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INTRODUCTION

Coronavirus, also named SARS-CoV-2, has been spreading around the world since December 2019.
It is a new virus member of the SARS family that causes a disease called COVID-19. The virus
causes a respiratory illness with symptoms such as cough, fever, fatigue, shortness of breath and
loss of smell and taste, but also more serious ones that can lead to the death of the host, especially if
they are elderly or have multiple comorbidities. To date (April 16, 2022) COVID-19 has already
killed more than 6.22 million people worldwide, while more than 504 million cases have been
officially diagnosed. Starting from a market in the city of Wuhan, in central China, the coronavirus
then spread to the country’s major metropolitan areas, then to neighboring states such as Japan
and South Korea, before spreading to the rest of the world, from the United States (the most
affected country in the world in terms of both deaths and cases) to European and African countries,
including Morocco. On March 11, 2020, the COVID-19 was declared a pandemic by the WHO,
which called for essential protective measures to prevent the saturation of intensive care units and
to reinforce preventive hygiene (elimination of physical contact, kissing and handshaking, end to
gathering and unnecessary travel, promotion of hand washing, implementation of quarantine, etc.)
[1]. According to theWorld Trade Organization (WTO), the coronavirus could reduce global trade
by a third, it suggested that the recession caused by the COVID-19 pandemic could have a more
devastating effect on trade than the financial crisis of 2007–2008 [2]. The pandemic has affected
businesses around the world. Measures to prevent the spread of the virus have halted the flow of
goods and people, stalled economies and are causing a global recession, affecting some industries
more than others. The Coronavirus disease has led to disruptions in supply chains, a significant
drop in demand for many industries and has impacted the stock market. Unemployment has also
reached record levels [3].

In Morocco, the COVID-19 pandemic officially started on March 2, 2020. As of April 17, 2022,
the death toll is 16 062, During the week of 9–15 March 2020, Morocco put in place measures to
contain the spread of the pandemic. OnMarch 19, 2020 the ministry of the interior declared a state
of health emergency and restricted traffic in Morocco, declaring this to be the only unavoidable
way to keep the coronavirus under control. In July 2021, Morocco faced a second wave of COVID-
19 with almost 150,000 infections and more than 850 deaths were reported and a 3rd wave in
January and February 2022 with a number of infected individuals exceeding 50,000 and more than
60 deaths. The ministry of health, has called for a general mobilization at the level of national and
regional hospitals in critical and intensive care as well as resuscitation.
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MOROCCO’S STRATEGY FOR
FACING COVID-19

With a total of 1,164,345 confirmed cases, 1,147,643 recoveries,
and 16,062 deaths as of April 17, 2022, Morocco is one of the
most affected African countries by the COVID-19 pandemic.
Measures were quickly taken to slow the spread of the pandemic
and ensure follow-up and coordination with health services. The
Moroccan government has declared a state of health emergency.
Strict measures have been taken to impose a mandatory general
lockdown from March to May 2020, including closing borders,
banning gatherings and closing schools. Restrictions were placed
on sporting and cultural events, including closing stadiums to the
public. Local stores were no longer authorized to remain open
after 6 p.m. [4].

As Health Measures, the actions focused on expanding
and reorganizing hospital capacity and improving patient care
conditions in different cities in Morocco, especially those cities
with high human density that are most exposed to risk. Military
field hospitals have been installed in or around cities to reinforce
the civilian health system with beds and resuscitation equipment.
Batches of medical and sanitary equipment have been deployed
to health facilities. Stocks of medicines have been created,
including chloroquine produced by a pharmaceutical group
based in Morocco. Moroccan companies specializing in the
manufacture of medical equipment (e.g., ventilators) were also
asked to follow accelerated procedures. Industrial companies
were able to readjust their production tools and processes to
produce ventilators and protective masks. In order to support
the populations most affected by the crisis, Morocco has taken
socio-economic measures. it has set up an economic monitoring
committee (EMC) to evaluate and anticipate the direct and
indirect economic impact of COVID-19 on the population.
To limit the social and economic impact of the COVID-19
pandemic and to maintain an adequate level of their official
reserves, Morocco mobilized on April 7, 2020 an amount of
2.97 billion USD from the International Monetary Fund (IMF),
likewise a “Special Fund for the Management of the Coronavirus
Pandemic,” with a capacity of 3% of the GDP, was created. this
Fund received contributions from various private and public
entities for an amount of more than 32 billion dirhams (about
3.2 billion USD) of donations [5, 6].

EFFECT OF COVID-19 ON THE
MOROCCAN DIRHAM

On the foreign exchange market, the fluctuation band of the
national currency in relation to its reference rate had widened
from ±2.5 to ±5%, and this since March 2020. It should be
recalled that Morocco has decided to adopt a partially liberalized
exchange rate regime since January 2018. The dirham has been
allowed to fluctuate within a band of ±2.5% (± 0.3 before) in
relation to a central rate set by Bank Al-Maghrib (Central Bank)
on the basis of a basket of currencies composed of the euro (EUR)
and the U.S. dollar (USD) up to 60 and 40% respectively [7].
The dirham suffered, in the first quarter of 2021, a depreciation

against the euro and an appreciation against the dollar. After
losing 1.7% of its average value against the euro in Q4 2020,
the dirham depreciated by 1.4% in Q1 2021. The calculation of
the nominal effective exchange rate of the dirham, established
by the HCP (High Commission for Planning of Morocco),
which represents its nominal value on the basis of the basket
of currencies of indexation of the national currency, allowed to
identify an appreciation of the dirham, that is to say a gain of 2.4
points in the first quarter of 2021 compared to a year earlier.

To date, there are few research works to analyze the impact
of COVID-19 on the Moroccan financial market and no
research study dedicated to the effect of the pandemic on
the Moroccan dirham. Thus, the objective of this research
study is to see the impact of the outbreak of COVID-19 daily
new cases on the exchange rate of Moroccan Dirham against
the Euro, using the Vector Autoregressive approach, in order
to provide the researcher and practitioner of the Moroccan
foreign exchange market with financial information based on a
mathematical analysis.

MATERIALS AND METHODS

In this section, we will present the methodology, data and the
model used to show the impact of new infected cases of COVID-
19 on the MADEUR exchange rate.

Data and Data Source
In this research study, we use two lists of data: The daily new
cases of COVID-19 declared in Morocco (From Jun 04, 2021
to March 18, 2022) obtained from the website of the Ministry
of Health of Morocco and the daily exchange rate MADEUR
over the same period obtained from the financial information
provider DirectFn (Figure 1). To analyze the data, we used the
Eviews software.

Research Model
The objective of this study is to show the impact of COVID-
19 on the exchange rate of the Moroccan Dirham against the

FIGURE 1 | MADEUR exchange rate graph.
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European Union currency (MADEUR). The model used is the
Vector Autoregressive model (VAR).

VAR is a form of linear dynamic model [it was introduced by
Sims (1980)] [8] in which each variable is a function of its own
lagged values but also the past values of the other variables. The
main advantage is that the VAR model is empirical, i.e., only the
data decide on the possible interactions between the variables.
The researcher’s intervention to set restrictions or hypotheses is
almost absent [8]. The only restrictions in a VAR are the choice
of variables to include in the model and the number of lags. This
VARmodel is based on the idea that all variables in the model are
endogenous and the errors in each equation are correlated. VAR
processes are a generalization of AR processes or multivariate
cases or a form of an infinite moving average vector process. We
note X (COVID-19) daily infected new cases and Y(MADEUR)
daily closing values of the Moroccan exchange rate of European
Union currency. A VAR(p) model has the following form:

Yt =

p∑

i=1

AiYt−i + BXt + εt .

Where Yt is a k × 1 vector of endogenous variables and Xt is a
d × 1 vector of variables.

A1, . . . ..,Ap : re matrices of lag coefficients to be calculated
and B is k × d matrix of exogenous variable coefficients to be
estimated. εt is a k× 1 white noise innovation process.

To model the effect that the COVID-19 pandemic may have
on the exchange rate of the Moroccan Dirham against the Euro
currency, the VAR model seems to be the best approach to
monitor and study such a causal interaction. The analysis of
the shocks caused by COVID-19 on the exchange rate and the
evaluation of the causal link between the two variables are done
with the help of structural analysis, which includes the methods
of causality in the sense of Granger, impulse response function
and variance decomposition of the prediction errors [9].

Granger Causality Test
Causality in the sense of Granger (1969) is an approach that
refers not to the theoretical character of causality (cause-effect)
but to the predictive character of the possible cause on the effect.
Indeed, according to Granger (1969) [10], a variable X causes
another variable Y, if the knowledge of past values of X makes the
prediction of Y better. In other words, we will say that the variable
X causes the variable Y in the sense of Granger if the past values
of X significantly influence the contemporary value of Y. From
a statistical point of view, the Granger causality test amounts
to a test of the overall significance of the coefficients associated

with the past values of the causal variable in the equation for the
caused variable [11].

Impulse Response Function
The impulse response function traces the effect of a unit residual
shock on the present and future values of the endogenous
variables. The effect of the shock is transmitted through the
dynamics of the models. In this study, and in order to align our
work with that of Cochrane (1994), we will carry out Cholesky-
type shocks. Cholesky shocks are constructed in such a way as to
orthogonalize the impulses [12].

Variance Decomposition Method
Decomposition of variance method is used to explain the
variance of an endogenous variable by the variances of other
variables. This makes it possible to assess the impact of the
variability of one variable on another. The objective of the
decomposition of the forecast error is to calculate for each of the
innovations its contribution to the variance of the error. Using a
mathematical technique, we can write the variance of the forecast
error at a time horizon h as a function of the variance of the error
attributed to each of the variables, and then simply relate each of
these variances to the total variance to obtain its relative weight in
percentage [13]. In this regard, Hairault [14] maintains that they
(response function and decomposition) constitute two exercises
that make it possible to synthesize the essential information
contained in the internal dynamics of a VAR system. They
measure the relative influence, at different horizons, of different
shocks in the dynamics of each variable [15].

RESULTS AND DISCUSSION

Stationarity Test and Lag Length Selection
Augmented Dickey-Fuller and Phillips-Perron Tests
The augmentedDickey-Fuller test (ADF) is used to showwhether
a time series is stationary or not by identifying a deterministic or
stochastic trend using three basic models. The test principle is
simple: If the null hypothesis (H0) is accepted in one of these
three models, then the process is non-stationary; in this case,
the first difference variable is tested. If we accept this hypothesis
for one of the variables we want to use, then all the variables
must be tested to the first difference. If the alternative hypothesis
(H1) is accepted, then the process is stationary [16, 17]. Table 1
shows the test values for the two variables X(COVID-19) and
Y(MADEUR). The variable Y is stationary in first difference
(ADF = −3.42) (Figure 2) while the variable X is stationary
in Level (ADF test = −2.46) (Figure 3). We note that the
stationarity is significant at 5%. For ADF, the AIC criterion

TABLE 1 | Stationarity test for MADEUR and COVID-19 new cases using ADF test.

Variable Level First difference

ADF Lag order P-value ADF Lag order P-value

MADEUR (Y) −0.27 6 0.5864 −3.42 6 0.0007

COVID-19 (X) −2.46 7 0.0138
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FIGURE 2 | MADEUR exchange rate after stationarity.

FIGURE 3 | COVID-19 daily new cases in Morocco.

suggests an optimal number of lags equal to 7 for the X variable
(AIC= 17.39) and 6 for the Y variable (AIC=−10.44).

Table 2 also shows the results of the PP test which is a non-
parametric adaptation of the ADF test. The null hypothesis of the
test is, as for the ADF test, the presence of a unit root.

After having verified the stationarity of the two variables by
performing the ADF and PP tests. The results showed that the
variable X (COVID-19) is stationary in level and Y (MADEUR)
is stationary in first difference. In what follows, we will estimate
the VAR model and then test the causality by performing
the Granger test, then we analyze the effect of COVID-19 on
the exchange rate of the Moroccan dirham against the EU
currency using the impulse response function and the variance
decomposition method.

AR Model
Lag Length Selection Criteria
To determine the number of lags p of the VAR model,
we will consider the AKAIKE, SCHWARZ and HANNAN-
QUINN criteria. The procedure for selecting the order of the
representation consists of estimating all the VAR models for
an order ranging from 0 to 10. Thus, the determination of
the number of lags in model is based on the AKAIKE (AIC)
and SCHWARZ (SC) criteria which allow us to determine the
number of lags in the VAR model. Table 3 shows that the
number of delays that minimizes the information criterion of
SC (5.860035) and HQ (5.494411) is 7 and 8 for the AIC

TABLE 2 | Stationarity test for MADEUR and COVID-19 new cases using

Phillips-Perron test.

Variable COVID-19: Level MADEUR: First difference

PP Bandwidth P-value PP Bandwidth P-value

−3.42 3 0.0115 −20.12 11 0.0000

TABLE 3 | Lag length selection criteria.

Lag LogL LR FPE AIC SC HQ

0 −625.3682 NA 19.64063 8.653354 8.694412 8.670037

1 −532.8330 181.2413 5.791762 7.432179 7.555354 7.482229

2 −512.0422 40.14776 4.594602 7.200582 7.405874 7.283999

3 −504.7399 13.89946 4.390440 7.155033 7.442442 7.271817

4 −494.8658 18.52255 4.049429 7.074010 7.443536 7.224161

5 −488.4668 11.82701 3.918667 7.040922 7.492564 7.224439

6 −454.0850 62.59861 2.578154 6.621862 7.155621 6.838747

7 −350.2016 186.2738* 0.650438 5.244159 5.860035* 5.494411*

8 −345.1920 8.844381 0.641881* 5.230235* 5.928228 5.513853

9 −343.4070 3.102329 0.662366 5.260786 6.040895 5.577771

10 −342.4221 1.684512 0.691233 5.302373 6.164600 5.652725

*Indicates lag order selected by the criterion.

criterion (5.230235). In the following, we retain a number of
lags equal to 7 for the model VAR (7), which corresponds to
the number of days required for the COVID-19 effect to be
transmitted to the exchange rate of theMoroccan Dirham against
the Euro currency.

Model Stability
The stability of the Vector Autoregressive model consists in
checking if all its roots are outside the unit circle. A VAR model
with one or more roots inside the unit circle is not a stable model.
To analyze the stability of the model, we will therefore observe
the graph in Figure 4 which illustrates the inverse roots of the
autoregressive polynomial characteristic of the model. From this
graph, it appears that no inverse root is outside the unit circle.
Then we can conclude that the developed VAR (7) model is
stable and admissible for variance decomposition operations and
impulse response functions. Table 4 shows the values of the lags
of the variable X as well as their t-stat and p-value for our model.

Result of Granger Causality Test
We will proceed to the Granger causality test. A “granger causes”
the dependent variable when the null hypothesis is rejected. The
null hypothesis H0 are defined as follows: “X(COVID-19) does
not granger-cause the variable Y(MADEUR)” and “Y(MADEUR)
does not granger-cause the variable Y(COVID-19).” We obtain
the results shown in Table 5.

The null hypothesis “X does not Granger causes Y” is rejected
without error because the associated probability is 0. And the
null hypothesis “Y does not Granger causes X” is accepted (p =

0.6921>0.05) which proves that it is an unidirectional causality.
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FIGURE 4 | Inverse roots of AR characteristic polynomial.

TABLE 4 | Vector autoregression estimates.

Value S. E t-statistic P-value

X (−1) −2.66E-08 3.0E-08 −0.87680 0.3814

X (−2) −2.54E-08 3.2E-08 −0.80159 0.4235

X (−3) 2.50E-09 3.2E-08 0.07711 0.9386

X (−4) 1.94E-08 3.3E-08 0.58793 0.5571

X (−5) 9.19E-09 3.3E-08 0.27575 0.7830

X (−6) −7.53E-07 3.5E-08 −21.6617 0.0000

X (−7) 7.57E-07 3.7E-08 20.2158 0.0000

C 1.33E-05 5.8E-05 0.22960 0.8186

TABLE 5 | Granger causality test.

Null Hypothesis F-Statistic P-Value

H0: X does not Granger causes Y 107,6 0,0000

H0: Y does not Granger causes X 0,67 0,6921

We can therefore conclude that the new cases of “COVID-19”
granger-cause the “MADEUR” exchange rate (Table 6).

Result of Impulse Response Function
By subjecting the model to Cholesky-type shocks, we obtain the
result shown in the Figure 5. (The dotted lines represent 95%
confidence interval):

We notice that a shock caused by the new cases of COVID-
19 leads to a declining effect of the exchange rate on the 7th

day: Time necessary to transmit the effect of COVID-19 to
the exchange rate of Moroccan dirham against the Euro, then
it returns to the positive zone on the 8th day. During the
next 4 days the impact returns to the negative zone and then
starts to fluctuate, which shows that the effect of the COVID-
19 on the MADEUR persists and that the long-term effect
is possible.

FIGURE 5 | Response of Y(MADEUR) to orthogonal impulse from X

(COVID-19).

TABLE 6 | Descriptive statistic for COVID-19 new cases and MADEUR exchange

rate.

New cases MADEUR

Mean 0.093204 2,038.303

Median 0.093729 551.0000

Maximum 0.098824 1,2039.00

Minimum 0.084956 34.00000

Std. Dev. 0.002570 2,840.215

Skewness −1.078267 1.656736

Kurtosis 3.703427 4.681763

TABLE 7 | Variance decomposition of MADEUR.

Period S.E. Y (MADEUR) X (NEWCASES)

1 0.000503 100.0000 0.000000

2 0.000507 99.44589 0.554115

3 0.000510 98.72058 1.279422

4 0.000510 98.65389 1.346112

5 0.000511 98.64429 1.355709

6 0.000511 98.62321 1.376786

7 0.001211 17.53770 82.46230

8 0.001474 12.19120 87.80880

9 0.001477 12.30743 87.69257

10 0.001481 12.25043 87.74957

Results of Variance Decomposition Method
The findings of the variance decomposition method for
MADEUR exchange rate are reported in Table 7.

The number of daily new cases of COVID-19 in Morocco
has significantly impacted the exchange rate of the Dirham
against the Euro, the variance decomposition of the variable Y
(MADEUR) shows that the impact caused by X (COVID-19)
for the 2nd, 3rd, 4th, 5th and 6th day is respectively equal to:
0.554, 1.279, 1.346, 1.355, and 1.376%. The quantity of shocks
transmitted to the exchange rate by the new COVID-19 cases
jumps to 82.46% on the 7th day and reaches 87.74% on day
10. Therefore, the variance decomposition is not stable when
the number of daily COVID-19 cases increases, which explains
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the possibility of a long-term impact found by the impulse
response function.

CONCLUSION

In this study, we began by investigating a possible causal link
between the new cases of COVID-19 pandemic and the exchange
rate of the Moroccan Dirham against the official currency of
the European Union by adopting the Autoregressive Vector
(VAR) as the basic model. This impact was confirmed using the
Granger causality test. On the other hand, the analysis based on
the impulse response function and the variance decomposition
method, showed that the effect of an increase of COVID-19
new cases is transmitted to the exchange rate on the 7th day
as well as the shock caused by the pandemic on the exchange
rate persists and lasts in time which explains the possibility of a
long-term effect.
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