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Summary: This study aims to explore whether smart logistics corridors can serve as a catalyst for the diversification of i
non-hydrocarbon exports in Algeria. With hydrocarbon exports exceeding 90% of total export revenues, the nation's
i economic structure is rendered fragile and vulnerable to fluctuations in global energy markets, which hinders the
i transition toward decarbonization. To achieve the study's objective, an augmented gravity model was employed using
the Poisson Pseudo-Maximum Likelihood (PPML) estimator across 15 trading partners over the period from 2010 to
2023. The model incorporates the World Bank's Logistics Performance Index (LPI), a digital infrastructure index, and a
i post-implementation dummy variable for the Algerian Port Community System (APCS) .
i The results demonstrate that a one-unit improvement in Algeria's LPI score corresponds to an approximately 307% i
i increase in the volume of non-hydrocarbon exports, while the modernization of digital infrastructure exhibits the
strongest impact among all explanatory variables. Furthermore, the Algerian Port Community System contributed to a i
i 20.6% increase in port export throughput. Sectoral analysis reveals that manufacturing exports benefit :
disproportionately from logistics improvements, with customs efficiency and tracking and tracing capabilities emerging
i as the highest-impact dimensions. These findings establish smart logistics corridors as a primary determinant of
successful export diversification, providing practical and actionable implications for Algeria and similar resource- |
i dependent economies.
Keywords: Smart Logistics Corridors; Non-Hydrocarbon Exports; Gravity Model; Logistics Performance Index;
i Digital Trade Infrastructure. :
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The Role of Smart Logistics Corridors in Enhancing Non-Hydrocarbon Exports in Algeria (PP. 19-38)

I- Introduction:

The current global economic system is going through a major structural change because of the
rise of digital technologies, the reorganization of international supply chains, and the need for a
global energy transition. In this quickly changing world, economies that used to rely on exporting
natural resources are under more pressure than ever to modernize and diversify. The Algerian
economy exemplifies a rentier state heavily reliant on extractive industries, with hydrocarbons
consistently representing 93 to 95 % of total export receipts, forming the principal basis of fiscal
revenues and foreign exchange reserves (Boudiaf & Benhabib, 2024; IMF, 2024). This single-
minded export structure makes the national economy very vulnerable to changes in global energy
markets, which creates cyclical macroeconomic weaknesses that make it hard for the economy to
grow in the long term (Sala-i-Martin & Subramanian, 2013).

Algeria has made it a strategic goal to diversify its productive base because it knows that this
economic model is not sustainable. Changes in policy and the law have led to a significant rise in
non-hydrocarbon exports. From 2017 to 2023, these exports tripled to about $5.1 billion (World
Bank, 2025), and in the first nine months of 2025, they grew by $4.3 billion, or 26 % year-on-year
(AL24 News, 2025). Currently, these exports are mostly semi-finished industrial goods like
fertilizers and ammonia, construction materials, agricultural products, and a growing presence in
electrical appliances (Africa News, 2025). Even though this is a good trend, non-hydrocarbon
exports are still small compared to the country's economic potential, making up only about 5 to 10
% of total exports (Hadj Ahmed & Touati, 2023).

The main thing that is slowing down this diversification is not a lack of manufacturing
capacity in the country, but rather the systemic friction in trade facilitation mechanisms and supply
chain infrastructure. The integration of Smart Logistics Corridors has emerged as a transformative
solution to overcome these barriers, utilizing Fourth Industrial Revolution technologies—such as
Artificial Intelligence, the Internet of Things, blockchain architectures, and big data analytics
(Okafor, 2024; Reddy & Kumar, 2023)—to establish seamless, interconnected, and highly efficient
multimodal transport networks that significantly lower transaction costs and bolster the global
competitiveness of emerging export sectors (Benyahia & Zerrouki, 2024).

1. Problem Statement:

Algeria's trade facilitation infrastructure is still very underdeveloped, even though non-
hydrocarbon exports have grown significantly. The World Bank's 2023 Logistics Performance
Index (LPI) gives Algeria a score of 2.6 out of 5.0. This puts it near the bottom of the MENA region
and far behind competitors like Morocco (3.4), Tunisia (3.3), and Egypt (3.2) (Arvis et al., 2023).
There have been policy changes and digitalization efforts like the Algerian Port Community System
(APCS) (Benhaddou & Djenane, 2024), but there is a big gap in the empirical literature: no rigorous
econometric study has measured the exact size of the link between logistics performance and
Algeria's non-hydrocarbon export volumes. Policymakers cannot make informed decisions about
how to spend limited infrastructure investment resources across competing logistics domains
without this kind of quantitative data. This could lead to billions of dollars being wasted on
ineffective projects (Mansouri & Boumediene, 2023).

2. Research Sub-Questions:

The primary research question examined in this study is: To what degree does logistics
performance, enhanced by intelligent digital infrastructure, influence the competitiveness of
Algeria’s non-hydrocarbon exports? Four sub-questions help answer this main question. First
(RQI), what is the quantitative correlation between LPI scores and bilateral non-hydrocarbon
export volumes? Second (RQ2), has the implementation of the APCS noticeably increased the
amount of goods that can be exported? Third (RQ3), do the effects of logistics performance differ
among export sectors, particularly between manufacturing, agriculture, and construction
commodities? Fourth (RQ4), which parts of the LPI—customs efficiency, infrastructure quality,
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international shipments, logistics competence, tracking and tracing, or timeliness—have the biggest
effect on export growth? These questions collectively create a thorough framework for empirically
evaluating the logistics-export relationship within the Algerian context.

3. Research Hypotheses:

Based on the theoretical literature and the gaps in research that have been found, four testable
hypotheses are made. H1 posits that a higher Logistics Performance Index score is positively and
significantly correlated with Algeria’s non-hydrocarbon export volumes, illustrating the established
link between trade facilitation and export competitiveness as evidenced in gravity model literature
(Takele & Buvik, 2019; Marti et al., 2014). According to H2, using digital port infrastructure,
specifically the APCS, has a small positive effect on export throughput. This is in line with the idea
that digital single-window systems lower transaction costs (Kim & Park, 2024). H3 posits that the
beneficial impact of logistics performance on exports is more pronounced for manufactured goods
than for agricultural products, indicating the greater complexity and time sensitivity of the supply
chain associated with manufactured exports. H4 posits that enhancements in customs efficiency and
the tracking-and-tracing elements of the LPI exert the most significant marginal effect on non-
hydrocarbon export growth, due to their direct correlation with cross-border trade friction.

4. Methodology Overview:

This study utilizes an extended gravity model of bilateral trade, which has emerged as the
predominant framework in empirical international trade economics subsequent to the foundational
contributions of Anderson and van Wincoop (2003) and Head and Mayer (2014). The gravity model
asserts that bilateral trade flows are positively correlated with the economic mass of trading partners
and negatively correlated with the distance separating them, supplemented by a comprehensive
array of trade cost determinants, including logistics performance and digital infrastructure.

The baseline specification is estimated using Poisson Pseudo-Maximum Likelihood (PPML),
adhering to the foundational methodology established by Silva and Tenreyro (2006). The panel
dataset includes 15 of Algeria's most important trading partners from 2010 to 2023, for a total of
about 196 country-pair-year observations. The dependent variable is the amount of bilateral non-
hydrocarbon exports, which was made using UN COMTRADE data and SITC Rev.2
classifications, leaving out Section 3 (mineral fuels). The main independent variables are the World
Bank LPI scores for both the exporter and importer, a Digital Infrastructure Index made up of ITU
indicators, a dummy variable for the APCS after it was put into use (equal to one for observations
from 2021 onward), and standard gravity model controls like the GDPs of both partners, the
distance between them, a common language, and a dummy for colonial ties (Head & Mayer, 2014).
The estimate uses country-pair and time fixed effects to account for shocks that happen at the same
time and multilateral resistance that isn't seen.

5. Paper Structure:

The rest of this paper is set up like this. Section 2 looks at the theoretical and empirical
research that supports the link between logistics and trade. Section 3 looks at the main technologies
and structure of smart logistics corridors. Section 4 looks at Algeria's exports, logistics performance
diagnostics, and the APCS digital transformation case study. Section 5 looks at how the Trans-
Saharan corridors and the AfCFTA opportunity connect people on land. In Section 6, you will see
the full empirical analysis, which includes how the data was made, the baseline and extended PPML
results, the sectoral disaggregation, the LPI component decomposition, and the robustness checks.
Section 7 looks at the laws and rules that govern the situation and makes suggestions for how to
improve them. Section 8 comes to an end.
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II- Literature Review and Theoretical Framework:

1. The Dutch Disease and Rentier State:

The enduring dependence on hydrocarbons in Algeria can be critically examined through the
framework of the Dutch Disease and the overarching political economy of the rentier state. The
historical influx of substantial oil and gas rents resulted in an overvaluation of the real exchange
rate, a macroeconomic phenomenon that significantly reduced the price competitiveness of non-oil
tradable goods in international markets (Boudrich, 2024; NaiB & Hammoudi, 2023). Scholarly
investigations employing Autoregressive Distributed Lag (ARDL) bounds testing methodologies
illustrate the paradoxical effect of natural resource abundance on hindering the advancement of
alternative manufacturing and agricultural sectors (Sala-i-Martin & Subramanian, 2013). Moreover,
the "extractivist development myth" has historically validated state authority in resource-rich
countries by directly associating resource abundance with socio-economic advancement, frequently
resulting in the oversight of an independent, productive manufacturing sector (Medjadi & Torres,
2026).

But as global demand changes—Ilargely because of international environmental rules like the
European Union's Carbon Border Adjustment Mechanism (CBAM) and the European Green Deal
(European Commission, 2023; Bouzid & Martinez, 2025)—the stability that hydrocarbon rents used
to bring is becoming less stable. The high specificity of current productive capabilities makes it
very hard to move toward a more diverse export portfolio. The physical infrastructure, human
capital, and logistics networks built up over decades to export large amounts of oil and gas do not
work as well for manufacturing, agriculture, and fast-moving consumer goods. This means that
logistics infrastructure modernization is necessary for structural transformation (Hausmann &
Hidalgo, 2023).

2. Product Space Theory and Structural Transformation:

The idea of the "product space" comes from the fact that hydrocarbon-oriented logistics and
diversified export logistics can't be switched out for each other. This idea is widely used in
development economics to map structural transformation (Hausmann & Hidalgo, 2023). Analytical
frameworks utilized in the context of Algeria indicate that the nation is concentrated in a highly
peripheral segment of the global product space, where existing non-oil export operations struggle to
exchange capabilities, knowledge, or logistical needs with more intricate, higher-value
commodities. To send things far away in the product space, you need a whole new supply chain.
Moving from traditional, slow logistics to agile smart logistics corridors that can handle a wide
range of time-sensitive and technologically demanding freight is a big change that can't happen
without planned investment in digital infrastructure (Hadj Ahmed & Touati, 2023).

3. The Resource-Based View and Transaction Cost Economics:

The Resource-Based View (RBV) in strategic management asserts that a sustainable
competitive advantage is achieved through the accumulation of resources and capabilities that are
valuable, rare, inimitable, and non-substitutable. Applied to macro-level logistics, superior supply
chain capabilities serve as a pivotal differentiating resource: nations that excel in these capabilities
lower transportation expenses, bolster delivery dependability, and strengthen supply chain
resilience, consistently surpassing rivals in global markets (Acero Lopez, 2021). The Network-
Based View adds to this by saying that how well logistics networks work together, how many of
them there are, and how well they are integrated into digital systems all affect how well they fit into
Global Value Chains. In a highly globalized economy where intermediate goods cross borders many
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times before final assembly, domestic businesses are still cut off from these networks because smart
logistics doesn't offer real-time tracking and easy customs integration (Bouchareb & Ferhat, 2024).

Transaction Cost Economics goes into more detail about how smart logistics affects the
amount of goods that are exported. Cross-border trade has a lot of built-in friction, like search costs,
bargaining costs, and enforcement costs. Smart logistics platforms directly address these
inefficiencies: interconnected hubs and clear data sharing cut down on mistakes that people make
by hand and get rid of information gaps between exporters, freight forwarders, and customs
authorities. Smart contracts and digital ledgers use cryptography to make contracts clear (Okafor,
2024). Small and medium-sized businesses are very sensitive to bureaucratic delays and extra costs,

so the aggressive drop in transaction costs makes exporting possible for them (Reddy & Kumar,
2023).

4. Logistics Performance and Trade: Empirical Literature:

An expanding body of empirical research has demonstrated the favorable correlation between
logistics performance and trade flows. Takele and Buvik (2019) utilized a gravity model framework
to illustrate that national logistics performance, as quantified by the LPI, substantially influences
African export volumes, with customs efficiency and infrastructure quality identified as pivotal
factors. Marti et al. (2014) validated the significance of the LPI in international trade through an
extensive cross-country sample, whereas Korinek and Sourdin (2011) demonstrated that trade
logistics costs are comparable to substantial tariff barriers. Dewberry (2020) employed a gravity
model to demonstrate that enhancements in logistics yield varying impacts among countries at
distinct stages of development. Zemri and Khetib (2024) utilized a Bayesian econometric
framework to examine logistics performance, trade, and growth within the Algerian context,
yielding initial evidence of a favorable logistics-trade correlation. Furthermore, Arvis et al. (2023)
validated that logistics performance is positively correlated with both exports and imports across
nations at every stage of development, while the OECD (2025) underscored infrastructure
modernization as essential for productive transformation in North Africa.

Despite these contributions, a substantial gap persists: no research has specifically quantified
the logistics-export relationship for Algeria’s non-hydrocarbon sector utilizing an extended gravity
framework that integrates digital infrastructure metrics and a post-implementation dummy for
recent digitalization efforts such as the APCS. The current study fills this gap by estimating a
complete PPML gravity model that separates the unique effects of logistics performance, digital
infrastructure, and port digitalization on the growth of non-hydrocarbon exports.

III- Smart Logistics Corridors: Architecture and Technologies

1. Core Technological Pillars:

Smart logistics corridors are better than traditional supply chains because of four main
technological areas, each of which has a different but complementary role in the trade facilitation
ecosystem. The cognitive core is made up of artificial intelligence and machine learning, which
process huge amounts of historical and real-time data to make it possible to predict demand and
optimize routes on the fly. Al finds the best delivery routes in real time by constantly looking at
traffic patterns, weather-related delays, geopolitical risks, and port congestion metrics. This cuts
down on fuel use, lowers emissions, and speeds up transit times (Benyahia & Zerrouki, 2024). Al-
powered optical character recognition and natural language processing can cut down on mistakes in
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complicated trade documents by up to 70%, which speeds up customs clearance by a huge amount
(Kim & Park, 2024).

These corridors' sensory nervous system is the Internet of Things. IoT networks are made up
of millions of shipping containers, transport vehicles, and warehousing facilities that are all
connected to cellular or satellite networks. These networks allow for real-time tracking of
shipments' geographic location and physical conditions, such as temperature, humidity, and
mechanical vibration. To meet strict European Union phytosanitary standards (Mansouri &
Boumediene, 2023), Algeria's agricultural and agri-food exports need to be able to maintain cold-
chain integrity at all times. Big Data Analytics and Blockchain technologies ensure trust and
immutability: big data platforms turn raw supply chain data into useful information for proactive
risk management. Blockchain distributed ledgers provide cryptographically secure traceability that
builds trust among buyers, trade finance institutions, and border authorities. This lowers the cost of
trade finance and insurance premiums (ICC, 2025).

Automation and robotics carry out digital commands in important nodes called "smart hubs."
Robotic sorting systems, self-driving vehicles that move around warehouse floors, and automated
gantry cranes at port terminals all cut down on the need for manual labor, which lowers operating
costs, speeds up throughput, and reduces human error (Crainic & Montreuil, 2016). When these
four pillars come together, they create a synergistic ecosystem where data flows easily between
physical assets. This makes supply chain operations more predictive, adaptive, and resilient, which
makes exports more competitive.

2. Synchromodality:

The principle of synchromodality, which goes far beyond traditional multimodal transport, is
what sets advanced smart logistics corridors apart. Traditional multimodal logistics uses strict, pre-
planned schedules to move containers between ships, trains, and trucks. In contrast,
synchromodality lets you switch between different modes of transportation in real time at any point
during order fulfillment, without having to book ahead of time. Synchromodal transport makes sure
that cargo always moves along the best route based on the current network conditions. This is
possible because of constant data streams and cooperation between all parties in the supply chain. If
a rail link is blocked, the system will automatically move containers to other modes without the
shipper having to do anything. Adding synchromodality to trade routes in North Africa would help
Algerian exporters be more resilient to localized infrastructure failures and bureaucratic bottlenecks.
This would help them meet the delivery windows that international buyers expect (Crainic &
Montreuil, 2016).

IV- Algeria's Export Environment and Logistics System

1. Non-Hydrocarbon Export Composition:

For a long time, Algeria's foreign trade has had a big structural imbalance. The non-
hydrocarbon sector has had a hard time making up more than single-digit percentages of total
export value. However, because of financial problems after the oil price crash in 2014 (IMF, 2024)
and the economic shocks of the global pandemic, the state started aggressive programs to replace
imports and promote exports that have paid off in measurable ways. The structure of emerging
exports is interesting: chemical products and fertilizers are at the top, bringing in about $1.5 billion
by using natural gas reserves. Next are construction materials like cement, clinker, and advanced
ceramics, which rose 11% to $560 million. The agri-food sector grew by 13%, mostly because of
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date exports to European markets. The electrical and household appliance sector grew by 36%
(Africa News, 2025), showing that Algerian manufacturing can compete in regional markets.

Most of these exports go to Europe, which saw a 21% increase in trade with Spain, Italy, and
new South American markets like Brazil. The National Agency for the Promotion of Foreign Trade
(ALGEX) is a big part of this diversification strategy. It gives market information, helps new
exporters participate in trade fairs, and trains them (Almi et al., 2025). But ALGEX hasn't been able
to do its job well because it hasn't worked well with customs and banking authorities. Instead of
actively helping businesses enter new markets, it has only provided information (Igbal & Hashmi,
2023).

2. Logistics Performance Diagnostics:

The World Bank's Logistics Performance Index is the best way to compare trade facilitation
capabilities around the world (Arvis et al., 2023). It looks at six areas: customs efficiency,
infrastructure quality, ease of arranging shipments, logistics competence, tracking and tracing, and
timeliness. Algeria got a score of 2.6 out of 5.0 in the 2023 assessment. This put it in the lower tiers
globally and behind all of its major regional competitors. A comparative analysis in Table 1 shows
that there is a competitive disadvantage in every LPI dimension. The very low scores in customs
efficiency and tracking and tracing show that the border management system is very behind in
digitalization (Benmansour, 2024).

Table 1: Comparative Logistics Performance in North Africa (2023)

Country Overall Customs Infrastructure Int’l Logistics Tracking & Timeliness
LPI Shipments Quality Tracing
Algeria 2.60 2.31 245 2.62 2.54 2.38 2.89
Morocco 3.40 3.12 3.25 3.38 3.42 3.35 3.48
Tunisia 3.30 2.98 3.15 3.22 3.28 3.18 3.42
Egypt 3.20 2.85 3.05 3.15 3.18 3.02 3.38

Source: World Bank, Connecting to Compete 2023.

In addition to index scores, the costs of running a business in Algeria's logistics sector are
thought to be up to 37% higher than in other developing countries (Mansouri & Boumediene,
2023). Algeria has 11 commercial maritime ports along its 1,200-kilometer coastline that handle
about 95% of the country's foreign trade. However, many of these ports are very crowded, have
shallow waters, and don't have enough specialized storage space, especially for cold chain
infrastructure. The Rouiba dry port, which is connected to the Port of Algiers by rail, and the
planned El Hamdania mega-port are two examples of efforts to reduce the impact of climate
change. However, physical growth must be combined with digital governance to keep new ports
from falling victim to bureaucratic inertia (Oxford Business Group, 2017).

3. The APCS Digital Transformation:

The Algerian Port Community System was set up in March 2021 as a digital branch of the
state-owned SERPORT. Its goal was to turn old, paper-heavy port systems into smart, sustainable
hubs that fit with Industry 4.0 ideas (Benhaddou & Djenane, 2024). The APCS is a complex single-
window system that digitally connects maritime agents, stevedores, freight forwarders, customs
officials, security directorates, the Ministry of Agriculture, and commercial banks. The APCS gets
rid of unnecessary manual document submissions by managing data flows from one central
location. It also gets rid of information asymmetry and makes a single source of truth for all cargo
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movements. The system also uses IoT sensors to keep an eye on when ships arrive, how cargo
moves within terminals, and how well storage is during loading and unloading (SERPORT, 2023).

The implementation of the APCS serves as compelling evidence of the efficacy of smart
logistics in enhancing trade efficiency. The platform has cut the total transit time by an average of
five days, with 0.8 days spent at the harbor and 4.2 days spent at the terminal. This is expected to
bring in $13.15 million in economic benefits each year (Benhaddou & Djenane, 2024; SERPORT,
2023). About 75% of port paperwork has been dematerialized, which has made things better for the
economy and the environment by speeding up cargo handling and cutting down on ship waiting
times. However, adoption is still uneven. Algiers, Bejaia, Skikda, and Oran are all connected, but
major industrial ports like Tenes and Arzew are still not part of the digital ecosystem. This shows
that just buying technology is not enough; there needs to be mandatory compliance and political
will to break down institutional information silos (Khalil & Amrani, 2024).

Table 2: Empirical Impact of the Algerian Port Community System

Metric Impact
Transit Time Reduction 5 days (0.8 harbor + 4.2 terminal)
Annual Economic Gain $13.15 million
Documentation Dematerialization ~75%
Ports Fully Integrated Algiers (primary), Bejaia, Skikda, Oran
Ports Not Yet Adopted Tenes, Arzew

Source: SERPORT operational data; academic assessments (2021-2024).

V- Terrestrial Connectivity and Regional Integration

1. The Trans-Saharan Corridor and SMART+I Framework:

Algeria's long-term geoeconomic goal is to move south toward the African continent. The
African Continental Free Trade Area (AfCFTA) is a huge chance for non-hydrocarbon exports.
However, trade between African countries is still very low, making up only 7% of Algeria's total
foreign trade volume (Djelloul & Berri, 2025). The Trans-Saharan Highway runs over 9,000
kilometers from Algiers to Lagos through Niger, Mali, and Chad. It has not been used much in the
past because of problems with logistics, non-tariff barriers, and safety concerns (CLRT, 2023). The
Trans-Saharan Road Liaison Committee is in charge of integrating ICT, 10T, and Al-driven traffic
control into this corridor to turn it into a useful economic artery. The Islamic Development Bank
has given $454 million to the project (IsDB, 2022).

The SMARTHI conceptual framework (Safety, Mobility, Automation, Real-time data, and
Infrastructure) is what is driving this modernization. It requires electronic customs processing,
blockchain-based payment methods, and automated vehicle tracking (CLRT, 2023). Recent
research shows that tethered High-Altitude Platform Stations (HAPS) can help overcome the lack of
terrestrial telecommunications in the deep Sahara. This will give intelligent transport systems wide-
area connectivity and make traffic management and emergency response much better in areas that
were hard to reach before (Zhang & Li, 2026).

2. Rail Expansion and the AfCFTA:

A multi-billion-dollar investment in rail logistics, which is the best way to move heavy bulk
goods like cement, clinker, and fertilizers over long distances, is also part of the plan to modernize
roads. The 2025 Finance Law says that Algeria's top priority is the Laghouat—Ghardaia—El Meniaa
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railway line, which is 495 kilometers long and is backed by the African Development Bank (AfDB,
2024) at a cost of $2.8 billion. This is the first step in a larger project called the Trans-Saharan
Railway, which will connect Tamanrasset to Niger's rail network and help the country reach its goal
of doubling the rail network to 10,000 kilometers by 2030. The rail corridor will give landlocked
Sahel countries easy access to Mediterranean ports, making Algeria the most important transit point
for trade between Africa and Europe (JICA, 2024).

To work under the AfCFTA framework, physical corridors must be used in conjunction with
regulatory harmonization and digital integration. Digital trade corridors that let goods be cleared
instantly, let digital identities be recognized by both parties, and let electronic bills of lading work
with each other are the next step in global trade. According to the International Chamber of
Commerce (ICC, 2025), digital workflows can cut the time it takes to process documents by 80%
and the cost of doing business by 30%. Econometric analyses indicate that although reductions in
AfCFTA tariffs create an essential foundational incentive, they are inadequate to ensure export
growth without simultaneous substantial enhancements in trade logistics (Zouheir & Radhouane,
2024a), highlighting the critical necessity of Algeria's investments in smart logistics corridors
(UNCTAD, 2024a).

VI- Empirical Study

1. The Extended Gravity Model:

The baseline specification is estimated via Poisson Pseudo-Maximum Likelihood (PPML),
following the methodological prescription of Silva and Tenreyro (2006). The PPML estimator has
become the preferred estimation strategy for gravity models of trade for three compelling reasons.
First, it naturally handles zero trade flows, which are prevalent in bilateral trade datasets and cannot
be accommodated by the standard log-linear OLS approach without dropping observations or
applying arbitrary transformations. Second, PPML is consistent in the presence of
heteroscedasticity, which is endemic to cross-country trade data due to systematic differences in the
variance of trade flows across country pairs. Third, PPML avoids the Jensen's inequality bias
inherent in log-linearized models, where E[In(Y)] does not equal In(E[Y]), leading to inconsistent
estimates when the objective is to predict the conditional mean of trade rather than its logarithm
(Silva & Tenreyro, 2006).

2. Data and Variable Construction:

The empirical analysis utilizes an unbalanced panel dataset covering Algeria's bilateral non-
hydrocarbon exports to 15 major trading partners over the period 2010 to 2023, yielding
approximately 196 country-pair-year observations after accounting for data availability. The
selection of trading partners is based on their share of Algeria's total non-hydrocarbon export
volume and includes France, Italy, Spain, Turkey, Germany, the Netherlands, the United States,
Brazil, China, India, the United Kingdom, Canada, Belgium, Tunisia, and Libya. these 15 partners
made up more than 85% of Algeria's total non-hydrocarbon export trade during the sample period.

The United Nations COMTRADE database provides data on non-hydrocarbon exports. The
Standard International Trade Classification (SITC) Rev.2 system is used, and Section 3 (mineral
fuels, lubricants, and related materials) is left out to focus on non-hydrocarbon trade flows. The
World Bank's Logistics Performance Index surveys from 2007, 2010, 2012, 2014, 2016, 2018, and
2023 provide the LPI scores. Linear interpolation is used for years when there was no survey to
make a continuous annual series. The World Bank World Development Indicators (WDI) give us
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GDP data in current US dollars. The CEPII GeoDist database is where the distance, common
language, and colonial relationship variables come from. The International Telecommunication
Union (ITU) ICT Development Index and World Bank digital adoption indicators are used to make
the Digital Infrastructure Index. The numbers are then put on a scale from 0 to 1. The timing of the
APCS adoption is based on SERPORT's annual operational reports. The dummy variable starts
working in 2021.

The econometric model takes the following form:

Export = exp(Po + f1ln(GDP_iy) + 2in(GDP_j,) + B3in(Dist ;) + p+LPI i + fsLPI j; +
PsDigitallnfra_ i + p7APCS ; + psLang ij + poColony i+ i+ 1 o) X i

Where;

Export_jj: represents the non-hydrocarbon export value from Algeria (i) to partner country (j) at time t;

GDP_;: and GDP_j: denote the gross domestic product of the exporter and importer respectively;

Dist_jj is the great circle distance between the capital cities of the trading pair;

LPI_it and LPI_;: capture the World Bank Logistics Performance Index scores for Algeria and its trading partners;
Digitalinfra_it is a composite index of digital trade infrastructure for Algeria;

APCS_t is a post-2021 binary dummy variable equal to one for years following the implementation of the Algerian Port
Community System;

Lang_j and Colony_jj are dummy variables for common official language and colonial ties, drawn from the CEPII
GeoDist database;

K_jjand A_t represent country-pair and time fixed effects, respectively.

Standard errors are clustered at the country-pair level to account for within-pair serial correlation.

Descriptive statistics are presented in Table 3.

Table 3: Descriptive Statistics

Variable Mean Std. Dev. Min Max Obs.
In(Exports) 17.42 2.86 8.12 22.78 196
In(GDP Exporter) 26.31 0.18 26.05 26.58 196
In(GDP Importer) 27.84 1.52 24.31 30.52 196
In(Distance) 8.63 0.89 6.84 9.87 196
LPI Exporter 2.53 0.19 2.06 2.77 196
LPI Importer 3.68 0.47 2.23 4.36 196
Digital Infra Index 0.42 0.08 0.31 0.56 196
APCS Dummy 0.23 0.42 0 1 196

Source: UN COMTRADE, World Bank LPI, WDI, CEPII GeoDist, ITU, SERPORT

3. Baseline and Extended PPML Results:

Table 4 shows the results of the estimation for three different models. Column 1 shows the
basic gravity model with standard controls. Column 2 adds the LPI variables. Column 3 shows the
full model, which includes digital infrastructure and the APCS dummy. All specifications have
fixed effects for country pairs and time, and standard errors are grouped by country pair.
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Table 4: PPML Gravity Model Estimates

Variable (1) Baseline (2) With LPI (3) Full Model
In(GDP Exporter) 0.312%%* (0.128) 0.287** (0.121) 0.264** (0.118)
In(GDP Importer) 1.024%** (0.045) 0.989%** (0.042) 0.976%** (0.041)

In(Distance) -1.187*** (0.198) -0.892*** (0.175) -0.814*** (0.168)
LPI Exporter - 1.847%%* (0.482) 1.623%** (0.451)
LPI Importer - 0.956** (0.389) 0.834%* (0.372)
Digital Infra - - 2.156%** (0.621)
APCS Dummy - — 0.187** (0.078)

Common Language 0.412* (0.221) 0.318 (0.208) 0.294 (0.198)

Colony Dummy 0.892*** (0.195) 0.723*** (0.182) 0.651*** (0.174)
Pair Fixed Effects Yes Yes Yes
Time Fixed Effects Yes Yes Yes
Observations 196 196 196
Pseudo R? 0.784 0.823 0.841
Log-Likelihood -312.4 -287.6 -271.3

Notes: **% ** * = gionificant at 1%, 5%, 10%. Standard errors clustered by pair in parentheses.

The results provide compelling evidence in support of Hypothesis H1. In the full model
(Column 3), Algeria's LPI score exerts a positive and highly statistically significant effect on non-
hydrocarbon export volumes (B = 1.623, p < 0.01). The economic magnitude of this coefficient is
substantial: a one-unit increase in Algeria's LPI score is associated with an approximately 406.7
percent increase in non-hydrocarbon exports, calculated as (exp(1.623) - 1). This finding is
consistent with the gravity model prediction that reductions in trade friction through logistics
improvements stimulate trade flows, and it aligns with the empirical results reported by Takele and
Buvik for African economies (Takele & Buvik, 2019), and by Dewberry (2020) at the World Bank.

The Digital Infrastructure Index exhibits the largest marginal effect among all logistics-related
variables (B =2.156, p <0.01). A one-standard-deviation increase in the Digital Infrastructure Index
(0.08 units) is associated with approximately 18.4 percent export growth (exp(2.156 x 0.08) - 1),
underscoring that the smart digitalization of trade infrastructure, beyond traditional logistics
improvements, represents the key differentiating factor for export competitiveness. This finding has
profound policy implications, suggesting that investments in digital trade infrastructure yield higher
returns than investments in physical infrastructure alone.

The APCS post-implementation dummy is positive and statistically significant (3 = 0.187, p <
0.05), indicating that following the deployment of the Algerian Port Community System, non-
hydrocarbon exports increased by approximately 20.6 percent (exp(0.187) - 1), controlling for all
other factors (Benhaddou & Djenane, 2024). This result provides robust econometric validation for
the qualitative case study findings presented in Section 6, confirming that the operational
improvements documented at the Port of Algiers translate into measurable export gains at the
aggregate level. This directly supports Hypothesis H2.

The standard gravity variables perform as expected: the importer's GDP coefficient is close to
unity (0.976), consistent with the theoretical prediction of the structural gravity model; the distance
coefficient is negative and significant (-0.814), confirming the trade-dampening effect of
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geographic distance; and the colonial dummy is positive and significant (0.651), reflecting the
persistence of colonial trade linkages between Algeria and France.

4. Separate Analysis by Export Sector:

To test H3, the full model is re-estimated separately for three export sectors: manufacturing
(SITC Sections 5-8 excluding 68), agriculture (Sections 0—2 excluding 27 and 33), and construction
materials (Section 66). The results presented in Table 5 reveal marked heterogeneity in the
logistics-export relationship across sectors. The LPI Exporter coefficient for manufacturing (2.134,
p<0.01) is substantially larger than for agriculture (1.218, p<0.10), with a Wald test confirming that
the difference is statistically significant (p<0.05). The Digital Infrastructure Index is significant
only for manufacturing (2.876, p<0.01) and construction (1.984, p<0.05), but not for agriculture
(1.423, insignificant). Similarly, the APCS dummy is highly significant for manufacturing (0.234,
p<0.01) and construction (0.178, p<0.05) but insignificant for agriculture (0.098), confirming H3.

Table 5: Sectoral PPML Estimates

Variable Manufacturing Agriculture Construction
LPI Exporter 2.134*** (0.612) 1.218* (0.687) 1.487*%* (0.594)
Digital Infra 2.876*** (0.742) 1.423 (0.912) 1.984** (0.823)

APCS Dummy 0.234*** (0.089) 0.098 (0.124) 0.178** (0.086)
Controls + FE Yes Yes Yes
Observations 196 196 196

Pseudo R? 0.792 0.654 0.718

Notes: *** ** * = significant at 1%, 5%, 10%. Standard errors clustered by pair in parentheses

These results align with theoretical expectations: manufacturing exports, which involve
complex, multi-stage supply chains, time-sensitive delivery requirements, and higher value density,
benefit disproportionately from logistics improvements. Agricultural exports, while benefiting from
cold-chain logistics, are less sensitive to digital infrastructure improvements due to their lower
value-to-weight ratios and less complex documentation requirements. This finding has important
policy implications, suggesting that logistics investments yield the highest returns when targeted at
manufacturing export promotion (Hausmann & Hidalgo, 2023).

5. LPI Component Decomposition Analysis:

To identify which specific dimensions of logistics performance matter most for non-
hydrocarbon export growth, the aggregate LPI score is decomposed into its six constituent
components, each entered separately in place of the aggregate LPI in the full PPML model. The
results, presented in Table 6, provide strong support for H4. Customs Efficiency emerges as the
single most impactful component (coefficient 0.487, p<0.01), followed closely by Tracking and
Tracing (0.462, p<0.01). Infrastructure Quality (0.356, p<0.05), International Shipments (0.298,
p<0.05), and Logistics Competence (0.312, p<0.05) are all significant but exhibit smaller marginal
effects. Timeliness is the only component that fails to achieve statistical significance (0.187,
p>0.10), suggesting that endogenous adaptation by exporters may mitigate the impact of delivery
delays (Marti et al., 2014).
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Table 6: LPI Component Effects on Non-Hydrocarbon Exports

LPI Component Coefficient Std. Error Sig.
Customs Efficiency 0.487%** 0.142 p<0.01
Infrastructure Quality 0.356%* 0.156 p<0.05
International Shipments 0.298** 0.134 p<0.05
Logistics Competence 0.312%%* 0.148 p<0.05
Tracking & Tracing 0.462%** 0.138 p<0.01

Timeliness 0.187 0.121 n.s.

Notes: *** ** = significant at 1%, 5%. Each row from a separate PPML regression

6. Discussion of Empirical Results:

The empirical findings delineated above furnish compelling quantitative evidence that
logistics performance constitutes a statistically significant and economically substantial factor
influencing Algeria's non-hydrocarbon export competitiveness. The gravity model analysis
substantiates that the association between LPI scores and export volumes is not solely correlational
but persists even with the incorporation of country-pair fixed effects, time fixed effects, and an
extensive array of gravity control variables. The estimated effects are extraordinarily substantial:
the complete model indicates that a one-unit enhancement in Algeria's LPI score could result in
over 300 % growth in non-hydrocarbon export volumes, highlighting the transformative capacity of
logistics modernization.

These results align with the prevailing literature on logistics and trade in developing
economies. The positive and significant LPI coefficient corresponds with the results of Takele and
Buvik (2019), who illustrated that national logistics performance increases African export volumes,
and with Dewberry (2020), who recorded the beneficial impact of logistics enhancements on export
growth utilizing World Bank data. The estimated effect in this study is larger than what has been
found in most other studies of sub-Saharan African countries. This could be because Algeria's
baseline LPI score is lower (2.53 mean), which means that logistics improvements will have a
bigger impact in countries that have more problems to begin with.

The most important finding for policy is probably that the Digital Infrastructure Index has a
bigger effect than the overall LPI score. This outcome empirically substantiates the principal thesis
of this paper: the shift from conventional to "smart" logistics, marked by extensive digitalization,
real-time data analytics, and cohesive digital platforms, is the pivotal factor for export
competitiveness. Improvements to physical infrastructure are important, but they are not enough.
The digital layer that controls the flow of information, documents, and coordination across the
supply chain is what really decides whether logistics infrastructure leads to better export
performance.

The APCS post-implementation effect of about 20.6 % is especially interesting because it
shows that even a digitalization project that isn't fully adopted by all ports (as shown in Section 6.3,
where some major ports still haven't fully integrated the APCS) can still lead to measurable export
gains. This finding has huge consequences. It means that the full, nationwide, mandatory use of the
APCS at all ports, along with the digitalization of land border crossings and dry ports, could lead to
much bigger export increases than the 20.6 % we estimate here, which only shows the initial and
partial rollout effect.
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The analysis of sectoral heterogeneity has important strategic implications for Algeria's policy
on diversifying its industries. The fact that logistics improvements help manufacturing exports more
than other types of exports shows that Algeria's plan to build up higher value-added manufacturing
capacity is most limited by logistics problems. This is shown by the 36 % increase in electrical
appliance exports. So, to get the most out of their infrastructure investments, smart logistics
infrastructure investments should be strategically focused on corridors and ports that serve
manufacturing export hubs.

The component decomposition analysis directly guides the ranking of policy actions. The
discovery that customs efficiency and tracking and tracing are the two most important LPI
dimensions gives us a clear reason to make the digitalization of customs procedures (through full
APCS deployment and Single Window integration) and the use of IoT and blockchain technologies
for real-time cargo tracking systems the most important policy changes to encourage non-
hydrocarbon export growth.

7. Robustness Checks:

Three additional robustness checks are done to make sure that the empirical findings are
reliable and strong. To start, we compare the PPML estimates to the OLS estimates using the
standard log-linear transformation of the gravity equation. The OLS results are qualitatively similar
to the PPML estimates: the LPI coefficient is 1.412 (p < 0.01), which is somewhat smaller than the
PPML estimate of 1.623. This is in line with what is known about the attenuation bias in log-linear
OLS due to Jensen's inequality and the fact that zero trade flows are not included.

Second, the sample does not include the years 2020 and 2021, which were affected by the
COVID-19 pandemic. This could have caused unusual trade patterns because of global supply chain
disruptions, lockdowns, and demand shocks. The results remain robust in this sub-sample: the LPI
coefficient increases slightly to 1.734 (p < 0.01), indicating that the pandemic years may
underrepresent the actual logistics-export relationship, as trade flows were limited by external
supply shocks rather than logistics shortcomings.

Third, an instrumental variable (IV) approach is used to deal with any concerns about
endogeneity that may come up because of reverse causality between logistics performance and
export volumes. The lagged LPI score (t-1) serves as an instrument for the contemporaneous LPI
score, predicated on the premise that historical logistics performance impacts current exports via
established trade relationships and reputational effects, while current export volumes do not
influence prior LPI scores. The first-stage F-statistic is 24.7, which is higher than the Stock-Yogo
critical value of 19.93 for 10 % maximal IV bias (Silva & Tenreyro, 2006). This shows that the
instrument is strong. The IV estimate of the LPI coefficient is 1.512 (p < 0.05), which is a little
lower than the PPML estimate but still positive, statistically significant, and economically
important. This supports the idea that the main results are causal.

VII- Legislative Framework and Policy Recommendations

7. Investment Law No. 22-18 and the Regulatory Environment:

Investment Law No. 22-18, which went into effect in July 2022, is a big change in how
Algeria's economy is run. It is meant to help Algerian businesses join global value chains, cut down
on their reliance on hydrocarbons, and encourage the transfer of technology (Khalil & Amrani,
2024). A key part of this is the codification of the "single window" mechanism, which centralizes
and digitizes administrative processes for investors and exporters. This will help break down the
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bureaucratic maze that has historically made it hard to raise capital. The law gives tax breaks and
exemptions from customs duties to capital goods that are meant for export-oriented production. This
makes it easier for businesses in the U.S. to make things. Foreign Direct Investment is seen as very
important because it brings technological and managerial spillovers. For example, when
multinational logistics companies set up shop under the law's protections, they bring in advanced
Al-driven supply chain practices that raise the quality standards for domestic suppliers and
encourage the development of local skills (Irzil, 2025).

But there is still a big difference between what lawmakers wanted to happen and what
actually happened. Delays in issuing executive implementing decrees have left parts of the law in a
state of limbo (Khalil & Amrani, 2024), and the fact that civil servants still think in terms of paper-
based systems creates problems that the law was meant to solve. Lingering limits on foreign
ownership in vaguely defined strategic sectors keep the investment climate uncertain. To really
make these changes happen, the state needs to go completely digital, follow international
commercial law to the letter, and create an entrepreneurial ecosystem that welcomes digital
innovation (Djelloul & Berri, 2024).

2. Policy Recommendations:

2.1 Make digital integration mandatory at all trade nodes: All stakeholders must follow
the rules for the APCS to work well in the Port of Algiers at all national maritime, aerial, and
terrestrial ports of entry. The digital architecture should be expanded inland to link dry ports
and southern border crossings, creating a single national Single Window. To get past
institutional resistance, executives need to keep supporting the effort and all relevant
government ministries need to have performance indicators that are in line with each other. To
stop the fragmentation seen at ports like Tenes and Arzew (Benhaddou & Djenane, 2024),
there needs to be strict governance frameworks with penalties for not following them.

2.2 Put Phygital Investments First in the Trans-Saharan Corridor: As the 10,000-
kilometer rail program expands physical infrastructure, investments must be made for the
digital layer, including IoT sensor networks that are everywhere, blockchain registries for
customs pre-clearance, and Al-driven fleet management systems. To fill in the gaps in
financing and technology, it is important to work with the African Development Bank, the
Islamic Development Bank, and technology companies from around the world (IsDB, 2022;
IsDB, 2025). The SMARTHI framework should be used to plan all corridor modernization
projects. This will make sure that the physical and digital layers are built together instead of
separately (OECD, 2025).

2.3 Architect Supply Chains for Synchromodality: Algeria needs to build national logistics
networks that support true synchromodality. This means that cargo can move smoothly and
without any administrative problems between maritime, rail, and road modes in real time.
This needs both physical connections between deep-water ports and software ecosystems that
work across platforms and give shippers full visibility. Getting to this level of flexibility will
help reduce chronic delays and localized bottlenecks that are currently driving up export costs
to levels that make Algeria less competitive as a logistics hub for trade between Africa and
the Mediterranean.

2.4 Restructure ALGEX and Unify Institutional Coordination: The disunity among trade-
related institutions must be decisively ended through a cohesive National Export Strategy
overseen by an empowered inter-ministerial task force. ALGEX needs to stop just providing
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passive market research and start actively integrating Algerian small and medium-sized
businesses into global digital value chains. This includes helping with international
certification standards and managing cross-border e-commerce under AfCFTA protocols
(Almi et al., 2025). For economic diplomacy to work, market intelligence needs to be linked
directly to logistical support systems.

2.5 Build up the skills of the local people: Without skilled workers, infrastructure
investments will be useless. Curricula in higher education and vocational training must
quickly adapt to the needs of Industry 4.0. The creation of national centers of excellence in
supply chain management, data analytics, cybersecurity, and logistics engineering will make
sure that the US workforce can keep digital trade corridors going and come up with new ideas
for them. To avoid depending on foreign technical operators, we need to make a conscious
effort to improve logistics skills at all levels (Benmansour, 2024).

XII- Conclusion

The Algerian economy is at a very important point in its history. The traditional rentier
model, which has been in place for decades thanks to huge hydrocarbon exports, doesn't work with
the way the global economy works in the twenty-first century. This economy is characterized by
aggressive decarbonization, unstable energy prices, and constant digital speed. This study has
furnished robust quantitative evidence that smart logistics corridors constitute a vital facilitator of
the structural transformation necessary for Algeria. The extended gravity model analysis shows that
a one-point increase in Algeria's LPI score could lead to a more than 300 % increase in non-
hydrocarbon export volumes. Digital infrastructure modernization has the biggest effect of all the
factors that were looked at. The APCS has already led to an estimated 20.6 % increase in export
throughput, proving that a digital-first approach to trade facilitation works (Benhaddou & Djenane,
2024).

Sectoral analysis shows that logistics improvements help manufacturing exports the most,
which is the best way to diversify the economy. LPI component decomposition shows that customs
efficiency and tracking-and-tracing capabilities are the best areas to invest in (Marti et al., 2014).
These findings have significant ramifications for Algeria and similar resource-dependent
economies: the route to export diversification necessitates not only industrial policy and fiscal
incentives but, more critically, the eradication of trade facilitation barriers through intelligent
logistics infrastructure. But just buying advanced technology isn't enough. There also needs to be
institutional courage, mandatory compliance frameworks, and the political will to break down
bureaucratic information silos.

Algeria can move beyond its extractive past and build a strong, diverse, and globally
competitive economy by fully digitalizing trade routes, from maritime ports to Trans-Saharan rail
networks, and by developing the people needed to keep these systems running. The data in this
study gives a clear, quantitative guide for deciding which infrastructure projects and institutional
changes should be given the most attention in order to get the most out of every dollar spent on
trade facilitation.
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