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Abstract

In this paper, we will construct some estimator of import permeability and export permeability. Based on the

nonparametric approach, we will prove that these estimators are consistencies. We will first propose a kernel that meets the
criteria of consistency of the multivariate regression function estimator. This kernel will be used to projected import and
export values between Benin and Nigeria. Moreover, we will also prove that our nonparametric approach is more efficient
than the multivariate linear regression model under the root means square error criteria.
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1. Introduction

Linear regression model is a linear approach for modelling
the relationship between a scalar response and one or more
explanatory variables. The case of one explanatory variable
is called simple linear regression; for more than one, the
model is called multivariate linear regression. Linear
regression model was the first type of regression analysis to
be studied rigorously and to be used extensively in practical
application (e.g. [26]). For instance, in 1993, some authors
(e.g. [1]) modelled imports and exports of France by
respectively

IM = f(Y,DI,COMPIT, TUCF,TUCE)
EM = f(Y*,DE,COMPET,TUCF,TUCE)

where IM the import demand, EM the export demand, Y
the GDP in France, Y* the GDP abroad, COMPIT the
competitiveness term of the imported product, COMPET the
competitiveness term of the exported product, DI the
domestic demand for manufactured goods, DE the foreign
demand for manufactured goods, TUCF the rate of capacity
utilization of France’s trading partners, TUCE the capacity
utilization rate of imports and TUCE the capacity utilization
rate of exports. These authors have given particular linear
forms to the functions f and g. Linear regression analysis
depends on some assumptions. One of the most important is that
the type of relationship between dependent and independent
variable or variablesis linearand parametric. Under such
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circumstances, in order to make better assumptions, we
alternatively adopted a nonparametric approach.

Nonparametric regression are statistical models, and the
first meaning covers techniques that do not rely on data
belonging to any particular parametric family of probability.
It is a category of regression analysis in which the predictor
does not take a predetermined form, but is constructed
according to information derived from the data. In a
multivariate case the asymptotic properties of the
Nadaraya-Wastson kernel estimator [13] of an unknown
regression function was established [9]. The authors have
studied the asymptotic normality, consistency and uniform
weak consistency of the estimator based on some assumption
on the used kernel.

Benin and Nigeria share more than 800 km of borders
where different populations whose ethnology is very similar
have historically settled [24]. Around these borders, both
land and lagoon, are established several local markets, which
build up the meeting points and exchange between urban
and rural populations. Between these two countries (Benin
and Nigeria), commercial exchanges concern a wide and
diversified range of products and re-exported products which
constitute the central element of economic relations between
Benin and Nigeria. They are stimulated on the one hand by
the existence of a higher level of taxation on imports in
Nigeria, due to the Nigerian protectionist policy, and on
the other hand by the poor reputation of the port of Lagos,
in terms of delays and insecurity for goods [12]. Given
the difficulties Nigerian importers face, they prefer transit
to re-export, as only Nigerian customs duties should
theoretically be paid. In August 2019, trade relations
between Benin and Nigeria deteriorated to the point where
Nigeria unilaterally closed its land borders to Benin. The
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reason cited that supports this closure is that, the goods
re-exported by Benin to Nigeria are mainly from Europe or
Asia. This closure is also based on theoretical reasons based
on import substitution policies or theories of infant industries
[7]. The, products re-exported from Benin to Nigeria at a
relatively lower cost than local products, thus undermining
the competitiveness of Nigerian companies. As a result,
stricter controls have been introduced at the Nigerian borders
to prevent goods from Benin from entering Nigeria. In
similar contexts, the literature shows that strict controls at the
border or at checkpoints can only limit the entry of unwanted
products. This reflects the trade permeability notion.
We define the permeability of a trade as indicator which
determine the capacity of a country to followed import or
export when the border is closed. Specifically, the import
permeability between two countries is the share of imports
when the borders are closed in the imports an open border
case during a period and the export permeability between
two countries is the share of exports in a closed border
situation in the exports an open border case during a period.
It is important to noted that the import values of Nigeria to
Benin in 2019 are known and available on the ITC website
https:www.intracen.org. This data takes into account the
closure of the Nigerian border in 2019 which lasted four
months. Our approach is to first estimate these import and
export values if the border was not closed using the
nonparametric model. After that, we can evaluate the
different permeability over the whole year 2019 and over the
four months of closure.

Recently, the problem of the effects of the Nigeria land
borders closure on Benin based has been investigated in a
publication such as [3]. The authors have shown that the
closure of Nigerian borders has a negative impact on the
Benin economy with respect to its total exports based on
some fundamental assumptions such as: The simulations
were made taking into account the average trade trend
between Benin and the rest of the world over the last two
years. We believe that this assumption is too strong for the
efficient of the projection because the share of imports and
exports between Benin and Nigeria at the world level
depends according to the previous assumption only on the
average between led shares of 2017 and 2018. Moreover,
the authors have not studied the concept of permeability
of trade. Thus, we will remove this assumption and use
data from 1977 to 2018 for the different projections with a
nonparametric approach, and we will propose a consistence
estimator of the permeability in land closure borders case.

In this paper we will propose a multivariate kernel, which
satisfied the consistency assumptions of nonparametric
regression estimator developed in [9]. In other to substantiate
our approach, we will prove that the nonparametric model is
more efficient than the multivariate linear regression model
under the root mean square error criteria. Using this
proposed kernel, we will project the import value of Benin
from Nigeria for the year 2019 an open border case.
Moreover, the export value from Benin to Nigeria will be
estimated for the same year 2019 an open borders case.

Based on these trade estimators, we will propose a consistent
result for our import and export permeability estimator. At
the end, the estimation of the indicators (import and export
values, import and export permeability) will be calculated
and analyzed. In the following, we will give a literature
review in section 2 on trade values. In section 3, we will
develope the methodological tools on nonparametric kernel
regression model and the modelling result of import and
export. As an application, we will evaluate the permeability
result of Benin for the year 2019 with a land Borders Closure
case in section 4.

2. Literature Review

Economic liberalism has long traversed the history of
economic thought. Several generations of researchers have
tried to justify the merits of free trade policies without having
a consensus and convincing justifications (e.g. [6]). Others
concluded that trade liberalization has not benefited the
poorest countries [22]. Some authors justify their ideology
by the fact that, except Great Britain, all the major powers
have developed through protectionism. The development
trajectories of the United States, Japan, Germany and Russia,
South Korea and Taiwan are perfect illustrations of Friedrich
List’s protectionist theses [22]. The difficulty very often in
the application of the rigors of protectionism is that borders
are permeable to the point where some products manage to
infiltrate the territories, either to fill the gap between local
supply and demand, or through a formal or illegal way to
compete with local products.

In a broader context, several authors have addressed the
issue of estimating imports and exports that are, among other
things, indicators for measuring border permeability. In the
case of US import demand, Riker [20] introduced the
regional expenditure level, international trade costs, regional
price index for the industry and domestic product price. A
similar analysis by Emran [2] incorporates, as explanatory
variables for total imports, consumption of domestic goods,
and import price index/consumer price index. Through a
multilevel approach, Zhang et al. [28] show that the price
index, exchange rate, GDP or any of the final expenditure
categories (private consumption, government expenditure,
investment and export). Some authors (e.g. [17], [18])
introduced GDP per capita, infrastructure investment, real
effective exchange rate, and urban population numbers.
Moreover Ngoma [14] showed that the geographical distance
between the country, the level of inflation for the importing
and exporting country (represented by the CPI), trade
openness determines the import.

With respect to exports, Yazici [27] estimates export
demand functions for Turkish agriculture using the boundary
test approach to cointegration and error correction modelling.
His model was based on world real income, domestic export
price, world export price, and exchange rate. In a recent
study, Huissain [11] examine the determinants of export
supply in Pakistan. Using an Autoregressive Distributed Lag
(ARDL) model, these authors measure the effects of relative
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price (the ratio of export price to domestic prices),
production cost (represented by the producer price index),
production capacity, and domestic demand pressure on
exports.

3. Methodological Tools

In this section, we will develop the scientific methods for
modelling export and import between two countries. We will
firstly define the nonparametric regression function model
and consistency result of the kernel regression estimator. A
new multivariate kernel, which satisfied the consistency
assumption of the nonparametric regression estimator, is
proposed. At the end, we will present the evaluation method
of import permeability and export permeability indicators.

3.1. Nonparametric Kernel Regression Model

Let X be a random variable in R? and Y a real random
variable. The non-parametric regression model is given by:
Y=f(x)+e 1)
avec E(e]X) = 0 and f is a function of R% in R? whose
form is not predefined. The model (1) was developed by
Herman [9]. This author has reviewed a reviewed a
non-parametric estimator of the regression function f of
model (1) and also studied the asymptotic properties of the
proposed estimator. It is easy to prove that the function f
respect

f) =EX|X =x)

For this purpose, if (X;;Y;), ..., (X,;Y,) denotes a
sequence of random variables i.i.d. of the same law as (X, Y),
according to Nadaraya [13] and Waston [25], kernel
regression estimators are a local weighted average of the Y;,
given by
Zhe=1 K(%)Yk @

k()

and is called kernel regression estimator of the unknown
function f where K: RY - R is the kernel function,
h = h(n) € R, is the bandwidth and

N - X
9 :ZK<x h k)
k=1 n
is the Rosenblatt-Parzen (see [21] and [16]) kernel density
estimator of the marginal density g of X. Through this paper,
we assume that:

(Al) K is a Holder continuous, i.e.,

fulx) =

[K(a)-K®)| < Clla=b]“ ®)
[KWwdu =1, @
[ 1Ix11“K () dx < oo 5)
Forall a,b € R? and for some a > 0 with || - || denotes

Euclidean norm on R%,
(A2) The function f and marginal density h are Holder
continuous.

(A3) The conditional moments of Y given X = x are
bounded in the sens that there are positive constants C;, C,, ---S0
thatfori = 1,2,... EY;|X;=x) <C; forallx

(A4) The marginal density h of X is bounded from below on
the support of w.

(A5) The marginal density h of X is compactly supported.

Remark 1. Assumption (A3) is substantially weaker than
the boundedness conditions on Y that have been imposed
by a number of authors, starting with Nadaraya [13]. This
condition may be weakened to only a certain finite number of
conditional moments being bounded. The assumption (A4)
allows handling of the random denominator of f,. Also,
since by (A2), f and h are assumed to be continuous beyond
support of w, such as those described by Rice et al. [19].

The condition (A5) may be weakened to either the
existence of many moments of X, or to the compact support
of K.

The estimator f, is a function of the bandwidth h,. So
how can we optimally choose h,? This question was solved
by Hardle W. and Marron J. J. [8] as follow: Suppose that

1
h, € [C‘ln‘s_i, Cn_‘g] for some constants C, § > 0. A

bandwidth-selected rule f#, is a [C‘ln‘s_%, Cn‘5] -valued
function of, (Xy;Y1), ..., (X,;Y,) This condition on h,
may appear somewhat restrictive because minimization is
being performed over an interval whose length tends to zero.
This is not a severe restriction because in order to obtain the
consistency of £,, the bandwith must satisfy some similar
condition.

In our work, a bandwidth-selection rule is given with
respect to the Averaged Squared Error (ASE)

ASE(R) = 157 Th (%) - F(X)1PwW(X).  (6)
Let defined the Cross-Validation (CV) function by

Cvn) =257 [Y — fu, (X)) w(X) ™
Where
fj (%) = St sery (k) ©

The bandwidth-selection rule i, may be also be thought
of terms of choosing h to make f£,;(X;) an effective
predictor of Y.

In the following, we introduce the asymptotic properties
of the nonparametric regression estimator defined by relation
(2).

Theorem 3.1. [8] If (Al), (A2) and (A5) hold, then the
estimator f,,, of f is consistent.

This theorem is wvery useful in modelling based on
nonparametric kernel regression estimation because it gives a
sufficient condition for the convergence of £, (x) to f(x) when
sample seize is large and uniformly in x € R® . In our
application, we will construct some kernel K that satisfies the
sufficient conditions of the Theorem 3.2.

Theorem 3.2. [8] Under the conditions (Al1)-(A5), the
bandwidth-selection rule, ‘‘choose f,, to minimize CV(h)”,
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is asymptically optimal with respect to the Averaged Squared
Error (ASE) defined by (6).

3.2. Multivariate Kernel

In this section we will propose a multivariate kernel
function, and we will prove that this kernel function satisfied
the assumption (Al). The multivariate kernel which is
considered in this paper is defined by

3
K(xy, oy xq) = szﬂﬂ —xO M Ly <y 9)

for all (x,..,x;) € R?.
average kernel.

Theorem 3.3. The additive average kernel K define by (9)
satisfied:

@ |K(@)-K®)| < c|la—bl|" forall a,b € RY,
(b) [K@w)du =1,
©) []lxl|*K()dx < co.
Proof.
(@) Let a = (ay, ...,
of R%. One has

|K(a)-K(b)| = led“Z(l a )nlﬂatm}

d2d+1 2(1 by’ 1_[ Lgpe<y |
3 d d

< Toat Z [CRalr 1_[ Lapi<1y
k=1 t=1

d
-(1-n") 1_[ Lipoi<nyl-
t=1

o If for all k €{1,...,d},|lagl <1 and |by| <1 then
using relation (10) we deduce that

This kernel is called additive

ayz) and b = (by, ..., by) two points

(10)

|K(a) K(b)| d2d+12k 1|bk _akl
3
S@Zlbk —a
k=1
d 1
2
3
SW(Zlbk _ak|2>
k=1
< — —
o If for all ke{l,..d},lay] <1 and there exist
ko € {1,...d} such that |a,,| =1 then by using the

previous point, we get the result.

o If there exists k; € {1,...d},|by,| = 1 and there exist
ki € {1,..d} such that |a;,| =1 then by using the
previous point, we get the result.

Then [T 1g4,1<1y =0 and [T 1, 1<y = 0. In all

cases the point (a) is satisfied with o = 1. The point (b) is
evident. Moreover, the proof of (c) follow provided that the

support of K is a compact set.

3.3. Trade Permeability

In this section, we will give the definition and the
evaluation approach of the permeability indicators.

Definition 1 (Import Permeability).

The Import Permeability between two countries is the
share of imports in a closed border situation in the imports an
open border case during a period.

Let Il.’;t be the import value of a country from a market j when

the borders are closed between the country i during a period t and
j and lijt the import value of a country i from a market j an open
border case during the period t. The import permeability between
the countries i and j is given by

15 .

ijt

11)

Définition 2 (Export permeability).

The export permeability between two countries is the
share of exports in a closed border situation in the exports an
open border case during a period.

Let El’;t be the export value of a country i from a market j
when the borders are closed between the country | during a
period tand jand Ej; the export value of a country i from a
market j an open border case during the period t. The export
permeability between the countries i and j is given by
&
PE;, = Ejz x100.

If we assume that the value of imports and exports are
known on one year in the case of closed borders then the
evaluation of the indicators import Permeability and export
permeability depend on what the imports and exports should
be in the case of open trade. Then we therefore propose to
estimate those two values from the nonparametric model
defined above.

(12)

4. Application

4.1. Trade Exchange between Benin and Nigeria

The border between Benin and Nigeria induces a space
whose dynamism varies according to the border segments
between the two countries [10]. This dynamism has induced
in time a strong dependence of Benin on Nigeria in matters
of petroleum and manufactured products, while the opposite
is observed in the field of agricultural products (see [10] and
[15]).

During the period from 1977 to 1990, Benin’s economy
recorded formal imports from Nigeria far in excess of
exports. This reflects a trade balance deficit between the two
countries. In 1994, there was a break in the trend, with formal
exports exceeding formal imports. Such a result is justified
by the monetary policy of the WAEMU zone, which
devalued the CFA franc in 1994. The economic recovery
following the devaluation significantly increased exports
of raw materials and manufactured goods, and the
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competitiveness of Beninese companies. This period of
economic recovery is characterized by a high inflation rate in
Benin. Figure 1 below provides an overview of the
movement of formal trade between the two countries during
the underlying period.
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Figure 1. Evolution of exports and imports between Benin and Nigeria in
billion CFA

2000 2005 2010 2015

In 1999, the fall in world commodity prices led to a
recession in the Nigerian economy, thus prompting a further
devaluation of the Naira. Indeed, one Naira fell from 26.95
CFA francs per unit in 1998 to 6.66 CFA francs in 1999,
which explains the considerable increase in Benin’s imports
from Nigeria between 1999 and 2001. During the period
2008-2011, there was a significant variation in exports. This
increase is the result of the 2008 financial crisis and the
depreciation of the CFA franc in 2009. Indeed, from 447.8
CFA francs in 2008, 1$ rose to 472.2 CFA francs in 2009
(INSAE, 2009). It should be noted that this variability of the
currency has led to a loss of competitiveness of Benin
compared to other countries whose currencies have a good
performance against the dollar, especially Nigeria. Moreover,
formal trade between Benin and Nige- ria has declined since
2019 with the closure of the borders between the two
countries and the advent of the COVID-19 pandemic.

4.2. Modelling of Import and Export

The import and export values between Benin and Nigeria
are known in border closed condition over 2019. But in
border closure condition those values are not available. In the
following, we will use the nonparametric model to estimate
the import and export values between Benin and Nigeria in
the case of open trade. In view of the results of the literature,
we have studied the following variables as: Consumer Price
Index of Benin (CPIB), Gross Domestic Product of Benin
(GDPB), Gross Domestic Product of Nigeria (GDPN),
Benin’s Population size (POPB), Nigeria’s population size
(POPN), Benin’s Primary School Enrolment Rate (PSERB),
Benin’s Imports from Nigeria (IPB) and Benin’s Exports to
Nigeria (EPB).

Table 1 shows the p-value of the significance test of the
correlations between the different variables. This test rejects
the null hypothesis (HO: coefficient of correlation =0) if
the p-value is less than 0.05. This Pearson correlation test
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between the variables shows that there is a significant
correlation between the variables. Using the Table 1, we
model Benin’s imports from Nigeria by:

Table 1. p-value of correlation test

IPCB | GDPB | POPB | TBSPB TC GDPN | POPN
IPB 0 0 0 0.0003 0.002 0 0
EPB 0 0 0 0.075 0.1227 0 0

IPB = f(CPIB,GDPB,POPB,TBSPB,TC,GDPN, POPN)
(13)

and Benin’s exports to Nigeria by:
EPB = g(CPIB,GDPB,POPB,GDPN,POPN) (14)

Where f:R7” - R and g:R®>— R are unknown real
functions. In the following we will estimate the functions f
and g by the nonparametric approach developed in section
3.1

It is well known that the nonparametric model is a
model which is independent of linear assumption on the
link function. In the following, we have evaluated the
performance of this nonparametric model to multivariate
linear regression model by using the criteria of Root Mean
Square Error (RMSE):

n
1
RMSE? = ;Z(real value of year i — predictor of year i)?
i=1
The errors of nonparametric kernel regression (Model 1)

and multivariate linear regression model (Model 2) are
presented in Table 2.

Table 2. Import and export permeability four month of the border closure
in 2019
Model 1 Model 2
RMSE on import (in Billion FCFA) 10.37 28.98
RMSE on export (in billion FCFA) 9.07 23.24

The Table 2 shows that the root means square error of the
model 1 is less than the root means square error of the model
2 in the two cases (import and export). Then the model 2
(linear model) is dominated by the model 1 (nonparameric
model). Therefore, we will use for estimation the
nonparametric model.

4.3. Permeability Result

In order evaluate the effect of the closure between Benin
and Nigeria we have consider two scenarios: Scenario 1
(Borders between Benin and Nigeria were not closed thru
2019) and scenario 2 (Borders between Benin and Nigeria
were closed in 2019). The trade results in scenario 2 are not
estimated because the real values exist. Then we use the
nonparametric model to estimate the export and import
values from Benin to Nigeria. Based on the nonparametric
regression model, we denote by IPB, and EPB, estimation
of import and export (see model 2) with n the sample size
and multivariate kernel K defined by 9. We assume that (A6)
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the variables IPB, EPB, CPIB, GDPB, POPB, PSER, ER,
GDPN POPN are bounded in the year. Then We estimate the
import and export permeability respectively by:

1PBf EPBS
f, = 155, X 100 and £, = 55, X 100

The following result shows that the proposed estimators of
import and export permeability are consistent.

Proposition 4.1. The estimators [, and E, are
consistents.

Proof. Using the Theorem 3.3 the kernel K satisfied the
assumption (A1) and (A2). Moreover, by Theorem 3.3, the
estimator IPB, of import converge almost surely (a.s.) to
the real value IPB which is different to zero. Using (A6) the
condition (A3)-(A5) are satisfied. Then

(15)

ipBf EPBS as
1PB, EPB,
Similarly, on has
eppf  EPBSf
EPB,  EPB,

The proof of the theorem is completed.

The previous Proposition 4.1 given us a consistence
estimator of import and export permeability for a year. The
result of our estimation for 2019 are presented in the Table 3.

Table 3. Trade values for scenario 1 and 2 in 2019

Import Value Export value
(in billion FCFA) (in billion FCFA)
Scenariol 37.25 41.71
Scenario2 26.48 33.60

Table 3 shows that if the land borders of Nigeria were not
closed (scenario 1) in 2019, formal import would be 37.25
billion CFA francs 41.71 for formal export. Then the
correspondent trade balance is equal to 4.46 37.25 billion
CFA francs for scenario 1. On the other hand, we note the
closure of the borders of Nigeria (scenario 2) increased the
trade balance by 62.64% compared to the free trade defined
in scenario 1.

Table 4. Import and export permeability during 2019

Import permeability (2019)
71.09%

Export permeability (2019)
80.63%

In the following we will evaluate those indicators on four
months of the border closure in 2019. The determination of
the permeabilities between Benin and Nigeria during the first
four months following the closure of the borders is based on
the interpolation hypothesis that in the first 8 months of 2019,
2/3 (8/12) of trade would have been carried out. Then we
estimate the import and export values during four months of
the border closure in 2019 under scenario 1 respectively by

IPB,4 =IPB, and EPB,, =<EPB,  (16)

Under scenario 2, we estimate the import and export
values during four months of the border closure in 2019
respectively by

IPB!, = IPB — §1PBn and EPB], = EPB — %EPBn 17

Then we estimate the import and export permeability
during four months of the border closure in 2019
respectively by

I EpB!,

nA = Ty X 100 and £, 4 = T

x 100  (18)
The numerical results are presented in the table 5.

Table 5.
in 2019

Import and export permeability four month of the border closure

Import permeability (4 months)
13,26%

Export permeability (4 months)
41,66%

The results (Table 5) shows that 71.09% of imports and
80,63% of exports were achieved in 2019, despite the
unilateral closure of the borders on the Nigerian side.

In addition, there was a permeability of 13,26% of imports
and 41,66% of exports of goods. This shows that the capacity
of Beninese products to infiltrate the Nigerian territory
through formal channels in a closed border situation is higher
than that of Nigerian products to infiltrate Benin.

5. Conclusions

Border permeability plays an important role in the
selection of economic and financial intelligence strategies.
This study developed a non-parametric estimation model to
estimate trade (imports and exports) between Benin and
Nigeria in 2019, in order to assess the economic or trade
permeability of the two borders. The results show that the
non-parametric estimation method has a better property in
predicting exports and imports than the parametric models.
The strong growth of the trade balance (62.94%) between
Benin and Nigeria noted during the year 2019 compared to
trade balance in normal situation shows that Benin has
achieved a low rate of import with the closure of borders.
The results also show that despite the policies of
strengthening customs barriers put in place by Nigeria,
around the formal land borders between Benin and Nigeria,
some goods manage to infiltrate both sides of the borders.
41.66% permeability of goods for export and 13.26%
permeability for import were recorded in the last four months
when land borders between Benin and Nigeria was closed
in 2019, after the closure of the land borders. This is a
testimony that the ability of the products to infiltrate the
formal channels of the two countries, in the situation of
closure of borders.

We project to study the economic impact of the border
closure between the two countries based on nonparametric
considering the effect of COVID19, which continues to
create a lot of economic damage in the world. Moreover,
we intend to use this nonparametric approach in the work
of optimal learning and deterministics self-awareness
statements [24].
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