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After determining the volatility of GDP and comparing the instability of REM to that 
of FDI, it is time to address whether financial flows raise or reduce economic growth 
volatility. To do so, we use the optimal GARCH model that links the returns of GDP 
with financial flows and while incorporating additional explanatory variables which 
are shown in Equation (2) in Table 6. The first best model specification chosen among 
various GARCH extensions (Appendix 3) seems asymmetrical (AP-GARCH), while the 
second one considers both the switching regime and the leverage effect (CMT-GARCH). 
The AP-GARCH model is expressed as follows:
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where α i ,  β i, ω and γ are the parameters to estimate.
The results are summarized in Table 6. We notice that remittances play a stabilizing 

role. Indeed, the remittances (REM) have a negative and significant effect on the 
dependent variable and then reduce the volatility of growth in Morocco. It is also well 
shown that FDI have a positive impact on the volatility of Moroccan economic growth. 
In other words, the foreign direct investments accentuate the GDP instability, inversely 
to remittances. Nevertheless, this outcome clearly indicates the opposite behavior of 
the two financial flows, confirming therefore the previous assessment of conditional 
volatility of remittances and FDI. 

It is also revealed from our results that openness has a positive and significant impact 
on the volatility of Moroccan GDP, but this effect seems minor. More precisely, an 
increase by 10% in openness leads to an increase in the instability of GDP by 0.41%. 
This means that openness, as practiced in Morocco, may serve as an element that 
accentuates the volatility of economic growth. It is known that Morocco is specialized in 
exporting products mainly characterized by low technological and innovative contents. 
Likewise, imports are concentrated in raw materials belonging high uncertainty and great 
speculation. This result is inconsistent with Bouoiyour (2008)’s study, showing that 
openness can affect negatively Moroccan growth. As for the variable relative to Credits, 
it reduces certainly the economic growth volatility.
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Table 6. The link between economic growth volatility and financial flows

Dependent variable: (rt= log(GDPt) − log(GDPt−1)

(1) (2)

AP-GARCH CMT-GARCH

Mean equation

C 0.0729
(1.0676)

92.372***
(18.6354)

REM/GDP -0.0352*
(-1.7215)

-0.0293*
(-1.8840)

FDI/GDP 0.00676*
(1.6784)

0.0252*
(1.7459)

GDP(t-1) - -15.244***
(-10.2840)

GDP(t-1)2 - 0.6632***
(17.5896)

Credits - -0.4082***
(-6.5070)

Openness - 0.0416*
(1.7544)

Variance equation

ω 3.00E-05
(0.9984)

0.0001**
(2.7791)

α -0.0683
(-0.9227)

0.7191*
(1.1460)

β 0.9925
(0.3588)

0.2114
(0.3239)

γ 1.0580***
(4.2153)

-0.0224
(-0.0088)

(Notes) (i) ω: the reaction of conditional variance; α : the ARCH effect; β : the GARCH effect; γ : the leverage 
effect.

(ii) *,**, and *** indicate that the variable is statistically significant at 10%, 5%, and 1%, respectively.
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3. Robustness

The above outcomes reveal that remittances can mitigate the instability of GDP, 
while FDI may accentuate it. To ascertain the robustness of these results, we performed 
several estimates of the link between economic growth volatility and financial flows 
(REM and FDI) by incorporating control variables that may deeply explain the volatile 
GDP behavior (lagged GDP, squared lagged GDP, credits, openness) and by employing 
naïve models (standard deviation, moving average deviation and absolute average 
deviation) and different GARCH extensions (linear vs. nonlinear and symmetrical vs. 
asymmetrical). Details about these estimates are reported in Appendix 3 and Appendix 
4. Comparing these findings with those of the optimal specification, we notice that the 
effect of financial flows on the volatility of Moroccan economic growth is fairly robust.

The main results reported in Table 6 indicate that remittances have a negative and 
significant impact on Moroccan GDP volatility, whereas the influence of FDI appears 
positive and statistically significant. These findings do not change substantially among 
the different GARCH models used (Appendix 5), when accounting for the control 
variables (Appendix 6), when carrying out further GARCH specifications (Appendix 
5 and Appendix 6) or when applying  naïve models (Appendix 7), thus reinforcing the 
robustness of our results.

We can therefore confirm that remittances play a stabilizing role on Moroccan 
economic growth, while FDI acts as destabilizing element. These outcomes may be 
beneficial for policymakers, advisers and practitioners in appropriately achieving their 
decisions-making.

VI. Economic Implications

One of the main roles of policymakers is to ensure a credible budget and to allow 
reliable budget forecasts to be made in good time. However, these can only be achieved 
if actual conditions do not change or change marginally. In the present paper, we 
have shown that FDI seems highly volatile compared to remittances. This evidence 
which is valid whatever the criterion used may be highly important for a country like 
Morocco characterized by an unstable growth. This instability is mainly due to weather 
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conditions, which are long periods of drought followed by heavy rainfall. Despite the 
efforts regularly pursued by Moroccan governments, the relationship between climate 
and economic growth remains substantial and becomes increasingly tenuous. It must 
be stressed, in that context, that the agricultural sector is still a potential component of 
national wealth. Even agricultural value added amounts less than 20% of the national 
wealth for several years ago, almost the half of Moroccan population lives in rural 
areas today (48% of total population). Similarly, the share of food industry in total 
manufacturing industries is not negligible (24%, MEDISCO7 2008). To this, we must 
add the possible induced effects of drought on the country, for example, a demoralizing 
effect, time losses and then productivity losses for business leaders of food industry, 
etc. In other words, agriculture weight in national wealth is much more than it appears 
(14~16% of GDP). This shows the interest of the obtained results, including the fact that 
migrants’ remittances mitigate the volatility of growth, while FDI accentuates it. In light 
of the sizable volatility of the Moroccan growth, our findings indicating that remittances 
play a smoothing role on excessive GDP variability seem fundamental. This may limit 
wide variation of consumption, and maintain balanced and fixed income of households. 
From a macroeconomic viewpoint, migrants’ remittances can lessen the effects of 
internal exogenous shocks, e.g., drought, and external ones which are crisis and sudden 
short-run disturbances, etc. We can detect from this outcome that remittances are 
essentially due to altruistic reasons unlike FDI which is expected to depend profoundly 
on profits of foreign investors. Considering the current economic crisis, we notice that 
remittances have decreased by 7.95% while FDI have fallen by 12.7% over the period 
2007~2008. Thereafter and particularly during the period 2008~2009, remittances have 
dropped by 2.38% and then stabilized, while FDI have declined considerably by about 
20.11% in 2009 and 37.05% in 2010. 

Furthermore, the bulk of remittances goes into consumption increases the domestic 
demand and leads to the stabilization of demand in the case of exogenous shock. 
Moreover, it must be mentioned that much of remittances goes to the real estate industry 
and this has been for several years. This phenomenon related to real estate speculation 
doesn’t win Morocco recently and the impact of remittances on the sector would be very 
beneficial for the country which has a cheap labor and available inputs (cement, sand, 
etc.) in sufficient quantity. Despite the positive impact of remittances, it remains limited, 
because of the weak absorption capacity and assets regarding investment opportunity. If 

7 MEDISCO or the MEDiterranean food and agro Industry applications of Solar COoling technologies is a co-funded project aiming 
at  developing and enhancing solar thermally driven cooling concepts for the food and agro industries among the Mediterranean countries.
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migrants have strongly invested in building, it is primarily because it is the only field that 
market is able to offer. Then, it is the only sector where the risks are seemingly limited. 
In addition, it is an investment that, for many migrants, is a culmination after many years 
of effort and sacrifice in their host countries. Given the above elements, the authorities 
should establish a clear and credible policy to redirect remittances to more productive 
sectors. Certainly the FDI flows are important and their recent evolution appears 
encouraging, despite the onset of the global economic crisis and the aftermath of Arab 
Spring, their spillovers are almost non-existent because of their concentration in sectors 
with low capital intensity.

These considerations should encourage the government to implement proactive 
and favourable policies geared towards productive investment. In other words, the 
authorities should focus on stimulating long-term FDI with high value-added sectors 
like automobiles, aerospace, electronics. At the same time, they should give more 
incentives to Moroccans living abroad to invest in their origin country, instead of simply 
focusing on helping their families through consumption. This involves the establishment 
of effective, accountable and transparent institutions at all levels. The challenge lies in 
understanding how to appropriately achieve all these measures.

VII. Conclusion

The present research aims at addressing the degree of variability of the main financial 
flows on the one hand and to see whether these flows play potentially role on Moroccan 
economic growth volatility on the other hand.

The results highlight the paramount importance of accounting for asymmetry and 
nonlinearity when analyzing the volatility processes of GDP, remittances, and FDI. We 
also show that the remittances behave better than FDI with respect the duration, the 
intensity, and volatility clustering. We suggest thus that remittances are more stable than 
FDI. 

Another primary goal of this study was to go beyond this conclusion and evaluate 
whether the remittances stabilize Moroccan growth. Our findings tend to confirm the 
evidence that remittances mitigate the volatility of growth, while FDI accentuate it. 
We attribute the first finding to altruistic foundations, the counter-cyclical behavior 
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of remittances (Makhlouf 2013) and the concentration of Moroccans in Europe which 
is 80% of the total number of migrants and almost 50% in France in particular. This 
concentration allows remittances to be relatively stable (Mouhoud 2010, Bouoiyour 
2013). The second finding may be due to the fact that FDI flows depend greatly on the 
decisions of foreign investors who search a profitable economic environment for their 
investments. This can explain the remarkable sensitivity of these flows to economic 
conditions. In this sense, FDI are pro-cyclical.

To ensure the robustness of our findings, we have performed several estimates of the 
relationship between economic growth volatility and financial flows by incorporating 
control variables as main drivers of GDP instability including domestic credits and 
openness, and by carrying out different naïve models and further GARCH extensions. 
The obtained outcomes do not seem sensitive to the inclusion of additional explanatory 
variables and the use of different specifications. 

Based on the obtained results of this study, we can argue that Morocco has won a 
first round. Thanks to the efforts of policymakers, this country has succeeded to attract 
remittances of its nationals living abroad, while developing a safe and stable financial 
system. It remains a second round to be won by the drainage of considerable funds into 
productive and innovative investment projects. This is still far from being met today, 
despite the proactive measures implemented by the authorities responsible for migration 
affairs. This is true for FDI as the incentives are required from public authorities towards 
the sectors producing value added. 
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Appendix 1: GARCH extensions used in this study

Extensions Linear Nonlinear Symmetrical Asymmetrical
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rt = µ t + ε t + λσ t

2
x x

C-GARCH (Component GARCH, Ding et al. 1993) 
(σ t

2 −σ 2) = α ( ε 2
t
 

−1−σ 2) + β (σ 2
t
 

−1−σ 2) 
x x

 I-GARCH (Integrated GARCH, Bollerslev et al. 1993) 

 )()(
1

2
1

2

1

2
1

22
1

2 ∑∑
=

−−
=

−−− −+−++=
p

i
tjtj

q

i
tititt εσβεεαεωσ

x x

T-GARCH (Threshold GARCH, Zakoian, 1994)

∑∑
=

−
=

+
− +++=

p

i
jtj

q

i
itiitit

11
_

2 )( σβεγεαωσ
x x

E-GARCH (Exponential GARCH, Nelson, 1991)
 ∑∑

=
−−

=
− +−++=

p

i
jtjiti

q

i
itit zz

1

2

1

2 )log())/2(()log( σβπγαωσ
x

P-GARCH (Power GARCH, Higgins and Bera, 1992)

∑∑
=

−−
=

++=
p

i
jtjit

q

i
it

11

ϕϕϕ σβεαωσ
x x

A-PGARCH (Asymmetric power GARCH, 
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GARCH, Bouoiyour and Selmi, 2014)
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(Note) σ 2
t
 : the conditional variance, α0: the reaction of shock, α1: the ARCH term, β1: the GARCH term, ε : 

the error term; It: denotes the information set available at time t;  zt : the standardized value of error term where 

11 / −−= tttz σε ; µ : the innovation, γ : the leverage effect; ϕ : the power parameter.
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Appendix 2: Volatilities of GDP and financial flows 

GDP
Models AIC BIC HQ RMSE MAE BP
GARCH -3.8419 -3.6220 -3.7652 0.0326 0.0247 0.0000
GARCH-M -3.7812 -3.5173 -3.6891 0.9562 0.3410 0.0127
I-GARCH -4.2065 -4.0746 -4.1605 0.0316 0.0241 0.0003
C-GARCH -3.7495 -3.4416 -3.6421 0.0326 0.0247 0.0010
CMT-GARCH -3.7677 -3.4158 -3.6448 0.0316 0.0239 0.0011
T-GARCH -3.9209 -3.6130 -3.8134 0.0317 0.0238 0.0069
E-GARCH -3.8498 -3.5859 -3.7577 0.0238 0.0246 0.0004
P-GARCH -3.8585 -3.6386 -3.7818 0.0237 0.0248 0.0002
AP-GARCH -3.8184 -3.5544 -3.7262 0.0323 0.0244 0.0032

REMITTANCES
GARCH 2.5109 2.7286 2.5877 0.8606 0.6477 0.0024
GARCH-M 2.5045 2.7657 2.5966 0.8979 0.6621 0.0779
I-GARCH 2.4973 2.7282 2.5887 0.8604 0.6272 0.0021
C-GARCH 2.6189 2.9237 2.7264 0.8607 0.6471 0.0026
CMT-GARCH 2.3269 2.5302 2.3610 0.8547 0.6269 0.0004
T-GARCH 2.3398 2.6010 2.4319 0.8728 0.6350 0.0176
E-GARCH 2.4671 2.7322 2.4964 0.8753 0.6412 0.0029
P-GARCH 2.4934 2.7111 2.5701 0.8625 0.6281 0.0019
AP-GARCH 2.8045 3.1529 2.9273 0.8718 0.6321 0.0042

FDI
GARCH -0.3567 -0.3190 -0.4600 0.1759 0.1381 0.0141
GARCH-M -0.5539 -0.2927 -0.4618 0.1753 0.1476 0.0000
I-GARCH -0.6892 -0.5586 -0.6432 0.1820 0.1424 0.0016
C-GARCH -0.5432 -0.2384 -0.4357 0.1750 0.1389 0.0074
CMT-GARCH -0.2639 0.0843 -0.1411 0.1731 0.1444 0.0000
T-GARCH -0.7320 -0.4255 -0.6228 0.1717 0.1381 0.0048
E-GARCH -0.4604 -0.1992 -0.3683 0.1746 0.1395 0.0055
P-GARCH -0.5915 -0.3738 -0.5148 0.1743 0.1454 0.0040
AP-GARCH -0.5470 -0.2857 -0.4549 0.1734 0.1426 0.0029

(Note) AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, HQ: Hannan-Quinn, RMSE: 
Root Mean Square Error, MAE: Mean Absolute Error, BP: Bias Proportion.
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Appendix 3: Relationship between GDP volatility and financial flows

Models AIC BIC HQ RMSE MAE BP

GARCH -5.097127 -5.757346 -5.382416 0.0740116 0.055702 0.002016

GARCH-M -5.10918 -5.780313 -5.426894 0.7353801 0.055616 0.063099

I-GARCH -5.069519 -5.756502 -5.384496 0.0705528 0.048294 0.001596

C-GARCH -5.316367 -6.169007 -5.670912 0.0740202 0.038826 0.002236

CMT-GARCH -4.723607 -5.338722 -4.91088 0.0735042 0.050152 0.000344

T-GARCH -4.749794 -5.495913 -5.058352 0.0750608 0.051435 0.015136

E-GARCH -5.008213 -5.764942 -5.192512 0.0715732 0.055143 0.002494

P-GARCH -5.061602 -5.720421 -5.345808 0.0739162 0.054016 0.001634

AP-GARCH -5.693135 -5.852619 -5.887841 0.0709748 0.47606 0.001538

(Note) AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, HQ: Hannan-Quinn, RMSE: 
Root Mean Square Error, MAE: Mean Absolute Error, BP: Bias Proportion.

Appendix 4: Relationship between GDP volatility, financial flows and control 
variables

Models AIC BIC HQ RMSE MAE BP

GARCH -3.304034 -3.31492 -3.362768 0.151274 0.118766 0.011844

GARCH-M -3.096802 -3.954532 -3.995549 0.143570 0.123984 0.057984

I-GARCH -3.461949 -3.537442 -3.56198 0.149786 0.109648 0.01216

C-GARCH -3.241442 -3.168208 -3.132206 0.1512875 0.087507 0.06364

CMT-GARCH -3.240222 -3.869272 -3.134528 0.158866 0.128296 0.054066

T-GARCH -3.371974 -3.926531 -3.279524 0.147662 0.111861 0.04128

E-GARCH -3.118338 -3.183874 -3.189322 0.141426 0.11997 0.01023

P-GARCH -3.306734 -3.129196 -3.264071 0.1493751 0.125044 0.034524

AP-GARCH -3.483824 -3.956784 -3.999436 0.149124 0.122636 0.054056

(Note) AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, HQ: Hannan-Quinn, RMSE: 
Root Mean Square Error, MAE: Mean Absolute Error, BP: Bias Proportion.
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Appendix 5: Link between economic growth volatility and financial flows

Dependent variable: (rt= log(GDPt) − log(GDPt−1)

GARCH GARCH-
M

I-
GARCH

C-
GARCH

CMT-
GARCH

T-
GARCH

E-
GARCH

P-
GARCH

AP-
GARCH

Mean equation

C 0.03723
(1.4319)

0.0262
(1.5706)

0.1644***
(6.5190)

0.0458
(0.7634)

0.0922
(1.3742)

0.0687
(1.3469)

0.0644*
(1.7110)

0.0580
(1.1953)

0.0729
(1.0676)

REM /
GDP

-0.0286*
(-1.617)

-0.0196
(-0.523)

-0.0986**
(-2.6647)

-0.0552
(-0.948)

-0.0433*
(-1.6902)

-0.0578*
(-1.968)

-0.0691
(-0.316)

-0.0494*
(-1.830)

-0.0352*
(-1.7215)

FDI /
GDP

0.0082*
(1.9256)

0.0096*
(1.7233)

0.0439***
(4.0031)

0.0040
(0.1750)

0.0234*
(1.8925)

0.0117
(1.5234)

0.0084*
(1.6230)

0.0083
(0.0678)

0.00676*
(1.6784)

Variance equation

ω 0.0005*
(1.9375)

0.0006*
(1.8150)

- 0.0005*
(1.8657)

0.0006
(1.2017)

0.0003*
(1.6880)

-0.0855*
(-1.8523)

0.0232*
(1.8133)

3.00E-05
(0.9984)

α 0.3971
(1.2725)

0.6196
(1.3821)

-0.1552***
(-18.3667)

0.6212
(0.4415)

0.5827
(0.3224)

0.7787
(0.8575)

0.8486*
(1.6735)

0.5132*
(1.6653)

-0.0683
(-0.9227)

β -0.4641
(-0.7960)

-0.4629*
(-1.6825)

1.1552***
(13.6674)

0.3175
(0.2879)

0.1428*
(1.9926)

-0.0462*
(-1.7066)

-0.1917
(-1.3757)

-0.4566
(-0.7681)

0.9925
(0.3588)

γ - - - - 0.4982*
(1.6096)

-0.1275
(-0.5612)

-0.1256**
(-2.1384) - 1.0580***

(4.2153)

(Notes) (i) ω: the reaction of conditional variance; α : the ARCH effect; β : the GARCH effect; γ : the leverage 
effect.

(ii) *,**, and *** indicate that the variable is statistically significant at 10%, 5%, and 1%, respectively.
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Appendix 6: Link between economic growth volatility, financial flows and other 
control variables

Dependent variable: (rt= log(GDPt) − log(GDPt−1)

GARCH GARCH-
M

I-
GARCH

C-
GARCH

CMT-
GARCH

T-
GARCH

E-
GARCH

P-
GARCH

AP-
GARCH

Mean equation

C 92.36***
(14.3140)

95.783***
(23.0247)

92.38**
(2.3867)

92.3***
(27.90)

92.372***
(18.6354)

92.2820***
(14.9530)

92.4390***
(8.1778)

92.39***
(8.9007)

92.33***
(6.8479)

REM /
GDP

-0.0212
(-0.2040)

-0.0415*
(-1.6853)

-0.027*
(-1.876)

-0.0286
(-0.782)

-0.0293*
(-1.8840)

-0.0348**
(-2.6641)

-0.0519*
(-1.7785)

-0.054**
(-2.355)

-0.0486*
(-1.759)

FDI /
GDP

0.0457*
(1.9461)

0.02215
(0.1850)

0.0224
(0.1850)

0.021**
(2.4125)

0.0252*
(1.7459)

0.0412
(1.3814)

0.0397
(0.4093)

0.0421
(0.3941)

0.0464*
(1.6184)

GDP(t-1) -15.2***
(-8.8687)

-15.8097
(-8.2200)

-15.2**
(-2.361)

-15.24*
(-2.110)

-15.24***
(-10.284)

-15.244***
(-16.8401)

-15.239***
(-8.2262)

-15.2***
(-8.226)

-15.2***
(-6.980)

GDP(t-1)2 0.6688**
(2.2814)

0.6923***
(10.9402)

0.668**
(2.3833)

0.66***
(6.5482)

0.6632***
(17.5896)

0.6692***
(3.3843)

0.6678***
(8.2262)

0.667***
(9.1056)

0.668***
(5.9180)

Credits -0.42***
(-4.7278)

-0.426***
(-4.5842)

-0.42**
(-2.417)

-0.4***
(3.4853)

-0.408***
(-6.5070)

-0.4280***
(-5.2057)

-0.4224***
(-7.3138)

-0.41***
(-6.671)

-0.42***
(-6.690)

Openness 0.02038
(0.3560

0.0516
(1.3594)

0.0442
(0.6005)

0.0407*
(1.6820)

0.0416*
(1.7544)

0.0035*
(1.6176)

0.0553
(1.1308)

0.0531*
(1.6211)

0.0412*
(1.6544)

Variance equation

ω 1.39E-05
(0.4329)

7.49E-05
(1.1820)

- 0.0003*
(2.1694)

0.0001**
(2.7791)

1.94E-05*
(2.0266)

-7.1489
(-0.8120)

0.0270**
(2.1167)

0.0236
(1.3189)

α -0.1612**
(-2.1855)

-0.1423
(-1.2518)

0.0561
(0.5176)

0.5000
(0.2916)

0.7191*
(1.1460)

0.0014
(0.0316)

-0.6269
(-0.9457)

-0.349***
(-3.6632)

-0.0821
(-0.1967)

β 1.1086***
(10.8037)

0.9192***
(6.7612)

0.9438***
(8.7020)

0.0399*
(1.8482)

0.2114
(0.3239)

0.3708**
(2.6033)

-0.1223
(-0.2786)

-0.1018
(-0.1832)

-0.0221
(-0.0243)

γ - - - - -0.0224
(-0.0088)

0.3867**
(2.7453)

0.0281
(0.0241) - 0.1419*

(1.8734)

(Notes) (i) ω: the reaction of conditional variance; α : the ARCH effect; β : the GARCH effect; γ : the leverage 
effect.

(ii) *,**, and *** indicate that the variable is statistically significant at 10%, 5%, and 1%, respectively.
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Appendix 7: The link between economic growth volatility, financial flows and other 
control variables in naïve models

Dependent variable: GDP 

SD MAD AAD

(1) (2) (3) (4) (5) (6)

C 1.8722**
(2.5643)

3.0114***
(4.6915)

1.9115***
(3.4782)

2.7539*
(1.8654)

2.0142**
(2.5601)

3.1579***
(6.0012)

REM/GDP -0.0067
(-1.1038)

-0.0034
(-1.2155)

0.0054*
(1.7213)

0.0037*
(1.6822)

-0.0032*
(-1.8928)

-0.0031*
(-1.6954)

FDI/GDP 0.0135*
(1.6912)

0.0125**
(2.8810)

0.02218**
(2.4569)

0.0154*
(1.6017)

0.0195
(1.5436)

-0.0137*
(-1.6994)

GDP(t-1) - -6.7892***
(-4.5543)

- -8.0215***
(-6.7119)

- -6.0732***
(-5.6954)

GDP(t-1)2 - 8.0416*
(1.9455)

- 8.7914***
(3.2100)

- 7.1892***
(6.0008)

Credits - -0.4356**
(-2.7110)

- -0.3985***
(-3.1254)

- -0.4013**
(-2.8152)

Openness - 0.0329
(0.8865) - 0.0350*

(1.6628) - 0.0367
(1.2058)

(Notes) (i) SD: the standard deviation; MAD: the moving average deviation (VOL= ( )[ [] 2/1 ] 2/1

1
2

21 )(/1 ∑ = −+−+ −
m

i itit eem ( )
1

)(/1 ∑ =
−

n

i ii een); 

AAD: the absolute average deviation (VOL=( )[ [] 2/1 ] 2/1

1
2

21 )(/1 ∑ = −+−+ −
m

i itit eem ( )
1

)(/1 ∑ =
−

n

i ii een ).

(ii) *,**, and *** indicate that the variable is statistically significant at 10%, 5%, and 1%, respectively.


