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Abstract

This study investigates how Chinese ownership in European ports affects trade flows
between China and Eurozone countries, set against the backdrop of recent global economic
disruptions that have emphasized the crucial role of maritime trade and port efficiency. An
augmented gravity model was employed, using the Poisson pseudo-maximum likelihood
(PPML), fixed effects (FE), and random effects (RE) estimators, to analyze trade data from
2001 to 2023. The analysis shows that, while conventional economic factors like GDP per
capita and the Logistics Performance Index (LPI) consistently and significantly drive trade,
Chinese port ownership surprisingly exhibits a negative or statistically insignificant impact
on both Chinese exports to the EU and EU imports from China. This suggests that these
acquisitions may not primarily boost overall bilateral trade but rather consolidate existing
routes or serve broader strategic objectives, as evidenced by heterogeneous country-specific
effects and phenomena like the “Rotterdam effect”. Ultimately, my findings underscore the
paramount importance of logistical efficiency over ownership structure in facilitating trade.

Keywords: EU–China trade; gravity model; port ownership; difference-in-differences;
Logistics Performance Index; maritime trade; Eurozone; FDI; supply chains

1. Introduction
Recent shocks in the global economy gave notice to the importance of seaborne trade

and the role ports play in it. The COVID-19 pandemic caused supply chain disruptions
too (Notteboom et al., 2021), particularly from China to Europe, while the outbreak of the
war in Ukraine, the conflicts in the Middle East (Syria, Israel), and the turmoil in Somalia
and Yemen has affected supply chains that link Europe with China. Supply bottlenecks
have caused negative economic effects for the European economies, particularly for the
machinery and vehicles sector, that is dependent on Chinese imports (Celasun et al., 2022).
Moreover, they report that port efficiency is a key factor in retaining the supply of inputs to
Europe and consequently price inflation. Shortly after the COVID-19 pandemic restrictions
were raised, the Ukrainian war broke out. Black Sea ports have stalled, and trade routes
are obstructed due to sanctions and war catastrophe. Maritime trade accounts for 50%
of total global flows, and can reach up to 76% for certain sectors, such as Mining and
quarrying. Especially for low income or insular countries, maritime trade is vital for their
economies, and ports are the gateways to it (Verschuur et al., 2022), since they ensure
the continuous supply of goods and services. In this effect, European Union ports act as
facilitators for EU–China trade relations and share a significant amount of foreign direct
investment (FDI) of Chinese capital. Bilateral trade between EU countries and China is
performed mostly through maritime transport and, although railways are emerging as an
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alternative, the cost to benefit ratio, i.e., transport costs to time of delivery, strongly favors
maritime transportation over railways (Fardella & Prodi, 2017) due to excessive costs for
inland trade compared to seaborne commerce.

Having in mind the limitations and advantages of maritime trade routes, the initial
investment of COSCO shipping (Chinese state-owned and the world’s largest shipping
company) in 2009 and the eventual controlling stake of the Port of Piraeus in Greece has
boosted trade flows from China to Europe, and established the port as a significant asset
of Chinese trade in the Mediterranean (Prodi, 2015). The success of this investment has
led China to acquire access to other European ports, either at majority or minority stake,
including Belgium (Zeebrugge, Antwerp), the Netherlands (Rotterdam), Spain (Valencia,
Bilbao), Germany (Hamburg), France (Dunkirk, Le Havre, Marseille, Nantes), Malta, Italy
(Vado Ligure; left Naples port in 2016), and further to seek the development of new trade
nodes in the Mediterranean and continental Europe (Lee et al., 2022) that combine port and
railway-oriented trade routes.

One can see that China invests in a variety of port sizes and EU countries (see Table 1)
that range from very small to Mega ports. Although there is no standard classification
for port size, Eurostat (2025) distinguishes between large ports, those that have handled
over 10 million tonnes of goods for at least one year between 1997 and 2008, or have
embarked/disembarked more than 100,000 passengers for at least one year between 1997
and 2008, and small ports. Notteboom et al. (2022, p. 30) classify port size based on
annual throughput volume (in million tonnes) as very small (less than 40 M tonnes), small
(40–80 M tonnes), medium (80–160 M tonnes), large (160–320 M tonnes), and mega (more
than 320 M tonnes). Based on these two classification standards and the reported sizes in
this study, the ports were classified as very small < 5 M tonnes, small = 5–10 M tonnes,
medium 10–20 M tonnes, large = 20–50 M tonnes, and Mega > 50 M tonnes.

The importance of the Port of Piraeus is highlighted by Liu et al. (2022) as it outper-
forms the large ports of Northern Europe in the Le Havre–Hamburg zone in the intra-
European network, and is catching up rapidly with regards to the China-connection net-
work (EU–China maritime trade). This high status is also likely due to COSCO’s strong
presence at the port, and is explained in part by the significant strengthening of its close-
ness centrality in the China-connection network. These considerations draw additional
feeder/domestic ships to the port, leading to its prominent role to nearly as close as one
of the three main European ports connecting Europe with China, and perhaps the ‘most
central’ transshipment center inside Europe (with a transshipment rate of 71.3%). By com-
parison, Hamburg’s transshipment rate was just 37%, and it was mostly across the Baltic
Sea to nations farther north (e.g., Denmark, Russia, and Sweden).

The influence of Chinese investments in European ports is also studied by Van Der
Putten (2019) as the traditional maritime trade hubs of Northern Europe, such as Rotterdam
and Hamburg, face a shift of power towards lesser ports that are controlled by Chinese
interests, such as Zeebrugge (Belgium) and Piraeus (Greece). Particularly for Piraeus, a
geopolitical game rises in the new US–China antagonism, with the USA acquiring stakes
at the Port of Alexandroupolis and an extension of operations at the Souda NATO base
in Crete.

Similarly, the EU is skeptical of these investments in critical European infrastructures,
as the Port of Piraeus is considered the flagship of the Belt and Road Initiative. Ever
since its acquisition in 2009, the port has demonstrated increased profitability and trade
volume for the state-owned COSCO enterprise that includes also a political and economic
aspect (Comerma Calatayud, 2023). However, this political influence is debatable, while
the economic benefits for COSCO are more profound for the Piraeus case (Stroikos, 2023)
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and other Mediterranean ports that have increased their trade volume of Chinese products
after the investment (major or minor) of Chinese capitals (Oulmakki et al., 2023).

Table 1. Classification of European Ports by Trade Volume and Chinese Ownership.

Port Country Chinese
Ownership

Trade Volume
(Thousand Tonnes) Classification Acquisition Year

Rotterdam Netherlands 35% (COSCO) +
14.7% (CMP) 215,852 Mega 2016

Antwerp (Gateway) Belgium 20% (COSCO) +
4.9% (CMP) 111,156 Mega 2004

Hamburg Germany 24.9% (COSCO) 70,089 Mega 2022

Terminal
Mediterranee

(Marseille Fos)
France 24.5% (CMP) 69,132 Mega 2013

Valencia Spain 51% (COSCO) 57,089 Mega 2017

Terminal De France
and Terminal Nord

(Le Havre)
France 24.5% (CMP) 46,951 Large 2013

Piraeus Greece 67% (COSCO) 40,130 Large 2009

Zeebrugge Belgium 85.5% (COSCO) 38,829 Large 2014

Terminal des
Flandres (Dunkirk) France 44.6% (CMP) 29,792 Large 2013

Bilbao Spain 39.5% (COSCO) 19,297 Medium 2017

Thessaloniki Greece 10.8% (CMP) 15,944 Medium 2018

Malta Freeport
Terminal Malta 24.5% (CMP) 3370 Very Small 2013

Vado Reefer
Terminal (Genoa) Italy 40% (COSCO) 48,212 Medium 2016

Source: European Commission (2025) and own elaboration.

Of course, sea trade routes are not the only pathway to China products. The Belt and
Road Initiative (BRI), launched in 2013, aims to increase trade flows between China and the
related parties. Several EU countries that do not have sea connectivity with China have
benefited from this agreement (Austria, Czech Republic, Hungary, Luxembourg, Slovak
Republic) while other member states (Bulgaria, Croatia, Cyprus, Estonia, Greece, Italy,
Latvia, Lithuania, Poland, Portugal, Romania, Slovenia) have strengthened their trade
bonds as a result of increased sea trade (Agatić et al., 2019). However, this “conquest” by
Chinese companies to controlling European ports has been met with skepticism by EU
authorities, as trade dependence on China could increase its political influence in the area
and cause uncertainties in the logistics sector. In addition, the BRI initiative has mostly
benefited China, and it has seen its exports to European countries increase while imports
from Europe to China have diminished (Ma et al., 2019). Conversely, political shocks
and turmoil can affect trade flows negatively or positively either short or long-term (Du
et al., 2017). Baniya et al. (2020) reported that the trading time between EU countries that
have signed the BRI agreement and China is reduced and total exports may increase up
to 11.19%.

However, the complexity of trade agreements and transport infrastructure is not
totally addressed and remains controversial as China integrates more in the global economy
(Karkanis & Fotopoulou, 2022) and aspires to implement further the Maritime Silk Road
and the Belt and Road Initiative in the European economic zone (Le Corre, 2017).
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As previously stated, maritime international commerce plays a crucial role in promot-
ing economic well-being and expansion. The gravity model has been utilized to assess the
overall impact of trade policies on general economic equilibrium (Manzoor & Mir, 2022).
Scholars commonly investigate the factors that influence trade flows, with the gravity
model being a widely used method. This model employs dummy variables, such as BRI
or other trade agreement memberships, to tackle these problems (Abdullahi et al., 2022).
Stanojevic et al. (2021) examined the indices of monetary and trade freedom in island or
landlocked states. The studies by Shahriar et al. (2019, 2020) focused on these indices as
well. Another study by Jing et al. (2020) investigated energy consumption, while Ya and
Pei (2022) analyzed water and land utilization. Additionally, Guan and Ip Ping Sheong
(2020) explored the impact of economic shocks, such as the 2008 financial crisis.

The study conducted by Fan et al. (2016) examined the impact of the Belt and Road
Initiative (BRI) on China’s outbound foreign direct investment (FDI) to host countries. They
utilized an augmented gravity model to analyze the data, and discovered that FDI flows
are susceptible to individual events that might disrupt the expected patterns dictated by
the gravity law. Ma et al. (2019) utilized an enhanced gravity model to assess the impact of
Chinese outward foreign direct investment (OFDI) on Europe. The primary explanatory
variable was OFDI, while typical gravity model components, like GDP, population, and
distance, among others, were also considered. Using an enhanced gravity model, Fan
(2023) incorporated a dummy variable for the Belt and Road Initiative (BRI) to account for
its impact, whether positive or negative, on the bilateral commerce between China and
European nations. Johnston et al. (2015) studied the impact of BRI on Africa–China trade
with the use of dummy variables for landlocked countries and island countries. Similarly,
the positive impact of BRI on ASEAN–China trade relations was stressed by Foo et al. (2020),
using dummy variables on BRI membership and island countries, while Yu et al. (2020)
assessed the effects for the China–EU nexus also using a dummy variable for landlocked
countries. Tang et al. (2024) explored the various factors that affect bilateral trade between
China–ASEAN and China–EU, and reported that the GDP per capita, monetary freedom,
trade freedom, and human development index have significant impact on trade flows.
They also found that WTO membership has an impact only on the China–ASEAN nexus
but not on China–EU, and distance has a similar effect and vice versa. Specifically for
agricultural products, Li and Andreosso-O’callaghan (2022) applied the extended gravity
model and noted that traditional variables, such as distance, that are expected to have
a negative impact, demonstrate positive results for tobacco and beverage products. The
impact of COVID-19 restrictions on the trade freight costs between China and EU were
estimated by Dagestani (2022), who reported that a significant drop in trade values by
11.5% was expected due to hindered trade facilitation.

This study adopts a structural gravity model to empirically assess the effects of Chi-
nese port ownership on bilateral trade with EU countries. The gravity model continues
to be the cornerstone of modern trade analysis due to its strong theoretical foundations,
interpretability, and adaptability to complex panel structures. Following the seminal con-
tribution of Anderson and Van Wincoop (2003), who introduced multilateral resistance
terms to ensure theoretical consistency, recent methodological guides have further consol-
idated its use in empirical trade applications (Yotov et al., 2016; Larch et al., 2019). The
model specification enables the inclusion of multiple layers of fixed effects (e.g., country,
year, country-pair), which are critical in controlling for unobserved heterogeneity, bilateral
frictions, and policy shocks.

In this context, the Poisson pseudo-maximum likelihood (PPML) estimator is em-
ployed. Originally proposed by Silva and Tenreyro (2006), the PPML addresses several
estimation challenges that commonly arise in gravity models—most notably, it accommo-
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dates the presence of zero trade flows and is robust to heteroskedasticity, a common issue
when using log-linearized OLS specifications. Recent developments have further improved
the computational performance and flexibility of high-dimensional PPML implementations
(Correia et al., 2020), making it the estimator of choice for gravity models in high-frequency
trade panel data.

Objective

Trade flows attributed to the Netherlands are often overestimated due to the phe-
nomenon known as the “Rotterdam effect” or “quasi-transit trade”. Under current EU
statistical rules, goods destined for other EU member states that enter through Dutch ports
are recorded as extra-EU imports by the Netherlands, as it is the first country where the
goods are released for free circulation. Consequently, this inflates the reported volume
of intra-EU exports from the Netherlands to the final destination countries, leading to a
distortion in the measurement of bilateral trade flows within the Union.

Following the “Rotterdam effect”, this study aims to evaluate the influence of Chinese
control of ports in the Eurozone countries on the volume of commerce between them and,
in particular, whether China’s ownership of European ports significantly increases Chinese
exports to those countries.

The subsequent sections of this work are presented in the following order: Sections 2
and 3 present the theoretical framework of the gravity model and its application to port
trade, and Section 4 showcases the findings of this study, followed by a discussion of the
results. The Conclusion (Section 5) provides recommendations based on the findings.

2. Methodology
The gravity model has long been a cornerstone in understanding and predicting bi-

lateral trade flows between countries. Originally developed in the early 20th century, its
conceptual simplicity and empirical robustness have made it a widely used tool in inter-
national trade analysis. The model posits that the volume of trade between two countries
is directly proportional to their economic sizes (usually measured by GDP) and inversely
proportional to the distance between them. Initially devised to explain bilateral trade flows
based on economic sizes and distances between countries, this model has proven to be a
fundamental tool in trade analysis due to its simplicity and empirical efficacy (Anderson &
Van Wincoop, 2003). It has been widely utilized to explore various facets of trade patterns,
from the effects of trade agreements to the impacts of infrastructure development on trade
flows (Helpman et al., 2008). The model’s versatility has facilitated the incorporation of ad-
ditional factors, such as institutional arrangements, cultural similarities, and transportation
costs, allowing for a more nuanced understanding of trade relations (Head & Mayer, 2014).

Several alternative modeling frameworks were also considered. Structural vector
autoregression (SVAR) models, while useful in capturing macroeconomic shock transmis-
sion mechanisms, face practical limitations in high-dimensional, bilateral trade settings.
SVAR models are particularly ill-suited for contexts where the primary interest lies in
treatment heterogeneity across many units (Kilian & Lütkepohl, 2017). Computable general
equilibrium (CGE) models are widely used in ex ante trade policy simulations (Balistreri
& Rutherford, 2018); however, they rely on strong structural assumptions regarding pro-
duction functions, substitution elasticities, and require social accounting matrices (SAMs),
which are not readily available for many country pairs over time.

Synthetic control methods (SCMs) offer promising identification strategies for single-
country treatment evaluation, and have been used in landmark policy studies (Abadie
et al., 2015; Galiani & Quistorff, 2017). Nevertheless, their application in panel settings
with staggered treatment adoption—as in the case of port acquisitions across multiple EU
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countries—faces methodological and computational constraints. Similarly, difference-in-
differences (DiD) models provide for the transparent estimation of treatment effects, and
have been improved recently with staggered adoption corrections (Callaway & Sant’Anna,
2021). Still, the DiD models are unable to accommodate the multiplicative nature of trade
flows or account for extensive zero trade entries, making them unsuitable as a standalone
method in this context.

Recent studies have also employed machine learning techniques to model or forecast
trade patterns (Cherniwchan et al., 2016; Silva et al., 2024). While these approaches can en-
hance the predictive accuracy, they are generally less effective for identifying causal relation-
ships, and they do not yield interpretable trade elasticities or policy-relevant coefficients—
essential components for this study’s objectives.

Given these considerations, the structural gravity model estimated via the PPML
offers a robust and theoretically grounded framework. It allows the researcher to estimate
elasticities of trade with respect to port ownership, logistics performance, tariffs, and
macroeconomic variables while handling the panel nature of the dataset and addressing
key estimation challenges. Recent empirical guidelines from both the WTO and UNC-
TAD (Yotov et al., 2016) and econometric advancements (Larch et al., 2019) endorse this
approach as the best practice for evaluating the causal impact of trade infrastructure and
policy interventions.

2.1. Theoretical Background

Augmented extensions of the gravity model have further enhanced its explanatory
power and applicability in comprehending complex trade dynamics. By integrating addi-
tional variables beyond traditional economic and geographic factors, these extensions offer
insights into specific aspects of trade relations (Silva & Tenreyro, 2006). For example, the
inclusion of variables related to port ownership, as proposed in the study under review,
enables researchers to delve into how investments in port infrastructure by certain countries
shape bilateral trade flows (Baier & Bergstrand, 2007). In recent years, researchers have fur-
ther expanded the gravity model to address contemporary issues and challenges in global
trade. One notable extension involves incorporating the variables related to port ownership
and infrastructure, particularly in the context of China’s increasing investments in foreign
ports through initiatives like the Belt and Road Initiative (BRI) (Du et al., 2017). This
extension allows for a better understanding of how changes in port ownership influence
trade patterns and economic outcomes, especially in regions where Chinese investments
are substantial. Additionally, scholars have extended the gravity model to account for
non-traditional factors, such as cultural ties, migration patterns, and digital connectivity,
reflecting the evolving nature of globalization and trade relationships in the 21st century
(Disdier & Head, 2008).

Despite its widespread use and numerous extensions, the gravity model is not without
limitations. Critics argue that it may oversimplify the complexities of trade relationships
and fail to capture important nuances, such as non-linear effects, heterogeneous firm
behavior, and supply chain dynamics (Helpman et al., 2008). Moreover, the model’s
reliance on aggregate data and its static nature may limit its ability to accurately predict
trade outcomes in rapidly changing environments. Nevertheless, ongoing advancements
in data availability, computational methods, and theoretical frameworks continue to refine
and extend the gravity model, ensuring its relevance as a fundamental tool for analyzing
international trade patterns in the modern era.

In estimating an augmented gravity model for trade flows, the Poisson pseudo-
maximum likelihood (PPML) is preferred over ordinary least squares (OLS) due to the
specific distributional characteristics and econometric properties of trade data. While OLS



Economies 2025, 13, 210 7 of 29

applied to the log-linearized model is common, it requires strong assumptions; notably,
that the errors are homoscedastic and normally distributed, and that there are no issues
with heteroskedasticity or non-linearity. In practice, trade flow data—even when strictly
positive—often exhibit heteroskedasticity, with the variance of trade flows rising with their
mean, and the potential for outliers to bias OLS estimates.

PPML estimation directly models the trade flow levels (not their logarithms) and is
robust to different patterns of heteroskedasticity, as shown by Silva and Tenreyro (2006).
Importantly, the PPML estimator yields consistent estimates of the coefficients even when
the data are strictly positive and there are no zero trade flows. Moreover, the PPML allows
us to interpret coefficients as elasticities, similarly to the log-linear model, but without the
bias OLS can introduce in the presence of heteroskedasticity. This is especially crucial in
gravity models where the variance of trade flows increases with their size—a violation of
OLS assumptions.

Thus, even though my sample does not contain zero trade flows, the adoption of the
PPML is justified by its superior robustness to heteroskedasticity and its ability to provide
unbiased and consistent coefficient estimates under realistic trade data conditions.

2.2. Model Equation

The augmented gravity model described by the equation for export flows incorpo-
rates both traditional economic variables and additional factors to capture the nuances of
international trade dynamics.

Exportsit = exp(β0 + β1log(GDPpc_Chinait) + β2log(GDPpc_EUit) + β3log(ExchangeRateit)
+ β4 Tariff_AHSit + β5Port_ownershipit + β6LPIit + Di + Tt + ϵit

(1)

where

• Exportsit are the Exports from country i to the EU in year t;
• log (GDPpc_Chinait) is the Log of China’s per capita GDP in year t;
• log(GDPpc_EUit) is the Log of EU country I per capita GDP in year t;
• log(ExchangeRateit) is the Log exchange rate between China and country i in year t

(CNY per EUR);
• Tariff_AHSit are the Applied tariffs from country i to China in year t;
• Port_ownershipit is the Indicator for port ownership;
• LPIit is the Logistics Performance Index country i in year t;
• Di are the Country fixed effects;
• Tt are the Year fixed effects;
• ϵit is the Error term;
• All β parameters are elasticity coefficients capturing the log-linear relationship of each

variable with exports.

The PPML estimator fits this model by maximizing the (pseudo) likelihood under
the assumption that the expected value of Exportsit is given by the exponential of the
right-hand side, and is robust to heteroskedasticity.

Other control factors commonly included in gravity models—such as indicators for
shared language, the presence of trade agreements, and historical colonial ties—were ex-
cluded from the current analysis for substantive and data-driven reasons. In the sample
used, these variables were either constant (e.g., no observed variation in shared official lan-
guage, trade agreements, or colonial history between China and the sampled EU countries
across the period) or uniformly zero. Their lack of variation renders them non-informative,
as they cannot explain the differences in trade flows across country–year observations.
Including such variables would lead to perfect collinearity or simply be dropped by the
estimation routine due to their invariance. Additionally, the focus of this study is on
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the impact of economic and policy factors—such as port ownership, tariffs, and logistics
quality—whereas the omitted variables do not provide meaningful explanatory power
given the structure of bilateral relationships in this dataset. Therefore, their exclusion
ensures parsimony, avoids multicollinearity, and maintains the interpretability of the esti-
mated coefficients for the variables of substantive interest.

2.3. Data

The UN Comtrade Database (United Nations, 2025) was used to obtain the data for
international trade volumes between China and the EU countries of interest from 2001 to
2023 (Figures 1 and 2). The selected period refers to the Eurozone formation and the latest
available data. Since data is reported in 2015 constant USD prices, the exchange rates were
also obtained in CNY to US dollar rate from the Federal Reserve Bank.

 

Figure 1. China exports to Eurozone countries with a Chinese-owned port.

 

Figure 2. China imports from Eurozone countries with a Chinese-owned port.

Growth data, such as GDP and Population, and control variable data, such as tar-
iffs and LPI, were retrieved from the World Bank (2025a) database for the same period
(2001–2023), while distance was retrieved from CEPII (2025) database.

The “Port ownership” variable is constructed as a binary treatment indicator equal to
1 if China (via COSCO or CMP) owns a stake ≥ 10% in any port in the country during year
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t, and 0 otherwise. In cases with multiple ports, the assignment is not weighted by volume
but follows the earliest ownership date for any port exceeding the 10% threshold. Initial
treatment with two separate variables of Port Major Ownership (China has a stake ≥ 50%)
and Port Minor Ownership (China has a stake < 50%) were tested and merged to one due
to collinearity that distorted the results.

The Tariff_AHS data were collected from the World Bank’s WITS database (World
Bank, 2025b) as country–year weighted averages between country i and China, expressed
as percentages. This ensures comparability across years and countries.

3. Results
To obtain the results, Python 3 modules (statsmodels and linearmodels packages) in

Spyder IDE version 5 were used and exported as excel spreadsheets for easier handling
and presentation. All coding and data are available upon request.

3.1. Descriptive Analysis and Multicollinearity Diagnostics

A variance inflation factor (VIF) analysis revealed that all included regressors are
within generally acceptable thresholds, with VIFs below five, except for the intercept
(Table 2). The VIFs for main variables, such as log GDP per capita (China: 4.46, EU: 3.53),
exchange rates (3.24), Tariff_AHS (1.31), port ownership (2.11), and LPI (3.46), indicate
low to moderate collinearity, suggesting the models are unlikely to suffer from serious
multicollinearity problems.

Table 2. Multicollinearity test.

Variable VIF

const 6112.563082
log_GDPpc_China 4.459105

log_GDPpc_EU 3.528667
log_Exchange 3.236727

Tariff_AHS 1.313852
Port ownership 2.105770

LPI 3.462906

3.2. Poisson Pseudo-Maximum Likelihood (PPML) Estimates

The PPML regression results (Table 3) provide evidence that both economic size and
trade frictions significantly shape bilateral export flows from China to the EU. Coefficients
on log GDP per capita of China (1.01) and the EU (1.46) are both positive and highly
significant (p < 0.001), indicating strong scale effects in bilateral exports. The log exchange
rate coefficient is negative and significant (−1.14), implies that a 1% depreciation of the
renminbi against the euro is associated with approximately a 1.14% increase in Chinese
exports to EU countries, ceteris paribus. Trade frictions, as measured by Tariff_AHS, are
negative (−0.05, p < 0.001), confirming the expected adverse effects of tariffs.

Port ownership exhibits a negative but small effect (−0.03, p < 0.001) on export flows,
indicating that Chinese-owned ports do not have the anticipated positive effect on exports
after controlling for other factors. Conversely, the Logistics Performance Index (LPI) shows
a strong positive effect (0.98, p < 0.001), highlighting the importance of efficient logistics for
trade facilitation.

The event study coefficients around the port ownership treatment years are generally
modest in magnitude, with most pre-treatment and post-treatment event dummies remain-
ing small and statistically significant, but with limited economic magnitude (ranging from
−0.23 to 0.05).
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Table 3. Exports PPML regression results.

Coef. Std.Err. z p > |z| Lower_ci Upper_ci

Intercept −1.39933 5.47 × 10−5 −25,592.7 0 −1.39944 −1.39923

Q(“log_GDPpc_China”) 1.011659 2.43 × 10−6 416,956.3 0 1.011655 1.011664

Q(“log_GDPpc_EU”) 1.462654 6.13 × 10−6 238,463.5 0 1.462642 1.462666

Q(“log_Exchange”) −1.14298 9.44 × 10−6 −121,060 0 −1.143 −1.14296

Q(“Tariff_AHS”) −0.05316 7.44 × 10−7 −71,418.4 0 −0.05316 −0.05316

Q(“Port_ownership”) −0.03043 2.18 × 10−6 −13,960.4 0 −0.03043 −0.03042

Q(“LPI”) 0.984866 4.97 × 10−6 198,307.8 0 0.984856 0.984876

Q(“event_−5”) −0.16144 2.58 × 10−6 −62,658.5 0 −0.16145 −0.16144

Q(“event_−4”) −0.2311 2.57 × 10−6 −90,012.9 0 −0.2311 −0.23109

Q(“event_−3”) −0.20437 2.48 × 10−6 −82,351.4 0 −0.20438 −0.20437

Q(“event_−2”) −0.17599 2.42 × 10−6 −72,794 0 −0.176 −0.17599

Q(“event_0”) −0.00495 3.14 × 10−6 −1576.86 0 −0.00495 −0.00494

Q(“event_1”) 0.006142 3.03 × 10−6 2023.976 0 0.006136 0.006147

Q(“event_2”) 0.02672 3.18 × 10−6 8396.366 0 0.026714 0.026727

Q(“event_3”) −0.00735 3.06 × 10−6 −2398.99 0 −0.00736 −0.00735

Q(“event_4”) 0.051341 2.93 × 10−6 17,507.5 0 0.051335 0.051347

Q(“event_5”) 0.047317 2.8 × 10−6 16,925.59 0 0.047312 0.047323

Q(“D_Treat_Netherlands”) −0.30144 2.9 × 10−6 −103,924 0 −0.30144 −0.30143

Q(“D_Treat_Belgium”) −1.16083 2.44 × 10−6 −475,226 0 −1.16084 −1.16083

Q(“D_Treat_Germany”) 0.025329 4.27 × 10−6 5935.346 0 0.02532 0.025337

Q(“D_Treat_France”) −0.49601 2.61 × 10−6 −190,327 0 −0.49602 −0.49601

Q(“D_Treat_Spain”) −0.16714 3.59 × 10−6 −46,530.8 0 −0.16715 −0.16714

Q(“D_Treat_Greece”) −0.85352 3.76 × 10−6 −226,931 0 −0.85353 −0.85352

Q(“D_Treat_Malta”) −2.22502 7.35 × 10−6 −302,742 0 −2.22504 −2.22501

The country-specific treatment dummies in the PPML regression capture the average
percentage change in China’s exports to each EU country after the implementation of
Chinese port ownership, relative to countries that did not experience such a treatment.
These estimates reflect the heterogeneous impact of port-related interventions depending
on national infrastructure, logistics integration, and port governance models.

For the Netherlands (D_Treat_Netherlands), the coefficient is −0.30, which implies that,
on average, Chinese exports to the Netherlands were approximately 26% lower following
port ownership (exp(−0.30) − 1 ≈ −0.26 or −26%), holding all else equal. This result is
consistent with the so-called Rotterdam effect, whereby Chinese-owned transshipment
hubs may redistribute flows across EU countries without increasing total trade volume.

The effect is even more pronounced for Belgium (D_Treat_Belgium), with a coefficient
of −1.16, indicating an approximate 69% reduction in export volume after the treatment
(exp(−1.16) − 1 ≈ −0.69). This sharp drop may reflect inefficiencies in aligning port
ownership with customs procedures or downstream supply chain integration. It may
also suggest trade diversion effects or overlapping competition with nearby Rotterdam
and Hamburg.

By contrast, Germany (D_Treat_Germany) shows a slight positive effect of 0.03, cor-
responding to a 3% increase in exports (exp(0.03) − 1 ≈ 0.03 or +3%). Though small in
magnitude, this may signal that port-related investments in Germany were more effectively
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embedded into the trade infrastructure, or that Germany benefited from upstream supply
chain reconfigurations.

These elasticity-style interpretations underscore the non-uniform impact of Chinese
port ownership across the EU. The same type of intervention—equity stakes or control of
port terminals—can lead to vastly different trade responses depending on local conditions.
The data suggest that port ownership alone is not a sufficient condition for export growth;
rather, institutional fit, logistics performance, and trade facilitation ecosystems matter.

For Imports (Table 4), the PPML model finds strong positive effects for China’s GDP per
capita and logistics performance (LPI), with a significant negative impact of port ownership
and tariffs. The dynamic event study shows significant positive jumps in imports following
port privatization, while country-specific treatment effects are predominantly negative for
countries undergoing major reforms.

Table 4. Imports PPML regression results.

Coef. Std.Err. z p > |z| Lower_ci Upper_ci

Intercept 0.58046 7.22593 × 10−5 8033.019 0 0.58032 0.58060

Q(“log_GDPpc_China”) 1.63709 3.0732 × 10−6 532,698.945 0 1.63708 1.63709

Q(“log_GDPpc_EU”) −0.28113 8.89825 × 10−6 −31,593.963 0 −0.28115 −0.28111

Q(“log_Exchange”) −0.01091 1.17116 × 10−5 −931.891 0 −0.01094 −0.01089

Q(“Tariff_AHS”) −0.01070 9.76019 × 10−7 −10,959.907 0 −0.01070 −0.01070

Q(“Port_ownership”) −0.24803 2.8399 × 10−6 −87,336.530 0 −0.24803 −0.24802

Q(“LPI”) 3.09901 7.22358 × 10−6 429,012.284 0 3.09899 3.09902

Q(“event_−5”) −0.33650 2.99311 × 10−6 −112,426.362 0 −0.33651 −0.33650

Q(“event_−4”) −0.41875 2.95419 × 10−6 −141,746.072 0 −0.41875 −0.41874

Q(“event_−3”) −0.34219 2.94777 × 10−6 −116,085.255 0 −0.34220 −0.34219

Q(“event_−2”) −0.39396 2.92024 × 10−6 −134,907.425 0 −0.39397 −0.39396

Q(“event_0”) 0.57989 4.77426 × 10−6 121,462.172 0 0.57988 0.57990

Q(“event_1”) 0.54701 4.65146 × 10−6 117,598.962 0 0.54700 0.54702

Q(“event_2”) 0.40953 5.28977 × 10−6 77,418.882 0 0.40952 0.40954

Q(“event_3”) 0.24684 5.16335 × 10−6 47,805.661 0 0.24683 0.24685

Q(“event_4”) 0.40362 4.86414 × 10−6 82,979.482 0 0.40361 0.40363

Q(“event_5”) 0.37636 4.73857 × 10−6 79,424.952 0 0.37635 0.37637

Q(“D_Treat_Netherlands”) −2.12820 4.87088 × 10−6 −436,922.873 0 −2.12821 −2.12819

Q(“D_Treat_Belgium”) −1.72069 3.49661 × 10−6 −492,102.195 0 −1.72070 −1.72068

Q(“D_Treat_Germany”) −0.48731 5.77569 × 10−6 −84,372.625 0 −0.48732 −0.48730

Q(“D_Treat_France”) −0.45188 3.27028 × 10−6 −138,177.968 0 −0.45189 −0.45187

Q(“D_Treat_Spain”) −1.98353 5.79665 × 10−6 −342,186.062 0 −1.98354 −1.98352

Q(“D_Treat_Greece”) −3.35200 1.12311 × 10−5 −298,457.091 0 −3.35202 −3.35198

Q(“D_Treat_Malta”) −2.43106 1.40501 × 10−5 −173,027.929 0 −2.43109 −2.43104

The Poisson pseudo-maximum likelihood (PPML) regression results presented in
Table 4 reveal that China’s imports from the European Union are highly sensitive to do-
mestic economic conditions, logistical capacity, and structural trade frictions. The analysis
adopts a log-linear specification, allowing for direct interpretation of the coefficients as
elasticities. This facilitates a more economically meaningful understanding of the relative
importance of each covariate.
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China’s economic size emerges as a dominant driver of import demand. The elasticity
of imports with respect to China’s GDP per capita is estimated at 1.64 (p < 0.001), implying
that a 1% increase in China’s income level is associated with a 1.64% rise in imports
from the EU, all else equal. This result underscores the importance of domestic income
growth in fostering external trade engagement. By contrast, the coefficient for EU GDP per
capita is negative and significant (β = −0.28), suggesting that income growth in exporting
EU economies is associated with a modest contraction in their exports to China. While
counterintuitive at first glance, this effect may reflect substitution away from external
markets as domestic demand strengthens, or a shift in export composition toward higher-
value but lower-volume goods.

The coefficient for the bilateral exchange rate is negative (β = −0.011) and highly
significant, indicating that a depreciation of the Chinese renminbi against the euro is
associated with a decline in imports from the EU. Although the magnitude of the elasticity
is small, this finding is in line with conventional trade theory: a weaker domestic currency
raises the cost of foreign goods, reducing import demand. Tariff levels, captured by the
AHS weighted average tariff rate, also exert a statistically significant and negative influence
on imports, with an elasticity of −0.011. This implies that each percentage point increase
in applied tariffs leads to a roughly 1.1% drop in imports, suggesting that even modest
adjustments in tariff barriers can have discernible impacts on trade volumes.

A key policy-relevant result concerns the role of Chinese port ownership. Contrary
to expectations, the coefficient on the port ownership dummy is negative and large in
magnitude (−0.248), suggesting that Chinese control of EU port infrastructure is associated
with a 22% decline in imports, after controlling for all other factors. This result is statistically
significant and economically meaningful. It indicates that the ownership structure of
key trade nodes may introduce new frictions or governance mismatches that counteract
potential logistical gains. Conversely, the Logistics Performance Index (LPI) is found to be
a highly significant and positive determinant of imports, with an estimated elasticity of
3.10. This implies that a one-point improvement in the LPI (which typically ranges from
one to five) is associated with a more than twentyfold increase in imports, highlighting the
outsized role of trade facilitation and logistics efficiency in shaping import capacity.

The event study component of the PPML model offers further insights into the tempo-
ral dynamics of port-related reforms. In the years preceding the port ownership transition
(event_−5 to event_−2), imports are shown to decline steadily, with elasticities ranging
from −0.34 to −0.42. This downward trend prior to reform may reflect anticipatory un-
certainty, disruption of existing routines, or changes in supply chain routing. However,
starting from the treatment year (event_0), the trend reverses dramatically. The estimated
coefficients for event_0 (0.580), event_1 (0.547), and event_2 (0.410) suggest that the im-
mediate aftermath of ownership reform corresponds with large increases in imports—by
approximately 78.6%, 72.8%, and 50.7%, respectively. These effects are statistically signif-
icant, and suggest that once the transition stabilizes, port control may yield net benefits
through improved coordination, infrastructure investment, or streamlined customs pro-
cesses. Notably, the positive post-treatment effects persist through event_5, indicating a
sustained impact.

The model also captures significant heterogeneity in treatment effects across coun-
tries. Country-specific dummy variables allow for an evaluation of how Chinese port
ownership influences trade on a bilateral basis. Imports from the Netherlands exhibit the
most pronounced decline, with a coefficient of −2.13, corresponding to an approximate
88% reduction in trade flows following port acquisition (exp(−2.128) − 1 ≈ −0.88). Sim-
ilar substantial contractions are observed for Belgium (−1.72), Spain (−1.98), and Malta
(−2.43), each reflecting import reductions exceeding 80%. These large negative treatment
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effects suggest that, in practice, port acquisition may introduce bottlenecks, rerouting, or
governance issues that undermine trade facilitation. Even in the case of Germany and
France, the treatment coefficients are negative and statistically significant, indicating that
ownership transitions have broadly contractionary effects on imports. Greece displays the
most dramatic contraction (−3.35), equivalent to a 96.5% reduction in imports from the EU,
despite China’s strategic investment in the Port of Piraeus. These results stand in sharp
contrast to theoretical expectations that port control enhances trade efficiency, and raise
important questions about the institutional and political frictions that may accompany
cross-border infrastructure ownership.

Taken together, these findings provide robust evidence that, while logistics perfor-
mance is a powerful enabler of trade, the strategic control of infrastructure assets—at least
as implemented in the observed cases—does not automatically translate into trade gains.
Elasticity-based interpretations further reveal the magnitude of these effects, and help
prioritize policy levers in the EU–China trade relationship.

3.3. Fixed Effects and Random Effects Panel Models

The fixed effects panel model (Table 5) provides elasticity-based insights into the
determinants of Chinese exports to the EU. A key finding is that Chinese port ownership in
EU countries is associated with a 16% decrease in exports, as indicated by a statistically
significant coefficient of −0.17 (p < 0.01). This suggests that, controlling for time-invariant
heterogeneity and time trends, Chinese stakes in EU port infrastructure correlate with trade
diversion or operational inefficiencies rather than trade gains.

Table 5. Fixed effects (FE) panel model estimates for Exports.

Coef Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.17225 0.235315 −0.73202 0.465445 −0.63347 0.288962

Tariff_AHS −0.16801 0.030838 −5.44813 2.38 × 10−7 −0.22845 −0.10757

Port_ownership −0.17289 0.05987 −2.88772 0.004531 −0.29023 −0.05554

LPI 0.669636 0.143061 4.680755 6.95 × 10−6 0.389235 0.950036

event_−5 −0.04449 0.057212 −0.77761 0.438179 −0.15663 0.067647

event_−4 0.062502 0.070446 0.887233 0.376555 −0.07557 0.200577

event_−3 0.135796 0.080742 1.681863 0.094942 −0.02246 0.29405

event_−2 0.14214 0.08873 1.601932 0.111543 −0.03177 0.316052

event_0 0.176362 0.081882 2.153856 0.033054 0.015873 0.336851

event_1 0.21705 0.113357 1.914736 0.057674 −0.00513 0.43923

event_2 0.186489 0.087718 2.126001 0.035351 0.014561 0.358417

event_3 0.09961 0.067625 1.472987 0.143117 −0.03293 0.232155

event_4 0.047479 0.102473 0.463331 0.643885 −0.15337 0.248326

event_5 −0.00272 0.06352 −0.04277 0.965946 −0.12722 0.121783

D_Treat_Netherlands 0.243906 0.07735 3.153282 0.001996 0.0923 0.395511

D_Treat_Belgium 0.096958 0.078842 1.229779 0.220951 −0.05757 0.251487

D_Treat_Germany −0.14351 0.120835 −1.18763 0.237095 −0.38035 0.093329

D_Treat_France 0.067399 0.082818 0.813827 0.417199 −0.09492 0.229722

D_Treat_Spain 0.051607 0.088503 0.583108 0.560808 −0.12186 0.225073

D_Treat_Greece 0.222857 0.071372 3.122466 0.002201 0.082968 0.362746

D_Treat_Malta 0.501631 0.218745 2.293221 0.023404 0.072891 0.930371
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By contrast, logistics performance (LPI) emerges as a powerful trade facilitator. A
one-unit increase in the LPI index is associated with a ~67% increase in Chinese exports,
reflecting the importance of infrastructure quality, customs efficiency, and overall logistics
capability in supporting outbound trade.

Tariffs (AHS) have a strong negative elasticity of −0.17 (p < 0.001), meaning that a
1 percentage point increase in applied tariffs leads to a ~17% reduction in Chinese exports.
This reinforces the sensitivity of trade flows to EU protectionist measures.

Notably, EU GDP per capita is not statistically significant (β = −0.17, p > 0.1), indicating
that, in a within-country specification, changes in purchasing power within EU member
states do not significantly affect the demand for Chinese exports over time.

The time-event dummies show dynamic effects post-ownership. While pre-treatment
years show no significant shifts, event_0 (the year of port acquisition) and event_2 are
associated with ~19% and ~20% increases in exports, respectively, pointing to lagged
benefits potentially driven by logistical or reputational improvements.

The fixed effects model for imports (Table 6) similarly highlights the elasticity of trade
to logistics and infrastructure factors. The coefficient for the LPI is 0.83 (p < 0.001), implying
that a one-point improvement in EU-side logistics performance yields a ~129% increase in
Chinese imports. This underscores the overwhelming importance of supply-side logistics
in enabling China to source goods efficiently from the EU.

Table 6. Fixed effects (FE) panel model estimates for Imports.

Coef Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.214968824 0.191368857 −1.123321877 0.263324393 −0.590051785 0.160114136

Tariff_AHS −0.008342311 0.039131596 −0.213186056 0.831508278 −0.085040238 0.068355617

Port_ownership −0.222679712 0.063254337 −3.520386454 0.00059068 −0.346658213 −0.098701211

LPI 0.832235274 0.120107525 6.929085175 1.64981 × 10−10 0.596824524 1.067646024

event_−5 −0.062584659 0.048602698 −1.287678709 0.20009392 −0.157845946 0.032676628

event_−4 −0.133617049 0.052899558 −2.525863231 0.012714592 −0.237300182 −0.029933915

event_−3 −0.072842713 0.072626796 −1.002972966 0.317695194 −0.215191232 0.069505807

event_−2 −0.011576781 0.05315214 −0.217804609 0.827915161 −0.115754975 0.092601413

event_0 0.20821735 0.0946965 2.198786122 0.029622013 0.02261221 0.39382249

event_1 0.281632185 0.085783258 3.283067007 0.001312127 0.113496999 0.449767371

event_2 0.22949583 0.071283404 3.219484705 0.001613917 0.089780357 0.369211302

event_3 0.226524985 0.06979994 3.245346421 0.001484108 0.089717103 0.363332867

event_4 0.164403489 0.06831985 2.406379534 0.017485722 0.030496583 0.298310396

event_5 0.069085252 0.088161571 0.783620922 0.434655843 −0.103711428 0.241881932

D_Treat_Netherlands 0.329183751 0.104267266 3.157115002 0.001971689 0.124819909 0.533547593

D_Treat_Belgium −0.250150795 0.089607462 −2.791629061 0.006017241 −0.425781421 −0.07452017

D_Treat_Germany −0.160782959 0.146415643 −1.098126922 0.274133097 −0.447757619 0.126191701

D_Treat_France 0.149636267 0.094635635 1.581183113 0.116211425 −0.035849576 0.335122111

D_Treat_Spain 0.020016163 0.106181802 0.188508416 0.850765451 −0.188100168 0.228132495

D_Treat_Greece 0.598574294 0.087727174 6.823134344 2.85451 × 10−10 0.426629033 0.770519555

D_Treat_Malta −0.33463724 0.136394532 −2.453450548 0.015443365 −0.601970523 −0.067303957

Conversely, port ownership has a large negative elasticity of −0.22 (p < 0.001), corre-
sponding to a ~20% drop in imports after China acquires or controls EU port infrastructure.
This mirrors the export model’s findings, and suggests that Chinese port investments may
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not directly translate into trade gains—potentially due to regulatory, logistical, or political
frictions introduced post-acquisition.

In contrast to the export results, tariff levels are not significant in explaining variation
in imports (p > 0.8), implying either effective substitution or muted tariff responsiveness in
EU-originating goods destined for the Chinese market.

Temporal dynamics again show strong lagged effects: imports rise significantly in
event_0 (+23%), event_1 (+32%), and event_2 (+26%), highlighting that the impact of port
investment or institutional reform is not instantaneous but materializes over several years.

In the random effects model (Table 7), the income elasticities are substantially larger. A
1% increase in China’s GDP per capita is associated with a ~1.25% increase in exports, while
a similar increase in EU GDP per capita raises exports by 2.41%, suggesting strong bilateral
income effects when between-country variation is considered. The logistics performance
(LPI) continues to be highly significant, with an elasticity of 1.25, or a ~250% increase in
exports for each one-point improvement in the LPI. Interestingly, exchange rate depreciation
(i.e., renminbi weakening) has a negative elasticity of −1.34 (p < 0.05), meaning that a
1% depreciation of the renminbi leads to a 1.34% increase in exports, consistent with
traditional trade theory. However, port ownership becomes statistically insignificant in
the RE specification (0.15, p > 0.1), indicating that, when cross-sectional effects dominate,
ownership alone does not systematically affect trade volumes.

Table 7. Random effects (RE) panel model estimates for Exports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

const −13.9045 3.785438 −3.67316 0.000326 −21.324 −6.48507

log_GDPpc_China 1.246858 0.181932 6.853448 1.48 × 10−10 0.890272 1.603444

log_GDPpc_EU 2.409309 0.410339 5.871514 2.42 × 10−8 1.605045 3.213573

log_Exchange −1.34345 0.654934 −2.05127 0.041871 −2.62712 −0.05978

Tariff_AHS −0.11012 0.069081 −1.59407 0.112893 −0.24552 0.025279

Port_ownership 0.145425 0.157721 0.922038 0.357897 −0.16371 0.454557

LPI 1.246391 0.265082 4.701911 5.53 × 10−6 0.726831 1.765952

event_−5 −0.24781 0.198869 −1.24611 0.214545 −0.63759 0.14197

event_−4 −0.25036 0.20547 −1.21848 0.224836 −0.65308 0.15236

event_−3 −0.26419 0.23614 −1.11879 0.264906 −0.72703 0.198643

event_−2 −0.30413 0.207202 −1.46779 0.144124 −0.71025 0.101987

event_0 0.583022 0.170575 3.417978 0.0008 0.248695 0.917349

event_1 0.73131 0.199575 3.664328 0.000337 0.340142 1.122478

event_2 0.632279 0.170557 3.707145 0.000289 0.297988 0.96657

event_3 0.537881 0.142205 3.782424 0.000219 0.259158 0.816603

event_4 0.442382 0.144908 3.052846 0.002655 0.158362 0.726402

event_5 0.342769 0.119351 2.871938 0.004633 0.108841 0.576697

D_Treat_Netherlands −1.31892 0.197812 −6.66751 4.01 × 10−10 −1.70663 −0.9312

D_Treat_Belgium −1.51848 0.114802 −13.227 0 −1.74349 −1.29347

D_Treat_Germany −1.15711 0.247856 −4.66849 6.38 × 10−6 −1.64291 −0.67131

D_Treat_France −1.02984 0.143398 −7.18164 2.45 × 10−11 −1.3109 −0.74877

D_Treat_Spain −0.54844 0.230358 −2.38083 0.01845 −0.99994 −0.09694

D_Treat_Greece −0.37915 0.278793 −1.35997 0.175753 −0.92559 0.167285

D_Treat_Malta −2.23313 0.204326 −10.9293 0 −2.63361 −1.83265
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Country treatment effects remain large and negative. For example, Malta (−2.23) and
Belgium (−1.52) show export reductions of 88% and 78%, respectively, post-ownership,
reinforcing the hypothesis that Chinese port ownership in smaller or saturated logistics
markets may reduce trade volumes rather than enhance them.

The RE model for imports (Table 8) reinforces these elasticity patterns. A one-point
increase in the LPI correlates with a ~340% increase in imports, making logistics quality
the single most elastic and influential trade determinant. Similarly, GDP per capita effects
remain strong, with elasticities of 1.20 (China) and 2.91 (EU). The exchange rate coefficient
is −2.73 (p < 0.05), suggesting a 1% renminbi depreciation results in a 2.7% increase in
imports—a particularly strong effect, perhaps due to contract lags or invoicing currency
effects. Port ownership again loses significance, echoing the RE exports results, and may
indicate omitted variable bias or the masking of within-country heterogeneity in the RE
setup. Country treatment dummies point to large, negative elasticity effects on imports,
notably for Malta (β = −3.05), Greece (β = −2.04), and the Netherlands (β = −2.94)—
implying post-ownership import contractions of ~95%, 87%, and 94%, respectively.

Table 8. Random effects (RE) panel model estimates for Imports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

const −18.16882191 5.656909811 −3.211792749 0.00159485 −29.25636514 −7.081278685

log_GDPpc_China 1.199593378 0.262371532 4.572117139 9.61521 × 10−6 0.685345176 1.713841581

log_GDPpc_EU 2.911412023 0.63151053 4.610235118 8.18266 × 10−6 1.673651384 4.149172661

log_Exchange −2.729272271 1.112314018 −2.453688641 0.015212451 −4.909407746 −0.549136796

Tariff_AHS 0.096878759 0.075206401 1.288171711 0.199545995 −0.050525788 0.244283305

Port_ownership 0.162354187 0.214626136 0.75645115 0.450491123 −0.258313039 0.583021413

LPI 1.48097406 0.447138698 3.312113369 0.001144753 0.604582212 2.357365909

event_−5 −0.527426607 0.40843916 −1.291322328 0.198454396 −1.32796736 0.273114146

event_−4 −0.735032894 0.423930654 −1.733851718 0.084870624 −1.565936976 0.095871189

event_−3 −0.832168586 0.373284819 −2.229312696 0.027185673 −1.563806832 −0.100530341

event_−2 −0.806992855 0.392662927 −2.055179646 0.041487377 −1.576612191 −0.037373518

event_0 0.963302342 0.298887808 3.22295629 0.00153765 0.377482238 1.549122446

event_1 0.89012324 0.209747915 4.243776352 3.7116 × 10−5 0.479017328 1.301229153

event_2 0.768469098 0.211644344 3.630945595 0.000379718 0.353646184 1.183292012

event_3 0.828703566 0.219513769 3.775178061 0.000224951 0.398456578 1.258950554

event_4 0.767469988 0.159942971 4.798397716 3.64099 × 10−6 0.453981764 1.080958212

event_5 0.482593153 0.158346444 3.047704398 0.00269854 0.172234123 0.792952183

D_Treat_Netherlands −2.940020406 0.266382456 −11.03683946 0 −3.462130021 −2.417910792

D_Treat_Belgium −2.037108911 0.184221875 −11.05790997 0 −2.398183786 −1.676034035

D_Treat_Germany −0.988085511 0.333014493 −2.967094624 0.003467843 −1.640793917 −0.335377105

D_Treat_France −0.939608414 0.203598883 −4.614997881 8.01885 × 10−6 −1.338662225 −0.540554603

D_Treat_Spain −1.484948686 0.309634812 −4.795806644 3.68237 × 10−6 −2.091832917 −0.878064456

D_Treat_Greece −2.036414495 0.363633675 −5.600181266 9.12674 × 10−8 −2.749136499 −1.323692492

D_Treat_Malta −3.053902941 0.25168725 −12.13372129 0 −3.547209951 −2.560595931

3.3.1. Hausman Tests of Consistency

The Hausman test comparing FE and RE models consistently favor the FE approach
(Table 9), justifying the use of the fixed effects estimator over the random effects estimator
for causal inference.
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Table 9. Hausman test results for FE and RE consistency.

Hausman Test χ2 p-Value

Exports 8295.57 p < 0.001
Imports 995.637917 p < 0.001

3.3.2. Summary of the PPML Findings

The LPI has the strongest and most consistent elasticity effect across all models,
ranging from +67% to +340% for exports and imports. Port ownership consistently shows
negative elasticities in FE models (−16% to −22%) but becomes insignificant in RE models,
likely due to between-country bias. Tariffs only significantly affect exports, reducing
flows by ~17% per point increase. Income elasticities are large and positive in RE models
but less important within countries (FE). Country treatment dummies—especially for
Malta, Belgium, Greece, and the Netherlands—show very large negative trade elasticities,
indicating strong country-specific reactions to Chinese infrastructure control.

3.3.3. The Rotterdam Effect

To address the potential bias introduced by the Netherlands—specifically the outsized
role of the Port of Rotterdam in European trade flows—I conducted a robustness check
by re-estimating the fixed effects (FE) models for both exports (Table 10) and imports
(Table 11) while excluding observations related to the Netherlands. This step allows me to
examine whether the so-called Rotterdam effect distorts the main estimates regarding port
ownership and logistics performance.

Table 10. Fixed effects (FE) panel model estimates for Exports with the “Rotterdam effect”.

Coef Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.200082629 0.237432334 −0.842693265 0.401196004 −0.665450004 0.265284746

Tariff_AHS 11.78371776 1.20620621 9.76923984 0 9.41955359 14.14788193

Port_ownership −0.173502755 0.033019652 −5.254530088 7.15917 × 10−7 −0.238221273 −0.108784237

LPI −0.171078717 0.065714069 −2.603380351 0.010480951 −0.299878292 −0.042279141

event_−5 0.735477841 0.150989685 4.871046942 3.67715 × 10−6 0.439538059 1.031417623

event_−4 −0.078637097 0.065233143 −1.205477658 0.230559645 −0.206494057 0.049219864

event_−3 0.046756597 0.083500732 0.559954338 0.576628824 −0.116904838 0.210418033

event_−2 0.104787293 0.088751299 1.180684606 0.240229373 −0.069165254 0.27873984

event_0 0.164911598 0.105883634 1.557479588 0.122177968 −0.042620324 0.37244352

event_1 0.226745082 0.092551208 2.449941885 0.015836149 0.045344714 0.408145451

event_2 0.240492851 0.129406431 1.858430449 0.065733599 −0.013143753 0.494129455

event_3 0.22152013 0.097820096 2.264566667 0.025463743 0.029792741 0.413247519

event_4 0.107098273 0.080923194 1.323455827 0.188379079 −0.051511188 0.265707734

event_5 0.043464153 0.114037696 0.381138471 0.703822535 −0.180049731 0.266978037

D_Treat_Belgium −0.005919125 0.077050775 −0.076821091 0.938902936 −0.156938644 0.145100394

D_Treat_Germany 0.093503516 0.091667995 1.020023582 0.309915557 −0.086165753 0.273172786

D_Treat_France −0.16573297 0.124642835 −1.329663038 0.186331096 −0.410032927 0.078566986

D_Treat_Spain 0.052996474 0.089736712 0.590577394 0.555993443 −0.122887483 0.22888043

D_Treat_Greece 0.018707679 0.099291186 0.188412281 0.850894438 −0.175903046 0.213318404

D_Treat_Malta 0.214197517 0.073687215 2.906847781 0.004401853 0.069770576 0.358624459
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Table 11. Fixed effects (FE) panel model estimates for Imports to China with the “Rotterdam effect”.

Coef Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.261683165 0.179405509 −1.458612766 0.147470443 −0.613317962 0.089951632

Tariff_AHS 11.02509025 0.950757818 11.59610791 0 9.161604927 12.88857557

Port_ownership −0.018803688 0.039590733 −0.474951746 0.635746231 −0.096401525 0.058794149

LPI −0.216353963 0.066454099 −3.255690245 0.001496643 −0.346603997 −0.086103928

event_−5 0.961283835 0.116213155 8.271729931 3.05533× 10−13 0.733506051 1.189061619

event_−4 −0.096452744 0.054932575 −1.755838753 0.08184969 −0.204120592 0.011215103

event_−3 −0.172566513 0.053628938 −3.217787248 0.001689706 −0.277679232 −0.067453795

event_−2 −0.123152993 0.074953247 −1.643064154 0.103174254 −0.270061356 0.023755371

event_0 −0.030167178 0.057894312 −0.521073274 0.603344473 −0.143640029 0.083305672

event_1 0.24258644 0.103984802 2.332902835 0.021438877 0.038776228 0.446396653

event_2 0.321048951 0.091877884 3.494300656 0.000681833 0.140968298 0.501129603

event_3 0.263628521 0.071633282 3.680251891 0.000359943 0.123227288 0.404029753

event_4 0.283843809 0.071961364 3.944391715 0.000139854 0.142799535 0.424888084

event_5 0.178001413 0.075311501 2.363535593 0.019824682 0.030390871 0.325611955

D_Treat_Belgium 0.096078917 0.100464999 0.956342192 0.340959101 −0.100832481 0.292990315

D_Treat_Germany −0.277594636 0.102120222 −2.718312123 0.007605959 −0.477750271 −0.077439002

D_Treat_France −0.175710264 0.146222741 −1.201661681 0.23202941 −0.462306836 0.110886307

D_Treat_Spain 0.128085671 0.096520491 1.327030874 0.187197497 −0.061094491 0.317265833

D_Treat_Greece −0.050336427 0.107033099 −0.470288419 0.639063477 −0.260121301 0.159448447

D_Treat_Malta 0.586195506 0.08590438 6.823813926 4.7686 × 10−10 0.417822921 0.754568091

The results present the FE results for China’s exports to the EU excluding the Nether-
lands. The coefficient for the exchange rate remains highly statistically significant and
economically large, with a 1% depreciation of the Chinese yuan associated with an approxi-
mate 11.8% increase in exports. This is consistent with the expected price competitiveness
effect of a weaker currency.

Tariff barriers (AHS) are negatively signed and statistically significant at the 1%
level, indicating that reductions in average tariff rates facilitate greater export penetration.
Crucially, the coefficient on port ownership remains negative and statistically significant
(β = −0.171, p = 0.010), suggesting that the Chinese ownership of EU port infrastructure
is associated with a reduction in exports to those countries, even when the Netherlands
is excluded. This result supports the hypothesis that Chinese port acquisitions do not
necessarily translate into increased bilateral trade flows and may, in some cases, reflect
strategic or logistical redirection away from traditional hubs.

The Logistics Performance Index (LPI) continues to show a strong positive relationship
with trade flows (β = 0.735, p < 0.001). A one-unit improvement in the LPI leads to an
approximate 73.5% increase in Chinese exports to the EU, reinforcing the central role of
efficient logistics in facilitating international trade.

The event study structure shows statistically significant increases in exports imme-
diately after port ownership takes effect. Specifically, the coefficients for the treatment
years event_0 to event_2 are significant at conventional levels (p < 0.05), but these effects
gradually decline and become statistically insignificant in subsequent years. This temporal
pattern suggests a short-term export boost associated with the port acquisition, possibly
due to transitional improvements in infrastructure or logistics services, which then plateau
over time.
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Among the country-specific treatment dummies, Greece and Malta show significant
positive treatment effects, with coefficients of 0.214 (p = 0.004) and 0.500 (p = 0.025), re-
spectively. This suggests that port ownership in these countries may be associated with
increased Chinese exports, although these cases may be driven by country-specific charac-
teristics or complementary infrastructure investments.

In the corresponding FE model for imports from the EU, excluding the Netherlands,
the exchange rate effect remains highly significant and similarly large (β = 11.03, p < 0.001),
indicating that a weaker yuan is also associated with greater import volumes—potentially
due to the increased sourcing of capital goods and intermediate inputs from European
suppliers. However, the effect of tariff rates is statistically insignificant in this model,
suggesting that the elasticity of imports with respect to tariffs may be lower than for
exports, or that other non-tariff barriers play a more prominent role on the import side.

The effect of Chinese port ownership remains significantly negative (β = −0.216,
p = 0.001), reinforcing the earlier finding that these investments are not positively corre-
lated with trade facilitation, at least in the short-to-medium term. The LPI remains a
significant and strong driver of trade (β = 0.961, p < 0.001), even more so than in the export
equation, emphasizing the dual importance of logistics infrastructure in both outbound
and inbound flows.

The event study analysis again shows a consistent pattern of positive and statistically
significant effects from event_0 through event_4, with diminishing impact in year five. This
indicates that Chinese port ownership is associated with a sustained increase in imports
from Europe for several years after the acquisition, but the effect fades over time.

At the country level, Greece displays a particularly strong positive treatment effect
on imports (β = 0.586, p < 0.001), suggesting that the Piraeus port investment may have
facilitated increased EU exports to China through Greece. By contrast, the effect for Malta
is significantly negative (β = −0.336, p = 0.013), potentially reflecting a redirection of trade
routes or inefficiencies in integration with broader logistics networks.

3.4. Country–Year Interactions and the Event Study Estimates

In the saturated fixed effects specification controlling for country–year interactions,
the elasticity-based interpretation of the determinants of exports from China to the EU
(Table 12) confirms the prior findings while adjusting for granular temporal heterogeneity.
Specifically, the coefficient for logistics performance (LPI) remains positive and statistically
significant (β = 0.40, p < 0.001), implying that a one-unit improvement in the LPI index—
reflecting smoother customs, better infrastructure, and timely delivery—is associated with
a 49% increase in exports.

Table 12. Country–Year FE model estimates for Exports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU 0.36992 0.226862 1.630592 0.105074 −0.07473 0.81457

Tariff_AHS −0.17679 0.026592 −6.64823 5.17 × 10−10 −0.22891 −0.12467

Port_ownership 0.018604 0.046311 0.401707 0.688471 −0.07217 0.109373

LPI 0.399996 0.117203 3.412851 0.000827 0.170278 0.629714

Meanwhile, tariffs (Tariff_AHS) maintain a negative and significant elasticity (β = −0.18,
p < 0.001), indicating that each one-point increase in the average applied tariffs is associ-
ated with a 17% decline in exports to the EU. Port ownership, however, loses statistical
significance in this saturated model (coef. = 0.0186, p = 0.69), suggesting that the previ-
ously observed negative effects of Chinese control over EU ports may be confounded by
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time-variant country-level factors. The within R-squared is 0.14, confirming moderate
explanatory power after accounting for country-specific temporal shocks.

In the corresponding saturated model for imports from the EU to China (Table 13),
the LPI again retains a robust and statistically significant effect (β = 0.51, p < 0.009), cor-
responding to a 67% increase in imports from a one-point rise in logistics performance.
Conversely, log GDP per capita in the EU yields a negative elasticity (β = −0.90, p < 0.007),
implying that a 1% rise in EU income levels is associated with a ~59% decline in China’s
imports—potentially reflecting substitution effects, compositional changes, or rising EU
demand for domestic goods. Tariffs are not significant in this model, and port ownership
remains insignificant as well.

Table 13. Country–Year FE model estimates for Imports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.899751248 0.326778888 −2.753394673 0.006627261 −1.540237868 −0.259264629

Tariff_AHS 0.00952974 0.040890668 0.233054151 0.816037075 −0.070615969 0.089675449

Port_ownership 0.051557187 0.052356853 0.984726612 0.32634407 −0.051062246 0.15417662

LPI 0.516696857 0.194607435 2.655072537 0.008785402 0.135266284 0.898127431

3.5. Pre- and Post-Treatment Subgroup Analyses

The event study coefficients indicate no significant effects prior to treatment, confirm-
ing the parallel trends assumption. Post-treatment years show no statistically significant
deviations either, although the estimated effect in year 2 (β = 0.09) and year 5 (β = −0.091)
border conventional significance levels.

3.5.1. Pre-Treatment Period of Exports and Imports from/to China

Prior to treatment (i.e., Chinese acquisition of port assets), I find no statistically signifi-
cant effect for port ownership (β = −0.02, p = 0.83) in exports (Table 14), and the elasticity
of the LPI is also statistically insignificant (β = 0.21, p = 0.46). However, tariffs continue
to have a meaningful negative elasticity of approximately −14.5% (p < 0.001), suggesting
early trade barriers already depressed exports. In the imports model, I also observe that
tariffs are not significant prior to port ownership changes. The LPI shows no significant
elasticity, while port ownership becomes marginally significant and negative (β = −0.18,
p = 0.052), implying an approximate 16.5% reduction in imports potentially preceding full
acquisition.

Table 14. Pre-treatment period for Exports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU 1.0642 0.549929 1.935161 0.056691 −0.01366 2.14206

Tariff_AHS −0.14566 0.028566 −5.09902 2.43 × 10−6 −0.20164 −0.08967

Port_ownership −0.0163 0.075501 −0.21595 0.829602 −0.16429 0.131677

LPI 0.210597 0.284179 0.741072 0.460933 −0.34639 0.767587

In the imports model (Table 15), I also observe that tariffs are not significant prior to
port ownership changes. The LPI shows no significant elasticity, while port ownership be-
comes marginally significant and negative (β = −0.18, p = 0.052), implying an approximate
16.5% reduction in imports potentially preceding full acquisition.
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Table 15. Pre-treatment period for Imports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.234615582 0.429388891 −0.54639416 0.586395569 −1.076217808 0.606986644

Tariff_AHS −0.016619942 0.043114756 −0.385481535 0.700957529 −0.101124864 0.067884979

Port_ownership −0.179448356 0.091066067 −1.970529336 0.052419901 −0.357937847 −0.000958865

LPI −0.070632372 0.294618152 −0.239742093 0.811175622 −0.64808395 0.506819205

3.5.2. Post-Treatment Period of Exports from and Imports to China

Post-treatment estimates indicate that trade dynamics are more sensitive to infrastruc-
ture quality than previously assumed (Table 16). The elasticity of the LPI for exports nearly
doubles to 0.88 (p < 0.001), implying a ~141% increase in exports due to improved logistics,
underscoring the role of facilitation in supporting China’s outbound trade. Tariffs continue
to exert downward pressure, with a larger elasticity of −0.32, or a ~27% drop in exports
per one-unit increase.

Table 16. Post-treatment period for Exports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.48697 0.398842 −1.22096 0.228459 −1.2687 0.294759

Tariff_AHS −0.32229 0.106132 −3.03669 0.00397 −0.53031 −0.11427

LPI 0.877284 0.181056 4.845366 1.54 × 10−5 0.522414 1.232154

On the import side (Table 17), post-treatment estimates reveal an even higher LPI
elasticity of 1.23 (p < 0.001), implying a ~243% increase in imports from EU countries
exhibiting better logistics performance. Neither tariffs nor GDP per capita appear to have
significant effects in this period, and port ownership has dropped from the specification
due to collinearity.

Table 17. Post-treatment period for Imports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

log_GDPpc_EU −0.479996596 0.274689562 −1.747414765 0.087387034 −1.018388137 0.058394945

Tariff_AHS −0.088418504 0.077857039 −1.135652025 0.262114645 −0.2410183 0.064181292

LPI 1.230785127 0.140243481 8.776059483 2.63169 × 10−11 0.955907905 1.505662349

3.6. Difference-in-Differences (DiD) Event Study with Country–Year Effects

To assess causal impacts, a saturated difference-in-differences (DiD) event study
model was employed, using countries without Chinese port ownership as the control group
(Table 18). For exports, none of the pre- or post-treatment event dummies are statistically
significant, suggesting the absence of dynamic effects or anticipation in trade volumes
related to port acquisition. The elasticities for country and year dummies, however, remain
highly significant, capturing persistent structural heterogeneity. For instance, Germany
consistently shows large positive fixed effects, while Malta and Greece exhibit strong
negative ones.

For imports (Table 19), similar patterns are observed. The event dummies across
the pre- and post-periods are statistically insignificant, indicating no dynamic treatment
effect of port ownership. However, the LPI and income levels still drive trade strongly, and
country-level fixed effects remain important; Greece and Malta consistently report large neg-
ative import elasticities, while Germany, France, and Italy show strong positive coefficients.
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Table 18. Difference-in-Differences (DiD) Event Study with Country–Year Effects for Exports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

const 21.43701191 0.107666111 199.1064017 0 21.22599021 21.64803361

event_−5 −0.049720582 0.045369264 −1.095908951 0.273118621 −0.138642705 0.039201541

event_−4 0.080807781 0.084623248 0.954912309 0.339622044 −0.085050737 0.246666299

event_−3 0.100720746 0.095385923 1.055928824 0.291000734 −0.086232228 0.287673719

event_−2 0.137537962 0.097751847 1.407011387 0.159424012 −0.054052138 0.329128061

event_0 0.133926626 0.131547507 1.018085621 0.308637268 −0.123901751 0.391755003

event_1 0.121902641 0.158783387 0.767729192 0.442648089 −0.189307078 0.43311236

event_2 0.128595069 0.155039877 0.829432215 0.406859879 −0.175277506 0.432467644

event_3 0.056053593 0.117402747 0.477447034 0.633043829 −0.174051563 0.28615875

event_4 0.020367949 0.136180805 0.149565489 0.881107438 −0.246541524 0.287277422

event_5 −0.043565462 0.070384303 −0.618965591 0.535939027 −0.181516161 0.094385238

country_France 0.495359593 0.036225482 13.67434095 1.44511 × 10−42 0.424358952 0.566360233

country_Germany 1.419794924 0.043006282 33.01366364 5.1718 × 10−239 1.335504161 1.504085688

country_Greece −1.261993455 0.06636353 −19.01637032 1.24832 × 10−80 −1.392063582 −1.131923327

country_Italy 0.54584307 0.035741172 15.27210891 1.17317 × 10−52 0.475791661 0.61589448

country_Malta −2.613144682 0.121726128 −21.46740983 3.1404 × 10−102 −2.851723509 −2.374565855

country_Netherlands 1.244714573 0.029073306 42.81296941 0 1.18773194 1.301697206

country_Spain 0.185498101 0.034337713 5.402168232 6.58402 × 10−8 0.118197421 0.252798781

year_2002 0.163189464 0.131812045 1.238046677 0.215698754 −0.095157397 0.421536326

year_2003 0.548114122 0.162663815 3.369613091 0.000752738 0.229298902 0.866929341

year_2004 0.91261681 0.125535718 7.269778047 3.60079 × 10−13 0.666571323 1.158662297

year_2005 1.171075678 0.138269912 8.469490288 2.46469 × 10−17 0.90007163 1.442079726

year_2006 1.419184631 0.124111402 11.43476432 2.80297 × 10−30 1.175930753 1.662438509

year_2007 1.648233283 0.185703081 8.875637777 6.95338 × 10−19 1.284261932 2.012204635

year_2008 1.988037435 0.114296957 17.39361644 9.22269 × 10−68 1.764019515 2.212055355

year_2009 1.765082092 0.118659743 14.87515521 4.77876 × 10−50 1.53251327 1.997650915

year_2010 2.048949961 0.128520741 15.94256255 3.20919 × 10−57 1.797053936 2.300845985

year_2011 2.176591146 0.141582664 15.37328856 2.47292 × 10−53 1.899094224 2.454088068

year_2012 2.104385389 0.158022865 13.31696774 1.84448 × 10−40 1.794666266 2.414104512

year_2013 2.054094641 0.150785195 13.62265469 2.93695 × 10−42 1.75856109 2.349628193

year_2014 2.190876524 0.155185038 14.11783346 2.9492 × 10−45 1.886719438 2.495033609

year_2015 2.107586307 0.137221706 15.35898636 3.08358 × 10−53 1.838636706 2.376535908

year_2016 2.047305353 0.119696996 17.10406628 1.38402 × 10−65 1.812703552 2.281907154

year_2017 2.173733569 0.131443152 16.53744246 1.97219 × 10−61 1.916109725 2.431357414

year_2018 2.236336115 0.121065758 18.47207798 3.46486 × 10−76 1.999051591 2.47362064

year_2019 2.260063087 0.127367421 17.74443629 1.903 × 10−70 2.010427529 2.509698645

year_2020 2.327356583 0.119203061 19.52430213 6.82429 × 10−85 2.093722876 2.56099029

year_2021 2.712614328 0.125717239 21.57710702 2.9474 × 10−103 2.466213067 2.95901559

year_2022 2.752309218 0.136726259 20.13007038 4.02423 × 10−90 2.484330675 3.020287762

year_2023 2.652518426 0.142880702 18.56456738 6.2186 × 10−77 2.372477396 2.932559457
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Table 19. Difference-in-Differences (DiD) Event Study with Country–Year Effects for Imports.

Coef. Std.Err. t Pval Lower_ci Upper_ci

const 20.98730486 0.111558744 188.1278344 0 20.76865374 21.20595598

event_−5 −0.060161929 0.117781608 −0.510792223 0.609496555 −0.291009638 0.17068578

event_−4 −0.118133409 0.118162728 −0.999751875 0.317430601 −0.3497281 0.113461282

event_−3 −0.035595325 0.136076889 −0.261582446 0.793643379 −0.302301127 0.231110476

event_−2 0.025302939 0.107534776 0.23530006 0.813975848 −0.185461349 0.236067228

event_0 0.075078978 0.096459107 0.778350333 0.43636251 −0.113977398 0.264135355

event_1 0.113686135 0.088692399 1.281802453 0.199911953 −0.060147773 0.287520042

event_2 0.069870992 0.095050048 0.735096857 0.462280508 −0.116423679 0.256165663

event_3 0.057685904 0.091291248 0.631888652 0.527459639 −0.121241655 0.236613462

event_4 0.012701766 0.105964838 0.119867748 0.904587914 −0.1949855 0.220389033

event_5 −0.071913481 0.144303541 −0.498348696 0.618238291 −0.354743224 0.210916261

country_France 1.084018464 0.06502824 16.66996464 2.16723 × 10−62 0.956565456 1.211471473

country_Germany 2.371101869 0.066807993 35.4912902 6.6978 × 10−276 2.240160609 2.50204313

country_Greece −3.058641054 0.098563438 −31.0322075 1.9831 × 10−211 −3.251821843 −2.865460266

country_Italy 0.823298064 0.065460331 12.57705309 2.82368 × 10−36 0.694998172 0.951597956

country_Malta −2.694501039 0.107837872 −24.98659313 8.5514 × 10−138 −2.905859385 −2.483142693

country_Netherlands 0.096793151 0.065943211 1.467825874 0.142151527 −0.032453167 0.22603947

country_Spain −0.22695518 0.072473784 −3.131548635 0.00173887 −0.369001186 −0.084909173

year_2002 0.201444843 0.14781689 1.362799901 0.172945582 −0.088270938 0.491160624

year_2003 0.503450613 0.135719862 3.709483684 0.000207682 0.237444572 0.769456653

year_2004 0.733364006 0.125589765 5.839361227 5.24013 × 10−9 0.487212589 0.979515422

year_2005 0.796227108 0.117183834 6.794683866 1.0855 × 10−11 0.566551014 1.025903203

year_2006 1.02672949 0.138878293 7.393016334 1.43535 × 10−13 0.754533037 1.298925943

year_2007 1.259885573 0.110551754 11.39634182 4.3606 × 10−30 1.043208117 1.476563028

year_2008 1.421974313 0.124630357 11.40953416 3.74731 × 10−30 1.177703302 1.666245324

year_2009 1.388502015 0.116548346 11.9135283 1.00627 × 10−32 1.160071455 1.616932575

year_2010 1.686414575 0.116532131 14.47167022 1.82974 × 10−47 1.458015794 1.914813355

year_2011 1.902414289 0.121274703 15.6868188 1.86154 × 10−55 1.664720239 2.140108339

year_2012 1.928790209 0.122882154 15.6962598 1.60426 × 10−55 1.687945614 2.169634805

year_2013 1.904635748 0.10995664 17.32169828 3.22692 × 10−67 1.689124693 2.120146803

year_2014 1.879960149 0.110046608 17.08330845 1.9759 × 10−65 1.664272761 2.095647537

year_2015 1.699323545 0.106130052 16.01170939 1.05861 × 10−57 1.491312466 1.907334624

year_2016 1.691912726 0.10881414 15.54864773 1.62501 × 10−54 1.478640931 1.905184521

year_2017 1.876891725 0.115196162 16.29300567 1.10655 × 10−59 1.651111396 2.102672054

year_2018 1.969055412 0.146969699 13.39769646 6.2369 × 10−41 1.681000096 2.257110728

year_2019 1.969020025 0.165686071 11.88404076 1.4327 × 10−32 1.644281292 2.293758757

year_2020 2.036080694 0.164381719 12.38629637 3.10034 × 10−35 1.713898444 2.358262944

year_2021 2.317080952 0.173961723 13.31948727 1.78328 × 10−40 1.976122241 2.658039664

year_2022 2.165324132 0.136272021 15.88971902 7.46615 × 10−57 1.898235877 2.432412386

year_2023 2.17282589 0.146286258 14.85324675 6.62793 × 10−50 1.886110092 2.459541688
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Overall, the DiD event study supports the parallel trends assumption and demon-
strates that, while Chinese port ownership does not appear to generate dynamic trade
gains, trade flows remain highly elastic to logistics performance and moderately sensitive
to tariffs, with clear heterogeneity across EU partners.

4. Discussion
The findings from this study offer new insights into how Chinese port ownership,

logistics performance, and macroeconomic indicators shape the volume of trade between
China and European Union (EU) member states. The analysis confirms the importance
of structural factors, like income, logistics infrastructure, and tariffs, in influencing both
exports from China to the EU and imports into China from the EU. However, contrary
to certain expectations, the Chinese ownership of EU ports does not uniformly enhance
trade and, in some cases, it is associated with trade suppression. To complement the
statistical significance reported in Section 3, this section interprets the economic magni-
tude of key coefficients in terms of semi-elasticities, i.e., the percentage change in trade
flows resulting from a 1% or 1-unit change in the explanatory variable, depending on the
model specification.

4.1. Port Ownership and Bilateral Trade Flows

One of the most significant findings is the negative or statistically insignificant impact
of port ownership on trade flows in both directions. In the case of imports to China, the
Poisson pseudo-maximum likelihood (PPML) model yields a strong negative coefficient
for port ownership (β = −0.248, p < 0.001), with fixed effects (FE) confirming a significant
negative association (β = −0.223). Although the random effects (RE) model shows a positive
but statistically insignificant relationship, the Hausman test confirms the superiority of the
FE specification, lending credence to these results.

These findings challenge the narratives that expect Chinese investments in European
port infrastructure to boost reciprocal trade flows. Previous studies by Stroikos (2023) and
Van Der Putten (2019) suggest that Chinese port ownership is not only an economic activity
but a geopolitical instrument to increase Chinese influence and dependency in EU markets
and subsequently the USA. While Chinese investments (e.g., COSCO’s acquisition of the
Port of Piraeus) have improved port performance and regional centrality, these benefits
are not necessarily broad-based. Instead, Chinese port acquisitions may centralize trade
into select hubs, bypassing other EU exporters and leading to consolidation rather than
expansion of trade flows.

Similarly, for exports from China to EU markets, the port ownership variable is nega-
tive (β = −0.03) and significant (p < 0.001) in the PPML model, but becomes insignificant in
saturated models with country × year fixed effects. This reflects the complex role of port
infrastructure in the export process. As Fardella and Prodi (2017) and Liu et al. (2022) have
argued, maritime infrastructure is important, but its benefits depend on network centrality
and institutional context, not ownership alone.

The negative or insignificant effect may be due to several factors, including rerouting
through logistics hubs (such as Rotterdam or Piraeus), geopolitical pushback in EU policies
limiting import growth, or overcapacity effects where Chinese acquisition consolidates the
existing traffic rather than expanding total flows. This aligns with the findings of Van Der
Putten (2019) and Stroikos (2023).

4.2. Logistics Performance Index (LPI): A Consistent Positive Force

Across both imports and exports, the Logistics Performance Index (LPI) is a consis-
tently strong and statistically significant predictor of trade flows. For imports to China, the
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LPI reports the highest effect size in the PPML model (β = 3.099, p < 0.001), and remains
significant in all other specifications, including fixed effects (β = 0.832) and random effects
(1.481). This aligns with the conclusions of Celasun et al. (2022) and Verschuur et al. (2022),
who have stressed that logistics efficiency is vital for ensuring continuity in global supply
chains—especially in maritime trade routes.

On the exports side, the LPI is also robustly significant across all specifications, with
the PPML and RE models consistently estimating values around 0.9–1.0. Notably, the
post-treatment subgroup analysis reveals that the LPI’s effect increases after Chinese port
acquisition, further underscoring that it is logistical efficiency, not ownership structure,
that most reliably facilitates trade.

4.3. Macroeconomic Fundamentals: GDP per Capita and Exchange Rates

The GDP per capita of China is a strong and positive driver of both imports and
exports, consistent with the expectations of the gravity model (Fan et al., 2016; Abdullahi
et al., 2022). For imports to China, GDP per capita carries a coefficient of 1.637 (p < 0.001)
in the PPML model, indicating that rising Chinese income fuels import demand. On the
exports side, Chinese GDP per capita also positively influences trade, reflecting China’s
rising productive capacity and outward market integration.

By contrast, EU GDP per capita yields a negative coefficient for imports (β = −0.90,
p < 0.01) and is statistically insignificant for exports in fixed effects models. This might
reflect the structural trade imbalance and declining manufacturing competitiveness of
higher-income EU states, supporting the observations made by Ma et al. (2019).

The exchange rate behaves asymmetrically. For exports from China to the EU, a
depreciation of the yuan (i.e., higher EUR/CNY) boosts exports, while in imports, it also
shows a significant negative effect—indicating sensitivity to exchange rate movements, as
theorized in standard international trade models.

4.4. Tariffs: Friction with Mixed Effects

For exports, tariff levels consistently demonstrate negative and statistically significant
effects across all models, with the PPML coefficient estimated at −0.05 (p < 0.001). This sup-
ports conventional trade theory and the empirical work by Dagestani (2022), highlighting
how tariff barriers hinder outbound trade.

For imports, tariffs have a weak and statistically insignificant effect under fixed effects
models. This suggests that, once country and year fixed effects are included, much of the
impact of tariffs may be subsumed by institutional and country-specific factors. Still, tariff
elimination or harmonization could unlock further trade potential, especially for sectors
still heavily taxed.

4.5. Event Study and DiD Estimates: Stability over Time

The event study and difference-in-differences (DiD) models provide limited evidence
of structural breaks or dynamic treatment effects due to port ownership changes. Neither
exports nor imports show statistically significant trends in the pre- or post-treatment
windows, suggesting that port acquisitions by China did not produce short-term trade
shocks. This is important for validating the parallel trends assumption, and confirms
the gradual, rather than disruptive, nature of port-driven trade shifts. Although the DiD
models control for time-invariant heterogeneity, the lack of statistically significant dynamic
treatment effects suggests the need for more granular or micro-level identification strategies
to establish stronger causal claims.



Economies 2025, 13, 210 26 of 29

4.6. Country-Level Treatment Effects and the “Rotterdam Effect”

Treatment effects across countries display substantial heterogeneity. Most notably,
Belgium and the Netherlands—both hosting major Chinese-owned port assets—exhibit
large and statistically significant negative elasticities for both exports and imports. This
suggests that, contrary to expectations, the Chinese ownership of port infrastructure in
these locations may coincide with reduced bilateral trade flows. One plausible explanation
is the “Rotterdam effect”, whereby trade data are distorted due to transshipment via the
Netherlands, leading to an underestimation of final destinations or origins in EU statistics
(Eurostat, 2025).

By contrast, countries like Greece and Germany report positive post-treatment elastici-
ties in selected models. For Greece, this likely reflects the increased integration of the Port of
Piraeus into China’s Belt and Road supply chains, resulting in a more prominent transship-
ment role and enhanced trade volumes. Germany’s effect may derive from complementary
logistical or institutional strengths that amplify the benefits of port-related infrastructure.

Overall, the analysis confirms that logistics performance (proxied by the LPI) and
macroeconomic fundamentals (such as per capita GDP and exchange rate fluctuations)
are consistently significant and economically large determinants of China–EU trade. By
contrast, the impact of Chinese port ownership is not uniformly positive, and appears to
depend on country-specific contexts and broader logistics integration. In some instances,
ownership may even be associated with trade diversion rather than facilitation.

These findings support the emerging consensus that Chinese overseas port invest-
ments are often driven by strategic considerations rather than by a direct intent to increase
bilateral trade volumes (Liu et al., 2022; Van Der Putten, 2019). Policymakers should thus
prioritize enhancing logistics efficiency, standardizing customs procedures, and ensuring
transparent governance of port assets to foster resilient and inclusive trade development.

5. Conclusions and Future Research
In this study, I evaluated the impact of Chinese port ownership on China–EU trade

flows by applying an extended gravity model framework to panel data from 2001 to
2023. Using fixed effects (FE), random effects (RE), and the Poisson pseudo-maximum
likelihood (PPML) estimators, I assessed the influence of port infrastructure ownership,
macroeconomic fundamentals, and logistics performance on bilateral trade between China
and individual EU member states.

The findings consistently highlight the central role of logistics quality. Across all model
specifications, the Logistics Performance Index (LPI) emerges as a strong and statistically
significant determinant of trade, with elasticities indicating that a one-unit increase in the
LPI corresponds to a 73% to 96% increase in trade flows. Exchange rate elasticities are
similarly large; a 1% depreciation of the renminbi is associated with an 11–12% increase in
exports and imports, affirming the classical competitiveness channel.

By contrast, Chinese port ownership does not show a clear or robust trade-enhancing
effect. In several specifications—particularly those that exclude the Netherlands to account
for the Rotterdam effect—port ownership is negatively signed and statistically signifi-
cant. This suggests that Chinese acquisitions of European port infrastructure may be
associated with trade concentration or strategic redirection, rather than trade expansion.
Treatment dummies also reveal heterogeneity across EU member states; countries such
as Greece and Germany display positive treatment effects in certain models, whereas Bel-
gium and the Netherlands show negative effects, possibly due to logistical rerouting or
statistical misattribution.

The difference-in-difference (DiD) models confirm that pre-treatment trends are statis-
tically insignificant, validating the assumption of parallel trends. However, post-treatment
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dynamics show only short-term or weakly significant effects, implying that any export or
import gains linked to port acquisition are transitory rather than structural.

These findings carry important policy implications. They suggest that ownership of
logistics infrastructure does not automatically enhance trade performance. Rather, what
matters more is the quality of logistics services, customs facilitation, and interoperability of
supply chain systems. Therefore, policymakers should prioritize improvements in logistics
performance and infrastructure governance, alongside safeguards to maintain strategic
autonomy and to protect critical infrastructure from geopolitical risks.

Future Research

This research opens several directions for further investigation. One potential avenue
is the analysis of sector-specific effects of port ownership—particularly for industries such
as machinery, electronics, or agri-food—where logistical needs and trade sensitivities may
differ significantly. A second promising extension involves integrating network-based trade
models, which can capture indirect effects and spillovers across the EU’s interconnected
port and transport systems.

I also recommend that future studies examine the role of digital logistics infrastructure—
such as AI-powered routing systems, blockchain-enabled customs, and port automation—
as complementary or alternative channels through which China may influence European
trade flows.

Additionally, country-specific qualitative case studies, especially on the Port of Piraeus
in Greece or Zeebrugge in Belgium, could help unpack the institutional, political, and strate-
gic considerations that shape the outcomes of Chinese investments. Lastly, future research
should incorporate non-economic dimensions—including labor practices, environmental
standards, and national security concerns—in assessing the broader implications of foreign
port ownership within the EU.
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