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Abstract

This paper investigates bilateral trade flows and the level of openness across ECOW-
AS-15 nations for the period of 1981-2013 using Poisson pseudo maximum likelihood
(PPML), fully modified ordinary least squares (FMOLS) and canonical cointegrating
regression (CCR). Comparing the results, the ECOWAS dummy variable was negative
and significant in all of the estimation techniques. Financial openness under FMOLS and
CCR was negatively significant. Trade openness was found to be negatively significant
only under PPML. The empirical results indicate that a common border and distance
have had a strong effect on ECOWAS trade; also there is a negative effect of trade
flow among ECOWAS members. Moreover, the level of financial and trade openness
among members impedes the level of trade flows on integration. The estimated results
highlight the underlying significance of accurately accounting for endogeneity when
estimating trade policy impacts.
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Bolgeselcilik ve ECOWAS Ticaret Performansi: Bir Cekim Modeli
Uygulamasi

Ozet

Bu c¢alismada iki yonlii ticaret ve ticari agiklik ECOWAS iiyesi 15 iilkede 1982-2013
zaman aralig1 icin PPML FMOLS ve CCR yontemleri kullanarak incelenmektedir.
ECOWAS kukla degiskeni tiim tahmin yontemleri i¢in anlamli ve negatif olarak tahmin
edilmistir. FMOLS ve CCR yontemlerinde finansal agiklik da anlamli ve negatif olarak
bulunmustur. Ticari agiklik ise sadece PPML yontemiyle anlamli bir sekilde negatif
olarak tesbit edilmistir. Ampirik bulgular ortak bir sinirin varligi ile iki tilke arasindaki
mesafenin ECOWAS iiyesi iilkelerin ticaretine anlamli etkisi oldugunu gostermistir.
Ayrica,toplam ticaret, finansal ve ticari agcikligin ise ECOWAS iiyesi lilkeler arasi ti-
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carete ket vurdugu ortaya ¢cikmustir. Ancak, ticaret politikasi etkileri degerlendirilirken,
i¢selligin varliginin da dikkate alinmas1 gerektigi vurgulanmistir.

Anahtar sozciikler: ticaret akimlar,, ECOWAS, Cekim Modeli, Panel Veri Modeli, bélgesel ticaret
Jel Simiflamasi: F15, C33, F17, F14

literature. The rate at which new schemes of commercial integration across the

globe appears to be fast accelerating; the enhancements in communications, the
decline of transportation costs and the existence of economics of scale have contributed
and further strengthened trade globalization. The Economic Community of West African
States (ECOWAS) was originated in 1975 by the ECOWAS treaty. Its members consist
of Gambia, Ghana, Burkina Faso, Cape Verde, Liberia, Guinea, Senegal, Togo, Nigeria,
Niger, Guinea Bissau, Mali, Benin, Cote d’Ivoire and Sierra Leone (ECOWAS 2012).
The population of the ECOWAS zone is around 300 million, with a GDP of approxi-
mately 316 billion dollars; the region represented about 4.5% of the world population,
but added only 0.5% to the global GDP. Studies on ECOWAS regional integration are
subtle, hence the few available ones either discover a positive effect or no effect of
ECOWAS regional integration. The mixed empirical findings might be due to some
factors such as the countries selected or the period chosen for the study.

However, the gravity model of international trade has been widely used and ac-
ceptable in predicting trade flows between countries, groups and regions for the past
fifty years. Criticism and intense debate surrounding the theoretical underpinning for
the gravity model estimation, both in the eighties and nineties, led to a sound theoreti-
cal background for gravity models. A multiplicative and linearised gravity model was
estimated using Ordinary Least Squares (OLS) techniques, supposing that the variance
of the error was found to be constant across the observations (i.e., homoscedasticity or
employing panel techniques assumed that the error is constant across all country—pairs).

According to Silva and Tenreyro (2006), in the presence of heteroscedasticity, the
Pseudo Poisson Maximum Likelihood (PPML) performs better than Ordinary Least
Squares (OLS). Other challenges facing OLS is the issues of zero values omission and
endogeneity. Helpman et al. (2008) proposed a theoretical approach for these zero values
with the introduction of a model that uses heterogeneity of firms.

Some researchers adapted PPML to predict the trade flow. Lately, Siliverstov and
Schumacher (2007), Martinez-Zarzoso et al. (2007), Westerlund and Wilhelmsson
(2007), Martin and Pham (2008), and Burger et al. (2009) obtained differing results
when comparing the result with the alternative estimators that deal with zero values
and heteroscedasticity problems.

Thus, the objectives of this article is twofold. Our aforementioned objective is to
contribute to the methodological discussion by comparing various estimation techniques.
The second objective is to check the general effect of ECOWAS regional integration
agreements on trade flows among its members, and also to determine the level of open-
ness using a panel cointegration approach to estimate the gravity model of bilateral trade
flows within 15 ECOWAS countries.

The impact of a regional trade agreement has generated a lot of debate in economic
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The outline of this article is as follows: Section 2 presents a review of the existing
literature on the gravity model. Section 3 focuses on the methodological approach,
including data sources that were employed in this article. A discussion of the results,
concentrating mainly on the trade impact of ECOWAS integration and the level of
openness, is presented in Sections four. Section 5 presents a conclusion.

Literature Review

A gravity model was introduced to study trade flows under international trade by Tinber-
gen (1962) and Poyhonen (1963). Initially, the gravity model did not have a theoretical
basis until the 1970s.This led to various improvements and discussions of a theoretical
basis for a gravity equation. A -microeconomics theory formed the basis for gravity
models including trade theories and the new economic geography. Virtually most of all
these theories gave a detailed explanation for the existence of various types of trade/
views which gave birth to the design of similar gravity models. Similarly, a theoreti-
cally grounded approach for gravity models to reconnoiter trade flow at international
level was greatly developed by Hanson and Xiang (2002), Anderson (1979), Evenett
and Keller (1998), Bergstrand (1989, 1990) and Anderson and van Wincoop (2003).

In this framework, Deardorff (1998) indicated that the gravity model is well-matched
with a varied range of business models, and Heckscher-Ohlin trade was hampered without
or with friction. Theoretical contributions studies led Cheng and Wall (1999) to indicate
that the gravity model has changed from a mortification of poverty to a theoretically
grounded approach which has also yielded to the mortification of wealth.

Furthermore, Laser and Schrader (2002) proved that distances can be measured in
two ways: virtual and real geographical distances. It is imperative for empirical stud-
ies to acknowledge the significance of distance under the trade relation of nations. The
speedy reduction in the costs of communication and information has not caused the
demise of distance (Ghemawat 2001). Numerous gravity models have been extensively
used to estimate the effect of diversity of political matters, including regional trade,
monetary unions, historical ties and political blocs (Soloaga and Winters 2001; Freund
1998; Djankov and Freund 2002). Natural trading partners can emerge based on their
comparative advantages, tastes, technology, infrastructure, habits, and similar histori-
cal settings.

Numerous researchers have discovered the gains from regional trade practices.
Viners (1950) for the first time discovered the two contradictory consequences of each
nation’s RTA participation Generally a country will benefit more when trading with
another participant with lesser cost after import tariffs are reduced or entirely removed.
The result of trade creation is a fast-tracking free trade area via improving resource
distribution within the zone.

Trade diversion amounted to beefing up protection from resources beyond the area.
The long run result depends on which one is bigger, i.e. trade diversion or trade creation;
a trade creation effect will lead to welfare improvement while trade diversion might lead
to welfare loss. If most of the country around the globe engage in welfare improvement,
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there might be a global welfare improvement, otherwise many countries might experience
welfare loss which might damage the global welfare status. However, many researchers
have discovered that trade diversion does not exist. For example Yeast (1998), Crawford
and Laird (2001) noticed that trade diversion in MERCOSUR (Common Market of the
South Americans) was caused due to lesser imports from non-members and afterward
it changed the import style of the countries that were involved in importing.

Methodology and Data

The new trade theory was developed by Helpman and Krugman (1985). This theory
serves as the basis for a return to factor proportion principles. It is also regarded to as the
Heckscher- Ohlin model (Heckscher 1919; Ohlin 1933). Generally, this theory provides
an in-depth explanation for patterns of trade in relation to relative factor abundance.
Explicitly, countries with abundant capital that specialize in producing goods on an
absolute advantage tend to export goods that are capital intensive in nature, and then
import labor for intensive products.

Furthermore, Linder (1961) proposed a demand-based theory which was used to
explain the similarity in terms of trade demand features among trading partners. Aggre-
gating goods preference by importing goods from country i is related to the patterns of
consumption in exporting country j. Thus, country i tends to develop industries related
to country j’s demand. The exchange of particular goods among countries will greatly
depend on production at a continuous level, and demand for related and differentiated
goods. Combining demand and supply of trade theories within the Heckscher-Ohlin
and Chamberlin Linder frameworks, GDP and GDP per capita were identified based
on their separate roles by Bergstrand (1989).

Moreover, Gruber and Vernon (1970) improved Linder’s hypothesis by adding the
differences of per capita incomes among two or more countries in absolute terms into
the gravity equation in order to capture the likely consumption pattern differences: If a
negative coefficient is discovered, it shows that the trade of both countries is positively
related, and also that the pattern of consumption and per capita incomes are linked.
This is in line with the Linder hypothesis. Any positive coefficient supports proportions
under the theory of trade.

Helpman and Krugman (1985), using the data of trade among industrialized nations,
discovered that industrialized nations can be characterized better by their similarities
than by their factor endowments differences. Helpman (1987) postulates the share of
intra-industry trade that serves as the total value of partners involved in trade as a proxy
to determine the relative country size and factor endowments. In summary, Equation (1)
adapts the cross-section specification using panel settings indicated by Helpman (1987).

The specification of a triple index for the gravity model was proposed by Matyas
(1997) in order to serve as the control variables represented by a dummy. This effect is
country-specific for countries under export, as well as the importing country, and also
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shows the common shocks that can likely occur affecting all the countries in the region.
Some factors were highlighted by Hummels and Levinsohn (1995) as either unique
among countries or which might also vary depending on the countries involved. It in-
cludes: cultural ties, border trade, trade restrictions of individual countries and seasonal
trade, all of which can be incorporated into the gravity model as country specific pair
effects. Combining all the particular effects into one was tested in a model by Egger
and Pfaffermayr (2003).

However, despite the tremendous increase of studies on the panel unit root testing
and cointegration, gravity model the variables were largely ignored. For the purpose
of this study, the methods of Im et al. (2003) and Pedroni are used to check whether
the variables are non-stationary, and also to test further whether they are cointegrated.
Several approaches can be used to estimate the long-run relationship among the variables.

Another issue that arises when it comes to estimation under the gravity equation
is the issue of log or log impasse. It is assumed that log-linearization of the error term
tends to change the property of the error term. Consequently, this leads to inefficient
estimations due to heteroscedasticity. The assumption is that if data are homoscedastic
in nature, the variance of the error term should remain constant, and the anticipated
value must be constant as well. If data are heteroscedastic, as it used to be with regard
to trade data, then the anticipated value of the error term is a function of the regressors.
OLS is not efficient since the conditional distribution of dependent variables is altered.

This point was highlighted several times by Silva and Tenreyro (2006, 2007 and
2008). The critical point was that “the log linearization of the empirical model in the
presence of heteroscedasticity leads to inconsistent estimates due to the fact the expected
value of the logarithm of a random variable largely depends on higher-order moments
of its distribution” (Silva and Tenreyro, 2006)The main sources of heteroscedasticity
in data are not unique. The variance of error term may differ with the regressors as well
as with the dependent variables or omitted Variables.

Kalirajan (2008) indicated that Anderson’s (1979) theoretical model included what
is referred to as economic distance between countries. In practice, the concept is always
replaced by geographical distance.

Silva and Tenreyro (2006) pointed out that a variance of an error term is always cor-
related with other countries’ GDP, and with the measure of distance. However, another
solution suggested by Silva and Tenreyro was to model estimates in levels, and not with
logarithms. Based on this suggestion, OLS problems can be avoided. They further sug-
gested two alternative techniques, Poisson Pseudo Maximum Likelihood (PPML) and
Nonlinear Least Squares (NLS). Finally, PPML was chosen as the most efficient. The
main reason why NLS was not efficient was because it gives more weight to noisier
observations, thus reducing the estimator efficiency.

In order to specify the gravity model in a cross-sectional manner, PPML, FMOLS,
and CCR specifications are explicitly comprised of time-invariant variables. Thus, the
specification of the gravity model of bilateral export can be stated as follows:
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EXPORT}, = ay + a,TOTALGDP}; + azSIMGDP}; + a,DIFFGDGPPCf; + asECOWASY; +

asTrade Openness{;+a;Financial Openness{; + Ufj..... ... )

Where represents the export flows within 15 ECOWAS partner countries, using US
dollars at constant 2000 prices. Also, the ECOWAS dummy is denoted by 1 when both
countries become members of ECOWAS, otherwise it is zero. This variable captures
the trade effect of the ECOWAS treaty accession of 1993. The similarity index can be
calculated by the size of each country pair using the following formula:

: SIMGDPf; = log{1 — [GDP{ /(GDPf + GDP/)]* + [GDP/(GDP{ + GDP)]*.................... ®))

Relative factor endowments can be captured with GDP per capita by taking the
absolute difference that are also in log form, which are given as:

DIFFGDGPPCf; =(INGDPPC{ = INGDPPC}) ..ottt 3)

The total GDP is the addition of both countries’ GDP taken into log form, which
can be written as:

TOTALGDPf; = (GDP{ + GDPf).......c..cooiiiiiiiiiiiiic i, )

In order to incorporate the other components of the gravity model in this study, the
theory specified variables must be included, which were formulated as:

EXPORT}; = a; + a,TOTALGDP]; + a3SIMGDP{; + a,DIFFGDGPPC{; + asDISTANCE; +
asLANGUAGE]; +
a;ECOWAS{;+ agTrade Opennessf;+aqFinancial Opennessf;+a;,Cotingf; +

U e )

The trade openness variable can be measured by import plus export divided by GDP;
this gives an index to measure the level of a country’s openness to trade. Financial open-
ness was constructed mainly from binary dummy variables that were used to categorize
the tabulation of restrictions on cross-border financial transactions. The results were
stated in the IMF’s Annual Report on Exchange Arrangements and Exchange Restrictions .

The DISTANCE]; variable was measured using kilometers between the capital cities
of all exporting countries under ECOWAS. LANGUAGE]; represents the historical linkage
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and cultural background between all partners (ECOWAS). Contig represents the sharing
of the border within ECOWAS; logarithms were taken for all non-dummy variables.

The countries represented are Gambia, Ghana, Burkina Faso, Cape Verde, Liberia,
Guinea, Senegal, Togo, Nigeria ,Niger, Guinea Bissau, Mali, Benin, Cote d’Ivoire and
Sierra Leone, for the period of 1983 -2013. Bilateral exports of the 15 countries were
used for panel estimation with observation of 6510 (15 x 14 x 31).

Data were sourced from the following sources: (1) flow of export for ECOWAS
countries (denominated in US Dollars), which was downloaded from the International
Monetary Fund (2014), specifically under the Direction of Trade Statistics; this was de-
termined using US producer prices of 2000 = 100; (2) per capita GDP and GDP variables
were sourced from the World Bank Indicators Database reported in US dollars; and (3)
time-invariant variables including distance and language were downloaded from CEPII.

Empirical Analysis

Based on panel unit root and panel cointegration testing, the gravity model variables were
tested using panel unit root in order to determine the stationarity level before estimating
the model. The panel unit root includes different types; panel unit root testing differs
from the time series approach due to the stationarity or non-stationarity property of the
null hypothesis. Panel variants primarily depend on data that is balanced or unbalanced
and on whether cross-sectional dependence and heterogeneity are allowed or not.

However, the panel data used for these study is unbalanced due to missing datas
especially from countries like Sierra Leone, Liberia, Guinea Bissau and Mali. Export,
GDP per capita and GDP were incomplete; thus, applying second generation panel test
tests to unbalanced panel data can create computational problems such as the Westerlund
error-correction-based panel cointegration tests.

Furthermore, we could not employ cross sectional dependency test and others; thus
we stick to the first generation panel unit root testing and cointegration which was in
line with Hondroyiannis (2006) and Geldi (2012). In summary, regardless of whether
there is cross sectional dependency or otherwise, we rely on the assumption of Phillips
and Moon (1999) that there is independence in the errors across cross-sections using
dynamic models. We consider various forms of the residual-based panel Fully Modi-
fied OLS (FMOLS) and Canonical cointegrating Regression CCR (Phillips and Moon,
1999; Pedroni, 2000, 2001; Kao and Chiang, 2000; Mark and Sul, 2003) that produce
asymptotically unbiased, normally distributed coefficient estimates.

Table 1 shows the unit root test conducted using the Hadri (2000) theory. The results
show that all variables are integrated at the first difference I (1).
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Table 1
Panel Unit Root Result
Level First differences
Hadri Heteroscedastic . Heteroscedastic
Regressors Z-stat ConsistentZ-stat HadriZ-stat ConsistentZ-stat
27.7648%** 27.7648%** -0.09597 0.09597
Total GDP (0.0000) (0.0000) (0.5382) (0.5382)
L 6.13174%** 6.13174%*** -0.24701 -0.24701
GDP Similarity (0.0000) (0.0000) (0.5976) (0.5976)
sesksk seksk
GDPPC 28.1941 28.1941 0.20509 0.20509
(0.0000) (0.0000) (0.4188) (0.4188)
12.0414%%* 12.0414%%* -5.39092 -5.39092
Exports
(0.0000) (0.0000) (1.0000) (1.0000)
Kopen 37.8137%** 37.8137%** -3.63637 -3.63637
P (0.0000) (0.0000) (0.9999) (0.9999)
Topen 25.9105%** 25.9105%** 1.83483 1.83483
P (0.0000) (0.0000) (0.4333) (0.4333)

The cointegration test using Pedroni’s (1999) model is presented in Table 2. The
panel statistics are augmented Dickey—Fuller ADF (1979) t-statistics. The variance ratio
test represented by panel v and panel P is called Phillips and Perron’s (1988) ratio. The
cointegration test that is based on group statistics permits the presence of heterogene-
ity mainly on the coefficients in the long run. It can also accommodate both individual
trends and intercepts into the equation.

Table 2
Pedroni Panel Cointegration Test Results
Equation Panel Panel Panel Panel Group Group Group
quatt v rho PP ADF rho PP ADF
ECOWASIa 13.82%** 8.66 -79.85%%% | -42 45%** 15.07 -01.92%%% | -46.94%**
ECOWASIb 4.84x** 13.11 -80.90%*** | -3935%%* 18.84 -87.56%** | -40.63***

Note: The test was conducted using residuals from the panel cointegrating regression, null hypothesis test of no cointegration
against the alternative that all series are stationary (Pedroni 1999). ECOWASIa permits heterogeneous intercepts; ECOWASIb
permits individual trends that have linear and intercepts. One lag length was specified as the maximum chosen by Schwarz
info criteria. Significance levels (*** **) are at 1% and 5% respectively.

Table 3 presents the estimated result for the gravity model of ECOWAS determi-
nants. The FMOLS and CCR estimators of cointegrating vectors take control of likely
endogeneity occurring from the joint determination of exports and other variables.
Concerning the parameters estimators, as shown in Table 3, the coefficient signs were
in accord with theoretical predictions.

Total GDP and GDP similarity indexes are significant; the positive and significant
signs of the coefficient Total GDP and GDP similarity indicate that relative and economic
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size is a paramount tool for trade. Many of the countries that are similar economically
have close and important trade relations. The level of significance attributed to the GDP
similarity measured the development gap. The coefficient of the total GDP and GDP
similarity index is relatively small. A compariosn among PPML, FMOLS and CCR
shows the importance of controlling the heterogeneity bias. Considering the income
per head variable, the positive and significant coefficient recorded by all the estimates
demonstrates that the development gaps between countries considered for estimates are
the main factors affecting the flow of exports. The income per head variable supports the
Linder hypothesis that the similarity of demand characteristics among ECOWAS nations
will increase the trade. In literature, it can be interpreted in terms of factor endowments.

Table 3
Gravity Model of Export

Regressors FMOLS PPML CCR

Total GDP 15.460%** (7.73) A36%** - (28.93) 14.860%** (7.30)
GDP Similarity J755%%* - (3.38) 061%**  (12.67) 672%%% (2.95)
GDPPC 1.030***  (4.88) 070%*  (16.19) LI111#**  (5.38)
Distance -502%*  (2.13) -024%**  (-7.68) -436* (-1.81)
Language 375 (1.14) L027%** (4.05) .059 (0.36)
ECOWAS -.898** (-2.32) ~024%%% - (22.94) -.661* (-1.69)
Topen .094 (0.56) -.016%**  (-4.83) .340 (1.01)
Fopen -479%  (-1.67) -.0050 (-1.56) -532%  (-1.88)
Contig 996**  (2.47) 066***  (9.60) 1.078*** (2.61)
RMSE 3.067 3.240

Note: "Heteroskedasticity robustness are reported in parentheses using test statistics (White 1980). FMOLS and CCR are
estimated using I(1) explanatory variables that are cointegrated and generated from a regression that involves two pre- and
post-future values using first differences. Coefficients estimated under the first stage are substituted into equation (1), while
the remaining parameters of the model are estimated (Bun and Klaassen 2007). Also, PPML results reported in parentheses
undergo semi robustness, which is in line with Santos Silva and Tenreyro (2010). Significance is indicated by * *¥ *** gt
10%, 5% and 1% respectively.

Distance has a negative effect on the volume of trade between the 15 nations
(ECOWAS). In other words, the greater the distance between ECOWAS countries, the
less they engage in trade. This result is in line with the classical gravity model results.
An increase in the distance between countries i to j by 1% will lead to a decrease in
export that can be on average -0.24%. The decrease is constant for all the estimates.
The trade openness variable is negative and significant only under PPML, while for
the remaining it was not significant. The implication of this negative trend means that
the flow of goods within ECOWAS is hampered by the failure of some countries to
embrace full liberalization in order to spur growth in the long run.
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It is worthy to note the financial openness of the countries within ECOWAS; the
index was negative and significant at 10% in two out of the three estimates that were
used. Countries’ financial openness tends to hamper the flow of goods within ECOWAS,
and in the long run, it does not favor nor promote the pro-liberal/free trade policies
adopted by ECOWAS trade.

Furthermore, contig represents sharing the same border among countries within
ECOWAS. The higher significant level accorded to the variable (at 1%) indicates that
countries sharing the border within ECOWAS tend to trade more, which eventually
increases the bilateral trade relation.

Moreover, sharing an officially common language is positive and statistically signifi-
cant: the similar language tends to increasingly stimulate trade among them (Kahouli and
Maktouf 2013). It is imperative to discuss and analyze the impact of regional grouping
using the coefficient of Intra-ECOWAS variable which was negative and significant in
all the three estimates. There is export diversion, and the finding seems logical consid-
ering the small volume of trade within the members of the countries; at the same time
most of the countries’ specialization and production were almost identical.

Conclusion

Using the panel cointegration method in estimating the gravity model of international
trade also safeguards us against the problem of spurious regression. The difference in
the results indicated that a critical feature of gravity modeling is heterogeneity.

However, based on the increasing number of Regional Trade Agreements (RTAs)
over the years and especially starting from the mid-1990s, both the trade flows and their
effects have received considerable attention.

The unexpected negative impact on trade under RTAs among member countries can
be demonstrated using dummy variables within the framework of the gravity model. The
gravity model became well-known mainly because of the success achieved empirically
including its simplicity and flexibility in explaining trade patterns. This article examined
the impact of ECOWAS trade flow, and also investigated the level of openness to trade
among members within the period of 1983-2013.

The spread of regional trade has generated much criticism over the years. One of
the criticisms in some quarters is the fear of a trade diversion caused by advancing an
effective non-member country toward a member status that would be less efficient,
particularly in terms of production. Within the study area, there is an untapped potential
for export to some partners within member states.

Based on the empirical results, ECOWAS member countries should move toward
better regional integration in order to increase trade flows and promote economic growth.

Moreover, looking at the level of openness both financially and in welcoming other
trading partners, it is clear that some of the countries within ECOWAS have not embraced
the liberalization policies fully. Consequently, restrictive polices need to be removed in
order to improve trade performance within ECOWAS.

However, the result indicated that policy makers need to develop and encourage a
trade flow that will boost economic development. Empirical results may help regional
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governing bodies of ECOWAS to identify the structural differences and react to market
needs. It is imperative for ECOWAS to develop and encourage members to remove all
restrictive policies that hinder trade in order to achieve better performance.

Another way ECOWAS performance can be improved is the development of a robust
policy on an industrial production base in order to improve the capacity of competitive-
ness of all members. Finally, it is imperative that ECOWAS move to another level of
regional integration in order to enhance their overall performance.
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