
Systemy Logistyczne Wojsk 	 Instytut Logistyki	
Zeszyt 63(2025) 	 Wydział Bezpieczeństwa, Logistyki i Zarządzania
ISSN 1508-5430, s. 165-186	 Wojskowa Akademia Techniczna 
DOI: 10.37055/slw/218686	 w Warszawie

Military Logistics Systems 	 Institute of Logistics	  
Volume 63(2025)	 Faculty of Security, Logistics and Management
ISSN 1508-5430, pp. 165-186	 Military University of Technology
DOI: 10.37055/slw/218686	 in Warsaw
			 

Modelling cross-border risks in China’s new industrial chain along 
the Belt and Road: Integrating ageing-driven demand dynamics  

and logistics resilience synergies

Ziang Li 
ziang5438@gmail.com; ORCID: 0009-0005-0614-7075 

Kyrgyz National University named after Jusup Balasagyn, Kyrgyzstan

Baktygul Satyvaldieva
b.satyvaldieva@outlook.com; ORCID: 0000-0002-4561-2276 

Faculty of Management and Business, Kyrgyz National University named after Jusup Balasagyn,  
Kyrgyzstan 

Yi Zhuo
yi-zhuo1@hotmail.com; ORCID: 0009-0000-1482-9854 

Doctoral School, Kyrgyz National University named after Jusup Balasagyn, Kyrgyzstan

ShuBing Zhang
s_zhang31@outlook.com; ORCID: 0009-0008-0744-6853 

Doctoral School, Kyrgyz National University named after Jusup Balasagyn, Kyrgyzstan

Abstract. The purpose of the research was to model cross-border risks within China’s new industrial chain 
along the Belt and Road Initiative (BRI), integrating the dynamics of ageing-driven demand and logistics 
resilience synergies. The research problem addressed in this study is the insufficient understanding of 
how demographic changes, particularly population ageing, interact with climate and economic factors to 
influence logistics resilience and cross-border risks in BRI countries. The research niche of this article is 
the limited crosscountry empirical evidence integrating these demographic, climate, and economic drivers 
within one crossborder logistics risk framework. The study tested the hypothesis that demographic ageing, 
together with economic and environmental risk factors, significantly explains variation in logistics perfor-
mance and crossborder risk exposure across BRI countries. To achieve this, a combination of quantitative 
modelling and systemic analysis was employed, focusing on the interactions between ageing populations 
and evolving demand structures, while also considering logistics networks’ capacity to withstand shocks. 
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Findings indicate substantial heterogeneity across BRI countries; regression models identify economic 
decline and greenhouse gas emissions as key contributors to crossborder risk, while ageing does not 
show a uniformly negative effect on logistics performance. The results emphasize the need for enhanced 
resilience in logistics systems and greater attention to demographic factors in policy and infrastructure 
planning along the Belt and Road routes. The research concludes with policy recommendations aimed at 
fostering resilient and adaptive industrial systems to mitigate the risks posed by demographic changes 
and logistical challenges.
Keywords: ageing population, economic downturn, climate risks, public debt, logistics efficiency

Introduction

In the 21st century, demographic changes have become one of the most pressing 
issues influencing global economies, with population ageing emerging as a particu-
larly significant challenge. While much attention has been devoted to the economic 
implications of ageing populations, its impact on the resilience of logistics systems 
remains underexplored. Population ageing not only affects labour markets but 
also alters demand structures, influencing supply chains’ flexibility and efficiency. 
Understanding how ageing-driven demand dynamics and logistics resilience interact 
is crucial for assessing cross-border risks in the context of global trade, especially 
within large-scale initiatives like China’s Belt and Road Initiative (BRI).

The dynamics of population ageing are not uniform across countries (Vazova et 
al., 2025; Kovalchuk et al., 2024). High-income nations, particularly in Europe and 
Asia, are expected to face more pronounced demographic challenges compared to 
low-income countries (Sveriges Riksbank, 2025). In this context, China’s pivotal role 
in global logistics, particularly through its Belt and Road Initiative, adds a layer of 
complexity. The BRI, which spans more than 150 countries, aims to foster enhan-
ced economic cooperation and infrastructure development. However, as noted by 
Akinci et al. (2023), this expansion is not without its risks. The initiative integrates 
regions with diverse socio-economic conditions, many of which are experiencing 
significant demographic shifts, particularly ageing populations. These shifts are 
likely to exacerbate existing logistical inefficiencies and increase cross-border risks.

The BRI presents a unique opportunity to explore the intersection of demogra-
phic changes, logistics resilience, and cross-border risks (Aidarbayev, Uderbayeva, 
2020a; 2020b). As highlighted by A. Mukhtar et al. (2022), while the BRI has con-
tributed significantly to infrastructure development, particularly in Central Asia 
and Eastern Europe, the demographic challenges in these regions could undermine 
the effectiveness of logistical systems. In countries with ageing populations, there is 
a growing concern about the reduced labour force and the subsequent impact on 
supply chain efficiency (Oklander et al., 2020; Tepavicharova et al., 2020). This issue 
is compounded by environmental factors, such as climate change, which further 
stress logistics networks, particularly in high-risk areas.



167Modelling cross-border risks in China’s new industrial chain...

For instance, studies examining logistics performance and demographic shifts 
in European countries have found that regions with higher ageing populations are 
more susceptible to logistical bottlenecks, as the workforce shrinks and the demand 
for services becomes more complex. Countries like Latvia, Estonia, Greece, and Italy, 
which have high levels of ageing, also face the highest levels of logistical inefficien-
cies. According to Staniewska (2021), countries with robust logistics systems and 
high ageing rates are more likely to experience logistical strain, which exacerbates 
cross-border risks. Additionally, Jałowiec and Spychalski (2025) emphasize that the 
resilience of logistics systems in crisis situations depends not only on infrastructure 
but also on the adaptability of the workforce, which is increasingly challenged by 
demographic trends.

The Belt and Road Initiative, in its vast geographical scope, has made logistics 
networks even more complex, necessitating a deeper understanding of how demo-
graphic and economic factors impact cross-border logistics. As highlighted by Tsyrfa 
et al. (2024), the political and legal frameworks governing resource allocation and 
logistical management must adapt to the demographic realities in participating coun-
tries. This study aims to fill a significant gap in the existing literature by examining 
the intersection of ageing populations, economic factors, and logistics resilience, 
with a focus on cross-border risks within the BRI framework.

The research hypothesis posits that demographic factors, particularly population 
ageing, along with economic and environmental risks, significantly affect logistics 
resilience and increase cross-border risks. Countries with higher levels of ageing, 
economic instability, and environmental vulnerabilities are expected to experience 
greater inefficiencies in their logistics systems, which in turn will exacerbate the 
risks associated with cross-border trade. By focusing on a comprehensive set of  
54 BRI countries, this study utilised cluster analysis, regression models, and carto-
graphic analysis to assess the logistics resilience and demographic factors impacting 
cross-border risks.

The research objectives include: (1) conducting a cartographic analysis to map 
logistics resilience levels and ageing indicators across the BRI countries; (2) imple-
menting cluster analysis to identify patterns in logistics performance and demo-
graphic factors; and (3) performing regression analysis to determine the impact of 
demographic, economic, and environmental factors on cross-border risks in these 
countries. Through this approach, the study seeks to offer a comprehensive frame-
work for understanding the complexities of cross-border logistics within the BRI 
and provide actionable recommendations for policymakers to enhance the resilience 
of logistics systems, especially in regions facing significant demographic shifts. 
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Research methodology

For the purpose of the analysis, the study defined two main groups of indicators. 
The first group of indicators concerned the level of logistics resilience and was repre-
sented by the Logistics Performance Index (LPI) and its sub-indices (Bandaranayake 
et al., 2024). These indicators characterised the overall efficiency of logistics and its 
various components (infrastructure quality, delivery timeliness, customs clearance 
efficiency, etc.). The LPI and its sub-indices were selected because they provide 
a comprehensive measure of logistics efficiency across multiple dimensions that 
directly relate to cross-border risks. This choice was driven by the need to capture 
a holistic view of logistics performance in the context of the Belt and Road Initiative. 
Depending on the specific parameter, changes in logistics efficiency indicators could 
have indicated the level of relevant cross-border risks. Table 1 detailed what each 
LPI sub-index measured and what types of risks the levels might have reflected.

Table 1. Correlation of sub-indices LPI and key cross-border risks that the change may indicate

LPI subindex What characterises What risk does the index change reflect?

Customs Score Customs clearance effi-
ciency

Risk of delays and unpredictability when crossing 
the border, complications of customs procedures

Infrastructure 
Score Infrastructure quality Risk of disruption of supply continuity due to 

limited capacity or disruptions in logistics routes

International 
Shipments Score

Ease of processing and/
or frequency of interna-

tional shipments

Risk of limited access to foreign markets and 
difficulties in entering the international market

Logistics Com-
petence Score

Quality of logistics ser-
vices

Risk of improper cargo handling, loss or errors in 
the process of cross-border movement of goods

Tracking & Trac-
ing Score

Ability to track ship-
ments

Risk of loss of control, increased likelihood of 
fraud or theft of cargo

Timeliness Score Timeliness of deliveries Risk of breach of contract, fines, or loss of reputa-
tion due to late deliveries

Source: Summarised by the authors from World Bank (2024)

The second group of indicators covered internal macroeconomic factors that 
potentially affected the escalation of logistics risks, the level of which was represented 
in the study through LPI sub-indices (Noman, 2024). These included demographic, 
climatic, and economic factors such as: population aged over 65 (% of total popula-
tion), healthcare expenditure per capita, government debt, economic decline index, 
greenhouse gas emissions, climate risk exposure, and climate change exposure. The 
selection of these indicators was justified by their relevance in understanding the 
broader socio-economic environment that influences logistics resilience. Demo-
graphic and economic factors, particularly the proportion of elderly population, 
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were included due to their direct impact on demand structures, which in turn affect 
logistics systems. Climate-related factors were selected to assess how environmental 
risks contribute to logistics bottlenecks, especially in the context of global trade and 
cross-border operations. The share of the population aged 65 and over described the 
level of population ageing: this indicator influenced labour productivity and economic 
growth, and also stimulated demand driven by ageing. Healthcare expenditure per 
capita complemented the previous indicator and was indirectly associated with 
age-related demand. This connection could be explained by the fact that increasing 
healthcare costs responded to growing demand driven by ageing, especially in so- 
cieties with a high proportion of elderly people. Government debt was an important 
indicator of a country’s financial stability; furthermore, in the context of the Belt 
and Road Initiative, this indicator reflected the level of countries’ dependence on 
external funding for infrastructure projects, particularly from China. The economic 
decline index was directly linked to logistics efficiency, as economic downturns 
implied a reduction in goods flows and investment, deterioration in logistics services, 
and a heightened likelihood of cross-border risks. Political risks also significantly 
affected logistics and customs efficiency due to increasing instability, corruption, 
conflict, and poor governance. Greenhouse gas emissions, climate risk, and climate 
change were particularly important in the context of global logistics development. 
Environmental challenges under increasingly stringent environmental standards 
– a modern requirement – could create additional barriers to cross-border trade.

All countries in the Belt and Road Initiative were initially included in the study’s 
general sample. However, some countries were excluded from analysis due to a lack 
of required data. Accordingly, the inclusion criterion was participation in the Initia-
tive, and the exclusion criterion was data unavailability for the selected indicators. As 
a result, the final sample included 54 countries that met the Belt and Road participation 
and data availability criteria. These were: China, Kyrgyz Republic, Argentina, Greece, 
Singapore, Italy, Austria, Bahrain, Costa Rica, Sri Lanka, Bolivia, Portugal, Cyprus, 
Zimbabwe, El Salvador, Ghana, Hungary, Ukraine, Slovenia, South Africa, Croatia, 
Albania, Philippines, Thailand, Rwanda, Nicaragua, Malaysia, Panama, Benin, Mada- 
gascar, Mali, Serbia, Malta, North Macedonia, Armenia, Poland, Honduras, Algeria, 
Romania, Cameroon, Latvia, Georgia, Guinea, Indonesia, Chile, Moldova, Peru, Ban-
gladesh, Cambodia, Luxembourg, Saudi Arabia, Kazakhstan, Bulgaria, and Estonia. 
The study used official sources, particularly publications by international organisations 
and analytical reports (Green Finance & Development Center, 2025; World Bank, 2024; 
TheGlobalEconomy.com, 2024a; TheGlobalEconomy.com, 2024b; FM Global, 2024).

The research employed cartographic methods to visually present logistics 
resilience and population ageing in Belt and Road countries (Champahom et al., 
2024). Cluster analysis was used to divide the countries into four clusters according 
to the levels of logistics resilience and population ageing. This was supplemented 
by statistical analysis to explore how demographic, climatic, and economic factors 
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correlated with logistics and ageing. At this stage, arithmetic mean values were 
calculated for each cluster based on the following formula (1):

	 	  (1)

where: x  – the arithmetic mean value of the indicator within the cluster; xi – the value  
	 of the indicator for the i-th country; n is the number of countries in the  
	 cluster.
Both previously defined groups of indicators for the 54 studied countries were 

analysed using multivariate regression, where the LPI and its sub-indices were 
successively treated as dependent variables, and the demographic, climatic, and 
economic factors as independent variables. The use of these indicators as predic-
tors made it possible to quantitatively demonstrate how certain factors generated 
or intensified cross-border risks. As a result, regression models for cross-border 
risks were developed, defined by the key risks the models could predict: customs 
inefficiency risk, infrastructure risk, trade flow disruption risk, supplier competence 
risk, cargo control loss risk, and delay risk. These models enabled the assessment of 
potential cross-border risks within the Belt and Road Initiative, taking into account 
the key demographic, climatic, and economic factors of participating countries.

Cartographic and cluster analysis of logistics resilience and 
population ageing in Belt and Road Initiative (BRI) countries

The LPI index by country and the share of the population aged 65 and over 
are key indicators of this study. These indicators make it possible to analyse how 
the synergy of sustainable logistics and population ageing – which alters demand 
structures – affects cross-border risks. Visualising the spatial distribution of LPI 
indicators across BRI participant countries enables a rapid identification of those 
with high or low levels of logistics resilience (Fig. 1).

The presented data on the LPI Score indicate significant disparities in the level of 
logistics efficiency among the Belt and Road Initiative (BRI) countries. This initially 
suggests differences in cross-border risk levels during international logistics opera-
tions involving these countries. Among the leaders in logistics resilience, with an 
LPI Score of 3.5 or higher, are countries such as Bahrain, Latvia, Thailand, Estonia, 
Luxembourg, Malaysia, Poland, China, Greece, Italy, South Africa, Austria, and 
Singapore. These countries have comparatively lower cross-border risk levels, and 
the logistics systems are sufficiently resilient to potential disruptions and challenges. 
Countries with a medium level of logistics resilience (LPI Score between 3.0 and 
3.4) include Chile, Indonesia, Peru, North Macedonia, Panama, Bulgaria, Cyprus, 
Hungary, Romania, Croatia, Malta, the Philippines, Slovenia, Portugal, and Saudi 
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Arabia. Supply chains in these countries are generally stable, though these chains 
may face certain deficiencies, for example, in infrastructure or customs procedures. 
An LPI Score ranging from 2.1 to 2.9 was observed in countries such as Cameroon, 
Kyrgyzstan, Madagascar, Bolivia, Cambodia, Albania, Algeria, Armenia, Ghana, 
Guinea, Moldova, Nicaragua, Zimbabwe, Bangladesh, Mali, El Salvador, Georgia, 
Kazakhstan, Ukraine, Argentina, Rwanda, Serbia, Sri Lanka, Benin, Costa Rica, and 
Honduras. This indicates that logistics systems in these countries are underdeveloped, 
potentially resulting in higher cross-border risks. Figure 2 presents the performance of 
countries in terms of another key dimension of the study – the ageing population level.

Fig. 1. LPI Score by Belt and Road Initiative countries
Source: Constructed by the authors based on data Green Finance & Development Center (2025); 

World Bank (2024)

Fig. 2. Population aged 65 and above (% of total population) by Belt and Road Initiative countries
Source: Constructed by the authors based on data Green Finance & Development Center (2025); 

World Bank (2024)
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As with the LPI Score, the proportion of the population aged 65 and over varied 
significantly across the Belt and Road Initiative countries. A number of countries 
exhibited a high level of ageing, with the population over 65 accounting for more 
than 20% of the total. This was mostly characteristic of European countries, including 
Italy, Portugal, Greece, Croatia, Serbia, Bulgaria, Slovenia, Latvia, Estonia, Hungary, 
and Austria. In these countries, medical and social services, health and care pro-
ducts, pharmaceuticals, and rehabilitation equipment made up a significant share 
of consumption. For instance, in Italy and Austria, substantial public spending was 
directed towards elderly care, with notable demand for personal medical equipment. 
A population share aged 65 and above ranging from 10% to 20% was observed in 
Romania, Poland, Ukraine, North Macedonia, Albania, Moldova, Georgia, Luxem-
bourg, Thailand, Cyprus, China, Chile, Armenia, Singapore, Argentina, Sri Lanka, 
Costa Rica, and Malta. These countries had a mixed demand structure – while the 
demographic burden had not yet reached high levels, a general trend towards ageing 
was already evident. The lowest ageing levels (below 10%) were seen in countries 
such as Panama, Peru, Kazakhstan, El Salvador, Malaysia, Indonesia, South Africa, 
Algeria, Bangladesh, Cambodia, Bolivia, Kyrgyzstan, Nicaragua, the Philippines, 
Honduras, Rwanda, Bahrain, Ghana, Zimbabwe, Guinea, Madagascar, Benin, 
Saudi Arabia, Cameroon, and Mali. These countries were dominated by younger 
populations, so demand focused on products for children and youth, innovative 
technologies, education, leisure goods, and digital solutions. For example, Saudi 
Arabia was actively developing its digital technology, mobile services, and education 
markets due to the high proportion of youth and labour migrants.

Using k-means cluster analysis, the studied countries were grouped into four 
clusters, characterised as follows:

Cluster 1: High/medium logistics efficiency and high population ageing (Latvia, 
Estonia, Greece, Italy, Austria, Hungary, Bulgaria, Slovenia, Croatia, Portugal).

Cluster 2: High/medium logistics efficiency and medium ageing (Thailand, 
Luxembourg, Poland, Singapore, Chile, North Macedonia, Cyprus, Romania, Malta, 
China).

Cluster 3: Medium/low logistics efficiency and medium/low ageing (Armenia, 
Moldova, Albania, Georgia, Ukraine, Sri Lanka, Argentina, Costa Rica, Cameroon, 
Madagascar, Bolivia, Cambodia, Guinea, Zimbabwe, Ghana, Nicaragua, Algeria, 
Mali, Bangladesh, El Salvador, Kazakhstan, Rwanda, Benin, Honduras, Indonesia, 
Peru, Panama, the Philippines, Saudi Arabia, Kyrgyzstan).

Cluster 4: High logistics efficiency and low ageing (Bahrain, Malaysia, South 
Africa).

Among the studied countries, Serbia was not included in any cluster due to 
its atypical combination of logistics resilience and ageing. It had low logistics effi-
ciency and high population ageing; a pattern not observed in any other country in 
the analysis.
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Regression analysis of the impact of demographic, climate,  
and economic factors on cross-border risks in the Belt and Road 

Initiative countries

For each of the clusters formed in the previous section, the average values 
of indicators characterising climate, and economic factors were calculated using 
Formula 1, based on the countries within each cluster. The level of ageing – being 
a demographic indicator – had been used to form the clusters, so calculating its 
average values at this stage was considered inappropriate. As a result, a table was 
constructed, overlaid with a heatmap to better visualise and quickly identify the 
risk levels of each cluster across the studied factors (Table 2).

Table 2. Average values of indicators characterising climatic and economic factors within the 
formed clusters

Govern-
ment 
debt

Econom-
ic decline 

index

GHG 
Emis-
sions

Climate 
Risk Ex-
posure

Climate 
Change 

Exposure
Cluster 1: high/medium level of 
logistics efficiency and high level 

of population ageing
80.13 3.97 96.24565 88.71204 88.74169

Cluster 2: high/medium logistics 
efficiency and medium level of 

population ageing
62.91889 3.633333 95.87658 90.4017 91.54784

Cluster 3: medium/low logistical 
efficiency and medium/low popu-

lation ageing
57.29655 5.910345 90.59548 76.95115 81.47055

Cluster 4: high level of logistical 
efficiency and low level of popula-

tion ageing
71.93333 4.866667 83.15754 93.31244 93.51183

Note: red in the table corresponds to a higher level of risk, blue indicates a higher level of stability.

Source: Calculated by the authors based on Green Finance & Development Center (2025); World Bank (2024); 
TheGlobalEconomy.com (2024a); TheGlobalEconomy.com (2024b); FM Global (2024)

As shown in Table 2, countries with high logistics resilience combined with 
a high level of population ageing were characterised by high values of Government 
debt and GHG Emissions. These included developed countries, where ageing was 
the result of prolonged social development as well as high living standards and the 
provision of medical services. One factor contributing to the high level of govern-
ment debt in these countries could have been the development of social programmes 
requiring funding. At the same time, well-developed logistics in such countries 
supported the economy but may have been a contributing factor to significant 
greenhouse gas emissions.
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Countries with high logistics efficiency and a young population had high Climate 
Risk Exposure and Climate Change Exposure. This might have been the result of 
rapid economic growth, which was often accompanied by the intensive exploitation 
of natural resources, thereby worsening environmental indicators. Countries with 
high or medium logistics efficiency and a medium level of ageing typically showed 
rather high average values of GHG Emissions, Climate Risk Exposure, and Climate 
Change Exposure. This pattern was often observed in emerging economies, where 
significant production activity may have greatly increased environmental pressure. 
Countries with medium or low logistics efficiency and medium or low ageing levels 
demonstrated the best values for all indicators, except for the Economic Decline Index. 
A lower level of industrialisation reduced environmental pressure, although limited 
investment in logistics and the economy overall increased the risk of economic decline.

These results illustrated the complex nature of the relationship between logistics, 
population ageing, ageing-related demand, climate, and economic factors. This necessi-
tated a deeper analysis in which demographic indicators were included as independent 
variables alongside climate and economic factors, with the aim of testing the assumption 
of the influence as drivers of cross-border risks. Graphical and cluster analysis revealed 
a high level of heterogeneity in the levels of logistics resilience and population ageing in the 
countries involved in the Belt and Road Initiative. Cluster analysis helped identify a certain 
pattern of dependency between logistics resilience, demographic structure, and climate, 
and economic factors, confirming the relevance of correlation and regression analysis 
to uncover hidden interrelations. The results of correlation analysis are presented below.

The results of the correlation analysis indicate the existence of a close statistical 
relationship between most of the indicators studied, which indicates the feasibility 
of further in-depth research, in particular using regression analysis. The regression 
analysis was conducted based on available data from 54 countries (Green Finance 
& Development Center, 2025; World Bank, 2024; TheGlobalEconomy.com, 2024a; 
TheGlobalEconomy.com, 2024b; FM Global, 2024), which were participants in the 
Belt and Road Initiative as defined by the methodology. No averaging or generalisa-
tion of indicators across countries was performed for the analysis – all calculations 
were based on actual data from individual countries. In other words, each observed 
unit (country) was considered individually in the dataset used for the regression 
model. Accordingly, all calculations presented in the tables were based on individual 
country indicators. Before each table, the correlation coefficient (R) and the adjusted 
coefficient of determination (Adjusted R-squared) were presented to characterise the 
overall model. It was also specified which variable served as the dependent one in the 
model, i.e., the variable whose value was explained by the influence of the independent 
variables in the respective regression model. The tables included the estimated regres-
sion coefficients for the independent variables, standard errors, and t-statistics for the 
independent variables included in the model. This allowed for the assessment of both 
the overall quality of the model and the statistical significance of individual predictors.
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At the first stage of the regression analysis, the dependent indicator was the 
overall LPI Score (Table 4), changes in which could indicate a general decline or 
improvement in logistics risks. The regression statistics demonstrated a high cor-
relation between the model’s variables (R = 0.8360) and a fairly strong explanatory 
power of the model (Adjusted R-Squared = 0.6430).

As can be seen from the results obtained, Government debt, Economic Dec-
line Index, and GHG Emissions exerted a statistically significant influence on the LPI 
Score. The latter two indicators had an inverse effect, which may confirm acting 
as indicators of increasing cross-border risks and declining logistics efficiency.  
In turn, Government debt had a positive effect on the LPI Score, meaning that rising debt 
was accompanied by an overall improvement in logistics. This may indicate the use of foreign 
funding for infrastructure development and other directions to improve the logistics system. 
At the same time, particularly within the framework of the Belt and Road Initiative, this could 
be accompanied by increased economic dependence on other countries, especially China.

The next stages of the regression analysis involved the successive use of LPI 
sub-indices as dependent variables and the same set of independent indicators. This 
allowed the identification of how exactly the analysed demographic, climate, and 
economic factors influenced specific cross-border risks. Table 5 presents the regres-
sion results for the customs inefficiency risk model (dependent variable – Customs 
Score). R in the model stood at 0.8348, and Adjusted R-Squared equalled 0.6404.

The effectiveness of customs was directly influenced by factors such as Health spen-
ding per capita and Government debt (Miniaci et al., 2014; Djeenalieva, 2024). With 
a statistically significant effect from Health spending per capita, the level of population 
ageing did not significantly affect customs-related risks. Therefore, in this case, it could be 
assumed that the identified dependencies were not related to demand driven by ageing. 
Rather, these dependencies were likely due to the fact that Health spending per capita 
closely correlated with GDP per capita and thus could indicate the general level of welfare 
in countries, which positively affected the management of public services, including 
customs. An inverse effect was exerted by the Economic Decline Index, which – as in 
the general logistics risk model – might increase cross-border risks and negatively affect 
customs efficiency (for example, through reduced investment or the issue of corruption, 
which may intensify during economic downturns). Table 6 presents the regression results 
for the infrastructure risk model (dependent variable – Infrastructure Score). R in the 
model stood at 0.8375, and Adjusted R-Squared equalled 0.6458.

The statistically significant variables in the infrastructure risk model were Govern-
ment debt and the Economic Decline Index, the influence of the former being positive, 
and the latter negative. The results confirmed the fact that an increase in government debt 
may be accompanied by improvements in logistics – particularly infrastructure indica-
tors – which could be the result of implementing international infrastructure projects 
under external financing conditions. In turn, economic decline indicated a reduction in 
infrastructure investment and a decrease in trade flows, which negatively affected logistics 
indicators and increased cross-border risks. Table 7 presents the regression results for 
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the model of trade flow disruption risk (dependent variable – International Shipments 
Score). R in the model stood at 0.7660, while Adjusted R-Squared equalled 0.5098.

As in the previous models, Government debt exerted a positive influence, while 
the Economic Decline Index had a negative impact on the dependent indicator, 
which in this case was the International Shipments Score. However, in this model, 
alongside the aforementioned indicators, the variable Population ages 65 and above 
(% of total population) had a significant effect. This indicated that population  
ageing might directly affect the frequency, volume, and complexity of international 
shipments – particularly due to increased demand for imported medical goods, 
rehabilitation equipment, specialised products, durable goods, and household 
comfort improvements. Table 8 presents the regression results for the model of 
supplier competence risk (dependent variable – Logistics Competence Score). R in 
the model stood at 0.8175, and Adjusted R-Squared equalled 0.6066.

The Logistics Competence Score was also positively influenced by Government 
debt and negatively influenced by the Economic Decline Index. This indicated that 
these indicators were influential factors for the competence level of logistics providers 
– largely determined by the sufficiency of funding and investment opportunities. 
Table 9 presents the regression results for the model assessing the risk of losing 
control over cargo (dependent variable – Tracking & Tracing Score). R in the model 
equalled 0.7778, while Adjusted R-Squared stood at 0.5315.

In the model assessing the risk of losing control over cargo – where the Tracking & 
Tracing Score served as the dependent variable – four influential variables were identified. 
Alongside Government debt and the Economic Decline Index, whose impact direction 
was consistent with previous models, the Tracking & Tracing Score was directly influen-
ced by Population ages 65 and above (% of total population) and inversely influenced by 
GHG Emissions. Population ageing may have increased the demand for accurate cargo 
tracking due to the need for timely and safe delivery of medical goods and equipment. 
The inverse relationship between greenhouse gas emissions and the dependent variable 
could be explained by the fact that in countries with high environmental standards, the 
delivery, and tracking processes may have slowed down due to stricter regulations. Table 
10 presents the regression results for the model of delay risk (dependent variable – Time-
liness Score). R in the model equalled 0.7716, while Adjusted R-Squared stood at 0.5201.

The risk of delays was positively influenced by the volume of Government debt 
and negatively influenced by the Economic Decline Index and GHG Emissions. As 
in the previous model, the inverse relationship with greenhouse gas emissions may 
have been the result of delays caused by the need to comply with strict environmental 
regulations. Thus, variables with an inverse relationship could be viewed as de-sti-
mulators, while variables with a positive relationship – as stimulators of the logistics 
system’s resilience to cross-border risks. Summarising the analysis conducted in the 
study, it could be noted that the key factors contributing to the increase in cross-
-border risks under the synergy of sustainable logistics and ageing-driven demand 
were economic decline and environmental issues due to greenhouse gas emissions.
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Discussion

The research results demonstrated that economic decline and environmental 
issues were the key drivers of increased cross-border risks, while no negative impact 
of population ageing was identified. Moreover, ageing could act as a stimulating factor 
in developing certain aspects of logistics – for example, enhancing the efficiency of 
product tracking. At the same time, it should be considered that ageing was more 
prominent in high-income, developed countries, where its negative effects could 
be offset by general resilience and prosperity. Accordingly, as population ageing 
accelerates, the challenges it poses for economic systems overall (e.g., decreased 
productivity, economic slowdown, etc.) could trigger more far-reaching consequences 
affecting all sectors, including logistics.

M. Kallestrup-Lamb et al. (2024) and C.H. Jones and M. Dolsten (2024) iden-
tified a correlation between age-related demographic shifts and increasing demand 
for health-related products and care services. The study by N.J.O. Ogugua et al. 
(2024) examined the impact of population ageing on the sustainability of health-
care infrastructure systems, highlighting the need to adapt healthcare systems to 
the long-term consequences of ageing, particularly through policy intervention. 
The conclusions aligned with this study’s findings on the need to account for the 
long-term implications of ageing, though the conclusions did not analyse ageing in 
relation to logistics system resilience. In the study by D. Parkhill (2022), ageing was 
considered a potential problem within the US Air Force logistics community. Like 
this study, LPI was used as a key logistics performance indicator, and the impact 
of employees’ average age on LPI components was analysed. However, unlike this 
study – which did not confirm the assumption of a negative impact – D. Parkhill’s 
research revealed certain adverse effects. The difference in results could be attributed 
to the varying research objects, highlighting the importance of considering local 
specifics when analysing demographic change.

Y. Zhang et al. (2022) noted the growing elderly population in China and defined 
it as a major social issue requiring appropriate resource distribution planning and 
supply management. However, the work focused on one country, while this study 
emphasised that population ageing is not only an internal social issue for specific 
countries but also a key international factor capable of influencing cross-border 
risk levels. A. Mahpour et al. (2023) analysed the impact of logistics, economic, 
and demographic indicators on maritime trade in various Asian countries. As in 
this author’s study, LPI was used to measure logistics performance – though in  
A. Mahpour’s work, it served as an independent variable. The findings showed 
that improvements in LPI led to increased trade flows. The study also concluded 
that population growth boosts trade, which aligns with this study’s results on 
the connection between logistics, economic, and demographic factors. However,  
A. Mahpour et al. used a slightly different analytical approach and indicator 
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composition, applying total population figures instead of the ageing population 
indicator.

Earlier studies also provided limited insight into ageing’s impact on logistics. 
Researchers mainly focused on other demographic factors, such as the growing need 
for skilled workers in logistics, requiring better training and knowledge (Klumpp et 
al., 2017; Kerimkhulle et al., 2023), or declining population numbers (Klumpp et al., 
2014; Iskakova, Mukhamedjanov, 2022). Several studies examined risks generated 
during the circulation of goods and interactions between countries involved in the 
Belt and Road Initiative. L. Zhang and Z. Wang (2021) stressed that the expansion of 
international logistics, particularly under the Belt and Road Initiative, necessitated 
increased attention to logistics security. The authors noted that cross-border logistics 
security was influenced by political, economic, and other risks. In contrast to the 
work, this study found no empirical evidence of significant political risk impact on 
logistics. This study did, however, provide evidence of a significant and negative 
impact of economic risks – measured via economic decline – on logistics indicators. 
At the same time, increasing government debt – a potential sign of rising financial 
dependence – showed a positive effect on logistics indicators.

D. Chen et al. (2022) identified the main ways in which the Belt and Road Initia-
tive affects transport and logistics, namely: policy changes, environmental changes, 
and direct impacts on transport and logistics. These dimensions were based on 
a literature review. Hence, the current study complements the results by providing 
empirical evidence that other important factors, including demographic ones, also 
affect logistics. The study by J. Li et al. (2021) underscored the importance of risk 
assessments for countries deciding whether to participate in the Belt and Road Ini-
tiative. The authors identified four risk dimensions, which partially corresponded to 
the framework applied in this study for selecting indicators for analysis. However, 
Li et al. did not consider environmental risks or assess the impact of these factors 
on logistics indicators.

W. Zhai (2023) concluded that China’s foreign investment risks significantly 
influenced China’s investment decisions – suggesting the country should carefully 
assess conditions in recipient nations. Overall, this conclusion aligned with this 
study’s findings, although strong impact was confirmed only from economic, 
environmental, and demographic factors. X. Sun et al. (2021) focused on assessing 
risks in Belt and Road countries, distinguishing internal and external factors and 
proposing a methodology that can be applied to any country and any year. This was 
an advantage over the current study, which was based on an overall country-level 
assessment and did not provide a detailed individual risk assessment.

A number of studies, alongside risk factors, also identified key benefits of the 
Belt and Road Initiative for the logistics sector. X. Wang et al. (2021) listed benefits 
such as capacity expansion, integrated transport systems, route diversification for 
oil, and new transport formats. Y. Lu and J. Wolszczak-Derlacz (2025) found that 
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the Belt and Road Initiative positively correlated with international trade and global 
value chains. Unlike those studies, the present research focused on risk assessment, 
so a promising area for future inquiry could be analysing how the identified risks 
might be balanced by the potential benefits of participation. Comparing the study’s 
results with existing research confirmed that this work addressed an important but 
underexplored topic, offering new insights into the role of sustainable logistics and 
ageing-related demand in shaping cross-border risks and ensuring overall logistics 
performance.

Conclusions

This study analysed logistics performance levels in Belt and Road Initiative (BRI) 
countries. The findings indicated substantial disparities in logistics performance 
and population ageing across BRI countries – both of which should be considered 
in cross-border activities. Cluster analysis was applied using logistics performance 
and ageing indicators, identifying four clusters: high/medium logistics performance 
with high population ageing; high/medium logistics performance with medium 
ageing; medium/low logistics performance with medium/low ageing; high logistics 
performance with low ageing. For each cluster, average values were calculated for 
indicators reflecting domestic macroeconomic factors potentially affecting cross-
-border risks. These included climate and economic factors generating associated 
risks. The results revealed that the highest risks based on Government debt (80.13), 
and GHG Emissions (96.25) were typical for countries with high/medium logistics 
performance and high ageing (e.g., Latvia, Estonia, Greece, Italy, Austria, Hungary, 
Bulgaria, Slovenia, Croatia, Portugal). The highest environmental risks (Climate Risk 
Exposure and Climate Change Exposure: 93.31 and 93.51 respectively) were obser- 
ved in countries with high logistics performance and low ageing, such as Bahrain, 
Malaysia, and South Africa. These findings highlighted the complex interrelation 
between logistics, ageing, ageing-driven demand, climate, and economic factors.

Further regression model analysis, reflecting the relationship between risk factors 
and components of logistics performance in the cross-border context, confirmed 
that economic decline and environmental issues from GHG emissions were the 
key contributors to cross-border risk under the synergy of sustainable logistics and 
ageing-related demand. Rising government debt and the proportion of people aged 
65+ were positively associated with logistics performance – potentially indicating 
the important role of the state in financing infrastructure projects that support 
logistics. Future research could assess the adaptability of logistics infrastructure to 
demographic change by quantitatively evaluating the capacity of logistics systems 
to respond effectively to the growing elderly population and the resulting demand 
changes.
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