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Threshold effect of foreign direct investment on economic growth: New evidence from a panel 

regime switching models 

 

Abstract 

The article contributes to the existing literature by examining the non-linear effect of foreign direct 

investment (FDI) on the development of the Arab Maghreb Union (AMU) countries during the 

period 1980-2019. These countries multiply their FDI attraction policies in order to enrich the 

national externalities offered to local businesses and benefit from some positive effects on their 

economy in terms of growth, technology, know-how, etc. Using Panel Smooth Transition 

Regression Model (PSTR) and Panel Smooth Transition Autoregressive Model (PSTAR) models, 

our findings reveal that the FDI shows opposite effects below and over the estimated threshold. This 

highlights the asymmetrical effect of unforeseen shocks on its volatility. Policy implications are 

also discussed. 

 

Keywords: Foreign direct investment; Economic growth; Panel Regime Switching model; Arab 

Maghreb Union. 

JEL Classification: C51; C53; F21; F21; F34; O16; O23; R11. 
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1. Introduction 

In a broader context of globalization, economies have experienced rapid growth in international 

trade and capital flows. As a result, economies around the world are now more closely integrated. 

Since the beginning of the 1980s, with the acceleration of the process of globalization, foreign 

direct investment (FDI) has been growing at a phenomenal rate. It contributes mainly to the process 

of global industrial restructuring and is also one of the most dynamic elements of international 

transactions. Indeed, given the interest in direct investment flows abroad, the issue of relocation is 

at the heart of the economic and social debate, worldwide. However, over the last two decades, the 

evolution of FDIs globally has been on a steady increase. The volume of FDI flows has increased, 

but both sending and receiving countries have diverse reasons. 

To increase their investment capacity, compensate for the insufficiency of national savings, create 

new opportunities for quality jobs offering better remuneration or better working conditions, the 

Mediterranean countries are trying to make the FDIs one of the most powerful pillars in the 

development strategy of the Mediterranean zone, including the Arab Maghreb Union (AMU) 

countries. However, the overall FDI volume in the region is very low (1.8% of GDP). These results, 

unfortunately, are far from the expectations of the populations, on the one hand, and the potential 

offered by the region, on the other hand. These results, or rather these failures, could be attributed to 

three essential factors: the primacy of politics over economics, verticality and the economic and 

financial dependence of the EU, and the lack of vision, strategy and planning. The AMU countries 

have focused their actions on economic and social recovery considering FDIs as a by-product of 

economic development, which explains the great importance attributed to the attractiveness of 

foreign investment flows, by adopting a series of measures to make the region more and more 

attractive. 

Almost all the AMU countries are now trying to attract FDI through various and varied "incentive 

measures", such as macroeconomic stabilization, exchange rate policies and the signing of 

partnership agreements with Europe, tax exemption or the establishment of free zones, privatization 

sanctioning the withdrawal of the State from certain sectors of activity, or institutional reforms 

aimed at improving the business climate. The range of incentives is now large and relevant, after the 

1995 Euro-Mediterranean agreements, also known as the Barcelona Process and the start of 

attractiveness policies in the area, to question the effectiveness of these measures in terms of 

growth. According to Giovannetti and Ricchiuti (2008), there is little empirical evidence that 

supports the hypothesis of the positive effect of FDI on growth for the southern Mediterranean 

countries. The authors explain this lack of certainty by the low level of FDI in absolute terms and 

relative to GDP, and by the structural weaknesses of growth in these countries. 

A short while ago, the economic and financial sphere has been characterized by numerous stock 

market crashes and financial crises. This instability is often seen as the main source of very 

persistent fluctuations and volatilities in the financial markets. In fact, it is on the basis of these 

irregularities that Richard Godwin (1991), one of the pioneers of nonlinear dynamic models in 

economics, formed his reflection, which comes from the observation of a persistence of instability, 

fluctuations, turbulences, unpredictability and a-periodicity observed on the financial markets. This 

new perception of economic phenomena seems to escape any type of classical modeling. Taking 

into account the non-linearity and more specifically the existence of regime change phenomena has 

for some time been changing deeply the approaches of econometrics applied to macroeconomics 

and finance. 

An extensive research has debated the non-linear impacts of FDI on economic growth. For instance, 

Kottaridi and Stengos (2010) made a new contribution to the literature on the link between FDI 

flows and economic growth. By taken into account the non-linear effects of initial income and 

human capital on growth, the authors found that FDI inflows have consolidated economic growth in 

middle-income countries, compared to culminating income-producing countries which have 

undergone two distinct regimes of FDI flows in their development. 
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Therefore, it is important to see whether these FDI flows adjustments have really contributed to the 

AMU economic growth. In this context, the main contribution of this article is to explain the 

asymmetry of FDI impact on economic growth for the AMU countries using a panel regime 

switching models during the period 1980-2019. The major question is whether the volatility of FDI 

contributes to the improvement of economic growth in the host countries. Moreover, the study also 

seeks to measure the rate of adjustment of FDI towards its equilibrium levels, which justifies the 

use of non-linear modelling approach. More specifically, testing the existence of a non-linear 

relationship between economic growth and FDI through the explanation of the asymmetry of the 

impact (mixed relationship, sometimes positive and sometimes negative) of FDI on economic 

growth for developing countries, especially for AMU countries. In this context, if we use linear 

models, we quickly conclude that their forecasting capacities are very limited. It suffices to 

remember the failure of the forecasts for the stock market crash of 1987, also of the repercussions of 

the Asian crises of 1997-1998 or of the financial crises of 2002 and 2007. This lack of forecasting 

capacity, whether during variations the price of financial assets or exchange rates leads to the search 

elsewhere for other types of modeling that allow us to obtain these forecasts. 

The rest of the article is structured as follows. Section 2 presents the literature review while Section 

3 explains the empirical strategy and data. Section 4 reports and discussed the empirical findings. 

Conclusions and implications are presented in Section 5. 

2. Literature review 

Several studies have shown how host countries benefit from the flows of FDI, especially in terms of 

economic growth mainly through the transfer and diffusion of technology from technologically 

developed countries to non-developed countries. Thus, technological progress is a growing function 

of technological backwardness. As a result, FDI can spread to the entire local economy of a country 

and affect its economic growth through diffusion mechanisms known as "spillovers" or positive 

externalities (Kokko, 1996; Borensztein et al., 1998; Blomström et al., 1999; Girma and Görg, 

2005; Athreye and Cantwell, 2007; Fu, 2008; Farkas, 2012; Khordagui and Saleh, 2013). For 

instance, using data for data from 69 developing countries, Borensztein et al. (1998) have found that 

FDI flows are very important for both technology transfer and economic growth. For their part, 

Mallampally and Sauvant (1999) testified that FDI has become an effective means of foreign 

financing for the developing economies in the way that it can have several effects on their 

economies (on growth, human capital, trading structure, etc.). 

Based on an endogenous growth model created from a sample of 24 Chinese provinces during the 

1985-1996 period, Berthélemy and Démurger (2000), supported that the transfer of foreign 

technology through "FDI Spillovers” is a key determinant of provincial economic growth of the 

People’s Republic of China. Using a panel of 12 Latin American countries between 1950 and 1985 

and annual data on a group of 85 developing countries covering Asia, Africa, Latin America and the 

Caribbean for the period 1980-2007, De Gregorio (1992) and Ekanayake et al. (2010), agreed on a 

significant positive relationship between foreign investment and the economic growth of the 

countries in the study. However, increasing these flows is not a guarantee to reduce poverty and 

maintain the positive effects on growth. For FDI to spread technology transfer spillovers and push 

the economic growth of a developing country, two conditions must be met. Firstly, the developing 

countries must be attractive to investors and secondly, their environments must be timely to absorb 

the effects of modern technology. According to an empirical macroeconomic study based on the 

theoretical model of Agosin and Mayer (2000), Lahimer (2009) examined the relationship between 

FDI and domestic investment (DI) based on a sample of 42 sub-Saharan African countries over the 

period from 1990 to 1995. The results showed that the effect of FDI on DI is positive, significant 

and fixed. In other words, a one-point increase of FDI implies a concomitant increase of DI between 

0.10 and 0.13 points. 

In a study of selected OECD and non-OECD countries between 1970-90, De Mello (1999) found a 

complementary relationship between FDI flows and DI. On their part, Kottaridi and Stengos (2010) 
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made a new contribution to the existing literature on the link between FDI flows and economic 

growth. Using empirical evidence that takes into account the non-linear effects of initial income and 

human capital on growth, the authors concluded that FDI inflows have strengthened the economic 

growth of the middle-income countries, as opposed to high-income ones that have undergone two 

distinct regimes of FDI flows on their development. 

Regarding the AMU region, Zenasni and Benhabib (2013) studied the determinants of FDI and 

empirically examined their impacts on economic growth in three Maghreb countries (Algeria, 

Morocco, and Tunisia) during the period 1980-2010. Using a dynamic panel GMM estimator, their 

empirical investigation suggested that, under particular economic and financial conditions, FDI 

positively affects the growth rate in the long run and improves the economic situation in the AMU 

countries. Recently, Carbonell and Werner (2018) showed that FDI rose significantly, and Spain 

offered ideal conditions for FDI to unfold its hypothesized positive effects on economic growth. 

Their results are robust and showed that the favorable Spanish circumstances provided no evidence 

that FDI stimulates economic growth. Moreover, the Spanish entry into the EU was also found to 

have no positive effect on economic growth. These findings call for a fundamental rethinking of 

methodology in economics. 

In summary, these empirical studies are unanimous on the fact that FDI has undeniable advantages 

for the host country in terms of externalities, besides their effects on growth are direct and 

unconditional because of the existence of a technological gap between the foreign investor and the 

host country. However, the channels of diffusion of these externalities, as described, raise doubts as 

to the systematic and direct effect of FDI. In order to be able to assimilate foreign technologies and 

create local dynamics within and between sectors, it is necessary for the host country to have a 

minimum threshold of qualifications and skills enabling local employees to understand these 

technologies and disseminate them (Borensztein et al., 1998; Ben Abdallah and Meddeb, 2001). 

The existence of a minimum threshold of structural, institutional and economic factors that drive 

FDI to contribute to the growth of a developing country has been highlighted in several empirical 

studies (Ben Abdallah and Meddeb, 2001; Carkovic and Levine, 2002; Krogstrup and Matar, 2005; 

Farkas, 2012; Kalai and Zghidi, 2019). Therefore, our work focuses on these specific factors, such 

as the level of education of the workforce, the level of infrastructure and the institutional 

development, which do not necessarily condition the implementation of FDI but curb its 

externalities (Kokko, 1994; Blomström and Wolf, 1994; Li and Liu, 2005). In this sense, human 

capital is a factor that locates FDI coming from multinational firms (Bas and Sierra, 2002). Fu 

(2008) stated that the technological intensity of FDI in the host country would benefit from 

spillovers in terms of the generated links. This effect is complemented by the existence of sufficient 

local skills and technological knowledge to capture the benefits of FDI (Farole and Winkler, 2012). 

On the other hand, when the "technology gap" is large, the host country would find it difficult to 

develop the human capital and the learning needed to benefit from the effects of FDI in terms of 

spillovers (Girma and Görg, 2005). Therefore, a set of initial conditions present in the host country 

is then necessary to take advantage of the extent of the effects of FDI on a dynamic growth 

perspective. This set of factors is the absorptive capacity of a country (Farkas, 2012). 

AfDB's (2015) empirical results of the regression regarding the impact of FDI on the well-being in 

North Africa by taking the Human Development Indicator (HDI) as a welfare-dependent variable 

show that the relationship between the well-being and FDI can be nonlinear. Indeed, the results also 

indicate that FDI has a positive impact on the well-being at a significance level of 1% in North 

Africa and that the relationship seems non-linear. These findings differ slightly from those of 

Gohou and Soumaré (2012) for North Africa, who found that the link between FDI and HDI is not 

significant. This can be explained, in the first place, by the fact that the authors did not take into 

account the non-linear nature of this relationship. Indeed, the FDI coefficient is not significant, as in 

Gohou and Soumaré (2012), but when we introduce the non-linearity while keeping the same 

logarithm, the coefficient becomes significant. 
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3. Empirical strategy 

About twenty years after the first academic studies initiating this movement, the robustness was 

reflected in the fact that there is very little research that took into account the nonlinearity and more 

exactly the switching regression model in panel. The threshold regressions in panel data models 

allow modeling the heterogeneity of the slope parameters. These models give a parametric approach 

of the heterogeneity which is associated to an economic story. Mainly, two forms of relaxing 

modeling on these specific ones have been treated in the literature. They are differentiated by their 

transition function. The first, which is the Panel Threshold Regression Model (PTR) developed by 

Bruce Hansen (1999), has the same transition function as a Threshold Autoregressive Model 

(TAR). This approach therefore favors the generation, on a given date, of sub-sets of homogeneous 

units with the same behavior. Conversely, the second approach, which is the Panel Smooth 

Threshold Regression Model (PSTR) model developed by González et al. (2005, 2017) and based 

on a smooth transition function, belongs to the group of time-amplified STAR models. By 

definition, in this approach, which contains an infinite set of regimes, all the units can be 

determined by a dissimilar dynamics. In this context, Fok et al. (2005) proposed another class of 

smooth transition threshold models, which is the class of the Panel Smooth Transition 

Autoregressive model (PSTAR) that helps use an autoregressive structure. In this paper, we try to 

employ the two models: PSTR and PSTAR. 

3.1. The PSTR model 

González et al. (2005, 2017) recommended a strengthening of the PTR models through the Panel 

Smooth Transition Regression Model (PSTR) approach (see Ben Cheikh and Ben Zaied, 2020). The 

contribution of this model is similar to the one used in switching from brisk transition approaches to 

smooth transition approaches in time series. 

Therefore, the process (yit, t ϵ Z and i ϵ Z) satisfies a two-regime PSTR model, if and only if: 

  ititititiit cqGXXy   ,;10
                                                                                               (1) 

where μi is the vector of the individual fixed coefficients,  cqG it ,;  denotes the transition function 

relative to the transition variable qit, at threshold parameter c and a smoothing coefficient γ. 

 k

ititit XXX ,...,1  is the matrix of k exogenous variables that do not contain lagged explanatory 

variables,  k ,...,1  and 
it  is  2;0 iid . The index i = 1, ..., N refers to the individual 

dimension and the index t = 1, ..., T to the temporal dimension. 

Like the time series development, the indicator function of the PTR modeling is modified by a 

continuous transition function  cqG it ,;  differentiable over the interval 0 and 1. This 

transformation allows the transition of the process slowly from one regime to another. We can then 

consider two explanations of the PSTR model. It can be first contemplated as an approach 

containing an unlimited number of regimes circumscribed by two extreme ones. For a model in 

linear and heterogeneous panel data, we interpret the coefficients that can change according to the 

units and the considered date. The second seeks to comment on the PSTR approach as a nonlinear 

model, where the process slowly changes between two linear and homogeneous extreme regimes. 

Ideally, a transition function between regimes can be specified from different transition functions, 

which are continuous and derivable on [0, 1]. In this context, González et al. (2005, 2017) 

recommended to set a logistic shift function of order m: 

   
m

m

j

jitit cccqcqG 
























 ...,0,exp1,; 1

1

1

                                                               (2) 

where  mccc ,,1   is a dimension vector (1, m) containing the threshold coefficients and γ 
symbolizes the presumed positive coefficient. 
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It is therefore better to be interested in: (i) the signs of slope parameters β1 which represent whether 

the relationship between the exogenous and endogenous variables increases or decreases as a 

function of the transition variable; (ii) the temporal evolution of the slope parameters; (iii) the 

marginal effect of exogenous factors Xit on the endogenous variable yit: 

 cqG
X

y
it

it

it ,;10 



                                                                                                                    (3) 

Moreover, the "U" shape of this function (see Fouquau, 2008) means that the extreme regimes 

placed on either side of the threshold coefficients are similar and distinct from the centrally located 

extreme regime for qit = (c1 + c2)/2. For this reason, the dynamics in the extreme regimes spaced 

from the limits is thus painted by the total of the parameters β0 + β1, while in the central regime, it 

is painted by the total of the coefficients β0 and β1, moderated by a constant value of the transition 

function included between 0 and 1/2. In fact, the speed of change between the two regimes depends 

relentlessly on the value of the smoothing parameter. When γ goes to infinity, the PSTR model 

corresponds to a three-regime PTR model where the external regimes are similar and distinct from 

the central one. On the other hand, when γ tends towards zero, the PSTR model is degraded into a 

homogeneous model with fixed effects. This is clear in equation (2) where the result is examined 

for any value of m. 

Usually, in time series, the solution is to use the logistic change function or the exponential function 

proposed by Teräsvirta and Anderson (1992) in the STAR models. Nevertheless, this function was 

not used in panel data with the exception of the work of Bessec and Fouquau (2008). This lack of 

interest can be interpreted by the neighborhood between the exponential function form and the order 

2 logistic function. However, the exponential shift function has the privilege of being more 

observant, demanding the estimation of only one threshold, as shown in equation (4): 

     0,exp1,;
2   cqcqG itit                                                                                           (4) 

We notice the U configuration, which means that the function tends to 1 when the transition 

parameter qit deviates from the threshold parameter c, and conversely, it tends to 0 for qit = c, which 

not the case with the 2nd order logistic function. Here, the process obeys the same dynamics 

associated with the slope coefficients 
10   . In fact, when the values of qit are equal to the 

threshold, the dynamics is traced using the parameter β0. On the other hand, when the smoothing 

coefficient γ tends to zero or towards infinity, the exponential form becomes fixed (respectively 

equal to 0 and 1), and the PSTR approach becomes a linear model with individual effects and not a 

three-regime PTR model. 

3.2. The PSTAR model 

The PSTAR specification developed by Fok et al. (2005) helped to expand the review framework 

by preparing threshold modeling on panel data with an autoregressive structure. The shape of this 

model is close to that of a PSTR model with a single transition function. This modeling has been 

recommended by Fok et al. (2005) and used for premonition purposes on the production of 

manufacturing sectors in the United States. 

Hence, the process (yit, t ϵ Z and i ϵ Z) satisfies a two-regime PSTAR model, if and only if: 

  it

P

j

jtijiiiit

P

j

jtijiiit uycqGyy
ii









 







1

,,0,

1

,,0, ,;                                                               (5) 

where αi,0 represents the individual fixed effects, Pi denotes the order of the autoregressive process 

and  iit cqG ,;  the transition function relative to common factor qt, coefficients of thresholds ci 

and smoothing γi individual for i = 1, ..., N. The residuals are assumed to have zero conditional 

expectation   0itituE  where   ,,, ,1, ptitiit yy   and a constant conditional variance, 



8 

  22

iitituE  . Moreover, it is generally claimed that the error terms are not correlated with each 

other either in the temporal or in the individual dimension. 

Equation (5) admits a smooth transition between the extreme regimes that are conditional on each 

unit. Indeed, the parameters αi and βi depend on the units reciprocal to the PSTR model. On the 

other hand, there is no reason to force the autoregressive order Pi to be the same for all the units, 

yet, for a given unit, it is assumed to be similar in the two extreme regimes. 

In the determination of the PSTAR approach, the assumption of uncorrelated residues between them 

can be suspended by accepting the union of different forms of covariance. However, according to 

Fok et al. (2005), this procedure greatly confuses the estimation phase of the coefficients. An 

alternative result helping admit contemporary correlations between the errors consists in 

introducing common explanatory variables z1,t,..., zk,t as complementary exogenous factors. It should 

be called that in the PSTAR model, Fok et al. (2005) argued that the transition function between 

regimes is carried out using a first-order transition mechanism, the specificities of which have been 

described in the previous sub-section: 

     0,
exp1

1
,; 


 i

iiti

iiit
cq

cqG 


                                                                                    (6) 

In the above function, the transition parameter qt is assumed to be common for all the units so, it is 

essential to prefer an indicator that does not depend on the individual dimension but may generate a 

pass function for all the units. Thus, if the limit and smoothing coefficient are assumed to be similar 

then, the transition function will be much the same for all the units. Nevertheless, this presentation 

is less realistic when the number of units increases. For this reason, Fok et al. (2005) assumed that 

the threshold and smoothing coefficients change according to the concerned unit ji cc   and ji    

for ji   where i and j = 1, ..., N. Economically speaking, this alternative has the privilege of being 

able to generate the basic intuition underlying the operation of "contagion". 

3.3. Presentation of the variables, model and the sample 

The purpose of this sub-section was to describe the sample and the variables analysis of each 

country in the sample. In fact, our panel comprises N=5 Maghreb countries, namely Algeria, 

Morocco, Mauritania, Libya and Tunisia, between 1980 and 2019, that is 40 observations per 

country. Indeed, and based on the statistics presented in Table 1 below, we described the main 

characteristics of the main variables used in this study. Data are collected from the World Bank 

2020 database and the central banks of Tunisia, Morocco, Algeria, Mauritania and Libya. 

Gross domestic product per capita (GDPC) is the indicator of the level of economic activity 

employed. It is more effective than GDP in measuring the development of AMU countries. In 

Solow’s model (1956), the increase in the production factors (labor and capital) accounts for some 
of the growth. It is thanks to the increase in paid employment (labor factor) and domestic 

investment (capital factor) that there is growth. However, most of the growth is not explained by 

these two factors, but rather through a residual factor. In other words it is the technical progress, 

which origin is not really known (some say it is a factor that "fell from the sky"). The causes of 

growth (population increase and technical progress) are therefore exogenous: the model does not 

explain their origin. In addition to labor (salaried employment, POP) and capital (Gross Fixed 

Capital Formation, GFCF as a percentage of GDP), the other explanatory variables can be presented 

in three groups. These variables are different in nature and act differently on growth. Still, this step 

is obligatory to carry out the estimation. 

Our approach consists to use three groups of variables and carried out our estimation over the data 

collected between 1980 and 2019. What made our estimation technique effective was the use of 

such criteria as absence of autocorrelation of residues and individual and temporal 

heteroskedasticity. Indeed, the first group of explanatory variables forms those related to the 
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economic policy, namely: First, public spending relative to real GDP (GOV), second, foreign direct 

investment relative to real GDP (FDI), then, trade openness in relation to real GDP (TRADE) and 

finally, the consumer price index (CPI). In fact, the inflation risk (CPI) is not to be discarded in case 

of flexible exchange. If an inflationary spiral is unlikely to settle, following a negative external 

shock, via a salary indexing mechanism as this is often lacking in developing countries, it can still 

be triggered by imported inflation, which magnitude depends only on the rate of penetration and the 

import price elasticity and/or the low productivity that characterizes the economies of these 

countries. As a matter of fact, these countries are far from the technological frontier. Moreover, 

public spending (GOV) has traditionally been seen as a stimulus for economic growth (Nubukpo, 

2007). Indeed, according to the Keynesian logic, public spending can exert a significant counter-

cyclical influence on the economies fundamental variables, especially on consumption and 

investment. Moreover, in monetary unions, the fiscal policy is the main instrument for responding 

to the various asymmetric shocks that may affect economies in the absence of a fiscal federalism, 

since the monetary policy is common to all the countries. The foreign direct investment relative to 

real GDP (FDI) is another internal characteristic to be considered when assessing the ability of a 

particular exchange rate regime to generate growth but received very little attention in the economic 

literature. 

The FDI variation would theoretically have two opposite effects on real output, depending on the 

flexibility degree of the exchange rate regime: on the one hand, a net FDI inflow into a flexible 

regime leads, ceteris paribus, to an appreciation of the exchange rate and a mastery of the imported 

inflation favorable to consumption and therefore to growth; on the other hand, if the Marshal-Lerner 

condition is checked, this exchange rate appreciation ultimately reduces production by undermining 

cost competitiveness. In fixed exchange, the adjustment is made by the interest rate, which reacts to 

decline and consequently favors investment. Trade openness (TRADE) has been defined in the 

economic literature by several authors in various ways. However, the most agreeable definition 

considers trade opening as the progressive reduction of customs duties and the elimination of other 

restrictions on the free movement of goods and services. In order to estimate it, most international 

organizations (IMF, World Bank, among others) use the trade opening rate measured by the ratio of 

the sum of exports and imports to gross national product. 

The second group of explanatory variables forms monetary variables related to GDP, namely the 

monetary aggregate (M3) and the private credit (CREDIT), which represents the degree of 

development of the financial sector whose effects are expected to be positive on growth. The first 

indicator M3 most widely used is the ratio of the monetary aggregate or liquid liabilities of the 

economy to GDP, i.e. M3/GDP. It is undoubtedly the most widely used indicator in this field (Jung 

1986, Berthélemy and Varoudakis 1996a, 1996b, Arestis and Demetriades 1998, Bakhouche 2007). 

This ratio reflects the size of the financial system vis-à-vis the overall size of the economy, i.e. 

financial deepening. Levine (1997), Gertler and Rose (1994), Roubini and Sala-i-Martin (1992) 

found that there is a strong positive correlation between this indicator and the per capita GDP. The 

higher the value of this ratio, the more the financial system is developed, notably through the 

expansion of savings mechanisms, the increase in the size of the banking sector, the improvement 

of the provision of financial services, and the increase of liquidity in the economy. The second 

indicator (CREDIT) measures the financial intermediation and is equal to the ratio between the 

amount of credit granted to private enterprises (by deposit banks in general and non-banking 

institutions as an accessory) and GDP. Excluding the public sector, this indicator illustrates how 

funds are channelled to private investors. Levine (1997) finds a statistically significant positive 

correlation between real GDP per capita and the way credit is directed to the private sector. This 

indicator isolates credits to the private sector from credits allocated to the government and public 

enterprises. However, it is often influenced by directed credit policies or government grant 

programs. 

The third group of the explanatory variables forms exchange rate variables, namely the real 

effective exchange rate (REER). As for the risk of financial instability inherent to the exchange rate 
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volatility in a flexible regime and its negative impact on the real economy, Aghion et al. (2009) 

think of it as dependent on firms' ability to finance and invest in order to improve their productivity. 

The authors clearly differentiate the case of developing countries with a shallow financial market 

and the risk-averse financing institutions in developed countries. For a set of countries, Aghion et 

al. (2009) show that productivity is negatively related to the degree of flexibility of the exchange 

and consider it preferable to the adoption of a fixed regime. 

From the above, the final model to be estimated, after linearization by natural logarithm, can be 

defined as follows: 

ititititit

itititititit
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where "Ln" represents the natural logarithm. We present a summary of the main descriptive 

statistics in table 1 below. 

According to the left side of figure 1, it is clear that the GDP per capita (GDPC) is characterized by 

an upward trend for all the countries, but with a great difference between Libya and the other 4 

countries. For example, during the 1980/2019 period, Libya has an average of 8014.3 with a 

standard deviation of 1914.1. All of its values are between 4539.0 and 12064.8 with a strong 

concentration around 7755.5. In addition, the sample distribution of GDPC is skewness spread on 

the right (Skewness = 0.603) and leptokurtic (Kurtosis = 2.58). In total, this variable shows an 

overall growth of 28.8% with an annual growth of 0.71%. 

FDI relative to GDP is very noticeable in Mauritania compared to the other countries. In fact, the 

right-hand side of figure 1 shows a significant increase of FDI for Morocco at the start of the study 

period and a considerable growth for Mauritania between 2010 and 2019. In fact, for the case of 

Mauritania, the FDI evolution is characterized by an average of 2,952 with a too large standard 

deviation of 6.76 which makes its coefficient of variation is too high greater than 1 (= 2.29). All 

values for this country are between 0.01 and 37.17. The FDI sample distribution is asymmetrically 

spread on the right (Skewness = 3.93) and also strongly leptokurtic (Kurtosis = 18.91). Overall, this 

variable shows significant overall growth of 49.72% with annual growth of 1.13%. 

Regarding the real effective exchange rate (REER), the evolution of the 5 countries in the left-hand 

side of figure 2 shows a clear difference until the beginning of the 1990s. Moreover, we observe the 

stability of rates around 100%. For the case of Tunisia, the evolution of the REER is characterized 

by an average of 132.1 with a standard deviation of 42.1. All values are between 78.3 and 221.0. 

The sample distribution of the REER is asymmetric spread to the right (Skewness = 1.11) and 

largely leptokurtic (Kurtosis = 3.20). In total, this variable shows a significant overall decrease of -

56.82% with an annual decrease of -2.31%. 

Trade openness (TRADE) increased considerably from the 2000s in all countries and reached 

record rates like Libya in 2012 of 138.9% relative to GDP. According to the right-hand side of 

Figure 2, and for the case of Morocco, the evolution of TRADE is characterized by an average of 

47.2 with a standard deviation of 12.3. All values are between 30.8 and 67.8. The sample 

distribution is asymmetric spreading slightly to the right (Skewness = 0.40) and leptokurtic 

(Kurtosis = 1.73). In total, this variable shows a significant global growth of 282.2% with an annual 

growth of 3.44%. 

On the whole, we found that the majority of the series are on average unstable in mean or in 

variance. In addition, they showed a strong divergence from one country to another, which proves 

once again the strong heterogeneity and dependence between them. 

4. Results and discussion 

It should be noted that the applied approach is the same as the PTR model. Hence, the evaluation is 

carried out in two phases. The first admits to discard the individual fixed effects while the second 
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tests the parameters by the non-linear least squares. It is therefore essential to extract the individual 

means of equation (1) while taking into consideration the threshold parameter c and the smoothing 

one γ. 

After removing individual effects, the assessment procedure is similar to that of the STAR models. 

In fact, the various parameters of the model are tested using non-linear least squares method. This is 

to reassert the sum of the residual squares of the PSTR model with respect to the slope parameters 

and the threshold and smoothing coefficients. More precisely, for a pair (γ, c), it is possible to 

evaluate the extreme regime slope parameters using the least squares  c,ˆ  . Subsequently, 

regarding  c,ˆ  , the coefficients of the change function γ and c are evaluated using the non-linear 

least squares method, as shown by the program below: 
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* ,~.,ˆ~minargˆ,ˆ                                                                                       (8) 

Based on estimators of γ and c, it is feasible to evaluate again the slope parameters using  c,ˆ  . 

Hence, when the losses are assumed to be normally distributed, this estimation method is equivalent 

to an accumulated maximum likelihood procedure. The linearity test or the test of homogeneity on 

the panel data conceives an indispensable phase of the analysis. In a first evaluation, to expose the 

procedure, it is possible to put oneself within the framework of a PSTR model (equation 1) with a 

single logistic transition function of order m (equation 2) and a transition variable qit is proven. As 

with the STAR models, there are two sets of feasible hypotheses to symbolize the null hypothesis: 

0:versus0: 1110   HH  or 0:versus0: 10   HH . 

It should be noted, however, that the support of the smoothing coefficient γ is no longer finite, 

besides, the dispersion between the threshold coefficient and the change variable suggests the value 

of the transition function, therefore, it is no longer feasible to find a solution for the program (8) by 

dusting on an interval identical to the PTR model. We are then obliged to use a numerical 

optimization algorithm. 

4.1. PSTR threshold effect of FDI on economic growth 

We start this part with the linearity test to check if the threshold impact is statistically significant 

and the function linking the exogenous variable to the endogenous can be symbolized from a 

regime change model. In fact, there are two possible hypotheses that represent the one of no regime 

change that can be tested according to the Wald Lagrange Multiplier statistics, which follows a 

usual chi-square distribution: 

  010 RSSRSSRSSTNLM                                                                                                            (9) 

where RSS0 is the panel residual sum of squares of a linear panel model with individual effects and 

RSS1 is the panel residual sum of squares of a nonlinear panel model with two regimes. Under the 

null hypothesis, the Wald LM statistics is distributed according to a chi-square distribution with k 

degrees of freedom where k is the number of explanatory variables. Then, T and N represent the 

number of observations per country and the number of countries, respectively. On another level, we 

can use the Likelihood ratio (LR) test that can be written as: 

    012 RSSLnRSSLnLR                                                                                                          (10) 

Under the null hypothesis, the LR statistics is distributed according to a chi-square distribution with 

k degrees of freedom where k is the number of explanatory variables. 

Likewise, the corresponding Fisher Lagrange Multiplier (LMF) statistics is then defined by: 

       222/ 2

010  NNTRSSRSSRSSLMF                                                                (11) 

Under the null hypothesis, this statistics follows a Chi-2 distribution with two degrees of freedom. 
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We then estimate the impact of FDI on economic growth using the PSTR model and start with the 

linearity test with which we check whether the order m is equal to 1 or not. The results of the test of 

the specification (1) are presented in table 2. 

This table shows the p-value of the Lagrange Multiplier (LM), Fisher Lagrange Multiplier (LMF) 

and the Likelihood Ratio test (LR) statistics for the null hypothesis of linearity compared to the 

alternative of the logistic PSTR specification (m=1) or (m=2). We found that the null hypothesis of 

linearity is rejected at the 1% significance level. Moreover, the rejection of the linearity is stronger 

for m=2, therefore, the logistic specification (m=2) is preferred to (m=1). These results imply that 

there is a non-linear relationship between FDI and economic growth in the Maghreb countries. We 

therefore use the estimation of the nonlinear growth model using the PSTR estimate. 

In fact, linearity testing is only a first step before finalizing the PSTR model while the determining 

of the optimal number of transition functions is another important step in identifying the number of 

regimes that describe the dynamics of the relationship between FDI flows and economic growth. In 

fact, we set the maximum number of regimes to two. On the other hand, the PSTR estimate must 

test the remaining non-linearity presented in Table 3. Actually, we have strong evidence on the 

existence of a threshold in the model. In the first case, the null hypothesis of a single threshold (r=1) 

is rejected at the meaning level of 1% for both tests. Then, in the second case, the hypothesis with at 

least two thresholds (r=2) is accepted. This means that in the context of the Maghreb countries, the 

relationship between FDI and economic growth has only two thresholds and 3 regions. Therefore, it 

is clear that the order of m=2 is preferred to m=1. 

Table 4 presents the test results for the existence of the threshold value and provides information on 

the transition parameter. The RSS, AIC and BIC minimizing values are reached at LnFDI values 

equal to 1.893 and 4.813 for m=2, which is converted into an exponential at 6.639 and 123.1. The 

results suggest that, for the two estimated threshold values, the transition parameters γ are 0.909 and 

4.307. 

Figure 3 shows the two transition functions with respect to the transition variable (FDI). The first 

figure on the left suggests that the shift from a high FDI to a low FDI regime is gradual because the 

value of γ, which is equal to 0.909, is very low. On the other hand, the second figure on the right 

suggests that switching from one high FDI to another strong one is relatively gradual with a U-

shaped curve because the value of γ is slightly low, 4.307. 

We use PSTR estimation model by applying non-linear least squares method to the data in order to 

eliminate individual effects. Table 5 presents the PSTR estimate of the three regimes for the five 

Maghreb countries over the 1980/2019 period. We found that the effect of FDI on growth is non-

linear. In fact, for a low FDI-to-GDP regime (LnFDI<1.863, i.e. FDI<6.443), FDI elasticity is 

estimated at -0.070 and is statistically significant. 

For an average FDI regime (1.893<LnFDI<4.813, i.e. 6.639<FDI<123.1), the coefficient of 

elasticity of FDI is estimated at 0.045 and statistically significant at 5%. For a strong FDI regime 

(LnFDI>4.813, i.e. FDI>123.1), the coefficient of elasticity of FDI is estimated at 0.029 but 

statistically, it is weakly significant. On the other hand, the threshold of 4.813 is well above 1.893, 

which is that of Tunisia and Morocco compared to other countries. Although the second coefficient 

is almost equal to the threshold of the PTR model, the impact of FDI is low. Based on the PSTR, 

there is a slightly favorable effect on economic growth, especially after the second threshold. Below 

the first threshold, an increase of FDI leads to an increase of growth. On the other hand, a decline of 

FDI below the first threshold causes a decline of economic growth. 

In fact, the vast majority of Southern Mediterranean countries (SEMCs) have attracted a little 

capital. For this reason, two explanations are generally given. The first is that these countries are 

facing challenges related to FDI and therefore, they favored strategies to substitute for imports 

(Morocco) or industries (Algeria); which led to a low international integration. The second 
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explanation is that, in addition to their low overall factor of productivity (Youssef, 2004), these 

countries have long suffered from macroeconomic, political and institutional instability. 

Since the late 1980s and early 1990s, the perceptions of FDI by these nations have dramatically 

changed to what Michalet (1999) has called a "big turnaround". There is a gradual process of 

"seduction" policies, which indicate that the leaders of these countries are now linking FDI to the 

economic growth dynamics. Nearly all the Maghreb countries are now trying to attract FDI through 

various and varied "incentives", such as macroeconomic stabilization, exchange rate policies and 

the signing of partnership agreements with Europe, tax exemption or the establishment of free 

zones, privatization sanctioning the withdrawal of the State from some sectors of activity, or 

institutional reforms aimed at improving the business climate. The range of incentives is now long 

and relevant. Almost twenty-five years after the 1995 Barcelona Agreements and thirty years after 

the start of attractiveness policies in the area, the question about the effectiveness of these measures 

in terms of growth dynamics was raised. 

In this part, we have tried to establish a link in the case of the Maghreb countries between the 

received investment flows, the dynamics of these structural factors and the growth dynamics from 

1980 to 2016. We show, in particular, that among these structural factors, several monetary 

variables showed their positive and especially negative influence on economic growth, including 

inflation and money supply. 

The question about the conditions enabling FDI to promote the economic of the host economies is 

essential. By promoting attractiveness policies for foreign investment, the developing countries are 

in fact betting that the FDI they wish to host could stimulate their economic growth and 

technological catch-up. However, these policies, which have a high social cost in terms of tax 

revenue or increased competition, produce economic benefits only under certain conditions. We 

show here that these conditions are related to several structural factors of the developing economies: 

firstly, their level of human and financial capital and the degrees of trade openness and financial 

development. Structural factors identified in the literature as complementary to FDI (commercial 

openness, human capital, financial development) are generally mobilized in attractiveness policies. 

On the other hand, the microeconomic incentive policies, which are often at the heart of 

attractiveness policies, are socially optimal only if they intervene at an already advanced stage of 

the structural development of an economy or if they are integrated into broader strategies aiming 

developing in parallel all the factors that are complementary to FDI in the determination of 

economic growth. 

The results generated by this study showed that FDI in the Maghreb countries has a fairly positive 

effect on economic growth above the first threshold, but remains an approximation to keep it in the 

long run. The indifferent impact was noticed on all exogenous variables, namely the domestic 

investment, the human capital and consequently economic growth. We can conclude that the 

contribution of FDI to economic growth is very clear, notwithstanding the eviction effect that has 

generated the FDI on household investment. 

4.2. PSTAR threshold effect of FDI on economic growth 

For all the five countries, we propose to estimate a PSTAR model to calculate the transition speed 

of a recession regime (where GDP growth is negative) towards a growth regime (where GDP 

growth is positive); and secondly, to endogenously determine the FDI threshold around which their 

volatilities exert two different levels of influence on GDP growth. For this reason, we first apply the 

Terasvirta approach (1994, p.10) to a panel data context. We then use the approach of Colletaz and 

Hurlin (2006), once the PSTAR model is estimated, to test the non-linearity of this model. 

The Terasvirta's approach consists in specifying a linear autoregressive model for economic growth 

(GDPC). In a panel data context, estimating a linear model with autoregressive terms requires the 

use of the General Method of Moments with instrumental variables (GMM-IV) to avoid the 

endogenous bias resulting from the dummy variables (representing the effects fixed-country) 
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affecting the dependent variable over the entire period. Following the procedure of Arellano and 

Bover (1995), which consists in differentiating the instruments in order to make them exogenous to 

fixed effects and thus eliminate the problem of endogeny, we can write: 

itititititit
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with βi representing the fixed-country effects and εit designating the error term. 

To search for the order of this self-regression, the model (12) is estimated sequentially starting with 

a maximum of 4 lags and selecting the number of lags for which the coefficients of the lagged 

endogenous variable are statistically significant at a significant coefficient of 5%. Through this 

technique, we obtain a lag number p=3. The estimation of equation (12) is given in Table 6. 

Using the GMM-IV method following the Wald test, we notice that the estimated coefficients of the 

LnGDPC variable, which are delayed by three periods, are statistically significant at a significant 

coefficient of 5%. Since the model is statistically validated, we consider that the PSTAR model has 

three lags, we start by taking the LnFDI variable as a transition variable. On the other hand, and in 

reference to Verne (2016), the value of the residual sum of squares (RSS) is included in the 

calculation of the LMF statistics (equation 12 above), which was developed by Colletaz and Hurlin 

(2006, p.11) and used for the non-linearity test applied to the PSTAR model defined by equation 

(13) below: 
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Let       1
exp1,;

 cLnFDIcLnFDIG it   indicating the transition function where  1;0G , 

γ > 0 is the smoothing parameter that determines the speed of transition from one regime to another 
and   mcccc 21

 is a vector of dimension m including the threshold parameters where 

mccc  21
. 

From the estimation in Table 6, we now proceed to the estimation of the relation (12), via the non-

linear least square method, which gives us the results of Table 7. 

The value of LMF statistics and its probability in brackets, which is associated with it, leads us to 

strongly reject the null hypothesis of linearity (LMF=2.858, p-value=0.0007). In addition, the 

majority of the coefficients are statistically significant at the 1%, 5% and 10% levels. On the other 

hand, Fisher's statistics and its probability indicate that the regression is globally significant at the 

5% level. We also noted that the threshold value c equal to 0.909, means that the threshold of FDI 

as a percentage of GDP around which FDI volatilities exert two levels of impact on growth, reaches 

2.482%. 

γ indicates the slope of the logistic function and thus governs the speed with which the transition 

takes place between the recession regime (G = 0) and the growth regime (G = 1). The 

proportionally high value of the coefficient γ equal to 20.433 means that the economies of the 

Maghreb countries move quite abruptly from a recession to a growth regime as shown in Figure 4. 

This graph shows a transition from a recession to a very brutal growth regime within which the 
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majority of countries, with the exception of Libya and Algeria, represent this phenomenon. There is 

also an asymmetry in the growth evolution of the five countries. Indeed, the final model shows that 

when FDI is below its threshold value of 2.482%, the existence of a low external investment leads 

to a drop of economic growth by 0.55% against a growth of about 0.6% when FDI becomes higher 

than its threshold value. 

In fact, one of the limitations of previous studies in this area is their insufficient effort to better 

understand how FDI can interact to explain the variation in economic growth. Therefore, the impact 

of FDI on economic growth is likely to depend on the adopted trade regime. 

In this context, countries with a liberal trade regime could perform better in attracting FDI and 

using it as a catalyst for economic growth. A liberal trade regime could create an investment-

generating investment climate, which is in symbiosis with human capital and new technologies 

brought about by FDI. In addition, trade openness could enhance access to larger markets and could 

therefore seemingly help attract more FDI. In a context of trade liberalization, FDI could make a 

significant contribution to the transfer of modern technology and innovation from the developed to 

the developing countries and, as a result, could boost trade and economic growth. 

We would like to point out that our empirical results showed that FDI flows have a ripple effect on 

the per capita economic growth in a situation where it is accompanied by trade liberalization. 

According to our estimates and tests, an improvement of the interaction between FDI and one-

percentage point trade liberalization would increase the per capita economic growth. This means 

that FDI flows and trade liberalization interact to determine the per capita economic growth, but this 

combined effect seems to require more time to boost the real output per capita because the variable 

that measures the interaction between FDI and trade liberalization is stationary in level and 

therefore its short-term impact is non-operational. 

5. Conclusion and policy implications 

The purpose of this study is to examine the non-linear effect of FDI on economic growth in the 

AMU countries during the period 1980-2019. Accordingly, we discussed two broad approaches that 

result from either an observable or unobservable shift factor. It is particularly the initial approach 

relating to threshold models which has received a great deal of interest in panel data compared to 

Markov regime change models. Therefore, the PSTR smooth change approach of González et al. 

(2017) and the smooth transition allowing a PSTAR an autoregressive mechanism of Fok et al. 

(2005) are observed, where the possibility of an average regime is modeled with the introduction of 

a transition mechanism. 

The results highlight the asymmetrical effect of unforeseen shocks on the adopted FDI level. The 

relationship with opening from FDI is more complicated than it looks. This complication is due, 

particularly but not exclusively, to the close relationship between FDI and the characteristics of host 

economies. It is fundamentally to the host economies that they are trying to put in place general, 

transparent and investment-friendly stipulations, and to support the human and institutional skills 

essential for foreign capital flows to be able to have real impacts on growth. 

FDI contributes positively to the growth and development of the AMU countries, by strengthening 

the degree of competition of these economies and by encouraging local companies to acquire 

technologies and / or adopt more competitive production methods. This is based on the premise that 

countries that receive FDI in a stable manner over time are most likely, under certain conditions, to 

improve their productive capacity. The results obtained made it possible to highlight a heterogeneity 

of the links studied in the Maghreb economies, despite the existence of some features of similarity. 

The link between FDI and growth has only been observed over a long period for Algeria and 

Tunisia. Even then, its scale and significance disappear in the long run. So, to benefit from the 

positive externalities of FDI, trade transactions in Maghreb countries should continue to be oriented 

towards a further liberalization. In the framework of the Euro-Mediterranean free trade area, FDI 

flows to these countries are expected to contribute to economic growth, particularly in the long run. 
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Figure 1

Trend evolution of the GDP per capita and the net out�ow FDI by country

Figure 2

Trend evolution of the REER and the TRADE by country



Figure 3

Estimated transition function of the PSTR model

Figure 4

Estimated transition function of the PSTAR model


