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Abstract

The historical study of Iran’s economy shows that one of the main problems that Iran’s economy has always faced is
exchange rate fluctuations and their effects. For this purpose, in the current research, wavelet coherence analysis has
been used to investigate the relationship between the exchange rate and the rental rate (the price of money in the
housing market) in different time scales between the spring of 1980 and the winter of 2021. The results show that
in the short-term time scale, The real exchange rate and the rental rate have a high degree of coherence, and the
two variables are in opposite phases in most intervals, which shows the confirmation of the monetary model with a
sticky price. But in the medium-term and long-term time scale, this relationship is the same phase, which shows the
approval of the monetary model with flexible prices. Also, the results show that in the long term, this relationship
was significant only in years when the real exchange rate was negative and strictly controlled.
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1 Introduction

Among the important variables that have attracted the attention of many economists and policymakers and have a
very important role in the economic growth of societies, we can mention the exchange rate and interest rate variables.
In recent years, special attention has been paid to the relationship between these two variables in different economies.
However, they have not given an unambiguous answer to the data related to this issue. The studies conducted in
different economies (advanced, emerging and developing) show contradictory results. This contradiction in the results
of the studies of different economies has practically put the relationship between the exchange rate and the interest
rate in an aura of uncertainty. Several studies that have examined the time series relationship between interest rate
and exchange rate variables tend to find contradictory results that depend on the sample of countries and the period
under study [1]. Considering that exchange rate fluctuations have important consequences for monetary policies, from
the point of view of policymakers, it is important to analyze the transition paths between these markets to adopt
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appropriate policies and predict the full impact of their decisions [2]. Economic literature, empirical studies conducted
in development economics, influence They show different variables in economic growth and development. Among these
important variables that have attracted a lot of attention from economic thinkers and have a valuable role in improving
the economic growth of societies, are interest rate and exchange rate variables. Therefore, examining the relationship
between the exchange rate and the interest rate has been one of the favourite topics of economists and economic policy
makers [9]. A study of the economies of developing countries shows that these countries face very high fluctuations
in exchange rates. To prevent exchange rate fluctuations, many countries stabilize the value of their currency against
foreign currencies that are of great importance. However, some other countries refuse to stabilize the exchange rate and
accept a floating exchange rate [4]. The studies have shown problems such as negative effects on economic growth due
to the rule of the floating exchange rate system for some countries, while negative effects are not observed in developed
countries. This duality makes exchange rate fluctuations have an important effect on economic variables, including
the rate have interest Considering that the interest rate is also one of the most important macroeconomic variables
that affects investment and the real sector of the economy, it is very important to know the relationship between the
exchange rate and the interest rate. It has attracted economists and policymakers [1]. The historical study of Iran’s
economy shows that one of the main problems that Iran’s economy has always faced is exchange rate fluctuations and
their effects. The exchange rate in Iran, as a key price variable in the economy, affects many government policies and
decisions of economic actors. Any instability and turbulence in the price of the currency leave an adverse effect both
at the micro and macro levels. Examining the developments of the foreign exchange market in the country indicates
the existence of turbulence in this market and extreme fluctuations during recent years, so that since the middle of
2019 after the tightening of sanctions Disruption was created in the country’s currency exchanges and transfers, and
from then on, the exchange rate in the foreign exchange market deviated from the official rate, and a two-rate and
even a multi-rate situation was formed in the currency market and continues. In the formation and continuation of the
country’s unfavourable currency situation, there are several factors with a high degree of influence. different and each
of them has played a special role, among which economic sanctions, liquidity growth, the conditions of the structure
of the foreign exchange market and the interest rate are more important. Since the adverse effects of exchange rate
fluctuations on the Iranian economy are not hidden, this study aims to study the relationship between this variable
and the housing rental rate (the price of money in the housing market). One of the alternatives to the interest rate in
Iran’s economy is the housing rental rate due to its mandatory nature. The reason for using it is because the natural
interest rate is the same as the rental rate of physical capital, and in the Iranian economy, the most important item of
physical capital is housing, the rental rate of which can be a reasonable substitute for the interest rate. Secondly, in
Iran’s economy, the calculation of the rental rate has been a function of the unofficial market interest rate. This study
tries to explain the relationship between exchange rate and housing rental rate (price of money in the housing market)
in the Iranian economy by using the available seasonal data in the form of a monetary model by presenting the wave
theory method (econophysics analysis) to address the question that the exchange rate What is the relationship with
the rental rate in Iran’s economy, or how does the rental rate react to the impulses on the exchange rate, is the main
question of the present study, which is examined in the form of a monetary model.

In this study, an attempt has been made by presenting the wavelet analysis method for the first time to establish
the relationship between the real exchange rate and the housing rental rate (the price of money in the housing market)
in Iran’s economy using available seasonal data (spring 1980-winter 2021) extracted from the information banks of
the department. The economic accounts and the national accounts of the central bank should be examined. The
reason for using this method is the high ability to analyze the dynamics of the causality relationship between time
series. Since in this method, the wavelength changes optimally in different time scales, it is possible to examine the
causality at the same time. Short-term and long-term causality is provided between economic time series. Wavelet
analysis is much different from other conventional mathematical methods. Unlike time-based methods (correlation
analysis and Granger causality, etc.), which cannot identify the short-term and long-term relationship between time
series, or frequency-based models (such as Fourier analysis) which cannot show how such a relationship changes over
time, wavelet analysis expands the time series to the time-frequency space and shows local correlation and backwards-
forward relationships between time series. Therefore, by using the wavelet approach, it is possible to simultaneously
examine the short-term and long-term causality between the time series of the variables in question, and examine
the intensity of the relationship between them in different time frames, according to different frequencies [5]. In this
article, with a new approach and using wavelet transformation, the relationship between exchange rate and rental rate
is investigated. In such a way that not only we will not have the limitations of econometric models, including the lack
of data, but we can simultaneously observe the data of the exchange rate and the rental rate in different time scales and
examine their relationship with each other. Also, the innovation of this research compared to other similar research
that has investigated economic relationships with wavelet tools is the use of continuous wavelet transformation and
the investigation of wavelet correlation and coherency between variables. In the current research, using cross-sectional
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continuous wavelet and coherence and phase difference, we will find out the intensity of the relationship between the
exchange rate and the rental rate in different time horizons and over time. The main purpose of this research is to
investigate and achieve the relationship between the exchange rate and the rental rate in different time scales. This
article is written based on the hypothesis of the existence of a correlation between the exchange rate and the rental rate
in the short-term and long-term time scales. From the introduction, in the Dubeh section, the review of the subject
literature, the relationship between the exchange rate and the rental rate, and the background of the studies conducted
inside. and outside the country, in the third part of the research method and the fourth part, while introducing the
data, it depicts the power spectrum of the wavelet and presents the experimental results. The fifth section is also
related to conclusions and suggestions.

2 Theoretical literature

Given that the most important variable that affects the housing rental rate is the housing price, therefore, to
analyze the relationship between the exchange rate and the rental rate, the effects of currency market fluctuations on
the housing market (housing price) should be investigated. The impact of currency fluctuations on the housing market
is divided into short-term and long-term categories. In the short term, the effect of these price fluctuations will have
an inverse relationship with the increase in housing prices, and in the long term, it will have a direct relationship with
the increase in housing prices. In this way, in the short term, with the increase in the exchange rate, the prosperity
of the housing market will decrease, and this recession will change the conditions for the improvement of this market
in favour of tenants, that is, mortgage and rent applicants. This is because people are more inclined to allocate their
capital to buy foreign currency and take advantage of short-term profits, and therefore they may sell their properties
below the current common price. But in the long run, the result will be completely opposite because with The increase
in the exchange rate of all the goods and equipment related to the building will be affected by the increase in the
exchange rate, and as a result, the finished price of each residential unit will increase for the builders and will be offered
to the applicants with a higher price [18]. Therefore, in this, The study of the relationship between the exchange rate
and the rental rate (the price of money in the housing market) is based on the theory of purchasing power parity (as
one of the famous theories in international finance, it is used to analyze the relationships between real variables and
is based on the law of unit price) [30]. Money will be considered.

2.1 Paid model

The monetary approach has been used as the most important model for determining the exchange rate since 1970.
The model developed by Dornbusch [11] is a combination of two diametrically opposed monetary models. This model
includes price stickiness, which is a short-term feature, and a monetary model with a flexible price, which is a long-term
feature. According to this model, interest rates and exchange rates have a negative relationship in the short term,
which is the result of monetary shocks, and a positive relationship in the long term. They have that this requires
variable prices. Therefore, the monetary model is divided into two parts: the monetary model with flexible prices and
the monetary model of sticky balances [6].

2.1.1 The monetary model with flexible prices (FPM)

The monetary model with flexible prices (FPM) in which the price of goods is completely flexible and is used to
explain the long-term behaviour of the exchange rate. The main form of the monetary approach to determining the
exchange rate started with the Frankel model, which considers the flexibility of prices. The monetary model is usually
called the two model. A two-poly country is presented in which all goods are tradable and the single price law is in
place. The monetary model of flexible balances is based on two hypotheses purchasing power parity (PPP) and the
existence of a stable money demand function for domestic and foreign economies [1]. Therefore, the demand function
Standard money can be written as βit − αyt + Pt = mt and βi

∗
t − αy∗t + P ∗

t = m∗
t [34]. mt is the nominal demand for

money, Pt is the general level of prices, yt is the level of national income and it is the nominal interest rate. In this
model, all the variables except the interest rate are logarithmic. In the above relationships, the sign ∗ indicates the
values of the variables of the money demand function of the foreign country. α and β are constant parameters for two

countries. It is assumed to be the same. If we denote the real exchange rate by ert , e
r
t = (1,

P∗
t

Pt
et and P ∗

t et = Pt)
and equally the unhedged interest rate will be i∗t − it = ∆et. If we take the natural logarithm from the relation
P ∗
t et = Pt then ln(et) + ln(P ∗

t ) = ln(Pt) and assuming purchasing power (PPP )et + P ∗
t = Pt is obtained.

In the relationship et + P ∗
t = Pt, et represents the logarithm of the nominal exchange rate, Pt is the domestic

price and P ∗
t is the foreign price. PPP is only used as a long-term equilibrium condition in this model. If the PPP
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condition is continuously to be true, the logarithm of the real exchange rate,qt, P ∗
t + Pt − et = qt will be equal to

zero, and as if the PPP model, foreign prices are exogenous to the domestic economy and are determined through
the supply of foreign money, and the supply of domestic money also determines the general level of domestic prices.
Therefore, The exchange rate is determined by the money supply. From placing the relations βit −αyt +Pt = mt and
βi∗t − αy∗t + P ∗

t = m∗
t in the relation:

et = (mt −m∗
t )− α(yt − y∗t ) + β(it − i∗t ) (2.1)

in relation (2.1), it is assumed for simplicity that the income elasticity (α) and interest rate elasticity (β) of money
demand are the same for two countries. Finally, the monetary model considers the uncovered interest rate (UIP).
According to UIP, The foreign interest rate plus the expected exchange rate change is equal to the domestic interest
rate of the equation i∗t − it = ∆et.

Equation (2.1) is known as the Frenkel-Bilson model. Based on this relationship, the increase in liquidity, interest
rate and decrease in national income causes the depreciation of the national currency of the ”domestic” country.
Assuming that it is rational behavior in the long run and the relative level of prices and the exchange rate is proportional
to the relative inflation of money, equation (2.1) can be written below:

eLt = ((yt − y∗t ) + β(it − i∗t )α)−m∗
t −mt. (2.2)

Equation (2.2) gives the long-term equilibrium path of the monetary model. Equation (2.2) is the main monetary
form of determining the exchange rate, which establishes a long-term relationship between a simple set of monetary
variables. Mark and Sol emphasize that equation (2.2) represents a kind of long-term equilibrium exchange rate by
applying new theories of exchange rate determination [26].

2.1.2 The monetary model of sticky balances (SPM)

The monetary model of sticky balances (SPM) in which the price of goods is completely sticky. It is used to explain
the short-term behaviour of the exchange rate (the short-term equilibrium path of the exchange rate). Money demand
in domestic and foreign countries follows the relations βit−αyt+Pt = mt and βi

∗
t −αy∗t +P ∗

t = m∗
t . And the equality

of interest rate without coverage is also assumed to be ∆et = it − i∗t . In this model, it is assumed that the expected
percentage of domestic currency depreciation is a positive function of the difference in the long-term expected inflation
rate between two countries and the gap between the desired cash rate and its long-term equilibrium rate:

∆et = θ(ét − et) + (P e − P e∗) (2.3)

If we replace equation (3.6) in the equation ∆et = it − i∗t and arrange it based on the long-term exchange rate
difference, the relationship (P e∗ − i∗t

(
1
θ

)
= et − ét) will be obtained.

Frankel [16] believes that this expression can be considered as the real interest rate difference. His visit, if the
long-term exchange rate is equal to the cash rate of the currency in the long term, then it will be π∗

t − πt = i
∗
t − it.

According to the theory of purchasing power parity, in the long run we will have:

et = P t − P
∗
t = (mt −m∗

t )− β(yt − y∗t ) + δ(πt − π∗
t ) (2.4)

By placing equation (2.4) in the equation (P e∗ − i∗t
(
1
θ

)
− P e − it

(
1
θ

)
= et − ét) and the assumption that the

equilibrium amount of money supply and income levels through real levels If they are determined in the present tense,
we will have the following relationship:

et = (mt −m∗
t )− β(yt − y∗t )−

1

θ
(it − i∗t ) +

(
1

θ
+ δ

)
(πt − π∗

t ). (2.5)

In most of the studies based on monetary models, money supply and variables such as interest rate, production
and inflation, which determine money demand, are affected by exchange rate fluctuations. Mark assumes that there
is no difference between domestic and foreign interest rates. Unlike Mark, they believe that the difference in interest
rates in different countries is very important in determining the exchange rate, and for this reason, the difference in
domestic and foreign interest rates and expected inflation have been introduced into the monetary model and they
have presented the monetary model as follows:

et = (mt −m∗
t )− β(yt − y∗t )− α(it − i∗t ) + Ø(πt − π∗

t ) + ut. (2.6)
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We can write relation (2.6) as follows:

et = α0 + α1(mt −m∗
t )− α2(yt − y∗t )± α3(it − i∗t ) + α4(πt − π∗

t ) + ut (2.7)

represents the exchange rate, mt the money supply, yt the gross domestic product, it the interest rate and πt the
inflation rate for the domestic country and the variables marked with ∗ represent the variables of the foreign country.
Now, the impact of the explanatory variables on the exchange rate can be explained in this way.

With the establishment of PPP , an increase in the volume of money causes an increase in the exchange rate,
which is expected to be a positive variable coefficient of the volume of liquidity (α1). If we assume that the real
income will increase. The increase in the real income will strengthen the domestic money and decrease the exchange
rate, then the difference coefficient of the real income (α2) will be negative. However, regarding the effect of the
interest rate, monetarists believe that the increase in the domestic interest rate will increase the opportunity cost of
holding money. and causes a decrease in the demand for money, and this decrease in the demand for money leads
to an excess supply of money. To achieve equilibrium in the money market, prices increase, and this increase will
lead to an increase in the exchange rate (a decrease in the value of the domestic currency). Therefore, the sign of
the interest rate differential coefficient (α3) will be positive. On the other hand, the model set by Dornbusch [11] is
a combination of two completely opposite models. This model includes price stickiness in production markets as a
short-term feature. Price adjustment, in the long run, to bring it to a new equilibrium is a characteristic feature of
the flexible-price monetary model. In the short term, interest rate and exchange rate have a negative relationship
(negative α3) and this relationship is the result of monetary shocks; Interest rate and exchange rate have a positive
relationship in the long run, which requires variable prices. The Mondel-Fleming model assumes international capital
mobility and sticky (unchangeable) prices in the short term. This model also predicts a negative relationship between
interest rate and exchange rate (negative α3). However, since real inflation has a positive relationship with expected
inflation, so that an increase in expected inflation causes an increase in real inflation, therefore, with the increase in
the general level of domestic prices, the possibility of competitiveness of domestic goods and services will decrease.
found and as a result, with the increase in the balance of payments deficit and the excess demand for foreign currency
in the foreign exchange market, the value of the domestic currency will increase, and the depreciation of the foreign
currency will increase, which will lead to an increase in the general level of domestic prices compared to foreign prices,
and finally, we will face an increase in the exchange rate and (α4) will be positive [29].

2.2 Research background

Wavelet analysis was introduced to economics by Ghaffari et al. [18], Ramsey and Lampart [31] in the mid-
1990s. But it has been widely used in the economy in recent years. The branches of the wavelet method investigate
the dependence of the wavelet and the phase difference based on the continuous wavelet transform (CWT). Other
branches of this multiple resolution analysis method based on maximum overlap discrete wavelet transform (MODWT)
deal with evaluating some connections in empirical economics. In the following, we refer to some of the studies that
have studied the relationship between exchange rates and interest rates in the past.

2.2.1 Study records abroad

In most theoretical models, the exchange rate (currency exchange rate) is determined by economic fundamentals.
The interest rate difference between inside (own country) and outside is one of the most important economic factors
that affect the exchange rate. Theoretically, various models explain the various correlations between interest rates and
exchange rates. Securities equilibrium models [4, 5, 6, 19, 22, 23, 27] suggest a negative relationship between exchange
rates and interest rates. The Mondel-Fleming model assumes international capital mobility and sticky (unchangeable)
prices in the short term. In this case, the lower interest rate of the main country determines capital outflow and causes
a balance of payments deficit; This deficit is solved by the net increase in exports, through the decrease in the price
of the domestic currency. This model predicts a negative relationship between interest rate and exchange rate.

Khajeh Mohammadlou and Khodaveisi [26] state: Any increase in expected inflation must correspond to an increase
in the nominal interest rate of that country. Fisher’s hypothesis is valid. On the other hand, the interest rate of the
main country should increase exogenously, not due to disturbances in the money market. So an increase in price levels
due to a decrease in demand for money can lead to a higher exchange rate. Therefore, the theory of purchasing power
parity (PPP) predicts a positive relationship between the interest rate and the exchange rate [20]. This model relies
on full-price flexibility in the long run. Another justification for the positive relationship between interest rates and
exchange rates can be found in a Keynesian approach. A higher exchange rate leads to an increase in the country’s
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trade balance. This problem can increase the interest rate of that country due to the increase in the total demand for
the products of a country in the short term with sticky prices.

The model formulated by Dornbusch [11] is a combination of two completely opposite models. This model includes
price stickiness in production markets as a short-term feature. Price adjustment, in the long run, to bring it to a new
equilibrium is a characteristic feature of the flexible-price monetary model. Interest rates and exchange rates have
a negative relationship in the short term, and this relationship is the result of monetary shocks; Interest rates and
exchange rates have a positive relationship in the long run, which requires variable prices.

Eichanbaum and Evans [14] using data from a period of flexible exchange rates, have proved that expansionary
shocks to monetary policy lead to sharp and persistent depreciations in nominal and real US exchange rates, as well as
sharp increases and It is constant expanding between US domestic interest rates and foreign interest rates. One of the
tools for measuring monetary policy shocks is orthogonal shocks to the federal funds rate. Drazen and Hubrich [13]
found that during the 1992 European Exchange Rate Mechanism (ERM) crisis, currency forecasts reacted unevenly to
interest rate increases, with increases in short-term prices accompanied by decreases in long-term prices of forecasted
currency values. In the Eurozone, the exchange rate had a negative, albeit small, effect on the European Central
Bank’s interest rate between 1999 and 2010; This shows that the European Central Bank has not focused on exchange
rates, although it has taken them into account during policy decisions [10].

Bautista [3] has investigated the ”interest rate-exchange rate” interaction using a dynamic conditional correlation
(DCC) analysis; This is a multivariate GARCH method with Philippine weekly data from 1988 to 2000. The results
show that the correlation between these variables is not constant at all. Chinn and Meredith [8] found a positive
relationship between the logarithm of the exchange rate and the interest rate differential using short-term bond data
and long-term bond data. They found a positive relationship between these variables when using long-term data, but
found contradictory results when using short-term data. Flood and Taylor [15] used medium-term bond data and
estimated a positive relationship, but found a negative relationship when using medium-term bond data.

Hnatkovska and his colleagues [21] found that the relationship between interest rate and exchange rate is nonuni-
form. In particular, they observed that the reaction of the exchange rate depends on the size of the interest rate
increase and on the initial level of the interest rate. Choi and Park [9] investigated the relationship between interest
rates and exchange rates during the Asian crisis using the VAR model; They rejected the use of a recessionary mone-
tary policy (high interest rates) to stabilize exchange rates. In Turkey, volatility shocks produced sudden changes in
the dynamic correlations of interest rates and foreign exchange markets, but these changes only occurred in the short
run. This behaviour was not sustainable in the long term [18].

Some articles have analyzed the relationship between exchange rates and interest rates using ”wavelet-based analy-
sis”. Wavelet-based analysis has the advantage of being able to decompose time series into different time scales so that
we can analyze the relationship between variables in the short-term, medium-term and long-term [7, 8]. Hacker et al.
[20] use wavelet-based analysis to investigate the causality between spot exchange rates (day rate) and nominal interest
rate differentials for seven pairs of countries. The interest rates used in this study are the monthly averages obtained
from quarterly treasury bills, and the exchange rates are the average asking (seller) prices. They found from the tests
that there is strong evidence that nominal interest rate differentials lead to exchange rate appreciation as the time
scale of the wavelet increases. Also, when examining the immediate (shock) responses to how interest rate differentials
affect exchange rates, there appears to be evidence for more negative relationships at shorter time scales, and more
positive relationships at longer time scales. Walker [39] investigated the relationship between interest rate changes and
Spanish stock returns on a wavelet basis for the period from January 1993 to December 2020. Econophysical analysis
is a new and reliable approach, which can be referred to the studies by Nademi and Khochiany [28, 29], with the titles
of co-movement of stock, currency and gold markets and the study of the relationship between the housing sector and
some macroeconomic variables in the Iranian economy.

3 Methodology

In this research, we are trying to explain the relationship between the exchange rate and the rental rate in Iran’s
economy by presenting a wavelet analysis (economic and physical analysis) using the available seasonal data extracted
from the information banks of the Economic Accounts Department, the national accounts of the Central Bank and
the World Data Bank. One of the important features of wavelets is their high capability in dynamic analysis of the
causal relationship between time series. Since the wavelength changes optimally in different time scales, it is possible
to examine the short-term causality and long-term causality between economic time series simultaneously. The study
method of this research is applied research in terms of purpose and analytical research in terms of analysis.
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3.1 Wavelet analysis and methods

Wavelet transform is a very efficient tool to deal with the non-invariant properties of time series. Using the wavelet
method in financial analysis has major advantages. In short, they can be categorized into three main parts. First,
we can directly study the time series of Namana. Second, we can examine the local short-term properties of financial
behavior. Thirdly, we can compare financial models and behaviors at different time scales.

In general, we can say that wavelet analysis is a modified and refined version of Fourier analysis. Before the
advent of Fourier analysis, scientists investigated signals (time series) only by studying them in the time domain.
Although this enables us to detect many recurring properties in time series, it fails to analyze complex signals with
multiple components. Applying the autocorrelation function to time series enables us to obtain information about the
frequencies present in the signal. However, these techniques provide us with a limited amount of information [8]. The
need to obtain more information from time series led to a branch of mathematics in which each signal is represented
using a series of orthogonal functions. The root of this problem goes back to the research of Joseph Fourier. The
difference between a regular Fourier (sine wave) and a wavelet is the property of localization. A sine wave is localized
only in the frequency domain, while a wavelet is localized in both the frequency domain and the time domain.

3.2 Continuous Wavelet Transform (CWT)

The extended versions of the parent wavelet, which are well localized in the time and frequency domains (the
fluctuations of the desired variable at different time intervals). In this way, the time series can be transformed into
spatial frequency expansion where fluctuations in time or frequency are observed intuitively and directly. There are
often two classes of wavelet transforms. Discrete wavelet transform DWT and continuous wavelet transform DWT
which are used to reduce noise and data compression, while CWT is useful for extracting features and discovering
self-similarity of data [11]; therefore the CWT is widely used in economics and finance [2]; despite the time series
X(t) ∈ L2(R) its CWT according to the mother wavelet ψτ, S(t) as a scalar product of girls are defined as:

Wx,ψ(τ, S) = (x(t), ψτ, S(t)) =

∫ +∞

−∞
x(t)ψ∗ (3.1)

in which the star sign ∗ indicates a complex combination, in other words, Ψ∗τS is a complex combination of daughter
wavelet functions ΨT, S(t). As mentioned above, Ψτ, S(t) comes from the mother wavelet Ψ(t) during decomposition,
so that:

Ψτ, S(t) = |S|−1/2Ψ

(
t− τ

S

)
, τ ∈ S. (3.2)

The difference in the wavelet scale parameter s implies a compressed (S < 1) or stretched (S > 1) mother wavelet
among the frequencies, while its restoration along the local time index τ implies the transition of the wavelet state
ψτ, S(t) in time has it. In this method, an image can be created that shows both the magnitude of each feature in
X(t) relative to different scales, and how this magnitude changes over time [38], that s and τ are real values that
change continuously (with the adverb S ̸= 0), so Wx,Ψ(τ, S) is named as a continuous wavelet. For the CWT mother
wavelet, Ψ, (t) must have two characteristics.

0 < CΨ =

∫ +∞

−∞

|Ψ(f)|2

|f |
df < +∞ (3.3)

where Ψ(f) is the Fourier transform of the mother wavelet Ψ(t) and f is the Fourier frequency. Looking at the formula,
it is clear that CΨ is independent of f and is only determined by the wavelet Ψ(t), which means that CΨ is a constant
value for any given mother wavelet function, also called acceptable constant. The importance of the admissibility
condition is that it offers the possibility of improving the time series x(t) of CWT, i.e. Wx,Ψ(T, S) as follows:

x(t) =
1

CΨ

∫ +∞

−∞

[∫ +∞

−∞
Wx,Ψ(τ, s)Ψss,τ (t)dτ

]
ds

S2
, S ̸= 0 (3.4)

In other words, in this method, we can go from X(t) to CWT and return from CWT to X(t), so we can accept
that the same mathematical expression. More importantly, the original energy X(t) can be preserved by wavelet
transmission as follows.

X(t) =
1

CΨ

∫ +∞

−∞

[∫ +∞

−∞
|Wx(τ, s)|2Ψss,τ (t)dτ

]
ds

S2
∥x∥2 (3.5)
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where ∥x∥ is defined as the energy of X(t). There are different types of mother wavelets available for different purposes,
such as Haar, Morelet, Dubchase, Mexican Hat, etc. The most widely used mother wavelet to achieve the goal of
feature extraction is the Morelet wavelet, which was first introduced by Gapilad. Gençay et al. [17] was proposed. Its
simplified version is presented below:

Ψ(t) = π− 1
4 − eiω0te

−t2

2 (3.6)

where π− 1
4 guarantees the unit energy for the mother wavelet. In addition, the frequency ω0 is dimensionless and is

generally equal to 1 in practice, because this value can ensure that the Morelet wavelet is almost an analytical wavelet
and makes it easy to interpret the relationship between the scale s and the Fourier frequency f.

3.3 Wavelet power spectrum

In wavelet theory, the wavelet power spectrum of the time series X(t) is given by Wx,Ψ(τ, S), which is called the
automatic wavelet power spectrum. This spectrum can be interpreted as a measure of local variance for X(t) at each
frequency. Since the transfer between the wavelet of two time series X(t) and y(t), proposed for the first time by
Hudgins et al. [24], the power spectrum between the wavelet is written as follows and the criterion correlation between
x and y in each presents frequency [38].

|Ψy,Ψ ∗ (τ, s)|2|Wx,Ψ(τ, s)|2 = |Wxy,Ψ(τ, s)|2 (3.7)

Therefore, in the wavelet power spectrum graphs, the points marked with red color and black solid lines are the
areas that have the most variance or fluctuations in their respective time scale, also the areas outside the curves conical
are the points that are interpreted They are not easily achievable and should be interpreted with more caution.

3.4 Wave and phase difference correlation

When analyzing the dynamic relationship between exchange rate and interest rate, it is very important to pay
attention to the correlation (consistency) of wavelet and phase difference. The wavelet correlation can be calculated
using the inter-wave spectrum and the automatic wavelet spectrum as follows:

R2
xy(τ, s) =

|s(S−1wxy,Ψ(τ, s)|2

S|S−1|wx,Ψ(τ, s)|2S|S−1|wy,Ψ(τ, s)|2|
(3.8)

The correlation of the studied wavelet is presented as the second power. Although wavelet correlation shows
the correlation in different time scales, it does not show the answer to the question of which variable caused the
change in another variable. This answer is given by coherence diagrams and phase shift directions in these diagrams.
According to the Fourier frequency spectrum transform method, wavelet coherence can be defined as the ratio of the
cross-frequency spectrum of two-time series multiplied by the frequency spectrum of each of the time series (3.6),
in simpler terms, autocorrelation in space A time series is defined, and consistency is the same as autocorrelation,
but it is defined in the frequency space of the time series. Consistently, autocorrelation can be obtained at specific
times and at the same time on specific time scales. In relation (3.5), the variable S is a smoothing operator. Thus,
after smoothing, the correlation of the square signal takes a value between 0 and 1 in time-frequency space. In the
wavelet correlation images, this problem is represented by colors, red indicates high correlation and blue indicates
weak correlation. The wavelet correlation method leads to a three-dimensional analysis that can simultaneously show
the time and frequency components as well as the degree of correlation, thereby helping us to differentiate the spatial
correlation between the real exchange rate and the real interest rate and the structural changes in to identify duration
and short- and long-term connections between frequencies. Since the wavelet correlation is in the form of the second
power, we cannot distinguish between positive and negative correlations. Therefore, a phase difference tool is necessary
to provide positive or negative suggestions about correlations and regressive relationships between time series. On the
other hand, as the Morelet wavelet is a complex function, the CWT is also very complicated and divided into two
parts, real and imaginary, according to this type of mother wavelet. Therefore, based on the work of Schleicher [32]
and Sensoy et al. [33], the phase difference between x and y is defined as follows:

Φxy = tan−1

(
ℑ{S(s− 1Wxy,Ψ(τ, s))}
ℜ{S(s− 1Wxy,Ψ(τ, s))}

)
, with φxy ∈ [−π, π] (3.9)

where ℑ and ℜ are respectively imaginary and real parts of the inter-wavelength transmission. Therefore, following
the work of Aguiar-Conraria and Soares [2], we can easily convert the phase difference into a time interval between x
and y, so that:

(∆t)xy =
φxy

2πf
(3.10)
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where 2πf is the angular frequency along the time scale s, i.e. the usual frequency ω Fourier is such that ωΨ/2πs = f .
Note that ωΨ represents the frequency of the parent wavelet, or in other words, the dimensionless frequency ω0 of the
Morelet wavelet. Using f by choosing ω0 = 1,f is obtained. Therefore, the time interval (∆t) is:

(∆t)xy =
φxy, S

2π
(3.11)

In this study, an attempt is made to show the phase difference in the form of vectors in wavelet dependence
diagrams. Vectors that are to the right (x) and y (are in phase) are positively related, while vectors that are to the
left, i.e. x and y, are out of phase (or have a negative relationship). mean the progressive-regressive relationships
between them, in other words, the difference can show the causal relationship between x and y.

4 Description of data and experimental results

In this study, to check the consistency between the real exchange rate (the data relating to the effective exchange
rate linked to the study period were extracted from the World Bank website and after deduction of the inflation
rate, they were converted into the real effective exchange rate) and the rental rate (the price of money in the housing
market). In Iran, the analysis of the causal relationship between them was used based on the seasonal data of the
real effective exchange rate (the first variable) and the rental rate. for the period from spring 1980 to winter 2021.
First, the stationarity and co-accumulation of the variables are tested, and then the spectral causality test is used.
The existence and direction of causality of the variables are discussed during different periods. Finally, using the
wavelet analysis approach, the relationship between the real interest rate and the real exchange rate index is analyzed
at different temporal frequencies.

4.1 Mana test of exchange rate and rent growth rate

In this section, due to the seasonal frequency of research data, the stationarity test specific to these data should be
used. To this end, the test of Hylleberg et al. [25] known as HEGY was used. The significance level of this test was
calculated by Monte Carlo simulation. The results of the Manay test of the variables studied are presented in Table 1.

Table 1: Manai test for monthly search data (Zero hypothesis, real exchange rate growth index, rental rate growth, critical value)

Zero hypothesis real exchange rate growth index rental rate growth critical value
non-seasonal unit root −5.31 −0.27 −1.93
Unit root (two chapters) 107.88 6.54 8.34
Unit root (three chapters) −8.79 −7.29 −1.91
Unit root (four chapters) 139.29 23.60 5.99
All frequencies 108.73 17.73 4.99

The results of the Mana test of the variables show that the real exchange rate growth variable is Mana at all
frequencies. The rental rate growth variable is unknown in certain frequencies; But considering all frequencies at the
same time, this means; However, to ensure the long-term relationship between these two variables, the cointegration
test is used. Results of the Engel-Granger cointegration test in Table 2. Provided. According to the results in Table
2, there is at least a long-run equilibrium relationship between the two variables.

Table 2: Investigation of the existence of the co-accumulation vector between the growth of the rental rate and the growth of the real
exchange rate index

meaning threshold z statistic meaning threshold τ statistic Dependent variable

0.010 −26.62 0.372 −2.309 Rental rate growth
0.000 −101.06 0.000 −5.33 Growth of the real exchange rate index

4.2 Analysis of the Granger causality test according to frequency

As can be seen in Table 3, the hypothesis of causal relationship in all angular frequencies between two variables is
rejected and there is no Granger causal relationship between them.
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Table 3: The results of the Granger causality test in the range of different frequencies
Growth in the real exchange rate index is not the
Granger cause of rent growth

Rental rate growth is not the Granger cause of
real exchange rate index growth

angular fre-
quency

0.685453 0.4811 0.038547
0.685711 0.484034 0.077094
0.686011 0.489081 0.115641
0.686114 0.496488 0.154189
0.685593 0.506617 0.192736
0.683761 0.519957 0.231283
0.679642 0.537128 0.26983
0.672142 0.55886 0.308377
0.660619 0.585915 0.346924
0.645757 0.618914 0.385471
0.629995 0.658018 0.424019
0.616681 0.702498 0.462566
0.608529 0.75033 0.501113
0.606863 0.798184 0.53966
0.611965 0.842108 0.578207
0.623673 0.878772 0.616754
0.641645 0.906559 0.655302
0.665253 0.925761 0.693849
0.69333 0.937873 0.732396

4.3 Correlation analysis between the exchange rate and the rental growth rate based on a continuous
wavelet approach

The basic idea of wavelet correlation is similar to traditional linear correlation. The difference is that wavelet
correlation examines the relationship between two time series based on time zone and time interval. Wavelet correlation
calculations are based on the transformation of the transverse wavelets and wavelet power spectrum of each time series
which is performed in MATLAB software.

Figure 1: Real exchange rate growth and rental rate growth and their continuous wave power spectrum based on seasonal data

In diagram 1, the power spectrum of the growth wave of the real rate index and the growth of the rental rate is
plotted. The thick black line indicates the 95% significance level, and the significant region where they may confound
the significance is shown in a lighter shade. The wavelet power spectrum shows the local variance of the time series
variable at the time scale and presents the fluctuations of the variance at different frequencies. In Figure 1, areas that
are statistically significant at the 5% level are marked with bold black lines; Therefore, in the wavelet power spectrum
plot, the points surrounded by bold red and black lines are the areas that have the highest variance or fluctuations
in the specified time scale. Additionally, the areas outside the cone-shaped curves are the points whose interpretation
is not easily possible and should be interpreted with more caution. As shown in Figure 1, the power spectrum of the
rental rate growth wavelet and the growth of the real exchange rate index have similarities. So in the short-term and
medium-term frequency, the variance of the two series has increased since the 1370s.

Cross-wavelet transform (XWT) allows detection of correlation strength, phase difference (delay), and non-stationarity.
The approach presented here uses a continuous XWT technique with the Morlet wavelet as the parent function. The
cross-wavelet power shown in Figure 2 shows areas of high joint power. Another useful measure is the correlation
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Figure 2: Common wavelet power between real exchange rate index growth and rental rate growth based on seasonal data

between cross-wavelet transforms in time-frequency space. The statistical significance level of wavelet coherence is
estimated using the Monte Carlo method. To this end, a large set of alternative data pairs with the same first-order
autoregressive coefficients as the input data set is produced. Then, the wavelet coherence is calculated for each pair.
Next, we estimate the significance level for each scale using only the values outside the significance space.

Multiple wavelet correlation (coherence) is the same as traditional multiple correlation with the explanation that
multiple wavelet correlation extends the traditional concept of correlation to the time interval region; This action
results in the discovery of the correlation of time series for different times and intervals. The wavelet correlation of
two-time series is defined by their local correlation coefficients in time-frequency space [38]. The wavelet correlation
is defined as the square of the wavelet cross-spectrum value and normalized by the smoothed wavelet power for each
of the time series. The square of the wavelet correlation is a number between zero and one in time-frequency space;
As a result, the wavelet correlation diagram offers the possibility of analysis in three-dimensional space (correlation
intensity, frequency and time). Considering that the correlation coefficient in wavelet analysis is between zero and
one, using it alone it is not possible to determine the direction of the relationship between two variables, therefore the
index called phase shift is proposed here. A zero phase difference indicates that two variables are moving in harmony
with each other (opposite of phase difference).

Figure 3: Correlation between real exchange rate index growth and rental rate growth using wavelet approach and seasonal data.

In order to be able to analyze the final diagram (graph 3) resulting from the examination of the compatibility of
the exchange rate and rental rate variables, it is necessary to examine the direction of the arrows and how to determine
the direction of causality between the variables.

If in the diagram (Figure 4) the arrowhead is vertical or to the right, then the second variable is in phase (direct
relationship). Under in-phase conditions, if the arrowhead is upward (positive slope), the first variable is progressive
and the second variable is backward (causation of the first variable), it will be the second variable. If the arrowheads
are downward (negative slope) in the same phase condition, the second variable will be progressive and the first variable
will be regressive. If the arrowhead is to the left, two variables are in phase opposition (opposite relationship). If the
arrowhead is to the left and up, the second variable is progressive and the first variable is regressive. If the arrowhead
is downward, the first variable will be progressive and the second variable will be regressive. In general, moving from
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Figure 4: How to determine the direction of causality between variables in wavelet analysis [2]

horizontal to vertical, the impact interval increases [2].

The results of the wavelet correlation of the real exchange rate index growth index and rental rate growth on a
seasonal basis are shown in Figure 3. The horizontal axis of this graph indicates the period. In this graph, the period
extends from spring 1359 to winter 1400, and depending on the seasonal nature of the data, a total of 164 observations
are included in this axis. The vertical axis of these graphs shows the frequency range of the scale (4 seasons at the
highest scale of 32 seasons, 8 years). In wavelet analysis, scale and frequency have an opposite relationship, such
that a smaller scale corresponds to a higher frequency. Using wavelet correlation analysis, it is possible to find out
the relationship of time series in different time intervals. In diagram 3, the high correlation of the time series is
marked by warmer colors (red color) and the arrows inside this color spectrum show the correlation of these time
series. Additionally, significant correlation distances were specified with dividing lines. Unlike the situation above,
areas outside significant distances are marked with a cooler color such as blue, indicating less correlation of the time
series.

Based on the results presented in Figure 3- at the short term horizon, there is a strong correlation between the
growth of the real exchange rate index and the growth of the rental rate in most periods. two variables are generally
greater than 0.8 in the short term.

In the medium term, over the two periods 1362-1365 and 1379-1383, the degree of consistency between the two
variables real exchange rate and real rental rate is significant. But the sense of harmony in these two scales is completely
opposite to each other. In the time interval 1362-1365, two variables are not in the same phase; The reason for this
may be the negative real exchange rate in the mentioned years, because until mid-1968 basic goods were imported
at the rate of 7 tomans per dollar. The insistence on keeping the dollar rate low due to the war conditions imposed
during these years led to a negative real exchange rate. However, in 1383-1379, following disorder in the currency
market and widespread rents caused by multi-rate currency, the Central Bank increased the official exchange rate to
795 tomans. Then, from 1379 to 1389, it increased from 813 tomans to 1100 tomans. The exchange rate adjustment
led to the synchronization of the exchange rate and the rental rate in these years.

Also, the results show that in the short term, in most periods, these two variables were not in the same phase,
which shows that with the growth of the exchange rate, the rental rate did not necessarily increase in the same period,
and its effect was intermittent. Moving from the short term to the medium and long term, the relationship between
the growth rate of rents and the growth of the real exchange rate index was phased and a direct relationship was
established between the two variables; Specifically, with the increase in the exchange rate, the rental rate has also
increased almost proportionally. The main implication of the content of this section is that with an increase in the
exchange rate, although in the short term, the rental rate can be controlled to some extent due to certain government
policies; But in the medium and long term, policies to repress the rental market are doomed to failure and will not
succeed; Because ultimately, the rental market will increase proportionally to the exchange rate.

In the following, for a more comprehensive analysis, the relationship between two variables was studied with the
discrete wavelet analysis method.

In this part, the variance and correlation between variables are analyzed using the MODWT function at different
frequencies. Diagram 5 shows the estimated variance of wavelets at different scales, the growth of the real exchange
rate. As we see, the variances of the growth wave of the real exchange rate evolve over time; As a result, the intensity
of changes in the growth of this variable is not constant and decreases after reaching the peak.

As shown in Figure 6, with the change of time, the variances of the growth wave of rental rates tend to decrease,
and the frequency of 32 seasons has the lowest variance.



Co-movement of exchange rate and housing rental rate in Iranian economy: An econophysic analysis 83

Figure 5: Analysis of the variance of real exchange rate growth at different frequencies

Figure 6: Analysis of the variance of the rental growth rate at different frequencies

Figure 7: Correlation analysis between real exchange rate growth index and rental rate growth at different frequencies

The correlation between growth in the real exchange rate index and growth in the rental rate is shown in Figure
7. The midpoints of the indicated range of the correlation coefficient and the interval indicate the 95% confidence
interval. As we can see, the correlation between two variables is negative in the short term; But by increasing the
time scale and moving towards the long term, the correlation coefficient between the two variables changes its sign
and there is a direct relationship between the two variables.

5 Conclusion and suggestions

In this study, to examine the relationship between the exchange rate and the rental rate from a wavelet analysis
(economic and physical analysis) based on the theory of purchasing power parity in the form of two Completely
opposite monetary models, namely the Flexible Price Monetary Model (FPM) to explain the long-term behavior of
the exchange rate and the Sticky Residuals Monetary Model. SPM) in which the price of goods is completely sticky
has been used to explain the short-run behavior of the exchange rate (the forward equilibrium path of the exchange
rate). Wavelets are very capable in dynamic analysis of causal relationship between time series. Since the wavelet
length changes optimally in different time scales, it is possible to study short-term causality and long-term causality
between economic time series simultaneously. On the other hand, the wavelet transform is a very effective tool to deal
with the non-identity properties of time series.

The variables used in this study are the real effective exchange rate and the rental growth rate. One of the
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alternatives to the interest rate in the Iranian economy is the housing rental rate due to its mandatory nature. The
reason for its use is that the natural interest rate is the same as the rental rate of physical capital, and in the Iranian
economy the most important element of physical capital is housing, whose rental rate can be a reasonable substitute
for the interest rate. Second, in the Iranian economy, the calculation of the rental rate has been based on the unofficial
market interest rate. The wavelet correlation results of the real exchange rate growth index and rental rate growth
are seasonal for the period from spring 1359 to winter 1400, and according to the seasonality of the data, a total of
164 observations were placed in this axis.

Based on the results obtained in the short term between the growth of the real exchange rate index and the growth
of the rental rate, it was observed that there is a high correlation in most of the periods studied, and the intensity of
the correlation between the two variables over the short term horizon is generally greater than 0.8. In the medium and
long term, in certain periods, the relationship between these two variables was only established during the years 1364
to 1372, and no significant relationship was observed in other years. In higher frequencies and long term, a significant
relationship was observed for several years, and in some long term periods these two variables did not have much
correlation.

Furthermore, the results indicate that the intensity and direction of the relationship between variables are not
constant in the short term and have changed repeatedly. In the short term, in most periods, these two variables were
not in the same phase, which shows that with the growth of the exchange rate, the rental rate did not necessarily
increase during the same period and its effectiveness has been intermittent. Therefore, since the relationship between
the two variables changed frequently in the short term, despite strong consistency. Moving from the short term to the
medium and long term, the relationship between the growth rate of rents and the growth of the real exchange rate
index was phased and a direct relationship was established between the two variables; Specifically, with the increase in
the exchange rate, the rental rate also increased almost proportionally. Generally speaking, the results obtained from
the analysis of the relationship between the variables (exchange rate and rental growth rate in Iran) indicate that the
intensity and direction of the relationship between the two variables in the short term, over most periods, they were
not in phase and had an inverse relationship (Dorenbusch analysis), which confirms the model monetary at sticky
prices. In the medium term, the relationship between these two variables was established over several periods, and
at higher frequencies and in the long term, a significant relationship was observed over several years, that over most
periods, the relationship between the rental growth rate and the real exchange rate index are in sync, and in some
periods, the rental growth rate variable is leading and the real exchange rate has declined; Thus, in the medium and
long term, we observe to a certain extent a direct relationship between these two variables, which confirms monetary
models with flexible prices (purchasing power parity theory).

The content of this section states that with the increase of the exchange rate, although in the short term, the
rental rate can be controlled to a certain extent due to certain government policies; But in the medium and long term,
policies to repress the rental market are doomed to failure and will not succeed; Because ultimately, the rental market
will grow depending on the exchange rate. In the Iranian economy and in the medium and long term, the relationship
between the real exchange rate and the rental rate shows that the flexible price monetary model is confirmed, there is
adaptability to change. But in the short term, in most maturities, the relationship between the two variables shows
that the sticky price monetary model is confirmed. Short-term timescales are those periods where the decision maker
is waiting for the impact of the variable and there is not enough time to adjust other variables.

Comparison with previous studies shows that in the short term: the study Drazen and Hubrich [13] in Europe,
like the Mundel-Fleming model, which in the short term assumes that there is a negative relationship between the
exchange rate and the price of the currency, which confirms to some extent the results of the short-term time horizon
of the present study. In the long term: Tafazzoli and et al. [35], Taghavi et al. [36], Tiwari and et al. [37] point out
the exchange rate and the price of the currency, which confirms the results of the study in the long term. The study of
Dornbusch [11] in the form of two monetary models, a monetary model with sticky prices (short term) and a monetary
model with flexible prices (long term), Flood and Taylor [15], Chinn and Meredith [8] studied the relationship between
the exchange rate and the price of currency, and the results of the studies show a negative relationship in the short
term and a positive relationship in the long term, which confirms the results of the present study, especially in the
long term.

The results of examining the relationships between the variables studied show that there are different behaviors in
the relationships between the variables at different time horizons. The decision maker should pay attention to both
the real exchange rate and the rental rate, while having long term plans to achieve this, he should not neglect the
short and medium term plans, which are the main basis of long-term plans. In the Iranian economy and in the 1960s,
due to the negative real exchange rate, there is a significant correlation between the exchange rate and the rental
rate. But after that and with frequent adjustments, this consistency was lost over time. Therefore, it can be said that
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the relationship between the exchange rate and the rental rate exists in short-term time scales, but in the long-term
time scale, the intensity of consistency will decrease. Policymakers are advised to monitor and control the short-term
effects of exchange rate adjustments on rental rates.

Appendix

Table 4: The attachment Manu test for the growth variable of the real exchange rate index
Seasonal Unit Root Test for EXCHANGE
Method: Traditional HEGY
Null Hypothesis: Unit root at specified frequency
Periodicity (Seasons): 4
Non-Seasonal Deterministics: None
Seasonal Deterministics: None
Lag Selection: 0 (Automatic: SIC, maxlags=12)
Sample Size: 159
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Table 5: Manai test for the rent rate growth variable
Seasonal Unit Root Test for RENT
Method: Traditional HEGY
Null Hypothesis: Unit root at specified frequency
Periodicity (Seasons): 4
Non-Seasonal Deterministics: None
Seasonal Deterministics: None
Lag Selection: 9 (Automatic: SIC, maxlags=12)
Sample Size: 150
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Table 6: Cointegration test between rental rate growth and real exchange rate index growth
Date: 07/04/22 Time: 22:18
Series: RENT EXCHANGE
Sample (adjusted): 1359Q2 1399Q4
Included observations: 163 after adjustments
Null hypothesis: Series are not cointegrated
Cointegrating equation deterministics: C
Automatic lags specification based on Schwarz criterion (maxlag=13)
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Table 7: Granger Spectral Causality Test
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[17] R. Gençay, F. Selçuk and B.J. Whitcher, An Introduction to Wavelets and Other Filtering Methods in Finance
and Economics, Elsevier, 2001.

[18] H. Ghaffari, M. Saadat Mehr, M.R. Ranjbarfalah, and A. Souri, Investigation on the effect of increasing the
interest rate of banking facilities on the economic growth of Iran in the form of a new Keynesian stochastic
dynamic model of general equilibrium, Sci. Res. Quart. Econ. 10 (2013), no. 1, 1–31.

[19] B. Granville and S. Mallick, Monetary policy in Russia: identifying exchange rate shocks, Econ. Model. 27 (2010),
432–444.
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