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Ranking the Determinants of the Tunisian Central Bank's Efficiency: Evi-
dence from Var, Impulse Response Functions and Variance Decomposition
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Abstract: While the determinants of banking efficiency have been extensively debated, there is a notable lack of
analysis regarding the efficiency of central banks. This study aims to identify and prioritize the macroeconomic and
institutional factors that have the greatest impact on the efficiency of the Central Bank of Tunisia between 2000 and
2020. To accomplish this, we employed a dynamic approach using a Vector Autoregression model, Impulse Re-
sponse Functions, and Variance Decomposition methods to assess the effects of each variable on the efficiency
score. Our analysis shows that the most significant factors affecting the Central Bank of Tunisia's efficiency include
GDP, internal conflicts, fiscal deficits, government stability, and inflation. Moreover, the findings suggest that the
degree of central bank independence has a relatively limited impact on its efficiency.
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1. INTRODUCTION

As financial globalization continues to grow and the
global banking industry expands, evaluating the performance
of banking institutions has become increasingly important.
The evaluation process has evolved by adapting Farrell's
(1957) concept of efficiency, initially applied to firms, to the
banking sector. Berger and Mester (1997) suggest that a
thorough assessment of banking efficiency should go beyond
just the technical aspects of production technology. Instead,
it should include economic optimization, considering market
prices and competition.

The performance and efficiency of banks have been ex-
tensively studied from theoretical and empirical perspectives.
However, a review of the literature reveals a clear gap in
research focused on central banks, where studies remain rela-
tively limited (Gomez Gallego, 2020; Faroq Dar and al.,
2021a-b; Veyrune and Zerbo, 2023).

The assessment of the efficiency of central banks is a
complex undertaking, due to the distinctive nature of their
operations and the multiplicity of objectives they pursue
(Mester, 2003; Veyrune and Zerbo, 2023). In contrast to
commercial enterprises or banks, profitability does not apply
to central banks because they are non-profit public institu-
tions. Consequently, it is essential to comprehend the notion
of central bank efficiency in terms of how the central bank
generates its output with the inputs employed (Blix and al.,
2003; Mester, 2003).

The research undertaken by Gomez Gallego (2020),
Faroq Dar and al. (2021a, 2021b), and Veyrune and Zerbo
(2023) suggest that the efficiency scores of central banks are
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influenced by a multitude of economic (GDP, export, im-
port...) and non-economic variables (corruption, central
bank independence...). In the same vein, the primary goal of
this research is to identify and prioritize the macroeconomic
and institutional elements that have the greatest impact on
the Central Bank of Tunisia (CBT) efficiency and assess the
relative significance of each factor.

The selection of an appropriate methodology is crucial.
By drawing upon existing literature (2), we can identify the
best way to specify our models (3), which will then allow us
to discuss the results of the decomposition of the CBT effi-
ciency scores (4).

2. LITTERATURE REVIEW

According to Zaefarian and al. (2022), variance decom-
position technique play a crucial role in understanding the
relative contribution of different factors to outcomes in vari-
ous disciplines like strategic management, international
business, and economics. They allow researchers to dissect
the total variability of a phenomenon into distinct compo-
nents, revealing the specific impact of each factor. Conduct-
ing variance decomposition (VD) and the related impulse
response functions (IRF) requires the implementation of a
suitable vector modeling protocol.

2.1. Vector Modeling Protocols

Vector Autoregressive Model (VAR) and Vector Error
Correction Model (VECM) are the main techniques for dif-
ferentiating the effects and sensitivities of variables using the
decomposition method. According to Sims (1980), a VAR
(p) model with a general formulation of N variables and p
lags takes the following form where each of the Y;; variables
is related to its past values:

i=f+tHY 1+ ,+& (1)
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Where: Yi: variables, i: 1, .,n; t:1,...., T, N number of varia-
bles p: number of lags, & coefficients of the model varia-
bles of the polynomial matrix @ (p) in the delay operator, &,:
white noise.

Before estimating a VAR model, it’s essential to test for
unit roots to ensure the variables are stationary. The Aug-
mented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979)
is commonly used for this purpose. It evaluates the null hy-
pothesis that a unit root is present in the time series, indicat-
ing non-stationarity. The formal definition of the ADF test
involves estimating the following regression:

Ay, =a+ P, yye1+ 2?:174?&.5":—5 +&:(2)
Where: yi: the variable of interest, =: white noise error term,
e, B, v . parameters to be estimated.

If the estimated } is significantly less than zero, it sug-
gests that the series is stationary.

In second step, the optimal lag is specified according to
the Akaike Criteria (AIC) (Akaike, 1973) whose respective
values are calculated by:

AIC (p) = log|Z| +2np (3)
Where: f variance-covariance matrix, T: the number of ob-
servations, p: optimal lag, n: number of regressors.

Once the appropriate number of lags is determined, the
Johansen (1988) test is employed to identify the number of
cointegration relationships (r). This test is based on maxim-
izing the following log-likelihood function:

NT T
LogL(a.B.By,.......B,_1,E) = —Tlﬂg(ZJ‘T) - Elog[det[Z)]

_%Ez?:l e L7 e (4)

Where: T: the number of observations, N: the number of var-
iables in X, det (2): the determinant of the variance-
covariance matrix.

The maximum likelihood estimator of B is obtained by
solving equation (5):

Det [AS,, = S,0556 Sop] = 0 (5)
Where: §;; = %Z{zl e;.ej; where i,j=0.

The Trace test is used to determine the number of cointe-
grating relationships (r). It tests the null hypothesis Ho that
there are at most (r) cointegrating relationships:

Hy: A =0, i=r+1,..,N
The TR statistic for the Trace test is:
TR = —T ¥, log(1—1,) (6)

The Trace test compares the TR statistic to critical values
to determine the number of cointegrating vectors. Two pos-
sible scenarios can be considered:

1. The null hypothesis is rejected (r = 0): there is no
cointegration relationship among the variables. In
this case, it is recommended to estimate either: a
VAR model in levels if the variables are stationary
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1(0) or a VAR model in first differences if the vari-
ables are non-stationary 1(1).

2. The null hypothesis is accepted (r # 0): there is, at
least, one cointegrating relationship among the vari-
ables. Vector Error Correction Model (VECM) can
be estimated.

The VECM approach, proposed by Engel and Granger
(1987), VECM accounts for both the short-term dynamics
and the long-term equilibrium relationships between the var-
iables. In light of the following VAR(p) representation of a
vector X;comprising N variables:

Xt = Aq Xea + + ApXep + gravec & ~> N(0,%) (7)
(N, (NIN)(NJD) (NGDN) (N,1) - (NLD)
The VECM model can be written as follows:
AX;= By AXpa + + Bpa AXeptl + IT Xeg + (8)
Where: Bi= Erciig—Api=1, ., kL IT=Ar+ .+ A |

= of’. B’: matrice (r, N) comprenant les r relations de coin-
tégration. o: matrice (N, 1) contenant les vitesses
d’ajustement pour chacun des vecteurs de cointégration.

2.2. Vector Model Extensions

To better understand the dynamic relationships between
variables, forecast error variance decomposition and impulse
response functions are commonly employed. Both (VAR)
and (VECM) can be utilized to analyze dynamic effects
through the simulation of random shocks (Swanson and
Granger, 1997; Lutkepohl, 2010). By introducing artificial
shocks (or innovations), it is possible to examine the impact
of disturbances in one variable on others, while assuming
that all other factors remain constant.

Impulse response functions (IRFs) represent a methodol-
ogy employed to quantify the influence exerted by a discrete
shock upon a system of variables within a given model. The
impulse is equivalent to an isolated shock with a value equal
to the standard deviation of the variable in question. The first
step in analyzing IRF is to rewrite the VAR process in Vec-
tor Moving Average (VMA) (Bourbonnais, 2018) where the
M matrix is referred to as the “impact multiplier,” signifying
that each shock (vi) influences the other variables through
this matrix.

YE‘ =.“-+ 7y + Mllf?t_l + e = u +EE9°=0M'IUI—1' (9)
Where: 1 = (I-A-A-.... A" * A

M:‘ — ZJ‘_PH'“(D-?':I A_;'Mi

i i=1,2,...et My=1I

—j

The impact of an innovative concept can be assessed with
its deviation from established norms, with this effect dimin-
ishing over time. Fig. (1) illustrates how the variables in the
model respond to a 1% standard deviation shock to another
variable. The horizontal axis represents the number of peri-
ods (10 years), while the vertical axis indicates the magni-
tude of the shock’s effect.

The analysis of IRF is frequently enhanced by examining
the variance decomposition of forecast errors (VDFE). This
methodology provides valuable insights into the degree to



342 Review of Economics and Finance, 2024, Vol. 22, No. 1

05

Faiza Bouhouch

04 4.
03 -

102

01 - \ o
00 -~ T

o _—
-01 T
-02 - i
-03 3 - : ; T T T
1 2 3 4 6 7 8 9 10
Fig. (1). Impulse Response Function.
Table 1. Definition of variables.
Variable Definition Source
GDP Annual growth rate of GDP (wWDI)
INF Annual inflation rate as measured by CPI (wWDI)
BD Budget deficit as % of GDP (WDI)
UN Unemployment rate as % of labor force (wDlI)
IC Internal Conflicts: Evaluation of political violence in the country (ICRG)
SGOV Government stability: Assessment of the govel_‘r?ment’s abi.lit}-/ to implement the program(s) it has declared and its (ICRG)
ability to remain in power
PS Political stability and absence of violence mgasure pferceptior?s of the Iikelihgod of political instability and/or politi- (WGI)
cally motivated violence, including terrorism
STA A binary variable of status: 0 for CBT dependency and 1 for independent CBT Author
EFF CBT efficiency scores calculated by SFA Author

which forecast errors can be attributed to the initial shock as
opposed to other underlying factors. By quantifying the rela-
tive contributions of each innovation, variance decomposi-
tion offers a nuanced understanding of the dynamics at play,
elucidating both the direction and magnitude of a system's
evolution in response to a shock.

Consider a VAR (1) with two variables Yit and Y. The
variance of the forecast error for Yy at horizon h is written
as:

ay, = oy [mi;(0) +mi (1) + - +mi; (h—1)]
+o2 [m2,(0) + m2,(1) + -+ m2, (h —1)] (10)

The variance decomposition, in percent, of Y on Yz is
given by:

a5 [mEa(0)+m3 (1) ++mi, (h—1)]

oy, () (1)

In the presence of a shock (vi) to Y1 which does not im-
pact the variance of the forecast error for Y, it can be con-
cluded that Y evolves independently and can be regarded as
exogenous. Conversely, if the shock (v;) affects the variance
of the forecast error, then Y is considered endogenous.

3. DATA AND METHODOLOGY

3.1. Data

The study focuses on the Central Bank of Tunisia case
over the 2000-2020 period. Macroeconomic and institutional
variables are employed as explanatory variables (Table 1).
The CBT efficiency scores were subsequently calculated by
Ati, Bouhouch, and Daly (2023).

3.2. Methodology

The requisite unit root tests were conducted before the
selection of a VAR or VECM model (Table 2). Akiak infor-
mation tests are employed to determine the optimal lags. It is
defined as two lags for macroeconomic and institutional var-
iables (Appendix 1). These lags are unlikely to weaken the
model's explanatory power.

The VAR (2) estimated for the group of macroeconomic
variables is written as:

2 2
AEFF = 3, +Zﬁh—&EF‘Ft_l + Zﬁzfaapa_l +
i=1 i=1
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Table 2. ADF stationary tests.
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At level t-Statistic In difference 1°* t-statistic
Variable Results
(Prob.) (Prob.)
-2.39* -5.76
EFF Stationary in level I (1)
(0.15) (0.00)
-2.56 -4.43*
GDP Stationary in first difference | (1)
(0.29) (0.00)
0.14 -4.04*
BD Stationary in first difference | (1)
(0.71) (0.00)
-5.89* -5.96
INF Stationary first difference I (1)
(0.00) (0.00)
-1.85 -4.21*
UN Stationary in first difference | (1)
(0.34) (0.00)
-2.35 -2.92*
PS Stationary in first difference I (1)
(0.16) (0.00)
-2.21 -5.41*
IC Stationary in first difference I (1)
(0.45) (0.00)
-1.18 -3.83*
SGOV Stationary in first difference | (1)
(0.20) (0.00)

Source: Authors’ estimates on Eviews
*Values are significant at the 5% threshold.

Table 3. Robustness tests of the macroeconomic and institutional variables.

Macroeconomic Variables

Institutional Variables

Tests F-stat (Proba) Decision Tests F-stat (Proba) Decision
Normality 1.38 Normal Normality 1.41 Normal
(Jarque-Berra) (0.50) Distribution (Jarque-Berra) (0.54) Distribution
Breusch-Godfrey 0.19 No Breusch-Godfrey 1.46 No
Test (0.82) Autocorrelation Test (0.05) Autocorrelation
0.72 0.85
Breusch-Pagan-Godfrey Test 052) Heteroscedasticity Breusch-Pagan-Godfrey Test 044) Heteroscedasticity

Source: Authors’ estimates on Eviews.

2 2 2
Z B3 AINF, _; + Z BuABD;_ 4 + Z Bs:AUN,_; + u,
i=1 i=1 =1 (12)

Where: A: first difference operator. [5: variables coeffi-
cients. u,: white noise.

The VAR (2) estimated for the group of institutional var-
iables is written as:

2 2
EFF = f +Zﬁ1a‘EFFt—1 + Zﬁzfmr—l +
i=1 =1

2 2 2
ZﬁSz’SGOVt—l +Z BuPS, 4 +Z BsiSTA,_ + u,
i=1 -1 =1 (13)

Where: A: first difféerence oerator. S variables coeffi-
cients. u,: white noise.

The results of the VAR model are reported in Appendix 2
(macroeconomic model) and 3 (institutional model).

The robustness tests are presented in Table 3. These tests
demonstrate the absence of error autocorrelation the absence
of heteroscedasticity and normality. Consequently, it can
therefore be concluded that the model is well-specified.
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Fig. (2). IRF of macroeconomic shocks on CBT's efficiency.
Source: Authors’ estimates on Eviews.

4. FINDINGS AND DISCUSSION

The objective of this section is to examine the impact of
external shocks on macroeconomic and institutional varia-
bles on the efficiency score of the CBT, using the technique
of impulse response functions. This analysis will be com-
plemented by a decomposition of the variance of the residu-
als for each category of variables mentioned previously.

4.1. Macroeconomic Factors

An impulse response function analysis was conducted to
ascertain the impact of a one-standard-deviation shock of
each macroeconomic variable on the CBT's efficiency scores
(Fig. 2).

The findings show that the efficiency score of the CBT
decreases in response to an inflation shock starting from the
second period. This impact is even more pronounced in the
fourth period, with a 1% increase in inflation leading to a
0.06% decrease in the efficiency rating. This result indicates
that despite multiple increases in policy rates, the CBT's at-
tempts to control inflation have not been effective due to the
significant impact of imported inflation. Our findings align
with Belhedi and al. (2015), demonstrating that reducing one
standard deviation in imported inflation positively affects
GDP for approximately nine quarters. Controlled inflation in
periods 5, 7, and 9 leads to enhanced savings, surplus supply,
increased exports, GDP growth, and improved the efficiency
of the CBT.

An investigation into the CBT's efficiency in response to
a fiscal shock manifested as a 1% increase in public spend-
ing, reveals fluctuating effects. The CBT's efficiency score
initially exhibits a negative reaction in the second period,
with a decline of -0.07%. This is followed by a slight in-
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crease of 0.07% in period 3, and these oscillations persist
until the end of the period. These results indicate that the
anticipated growth in GDP resulting from a fiscal spending
shock is only slightly positive and does not accelerate
growth or employment in the near term. This is because
more and more public funds are being directed towards man-
aging expenses and paying salaries, while less money is be-
ing invested in development and public projects.

Based on Fig. (2), a 1% increase in unemployment
caused minor changes in the CBT's efficiency score starting
from the second period. We believe that this outcome is
caused by the high unemployment rate in Tunisia, which
lowers wage earnings. hampers savings formation, and di-
minishes deposits in commercial banks, forcing them to bor-
row from the CBT to provide loans. This source boosts the
CBT's revenue and consequently improves its performance.

The findings indicate that the CBT's efficiency score ex-
hibits oscillatory behavior in response to a shock to GDP.
The impact of the GDP shock is first observed in the second
period, where the efficiency score shows a small positive
increase (0.033%) with a 1% rise in GDP. However, this
effect becomes significantly negative in the third period,
with a 0.10% decline in efficiency. There is a slight increase
in the influence of the GDP shock on efficiency from the
fifth to the sixth periods. This is followed by a 0.07% de-
crease in the seventh period, but then the trend reverses,
leading to no change by the end of the period.

Typically. we can expect that the supply shock initially
had a beneficial impact on local demand and inflation, which
was then positively transmitted to the central bank. The di-
minishing positive impact could be due to the lack of a direct
relationship between GDP and the efficiency of the CBT, as
demonstrated by the Granger test. A disturbance in GDP
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Table 4. Variance decomposition (macroeconomic variables).
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Période S.E. D(EFF) D(GDP) D(INF) D(DB) D(UN)
1 0.100282 100.0000 0.000000 0.000000 0.000000 0.000000
2 0.135674 55.29028 6.268231 2.688131 29.41281 6.340540
3 0.196847 29.10931 33.41695 2.485556 29.58769 5.400498
4 0.228460 30.14923 29.40040 8.886534 26.88274 4.681082
5 0.235172 28.88882 28.70407 9.338817 25.69210 7.376200
6 0.251745 27.43982 29.25399 9.572708 24.92558 8.807894
7 0.280973 31.01663 29.90119 7.818996 23.63209 7.631097
8 0.294782 29.83183 28.50098 10.66227 23.71500 7.289920
9 0.304773 29.81105 27.09002 10.51575 22.23479 10.34839
10 0.311197 28.89379 26.05365 12.31698 22.20505 10.53054

Source: Authors’ estimates on Eviews.

indirectly affects efficiency through its impact on the budget
deficit and unemployment.

The findings from the impulse response analysis are
combined with the results of the variance decomposition
(Table 4). This demonstrates that during the initial period,
the efficiency score is entirely attributable to these inherent
innovations. The influence of the other variables becomes
apparent in the second period, particularly the importance of
the budget deficit in explaining the efficiency score (at
29.41%). The decomposition of the variance over 10 periods
shows that the efficiency score of the CBT is first explained
by its innovations (28.89%), then by GDP (26.05%), and
subsequently by the budget deficit (22.20%). Inflation and
unemployment account for 12.31% and 10.53% of the CBT
scores, respectively.

4.2. Institutional Factors

As depicted in Fig. (3), the CBT's efficiency is signifi-
cantly impacted by internal conflicts. The onset of an unex-
pected internal disruption, such as the Arab Spring, adverse-
ly affects economic and social stability leading to declines in
tourist numbers, investment, and GDP and resulting in a sig-
nificant loss of currency value. Consequently, the CBT's
efficiency score has shown a decline starting from the third
period. However. this negative impact gradually dissipates
after the fifth period.

This finding aligns with the work of Lanouar and Goaied
(2019), who concluded that a terrorist shock negatively af-
fects tourist flows for 1 year and 2 months. The increase in
the CBT's efficiency during the first period, immediately
after the Arab Spring, can be attributed to the broad sympa-
thy of Tunisia by major economic powers. This sympathy
was reflected in the financial and economic assistance pro-
vided by international financial institutions, particularly the
IMF and the World Bank, as well as aid from the European
Union.

Theoretically, political stability and governance im-
provements should positively impact GDP growth and, con-
sequently the efficiency of the CBT score. However, our
findings indicate that the CBT score exhibited only a slight
and insignificant positive reaction from the second period
onwards in response to a 1% increase in government stabil-
ity. This effect turned negative in the third period and ulti-
mately dissipated by the end of the seventh period. These
results can be reasonably attributed to the uncertainty and
risk aversion inherent in the Tunisian business climate,
which impedes economic growth. In Tunisia, factors such as
the outflow of funds by several multinational companies, the
low resilience of the stock market, and pervasive corruption
compel investors to exercise caution.

The analysis of the impact of institutional shocks on effi-
ciency indicates that a one-percentage-point change in the
CBT's status has a minimal effect on its efficiency. These
conclusions contradict the findings of Anwar and Suhenra
(2023), who conducted a VAR panel analysis on 25 develop-
ing economies, including Tunisia (1990- 2021). They
demonstrated that a shock, represented by a 1% increase in
the central bank independence level, positively impacts mar-
ket capitalization, consumption, and investment, as this in-
crease is perceived as a commitment to combating inflation.

The variance decomposition of the CBT's efficiency
score reveals that in the initial period, the score is entirely
driven by its innovations. Institutional variables began to
influence efficiency only in the second period, with internal
conflicts and government stability contributing weights of
17.78% and 3.44%. respectively. After ten periods, over 50%
of the variance in the CBT's efficiency score can be attribut-
ed to its innovations, while 23.87% is linked to internal con-
flicts and 17.47% to government stability. In contrast, the
status and political stability of the CBT are assigned very
low weights of 0.85% and 1.45%. respectively.
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Fig. (3). IRF of institutional shocks on CBT's efficiency.
Source: Authors’ estimates on Eviews.

Table 5. Variance decomposition (institutional variables).

Période S.E. D(EFF) D(IC) D(SGOV) D(PS) STA
1 0.148993 100.0000 0.000000 0.000000 0.000000 0.000000
2 0.171788 76.97711 17.78427 3.440083 1.398627 0.399905
3 0.184389 66.94678 26.48613 4417544 1.769758 0.379782
4 0.200855 58.75437 24.59082 14.16841 1.606202 0.880193
5 0.203647 57.49902 24.51576 15.55728 1.570105 0.857828
6 0.211639 57.48601 23.08253 17.18109 1.455628 0.794744
7 0.212019 57.32634 23.00008 17.40767 1.452714 0.813205
8 0.213353 56.76261 23.50314 17.43912 1.471166 0.823960
9 0.214178 56.33004 24.00341 17.34861 1.460173 0.857767
10 0.215175 56.33885 23.87121 17.47946 1.450655 0.859823

Source: Authors’ estimates on Eviews.

5. CONCLUSION

This study aimed to highlight the most influential factors
affecting the efficiency of CBT between 2000 and 2020. To
achieve this, models for macroeconomic and institutional
variables were developed using VAR impulse response func-
tions and variance decomposition techniques. The analysis of
how efficiency responds to shocks from various macroeco-
nomic and institutional variables revealed that shocks from
inflation, unemployment, budget deficits, and government
stability significantly impact efficiency scores, with these

effects lasting for up to ten periods. Furthermore, the vari-
ance decomposition showed that the most significant con-
tributors to CBT efficiency are GDP, internal conflicts,
budget deficits, government stability, and inflation rates.
Additionally, the insignificant effect of CBT's status on its
efficiency points to a need for further investigation in future
research.

FUNDING
This study received no specific financial support.



Ranking the Determinants of the Tunisian Central Bank's Efficiency

DATA AVAILABILITY STATEMENT

The corresponding author may provide study data upon
reasonable request.

COMPETING INTERESTS

APPENDIX 1: AKIAK INFORMATION TESTS

1. Macroeconomic variables model

Review of Economics and Finance, 2024, Vol. 22, No. 1 347

The author declares that they have no competing inter-
ests.

AUTHORS’ CONTRIBUTIONS

The author contributed to the conception and submission
of the study.

VAR Lag Order Selection Criteria

Endogenous variables: D(EFF) D(GDP) INFLATION D(DB_) D(CHOMAGE)

Exogenous variables: C

Date: 03/09/23 Time: 13:12

Sample: 2000 2020

Included observations: 18

Lag LogL LR FPE AIC sC HQ

0 -132.4476 NA 2.953934 15.27195 1551928 15.30605
1 -92.14063 53.74257* 0.615204 13.57118 15.05513 13.77580
2 -53.60893 29.96910 0.324358* 12.06766* 14.78824* 12.44279*

* indicates lag order selected by the criterion - - -

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error - - - -

AIC: Akaike information criterion - - - -

SC: Schwarz information criterion - - - -

HQ: Hannan-Quinn information criterion - - - -

2. Institutional variables model
VAR Lag Order Selection Criteria
Endogenous variables: D(EFF) D(IC) D(SGOV) D(SP) STATUT_BC
Exogenous variables: C
Date: 03/09/23 Time: 13:20
Sample: 2000 2020
Included observations: 18
Lag LogL LR FPE AIC sC HQ
0 -25.37846 NA 2.01e-05 3.375385 3.622710 3.409488
1 5.315549 40.92535 1.22e-05 2.742717 4.226670 2.947334
2 66.89541 47.89545* 4.97e-07* -1.321712* 1.398868* -0.946581*

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error -

AIC: Akaike information criterion -
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SC: Schwarz information criterion - -

HQ: Hannan-Quinn information criterion -

APPENDIX 2: VAR MODEL (MACROECONOMIC VARAIBLES)

Vector Autoregression Estimates

Date: 06/30/23 Time: 11:05

Sample (adjusted): 2003 2020

Included observations: 18 after adjustments

Standard errors in () & t-statistics in [ ]

- D(EFF) D(GDP) INFLATION D(DB.) D(CHOMAGE)
0.389185 7.568715 -0.696278 -0.982097 -2.764464
D(EFF(-1)) (0.27390) (5.99853) (3.23876) (4.93175) (3.64882)
[ 1.42088] [ 1.26176] [-0.21498] [-0.19914] [-0.75763]
-0.376782 -0.537702 -3.755540 1.356296 -2.578565
D(EFF(-2)) (0.24027) (5.26187) (2.84102) (4.32610) (3.20072)
[-1.56819] [-0.10219] [-1.32190] [0.31351] [-0.80562]
-0.018139 -0.583543 0.210133 -0.378891 -0.061640
D(GDP(-1)) (0.02106) (0.46115) (0.24899) (0.37914) (0.28051)
[-0.86145] [-1.26542] [ 0.84396] [-0.99935] [-0.21974]
-0.020963 -0.440985 0.033869 -0.064270 -0.092622
D(GDP(-2)) (0.01522) (0.33333) (0.17997) (0.27405) (0.20276)
[-1.37730] [-1.32297] [0.18819] [-0.23452] [-0.45681]
-0.027897 0.297268 0.427611 -0.104192 -0.577597
INFLATION(-1) (0.03381) (0.74044) (0.39978) (0.60876) (0.45040)
[-0.82511] [0.40147] [ 1.06960] [-0.17115] [-1.28240]
-0.021154 -1.396320 0.418732 0.368826 0.669760
INFLATION(-2) (0.03740) (0.81905) (0.44223) (0.67339) (0.49822)
[-0.56561] [-1.70480] [ 0.94687] [0.54771] [ 1.34431]
-0.064992 1.046641 0.073807 -0.844163 -0.737336
D(DB_(-1)) (0.02649) (0.58007) (0.31320) (0.47691) (0.35285)
[-2.45370] [ 1.80432] [ 0.23566] [-1.77005] [-2.08965]
0.034957 0.605590 0.102088 -0.475421 0.200193
D(DB_(-2)) (0.02716) (0.59485) (0.32118) (0.48907) (0.36184)
[ 1.28697] [ 1.01805] [0.31786] [-0.97210] [ 0.55326]
-0.036387 0.245814 0.135306 0.092009 0.088910
D(CHOMAGE(-1)) (0.02595) (0.56842) (0.30690) (0.46733) (0.34576)
[-1.40193] [ 0.43246] [ 0.44088] [ 0.19688] [0.25714]
0.064012 -0.522266 0.051427 0.998046 0.050741
D(CHOMAGE(-2))
(0.02751) (0.60258) (0.32535) (0.49542) (0.36654)
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[ 2.32644] [-0.86672] [ 0.15807] [ 2.01457] [ 0.13843]
0.193488 3.262517 0.979705 -0.644972 -0.030646
C (0.09096) (1.99208) (1.07557) (1.63781) (1.21175)
[2.12713] [1.63775] [ 0.91087] [-0.39380] [-0.02529]
R-squared 0.813647 0.835550 0.701191 0.658702 0.696986
Adj. R-squared 0.547427 0.600621 0.274320 0.171134 0.264108
Sum sq. resids 0.070395 33.76259 9.842446 22.82175 12.49256
S.E. equation 0.100282 2.196185 1.185776 1.805616 1.335908
F-statistic 3.056302 3.556612 1.642630 1.350995 1.610122
Log likelihood 24.35514 -31.20173 -20.10789 -27.67697 -22.25375
Akaike AIC -1.483905 4.689081 3.456432 4.297441 3.694861
Schwarz SC -0.939789 5.233197 4.000548 4.841558 4.238977
Mean dependent 0.008943 -0.558752 4.263048 0.383420 0.136111
S.D. dependent 0.149066 3.475173 1.391970 1.983276 1.557291
Determinant resid covariance (dof adj.) 0.029881 - - -
Determinant resid covariance 0.000266 - - -
Log likelihood -53.60893 - - -
Akaike information criterion 12.06766 - - -
Schwarz criterion 14.78824 - - -

APPENDIX 3: VAR MODEL (INSTITUTIONAL VARAIBLES)

Vector Autoregression Estimates

Date: 06/30/23 Time: 11:06

Sample (adjusted): 2003 2020

Included observations: 18 after adjustments

Standard errors in () & t-statistics in [ ]

D(EFF) D(IC) D(SGOV) D(SP) STATUT_BC
0.064996 1.695887 5.428315 0.169168 0.316192
D(EFF(-1)) (0.30461) (0.91484) (2.05757) (0.30977) (0.57840)
[0.21337] [ 1.85376] [ 2.63822] [ 0.54611] [ 0.54666]
-0.662995 -0.119568 -1.077205 -0.368239 -0.369143
D(EFF(-2)) (0.33273) (0.99928) (2.24750) (0.33836) (0.63179)
[-1.99259] [-0.11965] [-0.47929] [-1.08830] [-0.58428]
0.015248 -0.113125 0.189520 -0.023960 0.106303
D(IC(-1)) (0.08173) (0.24544) (0.55203) (0.08311) (0.15518)
[ 0.18658] [0.46090] [ 0.34331] [-0.28830] [ 0.68502]
-0.095881 -0.354278 -0.307794 -0.006021 -0.246676
D(IC(-2)) (0.08383) (0.25175) (0.56622) (0.08524) (0.15917)
[-1.14382] [-1.40725] [-0.54360] [-0.07063] [-1.54977]
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0.114865 -0.173144 0.202364 0.163153 0.017282
D(SGOV(-1)) (0.06320) (0.18981) (0.42691) (0.06427) (0.12001)
[ 1.81742] [-0.91218] [ 0.47402] [ 2.53849] [ 0.14401]
-0.042459 0.232652 -0.098855 0.027916 0.191824
D(SGOV(-2)) (0.06631) (0.19914) (0.44788) (0.06743) (0.12590)
[-0.64035] [ 1.16830] [-0.22072] [ 0.41401] [ 1.52358]
-0.256476 0.432075 -1.095051 -0.520273 -0.718194
D(SP(-1)) (0.40413) (1.21372) (2.72979) (0.41097) (0.76737)
[-0.63463] [ 0.35599] [-0.40115] [-1.26596] [-0.93592]
0.055901 1.724577 1.362540 -0.037375 0.107390
D(SP(-2)) (0.30037) (0.90209) (2.02890) (0.30545) (0.57034)
[0.18611] [1.91176] [0.67157] [-0.12236] [ 0.18829]
-0.172077 1.466665 1.130961 0.053896 1.003696
STATUT_BC(-1) (0.16828) (0.50540) (1.13670) (0.17113) (0.31954)
[-1.02255] [ 2.90201] [ 0.99495] [ 0.31494] [ 3.14111]
0.098239 -1.506780 -0.534229 0.196252 -0.021847
STATUT_BC(-2) (0.20330) (0.61056) (1.37323) (0.20674) (0.38603)
[ 0.48322] [-2.46785] [-0.38903] [ 0.94927] [-0.05659]
0.023562 -0.247125 -0.450086 -0.087460 0.032625
C (0.06104) (0.18333) (0.41233) (0.06208) (0.11591)
[ 0.38599] [-1.34799] [-1.09157] [-1.40891] [ 0.28147]
R-squared 0.588637 0.767854 0.533385 0.671803 0.844850
Adj. R-squared 0.000975 0.436216 -0.133209 0.202951 0.623206
Sum sq. resids 0.155393 1.401587 7.089961 0.160697 0.560265
S.E. equation 0.148993 0.447467 1.006405 0.151515 0.282910
F-statistic 1.001659 2.315341 0.800165 1.432868 3.811750
Log likelihood 17.22866 -2.565996 -17.15567 16.92656 5.686553
Akaike AIC -0.692073 1.507333 3.128407 -0.658507 0.590383
Schwarz SC -0.147957 2.051449 3.672524 -0.114391 1.134499
Mean dependent 0.008943 -0.196759 -0.222222 -0.043634 0.277778
S.D. dependent 0.149066 0.595943 0.945405 0.169712 0.460889
Determinant resid covariance (dof adj.) 4.58E-08
Determinant resid covariance 4.07E-10
Log likelihood 66.89541
Akaike information criterion -1.321712
Schwarz criterion 1.398868
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