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Abstract: This paper attempts to model trade facilitation in a multi-regional and
multi-sectoral computable general equilibrium (CGE) model, MIRAGE. It follows
Decreux and Fontagné (2009) in modeling trade facilitation and in assuming that
administrative barriers are an iceberg cost. I extend their model using more
comprehensive measures of ad-valorem equivalents (AVEs) of red tape costs,
which are computed from a gravity model, and are introduced in the CGE model.
The novelty in using those AVEs is that they take into account the effects of
bureaucracy, internet coverage, corruption, and geographical barriers on the time
to trade. The paper has four major findings. Gains derived from trade facilitation
are more significant for developing economies (especially for the Middle East and
North Africa region and Sub-Saharan countries) than for developed ones, whether
in terms of welfare gain (either in the short or long run) or increase in trade.
Second, long-run welfare effects of trade facilitation are much higher than in
the short run. Third, trade facilitation helps boost both intra-regional trade and
inter-regional trade. Fourth and most interestingly, it also helps improve export
diversification, leading to an expansion in those sectors that are more sensitive to
time, such as food, textiles, and electronics.

1. Introduction

World Trade Organization (WTO) negotiations generally aim at boosting
international trade through liberalization. Recently, however, a new aspect
concerning trade facilitation was added. The intuition behind this addition is
simple: once formal trade barriers (both tariff and non-tariff) have been
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substantially reduced, other impediments to trade such as administrative barriers
become more apparent and need to be addressed (Njinkeu et al., 2007). Hoekman
and Konan (1999) define deep trade integration as explicit government actions
aiming to reduce the market segmenting effect of domestic regulatory policies
(health and safety regulation, competition laws, licensing and certification regimes,
and administrative procedures such as customs clearance) through coordination
and cooperation. Thus, trade facilitation could be defined as a process that
encompasses various aspects and deals with a wide range of issues that can be
summarized in five main points: (i) simplification of trade procedures and
documentation; (ii) harmonization of trade practices and rules; (iii) more
transparent information and procedures of international flows; (iv) recourse to
new technologies promoting international trade; and (iv) more secured means of
payment for international commerce (more reliable and quicker). In this paper,
administrative barriers are defined as bureaucratic procedures (red tape) related to
product shipment from one country to another. It is worth mentioning that this
defnition does not include administrative regulations, such as product standards,
health, or technical regulations.

Following these two definitions, two main features related to trade facilitation
can be derived. First, it is complex as it includes various aspects: infrastructure,
logistics, time, etc. Second, trade facilitation aspects vary between developed and
developing economies. Table 1 shows that high-income countries perform better
than low-income ones in the ‘Logistics Performance Index’, which is 3.7 for the
former and 2.3 for the latter. A careful analysis also shows that developed countries
have better infrastructure, logistics, and timeliness (3.5, 3.5, and 4 respectively)
than developing ones (2, 2.5, and 2.7 respectively).

From a trade policy point of view, trade facilitation is important for further trade
promotion due to two reasons. First, once tariff and non-tariff barriers are reduced,

Table 1. Logistics performance indicators and development level

Aspect High income Upper-mid. inc Lower-mid. Inc Low income

LPI 3.67 2.85 2.47 2.29
Customs 3.45 2.64 2.31 2.12
Infrastructure 3.66 2.7 2.27 2.06
Inter. shipments 3.52 2.84 2.48 2.32
Logistics competence 3.64 2.8 2.4 2.29
Tracking and tracing 3.71 2.83 2.45 2.25
Domestic logistics cost 2.58 2.94 3.01 2.99
Timeliness 4.05 3.31 2.93 2.71

Note: The LPI index is ranked from 1 to 4. The higher the index, the better the country’s performance.
This dataset can be found at (http://info.worldbank.org/etools/tradesurvey/mode1b.asp).
Source: Constructed by the author from ‘Logistics Performance Indicators’, 2007.
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administrative barriers and red tape costs could still impede trade through two
main channels (OECD, 2002a). Delays in delivery of imported inputs could
actually turn into a severe constraint on production, especially given the increased
complexity of commercial regimes (often referred to as a ‘Spaghetti Bowl’) and the
increased interdependency of supply chains. At the same time, red tape barriers
imply a very high cost to trade, estimated at 2–15% of the value of the traded goods
(OECD, 2002b). A number of previous papers have provided evidence about
the significance of non-visible barriers. For instance, Cernat (2001) supports the
idea that the solution to the African low trade enigma lies in the lack of trade
facilitation. Second, the welfare gain arising from trade facilitation is higher than
the one associated with the reduction of classical trade barriers. This is because
easing administrative barriers will tend to reduce the waste of real resources,
whereas liberalizing more traditional barriers to trade would involve some losses in
terms of either rents that were captured by interest groups (quota rents) or foregone
tariff revenues for the government (Dennis, 2006). This also explains why a share
of the aid for trade has been allocated to trade facilitation, implying reduced transit
and clearing time and lower import and export costs, and thereby improving
competitiveness and increasing trade and tax revenues in developing countries.
Thus, flows from the aid for trade policy and regulations reached in 2011 almost
US$1.4 billion. While most of this support goes to trade policy and administration
management, the share allocated to trade facilitation has increased by 187% since
2006, and now stands at US$266 million (OECD/WTO, 2011).

The empirical literature on the assessment of trade facilitation in multinational
models is sparse. While Ferrantino (2006) simulated the effect of non-tariff barriers
on welfare, most of the other work on trade facilitation relied on the GTAP
data and model.1 Hertel et al. (2001) modified the model in their analysis of the
Japan–Singapore free trade agreement by introducing time costs as a technical shift
in the Armington import demand function. Similarly, by introducing an import-
augmenting technical change, Fox et al. (2003) simulated the removal of an iceberg
tariff 2 on welfare by applying a positive shock to the technical efficiency of the
trade flow. APEC (1999) modeled trade facilitation, through an increase in the
productivity of the international transportation sector to capture the downward
shift in the supply line of imports resulting from the implementation of cost-
reducing measures. Their main result shows that both trade liberalization and
facilitation increase real GDP by 0.16% and 0.25% respectively for APEC
countries and by 0.1% and 0.15% for the rest of the world. Francois et al. (2003
and 2005) showed that trade facilitation generates one third of the welfare gains,

1 Global Trade Analysis Project.
2 Iceberg cost can be defined as the cost of transporting a good that uses up only some fraction of the

good itself, rather than using any other resources. Similarly, an iceberg tariff implies that a fraction of the
good melts when a tariff is imposed.
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taking into account that such barriers are a ‘pure deadweight loss’, especially for
Asia-Pacific developing countries. Finally, Decreux and Fontagné (2009) intro-
duced an iceberg cost in the MIRAGE model and estimated that trade facilitation
would add an annual US$99 billion to world GDP in the long run.

This paper attempts to model trade facilitation in a multi-regional and multi-
sectoral computable general equilibrium (CGE) model, MIRAGE. It follows
Decreux and Fontagné (2009) in assuming that administrative barriers are an
iceberg cost. I extend their model using more comprehensive measures of AVEs of
red tape costs. Therefore, this paper contributes to the empirical literature on trade
facilitation in two ways. First, it captures the complexity of the trade facilitation
process since the AVEs of administrative barriers are estimated from a gravity
model (Zaki, 2009). The AVEs of the time to export and to import also take into
account several aspects of trade facilitation: bureaucracy, corruption, internet
coverage as a proxy for customs computerization, and the geographical impedi-
ments that may increase time to trade. Therefore, they are more comprehensive
than other AVEs of time to trade (Hummels, 2001; Minor and Tsigas, 2008), and
allows a more precise evaluation of the trade facilitation process. This is a quite
important contribution since the AVEs have been estimated for non-tariff barriers
(Kee et al. 2009), for services (Park, 2002; Walsh, 2006), and for time in transport
(Hummels, 2001) but never for non-official barriers. The difference between
Hummels’ (2001) AVEs and mine is that the former estimates the ad-valorem
impact of ocean and air shipping costs using a discrete choice model. In this paper,
I consider a different definition of time required for a trade transaction to fill
documents, overcome geographic barriers, and face corruption. This definition can
give a better idea about the administrative or the non-official barriers to trade.
I have already used these AVEs to assess the impact of trade facilitation on the
Egyptian economy where welfare increases by 1.62% when Egypt removes 90% of
its red tape costs in a unilateral way (Zaki, 2010). Despite the inclusion of many
indicators in our AVEs, other aspects are not taken into account such as regulatory
convergence which is excluded from the study.

The second empirical contribution to the literature of this paper is the extension
of the methodology of Decreux and Fontagné (2009) to allow for the explicit
introduction of trade facilitation in the multi-regional and multi-sectoral CGE
model, MIRAGE. The latter provides a good context to study the impact of trade
facilitation for three reasons. First, since trade facilitation has an impact on exports,
imports, and therefore production, factors of production and remuneration, a CGE
seems to be the appropriate tool to assess the impact of trade facilitation. Second,
being a multi-regional model, MIRAGE should determine the largest winners from
facilitating trade, especially as there are likely to be several interactions between
different countries and that the spectrum of administrative barriers is different
between developed and emerging economies. Finally, being a multi-sectoral model,
MIRAGE allows taking into account the specificities of various sectors and their
response to more facilitated trade.
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In order to examine the global impact of trade facilitation, a partial removal of
the administrative barriers is simulated by reducing trade costs by 50% for all
countries. Moreover, a shock of the same magnitude is introduced for tariff
reduction. This should help compare the effects of trade facilitation with those of
trade liberalization. It is worth mentioning that the cost of trade facilitaiton was not
taken into account since there are no empirical estimates of these costs at the world
level.3 Therefore, the paper provides estimates of gross gains that could feed into a
cost–benefit assessment of individual countries.

The paper has four major findings. Gains derived from trade facilitation are more
significant for developing economies (especially for the Middle East and North
Africa regions and Sub-Saharan countries) than for developed ones, whether in
terms of welfare gain (either in the short or long run) or increase in trade. Second,
long-run welfare effects of trade facilitation are much higher than in the short run.
Third, trade facilitation helps boost both intra-regional trade and inter-regional
trade. Fourth, and most interestingly, it also helps improve export diversification,
leading to an expansion in those sectors that are more sensitive to time, such as
food, textiles, and electronics.

The remainder of the paper is organized as follows. Section 2 presents the
theoretical framework of MIRAGE. Section 3 presents the data. Section 4 discusses
the results. Section 5 concludes.

2. Model

As mentioned earlier, this paper models trade facilitation in a multi-regional and
multi-sectoral computable general equilibrium (CGE) model, MIRAGE. This
section presents the theoretical framework of this model. It first presents the
characteristics and main assumptions of the baseline model and then incoroporates
trade facilitation aspects.

2.1 Structure and assumptions

MIRAGE is a multi-region and multi-sector CGE model with the following major
characteristics.4 First, it incorporates imperfect competition in an oligopolistic
framework à la Cournot.5 Second, product differentiation by variety and by

3 For the cost of trade facilitation, only some descriptive analysis and country experiences can be found
(see OECD 2002a, 2002b, and 2005).

4 For further details regarding the model structure and assumptions, see Bchir et al. (2002) and Decreux
and Valin (2007).

5 In a Cournot–Nash equilibrium, firms suppose that their decisions of production do not affect the
volume of production of their competitors. However, firms take their own market power into account:
following the Cournot–Nash assumption, their decisions can influence the sectoral or infra-sectoral price
index (given the above-defined demand structure). From the absence of strategic interaction implied by the
Cournot–Nash hypothesis, it follows that the mark-up is given by the Lerner formula where the mark-up is
equal to the price over marginal cost or 1/(1–(1/ε)) where ε is the perceived elasticity of demand.
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quality, in a sequential dynamic framework, is also incorporated in order to
take into account the adjustment period following the removal of administrative
barriers to trade. On the one hand, differences in product variety are implemented
through the modeling of horizontal product differentiation. On the other, vertical
differentiation is captured through two ranges of qualities depending on the origin
of production: goods produced in a developing country are assumed to belong to a
different quality range than those produced in a developed one. Such differentiation
is modeled through a nested Armington–Dixit–Stiglitz utility function in many
tiers, as will be shown below.

Supply is assumed to have two levels. At the first level, production in each sector
is represented through a Leontief function between intermediate consumption and
value added. At the second level, intermediate goods are substitutes through a
Constant Elasticity of Substitution (CES) function. The value-added function is also
modeled through a CES function of unskilled labor, land, natural resources, and
a composite bundle of capital and skilled labor. At the third level, a CES function
between capital and skilled labor, taking into account the skill–capital relative
complementarity,6 is modeled (Figure 1). Installed capital and natural resources are
sector-specific, so that their rates of return may vary across sectors and regions.
Labour is perfectly mobile within two sets of sectors (agriculture and non-
agriculture production) in each country. It is imperfectly mobile between these two
sets of sectors and is immobile across countries. In the standard version of the
model, labour mobility across the two sets of sectors is represented through the
assumption that total labour is a Constant Elasticity of Transformation (CET)
bundle of two labour types. Land is imperfectly mobile through a CET.

As for the demand structure (Figure 2), a representative agent maximizes his
utility function through five tiers. The first tier assumes a fixed share of regional
income that is allocated to savings, while the rest is used to purchase final
consumption goods. The second tier is associated with a Linear Expenditure
System–Constant Elasticity of Substitution (LES–CES) function to account for the
evolution of the demand structure of each region as its income level changes. The
third tier distinguishes between two different quality regions where imports
originating from developing countries are considered less substitutable to those
from developed ones than to those originating from the same region with an
elasticity of substitution σGEO. Thus, this tier captures vertical differentiation
(Fontagné and Freudenberg, 1997). At the fourth tier, local and foreign goods are
differentiated through the Armington assumption (Armington, 1969). Imported
goods originating from the same region or another region are modeled through a
CES with an elasticity of substitution σIMP. Finally, the last tier of nested demand

6The elasticity of substitution within the capital and skilled labor bundle is assumed to be lower (0.6)
than the elasticity between this bundle and other factors (1). Therefore, the latter is a Cobb–Douglas
function.
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Figure 1. Structure of the model: production side

Source: Bchir et al. (2001).

Figure 2. Structure of the model: demand side

Source: Bchir et al. (2002).
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models the horizontal differentiation where goods are imperfect substitutes through
a CES and an elasticity of substitution σVAR.7 Countries are related to each others
through investment flows and external trade.

In this model, total demand includes final consumption, intermediate consump-
tion, and capital goods. Sectoral demand of these three components follows
the same pattern as final consumption in terms of the demand structure and the
functional form. It is noteworthy that the regional representative agent includes the
government, so it pays and earns taxes. This is why any decrease in tax revenues
(for example as a consequence of a trade liberalization) is compensated by a non-
distorting replacement tax.

The dynamics of the model are driven by total factor productivity assumptions,
accumulation of capital under a putty–clay framework, and by projections of
population taken from the United Nations statistics. The model’s dynamics are
exclusively of a sequential nature: the equilibrium can be solved successively for
each period. The time span is chosen to be 16 years (betweem 2004 and 2020). The
closure of the model is based on the following assumptions. First, the share of
current account in GDP is considered to be exogenous, suggesting that the real
effective exchange rate adjusts in order to harmonize the change in exports,
imports, and FDI. Second, savings rates are fixed and the world GDP deflator is
the numéraire.8 Finally, production factors are assumed to be fully employed and
internationally immobile.

2.2 Incorporating trade facilitation

To take into account trade facilitation in a multinational CGE model, I adopt the
methodology developed by Decreux and Fontagné (2009). They model the cost
associated with administrative barriers as an iceberg cost (Samuelson, 1954) since it
is one of the most tractable ways of modeling transport costs and it does not have
an impact on other markets.9 For the sake of simplicity, the equations presented are

7 As mentioned in Decreux and Valin (2007), to guarantee that the substitution in each tier is higher
than that of the following tier, substitution elasticities are linked through the following relations:
σARM − 1 = ��

2
√ (σGEO − 1), σIMP − 1 = ��

2
√ (σARM − 1), and σVAR − 1 = ��

2
√ (σIMP − 1). In other terms, the

choice of substitution elasticities (the one between qualities is inferior to the Armington elasticity) implies
that goods that do not belong to the same quality range are less substitutable than goods from the same
quality range. This means for instance that, within a given sector, goods from a developing country
compete more directly with goods from any other developing country than with goods from any developed
country.

8 For further details on the model’s notation and equations, see Appendix 1 of the supplementary
material.

9 In MIRAGE, different agents are not modeled explicitly but they are introduced through a
representative agent that includes households, government, and firms. Hence, modeling the effect of trade
facilitation on households, firms, and government separately is interesting and useful (Zaki, 2010) but
requires a quite important modification of the model as well as a host of additional data in order to take
into account corruption. This is why I stick to Decreux and Fontagné’s (2009) model.
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related to trade facilitation. Appendix 1 presents the mathematical statement of
the model (see supplementary material).

The ad-valorem equivalents (AVEs) are introduced in the prices and transport
sector equations. The free on board (FOB) price PFOBi,r,s,t of product i exported by
region r to region s in year t depends on the iceberg cost tcosti,r,s,t, producer price
PYi,r,s,t, perceived elasticity of demand EPi,r,s,t

10 (where the elasiticity is a positive
value) and some taxes (production tax rate txpi,r,s,t, export tax rate texpi,r,s,t, and
export tax equivalent to Multi-Fibre Agreement quotas txamfi,r,s,t)

PFOBi,r,s,t = (1+ tcosti,r,s,t)PYi,r,s,t 1− 1
EPi,r,s,t

( )
× (1+ txpi,r,s,t)(1+ texpi,r,s,t + txamfi,r,s,t)

(1)

The cost insurance and freight (CIF) price PCIFi,r,s,t is modeled by taking the sum
of the FOB price and the same transport cost in the following way

PCIFi,r,s,t = PFOBi,r,s,t + (1+ tcosti,r,s,t)μi,r,sPTri,r,s,t (2)
where μi,r,s,t is the demand of transport per unit of traded volume and PTri,r,s,t is the
price of transport.

The demand for transport Tri,r,s,t takes into account the iceberg cost added to the
trade flow Tradei,r,s,t

Tri,r,s,t = μi,r,s(1+ tcosti,r,s,t)Tradei,r,s,t (3)

This means that the tcosti,r,s,t parameter is introduced as a deadweight loss,
because the demand for transport services increases by a percentage equal to the
administrative barriers AVEs, while the volume of transport services actually
received is equal to μi,r,s Tradei,r,s,t. It is worthwhile to note that this specification
relies upon the following implicit assumption: resources that are wasted because of
the administrative barriers are consumed according to transport sector technol-
ogies; and the specific input consumption structure depends on the regions where
the associated transport services are produced. Furthermore, the regions from
which the wasted resources are taken are those where the associated transport
services are produced. In fact, this amounts to lowering the productivities of the
transport sectors in all regions. Although there may be other ways to model the
administrative barriers, I opt for this way for the sake of simplicity. In addition,
introducing explicitly the AVEs in the model helps capture in a more direct way
the effect of trade facilitation on the world economy. Those AVEs are computed
by taking the average of the AVE of time to export and time to import that have

10 The mark-up declines as the price-elasticity of demand rises. The endogenous determination of the
mark-up accounts for the pro-competitive effect of commercial shocks. Moreover, when the number of
firmsN is large enough, EP= –1/σVARj with σVARj the elasticity of substitution between good i varieties (see
Appendix 1 of the supplementary material – equations (64) to (66) for more details).
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been estimated at both sectoral and country levels in Zaki (2009) as it will be
shown later.

3 Data

3.1 CGE data

This study uses the GTAP 7 (Badri and Walmsley, 2008) database that has a 2004
reference year and includes 57 sectors and 113 regions. This dataset is compiled
from several sources. Macroeconomic data are from the World Bank, and
international trade are from COMTRADE. Tariffs are obtained from
MacMAP’s11 constructed by the CEPII based on raw data from the International
Trade Center (UNCTAD-WTO, Geneva). The business as usual (BAU) scenario is
run to take into account the changes that took place in the world economy between
2004 and 2008. Afterwards, World Bank and International Monetary Fund
projections have been used to simulate the evolution in the economy without any
shock in order to generate the reference scenario.

The GTAP dataset (see Appendices 2 and 3 of the supplementary material) has
been aggregated to the MIRAGE level of regions and sectors where 19 regions and
21 sectors are taken into account. Regional and sectoral aggregation are shown in
Tables A.3 and A.4 in Appendix 4 of the supplementary material. This aggregation
allows taking into account developing regions, which have a poor performance
in aspects of trade facilitation so that the benefits of liberalization can be assessed.

3.2 Estimating tariff equivalents for administrative barriers

In order to better assess the impact of trade facilitation, tariff equivalents for
administrative barriers to trade should be calculated. This section presents the
methodology adopted to estimate the tcost parameter of equations (1)–(3). To this
end, I follow the methodology adopted by Kee et al. (2009) who estimate the
ad-valorem tariff equivalent for non-tariff barriers based on a gravity model. In the
same vein, I rely on a gravity model to estimate the impact of trade facilitation on
bilateral trade in a two-step procedure (Zaki, 2009). First, the time to export and
time to import are regressed on their determinants which are the number of
documents to export and to import (Docexp.j and Docimp,i), the internet coverage
(Internetj and Interneti), corruption (Corj and Cori),12 geographic variables (being
landlocked Landj and Landi or an island Isldj and Isldi), and the number of

11Market Access Map (MAcMap) is a database developed jointly by ITC (UNCTAD-WTO, Geneva)
and CEPII (Paris). It provides a disaggregated, exhaustive, and bilateral measurement of applied tariff
duties. It also takes regional agreements and trade preferences exhaustively into account.

12 The corruption variable comes from the Corruption Perceptions Index (CPI) developed by
Transparency International. It is based on 13 independent surveys and indicates the perceived level of
public-sector corruption in a country. While the CPI is ranked from 0 (most corrupted) to 10 (least
corrupted), it is used as a proxy of customs fraud. It is the inverse of corruption, i.e. transparency.
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procedures to start a business (Procj and Proci) to capture the institutional
environment. A dummy variable Tarij is added to determine whether there is any
tariff barrier between two countries or not (see equations (4) and (5))

Ln(Timeexp.j) = β0 + β1 ln(Docexp,j) + β2 ln(Internetj)
+ β3 ln(Procj) + β4 ln(Corj) + β5Landj + β6Isldj + ω j

(4)

Ln(Timeimp.i) = γ0 + γ1 ln(Docimp.i)γ2 + ln(Interneti) + γ3 ln(Pr oci)
+ γ4 ln(Cori) + γ5Landi + γ6Isldi + γ7Tarij + εj

(5)

In a second step, the predicted values of the time to export and time to
import – obtained from the first step – are introduced in the gravity model. This
two-step estimation procedure only takes into account that part of the transaction
time that is explained by trade facilitation aspects. The gravity outcome is used to
compute ADVs for these two variables. Following Head and Mayer (2002), the
estimable equation (6) is

ln
mijk

miik

( )
= ln

ν jk
νik

( )
− σ ln

p jk

pik

( )
+ δ(1− σ) ln dij

dii

( )
+ (1− σ) ln(1+ tijk)

+ (σ − 1)λLij − (σ − 1)(θ − η)PTAij + (σ − 1)[ρ1Colij
+ ρ2Comcolij + ρ3Contiij] + (1− σ)μ1 ln(T̂imeimp,i)
+ (1− σ)μ2 ln(T̂imeexp,j)+ β + εij

(6)

where (mijk/miik) are bilateral imports of product k by country i from country
j relative to internal flows of product k, (vjk/vik) is relative production of product k
in countries i and j, (pjk/pik) is the relative price of product k, (dij/dii) is bilateral
distance between the countries i and j (dij) relative to internal distance (dii), (tijk) is
the bilateral tariff of product k between i and j. Dummies capture whether the two
countries share a common language (Lij), or a commom border (Contiij), whether
one country was a colony of the other at some point in time (Colij), whether the two
have been colonized by the same third country (Comcolij), the presence of a
Preferential Trade Agreement (PTAij) between i and j (equals 1 if i and j belong to
the same PTA), and β is a the constant and εij the error term.13 The results of the
gravity models are presented in Tables 2 and 3.14

As Kee et al. (2009) argue, to make trade facilitation aspects comparable
with ADVs, the quantity impact of such barriers should be transformed
into price equivalents. Therefore, the gravity equation is differentiated
with respect to Time Exp. (Time Imp.) to get the AVE of time to export

13 To see the whole derivation of the model, see Head and Mayer (2002) and Zaki (2009).
14 For the sources of the data used in the estimation of the gravity model, see Appendix 5 of the

supplementary material.
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(time to import) as shown in equation (7)

d ln
mij,k

mii,k

( )
d ln(T̂imei,k)

=
d ln

mij,k

mii,k

( )
d ln(pdi,k)

.
d ln(pdi,k)

d ln(T̂imei,k)
= εi,k.ave

Time
i,k (7)

Table 2. First step: estimating time to export and to import

(1) (2)

Ln(time exp.) Ln(time imp.)
Landlocked imp. 0.161**

(0.0635)
Island imp. 0.171

(0.125)
Ln(internet imp.) –0.125***

(0.0197)
Ln(doc. imp.) 0.623***

(0.0853)
Ln(procedure imp.) 0.0594

(0.0689)
Ln(corruption imp.) –0.440***

(0.0907)
Tariff dummy 0.0155

(0.0433)
Landlocked exp. 0.275***

(0.0677)
Island exp. 0.0684

(0.124)
Ln(internet exp.) −0.0768***

(0.0256)
Ln(doc. exp.) 0.813***

(0.112)
Ln(procedure exp.) −0.0367

(0.0760)
Ln(corruption exp.) −0.499***

(0.104)
Constant 2.215*** 2.286***

(0.346) (0.341)
Observations 59,239 59,239

R-squared 0.786 0.874

Notes: (i) Robust standard errors in parentheses.
(ii) Ordinary least squares method has been used with clustered standard errors (by exporter in column 1
and by importer in column 2).
(iii) ***, **, and * represent respectively statistical significance at the 1%, 5%, and 10% levels.
(iv) Corruption is measured by the corruption perception index ranked from 0 (most corrupted) to
10 (least corrupted).
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where εi,n is the import demand elasticity of good k in country i and pi,k
d the

domestic price in country i. Hence, solving for avei,k
Time, I get

aveTime
i,k = 1

εi,k
.

d ln
mij,k

mii,k

( )
d ln(T̂imei,k)}

(8)

In other words, the AVEs are computed by taking the ratio between the coefficient
of the predicted time to export (and that to import) and the elasticity of demand as
follows

aveTime
imp,i,k = (σ − 1)μ1

εi,k
; aveTime

exp,j,k = (σ − 1)μ2
ε j,k

(9)

Table 3. Second step: impact of trade facilitation on bilateral trade

ln (rel. imp.) (est. time and clust. by pairs)

Ln(rel. prod.) 0.779***
(0.0124)

Ln(rel. dist.) −0.707***
(0.0393)

Ln(rel. price) −0.292***
(0.0870)

Ln(tariff+1) −0.161***
(0.0358)

Contiguity 1.694***
(0.277)

Common lang. 0.274*
(0.160)

Colony 1.344***
(0.204)

Com. col. 1.133***
(0.223)

PTA 0.847***
(0.133)

Ln(time imp.) −1.239***
(0.0837)

Ln(time exp.) −0.698***
(0.0810)

Constant −2.110***
(0.437)

Sector dummies YES
Observations 56,127

R-squared 0.589

Notes: (i) Robust standard errors in parentheses.
(ii) Ordinary least squares method has been used with clustered standard errors (by country pairs).
Results remain robust even when errors are clustered by exporter and by importer.
(iii) ***, **, and * represent respectively statistical significance at the 1%, 5%, and 10% levels.
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Equation (9) gives the ad-valorem equivalent of one day to export and one day to
import. Demand elasticities come from Kee et al. (2008).15 To estimate the AVE
specific to each country, the AVE of one day is multiplied by the number of days to
export and to import available in the ‘Doing Business’ dataset. Since those tariff
equivalents take into account other administrative barriers such as the number of
documents, the internet coverage, and corruption, as well as the geographic
impediments to trade, they are considered to be a more comprehensive AVE of
‘trade facilitation’. I have calculated the AVEs at the ISIC 3-digits level for 138
countries,16 but they have been aggregated to the MIRAGE level of regions and
sectors where 19 regions and 21 sectors are taken into account. Those AVEs are
computed by taking the average of the AVE of time to export and time to import
that have been estimated using the gravity model presented above.17

The heterogeneity in terms of trade facilitation among different sectors and
countries is confirmed by the estimated AVEs. The calculated AVEs displayed
in Table 4 show that the difference between developed and developing countries is
very pronounced since the average of the AVE of the time to export (to import) is
4.9% (7.9%) for the former (chiefly the USA and European countries) and 17.6%
(34.2%) for the latter (including African and Asian countries), pointing out that
developing economies would benefit the most from the elimination of such barriers.

A deeper look at the sectoral characteristics of the AVEs (Table 5)18 suggests that
the least time-sensitive products appear on the lower bound of the AVEs values.
Thus, perishable goods (food and beverages), seasonal goods (garments and
textiles), goods that are used as inputs in the production process (machines), and
high value added products (professional and scientific equipments) are character-
ized by higher AVEs than others (wood products or footwear). Regarding the time
to export, the lowest values of the AVEs (almost 0%) are the ones associated
with tobacco, footwear, and wood products for Japan, USA, and Canada. Chad,
Kazakhstan, Kirghizistan, and Rwanda have the highest AVEs for chemicals,
transport, and electrical machines and are considered to be quite time-sensitive and
to have a short market lifetime with an average AVE equivalent to 112%. As for
the time to import, AVE figures are higher than those for the time to export since

15 For robustness check, I have computed the AVEs using the elasticities of substitution σ that have been
estimated from my model. The Spearman’s rank correlation coefficient between the AVEs computed using
Kee et al. (2008) elasticities and those computed using the estimated ones is 0.88 for time to export and
0.86 for time to import. Both of the two versions of AVEs are quite close. Yet, using the estimated
elasticities generates, in some cases, slightly higher AVEs since the elasticities values are lower than those of
Kee et al. (2008).

16 All ad valorem tariff equivalents for the whole sample are available upon request.
17 By disentangling the contribution of each component to the change in the ad-valorem equivalent of

time (equation (9)), I found that, on average, 51% is due to the change in elasticity of demand and 49% is
due to the change in the estimated time to export and to import.

18 To avoid endogeneity and underestimation of AVEs, I computed simple averages instead of weighted
ones.
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Chad and Rwanda have an AVE equal to 200% for textiles, garments, and non-
ferrous metals. These figures are high due to the higher number of days to export
and to import.

Figure 3 shows a comparison of the level of administrative trade barriers and
formal tariff barriers. It is worth mentioning that the administrative barriers are
greater than tariff barriers for both developed and developing countries. For
instance, while tariffs in the Middle East (LAC) region amount, on average, to
5.6% (7.4%), red tape barriers reach 31% (14.7%). This is the reason why
removing administrative barriers to trade is likely to have a more positive impact on
the world economy. This finding is in line with the literature since red tape amounts
to an estimated deadweight cost to trade of at least US$650 billion worldwide
every year. Estimates of the costs of red tape associated with international
trade range from a tenth to a quarter of the total value of world trade. If this cost
could be halved, even at the lower end of that range, this could save traders,
governments, and consumers around the world an estimated US$325 billion
per year (OECD, 2005).

4 Simulation results

Bearing in mind the importance and the complexity of the trade facilitation process,
it is important to assess its effects on the world economy to determine which
countries gain most from it. In order to examine the global impact of trade
facilitation, a first simulation captures the effects of a partial removal of the
administrative barriers, which is proxied by reducing trade costs by 50% for all
countries. Morevoer, in order to compare the effects of trade facilitation with those
of trade liberalization, a second simulation introduces a shock that halves tariff
rates. The analysis focuses on the impact of trade facilitation measures on welfare,

Table 4. Estimating ad valorem equivalents for time of trade: by countries

Time to imp. Time to exp. AVE time imp. AVE time exp.

Developing Mean 37 31 34.15 17.57
Minimum 9 9 3.59 2.17
Maximum 102 89 128.48 54.44
Std dev. 18.6 15 36.5 18.3

Developed Mean 13 12 7.98 4.91
Minimum 3 5 0.94 0.89
Maximum 34 28 20.13 16.98
Std dev. 6.6 5.5 8.7 5.9

Notes: (i) Time to export and that to import are recorded in days.
(ii) AVEs are in percentage.
Source: Constructed by the author from the regressions results.
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trade, and exports diversification. I also distinguish between the effects in the short
run, which captures the immediate static change implied by each simulation, and
the long run, which captures the change in 2020. The dynamics of the model are
made by introducing updated equations for all the stock variables (capital stock
and labor force) as well as various policy variables and then solving the model
period by period with the updated variables.

The main findings show that gains derived from trade facilitation are more
significant for developing economies (especially for the Middle East and North
Africa regions and Sub-Saharan countries) than for developed ones, whether in
terms of welfare gain (either in the short or long run) or an increase in trade.
Second, long-run welfare effects of trade facilitation are much higher than in the
short run. Third, trade facilitation helps boost both intra-regional and inter-
regional trade. Fourth, and most interestingly, it also helps improve export

Table 5. Estimating ad valorem equivalents for time of trade: by sectors

Sector AVE time imp. (%) AVE time exp. (%)

Food 18.56 8.42
Beverage 29.51 19.47
Tobacco 0.01 7.75
Textiles 34.07 16.06
Wearing apparel 49.32 0.02
Leather 15.91 0.02
Footwear 51.65 0.02
Wood 4.52 0.01
Furniture 53.72 0.03
Paper 17.40 16.42
Printing and publishing 36.70 15.46
Industrial chemicals 14.87 9.57
Other chemicals 27.72 31.34
Petroleum refineries 20.52 11.62
Misc. petro./coal 27.70 13.58
Rubber 65.77 20.05
Plastic 28.39 21.25
Iron and steel 12.80 7.55
Non-ferrous metal 46.61 14.17
Fab. metal 24.73 14.09
Machinery expect electric 0.02 27.17
Machinery electric 24.42 28.09
Transport 32.60 16.36
Prof and scientific equip. 13.24 26.22
Other industries 37.02 34.30

Notes: (i) AVEs are in percentage.
(ii) Since the AVE have been estimated at the sector-country level, I calculated sectoral figures by taking a
simple average of the countries included in the sample for each sector.
Source: Constructed by the author from the regressions results.
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diversification, leading to an expansion in those sectors that are more sensitive to
time, such as food, textiles, and electronics.

4.1 Effects on welfare

First, trade facilitation yields welfare gains19 due to an improvement in the terms of
trade, as displayed in Table 6. This finding is generalized for the whole world,
especially for some developing countries such as sub-saharan Africa (4.7%), other
Asia (5.2%), Middle East (3.1%), and North Africa (2.9%) where welfare gains
derived from trade facilitation are larger than elsewhere. The only exception to this
improvement in the developed world is Japan due to a significant deterioration of
its terms of trade and a trivial improvement in its capital accumulation.

In the short run, welfare derived from trade facilation rises by 1.4% in the
European Union (EU) whereas the increase amounts to only 0.3% in the case of
USA. This difference is explained by the fact that the USA is considered to be the
best practice in the sample, which means that trade facilitation will not generate
important gains in this case since it has the lowest administrative costs. In contrast,
as the EU includes various countries that have different status in trade facilitation

Figure 3. Red tape barriers vs. tariffs (%)

Source: Constructed by the author using MacMAP for tariffs and AVEs estimations for Red tape
barriers.

19 In this paper, welfare is computed as a percentage of the agents’ income on the basis of the equivalent
variation. Then, these gains are decomposed into three main components: terms of trade gains (thanks to
the change in trade prices), capital gains (explained by higher capital accumulation), and other gains (the
residual). For further details, see Bchir et al. (2002).
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Table 6. Trade facilitation impact on welfare and trade (percentage change with respect to the BAU)

Short-run welfare gains Long-run welfare gains Long-run trade changes

(1)
Capital
accumulation

(2)
Terms of
trade gains

(3)
Other
gains

(4)
Welfare

(5)
Capital
accumulation

(6)
Terms
of trade

(7)
Other
gains

(8)
Welfare

(9)
Exports

(10)
Imports

(11)
Terms
of trade

(12)
Change in
HH index

Australia and NZ 0.06 0.37 0.32 0.75 0.47 0.45 0.37 1.29 7.97 7.47 1.15 5.4%
Brazil 0.03 0.01 0.20 0.24 0.25 0.05 0.07 0.37 4.38 5.43 0.15 −0.8%
Canada 0.06 0.04 0.81 0.91 0.45 0.16 0.80 1.41 5.00 5.28 −0.02 0.3%
China 0.12 −0.61 1.65 1.16 0.54 −0.87 1.78 1.45 8.83 9.51 −2.27 −5.6%
Egypt 0.09 0.55 0.83 1.46 0.81 0.56 0.87 2.24 8.33 8.42 1.21 6.8%
European Union 0.07 0.04 1.29 1.39 0.62 0.06 1.36 2.04 10.60 10.54 −0.70 −9.6%
India 0.09 −0.14 0.67 0.61 0.48 −0.44 0.87 0.91 9.56 8.81 −3.02 −7.1%
Japan 0.01 −0.09 −0.06 −0.14 0.07 −0.10 −0.09 −0.12 2.10 2.96 −1.09 2.6%
Korea and Taiwan 0.12 −0.97 2.33 1.47 0.89 −1.26 2.56 2.18 8.18 9.41 −2.16 −9.3%
Mexico 0.06 −0.50 1.75 1.30 0.56 −0.43 2.34 2.47 11.79 11.94 −2.00 −10.2%
Middle East 0.36 0.38 2.40 3.14 2.50 1.08 2.08 5.66 13.66 15.12 2.34 27.7%
North Africa 0.20 0.87 1.87 2.94 1.60 1.63 1.22 4.44 11.21 12.14 3.86 17.8%
Other LAC 0.12 −0.05 2.03 2.10 0.98 −0.01 2.10 3.07 16.20 17.28 −0.29 11.3%
Ro Africa 0.35 1.01 3.31 4.67 2.80 1.16 3.32 7.28 22.28 22.45 2.33 35.2%
Ro Asia 0.39 0.17 4.63 5.19 3.22 −0.42 5.17 7.97 16.18 17.08 −1.36 −35.1%
Ro Eur. and Turkey 0.15 0.25 2.23 2.63 1.24 0.33 2.19 3.75 14.69 15.04 0.07 2.1%
Russia 0.21 0.36 1.32 1.88 0.99 1.20 0.64 2.83 7.88 10.12 3.82 13.8%
South Africa 0.14 −0.29 2.15 1.99 1.44 −0.31 2.23 3.36 17.93 19.27 −1.04 9.4%
USA 0.02 0.20 0.09 0.31 0.16 0.23 0.16 0.55 3.90 3.44 0.60 3.0%

Notes: (i) Short run means the immediate static change implied by each simulation, the long run means the change implied in 2020.
(ii) Columns 1, 2, and 3 show the welfare decomposition in the short run. Therefore, 1+2+3=Column 4.
(iii) Columns 5, 6, and 7 show the welfare decomposition in the long run. Therefore, 5+6+7=Column 8.
(iv) Column 12 shows the change in exports diversification with respect to benchmark scenario. Exports diversification is measured by the ‘1-Herfindahl–Hirschman Index’
(HHI=∑i si

2, where s is the share of product i exports in total exports). Positive variation shows more diversification and negative variations shows less diversification.
Source: Author’s calculations using MIRAGE.
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aspects (going from the most efficient being Germany to the least efficient such as
Greece and Eastern European countries), benefits are relatively considerable.

In general, terms of trade gains significantly improve for most economies because
of the reduction in transaction costs as cumbersome and lengthy administrative
barriers to trade are eased. Most importantly, such barriers do not generate any
revenues (such as tariffs) or rents (such as quotas) and therefore are not associated
with significant foregone revenues. Trade facilitation thus changes trade prices with
imported goods becoming cheaper in aggregate relative to exported goods.

The results of the second simulation (see Table A.5 in Appendix 6 of the sup-
plementary material) reproducing the effects of a reduction in tariffs by 50% show
that trade liberalization yields lower gains for all countries, compared to trade
facilitation. In fact, while on average welfare is boosted by 1.8% with trade
facilitation, it improves only by some 0.1% when trade is liberalized. This is pri-
marily explained by a lower reduction in trade prices in the former case since tariffs
are lower than administrative costs (see Figure 3). For instance, if trade is liberalized
by 50%, FOB prices decrease on average, by 0.5%, whereas the same reduction in
FOB prices can be obtained when trade facilitation is facilitated by only 10%.20

The short-run effects are amplified in the long run as the literature of CGE
models has repeatedly shown that static models underestimate the effects of policy
changes since they do not take into account capital accumulation and productivity
gains. As shown in Table 6, in the long run welfare gains derived from trade
facilitation are amplified as a result of higher capital accumulation, as this process
enhances the efficiency of capital and labor by moving resources into sectors where
they are more valuable at the margin. On average, capital accumulation explains
around 50% of the welfare gains in the long run. In Asian countries in particular,
capital accumulation and other gains yield large positive welfare gains (8%). Some
developing economies, especially Brazil (0.4%), are not greatly affected by trade
facilitation in the long run because they already enjoy a relatively efficient
environment of goods’ clearance and delivery.

Moreover, the welfare effects of trade liberalization are much lower than those of
trade facilitation even in the long run, since, on average, the latter increases welfare
by 2.8%, whereas the former increases it only by 0.3%. Last but not least, while
welfare gains emerging from trade liberalization are explained by a more efficient
allocation of resources, those arising from trade facilitation are primarily the result
of a reduction in deadweight loss: changes in terms of trade are far more important
as a source of welfare gain in trade facilitation than trade liberalization.

4.2 Effects on trade: level and diversification

Trade facilitation matters more than trade liberalization for developing countries in
terms of the effect on trade level.

20 Results are available upon request.
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On the one hand, Table 6 shows that Sub-Saharan African, Asian, Latin
American Countries (LACs), and the Middle East exports increase by 22.3%,
16.2%, 16.2%, and 13.8%, respectively following trade facilitation measures.
Imports are boosted by almost the same magnitude since the macroeconomic
closure of the model evokes a constant share of current account to GDP: ceteris
paribus, an increase in exports should be coupled with an increase in imports.
While exports and imports of most of the developed countries increase modestly
(the USA exports increase only by 3.9%, Japan by 2.1%, and Canada by 5%),
those of the EU increase more substantially (by 10.6%) since this bloc includes
some countries where trade facilitation (admin costs?) is quite basic (Bulgaria,
Poland, and Czech Republic).21 As mentioned earlier, the removal of adminis-
trative barriers to trade in developing countries leads to an improvement in terms of
trade as shown in Table 6 (column 11), in particular the Middle East by 2.3%,
North Africa by 3.9%, and Sub-Saharan Africa by 2.3%.

Similar to our findings above with respect to welfare gain, the effects of trade
liberalization on trade levels are less considerable than those associated with trade
facilitation (see Table A.5 in Appendix 6 of the supplementary material). In fact,
apart from a few exceptions (India, Japan, and Brazil that are characterized by a
fairly high protection), both exports and imports are less responsive to tariff
liberalization than trade facilitation measures.

Trade facilitation effects are not the same at both intra- and inter-regional levels,
especially in developing countries.. First, the removal of red tape costs substantially
increases intra-regional trade in Asia by 19.5%, in North Africa by 22.1%, in LAC
by 33.5%, in the Middle East by 45.1%, and in Sub Saharan African by 77.2%.
Given that administrative costs are much higher in developing countries, trade
facilitation could potentially be more effective in increasing South–South trade.22

Moreover, it is shown that trade facilitation increases inter-regional trade. In
fact, the EU increases imports from the Middle East by 14.8%, Sub-Saharan Africa
by 28.6%, and North Africa by 13.6%. Even with the rest of Europe and Turkey,
intra-European trade is boosted by 12.4%. The USA also imports more, not only
from South Africa, the Middle East, and Asian countries but also from Mexico (up
by 10.2%), showing that behind-the-border procedures do matter even for well-
integrated countries. This is similar to what Fox et al. (2003) found when assessing
the impact of the reduction in border-crossing costs between Mexico and USA
using the GTAP model. Finally, Japan’s imports significantly increase from Asian
countries (by 11.1%), Sub-Saharan ones (by 10.5%), and India (by 5.1%) at the
expense of other countries (such as Brazil, North Africa, and LACs).

Moving to a detailed analysis of the trade facilitation effects provides more
interesting insights. In fact, it is observed that, ceteris paribus, once trade is

21 EU trade includes just external trade. Therefore, EU intra-trade is not taken into account.
22 For further details, see Tables A.7 in Appendix 6 of the supplementary material.
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facilitated, each region increases its trade in some sectors more than others since it
will produce more of the goods that are sensitive to trade facilitation reforms. At
the production level, while Australia and New Zealand increase their production
of agricultural products –where they have a comparative advantage – by 2%, the
Middle East and North Africa increase that of garments and textiles by 23.9% and
20% respectively. The production of electronics is highly boosted in Asian
countries (up by 45.4%). Last but not least, LACs experience an increase of textiles
and vegetables by 6.2% and 5.9% respectively.23

Another interesting finding shown in Table 7 is that developing countries witness
a remarkable diversification of exports24 after implementing trade facilitation
measures. The majority of gains are reaped by Sub-Saharan Africa where exports
increase by 138.7% in electronics, 185.4% in machinery, 321% in metallic
products, and 151.8% in textiles and garments. Benefits are lower for other
regions. For instance, in the Middle East, exports of textiles and garments,
electronics, and chemicals increase by 58%, 43.5%, and 40.3% respectively. The
same changes are observed in North Africa but in a more pronouced way
(chemicals by 64%, textile and garments by 69.9%, and electronics by 44.5%).
LACs gains are distributed among the following sectors: vegetables (23.3%),
chemicals (31.2%), textiles (48.1%), metal products (57.6%), and electronics
(62.7%). Finally, Asian countries increase their exports of electronics, metallic
products, and vegetables. The literature on trade facilitation (OECD, 2002b and
2005) has already provided evidence that seasonal (garments) and perishable
(vegetables) products as well as those with a short market lifetime (electronics) are
more affected than others. Figure 4 displays the Herfindahl–Hirschman index that
measures the change in exports concentration before and after the simulation. It is
obvious that the rest of Africa, Middle East, North Africa, and Latin American
countries expericence a significant diversification following trade facilitation.
Dennis and Ben Shepherd (2011) argued that lower fixed costs of exports (such as
the barriers associated to trade facilitation) expand the range of products that
developing countries can export. Fixed costs are perceived as the primary
determinants of firm entry into particular overseas product markets. For this
reason, they found that a 10% improvement in trade facilitation is associated with
product diversity gains of the order of 3–4%. Moreover, there is evidence that
differentiated goods (such as manufactures) have stronger diversification responses
to trade facilitation (measured as a uniform proportionate cut in administration
costs) than do homogeneous goods (such as agricultural products).

23 See Appendix 6 of the supplementary material for more results.
24 Exports diversification index is measured by the 1-Herfindahl–Hirschman Index (HHI). Therefore,

positive variation shows less concentration and more diversification.
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4.3 Effects on employment and factors’ compensation

It is worthwhile to mention that the model runs under neoclassical closure, so that
resources are fully employed and the supply of the factors of production is
exogenous. Trade facilitation affects sectoral employment and factors’ compen-
sations in different ways.

As trade facilitation leads to an expansion in the manufacturing sector in
developing countries, industrial (and services) employment also increases in Sub-
Saharan Africa (by 2.7%), in the Middle East and North Africa (by 0.4%). In
contrast, Australia and New-Zealand, Brazil, India, and South Africa experience an
increase in the agricultural employment due to the expansion of primary goods that
become more competitive once trade is facilitated.

As a result of trade facilitation, sectoral production and thus employment
change, and so is factors’ compensation. Table 8 presents the changes in the returns

Figure 4. Change in exports diversification (%)

Notes: (i) Exports concentration is measured by the Herfindahl–Hirschman Index –HHI. Negative
variation shows less concentration and more diversification.
(ii) Figures presented here show the impact of a 50% decrease in the trade facilitation barriers on export
concentration.
Source: Constructed by the author using the simulations results.
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to capital,25 land, natural resources, and skilled and unskilled labor in different
regions. Skilled labor’s wages are positively affected by trade facilitation, showing
that the increase in the skill premium is primarily driven by skilled-biased
technological change after the period of trade liberalization or facilitation,
especially in developing countries. The channel is as follows: the more an industry
opens-up, the more firms are productive and are able to export and face foreign
competition. Firms in this industry will therefore hire more skilled workers at
higher wages. The increase in the demand for skilled labor is also attributed to the
way it is modeled in MIRAGE. Since the latter is characterized by a CES bundle of
capital and skilled labor, this structure takes into account the skill–capital relative
complementarity. Therefore, the higher the capital accumulation, the higher the
demand for skilled labor.This result is consistent with the literature (for instance,
Feenstra and Hanson, 2001, Attanasio et al., 2004).26 In addition, as many sectors
that are intensive in unskilled labor expand (and where developing countries have a

Table 7. Long-run change in value of exports by region and by sector percentage
change with respect to the BAU)

Egypt Mid East No Afr Oth LAC Ro Afr Ro Asia Ro Eu Tur So Afr

Anm agr 17.38 3.89 7.99 1.78 −2.09 5.4 15.55 11.4
Business 1.98 −0.96 0.02 −2.51 −8.12 −7.09 −6.21 −1.08
Cars trucks 16.8 33.1 40.43 27.66 186.77 10.04 47.08 39.43
Construct 5.87 1.17 0.92 −1.37 0.07 −3.24 −3.1 1.17
Electronic 26.1 43.51 44.46 62.7 138.7 37.29 19.52 61.06
Food fish 18.59 24.61 14.43 5.19 12.89 0.6 11.9 10.71
Machi other 52.49 65.46 81.85 61.08 185.35 23.04 26.52 66.87
Metal prod 51.11 86.33 101.95 57.59 320.97 20.02 42.6 23.26
Metals 11.16 87.9 20.2 14.8 172.02 8.17 14.16 2.96
Oil gas 9.52 −0.19 3.96 −1.87 2.36 3.63 1.85 2.38
Paper chem 11.95 40.33 63.99 31.16 37.74 7.8 22.66 47.78
Petrol prod 1.55 24.58 −2.42 32.07 92.54 1.9 41.64 −3.25
Tex Lea Clo 12.28 58.01 69.91 48.17 151.77 5.29 21.45 22.33
Trade 0.98 −1.77 −0.38 −2.57 −7.19 −8.62 −6.2 −1.61
Transport 1.22 −0.87 −1.12 0.53 −1.24 −3.69 −2.65 −0.36
Veg agr 13.28 10.93 8.77 23.31 −7.31 11.49 3.07 10.64
Wood prod 21.25 45.31 47.31 24.61 135.77 1.61 31.11 22.98

Note: The long run means the change implied in 2020.
Source: Author’s calculations using MIRAGE.

25 The rental rate of capital is the price paid by a firm to use one unit of capital for one period when
there are no taxes. In other words, it is the gross (before depreciation) income received by the owner of the
capital per period and per unit.

26 Indeed, the value-added function is modeled in MIRAGE through a CES function of unskilled labor,
land, natural resources, and a composite bundle. This composite bundle is a CES function between capital
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comparative advantage), the demand for this type of labor is boosted and therefore
its wage rate. Developed countries experience a modest change in factors’ returns
since the shock effect is rather weak. Land returns increase primarily in countries
where agriculture expands especially in Australia and New-Zealand, Brazil, South
Africa, and USA. Finally, the return to capital decreases almost everywhere except
in Sub-Saharan African countries and the Rest of Asia where it increases
moderately. While growth in the supply of labor remains unchanged, the relative
abundance of capital increases and therefore its rental rate falls relatively to the
wage rate. Here, it is important to mention that this model has savings-driven
determination of investment. In other words, the investment volume adjusts to
achieve the savings–investment equilibrium. Since installed capital is sector-specific
and assumed to be immobile, this putty–clay hypothesis is important, because it
implies that capital stock adjustment is gradual. In addition, it implies that the rate

Table 8. Long-run change in real returns to factors of production
(percentage change with respect to the BAU)

Real
return
to capital

Real
return
to land

Skilled
wages

Unskilled
wages

Real return
to nat.
resources

Aust NZ −0.79 1.62 1.89 1.23 1.39
Brazil −0.67 5.34 0.62 0.08 5.16
Canada −0.83 −1.20 2.18 1.39 2.42
China −0.76 1.07 2.38 1.38 0.75
Egypt −0.23 3.25 2.97 1.96 2.59
EU −0.36 −0.12 3.04 2.12 3.64
India −1.34 0.82 1.42 0.76 1.80
Japan −0.39 1.88 0.09 −0.03 3.21
Kor Tai −0.72 −2.03 3.16 2.11 −2.99
Mexico −0.24 −0.91 3.79 2.25 3.41
Middle East −0.78 3.22 10.46 7.59 1.73
North Africa −1.68 1.22 7.47 4.87 3.08
Other LAC −0.26 3.01 4.27 3.23 0.51
Ro Africa 0.35 −0.85 13.57 7.77 −0.58
Ro Asia 0.26 1.97 10.79 7.43 −1.68
Ro Eur Tur −0.83 −0.31 5.66 4.04 −0.01
Russia −2.08 0.57 3.19 1.36 4.57
South Africa −0.78 2.95 5.12 3.15 −2.06
USA −0.66 3.44 0.58 0.21 5.31

Note: The long run means the change implied in 2020.
Source: Author’s calculations using MIRAGE.

and skilled labor taking into account the skill–capital relative complementarity. Therefore, the higher the
capital accumulation, the higher the demand for skilled labor (Feenstra and Hanson, 2001).
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of return to capital may vary across sectors. This confers investment an important
role, as the only adjustment device for capital stock. For this reason, capital over-
expands in the long run relative to other factors of production.

5. Conclusion

This paper attempts to model trade facilitation in a multi-regional and multi-
sectoral computable general equilibrium (CGE) model, MIRAGE. It follows
Decreux and Fontagné (2009) in modeling trade facilitation and in assuming
that administrative barriers are an iceberg cost. I extend their model using more
comprehensive measures of ad-valorem equivalents (AVEs) of red tape costs,
which are computed from a gravity model, and are introduced in the CGE model.
The novelty in using those AVEs is that they take into account the effects of
bureaucracy, internet coverage, corruption, and geographical barriers on the time
to trade. Two simulations are carried-out, one captures the effects of a partial
removal of the administrative barriers, which is proxied by reducing trade cost
by 50% for all countries. Morevoer, in order to compare the effects of trade
facilitation with those of trade liberalization, a second simulation introduces a
shock of the same proportion for tariffs.

The paper has four major findings. Gains derived from trade facilitation are
more significant for developing economies (especially for the Middle East and
North Africa region and Sub-Saharan countries) than for developed ones, whether
in terms of welfare gain (either in the short or long run) or increase in trade. Second,
long-run welfare effects of trade facilitation are much higher than in the short run.
Third, trade facilitation helps boost both intra-regional trade and inter-regional
trade. Fourth, and most interestingly, it also helps improve export diversification,
leading to an expansion in those sectors that are more sensitive to time such as
food, textiles, and electronics. It is important to mention that the cost of trade
facilitation has not been taken into account since there are no empirical estimates of
these costs at the world level. Therefore, the paper provides estimates of gross gains
that could feed into a cost–benefit assessment of individual countries.

Going forward, two potential areas can be identified to improve trade facilitation
modeling. First, it will be more appropriate to take into account the different costs
of implementing the trade facilitation measures. In addition, it would be more
suitable to consider the corruption aspects, as I have done in Zaki (2010), which
can reduce the gains coming from trade facilitation since the latter is not a pure
deadweight loss.

From a policymaking perspective, this paper points to some important
implications for current WTO negotiations. First, agreement on trade facilitation
could be easily reached and put some flesh onto the bones of the Doha
Development negotiations. This is because the trade facilitation process is beneficial
for all concerned parties and it also involves no concessions as in the case of
agriculture or sensitive products. Second, trade facilitation will not only boost
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trade, but it will increase the economic efficiency of different countries because
infrastructure, customs, and the business environment are enhanced. This is why
trade facilitation reforms could be promoted as a tool that contributes to growth
and development rather than as a concession paid to others. Third, trade
facilitation is crucial for developing countries who would be amongst the primary
losers if reforms should be undertaken only by developed ones. As was mentioned
before, a country will benefit from its own trade facilitation before benefiting from
the others. This is due to the fact that all the reform measures put in place to
facilitate trade (i.e. improving transport infrastructure and communication)
promote the efficiency and the productivity of the whole economy. Last but not
least, a remaining challenge is that trade facilitation requires large financing,
technical assistance, and capacity building to be implemented. The majority of
studies, including this one, did not consider the cost of implementing trade
facilitation measures. This may overestimate the gains emerging from eliminating
administrative barriers. In addition, the disagreement between developed
and developing countries on this cost is still raised on the Doha Development
Agenda and complicates its conclusion. Thus, it is crucial to simultaneously assess
both the gains and the costs induced by trade facilitation. From a policymaking
point of view, this problem can be resolved via two mechanisms: first, aid for trade
and an increase in the government revenues could fund new projects. The increase
in government revenues may be explained by the fact that efficiency in the
collection of revenues as well as customs effectiveness will improve once trade is
facilitated.

Supplementary material

To view supplementary material for this article, please visit http://dx.doi.org/10.1017/
S1474745613000256.
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