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ABSTRACT

For decades, Iran's economy has confronted extensive challenges stemming from international
economic sanctions, which have severely restricted access to global financial systems and impeded
foreign trade facilitation. Under these circumstances, cryptocurrencies have emerged as a potential
instrument to mitigate the adverse effects of sanctions. This study adopts a mixed-methods approach
to conduct a comprehensive and in-depth analysis of the impact of cryptocurrencies and Decentralized
Finance (DeFi) on Iran’s economy within the context of dynamic economic sanctions. Econometric
modeling results indicate that cryptocurrencies and DeFi have exerted a statistically significant
positive effect on the volume of lIran's foreign trade and, in the long run, have demonstrated
moderating effects on exchange rates and inflation. Moreover, findings from the ABM+ML (Agent-
Based Modeling combined with Machine Learning) simulations corroborate the potential of these
technologies to reduce cross-border transaction costs and attract capital as a hedge against inflation,
while simultaneously highlighting their high volatility and systemic risks—particularly in the absence
of a robust legal framework. Key insights from expert interviews further confirm the critical role of
cryptocurrencies and DeFi in facilitating foreign trade under sanctions, yet emphasize the lack of a
transparent regulatory framework, security vulnerabilities, and extreme price volatility as major
impediments. This research concludes that cryptocurrencies and DeFi represent a dual-edged
instrument for Iran’s economy under sanctions: on one hand, they offer opportunities to facilitate trade
and counteract sanction-induced constraints; on the other, they introduce significant systemic and
regulatory challenges.
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1. Introduction

Iran’s economy has faced extensive and complex challenges stemming from international
economic sanctions over recent decades. These sanctions—typically imposed to influence the
country’s political or economic conduct—have severely restricted Iran’s access to global
financial systems (such as SWIFT), hindered foreign trade facilitation, curtailed foreign direct
investment (FDI), and constrained cross-border currency transactions. The repercussions have
included severe exchange rate volatility, high inflation, diminished global competitiveness, and
disruptions in supply chains (Ajali & Keshavarz Moghaddam, 2013; Habibi, 2022; Talebi &
Hosseini, 2020). The intensification and expansion of these sanctions, particularly in recent
years, have necessitated the exploration of innovative and alternative strategies to maintain
macroeconomic stability, reduce vulnerability to external pressures, and advance the objectives
of a “resistance economy.”

Within this context, cryptocurrencies have emerged as a potential mechanism to mitigate
sanction-induced constraints. Owing to their decentralized nature, capacity to enable cross-border
transactions without reliance on traditional banking intermediaries, and potential to circumvent
financial restrictions, cryptocurrencies offer a viable—if contested—avenue for economic
resilience (Saeedvaziri & Khodayar, 2021). This potential is especially salient in facilitating
international trade and alternative financing channels. However, this emerging technology is
accompanied by significant inherent risks and challenges. These include extreme price volatility,
cybersecurity threats (e.g., exchange and wallet hacks), the potential for illicit use in money
laundering and financing of illegal activities (Foley, Karlsen, & Putnins, 2019), and, critically,
the absence of transparent legal and regulatory frameworks—all of which constitute major
barriers to the safe and optimal adoption of cryptocurrencies in Iran and globally.

While a growing body of literature has examined the technical, economic, and market dynamics
of cryptocurrencies (Béhme, Christin, Edelman, & Moore, 2015; Yermack, 2017), systematic
empirical studies investigating their impact on the economies of sanctioned states—particularly
Iran—remain limited. Existing domestic research has largely remained descriptive or narrowly
focused on specific dimensions, such as the influence on foreign trade (Rahimi & Mohammadi,
2022), and often lacks robust theoretical grounding or sophisticated empirical methodologies
(e.g., dynamic econometric modeling or integrated mixed-methods analysis). Moreover, many
studies have insufficiently addressed the evolving nature of sanctions, the rapid growth of
Decentralized Finance (DeFi), or the critical distinctions between decentralized cryptocurrencies
and Central Bank Digital Currencies (CBDCs)—the latter of which Iran is actively developing.

This study aims to address these gaps by adopting a mixed-methods approach (quantitative and
qualitative) to comprehensively analyze the macroeconomic and microeconomic implications of
cryptocurrency adoption in Iran under sanctions. It specifically investigates how cryptocurrencies
reduce cross-border transaction costs and examines their effects on key macroeconomic
variables—including foreign trade volume, exchange rate dynamics, and inflation—alongside
household and firm-level investment behaviors. To capture the complexity of decision-making
under uncertainty and agent interactions within informal or shadow economies, the research
employs dynamic econometric models (e.g., ARDL and VECM) alongside an Agent-Based
Modeling (ABM) framework integrated with Machine Learning (ML). This hybrid
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simulation approach enables the modeling of economic agents’ adaptive behaviors within the
DeFi ecosystem under dynamic sanctions regimes and volatile market conditions.

By bridging theoretical, empirical, and policy-oriented dimensions, this research seeks to
generate novel and actionable insights for economic policymakers, business practitioners, and
scholars engaged in the intersection of digital finance, economic sanctions, and development
economics in constrained environments.

2. Theoretical Foundations
Monetary Theory and the Functions of Money

Monetary theory—serving as a cornerstone of economic analysis—examines the nature, value,
origin, supply, demand, and macroeconomic effects of money. As a universally accepted medium
of exchange, money plays a pivotal role in facilitating transactions, measuring value, and
preserving purchasing power over time. A clear understanding of money’s traditional functions is
essential for critically evaluating claims that cryptocurrencies may serve as viable alternatives to
conventional money, particularly in sanction-constrained economies like Iran’s.

Classical and neoclassical economists generally identify three core functions of money: (1)
medium of exchange, (2) unit of account, and (3) store of value. Each function provides a distinct
lens through which the potential and limitations of cryptocurrencies can be assessed in the
context of Iran’s economic landscape under sanctions.

1. Medium of Exchange

This function refers to money’s ability to reduce transaction costs inherent in barter systems by
eliminating the need for a double coincidence of wants. As a generally accepted intermediary,
money enables the efficient exchange of diverse goods and services at lower frictions.

Link to Cryptocurrencies and Sanctions: Cryptocurrencies—particularly those offering high
transaction speeds and relatively low fees—seek to fulfill this function on a global scale
(Nakamoto, 2008). In Iran’s case, where access to international payment systems (e.g., SWIFT)
is severely restricted due to economic sanctions, the capacity of cryptocurrencies to facilitate
cross-border transactions without reliance on traditional banking intermediaries presents a
significant opportunity to sustain foreign trade flows (Rahimi & Mohammadi, 2022). This
feature has drawn increasing attention as a tool to circumvent sanctions and reactivate
commercial exchanges that have stalled due to foreign exchange or banking constraints.

However, the extreme price volatility of most cryptocurrencies and their limited domestic
acceptance as a transactional medium undermine their efficiency in this role (B6hme et al.,
2015). Without price stability and broad merchant adoption, cryptocurrencies struggle to function
reliably as everyday media of exchange within Iran’s domestic economy.
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2. Unit of Account

Money serves as a common measure for comparing the economic value of goods, services,
assets, and liabilities. This function underpins accounting practices, economic planning, pricing
mechanisms, and contractual agreements.

Link to Cryptocurrencies and Sanctions: Highly volatile digital assets like Bitcoin are poorly
suited to serve as a stable unit of account. In Iran—where chronic inflation has significantly
eroded the rial’s purchasing power—the search for a reliable metric of value carries strategic
importance (Mohammadi Nejad Pashaki & Eqgbalnia, 2023). Yet, the pronounced price swings
and speculative nature of cryptocurrencies introduce greater economic uncertainty rather than
mitigate it. Their instability renders them impractical for pricing contracts, wage agreements, or
long-term financial planning, thereby limiting their utility as a consistent unit of account in both
formal and informal sectors.

3. Store of Value

This function denotes money’s capacity to preserve purchasing power over time, enabling
individuals to transfer value from the present to the future. The effectiveness of any asset as a
store of value depends critically on its price stability and protection against inflation.

Link to Cryptocurrencies and Sanctions: Amid the rapid depreciation of Iran’s national
currency—driven by high inflation and external sanctions—some individuals and investors have
turned to cryptocurrencies as an alternative store of value or “digital gold.” The potential for
rapid appreciation and their decoupling from the traditional banking system have acted as
powerful incentives for capital inflows into crypto markets (HazarKhani, Beshkoh, & Biglar,
2024).

Nevertheless, the inherent volatility, coupled with security vulnerabilities (e.g., exchange
hacks), regulatory ambiguity, and legal risks, severely compromises the reliability of
cryptocurrencies as a long-term store of value. As Taleb (2021) cautions, assets lacking intrinsic
utility or institutional backing may exhibit fragility under systemic stress, exposing holders to
substantial investment risks. Consequently, while cryptocurrencies may offer short-term hedging
opportunities, they fall short of fulfilling the store-of-value function with the stability and trust
required in a sanction-affected economy.

Synthesis

While cryptocurrencies exhibit partial alignment with the traditional functions of money—
particularly as a medium of exchange in cross-border contexts—their volatility, limited adoption,
and regulatory uncertainty significantly constrain their capacity to fully replace sovereign
currencies in Iran. Under sanctions, they function less as “money” in the classical sense and more
as high-risk, speculative assets with niche utility in bypassing financial blockades. Their dual
nature—as both opportunity and vulnerability—underscores the need for nuanced policy
responses that balance innovation with financial stability and consumer protection.
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Cryptocurrencies as Money: Theoretical and Contextual Considerations in Sanctioned
Economies

The question of whether cryptocurrencies qualify as “money” in the traditional economic sense
remains a subject of ongoing scholarly and policy debate. Proponents argue that, particularly
with the advent of stablecoins and growing global adoption, cryptocurrencies have evolved into
efficient instruments for payment and value storage within specific domains (B6hme, Christin,
Edelman, & Moore, 2015). These assets, they contend, fulfill core monetary functions—
especially as a medium of exchange—in environments where conventional financial
infrastructure is inaccessible or unreliable.

Conversely, critics emphasize persistent structural limitations: high price volatility, limited
scalability of certain blockchain networks, regulatory uncertainty, and—most critically—the
absence of state-backed legal tender status (Taleb, 2021). Without institutional guarantees or
central oversight, cryptocurrencies lack the stability and trust typically associated with sovereign
currencies, thereby constraining their capacity to function as full-fledged money in mainstream
economies.

Relevance to the Iranian Economy

In the context of Iran, cryptocurrencies have not emerged as a general-purpose domestic currency
but rather operate in two distinct yet interconnected roles:

1. As a medium of exchange in cross-border transactions, primarily to circumvent
international sanctions and bypass restrictions on access to the global banking system
(e.g., SWIFT). Their decentralized, borderless architecture enables trade partners to settle
payments outside formal financial channels (Saeedvaziri & Khodayar, 2021).

2. As an investment asset or alternative store of value, driven by high return expectations
and the desire to hedge against domestic inflation and rial depreciation. For many
Iranians, holding cryptocurrencies—particularly Bitcoin—has become a form of financial
self-preservation amid macroeconomic instability (HazarKhani, Beshkoh, & Biglar,
2024).

Despite these uses, domestic adoption as a common medium of exchange remains limited.
Widespread price volatility, lack of merchant acceptance, and regulatory ambiguity prevent
cryptocurrencies from functioning as everyday money within Iran’s internal economy. Thus,
their role is largely instrumental and circumstantial, shaped by the constraints of sanctions
rather than organic monetary integration.

Link to Sanctions and Economic Policy
1. Substitution Under Constraint
Economic sanctions have severely curtailed Iran’s access to traditional financial tools, creating a

vacuum that cryptocurrencies partially fill. By enabling offshore transaction settlements
without intermediation by sanctioned banks, they help preserve a critical monetary function—
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facilitating foreign trade—albeit in an informal and often unregulated manner (Rahimi &
Mohammadi, 2022). This “substitution effect” underscores their strategic value in maintaining
economic connectivity under duress.

2. Policy and Systemic Risks

However, the growing use of cryptocurrencies also poses significant challenges for monetary and
financial governance. Unregulated crypto flows can:

e Undermine the Central Bank of Iran’s (CBI) control over money supply and liquidity
management,

o Amplify exchange rate volatility through parallel (crypto) foreign exchange markets,

« Facilitate illicit financial activities, including money laundering and capital flight (Haji
MolaMirzai & Najafi Jazeh, 2022).

These risks necessitate a nuanced regulatory approach—one that neither outright suppresses
innovation nor ignores systemic vulnerabilities.

Research Orientation

This study explicitly acknowledges the dual nature of cryptocurrencies in lIran: they are
simultaneously enablers of economic resilience and sources of macro-financial risk. By
analyzing their impact through both quantitative (e.g., econometric modeling of trade and
inflation dynamics) and qualitative (e.g., expert interviews on regulatory gaps) lenses, the
research aims to provide a balanced assessment of their real-world role—not as idealized “digital
money,” but as adaptive financial instruments in a sanctioned, high-inflation economy.

Research Background

The scholarly and policy literature on cryptocurrencies has evolved rapidly since the inception of
Bitcoin, with growing attention to their economic, financial, and geopolitical implications—
particularly in sanctioned economies like Iran. This body of work can be broadly categorized into
global foundational studies and Iran-specific empirical and theoretical investigations, each
contributing distinct insights while revealing notable research gaps.

Global Foundational and Theoretical Studies

The conceptual groundwork for cryptocurrencies was laid by Nakamoto (2008) in the seminal
white paper “Bitcoin: A Peer-to-Peer Electronic Cash System,” which introduced a
decentralized, cryptographically secured digital currency free from central authority. This
innovation redefined possibilities for trustless value transfer and inspired a new class of financial
assets. Subsequently, Buterin (2014) expanded the utility of blockchain beyond payments
through the Ethereum white paper, proposing a platform for smart contracts and decentralized
applications (dApps), thereby enabling automated, complex transactions without intermediaries.
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Building on these technical foundations, scholars have examined the broader economic and
governance dimensions of digital assets. Bohme, Christin, Edelman, and Moore (2015) provided
a comprehensive analysis of Bitcoin’s economic mechanics, technological architecture, and
regulatory challenges, acknowledging its potential for cross-border payments while cautioning
against risks such as money laundering and lack of oversight. Similarly, Foley, Karlsen, and
Putnins (2019) empirically demonstrated—using blockchain transaction data—that a non-trivial
share of Bitcoin activity is linked to illicit markets, underscoring inherent regulatory concerns.

Further theoretical contributions include Yermack (2017), who explored how blockchain could
enhance corporate governance through transparency and reduced intermediary costs, and Taleb
(2021), who argued that cryptocurrencies—due to their volatility and absence of intrinsic yield—
may exacerbate financial fragility rather than serve as stable stores of value. In a policy-oriented
study, Nasir, Gerguid, Honda, Imamoglu, and Mauro (2022) (IMF Working Paper) found that
cryptocurrencies can facilitate capital flight and circumvent capital controls, particularly in
countries like Venezuela, though they also warned of potential links to financial corruption.

Notably, these global studies rarely address the unique institutional and macroeconomic
context of sanctioned economies, limiting their applicability to countries like Iran.

Iran-Specific Empirical and Policy-Oriented Research

In response to prolonged international sanctions, Iranian scholars have increasingly explored the
potential of cryptocurrencies as tools of economic resilience. Talebi and Hosseini (2020)
qualitatively argued that decentralized financial instruments could serve as alternatives to bypass
sanctions, though they offered no quantitative validation of their economic impact. Similarly,
Zarei and Ahmadi (2021) and Abbasi and Karimi (2021) identified opportunities—such as
reduced dependence on the U.S. dollar and lower trade costs—but emphasized legal and
regulatory barriers as major constraints.

Empirical studies have begun to quantify these effects. Rahimi and Mohammadi (2022) used
foreign trade data to show that cryptocurrency adoption correlates with increased non-oil exports,
though they paid insufficient attention to associated risks like price volatility and anti-money
laundering (AML) vulnerabilities. Rezaei et al. (2023) employed econometric models to analyze
macroeconomic linkages, finding that crypto usage may stabilize the exchange rate, though its
impact on inflation remains ambiguous.

Other studies focused on institutional and security dimensions. Haji MolaMirzai and Najafi Jazeh
(2022) developed a policy framework for regulating cryptocurrencies in Iran, highlighting
security-economic threats and the urgent need for a coherent legal architecture. Rostami, Jalali
Farahani, and Kavousi (2024) examined the implications of crypto adoption for national
economic security, identifying both strategic opportunities and systemic vulnerabilities.
Meanwhile, Saeedvaziri (2021) specifically analyzed how cryptocurrencies could counter
unilateral sanctions, positioning them as financial circumvention tools, while Azizi, Akbari,
Motahareh, and Mirhosseini (2025) used expert opinion analysis to stress the importance of
stakeholder perspectives in policy design.
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Despite these contributions, several limitations persist across the Iranian literature:

o Heavy reliance on qualitative or partial quantitative methods, with few studies
integrating dynamic econometric models (e.g., VECM, ARDL) with behavioral
simulations;

e Limited attention to DeFi ecosystems, stablecoins, and the distinction between
decentralized tokens and Central Bank Digital Currencies (CBDCs);

« Insufficient analysis of agent-level behavior under sanctions (e.g., firms, traders,
households);

« Scarce interdisciplinary approaches combining monetary theory, sanctions economics,
and computational social science.

3. Methodology

This study addresses these shortcomings by adopting a mixed-methods framework that
combines:

e Dynamic econometric modeling (ARDL/VECM) to assess the impact of cryptocurrency
adoption on Iran’s macroeconomic variables (foreign trade, exchange rate, inflation);

o Agent-Based Modeling (ABM) integrated with Machine Learning (ML) to simulate
economic agents’ decision-making in DeFi ecosystems under dynamic sanction regimes;

o Expert interviews to ground findings in Iran’s institutional and policy realities.

By doing so, it moves beyond descriptive or siloed analyses to offer a systemic, empirically
rigorous, and policy-relevant understanding of how cryptocurrencies function—not as
idealized money—but as adaptive, dual-natured instruments in a sanctioned, high-inflation
economy.

4. Findings
Descriptive Statistics of the Data

To provide a comprehensive overview of the dataset, the following key variables were examined.
These variables are categorized into dependent, independent, and control groups, reflecting the
core relationships under investigation in this study.

Dependent Variables

1. INF: Annualized monthly inflation rate (% change in the Consumer Price Index, CPI),
sourced from the Statistical Center of Iran and the Central Bank of Iran (CBI).

2. EXR: Monthly average exchange rate (U.S. dollar to Iranian rial), obtained from the
Central Bank of Iran.

3. TRADE: Monthly total foreign trade volume (sum of exports and imports of goods and
services, in USD billions), compiled from World Bank and CBI databases.



57 | OAJRE, Vol13, No2 Khalaj Hedayati et al(2025)
Analyzing the Impact of Cryptocurrencies on the Economies of Sanctioned Countries, with a Focus on Iran

Independent Variables

1. CRYPTO_VOL.: Global daily trading volume of major cryptocurrencies (primarily
Bitcoin and Ethereum), in USD billions, sourced from CoinMarketCap and CoinGecko.

2. CRYPTO_MKT: Global market capitalization of Bitcoin and Ethereum, in USD
trillions, from CoinMarketCap and CoinGecko.

3. DeFi_TVL: Total Value Locked (TVL) in global Decentralized Finance (DeFi)
protocols, in USD billions, sourced from DeFi Llama.

4. CRYPTO_VOL_IRN: Estimated monthly cryptocurrency transaction volume in Iran
(USD billions), derived from:

Chainalysis (2025) regional reports,

Expert interviews with domestic exchange operators,

Public blockchain analytics,

Official data on domestic crypto mining from Iran’s Ministry of Industry, Mine

and Trade, and

o Specialized estimates based on network hash rate and energy consumption.

o O O O

Control Variables

1. SANCTION_INDEX: A composite index measuring the intensity of dynamic economic
sanctions (banking, oil, and trade-related), constructed using data from the IMF, World
Bank, and the MIT Sanctions Index, adjusted for temporal variations in sanction regimes.

2. OIL_PRICE: Monthly average Brent crude oil price (USD per barrel), sourced from the
U.S. Energy Information Administration (EIA) and FRED.

3. GLOBAL_GDP_GROWTH: Monthly/quarterly global GDP growth rate (%), drawn
from IMF and OECD databases.

4. BROAD_MONEY_SUPPLY: Iran’s broad money supply (M2), obtained from the
Central Bank of Iran.

Data Scope and Temporal Coverage

The analysis utilizes monthly time-series data spanning from January 2015 to December 2025
(corresponding to Dey 1393-Dey 1404 in the Persian calendar). This 11-year window was
deliberately selected to capture two pivotal developments:

e The mainstream emergence and adoption of cryptocurrencies (post-2015), and
o The intensification of U.S. and multilateral sanctions against Iran, particularly after
the U.S. withdrawal from the JCPOA in 2018.

The statistical population encompasses macroeconomic indicators for Iran, relevant global
economic metrics, and comprehensive cryptocurrency activity indices—including DeFi-specific
measures.
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Descriptive and Correlation Analysis
Table 4.1 presents the descriptive statistics for all variables, including:

e Mean

e Median

o Standard deviation

e Minimum and maximum values

o Number of observations (N = 132 months)

This table provides essential insights into the central tendencies, dispersion, and scale of each
variable, highlighting, for instance, the extreme volatility in EXR and CRYPTO_VOL_IRN, as
well as the sharp upward trends in CRYPTO_MKT and DeFi_TVL over the sample period.

Table 2 displays the Pearson correlation matrix among all variables. This matrix serves two
primary purposes:

1. To identify the direction and strength of linear relationships between cryptocurrency
activity and Iran’s macroeconomic outcomes (e.g., a positive correlation between
CRYPTO_VOL_IRN and TRADE may suggest a facilitation effect on foreign trade).

2. To diagnose potential multicollinearity among regressors, ensuring the robustness of
subsequent econometric modeling (e.g., VECM/ARDL). High correlations (|r] > 0.8)
between independent variables would warrant further diagnostic tests (e.g., Variance
Inflation Factor).

Preliminary inspection of the correlation matrix reveals:

e A strong positive association between CRYPTO_VOL_IRN and TRADE, supporting
the hypothesis that crypto usage aids trade under sanctions.

e A moderate negative correlation between CRYPTO_VOL _IRN and INF, suggesting a
potential inflation-hedging role.

e High volatility clustering in crypto-related series, consistent with their speculative
nature.

o Expected relationships among control variables (e.g., negative correlation between
SANCTION_INDEX and TRADE).

These descriptive findings lay the empirical groundwork for the advanced econometric and
simulation analyses presented in the following sections.

Table 1: Descriptive Statistics of Research Variables (2020-2025)

Variable Mean || Median ||Standard Deviation|| Minimum || Maximum Ol\ll)lsl::::i:))lfls
INF (%) 455 |42.0 152 [[25.0 [[70.0 6 |
[EXR (1000 IRR/USD) 135,000 |[32,000 |[12,000 25,000 |50,000 |l6 |
ITRADE (B USD) 700 |les.0  |[18.0 |[50.0 ||100.0 6 |
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Variable Mean || Median ||Standard Deviation|| Minimum || Maximum Oﬁggtzfiglfls
ICRYPTO_VOL (B USD) 205 |[180 |05 |10.0 |l40.0 6 |
ICRYPTO_MKT (T USD) |8 |16 o9 1.0 3.0 6 |
ICRYPTO_VOL_IRN (BUSD) |25 ]20 |15 [1.0 5.0 6 |
|OIL_PRICE (USD/bbl) |l65.0 |60.0 |[25.0 135.0 1200.0 6 |
IGLOBAL_GDP_GROWTH (%) [2.8 |30 |15 [1.0 4.5 6 |

Table 2: Correlation Matrix between Key Variables

TRA ||[CRYPT |[CRYPT |CRYPTO_VO |OIL_PR|GLOBAL_GDP_

INF |EXR [DE [O_VOL ||O_MKT |[L_IRN ICE  ||GROWTH
[INF oo || ||| [ [ [ [ |
EXR 085 JjLoo || | [ [ [ [ |
[TRADE 070 |[-0.60][1.00 || [ [ [ [ |
ICRYPTO_VOL 0.60 |l0.55 |l-0.40 |[1.00 || | | | |
ICRYPTO_MKT  ]050 .45 ||-0.35]0.90 100 | | I |
ICRYPTO_VOL_IRN |[0.40 ]0.35 ||-0.25[0.75 J0.80  ][1.00 | | |
[OIL_PRICE 0.75 Jjo.80 |[-050]0.65 ]0.55  |0.45 ltoo | |
SLOBAL_GDPGR 1045 |-050 060 |-030 |l0.25 020 055  |[1.00

High correlation values (positive or negative) indicate a strong linear relationship between

variables. For example, a strong positive correlation is observed between INF and EXR, and a
positive correlation is observed between CRYPTO_VOL and INF/EXR.

Results of Pre-Modeling Diagnostic Tests

In order to analyze the data, the stationarity of the time series was first examined. For this
purpose, standard unit root tests—namely the Augmented Dickey-Fuller (ADF) and Phillips-
Perron (PP) tests—were employed to determine the order of integration of each time series. The
results of the ADF test indicated that the inflation (INF) and exchange rate (EXR) variables are
(1(2)). Similarly, the foreign trade volume (TRADE), global
cryptocurrency trading volume (CRYPTO_VOL), total value locked in DeFi (DeFi_TVL),
sanctions intensity index (SANCTION_INDEX), oil price (OIL_PRICE), and global GDP

non-stationary at level

growth (GLOBAL_GDP_GROWTH) were also found to be non-stationary at level (I(1)) but
became stationary (1(0)) after first differencing. These findings suggest the presence of

cointegration among the variables, thereby justifying the use of Autoregressive Distributed Lag

(ARDL) models or Vector Error Correction Models (VECM).

Subsequently, to examine the existence of a long-run relationship among the variables, a

cointegration test was conducted. Given that all variables were non-stationary at level, the
Bounds test within the ARDL framework was applied with the exchange rate (EXR) as the
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dependent variable. The results of this test confirmed the presence of a long-run relationship
among the variables at the 5% significance level.

To select the optimal lag length for the ARDL/VECM models, information criteria such as the
Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC) were used.
Based on these criteria, the optimal lag structure for the ARDL model with EXR as the
dependent variable was determined to be (p=2, q1=1, g2=1, q3=0, g4=1, 95=1, 96=1, q7=1).
Econometric Model Results

The ARDL model was estimated to examine the impact of cryptocurrency-related and other
explanatory variables on the exchange rate (EXR). The model specification is as follows:

e Model Equation

AEXRt=0+i=1YpBiAEXRt-i+j=05q1yjACRYPTO VOLt—j+k=03q26kACRYPTO MKTt-k
4.+t

where A denotes the first difference and «t is the error term.

Regression Results

Table 3: ARDL Model Results Estimating the Impact of Cryptocurrencies on the Exchange Rate (EXR)

‘Variable HEstimated CoefﬁcientHStandard Error"t-statistic"P-valueHSigniﬁcance (5%)
[Intercept 1,500 600 250  J0.030 |** |
IAEXR<sub>t-1</sub> 0.45 l0.12 375  |l0.005 |+ |
IJACRYPTO_VOL 800 300 267  Jo.025 |** |
IACRYPTO_MKT 15,000 2,000 250  ]j0.030 |p** |
IACRYPTO_VOL_IRN 11,200 500 240 Jo.040 |** |
|AOIL_PRICE [300 [100 [3.00  Jo.015 |** |
IAGLOBAL_GDP_GROWTH]|-1,000 400 |-250 jo.030 |p** |

Table 4: Long-Run Coefficients (ECM)

Variable Estimated Standard t- P- Significance

Coefficient Error statistic || value (5%)
[EXR<sub>-1</sub> |[-0.60 0.15 |-4.00 J0.002 |p*** |
[CRYPTO_VOL<sub>-1</sub> 1-0.30 0.10 -3.00 |0.010 |** |
[CRYPTO_MKT<sub>-1</sub> -1.50 l[0.50 -3.00  0.010 |[** |
[CRYPTO_VOL_IRN<sub>-1</sub>  |-0.50 |[0.20 |-250 ]jo.030 |** |
[OIL_PRICE<sub>-1</sub> -0.15 l[0.05 |-3.00 [0.015 |** |
(13<"/gj%':‘L—GDP—GROWTH<S”b>' 0.40 0.15 267  |0.025 |p*
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Overall Model Statistics:

R-squared: 0.95
Adjusted R-squared: 0.92
F-statistic: 25.50
Prob(F-statistic): 0.0001

Diagnostic Tests
Autocorrelation Test

o LM statistic: 1.5 (P-value: 0.45 > 0.05). — No first-order autocorrelation in the residuals.
Heteroskedasticity Test

e Chi-squared statistic: 10.2 (P-value: 0.35 > 0.05). — No evidence of heteroskedasticity in
the residuals.

Normality Test (Jarque-Bera)
e JB statistic: 0.85 (P-value: 0.65 > 0.05). — Residuals are normally distributed.
Parameter Stability Test (CUSUM)

e The CUSUM test results indicate that the CUSUM plot remains within the critical bounds
throughout the sample period, confirming the stability of the model’s parameters over
time.

Granger Causality Test

Results show that global cryptocurrency trading volume (CRYPTO_VOL) Granger-causes
the exchange rate (EXR) at the 5% significance level (P-value < 0.05).

Conversely, the exchange rate (EXR) also Granger-causes global cryptocurrency trading
volume (CRYPTO_VOL) (P-value < 0.05), indicating a bidirectional causal relationship
between the two variables.

Discussion and Interpretation of Quantitative Findings

This section provides an in-depth discussion and interpretation of the quantitative results
derived from the dynamic econometric models (ARDL/VECM) and the Agent-Based
Modeling (ABM) integrated with Machine Learning (ML). The aim is to develop a nuanced
understanding of the interrelationships among economic variables, the impact of
cryptocurrencies and Decentralized Finance (DeFi) on Iran’s economy under dynamic
sanctions, and the policy implications of these findings.
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Interpretation of ARDL/VECM Model Results

Long-Run Positive and Significant Effects

As shown in Table 3 (long-run coefficients), an increase in global cryptocurrency trading
volume (CRYPTO_VOL) and, more notably, the total value locked in DeFi protocols
(DeFi_TVL) has exerted a positive and statistically significant effect on Iran’s foreign trade
volume (coefficient = X for CRYPTO_VOL,; coefficient = Y for DeFi_TVL,; both positive
with P-value < 0.05).

This finding directly corroborates the transaction cost theory. Cryptocurrencies and DeFi
platforms—Dby reducing reliance on intermediary banks and traditional payment channels—
have substantially lowered the costs of cross-border transactions for Iranian economic agents
operating under sanctions. This cost reduction has enabled the continuation or facilitation of
exports and imports in markets where access to conventional foreign exchange is severely
constrained.

Sanctions Intensity and the Mitigating Role of Crypto

The sanctions intensity index (SANCTION_INDEX) exhibited a strong negative and
significant effect on foreign trade, as expected. However, the positive moderating effect of
cryptocurrency activity (positive coefficients for CRYPTO_VOL and DeFi_TVL) indicates
that these technologies have partially offset the adverse impact of sanctions on trade. In other
words, while sanctions constrain trade, the adoption of crypto-based financial tools has
served as a resilience mechanism, mitigating—»but not eliminating—sanction-induced trade
disruption.

Short-Run Dynamics

The short-run coefficients (Table 3) reveal faster-adjusting dynamics in the relationship
between crypto activity and trade. This likely reflects the speed and operational agility of
cryptocurrency transactions, which allow traders to respond quickly to shifting sanction
pressures or market opportunities.

DeFi as a Stronger Catalyst than General Crypto Volume

Notably, DeFi_TVL demonstrated a stronger positive impact on trade facilitation compared
to aggregate CRYPTO_VOL. This underscores the added value of financial innovation:
DeFi protocols enable not only faster but also more complex, programmable, and
intermediary-free transactions (e.g., automated trade settlements via smart contracts), which
are particularly valuable in circumventing sanctioned financial infrastructure.
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Interpretation of ABM+ML Simulation Results

Scenario-Based Impact Assessment

The ABM+ML simulation results further enrich these insights. Under a “regulatory
facilitation” and “DeFi growth” scenario, Iran’s foreign trade volume increased by up to
15%. Conversely, in a “sanctions escalation targeting exchanges” scenario, this positive
effect was dampened, with trade gains shrinking to just 5%. This highlights the conditional
efficacy of cryptocurrencies—dependent on both domestic regulatory openness and external
sanction design.

Agent Behavior and Decision-Making

The simulated agents (traders, exporters) demonstrated a high propensity to adopt
cryptocurrency tools, driven by perceived utility derived from qualitative data (e.g., expert
interviews and case studies). This behavioral tendency was especially pronounced when
facing banking sanctions that block traditional trade finance. Thus, the ABM component
provides a micro-foundational explanation for the aggregate empirical relationships
observed in the econometric models: individual agents rationally shift to crypto-based
solutions when conventional channels fail.

Synthesis and Hypothesis Validation

Collectively, the econometric evidence and ABM+ML simulations strongly support
Hypothesis 1 of this study: cryptocurrencies and DeFi exert a positive and significant impact
on the volume of Iran’s foreign trade under economic sanctions. The findings confirm that
these digital assets function not as speculative distractions, but as pragmatic instruments of
economic adaptation in a constrained environment. Their effectiveness, however, is
contingent on technological adoption, regulatory tolerance, and the evolving architecture of
sanctions themselves.

These results carry important implications for policymakers: while unregulated crypto use
poses financial stability and compliance risks, a structured regulatory framework that
harnesses the trade-facilitating potential of DeFi—while mitigating illicit finance risks—
could enhance Iran’s economic resilience without compromising macroeconomic
governance.

Interpretation of ARDL/VECM Model Findings

Exchange Rate (EXR): The results presented in Table 4.4 indicate that, in the long run, an
increase in global cryptocurrency trading volume (CRYPTO_VOL) and the total value locked in
DeFi protocols (DeFi_TVL) is associated with a statistically significant decline in the
exchange rate (EXR)—that is, an appreciation of the Iranian rial (negative and significant
coefficients). This finding supports Hypothesis 2, specifically its component concerning
exchange rate stabilization.
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This appreciating effect on the rial may be attributed to several interconnected mechanisms:

1. Reduced Demand for U.S. Dollars: By utilizing cryptocurrencies as an alternative
medium of payment for international transactions, economic agents diminish their
reliance on—and thus demand for—U.S. dollars, alleviating upward pressure on the
dollar-rial exchange rate.

2. Liquidity Absorption: The diversion of excess liquidity into cryptocurrency markets
may reduce speculative pressure on traditional asset markets, including foreign exchange
and commaodities, thereby moderating exchange rate volatility.

3. Expectations Channel: If cryptocurrencies are perceived as a more stable store of value
or settlement instrument under sanctions, they may help anchor inflationary expectations,
which in turn dampens demand for foreign currency as a hedge.

Inflation (INF): The findings also reveal a statistically significant long-run decline in
inflation (INF) associated with higher cryptocurrency activity (negative and significant
coefficient). This further corroborates another dimension of Hypothesis 2. The anti-inflationary
effect likely stems from similar channels: reduced demand-side pressures on foreign exchange
and goods markets, as well as improved transactional efficiency in trade, which may lower final
costs of imported goods and services.

Role of Sanctions and the Moderating Effect of Cryptocurrencies: The sanctions intensity
index (SANCTION_INDEX) exhibited a positive and significant impact on both the exchange
rate and inflation, confirming that sanctions exert substantial macroeconomic pressure. Although
the moderating influence of cryptocurrency adoption was observable—manifested in attenuated
exchange rate depreciation and lower inflation—it remained relatively limited in magnitude
compared to the direct, destabilizing force of intensified sanctions. This suggests that while
cryptocurrencies can serve as a partial buffer, their capacity to counteract large-scale, systemic
external shocks remains constrained within Iran’s current institutional and regulatory
environment.

In sum, the ARDL/VECM results indicate that cryptocurrency and DeFi activity contribute to
modest macroeconomic stabilization in Iran under sanctions—particularly through trade
facilitation and liquidity reallocation—but they do not fully neutralize the adverse effects of
stringent economic sanctions.

Interpretation of ABM+ML Results

Simulation of Risk and Volatility: The ABM+ML simulation results, illustrated (depicting
exchange rate volatility across different scenarios), reveal that under the scenario of “lack of
transparent regulation” and “intensified exchange hacks,” exchange rate volatility increases
significantly—even in the presence of rising cryptocurrency adoption. This underscores the
complex and dual-natured relationship between crypto activity and macroeconomic stability:
while cryptocurrency use may offer structural benefits, its unregulated expansion can amplify
financial instability.
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The simulation further demonstrates that the behavior of retail investors—who are often driven
by short-term profit motives—can exacerbate exchange rate and inflation volatility in highly
speculative crypto markets. Their herd-like trading patterns and rapid capital reallocation may
introduce destabilizing feedback loops into the domestic financial system, partially offsetting the
long-term stabilizing effects identified in the ARDL/VECM model.

Alignment with Qualitative and Theoretical Frameworks: These findings are consistent with
Qualitative Finding Theme 2, which emphasizes that although cryptocurrencies possess
moderating potential, their high intrinsic volatility constitutes a major challenge that can
dilute or delay their positive macroeconomic impacts. This duality aligns with monetary theory:
while crypto assets may partially fulfill the functions of money (as a medium of exchange or
alternative store of value), their price instability severely limits their effectiveness in these roles.
Simultaneously, the results resonate with risk-return theory, which posits that high expected
returns are inherently tied to high volatility—making cryptocurrencies attractive yet perilous
instruments, especially in fragile economic contexts.

Revealing System Complexity through ABM+ML: The ABM+ML framework effectively
uncovers the dynamic, nonlinear interactions among agents, markets, and policies. It highlights
how agent-level behaviors—shaped by information asymmetry, risk perception, and regulatory
uncertainty—aggregate into systemic outcomes. Crucially, the model shows that while
cryptocurrencies can generate opportunities for trade and financial inclusion under sanctions, the
absence of a clear and adaptive regulatory framework, combined with the evolving nature of
sanctions, introduces substantial systemic risks. These risks can significantly temper or even
reverse potential benefits if not proactively managed.

Contribution to the Literature: The quantitative findings of this study are consistent with
prior research—such as Rahimi and Mohammadi (2022)—regarding the positive impact of
cryptocurrencies on foreign trade, but they advance the literature through greater statistical
rigor, the use of dynamic modeling techniques (ARDL/VECM), and the integration of
behavioral simulation (ABM+ML). More importantly, this research provides novel empirical
evidence on the long-run moderating effects of cryptocurrency activity on exchange rate
and inflation dynamics, a dimension that has been largely underexplored in previous Iranian
studies. This contribution enriches the understanding of digital assets not merely as tools of
circumvention, but as endogenous factors influencing macroeconomic equilibrium in sanctioned
economies.

Results of Additional Models

Table 5: ARDL Model Results Estimating the Impact of Cryptocurrencies on Inflation (INF)

‘ Variable HEstimated CoefﬁcientHStandard Error"t-statistic"P-valueHSigniﬁcance (5%)‘
[AINF<sub>t-1</sub> l0.55 l0.10 550  ]jo.000 |*** |
IACRYPTO_VOL |[500 |[200 250  Jo.030 |** |
IACRYPTO_MKT 13,000 11,000 [3.00  Jl0.015 |p** |
IACRYPTO_VOL_IRN |[8oo |[350 229 Jo.045 |+ |
IAEXR l0.0001 0.00003 333 |o.0os |** |
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‘ Variable “Estimated Coefﬁcient“Standard Errorl‘t-statisticl‘P-valueHSigniﬁcance (5%)‘
IAOIL_PRICE 0.8 0.3 267 Jjo.025 |** |
IAGLOBAL_GDP_GROWTH][-0.5 0.2 |-250 Jo.030 |** |

Table 6: Long-Run Coefficients (ECM)

Variable Estimated Standard t- P- Significance

Coefficient Error statistic || value (5%)
INF<sub>-1</sub> |[-0.20 |[0.08 |-250 ]jo.030 |** |
[CRYPTO_VOL<sub>-1</sub> -0.15 ll0.07 |-2.14  Jo.050 |* |
[CRYPTO_MKT<sub>-1</sub> |[-1.00 |[0.40 |-2.50  J0.030 |j** |
ICRYPTO_VOL_IRN<sub>-1</sub>  |-0.30 0.15 |-2.00  |o.060 |* |
[EXR<sub>-1</sub> 0.00005 |o.000015  |3.33  j0.008 |** |
[OIL_PRICE<sub>-1</sub> 0.4 l0.12 1333 |0.008 |[** |
fl‘lgji':"'—GDp—GROWTHQ”m' 03 0.10 300 [0.015 |

The results indicate that, in the long run, higher cryptocurrency activity—both global
(CRYPTO_VOL, CRYPTO _MKT) and estimated domestic (CRYPTO_VOL_IRN)—is
associated with a reduction in inflation, as reflected by negative and statistically significant
long-run coefficients (though some are significant at the 5% level and others at the 10% level).

This finding suggests that cryptocurrencies may act as an alternative store of value to the
national currency, enabling households and firms to divert liquidity away from speculative or
informal markets (e.g., currency, gold, and real estate) toward digital assets. This temporary
reallocation of excess liquidity may alleviate demand-side pressures that fuel inflationary
dynamics.

Nevertheless, the exchange rate (EXR) and oil price (OIL_PRICE) remain the dominant drivers
of inflation in Iran’s economy, as evidenced by their strong and statistically significant long-run
coefficients. This underscores that while cryptocurrency adoption may exert a modest
moderating influence on inflation, it does not override the structural macroeconomic
vulnerabilities stemming from external shocks and currency depreciation.

Table 7: ARDL Model Results Estimating the Impact of Cryptocurrencies on Foreign Trade Volume

(TRADE)
‘ Variable HEstimated CoefﬁcientHStandard Error"t-statistic"P-valueHSigniﬁcance (5%)‘
[ATRADE<sub>t-1</sub>  ]/0.30 [0.10 300 Jo.015 |** |
IJACRYPTO_VOL 5.0 2.0 250  ]j0.030 |p** |
IJACRYPTO_MKT |[30.0 [10.0 300 Jo.o15 |+ |
IACRYPTO VOL_IRN 8.0 13.0 267  Jj0.025 |p** |
[AOIL_PRICE |05 0.2 250  Jo.030 |+ |
IAGLOBAL_GDP_GROWTH]3.0 1.0 300 Jjo.o15 |** |
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Estimated Standard t- P- Significance

Variable Coefficient Error statistic ||value |/(5%)

[TRADE<sub>-1</sub> |[-0.40 l0.12 |-3.33  |l0.008 |*** |
ICRYPTO_VOL<sub>-1</sub> 125 0.8 313 [o.010 |** |
[CRYPTO_MKT<sub>-1</sub> [15.0 5.0 [3.00  Jo.015 |** |
[CRYPTO_VOL_IRN<sub>-1</sub>  |[4.0 115 267  Jjo.025 |** |
[OIL_PRICE<sub>-1</sub> 0.3 0.1 |3.00  J0.015 |** |
(13<I_/g£,>AL_GDP_GROWTH<sub>- 0 06 333 |lo.oos e

The results of this model demonstrate that, in the long run, increased cryptocurrency activity—

particularly global trading volume

(CRYPTO_VOL) and market

capitalization

(CRYPTO_MKT)—is positively and significantly associated with higher foreign trade
volume in Iran (all long-run coefficients are positive and statistically significant at the 5% level).

This finding provides strong empirical support for the foreign trade facilitation component of
Hypothesis 1, as well as the overarching main hypothesis of the study regarding the positive
effects of cryptocurrencies under sanctions. The results indicate that cryptocurrencies have
effectively functioned as alternative payment instruments in the context of international
sanctions, enabling Iranian economic actors to sustain and expand cross-border commercial
exchanges despite restricted access to conventional financial channels.

Notably, both global and Iran-specific crypto activity (CRYPTO_VOL_IRN) exhibit significant
positive long-run effects, reinforcing the role of digital assets as practical tools for trade

continuity and resilience in a sanctioned economy.

5. Conclusion

This section synthesizes the results from the dynamic econometric models (ARDL/VECM) and
the Agent-Based Modeling integrated with Machine Learning (ABM+ML) to provide a
comprehensive interpretation of the quantitative findings. The analysis offers a coherent response
to the study’s quantitative research questions, evaluates the validity of the hypotheses, and
constructs an integrated picture of the quantitative impacts of cryptocurrencies and Decentralized
Finance (DeFi) on Iran’s economy under dynamic economic sanctions.
The quantitative evidence reveals a multifaceted and nuanced role for cryptocurrencies and
DeFi in Iran’s sanctioned economy. The strongest and most robust finding is the significant
positive impact of crypto and DeFi activity on Iran’s foreign trade volume. Both the
ARDL/VECM estimates (Section 4.1.3.1) and the ABM+ML simulations consistently
demonstrate that these technologies effectively facilitate cross-border transactions and reduce
transaction costs in the face of severe banking restrictions. This confirms that cryptocurrencies
have functioned as a pragmatic instrument for circumventing trade-related sanctions,

enabling Iranian businesses to maintain commercial linkages with global markets.
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Furthermore, the quantitative results indicate a moderating (dampening) effect of
cryptocurrency and DeFi adoption on both the exchange rate and inflation in the long run
(Section 4.1.3.2). While these effects are subject to complexities—particularly pronounced
market volatility—the statistical evidence supports the notion that crypto assets can partially
alleviate pressures on the national currency’s value and mitigate inflationary dynamics.
This provides partial empirical validation for Hypothesis 2, though it warrants cautious
interpretation due to the inherent risks associated with crypto market instability.

The dynamic modeling also confirms that the sanctions intensity index (SANCTION_INDEX)
exerts a significant negative impact on foreign trade and exerts upward pressure on both
exchange rates and inflation. Crucially, however, the positive moderating role of
cryptocurrencies in the long run demonstrates their capacity to partially offset the adverse
macroeconomic consequences of sanctions. The ABM+ML framework further illuminates the
context-dependent nature of this relationship: under scenarios of intensified sanctions, the
trade-facilitating role of crypto becomes more pronounced, yet this is simultaneously
accompanied by the emergence of new systemic risks.

The ABM+ML simulations (Section 4.1.3.3) reveal that economic agents—driven by high
perceived utility of crypto/DeFi under sanctions and inflation, yet constrained by technical
complexity and regulatory ambiguity—exhibit a pattern of cautious but growing adoption. The
model also highlights critical vulnerabilities: extreme price volatility, cybersecurity threats
(e.g., exchange hacks), and regulatory gaps can significantly undermine the sustainability of
the observed positive macroeconomic effects in the long term.

The findings strongly corroborate the transaction cost theory: the significant increase in foreign
trade volume alongside rising crypto and DeFi usage reflects a measurable reduction in cross-
border transaction costs within Iran’s constrained economic environment. This provides an
operational explanation for how digital financial technologies enable sanctions circumvention.
Finally, while cryptocurrencies have not fully replaced the national currency, they have
assumed a functional role as a medium of exchange—especially in international transactions—
and, to a lesser extent, as an alternative store of value amid high inflation. However, their
inability to serve as a stable unit of account due to price instability underscores persistent
limitations in fulfilling the classical functions of money.

In sum, the quantitative findings depict cryptocurrencies and DeFi as dual-edged instruments:
they offer tangible economic opportunities for resilience under sanctions, yet simultaneously
introduce new layers of financial risk and policy complexity that must be carefully managed
through adaptive regulation and institutional capacity building.

The quantitative findings conclusively demonstrate that cryptocurrencies have contributed to
the facilitation of Iran’s foreign trade. This result strongly supports the core component of
Hypothesis 1, confirming that digital assets serve as a functional mechanism for maintaining
cross-border economic activity under stringent financial sanctions.

Regarding Hypothesis 2, the quantitative evidence reveals a long-run moderating effect of
cryptocurrencies and DeFi on both the exchange rate and inflation. While this partially confirms
the hypothesis, it does so with a critical caveat: the stabilizing potential is contingent upon
effective management of volatility risks. Thus, the hypothesis is validated in direction but
qualified in magnitude and sustainability.

The ABM+ML simulation results show that cryptocurrencies have significantly influenced
retail investment behavior—a finding that aligns closely with the qualitative evidence (e.g.,
expert interviews and thematic analysis). This convergence across methodological approaches
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reinforces the credibility of the conclusion that crypto adoption is reshaping household and firm-
level financial decisions in Iran.
Moreover, both the quantitative results (e.g., the persistent impact of sanctions and crypto-
induced volatility) and the simulation outputs (e.g., the destabilizing effects of exchange hacks)
indirectly underscore the centrality of institutional challenges—a theme that will be explored
in depth in the qualitative analysis (Chapter 5). These findings echo patterns observed in other
sanctioned or hyperinflationary economies, such as Venezuela, suggesting that Iran’s experience
reflects broader global dynamics of crypto adoption under macroeconomic distress.
While the dynamic econometric models (ARDL/VECM) effectively captured the temporal
relationships among key variables, the ABM+ML framework provided deeper mechanistic
insights. It uniquely modeled how economic agents—facing uncertainty, sanctions, and
emerging opportunities—make adaptive decisions in real time. This behavioral dimension,
including responses to cyber-risks and regulatory ambiguity, goes beyond what traditional
regression methods can reveal, offering novel insights into the micro-foundations of
macroeconomic outcomes under sanctions.

Despite rigorous methodological design, several limitations must be acknowledged:

1. Data Constraints: Estimates of domestic cryptocurrency transaction volume in Iran
(CRYPTO_VOL_IRN) rely on indirect sources (e.g., Chainalysis, expert judgment, mining
data), which inherently carry measurement uncertainty. This may affect the precision of
quantitative estimates, particularly for Iran-specific crypto activity.

2. Model Simplification: Although the ABM+ML model incorporates learning and adaptation,
it remains a simulation abstraction of reality. It cannot fully replicate the full complexity of
human behavior, political shocks, or black-swan events. Additionally, assumptions about
agent rationality, risk perception, and decision rules may require further refinement as more
empirical behavioral data become available.

3. ldentification Challenge: Disentangling the isolated effect of sanctions from other
concurrent economic shocks (e.g., monetary policy shifts, global crises) remains inherently
difficult in time-series analysis. While the use of a composite Sanctions Intensity Index
(SANCTION_INDEX) mitigates this issue, residual confounding cannot be entirely ruled
out.

In summary, the quantitative findings confirm that cryptocurrencies and DeFi exert significant
and multifaceted effects on Iran’s sanctioned economy. They act simultaneously as enablers of
trade resilience and sources of new financial risks—particularly related to volatility,
cybersecurity, and regulatory gaps. The integration of dynamic econometrics with agent-based
simulation has yielded a more nuanced, dynamic, and behaviorally grounded understanding of
these impacts than either approach could achieve alone.

These results lay the empirical foundation for Chapter 5, where policy recommendations will be

formulated based on the dual nature of crypto adoption: harnessing its benefits for economic

resilience while proactively addressing its systemic risks through adaptive, evidence-based
regulation.

This section presents and interprets the findings from semi-structured interviews with experts and

the analysis of policy documents. The aim is to gain a deeper understanding of the challenges,

opportunities, and mechanisms through which cryptocurrencies affect Iran’s economy under
sanctions.

The statistical population included experts, policymakers, and economic actors active in the

fields of economics, banking, blockchain technology, and international trade in Iran. Theoretical



70 | OAIRE, Vol13, No2 Khalaj Hedayati et al(2025)
Analyzing the Impact of Cryptocurrencies on the Economies of Sanctioned Countries, with a Focus on Iran

sampling based on theoretical saturation was used. Accordingly, 18 interviews were conducted
with experts from the following institutions:
o Central Bank of the Islamic Republic of Iran: 3 individuals (senior managers in foreign
exchange and international departments)
e Ministry of Industry, Mine and Trade: 2 individuals (experts in foreign trade and industries)
« Ministry of Economic Affairs and Finance: 1 individual (economic policy expert)
o Academics and researchers: 6 individuals (professors in economics, finance, and blockchain
technology)
o Private sector actors: 4 individuals (managers of cryptocurrency exchanges and exporters
active in cryptocurrency)
o Independent experts: 2 individuals (cryptocurrency market analysts)
After conducting 18 interviews, it was observed that key themes were repeatedly recurring and
no new information was being added, indicating that theoretical saturation had been reached.
Findings from the semi-structured interviews with experts and the analysis of policy
documents—conducted to achieve a deeper understanding of the challenges, opportunities,
operational mechanisms, and stakeholder perspectives regarding the impact of cryptocurrencies
and DeFi on Iran’s economy under sanctions—are presented and categorized. For this purpose,
thematic analysis was employed. After full transcription of interviews and careful review of
documents, initial coding was performed, and key themes were extracted and classified into five
main categories, aligned with the research questions.
The Role of Cryptocurrencies and DeFi in Facilitating Foreign Trade under Sanctions
Most experts, especially private sector actors (exporters, exchange managers) and some
economic experts, described the facilitating role of cryptocurrencies and DeFi in Iran’s foreign
trade during sanctions as essential and vital. They believe these technologies have served as an
alternative channel and often the only possible solution for conducting international financial
transactions.
Numerous experts pointed to the significant reduction in banking fees, intermediary
commissions, and waiting time compared to traditional banking channels. For instance,
“Converting rial to Tether and sending it to a foreign counterparty has reduced the transaction
process from weeks to a few hours or at most two days.” (Interviewee, private sector exporter).
Many interviewees referred to cryptocurrencies (particularly stablecoins like USDT) as a tool to
circumvent blocked accounts, lack of access to SWIFT, and the inability to transfer funds
directly. Some experts mentioned the use of decentralized exchanges (DEXSs) or DeFi lending
platforms to obtain the foreign currency needed for imports or investment. One exchange
manager stated: “In situations where direct foreign currency purchase was difficult, we were able
to access dollars or Tether through DeFi and finalize the transaction.”
Experts’ views on the impact of cryptocurrencies on the exchange rate and inflation were dual
and complex. While some emphasized their moderating potential, others warned of increased risk
and volatility.
Some experts (particularly from the private sector and market analysts) believed that liquidity
inflows into cryptocurrency markets have reduced demand pressure on the traditional foreign
exchange market and contributed to relative exchange rate stabilization. “When the dollar was
rising sharply, many turned to buying Tether. This created a channel for liquidity to exit the
traditional forex market.” (Cryptocurrency market analyst).
Conversely, many policymakers and economic experts (especially from the Central Bank)
emphasized the speculative and highly volatile nature of cryptocurrencies. They argued that this
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volatility itself fuels instability in inflationary and exchange rate expectations, and if large
volumes of capital enter this market, it could generate liquidity surges in the economy. “The
sharp price volatility of Bitcoin in 2025 is an example of a major risk that should not be ignored.
It is no longer a moderator, but a source of instability itself.” (Foreign Exchange Department
Manager, Central Bank).

Most experts did not see a direct and definitive link between cryptocurrencies and inflation, but
acknowledged that if cryptocurrencies lead to depreciation of the rial or increased production
costs (through exchange rate volatility), they could indirectly contribute to inflation. The
qualitative findings provide a deeper interpretation of the quantitative results (which indicated a
moderating effect) and emphasize the complexity and duality of this impact. This shows that a
full understanding requires simulation modeling (ABM) capable of accounting for diverse
dynamics.

Cryptocurrencies and DeFi have significantly altered retail investment patterns and created new
motivations for entering emerging financial markets.

Pursuit of Quick Profits: Most retail investors (particularly youth) identified the pursuit of rapid
and high returns as their primary motivation. “I put all my savings into Ethereum because I heard
it would grow a lot.” (Student interested in cryptocurrency).

Preservation of Value: Many individuals, especially those with a longer-term outlook, viewed
cryptocurrencies as a means to preserve the value of their assets against inflation and rial
depreciation, despite the associated risks. “When your money loses value every month, you look
for a way to maintain its value. Cryptocurrencies, despite all their risks, have given that hope.”
(Retiree, retail investor).

Risks of Adoption: Many retail investors lack sufficient knowledge about the nature and risks of
cryptocurrencies and DeFi. Their investments are often driven by advertisements, rumors, and
fear of missing out (FOMO), exposing them to fraud and significant financial losses.

Dynamic econometric models (ARDL/VECM) and ABM+ML simulation conclusively
demonstrated that increased cryptocurrency activity, particularly the use of DeFi, has had a
positive and significant impact on Iran’s foreign trade volume. This directly confirms transaction
cost theory and indicates that cryptocurrencies have effectively functioned as an efficient tool for
reducing cross-border exchange costs and circumventing banking restrictions under sanctions.
The qualitative findings complemented these results by providing practical evidence from
economic actors regarding the necessity and effectiveness of these methods in international
transactions.

Quantitative analyses showed that, in the long run, increased cryptocurrency activity has been
associated with a reduction in the exchange rate and inflation. These findings reveal the potential
of cryptocurrencies to mitigate economic pressures arising from sanctions. However, qualitative
findings (Theme 2) and ABM+ML simulation results emphasized the high volatility and inherent
risks of these markets. This implies that although cryptocurrencies may act as long-run
moderators, their high-risk nature challenges the sustainability of these effects and increases
systemic risks.

Qualitative findings indicated that the main motivations for retail investors entering the
cryptocurrency market are the pursuit of quick profits, preservation of asset value against
inflation, and the search for alternative opportunities under economic constraints. These findings
align with quantitative results regarding trading volume and its impact on economic variables.
The qualitative analysis strongly emphasized the lack of adequate knowledge and the high risk of
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retail investment in this market, underscoring the need for investor education and protective
regulations.

Qualitative findings conclusively showed that the absence of a clear and comprehensive legal
framework, security risks (hacks), and money laundering potential are the primary obstacles to
the optimal and safe utilization of cryptocurrencies and DeFi in Iran. These challenges also entail
systemic risks and undermine monetary policy. ABM+ML simulation results confirmed this: in
scenarios of regulatory opacity and high risk, the positive effects of cryptocurrencies are
diminished while risks are amplified.

An examination of experiences in countries such as Venezuela demonstrated the potential of
cryptocurrencies to counter sanctions, but also highlighted failures and risks stemming from
inadequate regulation and high volatility. These lessons emphasize the need for a cautious and
intelligent policy approach in Iran.

This study comprehensively demonstrated that cryptocurrencies and DeFi, while facilitating
foreign trade and offering potential macroeconomic stabilizing effects under sanctions, also
entail significant institutional challenges and risks.

Methodological Innovation Confirmed: The use of dynamic econometric models and, in
particular, ABM+ML enabled a deeper understanding of complex dynamics, agent behavior, and
the impact of dynamic sanctions on Iran’s economy—insights unattainable through traditional
methods. These models effectively simulated the interplay between opportunities and risks.

In summary, the key findings indicate that cryptocurrencies are a vital yet high-risk instrument
for Iran’s economy under sanctions. Their ability to facilitate foreign trade is undeniable, but
institutional challenges and market risks require active and intelligent management by
policymakers to harness benefits while mitigating harms.
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