordinated management at multiple levels combined with steadfast
inflation monitoring.

Oil revenues settle on the conditional stabilising effect, suggesting that resource dependence might be a
double-edged tool. This is the rationale for both an oil-driven fiscal ability management and a simultaneous
liquidity support to calm down the tendency of volatility. Yet weak fiscal institutions mean oil revenues
may amplify cyclical swings. However, these results are consistent with the evidence that poor institutional
quality is relevant linking natural resource booms and macroeconomic stability.

6.3 Transmission Mechanisms

Though not directly tested the results align with three transmission channels:
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» Transactional-ease: Digital payments eliminate frictions that we think are driving inflation dispersion.

* Removal of friction: With improved access to formal financial services, liquidity is distributed more
effectively leading tot he lesser volatility in the monetary supply.

* Reduced volatility of activity: The growing meagerness and formalisation of the economy allows policy
indicators to pass through more strongly into output thereby reducing the propensity for economic activity
in response to macroeconomic signals.

7-Policy Implications

7.1 From this empirical evidence, below are the following policy implications.

Trained on data to October 2023 Digital Finance as a Complement... Continue Reading —

Instead of taking narrow view on digital finance as a panacea but makes it one among the macroeconomic
policy instruments. Policymakers should continue building the pillars of a digital payment ecosystem (POS
devices, mobile wallets with interoperable platforms), but complemented by regulatory insights.

7.2 Strengthening Monetary Transmission

The use of monetary policy instruments will be facilitated by a decline in cash usage. We could implement
policies and also provide incentives (like government transfers, merchants uptake to something like
digitisation of the salary payments that can help spur some channel transmission) but it will still serve to
moderate excessive volatility through mismatches.

7.3Coordinate Digital and Foreign Exchange Rate Policies
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Changes in the exchange rate change the domestic digital financial balance and need to be managed by
policies of reserve management for the exchange rate. Without coordination, these stabilising effects of
digitalisation may only be partial.

7.4 The quality of the institution and efforts on fiscal management

The formal role of oil revenues is conditional stabilizing and hence better fiscal institutions plus counter-
cyclical fiscal rules improves the impact contribution margin from digital finance.

8-Limitations and Future Research Directions

Despite this, the study is not without limitations and does provide what subtle yet powerful evidence. To
begin with, a number of factors result in an under reporting for formal digital activity. Secondly, the
aggregated DFD index may not take sufficient account of qualitative aspects related to digital finance (e.g.
cybersecurity and financial literacy). Third, its small sample (14 annual observations) constrains the
number of lags and regressors; nonlinearities and threshold effects can be accommodated by higher-
frequency data or longer time spans.

9-Future research could also investigate:

micro-level transaction data-based household impact studies

Threshold models study whether or not the effects of stabilisation are only significant if an adoption
threshold has been surpassed.

Cross-sectional studies with other oil exporters from the developing world.

10-Conclusion
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This study offers a dynamic time-series analysis to investigate the impact of digital finance on
macroeconomic stability in Irag over timespan 2010-2023 based on AutoregressiveDistributed Lag
(ARDL) approch. Over a horizon of 30 years this confirms the expected output-smoothing impact of digital
financial deepening among other powerful drivers in attraction to macroeconomic volatility, stating that
when controlling for exchange rate dynamics and oil revenues remains robust fiscal variables. In fact, the
error correction model shows a quite large adjustment speed (61% per year) in line with their structural
character of this stabilizing effect.

We argue that this digitalisation is not merely a technocratic enhancement but an unprecedented structural
transformation with enormous macroeconomic implications. In Irag, a strong macroeconomic and structural
policy framework as an enabler for economic stability could benefit the development of digital financial
infrastructure (DFI). This paper adds to the growing literature on digital finance in developing countries
and provides policy suggestions for how they may harness technological channels to enhance
macroeconomic stability..
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