
African Review of Economics and Finance (2022), 14(2), 1–18
ISSN (Print) 2042-1478
ISSN (Online) 2410-4906

ARTICLE

Verifying the Tunisian exchange regime stability in the
post-revolution period by state-space models and
high-frequency data
Mohamed Bouabidi*

Faculty of Economic Sciences and Management, University of Sousse, Tunisia
* Corresponding Author: abouobaydim@gmail.com

Abstract
The 2010-2019 period was marked by a steady depreciation of the Tunisian Dinar (TND) against the two
major international currencies: a depreciation rate of 95% against the United States Dollar (USD) and 63%
against the euro (EUR). To examine whether this depreciation is caused by a discrete manipulation of the
de facto exchange regime and exchange rate or a natural result of the supply and demand fundamentals
under a floating regime, this study applies the State-Space Model technique to daily data because it serves to
check whether the weights are time-varying or stagnant. The results show that the steady depreciation of
the TND cannot be exclusively attributed to market forces. The de facto regime is crawl-like with implicit
time-varying weights that have opposite trends, except in 2017. The TND is implicitly anchored to the
two major currencies and the monetary authorities intervene to modulate and moderate its fluctuation.
These findings may be important to anticipate the future exchange rate trend; develop an effective hedging
strategy; or examine the effect of external shocks and economic fundamentals changes on the exchange
rate evolution.
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1. Introduction
During the post revolution decade, the International Monetary Fund (IMF) annual reports record a
chronic divergence between the Tunisian authority statements and the IMF de facto classification of
the Tunisian exchange rate regime. While the Tunisian authority claims having adopted a floating
exchange regime most of the years, in the last decade, the IMF states, in its annual reports, that the
Tunisian exchange regime is always an intermediate regime (stabilized arrangement or crawl-like
peg), except for 2017. This inconsistency may have negative impacts on economic research and make
it difficult to detect the real causes of the steady and drastic depreciation of the TND. In fact, over the
2010-2019 period, the TND exchange rate exhibited a steady downside movement against the USD
as well as against the euro. At the end of 2019, the TND recorded a depreciation rate of 95% against
the USD and 63% against the EUR. This drastic depreciation may be caused by a discretionary
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exchange regime and exchange rate manipulation and /or economic fundamentals deterioration. In
fact, it is not surprising that the Tunisian authority discreetly intervenes to manipulate the exchange
rate. Theoretically, the discreet manipulation has been explained by two main hypotheses: the ‘fear
of floating hypothesis’ and the ‘corner-solution hypothesis’. The fear of floating is the reluctance to
allow totally free fluctuations in the nominal or real exchange rate. The corner hypothesis stipulates
that intermediate regimes are not viable. The only viable regimes are the two extreme ones: the free
floating and the hard peg regimes.

In this vein, the IMF annual reports, as well as the World Bank’s (2017) statistical analysis, not
only have shown that the TND exchange rate is artificial and its fluctuation is under the control of
the monetary authority, but it is also anchored to a currency basket comprising the USD, the EUR,
and to a lesser extent the Japanese Yen (JPY). Nevertheless, the IMF 2018 annual report has recorded
a sudden change: the TND is no more anchored to the USD. The TND is henceforth exclusively
indexed to the EUR, even if more than 22% of Tunisian foreign debts remains denominated in USD.
Bouabidi (2020) findings do not support this claim and show that the TND remains anchored to the
EUR and USD even in 2018 and beyond.

With these contradictory results and the probable discrepancies between the official claim and
the discreet behavior of the monetary authority, it is difficult to detect the nature of the driving
forces of the steady depreciation of the TND. Notably, two important issues must be studied: (1) Is
the Tunisian exchange regime floating and the relationship between the TND and the two world
currencies is simply a fortuitous relation caused by the co-movement of the three currencies? (2) Is
the de facto exchange regime stable and are the implicit weights stable or time-varying?

To address these problems, the current study is based on high frequency data (daily data) and
a special type of model named the State Space Model (SSM). As compared to linear regression
models, the SSM has, inter alia, two main advantages. First, one may extract much more information
from the time-varying parameters and their variances. Second, one can easily detect by visual
inspection and handle, by intervention variables, structural breaks and outliers. In contrast to the
IMF reports, the study shows that since the end of 2016 the implicit weight of the USD has become
more important than the implicit weight of the EUR. The implicit weights are time-varying and
have opposite trends. The flexibility proxy coefficient is not always very low- it sometimes exceeds
40%. Therefore, the TND critical depreciation marking the last years may be explained partially by
economic fundamentals that have an impact on supply and demand as well as by active intervention
of the monetary authority on the exchange market to maintain a discretionary flexible peg based on
time-varying weights of the USD and EUR.

This paper is structured as follows. Section 2 introduces the theoretical foundations of exchange
rate manipulation. Section 3 presents the SSM principle, the signal and state variables as well as the
equations. Section 4 summarizes the main results and their discussions. Eventually, section 5 offers
some concluding remarks.

2. Theoretical foundations of exchange rate manipulation
Theoretically, the discreet manipulation has been explained by two main hypotheses: the ‘fear of
floating hypothesis’ and the ‘corner-solution hypothesis’. The corner hypothesis states that there
are only two viable exchange regimes: free floating and hard peg. In a context marked by high
capital movements, open capital accounts, technological changes, it is not easy to contain market
pressures. Intermediate regimes become crisis-prone, costly, and short-living (Eichengreen (1994),
Fisher (2001)). Frankel et al. (2001) have stated that the non-viability of intermediate regimes
lies with an intrinsic characteristic, which is non-verifiability. It is not easy to verify intermediate
regimes because they are sophisticated, so they cannot survive. For Branson (2001) the basis for
the corner solution hypothesis is neither an intrinsic factor nor environmental development. The
leading cause of intermediate regimes’ non-viability is the impossible trinity: The impossibility to
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have simultaneously fixed exchange regime, free capital movements, and an independent monetary
policy. However, Frankel et al. (2001) have refused to consider the impossible trinity the cornerstone
of the corner solutions hypothesis because national authorities can adopt against the wind strategy.
They can continue using an intermediate regime and abandon it whenever there is a shock large
enough to use up half its reserves. The question is: how the corner hypothesis explains the exchange
rate manipulation? The IMF support of the corner exchange regime solutions and the speculative
attack risk under the intermediate regimes motivate national authorities to claim a floating regime
and discreetly manipulate the exchange rate.

Fear of floating arises from the combination of lack of credibility, high exchange rate pass-
through, and inflation targeting, Calvo and Reinhart (2002). Developing economies characterized
by their inefficient financial systems, weak law enforcement, and low degree of accountability need
to reinforce their credibility by a hard peg exchange regime (Kimakova (2008) and Russell (2011)).
A high exchange rate pass-through makes the floating regime costly because of the following two
negative effects of the exchange rate depreciation. First, the exchange rate depreciation has a direct
negative effect on consumer prices (the imported inflation). Second, the exchange rate depreciation
increases the cost of foreign debts (the balance sheet effect). Low political and financial credibility
and a high pass-through phenomenon increase the fear of floating and motivate monetary authorities
to claim an official regime (the de jure regime) and apply discreetly another one (the de facto regime).
Levy-Yeyati and Sturzenegger (2005) have found that there is an increasing number of countries
actually adopting a fixed regime and officially claiming another.

Therefore, the spread of the dual exchange regime phenomenon in developing countries may be
attributed to two adverse effects: the strong bias of the IMF toward the corner hypothesis (Calvo and
Mishkin, 2003) presses some developing countries to officially claim the floating regime but their
fear of floating leads them to discreetly defend a fixed or a crawling peg. Both the IMF and Bouabidi
(2020) show that Tunisia is one of these countries: the Tunisian de facto exchange regime is not
always consistent with the de jure regime. However, the IMF states that since 2018, the TND is
no longer pegged to the USD but Bouabidi (2020) findings prove that it is still pegged to the EUR
and USD. The SSM technique applied in this paper is able to adjudicate this controversy because its
time-varying-parameters property allows to estimate the time-varying implicit weights of these two
currencies and to detect their trends.

3. Methodology
To address the overmentioned problems, the current study uses daily data and a special verification
technique named the State Space Model. Because of the time-varying-parameters property of the
SSM, it is possible to extract much more information from its output than from a classic linear
regression output: (1) it is possible to detect the implicit weights trends and variances; (2) it is possible
to separate the stochastic components from the determinant component of the implicit weight; (3) as
it is possible to easily detect by visual inspection structural breaks and outliers. In the next steps, we
will respectively present in more detail the Data, model specification, results, and discussion.

3.1 Data
Data are collected essentially from the Central Bank of Tunisia (CBT), and the IMF websites. The
daily exchange rate series of the TND against the USD, EUR and JPY (Japanese Yen) are published
by the CBT. The daily foreign reserves series is also obtained from the CBT by a special request,
under the right of access to information act (the law 22/2016). The daily Special Drawing Rights
(SDR) values in terms of the USD, EUR and JPY, and also the nominal effective exchange rates
(NEER) of the USD, EUR, and TND are collected from the IMF Website. Therefore, the study
basically uses daily data covering the period 01/04/2010-12/30/ 2019.
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3.2 Model Specification
State space model principles
SSM allows modeling an observed time series as being explained by one or more unobserved
state variables. SSM has two forms of equations: the observation (the signal or the measurement)
equation, and the transition (or the state) equation(s). In fact, the observation equation describes
the dependent variable in terms of the level component (which is the equivalent of the intercept in
the classical regression), the explanatory variables, and the irregular component (or the observation
noise). Whereas, the state equation(s) defines the state variables(s) in terms of its lagged value, the
explanatory variables, and the irregular component (or the state noise).

The SSM is firstly applied by Hwang (2014) to verify if China’s exchange regime is a crawling
peg regime. Relying on Frankel and Wei’s (2008) model, the current study makes two adjustments
to the Hwang model. First, Hwang (2014) verifies China’s exchange regime only on the basis of
an intercept and the currencies of the partners’ countries. However, Frankel and Wei add to the
partners’ currencies a measure of the flexibility level noted EMP that will be defined very shortly.
Second, Hwang (2014) does not impose any constraint on the sum of weights, but the sum must not
be higher than one. Frankel and Wei (2008) propose a trick helping to add the weights constraint to
the linear regression model. Similarly, the current study includes the constraint but in a different
manner, that is without modifying the observation equation.

Dependent Variable Definition
As aforementioned, the observation equation describes the dependent variable. Given that the paper
focuses on the exchange rate regime, the straightforward way to verify it consists of studying the
exchange rate behavior. Instead of using the value or log value of the exchange rate, Frankel and
Wei (2008) and Hwang (2014) . . . recommend, for theoretical and statistical considerations, the use
of the exchange rate log difference. On the one hand, with the first differences, a constant can be
included to test the likelihood of a trend appreciation or depreciation Frankel and Wei (2008). On
the other hand, log differences make it possible to interpret the estimated coefficients as the weights
of the component currencies in the basket Hwang (2014).

Nevertheless, Moosa and Li (2017) have recently mentioned that the first log difference use is
problematic for two reasons. First, in practice, the exchange rates appear in the basket peg formula
in levels and not in percentage change. Second, if level variables are cointegrated, the first difference
model will be miss-specified. But still, the log difference remains more appropriate for this study
in consideration of two reasons. To start with, the cointegration test shows that the variables are
not cointegrated. Second, the study tries to analyze the evolution of the implicit weight and the log
differences make it possible to interpret the estimated coefficients as the weights of the reference
currencies.

Wang and Wang (2020) have pointed out another possible problem: currency interactions and
co-movement may overvalue the implicit weights in the basket. For example, the coefficient (the
weight) of the Malaysian Ringgit (MYR) in the Chinese Yuan Renminbi (CNY) basket may be
statistically significant not because the Chinese monetary authority uses it as an anchor, but because
the MYR is highly correlated to the USD and co-moves with it. However, their empirical tests,
(Wang and Wang (2020) tables 3 and 6), show that the coefficients of both the US dollar in the euro
“basket” and that of the euro in the US dollar “basket”, differently to some other currencies, are
very low and statistically insignificant. The USD and the euro are therefore freely floating without
co-movements, and no weight correction is needed for the present study.

One cannot calculate the exchange rate changes, in a vacuum, without defining a reference
currency or numeraire. The literature presents different numeraire alternatives that can be classified
into to two categories: the one currency numeraire and the composite currency numeraire. The one
currency numeraire can be a global currency generally used as a legal peg, i.e. the USD or the EUR,
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Levy-Yeyati and Sturzenegger (2005). It can also be a remote currency of an economy that relies
heavily, like many emerging economies, on primary commodity exports, i.e. the Australian Dollar,
AUD Calvo and Reinhart (2002); or another floating and stable remote currency, i.e. the Swiss Franc,
CHF, Hwang (2014). As for the composite currency numeraire (Hwang, 2014; Ahmad et al., 2011;
Frankel and Xie, 2010; Frankel, 2009) use the SDR. Note that when the exchange rate regime is a
true basket peg, Frankel and Wei (2008) reported that the numeraire currency is immaterial: the
results remain the same whatever it is. However, when the exchange is not a rigid basket peg, it will
be useful to rely on a numeraire that is coherent with the yardstick used by the monetary authority.
This is likely the case of the Tunisian exchange rate regime: the TND is softly pegged to a basket
currency. Indeed, the IMF reports (2010, 2011) and the World Bank’s (2017) statistical analysis stated
that the TND exchange rate is implicitly linked to a basket currency including the USD, the EUR,
and the JPY. For this reason, the current paper chooses the composite currency numeraire alternative
and uses the SDR as the currency numeraire for the TND. Therefore, the observation variable will
be the log difference of the Tunisian Dinar, ∆tndt, where tndt is the natural log of the amount of
SDR per TND at time t (1TNDt = xSDRt).

State Variables Definition
The state variables are the implicit weights of the three main currencies that are probably included in
the basket (the USD, EUR and JPY) to which is added a measure of the flexibility level proxied by a
variable noted empt. USD, EUR, and JPY are successively the amount of SDR per USD, the amount
of SDR per EUR, and the amount of SDR per JPY. As for the TND, we use their log differences.
empt is the sum of the log difference of the TNDt and the log difference of the standardized foreign
currency reserves, RESt/M2, (Frankel and Wei, 2008; Frankel, 2009; and Frankel and Xie, 2010). A
coefficient close to zero means that the exchange rate changes are close to zero, and the de facto
regime is a fixed one. A high coefficient, close to one, means that exchange rate changes are not
counterbalanced by foreign reserves changes, and the de facto regime is a floating regime. Note that
Bleaney and Tian (2017) have presumed that EMP has some econometric problems. First, since one
component of the EMP is the dependent variable itself, it should always have a coefficient of one and
a correlation with the error term. Second, because the money supply is denominated in domestic
currency, the ratio of reserves to the monetary base will tend to increase even if the reserves remain
unchanged. These criticisms should not be taken for granted. In fact, there are no two separate
components in the EMP. The EMP is one variable that can have values significantly different from
the its components values. The output shows that the EMP coefficient is very low and not close to
one. As for the reserves’ component of the variable, the exchange depreciation can influence foreign
currency reserves volatility. Nevertheless, this effect is insignificant when compared to the effect
that of foreign currency flows.

empt = ∆tndt + ∆ log
(
RESt/M2

)
Signal and state equations and the appropriate model choice The simplest form of an SSM including
the aforementioned signal and state variables corresponds to the case where the level is deterministic,
and the error terms of the state equations are zeros. Equation (1) represents the signal equation, and
equations from (2) to (6) represent the state equations. w1t,w2t, and w3t are successively the weights
of the EUR, the USD, and the JPY. Equation (2) describes the trend, equations (3) to (5) describe the
weights of basket currencies (the EUR, USD, and JPY), and equation (6) describes the coefficient of
the flexibility proxy. Note that this first version of the model supposes that all these state variables
are deterministic (they have no stochastic component) and its output conforms to the output of an
OLS regression applied to the signal equation.

∆tndt = µt + w1t∆eurt + w2t∆usdt + w3t∆jpyt + βtempt + εt (1)
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µt = µt–1 (2)

w1t = w1t–1 (3)

w2t = w2t–1 (4)

w3t = 1 – w2t–1 – w3t–1 (5)

βt = βt–1 (6)

Frankel (2009) constrains the weights to add up to 1 by supposing one of the weights to be
equal to 1 minus the other weights, wj = 1 –

∑n–1
i=1 wi, where n is the number of currencies in the

basket. This constraint imposes to modify the dependent variable. For instance, ∆tndt willbe replaced
by [∆tndt – ∆et], where et, may be the Log of the EUR, the USD or the JPY (see Frankel (2009)
for more details). Since the data of the current study are daily, the adding up constraint can be
introduced without altering the signal equation. The constraint can be imposed directly in one of
the three state equations describing the weights state variables, i.e. w3t = 1 – w1t–1 – w2t–1, the state
equation (5). Table 1 exhibits the output of this initial model.

Table 1. SSM With Deterministic State Variables

Coefficient Std. Error z-Statistic Prob.

C(1) -11.80480 0.016785 -703.2977 0.0000

Final State Root MSE z-Statistic Prob.

Trend -0.000244 5.60E-05 -4.353153 0.0000
EUR weight 0.512292 0.010049 50.97768 0.0000
USD weight 0.453890 0.012460 36.42800 0.0000

JPY weight 0.033818 0.009725 3.477545 0.0005
Flexibility 0.047080 0.004301 10.94644 0.0000

Log-likelihood 10638.46 Akaike info criterion -8.924046
Parameters 1 Schwarz criterion -8.921622
Diffuse priors 5 Hannan-Quinn criterion -8.923164

Source: Author’s estimates

The variances are expressed as exponential functions of the unknown coefficients C(j). So, C(1),
in table 1 , is the log of the variance of the signal noise εt : C(1) = logσ2

ε ⇒ σ2
ε = eC(1) = e–11.8048 =

0.7468E – 5. The exponential function is used to guarantee non-negative variance estimates, Rummel
(2015). The final state is the last value of the one-step-ahead estimation for the different state variables.
The root MSE is the root mean square error of the state variable. The diffuse priors are the number
of diffuse initial values.

In the state space output, there is neither the R2 nor the F-statistic. To determine how well the
model fits the data, we use the Akaike Information Criterion (AIC). The AIC statistic measures the
information loss relative to the true model and is used to test how well the model fits the data without
unnecessary complexity. In other words, it estimates the parsimony of the model. That is, to what
extent the model maximizes the goodness of fit with the minimum number of parameters. Taken on
its own, the AIC is not very informative. We should compare the AICs of competing models. The
best model is the one that minimizes the AIC’s value. So, we will use –8.924046, the initial value of
the AIC, as a benchmark.

The weight of the EUR, USD and JPY in the basket are respectively 51.2%, 45.4%, and 3.4%,
all are statistically significant. The intercept (the trend) is significantly different from zero. The
flexibility proxy has a coefficient significantly different from zero, but with a very low value. These
are the features of a crawl-like de facto regime. Note that these results are similar to the ordinary
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least squares (OLS) regression results. So, with constant state variables, the SSM loses its dynamic
aspect and gives constant parameters instead of time-varying parameters.

Remember that one of the main reasons for using the SSM is to verify if since 2017 the weight
of the USD in the basket has become higher than the weight of the EUR, or conversely, the EUR
has been the only anchor, as stated by the IMF report. In order to check for the overtime variability
of the unobserved state variables, we need to activate the dynamic feature of the model by replacing
their deterministic forms by the stochastic ones described below.

∆tndt = µt + w1t∆eurt + w2t∆usdt + w3t∆jpyt + βtempt + εt (7)

µt = µt–1 + χt (8)

w1t = w1t–1 + η1t (9)

w2t = w2t–1 + η2t (10)

w3t = 1 – w2t–1 – w3t–1 + η3t (11)

βt = βt–1 + ϑt (12)

The error terms follow normal distributions with zero mean and constant variance: ε ∼
N JD

(
0,σ2

ε

)
;χ ∼ NJD

(
0,σ2

χ

)
;ηi ∼ NJD

(
0,σ2

ηi

)
, for I = 1, 2 or 3 ; and ϑ ∼ NJD

(
0,σ2

ϑ

)
.

The results of this second model will be presented and discussed in the next section.

3.3 Results
Note, firstly, that the top of Table 2 exhibits 5 parameters instead of six (the number of error terms).
The error term η3t is removed because its variance is statistically insignificant. Second, the AIC’s value
(-9.017751), which is lower than the initial value (-8.924046), indicates that the SSM with stochastic
state variables provides a better fit than the SSM with deterministic state variables. However, before
discussing the results in detail, it is necessary to conduct the check tests of the basic assumptions.

Table 2. SSM With Stochastic State Variables

Coefficient Std. Error z-Statistic Prob.

C(1) -12.05529 0.021976 -548.5703 0.0000
C(2) -21.11890 0.641645 -32.91366 0.0000
C(3) -10.83099 0.573467 -18.88686 0.0000
C(4) -10.99016 0.815861 -13.47063 0.0000
C(5) -6.880521 0.109018 -63.11344 0.0000

Final State Root MSE z-Statistic Prob.

TREND 0.000213 0.000255 0.837007 0.4026
EUR weight 0.390121 0.057010 6.843036 0.0000
USD weight 0.599868 0.059497 10.08239 0.0000
JPY weight 0.010011 0.067334 0.148675 0.8818
Flexibility 0.090915 0.112164 0.810549 0.4176

Log-likelihood 10754.16 Akaike info criterion -9.017751
Parameters 5 Schwarz criterion -9.005635
Diffuse priors 5 Hannan-Quinn criterion -9.013342

Source: Author’s estimates
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The SSM supposes that error terms are NID (Normal and independently distributed) with zero
mean and constant variance. Subsequently, the error terms must satisfy three main assumptions: inde-
pendence, homoscedasticity and normality. To check whether the residuals satisfy these assumptions,
we use the standardized prediction errors, noted v∗t , where:

v∗t =
vt√
Ft

vt are the one-step-ahead prediction errors, and Ft is their variance. The one-step-ahead pre-
diction errors can be briefly defined in the following lines.If we have an observation variable yt, a
column vector of exogenous variables Ct, a row vector of unobserved state variables αt, a term error
εt and therefore, an observation equation yt = Ctαt + εt and the one-step-ahead prediction error vt,
can be defined as: vt = yt – Ctat. Where at is the conditional expectation of αt given all the previous
observations Yt–1, at = E (αt/Yt–1). To apply these formulae to the current study, just replace yt by
∆tndt, take Ct = (1∆eurt∆usdt∆jpytempt) and αt = (µtw1tw2tw3tβt)′.

The histogram and the Jarque-Bera statistic are used to diagnose the normality assumption of
the residuals. The correlogram and the Ljung-Box Q-statistics check the independence assumption.
As for the homoscedasticity assumption, Durbin and Koopman (2012) propose a simple test that is
obtained by comparing the sum of squares of two exclusive subsets of the sample. These subsets can
be the first third part and the last third part of the series, Commandeur et al. (2011). This test is none

other than the F-test of the equality of variances: F = S2
L
S2
S
, where S2

L is the larger variance and S2
S is

the smaller. Table 3 exhibits the output of the three tests.

Table 3. Check tests of the initial output of the SSM with stochastic state variables

Independence test

AC PAC Q-Stat Prob.

1 -0.20 -0.206 100.87 0.000
2 0.030 -0.013 103.05 0.000
3 0.018 0.022 103.79 0.000
4 0.015 0.024 104.30 0.000
5 0.035 0.044 107.24 0.000
6 0.045 0.063 112.14 0.000
7 -0.012 0.009 112.49 0.000
8 0.059 0.057 120.87 0.000
9 -0.017 0.003 121.55 0.000

10 0.034 0.027 124.26 0.000

Homoscedasticity test

S2
i ni DFi Calculated F

Subgroup L 0.92 792 791
1.15

Subgroup S 0.8 792 791
Critical values F(0.975;791;791) F(0.025;791;791)

0.869 1.149

Normality test

Skewness Kurtosis Jarque-Bera Probability
0.0179 5.811 785.29 0.000

Author’s estimates
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The top part of Table 3 exhibits a sample of autocorrelation (AC) and partial autocorrelation
(PAC) coefficients. The P-values, that are less than 0.05, show that the standardized residuals
are not independent. The middle of the table shows that the F-calculated value lies outside the
interval between 0.869 and 0.149. The standardized residual variances are not equal. Therefore, the
standardized residuals are heteroscedastic. As for the normality assumption, the bottom of table 3
shows that even if the distribution is symmetric (the Skewness is 0.0179 ), the standardized residuals
are not normally distributed because the Jarque-Bera value is very high (785). They have an excess
Kurtosis (5.811), which reflects the existence of outliers or heavy tails. Consequently, the three basic
assumptions are not verified.

A second diagnostic step can be achieved using another type of standardized residuals which
are the auxiliary residuals adopted in order to diagnose the model appropriateness. Also, their
visual inspection allows for the detection of outliers and structural changes. They are calculated by
dividing the smoothed observation disturbance, ε̂ and the smoothed state disturbances χ̂, η̂i and ϑ̂,
with the square root of their corresponding variances. Unlike the prediction error, the smoothed
error is calculated based on all the observations of the sample and not only the current and the past
observations. For example, ε̂t = yt – ât, with ât = E (αt/YT ) and so on. YT includes all the observations
of the sample. The ratios of the smoothed disturbances to their variances give the standardized
smoothed observation and state disturbances (or observation and states auxiliary residuals):

êt =
ε̂t
σε̂t

; x̂t =
χ̂t
σχ̂t

; n̂it =
η̂it
ση̂it

; i = 1, 2 or 3; v̂t =
ϑ̂t
σ
ϑ̂t

The visual inspection of the standardized smoothed observation disturbance, êt, allows for the
detection of possible outlier observations, while the inspection of the standardized smoothed state
disturbances, x̂t . . . v̂t, permits the detection of structural changes. Indications of outliers (or structural
change) arise for values greater than two in absolute value, Harvey and Koopman (1992): a value of
the standardized smoothed state disturbances greater than two indicates a structural change, and a
value of the standardized smoothed observation disturbances greater than two is a sign of an outlier.
Note that the auxiliary residuals are autocorrelated even when the model is correctly specified,
Harvey and Koopman (1992). So, a high absolute value may be followed by one or more other high
absolute values because of the correlation. Moreover, they tend to have a higher variance at the end
and the beginning of the series, Harvey and Koopman (1992).

Figure 1. Standardized Smoothed Observation Disturbances
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Figure 1 shows that a number of the auxiliary residuals values exceed the upper and lower limits of
the confidence interval (±2) . In fact, this number is 129 and is slightly higher than 120 (the number
corresponding to 5% of the total number of observations). Furthermore, some values are very high,
more precisely, exceeding the 4 standard-deviations which proves the existence of outliers. That is to
say, in state-space methods, if the outliers are not caused by measurement or typing errors they can
be handled by adding a pulse intervention variable consisting of 1 at the time point corresponding to
the outlier observation, and 0 elsewhere instead of removing them, Commandeur and Koopman
(2007). The state-space model adjusted for the outliers and the serial correlation problems paves the
way to the final output presented in Table 4. The check tests output appears in Table 5.

Table 4. Final Output Of The Ssm With Stochastic State Variables

Coefficient Std. Error z-Statistic Prob.

C(1) -12.56226 0.031914 -393.6226 0.000
C(2) -19.6858 0.358955 -54.84197 0.000
C(3) -10.5669 0.496172 -21.29685 0.000
C(4) -10.58874 0.610787 -17.33623 0.000
C(5) -8.061217 0.162724 -49.53907 0.000
C(6) -10.02974 0.119435 -83.97672 0.000

Final State Root MSE z-Statistic Prob.

TREND 0.000367 0.000322 1.137197 0.2555
EUR weight 0.364862 0.054552 6.688369 0.000
USD weight 0.607836 0.05979 10.1661 0.000
JPY weight 0.027302 0.065292 0.418146 0.6758
Flexibility 0.068135 0.074482 0.914785 0.3603

Log likelihood 11065.53 Akaike info criterion -9.28202
Parameters 6 Schwarz criterion -9.267477
Diffuse priors 6 Hannan-Quinn criterion -9.276728

Source: Author’s estimates

The AIC’s value, -9.28202, is the lowest. The handle of the outliers by the intervention variable
improves the quality of the model. The diagnostic tests, according to Table 5, prove that the three
basic assumptions are verified. The null hypothesis is rejected for all the six coefficients. Bearing in
mind that these coefficients are the log of the variances of the error terms of the signal and state
equations, rejecting the null hypothesis means that the state variables are time-varying (stochastic).

The TND changes series has a trend, but its stochastic component outweighs its deterministic
component. Figure 3(a) shows that the trend fluctuates between -0.12% and 0.04%. It was negative
most of the covered period. It reached its lowest value at the mid of 2018 and it crossed again the
zero line at the end of the first quarter of 2019. Figure 2(c) shows that the trend records structural
shifts in the mid of 2018 and the first quarter of 2019.

Table 4 shows that the EUR and the USD are the main currencies of the basket having time-
varying weights. 0.364862 and 0.607836 are their final value. In other words, the values at the end
of the period and not over the period. The JPY is far less important than the EUR and USD. The
significant stochastic components suggest that the implicit weights are not constant. Unlike the
Chinese Yuan (CNY), the TND basket is essentially a two currencies basket of USD and EUR. By
applying the same technique, the SSM, Hwang (2014) has found that, during the period of 2005-2012,
the CNY basket is essentially considered a one currency basket of the US dollar. Consequently,
China’s exchange rate regime can be well characterized being a discretionary crawling peg to the
US dollar.
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Table 5. Check tests of the initial output of the SSM with stochastic state variables

Independence test

AC PAC Q-Stat Prob.

1 -0.036 -0.036 3.1394 0.076
2 -0.015 -0.016 3.6751 0.159
3 0.014 0.013 4.1439 0.246
4 -0.008 -0.007 4.2883 0.368
5 -0.008 -0.008 4.44 0.488
6 0.033 0.032 7.0399 0.317
7 0.018 0.02 7.791 0.351
8 0.008 0.011 7.9457 0.439
9 0.009 0.009 8.1329 0.521

10 0.007 0.008 8.2481 0.605

Homoscedasticity test

S2
i ni DFi Calculated F

Subgroup L 1.006 792 791
1.13

Subgroup S 0.888 792 791
Critical values F(0.975;791;791) F(0.025;791;791)

0.869 1.149

Normality test

Skewness Kurtosis Jarque-Bera Probability
-0.03708 3.126735 2.140887 0.342856

Author’s estimates

Figure 2. Standardized Smoothed Errors Of The State Variables
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Figure 3. Stochatic State Variables Evolution (The Trend, Weights, And Flexibility)
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Figure 3(b) shows that initially, the weight of the EUR was significantly higher than the weight
of the USD. However, while the weight of the EUR records a negative trend, the weight of the USD
records a quasi-steady increase. The two curves intersect towards the mid of 2016. From the period
of mid-2016 to the beginning of 2018, the weight of the EUR experienced a noticeable decrease
whereas the weight of the USD registered an acute increase. This inflection point corresponds to an
important event that is to mention the act 2016-35(04/25/2016) amending the status of the CBT
and establishing its independence. Figure 2(a) shows that the weight of the EUR has experienced
two structural changes, in April 2017 and October 2018.In fact, the figure 2(b) shows that the USD
weight has experienced a break in May 2017. The 2017 structural changes may be attributed to the
lagged effect of the 2016-35 law enforcing the independence of the CBT and boosting the inflation
stability objective. Logically, the CBT changes smoothly its policy and the new law outcomes cannot
be significant before a transition period. The 2017 IMF annual report ‘on exchange arrangements
and exchange restrictions’ has stated for the first time that the Tunisian de facto exchange regime
is a floating one, which confirms the smooth transition hypothesis. As to the 2018 euro weight
break, the accelerated depreciation of the Tunisian Dinar (TND) against the euro and its negative
impact on the external equilibrium, given the special economic relation between Tunisia and the
European Union, prompts the CBT to discretionary intervene in the exchange market to slow down
the depreciation speed of the TND against the euro. Undoubtedly, the floating regime did not last
and the 2018 IMF annual report has announced that the Tunisian de facto exchange regime is again
a crawl-like peg to the euro.

Figure 4. Evolution Of The TND, EUR And USD Rates Against The SDR

These findings are the answer to the question of whether the EUR has become the only anchor
for the TND since 2018, as presumed by the IMF. Indeed, they prove that the increase in the USD
weight cannot be spurious for several reasons. First, neither the increase in the weight of the USD
nor the decrease in the weight of the EUR is sudden. For several years, the weight of the USD has
recorded a quasi-steady increase and vice versa the EUR. The intersect point in 2016 is an inflection
point that has just reflected the acceleration and not the beginning of the two weights changes.
Second, the evolution of the TND/SDR in figure 4 as well as the nominal effective exchange rate
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(NEER) of the TND in figure 5, have shown that the TND changes have no close similarity with
the USD changes during the last decade. This means that the increase in the USD weight is not
a simple coincidence caused by a significant deterioration of the two currencies rates. Rather, the
USD records an appreciation. Still, the co-movement of the SDR/TND and SDR/USD may at best
explain the accelerated increase experienced in 2017. So, the TND is always implicitly anchored to
the EUR and USD with adjustable weights, except during 2017.

Figure 5. Nominal Effective Exchange Rates of the TND, EUR, And USD

Note that the use of the monthly (this is probably the frequency used by the IMF, given that
it publishes only monthly TND/SDR rates) data as shown in figure 6, confirms the positive trend
of the USD weight although with a very slight increase. Additionally, the USD weight has never
reached the EUR weight. However, it still confirms the aforementioned conclusion: the TND is
always anchored to the two world currencies, the EUR and USD. Further, the divergence between
the IMF statement and the study findings cannot be attributed to the data periodicity. The stochastic

Figure 6. Monthly Evolution Of The Weights Of The EUR And USD

component of the flexibility measure is significantly different from zero. It means that this variable
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coefficient is not always very low as the linear regression findings show. Figure 3(c) shows that it
exceeds 0.4 (it reaches 0.5 for the unconstrained model) in 2017, the year for which both the IMF
and the Tunisian authority agreed that the Tunisian exchange regime is floating. Figure 2(d) shows
that it has experienced a structural break in this year. Thus, this variable has an acceptable quality.
Figure 3(c) shows that the de facto exchange regime, recorded in 2017, did not last long. In 2018, it
ceases to be floating and turns back to the crawl-like situation, in accordance with the IMF 2018
report.

3.4 Discussion and Implications
The old exchange regime verification techniques can be classified into two groups: the weight-
inference technique (Haldane and Hall (1991), Frankel and Wei (1994), BénassyQuéré (1999), . . . ) and
the flexibility-inference technique (Hausmann et al. (2001), Levy-Yeyati and Sturzenegger (2005),
. . . ), see Frankel (2009) and Hwang (2014) for more extensive literature. The weight-inference
technique regresses changes in the value of the national currency against changes in the values of the
reference currencies. The flexibility-inference technique uses a flexibility criterion (i.e. the relative
volatility used by Hausmann et al. (2001)). In order to combine the two, Frankel and Wei (2008)
propose a technique able to estimate simultaneously the implicit currency weights and the degree
of flexibility around that anchor. They add to changes in the values of the reference currencies a
flexibility proxy variable named the exchange market pressure (EMP) and impose the condition that
the basket weights sum to one. Nevertheless, Bleany and Tian (2017) criticize the condition and the
flexibility measure used by Frankel and Wei (2008). They use an unconstrained model and propose
an alternative measure of the flexibility degree, the root mean square error (RMSE) of the regression.
On the other hand, in order to track the time evolution and structural changes of the implicit weights,
Frankel and Wei (2008) apply the ordinary least squares (OLS) regression on a split-sample arbitrarily
chosen. To avoid the subjective choice of sub-samples, Frankel (2009) uses the rolling regression,
and Fankel and Xie (2010) apply the Bai-Perron technique to the overall sample in order to detect
possible structural breaks and regime shifts at irregular intervals (endogenous structural breaks). In
the same vein, Hwang (2014) uses a more efficient and methodical weight-inference technique, the
State-Space Model. The SSM allows tracking of the evolution of the implicit weight and detecting
regime shifts by visual inspection without loss of information. Based on Frankel and Wei’s (2008)
model, this paper adjusts the Hwang model in order to estimate both the implicit weights and the
flexibility: It adds the flexibility proxy variable developed by Frankel and Wei (2008) to the signal
equation and it imposes the sum-to-one condition without modifying the numeraire or the signal
equation.

On the practical side, this paper confirms Bouabidi (2020) findings and shows that the TND is
still anchored to the EUR and USD. Their implicit weights are time-varying and they have reversal
trends. The stochastic component of the flexibility measure is significantly different from zero,
which means that this variable coefficient is not always very low as the linear regression findings of
Bouabidi (2020) show.

These discussed results have some important implications. First, there is a discrepancy between
the official and the de facto Tunisian exchange regime. Tunisia is urged to abandon the dual regime
and claim a regime that it really applies. What is the use of claiming a regime that is not actually
applied when the IMF in its public reports and the empirical verification techniques of exchange rate
regimes show that this regime is not the one that it is actually applied? Second, the Tunisian de facto
regime is roughly stable, the implicit weights are time-varying, and the stochastic component of
the flexibility measure is significantly different from zero. These sources of uncertainty increase the
exchange rate risk and hinder foreign investments. Third, until the Tunisian monetary authority
abandons the duality, researchers interested in exchange rate changes and Tunisian exchange regime
choice should be aware of the fact of duality and instability of the Tunisian exchange regime. Fourth,
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the TND remains anchored to the EUR and USD with time-varying weights, and its evolution
cannot be exclusively explained by the supply and demand fundamentals. Finally, on the practical
side, the TND indexation to more than one numeraire, the probably low-frequency peg, the implicit
time-varying weights, and the active intervention in the foreign exchange market complicate the
exchange risk anticipation and hedging. An effective risk hedging strategy must take all these factors
into account.

4. Concluding Remarks
The study presents an empirical examination of the critical depreciation of the TND over the last
decade. It uses daily data and a dynamic model with time-varying parameters, the SSM. The results
show that the Tunisian de facto regime is roughly stable. It is a crawl-like regime and not a floating
regime, except in 2017 when signs of floating regime appeared, such as the relatively high flexibility,
the quasi-free-falling of the principal anchor weight (the EUR), and the structural changes recorded
for the flexibility and the two implicit weights. However, the implicit weights are not stable. the
results show that the TND has two main anchors which are the EUR and USD, with time-varying
weights. In fact, from the beginning of the covered period until mid-2018, the weight of the EUR
has experienced a negative trend while the USD experiences a positive trend. Nonetheless, the end
of the covered period marks a trend reversal. These findings do not fit with the 2018 IMF report
stating that the EUR turns to be the only anchor for the TND. The TND remains anchored to the
two world currencies.

The results support also the existence of a discrepancy between the official and the de facto
Tunisian exchange regime. This discrepancy may be explained by the fear of floating and the corner
solution hypotheses. In fact, the Tunisian authority is under the pressure of two strong powers.
On the one hand, the IMF pressure toward a more flexible exchange (a corner solution) so that the
TND reaches its equilibrium level. This pressure is justified by the TND overvaluation caused by the
successive slippages in the economic situation in Tunisia (Derbali, 2021) and the strong bias of the
IMF toward the floating regime (Calvo and Mishkin, 2003). On the other hand, it faces social strikes,
energy deficits, and huge foreign currency debts, all of which can be worsened by a weak TND.
Consequently, it officially claims a floating regime to please the IMF and support discretionary the
TND to reduce the social and economic negative effects of a weak TND (fear of floating).

Recall that the main issue was to detect the causes of the steady depreciation of TND over the
post-revolution decade. What is clear is that the Tunisian de facto regime is not a free-floating
regime. Even in 2017, there were reasonable signs of floating (not free-floating), but they rapidly
vanished. Hence, the critical depreciation of the TND cannot be exclusively attributed to market
forces. The Tunisian monetary authority discretionary anchors the TND to the EUR and USD. It
intervenes actively in the exchange market to modulate the TND exchange rate movement. The
implicit weights are not only disguised but are time-varying, which makes a currency attack more
difficult. The economic fundaments deterioration caused by social instability and terrorist attacks
may explain a part of the downside trend to the TND. In 2017, the year when the exchange regime
acquired the floating regime characteristics, the TND recorded its highest annual depreciation
against the EUR (21.25%), which may indicate that it is decelerated by active interventions in the
other years.

The study shows that the findings are sensitive to the data periodicity. The monthly data output
shows that the implicit weight of the USD is practically stagnant (the horizontal line at 39% in
Figure 6). In fact, it is not strictly constant, but it fluctuates in a very narrow band. The implicit
weight of the EUR fluctuates in relatively higher bandwidth but is significantly shorter than the
bandwidth based on the daily data. This may be interpreted as a sign of a low-frequency adjustable
peg. Additionally, the paper does not test the possible reverse causality between the EUR weight and
the USD weight, as it does not examine the economic determinants of the basket currency weights.
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Such points should be further explored in future studies
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