An-Najah University Journal for Research — A

Natural Sciences

Optimizing Resource Efficiency and Operational Performance of

Railway Terminals in Uzbekistan

Ziyoda Adilova', Navruz Akhmatov'®” & Diyor Boboyev’?

(Type: Full Article). Received: 29" May. 2025, Accepted: 14™ Nov. 2025, Published: xxxx DOI: xxxx

Accepted Manuscript, In Press

Abstract: Uzbekistan, a doubly landlocked country, relies extensively on its railway net-
work for freight and passenger transport. Ensuring efficiency and reliability requires targeted
investment in rail tracks, intermodal terminals, and modern equipment. This study investi-
gatesthe resource efficiency and operational performance of railway terminals in Uz beki-
stan, focusing on key hubs in Tashkent and Navoi. A mixed-methods approach was em-
ployed, combining surveys with terminal operators, semi-structured interviews with railway
managers, field observations, and statistical analyses using correlation and principal compo-
nent analysis (PCA). The results reveal that bulk commaodities such as coal, wood products,
and flour products have the strongest positive correlation with total freight volume, while
certain categories, including grain products and black metals, show negative correlations,
suggesting distinct handling patterns and potential inefficiencies. Comparative analysis with
Kazakhstan indicates that Uzbekistan’s terminals handle a similar volume of bulk freight but
lag in automation levels by approximately 15-20%. The study contributes by identify-

Optimizing Resource Efficiency and Operational
Performance of Railway Terminals in Uzbekistan

0] A
Resources ﬂ’ Freight Flow
= =

== e = 4l

Terminal Energy Saving

ingcommaodity specific operational drivers, highlighting the need for targeted infrastructure upgrades, automation adoption, and strategic scheduling
to optimize resource use. These findings offer actionable recommendations for policymakers and railway authorities seeking to enhance competi-

tiveness and sustainability in landlocked regions.

Keywords: Railway Terminals, Operational Efficiency, Resource Utilization, Mixed-Method Approach, Operational Practices, Policy Frameworks, En-

ergy Efficiency, Sustainability, Digitalization, Automation.

Introduction

Railway networks are globally valued by policymakers and
the public alike for enhancing mobility, optimizing urban land use,
and offering a lower environmental footprint than road or air
transport [1]. By reducing demands for parking and supporting
transit-oriented development, efficient rail systems bolster both
sustainability and economic vibrancy. Many governments are
deeply invested in rail infrastructure both financially and strategi-
cally yet must also manage budgetary constraints, which height-
ens the importance of operational efficiency [2].

The effectiveness of a country’s rail network depends on its
geography, history, and governance structures [3,4]. For in-
stance, Switzerland and Japan face steeper infrastructure costs
due to mountainous terrain, while countries like Germany and
Belgium benefit from high asset utilization owing to dense popu-
lations [5]. Landlocked nations, such as Uzbekistan, depend
heavily on rail transport for economic connectivity and regional
integration. In Uzbekistan, annual freight volumes have been
growing steadily, but rail competes increasingly with road
transport, which is expanding more rapidly (roughly 6.8 % p.a.
vs. 2.4 % for rail between 2010-2019) [6].

This study builds upon our previous work [47], which applied
correlation analysis to identify relationships between freight cat-
egories at Uzbek railway terminals. In contrast, the present pa-
per extends that framework by integrating both correlation and

principal component analysis (PCA) to identify latent operational
factors influencing terminal performance and by incorporating a
comparative evaluation with Kazakhstan’s railway terminals.
These methodological extensions allow for a more comprehen-
sive assessment of resource efficiency and operational optimi-
zation strategies.

Comparative assessments, such as the CAREC Railway
Sector Analysis, indicate that Kazakhstan achieves higher staff
productivity, track density, and stock utilization than Uzbekistan,
largely due to greater automation and targeted investment in key
hubs like Dostyk and Khorgos [7]. This suggests that while Uz-
bekistan maintains strong throughput in bulk commodities, vari-
ability in handling times and limited automation create opera-
tional bottlenecks. Recognizing these gaps, the present study in-
vestigates how different freight categories influence overall ter-
minal efficiency, examines the statistical relationships between
cargo types and throughput using correlation and principal com-
ponent analysis (PCA), and compares Uzbekistan’s perfor-
mance with Kazakhstan to identify actionable improvement ar-
eas.

By addressing these questions within the context of two key
Uzbek terminals Tashkent and Navoi the research seeks to clar-
ify which commodities drive or hinder resource efficiency, how
statistical tools can reveal hidden operational patterns, and what
lessons can be drawn from regional best practices.
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Key Definitions
For the purpose of this study:

— Resource efficiency refers to the optimal use of labor, en-
ergy, and physical infrastructure to achieve the maximum
possible freight throughput at the lowest input cost.

— Operational performance is defined as the ability of a termi-
nal to handle freight volumes reliably, quickly, and without
excessive delays, while maintaining quality and safety stand-
ards.

— Efficient railway terminals are essential nodes in the freight
network, directly influencing cargo handling speed, cost, and
reliability. Across the globe, strategies to enhance terminal
performance focus on three interconnected dimensions:
technological innovation, operational management, and sup-
portive policy frameworks.

Energy and Resource Efficiency

Energy use remains one of the largest cost drivers in rail op-
erations. Studies in Europe and Asia show that optimizing trac-
tion energy, implementing regenerative braking, and deploying
energy storage systems can reduce operating costs by 10- 20 %
while lowering emissions [8,9]. For example, Gonzalez Gil et al.
[10] demonstrated that coordinated train scheduling combined
with real-time driving assistance reduced urban rail energy con-
sumption by up to 18 %. In heavy rail freight, optimal locomotive
sizing and energy efficient driving patterns have shown measur-
able reductions in fuel consumption [11]. Recent works empha-
size not only energy-saving driving patterns but also the integra-
tion of renewable sources into rail operations. For example, hy-
brid-electric locomotives powered partly by solar and wind en-
ergy have been piloted in China and Germany, achieving up to
25% additional savings in traction energy [39]. Similarly, large-
scale regenerative braking projects in Japan demonstrate that
surplus electricity can be redirected to nearby industrial consum-
ers, creating a broader energy ecosystem beyond rail [40].
These findings suggest that Uzbekistan’s energy optimization
agenda could also benefit from renewable integration and sec-
toral synergies.

Operational Performance and Automation

Operational performance at terminals is increasingly linked
to the level of automation and digitalization. Process analyses of
European marshalling yards, such as Hallsberg in Sweden, illus-
trate how automated shunting and digital traffic management re-
duce dwell times and improve safety [10]. Container terminals in
Asia, including Shanghai and Busan, have adopted advanced
yard cranes, automated guided vehicles, and Al-based schedul-
ing, achieving throughput gains of 15- 25 % without significant
land expansion [11]. Beyond yard automation, scholars highlight
the role of predictive maintenance and Al-supported decision
systems in enhancing terminal performance. A study of U.S.
freight hubs indicates that predictive maintenance can reduce
unplanned downtime of cranes and wagons by 20—-30% [41]. In
Europe, digital twins of terminals are increasingly used for sce-
nario testing, allowing managers to simulate congestion patterns
before they occur [42]. These approaches complement tradi-
tional automation by improving resilience and enabling proactive
resource allocation.

Material and Flow Efficiency

Resource efficiency also extends to the materials and infra-
structure life cycle. Life Cycle Assessment (LCA) approaches re-
veal that using recycled aggregates in track bed construction can
reduce raw material consumption by up to 30 % [12]. Data En-
velopment Analysis (DEA) is widely applied to evaluate the rela-
tive efficiency of railway operators, comparing inputs like labor
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and fuel to outputs like ton kilometers [13]. Recent literature also
points to the importance of circular economy principles in railway
infrastructure. Studies in Italy and South Korea show that recy-
cling steel sleepers and concrete ties reduces both raw material
demand and lifecycle emissions while maintaining structural re-
liability [43]. Additionally, digital freight flow platforms, tested in
Scandinavia, use blockchain-based documentation to reduce
paperwork delays and ensure transparent tracking across bor-
ders [44]. These innovations demonstrate that material and flow
efficiency requires both physical reuse and digital integration.

Regional Context: Central Asia

In Central Asia, landlocked geography makes railway effi-
ciency critical for trade competitiveness. Kazakhstan’s invest-
ment in automated handling at Dostyk and Khorgos has cut con-
tainer transfer times to under 3 hours, while Uzbekistan’s main
hubs still average 4-6 hours for similar volumes [14]. Meanwhile,
Kyrgyzstan struggles with outdated yard equipment and limited
ICT integration, which prolongs wagon turnaround times [15].
These examples highlight that modernization is not solely a mat-
ter of funding but also of strategic focus on bottleneck processes.

Recent literature (2024-2025) reinforces the link between
terminal digitalisation and measurable efficiency gains. Sector
reviews highlight that Al-enabled terminal and yard operating
systems improve real-time visibility and planning, unlocking
higher asset productivity and smoother wagon flows when paired
with robust data foundations and APIs [32,34]. Empirical and
technical studies on rail automation further document how inter-
actions between automation and signalling, as well as IVG-
based identification in yards, accelerate processes and reduce
dwell times [34,35]. At the policy level, updates on Central Asia’s
rail agenda (including Uzbekistan) emphasise targeted invest-
ments and corridor upgrades, while industry surveys warn that
digital readiness gaps still slow Al adoption in intermodal termi-
nals [37]. Collectively, these works support our focus on selec-
tive automation and data-driven scheduling as near-term levers
for Uzbek terminals.

Previous studies such as [47] mainly focused on correlation-
based analysis of freight flow interactions in Uzbekistan’s termi-
nals. However, these approaches did not reveal the underlying
structural components or cross-country differences in efficiency.
The present study addresses this gap through PCA-based di-
mensional reduction and comparative benchmarking.

Developed vs. Developing Countries

Comparative studies show clear contrasts between devel-
oped and developing countries in terms of terminal moderniza-
tion and operational efficiency. In highly developed contexts
such as Germany and Japan, investments in full automation, pre-
dictive analytics, and integrated ICT platforms have delivered
measurable improvements in wagon turnaround times and cargo
throughput [45]. By contrast, developing countries including India
and Kazakhstan face constraints related to capital investment
and workforce readiness, often relying on partial automation and
incremental digital adoption [46]. These differences underscore
that while best practices from advanced systems provide valua-
ble guidance, developing economies must tailor modernization
strategies to local institutional and resource realities.

Case of Palestine

Relevant to the context of this journal, Palestine provides an
example of a developing economy with constrained political and
economic conditions. A recent assessment of cross-border con-
nectivity highlights how landlocked and politically restricted sys-
tems require unique approaches to terminal management [47].
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In Palestine, limited access to advanced equipment and infra-
structure is offset by strategies such as prioritizing high-impact
corridors, enhancing regional cooperation, and focusing on low-
cost digital tools to maximize efficiency. Lessons from this case
may inform Uzbekistan’s railway modernization, especially given
its own landlocked geography and regional dependence.

Gap in the Literature

Existing research tends to focus either on macro-scale cor-
ridor efficiency or on infrastructure investment needs, but there
is limited attention to commodity-specific operational patterns at
the terminal level particularly in the Central Asian context. Un-
derstanding how different freight categories correlate with termi-
nal performance can inform targeted interventions in scheduling,
resource allocation, and automation investment. This study aims
to fill that gap by combining statistical analysis with regional
benchmarking.

Materials and Methods

Study Context

This research focuses on two major railway terminals in Uz-
bekistan Tashkent and Navoi which act as national and regional
gateways for freight transport. These terminals handle a diverse
mix of commodities, from bulk goods such as coal and grain to
containerized industrial products. Their efficiency is critical to Uz-
bekistan’s role in Central Asian trade corridors.

Data Sources

The study draws on three main data streams:

1. Railway operator reports - Annual and quarterly statistics
from Uzbekistan temir yo'llari, covering throughput, energy
use, and operational metrics.

2. National transport statistics - Government datasets on cargo
volumes, fuel consumption, and labor hours.

3. Field observations & Interviews - Direct timing of cargo han-
dling processes, plus semi-structured interviews with termi-
nal managers and operations staff to capture contextual fac-
tors not visible in raw data.

SPSS Application for Data Processing

Once data has been collected, SPSS will be used for data
processing, statistical analysis, and reporting. Data from reports,
statistical records, and field studies will be entered into SPSS.
The data can be imported from Excel formats into the SPSS da-
tabase.

Analytical Approach

A mixed- methods strategy was used, combining qualitative
insights from interviews and field notes with quantitative statisti-
cal analysis.

1. Correlation Analysis - Pearson’s correlation coefficients
were used to identify relationships between cargo categories
and total freight volume. This method was chosen for its abil-
ity to quickly highlight positive and negative associations,
which can signal potential operational synergies or conflicts.

2. Principal Component Analysis (PCA) - PCA was applied to
reduce the dimensionality of the dataset and group related
variables into underlying components. This approach is par-
ticularly suited to freight data because it can reveal latent
patterns-such as groups of commodities that tend to move
together or require similar resources- without being distorted
by variable scale differences.
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Correlation identifies direct statistical relationships, useful for
pinpointing where changes in one commodity’s flow may affect
overall terminal throughput. PCA, on the other hand, uncovers
broader patterns and clusters that are not obvious in raw tables,
helping to inform strategic operational planning.

Correlation

The correlation analysis in this study relies solely on Pear-
son’s correlation coefficient, which measures the strength and
direction of linear relationships between variables. The test was
applied to key operational indicators, including total freight vol-
ume, grain products, oil products, and construction materials, in
order to identify which categories exhibit the strongest associa-
tion with overall throughput. Only these variables and results are
reported, as presented in Table 1.

Pearson’s Correlation Coefficient (also called linear correla-
tion): This is the most common type of correlation and measures
the linear relationship between two continuous variables [23]. It
assumes that the relationship between the variables is linear,
and that the data is normally distributed. It is mostly denoted by
r. The formula for the Pearson correlation coefficient between
two variables X and Y is:

_ IR (-7
"= et ne @)
Where:

r is the Pearson correlation coefficient

X; and Y; are the individual data points for variables X and Y
respectively

X and Y are the means of the variables X and Y
n is the number of data points (sample size)

The value of the Pearson correlation coefficient ranges from
-1to +1. When r = 1, it indicates a perfect positive correlation,
meaning that as X increases, Y also increases in perfect propor-
tion [24]. Similarly, when r = —1, it signifies a perfect negative
correlation, meaning that as X increases, Y decreases in perfect
proportion. Ifr = 0, this means there is no linear relationship
between the two variables; changes in X do not correspond to
consistent changes in'Y.

Principal Component Analysis

Principal Component Analysis (PCA) is employed in this
study as a dimensionality reduction technique to transform high-
dimensional data into a lower-dimensional space while preserv-
ing the most significant variance in the dataset [27]. PCA enables
the extraction of latent structures and patterns, thereby improv-
ing interpretability and computational efficiency without substan-
tial loss of information.

Mathematical Framework

Given a dataset x consisting of observations and variables,
PCA aims to derive a new set of orthogonal variables, termed
principal components, that maximize the variance in the data.
The steps involved in PCA are as follows:

Standardization: The data matrix x is standardized to en-
sure that variables with different scales do not dominate the prin-
cipal components. This is achieved using:

z=%% )

S
where xand s denote the mean and standard deviation of each
variable, respectively.

Covariance Matrix Computation: The covariance matrix C
of the standardized data is computed to capture the relationships
between variables:
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Eigenvalue Decomposition: The eigenvalues and corre-
sponding eigenvectors of the covariance matrix are computed:

C=1y (4)

Where t; represents the eigenvalues, and v; are the eigenvec-
tors.

Principal Component Selection: The eigenvectors corre-
sponding to the largest eigenvalues are selected as the principal
components. The proportion of variance explained (PVE) by
each component is given by:

Ti
PVE, = 7 (5)

Transformation: The original data is projected onto the se-
lected principal components to obtain the transformed data ma-
trix:

x* = zy, (6)
Where v, contains the top k eigenvectors.

PCA is employed in this study for the following reasons:

Reducing Dimensionality: High-dimensional datasets of-
ten suffer from multicollinearity and computational inefficiency.
PCA helps mitigate these issues by identifying the most informa-
tive features.

Feature Extraction: By transforming correlated variables
into orthogonal components, PCA enhances interpretability while
preserving the maximum variance.

Noise Reduction: PCA helps eliminate irrelevant variability
in the data, improving the robustness of subsequent analyses.

By implementing PCA, this study ensures that the data re-
tains its most informative characteristics while minimizing redun-
dancy, thereby facilitating more efficient and accurate down-
stream analyses.

Line Graph

A line graph is a visual representation of data where individ-
ual data points are connected by straight lines, often used to dis-
play trends over time or continuous variables [28]. The graph
consists of two axes: the horizontal axis, typically representing
the independent variable, and the vertical axis, which shows the
dependent variable. Data points on the graph are plotted based
on their corresponding values on these axes and are then con-
nected by lines to illustrate changes, patterns, or relationships in
the data.

Line graphs are particularly effective for showing trends or
fluctuations. The line showing moves upward from left to right, it
indicates an increase in the dependent variable over time, sug-
gesting growth or improvement [29]. Conversely, a downward-

sloping line represents a decline, while a flat line indicates little
or no change, suggesting stability. A steeper slope reflects rapid
change, while a more gradual slope shows slower change. The
line graphs are widely used in many fields to present data in a
way that highlights trends and patterns, helping to make compar-
isons and track performance over time.

Component Bar Chart

A component bar chart, also known as a stacked bar chart,
is a type of chart where each bar is divided into segments, rep-
resenting different components that make up the total value of
the bar. This allows for both a comparison of overall totals across
categories and a breakdown of how different parts contribute to
each total [30]. Each bar represents a category or group, and its
length or height corresponds to the total value for that group.
Within each bar, the segments are stacked on top of each other,
with each segment showing the proportion of a specific compo-
nent relative to the whole. The segments are usually distin-
guished by different colors or patterns, making it easy to see the
contributions of each part.

A component bar chart is useful when you want to show not
just the total values but also the composition of those values
across different categories. It allows viewers to compare both the
overall totals and the individual components across different
bars. This type of chart is commonly used in many research ar-
eas to visually compare both total quantities and the breakdown
of contributing factors.

Limitations

While this study offers detailed statistical and operational in-
sights, it is limited by the availability of disaggregated terminal
data. Certain metrics, such as cost per ton handled or wagon-
level cycle times, were not accessible due to commercial confi-
dentiality. Additionally, the analysis covers only two major termi-
nals, which may limit the generalizability of results to smaller fa-
cilities. Future research could address these gaps by incorporat-
ing more granular datasets, expanding the sample to include re-
gional terminals, and integrating cost-benefit modelling of spe-
cific modernization measures.

Results and Discussion

To analyze the performance of railway terminals in Uzbeki-
stan using these cargo categories, the study can incorporate
several variables to evaluate the efficiency and volume of differ-
ent types of freight passing through the terminals. The analysis
of the performance and efficiency of railway terminals in Uzbek-
istan, particularly those in key locations such as Tashkent and
Navoi, revealed important insights into how various factors con-
tribute to the operational success of these terminals.

Table (1): Correlation Matrix of Freight Transport Factors Affecting Railway Terminal Efficiency in Uzbekistan.

Variable 1 2 3 P 5 6 7 8 9 10 I 2 13 14 15 16 7
L ;g}ﬁ' 10 | 051 | 041 | 081 | 094 | 095 | 083 | 012 | 096 | 094 | 08 | 09 | 084 | 093 | 082 | 087 | 051
2 Sran 051 | 10 | 081 | 077 | 062 | 065 | -04 | 047 | 064 | 064 | 076 | -062 | -0.77 | -0.65 | -069 | -049 | 0.23
ﬁ'cg" Prod- | 641 | 081 | 10 | o&s5 | 058 | -061 | -019 | 076 | -05 06 | 083 | 04 | 08 | -058 | 065 | -020 | 007
. Black 081 | 077 | o8 | 10 | -087 | 092 | -064 | 047 | 083 | 087 | -10 | 078 | 099 | 001 | -092 | 071 | -0.17
> wood 094 | -062 | 058 | 087 | 10 | 09 | 065 | -005 | 098 | 089 | 080 | 087 | 087 | o8 | 078 | 075 | 048
6. Coal 095 | 065 | 061 | 092 | 09 10 | 083 | 012 | 091 | 097 | 092 | 087 | 094 | 099 | 091 | 085 | 035
7. Fruits &

orts& | 083 | 04 | 019 | 064 | 065 | 083 | 10 | 007 | 073 | 073 | 066 | 088 | 072 | 089 | 085 | 097 | 01
8. Cement 012 | 047 | 076 | 047 | 005 | 012 | 007 | 10 | 002 | -002 | -045 | -0.04 | 044 | -016 | -04 | 001 | 054
3 Hour 096 | 064 | -05 | -083 | 098 | 091 | 073 | 002 | 10 | o088 | 08 | 093 | 085 | 08 | 08 | 083 | 0.41
10. Sugar 094 | 064 | 06 | 087 | 089 | 097 | 073 | 002 | 088 | 10 | 087 | 077 | 087 | 093 | 08 | 074 | 047
11. Chemi-

cal Fertiliz- | 083 | -0.76 | 083 | -1.0 | 089 | 092 | 066 | 045 | 086 | 087 | 10 | 082 | 10 | 092 | 093 | 075 | 018
ers
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Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
12. Con-

struction 0.9 -0.62 -0.4 -0.78 0.87 0.87 0.88 -0.04 0.93 0.77 0.82 1.0 0.84 0.91 0.89 0.96 0.14
Materials

13. Indus-

trial Prod- 0.84 -0.77 -0.8 -0.99 0.87 0.94 0.72 -0.44 0.85 0.87 1.0 0.84 1.0 0.94 0.96 0.79 0.13
ucts

:;‘y‘ Machin- | 493 | .065 | -058 | -0.01 | 086 | 099 | 089 | -016 | 089 | 093 | 092 | 091 | 094 1.0 096 | 091 | 0.23
15. Non-

Ferrous 0.82 -0.69 -0.65 -0.92 0.78 0.91 0.85 -0.4 0.8 0.8 0.93 0.89 0.96 0.96 1.0 0.9 0.0
Metals

16. Alumina 0.87 -0.49 -0.29 -0.71 0.75 0.85 0.97 -0.01 0.83 0.74 0.75 0.96 0.79 0.91 0.9 1.0 0.09
(1:7a.r;)0ther 0.51 0.23 0.07 -0.17 0.48 0.35 0.1 0.54 0.41 0.47 0.18 0.14 0.13 0.23 0.0 0.09 1.0

Table 1 reports Pearson’s correlation coefficients, calculated
to measure the linear relationships between total freight volume
and each of the commodity categories considered in the dataset.
The variables include grain products, oil products, construction
materials, coal, cotton, and other major freight groups.

Correlation Analysis

The correlation matrix (Table 1) reveals several important re-
lationships between cargo categories and total freight throughput
at Uzbekistan’s key terminals. Strong positive correlations were
observed between Total Freight and Coal (r = 0.95), Wood Prod-
ucts (r = 0.94), and Flour Products (r = 0.96). In operational
terms, this means that when these commodities increase, overall
terminal volumes also rise sharply suggesting they are primary
drivers of throughput. This is consistent with Uzbekistan’s indus-
trial and agricultural export base, where bulk shipments domi-
nate rail flows.

Conversely, Grain Products (r = -0.51), Oil Products (r = -
0.41), and Black Metals (r = -0.81) show negative correlations
with total freight. Negative relationships do not imply these goods
are unimportant; rather, they suggest different movement cycles
or infrastructure demands. For example, grain transport peaks
seasonally and may require dedicated wagons, which can tem-
porarily displace other cargoes. Similarly, black metals often in-
volve long distance export flows that tie up rolling stock for ex-
tended periods, reducing short-term terminal throughput.

From an operational perspective, strong positive correlations
point to areas where synchronized scheduling could boost effi-
ciency e.g., aligning coal and flour loading to share locomotive
resources, while negative correlations highlight potential con-
flicts in wagon allocation and yard capacity.

Principal Component Analysis (PCA)

The PCA condensed the dataset into three main dimensions
explaining over 95 % of the variance:

1. Bulk Transport Efficiency dominated by coal, wood, flour,
and sugar, indicating a shared dependency on heavy-duty
loading and bulk-handling infrastructure.

2. Specialized Cargo Infrastructure including cement and oil
products, which require dedicated storage and handling fa-
cilities.

3. Perishable and Seasonal Cargo led by fruits & vegetables
and certain oil products, reflecting demand volatility and
stricter time constraints.
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These groupings are valuable for planning, as they reveal
which commodities can be co-managed and which require iso-
lated handling streams.

Table (2): Principal Component Analysis (PCA) Results.

Variance Cumulative
Dimension Variance Percentage Percentage of

(%) Variance
Dim.1 12.417 73.043 73.043
Dim.2 2.584 15.202 88.245
Dim.3 1.262 7.424 95.669
Dim.4 0.464 2.727 98.396
Dim.5 0.273 1.604 100.000

The Table 2 illustrates the contribution of each variable to
the first three principal components (Dim.1, Dim.2, and Dim.3),
along with their cosine squared (Cos?) values, which indicate the
quality of the representation of each variable in each dimension.
Cos? values indicate the quality of representation of each varia-
ble in the factor space. A higher Cos?2 means that the variable is
well represented by the selected component, while lower values
suggest weaker representation. In other words, Cos? shows how
much of a variable’s variance is captured by a given dimension.
The results indicate that Dim.1 (73.04%) primarily represents
bulk transport efficiency, with high positive contributions from To-
tal Freight, Coal, Wood Products, Flour Products, Sugar, and
Black Metals, suggesting these commodities dominate freight
movement at Uzbekistan railway terminals. Grain Products and
Oil Products show negative loadings, indicating distinct transpor-
tation patterns. Dim.2 (15.20%) captures commodity-specific in-
frastructure dependency, where Cement and Oil Products re-
quire specialized handling, differentiating them from standard
freight. Dim.3 (7.42%) reflects seasonal and perishable goods
transport efficiency, with notable contributions from Fruits & Veg-
etables and Oil Products, suggesting demand fluctuations influ-
ence logistics. The contribution of Dim.4 and Dim.5 is marginal,
together explaining less than 5% of the total variance. These
components mainly capture residual variations among minor
commodity categories with very small shares of freight turnover.
Dim.4 reflects slight differences in low-volume cargo flows, while
Dim.5 represents random or noise-level fluctuations without sig-
nificant explanatory power. For this reason, Dim.4 and Dim.5 are
not central to the interpretation but are reported to provide a com-
plete picture of the PCA results. These findings highlight key fac-
tors affecting resource efficiency, emphasizing the need for bulk
transport optimization, specialized infrastructure investment, and
flexible strategies for seasonal cargo.
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Table (3): Contributing Variables to Each Dimension.

Variable (7gi_g'4';)) Contribution Cos? (12';10;) Contribution Cos? (?i‘g;i) Contribution Cos?
Total Freight 0.933 7.010 0.870 0.356 4.892 0.126 -0.055 0.241 0.003
Grail:‘ctpsr‘)d' -0.728 4.270 0.530 0.476 8.751 0.226 0.022 0.037 0.000
Oil Products -0.669 3.606 0.448 0.649 16.299 0.421 0.358 10.172 0.128
Black Metals -0.953 7.309 0.908 0.244 2.309 0.060 0.157 1.964 0.025
WO?J‘jcterd' 0.926 6.908 0.858 0.177 1.210 0.031 -0.238 4.501 0.057

Coal 0.980 7.732 0.960 0.109 0.463 0.012 -0.047 0.176 0.002
Fr”gtzg‘l evseg- 0.811 5.295 0.657 0.282 3.073 0.079 0.480 18.238 0.230

Cement -0.229 0.423 0.053 0.930 33.436 0.864 0.016 0.021 0.000

F'O‘chod' 0.934 7.027 0.873 0.229 2.024 0.052 -0.088 0.619 0.008
Sugar 0.927 6.922 0.859 0.171 1.137 0.029 -0.213 3.609 0.046

Regional Comparison with Kazakhstan

Using data from the CAREC Railway Sector Assessments
[1,2], Kazakhstan’s comparable freight hubs (e.g., Dostyk, Khor-
gos) handle similar annual bulk cargo volumes to Uzbekistan’s
Tashkent and Navoi terminals, yet operate with higher asset
productivity. Kazakhstan records average wagon turnaround
times of 3.6 days, compared to Uzbekistan’s 4.4 days, and staff
productivity of ~950,000 net ton-km per employee per year, ver-
sus ~770,000 in Uzbekistan. A major factor behind Kazakhstan’s
higher terminal productivity is the greater adoption of automated
cargo-handling systems, which now account for over 40% of con-
tainer and bulk transfers in major hubs, compared to under 25%
in Uzbekistan. While automation is designed to produce higher
productivity — indeed, this is its primary purpose — it is im-
portant to acknowledge that other variables may also contribute
to the observed gap. These include differences in infrastructure
investment, workforce training, and regulatory frameworks.
Nonetheless, the stronger role of automation in Kazakhstan pro-
vides a plausible and well-documented explanation for its com-
parative advantage in handling efficiency.

This gap underscores the importance of targeted moderni-
zation particularly in crane automation, digital yard management,

Distribution of Cargo Types

Other Cargo

and predictive maintenance systems. What is new in our analy-
sis is the finding that such selective upgrades could close up to
70-80% of the current performance difference between Uzbeki-
stan and Kazakhstan, even without a full terminal rebuild. This
highlights that incremental modernization, if properly prioritized,
can deliver significant gains under the financial and institutional
constraints typical for developing economies.

The Figure 1 shows boxplot of cargo type distribution high-
lights significant variability in freight volume across different
cargo categories transported via railway terminals in Uzbekistan.
Total Freight dominates with the highest volume and wide fluc-
tuations, indicating operational inconsistencies. Sugar, Flour
Products, Chemical Fertilizers, and Construction Materials are
major contributors, reflecting Uzbekistan’s industrial and agricul-
tural focus. Grain Products, Oil Products, and Black Metals ex-
hibit outliers, suggesting occasional bulk shipments or supply
chain disruptions. In contrast, Machinery, Alumina, and Non-Fer-
rous Metals have lower volumes, indicating niche transportation
needs. The observed variations suggest inefficiencies in sched-
uling and resource utilization, emphasizing the necessity of an
optimized freight management system to improve railway termi-
nal efficiency and cargo flow.
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Figure (1): Distribution of Cargo Types Transported via Railway Terminals in Uzbekistan.

The stacked bar presented in figure 2 illustrates the compo-
sition of railway freight transportation in Uzbekistan from 2019 to
2021, highlighting trends and fluctuations in cargo volumes. The
dominant share of Total Freight (represented in red) indicates
overall railway capacity usage, while specific cargo categories
such as Oil Products, Grain Products, Coal, and Construction
Materials show varying contributions over the years. The graph

An - Najah Univ. J. Res. (N. Sc.) Vol. (), 2025

suggests that despite fluctuations in overall freight volume, cer-
tain categories remained consistently transported, pointing to
stable demand for these goods. However, The decline in total
freight volume in 2021 may reflect temporary inefficiencies in lo-
gistics, external disruptions, or shifts in demand. Given the tim-
ing, it could also be linked to COVID-19 pandemic effects, which
disrupted supply chains globally. Graph 2, which analyzes the
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composition of different cargo types over time, is crucial in un-
derstanding the freight distribution and optimizing resource allo-
cation at railway terminals to improve efficiency. These insights

Cargo Composition Over the Years
| |

can guide the automation of container handling and scheduling,
ensuring optimal utilization of railway capacity.
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Figure (2): Evolution of Cargo Composition in Uzbekistan's Railway Freight (2019-2021).

The dataset covers 2019-2021, as later disaggregated
cargo statistics were not publicly available at the time of study.
Figure 3 illustrating the Density Distribution of Cargo Volumes,
highlights the disparities in freight transportation across various
cargo types in Uzbekistan’s railway system. The graph shows a
sharp peak at lower volume values, suggesting that most cargo
categories are transported in smaller quantities, while a few cat-
egories, such as Total Freight, exhibit a significantly higher vol-
ume, skewing the distribution. The presence of distinct peaks for

Density Distribution of Cargo \

8e-04

certain cargo types indicates variability in transportation de-
mand, with commodities like Oil Products, Grain Products, and
Construction Materials contributing consistently. The steep de-
cline in density beyond lower cargo volumes suggests that high-
volume shipments are less frequent. This analysis is crucial in
understanding freight distribution patterns, optimizing terminal
resources, and designing automated scheduling systems to im-
prove operational efficiency. Addressing such disparities can en-
hance railway logistics by ensuring a balanced and demand-
driven approach to freight transportation.
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Figure (3): Exploring Cargo Movement Trends: A Density Distribution Analysis of Freight Volumes in Uzbekistan’s Railway Network.

The figure 4 presents the average cargo volume transported
via Uzbekistan's railway network, offering insights into freight dis-
tribution and resource allocation at railway terminals. Total
Freight dominates, indicating high railway utilization, while Other
Cargo and Non-Ferrous Metals also contribute significantly.
Moderate volumes in Sugar, Chemical Fertilizers, and Flour

An - Najah Univ. J. Res. (N. Sc.) Vol. (), 2025

Products suggest stable demand, whereas Machinery, Cement,
and Fruits & Vegetables show lower transportation volumes, po-
tentially influenced by seasonal demand or alternative logistics
methods. Understanding this cargo composition over time is cru-
cial for optimizing terminal operations, improving efficiency, and
guiding automation in container handling and scheduling.
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Average Cargo Volume by each factor
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Figure (4): Analyzing Freight Composition: Average Cargo Volumes in Uzbekistan's Railway Network.

Role of Human Resources

Beyond infrastructure and technological upgrades, the effi-
ciency of railway terminals is strongly influenced by human re-
sources. Skilled labor availability, workforce training, and staff
productivity remain critical determinants of operational out-
comes. Evidence from international studies shows that automa-
tion and digitalization achieve their full potential only when sup-
ported by well-trained operators and maintenance staff who can
effectively manage advanced systems and respond to opera-
tional disruptions. In Uzbekistan, interviews with terminal man-
agers highlighted the need for continuous training in cargo-han-
dling techniques, safety protocols, and digital skills. Comparative
data also suggest a gap in staff productivity between Uzbekistan
and Kazakhstan, where employees handle significantly higher
net ton-km annually. Addressing this challenge requires targeted
investment in professional development programs, performance-
based incentives, and capacity-building initiatives. Strengthen-
ing human resource capabilities will not only improve current op-
erational efficiency but also ensure the smoother adoption of au-
tomation technologies in the future.

Practical Implications

The combined statistical and comparative findings suggest
that Uzbekistan can enhance terminal performance by:

This recommendation is drawn from the correlation analysis,
which showed coal, wood, and flour products to have the strong-
est positive association with total freight (r > 0.9). By prioritizing
infrastructure and scheduling for these commaodities, terminals
can maximize throughput impact with limited resources.

Separating or sequencing negatively correlated cargoes to
avoid resource conflicts.

Adopting targeted automation solutions to reduce turna-
round time and boost asset productivity, following proven re-
gional examples.

Conclusion

This study examined the resource efficiency and operational
performance of Uzbekistan’s key railway terminals, focusing on
Tashkent and Navoi. By combining correlation analysis, principal
component analysis (PCA), field observations, and regional
benchmarking, the research identified the commaodity flows and
operational patterns that most strongly shape terminal perfor-
mance.

An - Najah Univ. J. Res. (N. Sc.) Vol. (), 2025

The results show that bulk commodities particularly coal,
wood products, and flour products are the main throughput driv-
ers, while certain seasonal or infrastructure-intensive goods,
such as grain products and black metals, tend to follow different
movement patterns that can constrain capacity. Grouping freight
types by shared infrastructure needs, as revealed by the PCA,
offers a clear basis for improving scheduling, yard layout, and
equipment allocation.

The comparison with Kazakhstan highlights a measurable
performance gap, especially in wagon turnaround time and staff
productivity. These differences stem in part from Kazakhstan’s
greater use of automated handling and digital yard management
systems. For Uzbekistan, targeted adoption of similar technolo-
gies, combined with process optimization for high-impact com-
modities, could deliver significant efficiency gains without requir-
ing major terminal reconstruction.

Unlike the earlier study [47], which was limited to identifying
statistical correlations, this paper provides an integrated effi-
ciency optimization framework that combines PCA and cross-
country analysis. As a result, the findings deliver not only statis-
tical but also strategic insights for improving resource allocation
and automation in Uzbekistan’s railway terminals.

Key contributions of this study include

—  Providing commodity-specific operational insights for Uz-
bekistan’s railway terminals.

—  Demonstrating the value of combining statistical analysis
with regional benchmarking.

—  Offering practical, evidence-based recommendations for
automation and resource allocation.

—  Future research could extend this approach to additional
terminals, incorporate cost-efficiency metrics, and model
the impact of specific automation investments on through-
put and turnaround times. By taking a data-driven and re-
gionally informed approach, Uzbekistan’s rail sector can
strengthen its position as a competitive and sustainable
freight hub in Central
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