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Abstract

Empirical studies on the relationship between the oil market and exchange rates indicate
that, in many oil-dependent economies—particularly in Iran—this relationship is
asymmetric in both magnitude and direction, and it varies over time. In this study, using
daily data on crude oil prices and the USD /IRR exchange rate from November 26, 2011, to
April 10, 2025, and applying the wavelet coherence method, we examined the correlation
structure between these two variables across short-, medium-, and long-term scales. The
results reveal that, in many periods, negative oil price shocks have exerted a stronger and
more persistent impact on increasing the exchange rate, whereas positive shocks generally
exert a weaker and less persistent effect. Moreover, the relationship between oil shocks and
the exchange rate in Iran does not consistently conform to theoretical expectations and, in
many instances, exhibits paradoxical behavior. Specifically, positive oil shocks (oil price
increases) in the medium- and long-term have not led to a reduction in the exchange rate.
Instead, due to factors such as increased imports, expansion of government expenditures,
heightened inflation expectations, and the absence of exchange rate stabilization
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mechanisms, they have in some cases resulted in a higher exchange rate. Conversely,
negative oil shocks (oil price declines), consistent with classical patterns, reduce foreign
exchange earnings and limit the government’s capacity to manage the currency market,

thereby pushing the exchange rate upward.
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Extended Abstract

1. Introduction

Empirical evidence in the literature on oil
exchange rate dynamics suggests that the
relationship between these two markets is
neither constant nor symmetric over time,
especially in oil-dependent economies
such as Iran. From a theoretical
standpoint, oil price shocks—whether
positive or negative—affect exchange rate
movements through multiple transmission
channels, including trade balances, capital
flows, inflationary  pressures, and
expectations in foreign exchange markets.
The structure of the economy influences
the magnitude and direction of these
effects, the degree of dependency on oil
revenues, monetary and fiscal policy
frameworks, and external geopolitical
conditions.

In Iran, where crude oil exports
represent a major source of foreign
currency earnings, fluctuations in global
oil prices directly impact foreign exchange
supply and, consequently, the value of the
domestic currency. This effect is further
amplified during periods of economic
sanctions, financial restrictions, and
heightened market uncertainty. Moreover,
the asymmetric response of the exchange
rate to positive and negative oil shocks,
along with its time-varying nature,
underscores the importance of adopting
analytical tools that can capture both the
frequency and temporal dimensions of this
relationship. This study employs high-
frequency daily data and advanced wavelet
coherence techniques to provide a
comprehensive  assessment of the
asymmetric and time-varying correlation
between oil price shocks and the dollar
exchange rate in Iran.

2. Method

To investigate the asymmetric and time-
varying correlation between oil price
shocks and the U.S. dollar exchange rate in
Iran, this study employed a wavelet
coherence framework using high-
frequency daily data. Wavelet-based
methods offer a unique advantage in
capturing both time- and frequency-
domain characteristics simultaneously,
making them particularly suitable for
analyzing dynamic, nonstationary, and
scale-dependent  relationships.  The
approach enables the decomposition of
time series into different frequency bands,
allowing the identification of short-,
medium-, and long-term co-movements,
as well as changes in their intensity over
time.

The analysis was based on the Complex
Morlet mother wavelet, which provides a
balanced resolution in both the time and
frequency domains. We first constructed
an oil price shock series for West Texas
Intermediate (WTI) crude oil using the
GARCH, distinguishing between positive
and negative shocks to capture
asymmetry. The daily exchange rate series
(Iranian rial per U.S. dollar) was then
aligned with the oil shock series, ensuring
synchronization and adjustment for
missing observations.

The Cross-Wavelet Transform (XWT)
was employed to examine regions of high
common power between the two series,
while Wavelet Coherence (WTC) was used
to measure the local correlation in time-
frequency space. Arrow directions on the
coherence  plots indicated phase
differences, revealing lead-lag
relationships and causal directionality
between oil shocks and exchange rate
movements. This allowed us to identify
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whether oil shocks lead to exchange rate
changes, vice versa, or move in phase.

The dataset spanned from 2010 to 2024,
covering multiple cycles of oil price
fluctuations  and  exchange  rate
adjustments. Data for oil prices were
obtained from the U.S. Energy Information
Administration (EIA), while exchange rate
data were sourced from the Central Bank
of the Islamic Republic of Iran and
reputable financial market platforms. This
methodological framework provided a
rigorous basis for quantifying the dynamic,
scale-dependent, and asymmetric nature
of the oil-exchange rate nexus in the
Iranian economy.

3. Findings

The exchange rate in Iran is highly time-
varying, = frequency-dependent, and
asymmetric. Wavelet coherence results
reveal that negative oil shocks consistently
generate stronger, broader, and more
persistent co-movements with exchange
rate depreciation than positive shocks,
particularly during episodes marked by
sanctions, geopolitical tension, and
domestic macroeconomic instability. In
contrast, positive oil shocks produce
weaker and more fragmented coherence,
largely confined to short-lived intervals
and higher frequencies.

Phase-difference patterns indicate
that, in most periods with statistically
significant coherence, oil prices tend to
lead fluctuations in the exchange rate,
especially in medium- and long-term
frequency bands. This pattern reflects the
structural dependence of Iran’s currency
market on  oil-related  revenues.
Nonetheless, during episodes of heavy
foreign-exchange  intervention  and
administrative controls, the lead-lag
structure becomes less stable, and the
coherence weakens or disappears.

Short-term (high-frequency)
components show volatile and
discontinuous co-movements driven by
market shocks and policy announcements.
Medium-term co-movements align with
recurring structural events—including
sanctions episodes and shifts in policy
regimes—while long-term coherence is
most pronounced during prolonged oil
market downturns, underscoring the deep
structural vulnerability of the rial to
declines in global oil prices.

4. Conclusion

The results confirm that the oil-exchange
rate nexus in Iran cannot be characterized
by a stable or symmetric relationship.
Instead, the wavelet coherence approach
reveals multi-scale, non-linear, and time-
dependent co-movements that traditional
linear models fail to capture. The
dominant empirical pattern is pronounced
asymmetry: negative oil price shocks
display strong, persistent coherence with
exchange rate depreciation across
medium- and long-term scales, while
positive shocks exhibit limited and short-
lived coherence.

These asymmetric patterns are
especially evident during critical periods
such as the 2018 reimposition of U.S.
sanctions, the 2020 COVID-19 oil price
collapse, and episodes of domestic
financial stress. The Iranian rial responds
more sharply and persistently to adverse
oil shocks, reflecting its reliance on oil-
driven foreign-exchange inflows.

Phase-difference  analysis  further
reinforces that oil prices predominantly
act as the leading variable in the
coherence structure, particularly in
medium- to low-frequency bands. This
behavior is consistent with Iran’s
macroeconomic structure, in which
international oil price movements shape
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foreign-exchange availability. Instances
where the exchange rate appears to adjust
ahead of oil prices in certain localized,
high-frequency regions do not imply
causality; rather, they reflect temporary
disturbances or market interventions that
distort the coherence structure without

altering the underlying economic
dependence.
Overall, the results highlight that

exchange rate stabilization in Iran requires
acknowledging the asymmetric and
frequency-specific vulnerability of the rial
to adverse oil market conditions. Policies
aimed at strengthening foreign-exchange
buffers, diversifying revenue sources, and
reducing reliance on oil-linked inflows are

essential for mitigating these destabilizing
effects.
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