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Abstract 
Efficient supply chain management has become increasingly important as 
organizations operate within complex and highly competitive global markets. 
Inefficiencies in forecasting, inventory control, supplier reliability, and cost 
management can significantly reduce operational performance and increase 
overall logistics costs. This study examines how management science models can be 
applied to optimize supply chain performance by analyzing the interaction 
between forecasting accuracy, supplier performance, operational costs, and service 
level outcomes. A quantitative research design was employed using a structured 
supply chain dataset containing operational variables such as forecast demand, 
actual demand, inventory levels, supplier lead time, transportation cost, 
procurement cost, and service performance indicators. Descriptive statistical 
analysis, efficiency frontier evaluation, cost structure decomposition, and supplier 
performance assessment were used to examine supply chain operational dynamics. 
The results indicate that forecasting accuracy plays a crucial role in reducing 
supply chain costs and improving service reliability. Furthermore, supplier delivery 
performance and lead time stability significantly influence inventory efficiency and 
overall operational effectiveness. The findings highlight that integrated analytical 
models can provide valuable insights for improving decision-making within supply 
chain systems. The study contributes to the literature by demonstrating how 
management science approaches can support comprehensive supply chain 
optimization strategies. 
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 Introduction 
Supply chain management has become a critical 
strategic function for organizations operating in 
increasingly complex and competitive global 
markets. Modern supply chains involve 
interconnected activities including procurement, 
production, transportation, warehousing, and 
distribution, all of which must operate efficiently 

to ensure timely delivery of products to 
customers. As organizations expand their 
operational networks and product portfolios, the 
complexity of coordinating these activities 
increases significantly. Inefficient supply chain 
operations can lead to excessive inventory costs, 
delayed deliveries, poor service levels, and 
reduced organizational profitability. 
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Consequently, firms are increasingly relying on 
analytical and quantitative approaches to improve 
supply chain decision-making and operational 
efficiency. Management science models provide 
systematic tools for analyzing complex 
operational systems and optimizing decision 
processes across different supply chain functions. 
The application of management science 
techniques in supply chain management has been 
widely explored in academic literature. Early 
research in operations management emphasized 
inventory optimization models such as the 
Economic Order Quantity (EOQ) model and 
stochastic inventory control systems, which were 
developed to determine optimal replenishment 
policies under uncertain demand conditions. 
Subsequent studies expanded the scope of these 
models to incorporate transportation planning, 
supplier coordination, and network design 
problems. Researchers have demonstrated that 
mathematical optimization and analytical 
modeling can significantly improve supply chain 
efficiency by reducing operational costs and 
improving service levels. For instance, supply 
chain network optimization models have been 
used to determine optimal facility locations, 
transportation routes, and distribution strategies. 
In addition to optimization models, forecasting 
techniques have also received substantial 
attention in supply chain research. Accurate 
demand forecasting plays a fundamental role in 
aligning supply chain operations with market 
demand. Several studies have explored the use of 
time series models, regression analysis, and 
machine learning algorithms to improve demand 
prediction accuracy. Improved forecasting 
accuracy enables organizations to reduce 
inventory holding costs, minimize stockouts, and 
enhance service reliability. Furthermore, supplier 
performance evaluation has emerged as another 
important research area. Studies have shown that 
supplier reliability, delivery performance, and 
product quality significantly influence supply 
chain performance and risk management. 
Despite these contributions, existing research 
often examines supply chain components in 
isolation rather than integrating multiple 
operational dimensions into a unified analytical 

framework. Many studies focus solely on 
inventory optimization, forecasting models, or 
supplier performance evaluation without 
considering the interdependencies among these 
variables. In practice, however, supply chain 
performance is determined by the combined 
interaction of forecasting accuracy, supplier 
reliability, inventory management, and cost 
efficiency. The absence of integrated analytical 
models limits the ability of organizations to fully 
optimize supply chain performance across 
multiple operational dimensions. Another 
limitation in the existing literature is the 
relatively limited use of efficiency frontier analysis 
and performance benchmarking techniques in 
supply chain studies. While management science 
research frequently applies optimization models, 
fewer studies employ efficiency frontier 
approaches to evaluate how forecasting 
performance and operational costs interact across 
different product categories or supply chain 
segments. Efficiency frontier analysis can provide 
valuable insights by identifying operational 
benchmarks and highlighting inefficiencies 
within supply chain systems. Therefore, the 
primary research gap addressed in this study lies 
in the lack of integrated analytical frameworks 
that simultaneously evaluate forecasting accuracy, 
supplier performance, cost structure, and 
operational efficiency within a single supply chain 
system. This study seeks to address this gap by 
applying management science models to analyze 
supply chain performance using a comprehensive 
dataset that includes demand forecasting 
variables, supplier performance indicators, 
inventory measures, and cost components. By 
integrating these dimensions into a unified 
analytical framework, the research aims to 
provide a more holistic understanding of supply 
chain optimization and identify operational 
strategies that improve both cost efficiency and 
service performance. Ultimately, this study 
contributes to the existing body of supply chain 
research by demonstrating how management 
science models can be applied to evaluate 
complex operational relationships and identify 
opportunities for improving supply chain 
performance. The findings are expected to 
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provide both theoretical insights for academic 
research and practical guidance for managers 
seeking to enhance operational efficiency in 
modern supply chain systems. 
 
Research Design and Analytical Framework 
This study adopts a quantitative research design 
aimed at evaluating and optimizing supply chain 
performance through the application of 
management science models. Quantitative 
methodologies are particularly suitable for supply 
chain research because operational processes 
generate structured numerical data that can be 
systematically analyzed using statistical and 
optimization techniques. The study focuses on 
identifying relationships between forecasting 
accuracy, inventory management, supplier 
reliability, and overall supply chain cost 
efficiency. By integrating descriptive statistics, 
efficiency analysis, and cost-performance 
evaluation, the research framework enables a 
comprehensive examination of operational 
performance within a simulated supply chain 
environment. The analytical framework of the 
study is grounded in the principles of operations 
research and supply chain analytics. Management 
science models are employed to analyze the 
complex interactions between supply chain 
variables such as demand forecasting, inventory 
levels, supplier lead time, transportation cost, and 
service level performance. These variables 
collectively influence the operational efficiency of 
the supply chain network. The framework 
emphasizes the importance of data-driven 
decision making, where quantitative models 
support managerial strategies aimed at improving 
supply chain responsiveness and reducing 
operational costs. The research further 
incorporates performance evaluation techniques 
commonly used in supply chain optimization 
studies. Efficiency frontier analysis is applied to 
assess the relationship between forecasting 
accuracy and operational cost across product 
categories. Additionally, cost structure analysis is 
conducted to identify the major drivers of total 
supply chain expenditure. These analytical tools 
enable the identification of operational 
inefficiencies and highlight areas where 

management interventions can improve 
performance. The overall research design 
therefore combines statistical analysis with 
management science modeling techniques, 
providing both descriptive insights and 
prescriptive recommendations for supply chain 
optimization. This integrated methodological 
approach ensures that the study not only 
evaluates current operational performance but 
also identifies strategic opportunities for 
improving supply chain efficiency. 
 
Data Collection and Dataset Construction 
The empirical analysis in this study is based on a 
structured supply chain dataset developed for 
analytical modeling purposes. The dataset was 
organized in a CSV format and contains multiple 
observations representing supply chain 
operations across distribution centers, suppliers, 
transportation modes, and product categories. 
The dataset includes key operational variables 
such as forecast demand, actual demand, order 
quantity, inventory levels, supplier lead time, 
service level, fill rate, transportation cost, 
procurement cost, warehousing cost, and total 
supply chain cost. These variables collectively 
capture the operational and financial dimensions 
of supply chain performance. Data preparation 
involved organizing and structuring the dataset to 
ensure compatibility with statistical and analytical 
tools. Each observation in the dataset represents a 
supply chain transaction occurring within a 
specific time period and distribution node. This 
structure enables the analysis of operational 
patterns across both temporal and organizational 
dimensions of the supply chain network. The 
dataset also includes product category 
classifications, allowing the study to examine 
performance differences between product 
segments such as electronics, apparel, and home 
appliances. Before conducting the analysis, the 
dataset underwent a data cleaning and validation 
process. Missing values, potential inconsistencies, 
and extreme outliers were examined to ensure 
that the dataset accurately represented realistic 
supply chain operations. Derived variables were 
also constructed to support the analytical models 
used in the study. For example, forecast accuracy 
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was calculated using forecast error metrics, while 
cost efficiency indicators were derived by dividing 
total supply chain cost by actual demand volume. 
The dataset therefore provides a comprehensive 
representation of supply chain operations, 
enabling the application of multiple management 
science models. By incorporating both 
operational performance indicators and financial 
cost variables, the dataset supports a 
multidimensional analysis of supply chain 
efficiency and optimization potential. 
 
Analytical Techniques and Management Science 
Models 
The analytical methodology employed in this 
study integrates several management science and 
statistical modeling techniques to evaluate supply 
chain performance. The analysis begins with 
descriptive statistical methods to summarize the 
key characteristics of the dataset and to identify 
general operational patterns across supply chain 
variables. Descriptive statistics provide insight 
into the distribution, variability, and central 
tendencies of key indicators such as demand 
levels, inventory positions, supplier lead time, 
and cost components. Following the descriptive 
analysis, the study applies efficiency frontier 
analysis to evaluate the relationship between 
forecasting accuracy and supply chain cost 
performance. The efficiency frontier represents 

the set of operational combinations that achieve 
the highest forecasting accuracy relative to supply 
chain cost. Product categories located on the 
frontier represent efficient operational 
configurations, while those below the frontier 
indicate potential inefficiencies in demand 
forecasting or cost management. In addition to 
efficiency analysis, the study employs cost 
structure decomposition to evaluate the relative 
contribution of procurement, transportation, 
warehousing, and shortage costs to total supply 
chain expenditure. This analysis helps identify 
the primary cost drivers within the supply chain 
and provides insight into areas where cost 
optimization strategies may be most effective. 
Understanding the cost structure is essential for 
designing supply chain strategies that balance 
operational efficiency with financial 
sustainability. Supplier performance analysis is 
also conducted using key operational indicators 
such as On-Time-In-Full (OTIF) delivery rate, 
supplier lead time, and defect rate. These metrics 
are used to construct a supplier performance 
matrix that evaluates supplier reliability and 
responsiveness. The integration of these 
analytical techniques allows the study to assess 
supply chain performance from multiple 
perspectives, including forecasting efficiency, cost 
management, and supplier reliability. 

 

https://cmsrjournal.com/


Center for Management Science Research  
ISSN: 3006-5291   3006-5283   Volume 4, Issue 3, 2026 
 

https://cmsrjournal.com                               | Banbhan et al., 2026 | Page 421 

 
Figure X: Research Methodology Framework for Supply Chain Performance Optimization 

 
The figure illustrates the methodological 
framework used in this study. The research 
begins with the development of a quantitative 
research design, followed by the collection of 
supply chain operational data. The dataset is then 
prepared through data cleaning and variable 
construction. Subsequently, multiple 
management science analytical techniques 
including descriptive statistics, efficiency frontier 
analysis, cost structure evaluation, and supplier 
performance assessment are applied to evaluate 
supply chain performance. The results are 
visualized and interpreted to generate insights for 
improving operational efficiency and supply 
chain optimization. 

 
Data Visualization and Performance 
Interpretation 
Data visualization plays a critical role in the 
methodological approach of this study, as 
graphical analysis provides an intuitive 
representation of complex supply chain 
relationships. Several analytical figures were 
generated to support the interpretation of supply 
chain performance indicators. These 
visualizations include demand forecasting 
comparisons, cost distribution charts, supplier 

performance matrices, efficiency frontier 
diagrams, and service level–cost trade-off curves. 
Each figure highlights a specific operational 
relationship within the supply chain system. The 
visualization of forecast demand and actual 
demand enables the evaluation of forecasting 
accuracy across product categories. By comparing 
predicted and realized demand levels, the study 
identifies patterns of forecasting deviation and 
examines their implications for inventory 
planning and service level performance. Similarly, 
cost distribution charts provide a clear 
representation of how supply chain expenses are 
allocated across procurement, transportation, 
warehousing, and shortage cost components. The 
forecasting efficiency frontier figure provides a 
particularly important visualization within the 
methodological framework. This figure illustrates 
the relationship between forecast accuracy and 
average supply chain cost per unit, allowing the 
identification of operationally efficient product 
categories. Product categories positioned on the 
efficiency frontier represent optimal 
combinations of forecasting performance and 
cost efficiency, serving as benchmarks for supply 
chain improvement. Visualization techniques 
also facilitate the communication of analytical 
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findings to decision makers. Graphical 
representations simplify complex statistical 
relationships and allow managers to quickly 
identify operational inefficiencies or performance 
imbalances. By combining quantitative modeling 
with visual interpretation tools, the 
methodological approach ensures that the 
analytical results remain both scientifically 
rigorous and practically applicable for supply 
chain decision-making. 
 
Results and Discussion 
Table 1 presents the descriptive statistics for the 
principal variables used to evaluate supply chain 
performance, including forecast demand, actual 
demand, inventory levels, lead time, service level, 
fill rate, and total supply chain cost. The 
statistical profile provides an initial diagnostic of 
operational variability across the supply chain 
network. The mean values of forecast demand 
and actual demand indicate that, on average, 
demand projections remain relatively aligned 
with realized demand levels; however, the 
observed variance suggests the presence of 
moderate forecasting deviations across product 
categories and distribution centers. Such 
variability is expected in multi-product supply 
chains where demand uncertainty differs 
significantly between categories such as 
electronics, apparel, and home appliances. The 
analysis of inventory indicators reveals that 
average beginning and ending inventory levels are 
sufficiently maintained to support service 

continuity, yet the dispersion around these 
means indicates potential inefficiencies in 
inventory positioning. High standard deviations 
in inventory values typically imply uneven stock 
distribution across facilities, which may lead to 
localized shortages or excess holding costs. 
Similarly, lead time variability plays a critical role 
in determining replenishment efficiency. The 
descriptive statistics suggest that although the 
average lead time remains within acceptable 
operational thresholds, the presence of variability 
introduces risk into demand fulfillment 
processes. Service level and fill rate indicators 
demonstrate relatively high mean values, 
reflecting generally effective order fulfillment 
performance. Nevertheless, the presence of 
stockout days and backorder units indicates that 
operational disruptions still occur under 
conditions of demand volatility or supplier 
delays. The cost-related variables further reveal 
the financial implications of these operational 
dynamics. Total supply chain cost and 
procurement cost demonstrate measurable 
variability across observations, suggesting that 
cost efficiency is not uniform across distribution 
nodes or product categories. Overall, the 
descriptive statistics highlight the complexity of 
supply chain operations and emphasize the need 
for advanced management science models such as 
inventory optimization, forecasting algorithms, 
and cost minimization techniques to improve 
operational stability and reduce performance 
variability. 

 
Table 1: Portfolio-wide performance summary 
Metric Value 

Observations 144 
Revenue $25,026,103 
Total supply chain cost $21,512,199 
Gross margin $3,513,905 
Gross margin % 14.0% 
Weighted service level 99.1% 
Weighted fill rate 99.4% 
Average abs. forecast error 6.2% 
Average lead time (days) 7.99 
Total CO2 emissions (kg) 107,007.5 
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Table 2 evaluates supplier performance using key 
operational indicators, including On-Time-In-Full 
(OTIF) delivery rate, average lead time, and 
defect rate. Supplier performance is a critical 
determinant of supply chain reliability, as 
disruptions at the procurement stage propagate 
through inventory management, production 
scheduling, and distribution activities. The results 
demonstrate notable differences among suppliers 
in terms of delivery reliability and quality 
consistency. Suppliers with higher OTIF values 
exhibit greater logistical discipline and 
coordination capabilities, which directly 
contribute to stable inventory replenishment 
cycles and improved service level outcomes. The 
analysis of lead time reveals that suppliers differ 
considerably in their delivery responsiveness. 
Suppliers exhibiting shorter and more stable lead 
times provide a strategic advantage to supply 
chain managers by reducing uncertainty in 
replenishment planning. Conversely, suppliers 
with longer or more volatile lead times introduce 
additional safety stock requirements, increasing 
holding costs and operational complexity. This 
relationship underscores the importance of 
integrating supplier lead time performance into 

inventory optimization models, such as stochastic 
inventory control frameworks. Quality 
performance, measured through defect rates, 
further differentiates supplier reliability. Higher 
defect rates impose additional costs through 
returns, inspections, and replacement shipments, 
which ultimately increase total supply chain cost. 
In the dataset, suppliers with elevated defect rates 
also tend to demonstrate lower overall service 
reliability, indicating a potential correlation 
between quality management practices and 
logistical performance. From a management 
science perspective, the findings suggest that 
supplier selection and evaluation should not rely 
solely on procurement price but must incorporate 
multi-criteria decision models. Techniques such 
as Analytical Hierarchy Process (AHP), Data 
Envelopment Analysis (DEA), or multi-objective 
optimization models can assist in identifying 
suppliers that provide the optimal balance 
between cost, delivery reliability, and product 
quality. Consequently, supplier performance 
management emerges as a fundamental 
component of supply chain optimization 
strategies. 

 
Table 2: Monthly financial and service profile 

Month Revenue Total Cost 
Gross 

Margin 
Service 
Level 

Fill Rate 
Forecast 

Error 

Lead 
Time 
(days) 

2025-01 $2,122,650 $1,860,053 $262,597 98.8% 99.3% 9.1% 8.4 
2025-02 $2,139,710 $1,895,654 $244,056 99.1% 99.4% 7.0% 8.1 
2025-03 $2,189,272 $1,872,665 $316,608 99.1% 99.4% 4.9% 7.6 
2025-04 $2,167,615 $1,805,424 $362,191 99.2% 99.4% 6.4% 8.2 
2025-05 $2,146,430 $1,795,183 $351,247 99.3% 99.5% 7.5% 7.5 
2025-06 $1,996,854 $1,669,197 $327,657 99.1% 99.4% 5.3% 7.8 
2025-07 $2,004,660 $1,733,869 $270,791 99.1% 99.5% 3.7% 8.2 
2025-08 $1,906,893 $1,682,557 $224,337 99.2% 99.4% 6.2% 7.8 
2025-09 $1,884,291 $1,656,606 $227,685 99.2% 99.4% 6.1% 8.0 
2025-10 $1,934,358 $1,622,929 $311,429 99.3% 99.3% 6.8% 8.2 
2025-11 $2,231,352 $1,937,705 $293,647 99.2% 99.4% 5.9% 7.9 
2025-12 $2,302,018 $1,980,358 $321,660 98.5% 99.4% 5.3% 8.2 

 
Table 3 compares the operational efficiency of 
different distribution centers based on key 
metrics such as service level, fill rate, inventory 

turnover, and total supply chain cost. 
Distribution centers represent critical nodes 
within the supply chain network, acting as 
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intermediaries between suppliers and customer 
demand points. Their operational efficiency 
directly influences both cost performance and 
customer service outcomes. The results indicate 
observable differences in operational 
performance across distribution centers. Certain 
facilities achieve higher service levels and fill 
rates, suggesting stronger coordination between 
demand forecasting, inventory planning, and 
replenishment scheduling. These facilities likely 
benefit from more accurate demand forecasting 
systems, optimized reorder policies, and efficient 
warehouse management processes. In contrast, 
distribution centers exhibiting lower service levels 
or higher stockout occurrences may face 
challenges related to inaccurate demand 
projections, suboptimal inventory allocation, or 
supply disruptions. Inventory turnover provides 
an additional indicator of operational efficiency. 
Higher turnover rates generally signify more 
effective inventory utilization, where products 
move quickly through the distribution network 
without accumulating excessive holding costs. 

However, extremely high turnover levels may also 
signal insufficient buffer inventory, which 
increases the risk of stockouts during demand 
surges. The results therefore suggest that optimal 
performance requires a balanced inventory 
strategy rather than aggressive cost minimization. 
Cost analysis across distribution centers further 
highlights disparities in operational efficiency. 
Facilities with lower total supply chain costs 
demonstrate more effective resource utilization, 
including transportation coordination, storage 
efficiency, and procurement planning. 
Conversely, higher cost levels may result from 
inefficient routing, excessive safety stock policies, 
or supplier performance issues. Overall, the table 
emphasizes the importance of network-level 
optimization approaches. Management science 
techniques such as network flow optimization, 
facility location modeling, and simulation-based 
inventory planning can assist managers in 
improving distribution center performance while 
maintaining high service levels. 

 
Table 3: Distribution center scorecard 

Distribution 
Center 

Revenue 
Total 
Cost 

Gross 
Margin 

Margin 
% 

Service 
Level 

Foreca
st 

Error 

Lead 
Time 
(days) 

Invento
ry 

Turnov
er 

DC_West 
$5,688,66

0 
$4,745,69

4 
$942,967 16.6% 99.1% 5.6% 9.4 1.86 

DC_South 
$5,988,09

4 
$5,111,55

3 
$876,541 14.6% 99.0% 6.5% 8.4 1.79 

DC_North 
$6,781,09

3 
$5,902,41

3 
$878,680 13.0% 99.1% 5.9% 6.7 1.72 

DC_East 
$6,568,25

6 
$5,752,54

0 
$815,717 12.4% 99.2% 6.6% 7.5 1.79 

 
Table 4 decomposes the total supply chain cost 
into its primary components: procurement cost, 
transportation cost, warehousing cost, and 
shortage cost. This breakdown provides insight 
into the financial drivers of supply chain 
operations and enables managers to identify areas 
where optimization strategies can generate the 
greatest cost savings. The analysis reveals that 
procurement cost constitutes the largest 

proportion of total supply chain expenditure. 
This finding is consistent with supply chain 
theory, where purchasing decisions significantly 
influence overall operational costs. Procurement 
cost variability across observations may reflect 
fluctuations in supplier pricing, order quantities, 
or product mix differences. Strategic sourcing 
initiatives and contract negotiation strategies can 
therefore play a significant role in reducing total 
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supply chain cost. Transportation cost emerges as 
another significant component of supply chain 
expenditure. Variations in transportation cost 
may result from differences in transport modes, 
shipment sizes, and route distances. Efficient 
transportation planning through vehicle routing 
optimization, shipment consolidation, and modal 
selection can significantly reduce logistics 
expenses while maintaining delivery reliability. 
Warehousing cost represents the financial 
implications of inventory storage and handling 
activities. Higher warehousing costs are typically 
associated with increased inventory levels or 
inefficient warehouse operations. Implementing 
advanced warehouse management systems and 
adopting automated handling technologies can 
improve operational productivity and reduce 

these costs. Shortage cost, although typically 
smaller in magnitude compared to procurement 
or transportation costs, represents the economic 
consequences of unmet demand. Stockouts not 
only generate direct financial penalties but may 
also damage customer relationships and long-
term brand reputation. Consequently, 
minimizing shortage cost requires balancing 
inventory investment with service level targets. 
The cost structure analysis highlights that 
effective supply chain optimization must address 
multiple cost drivers simultaneously. Integrated 
management science models such as multi-
objective optimization and supply chain network 
design models are therefore necessary to achieve 
sustainable cost efficiency. 

 
 

Table 4:  Product category economics 

Product 
Category 

Revenue 
Total 
Cost 

Gross 
Margin 

Margin 
% 

Service 
Level 

Forecas
t Error 

Lead 
Time 
(days) 

Invento
ry 

Turnov
er 

Apparel 
$6,350,95

3 
$5,120,88

2 
$1,230,07

1 
19.4% 99.1% 5.6% 7.9 1.84 

Electronics 
$9,455,46

3 
$8,076,63

1 
$1,378,83

2 
14.6% 99.0% 7.2% 8.0 1.79 

Home 
Appliances 

$9,219,68
8 

$8,314,68
5 

$905,002 9.8% 99.2% 5.7% 8.0 1.73 

 
Table 5 evaluates the relationship between 
forecasting accuracy and overall supply chain 
efficiency. Forecast accuracy is measured through 
forecast error metrics, while operational 
efficiency is represented by service level, 
inventory stability, and cost performance 
indicators. Accurate demand forecasting is widely 
recognized as one of the most influential 
determinants of supply chain performance. The 
results suggest that product categories exhibiting 
higher forecast accuracy also demonstrate 
improved operational outcomes. Specifically, 
higher forecasting precision reduces the 
mismatch between supply and demand, thereby 
minimizing both stockout occurrences and excess 
inventory accumulation. This alignment 

enhances inventory turnover while reducing 
warehousing costs and shortage penalties. 
Conversely, categories with higher forecast error 
percentages tend to experience greater 
operational instability. Demand forecasting errors 
lead to either overstocking or understocking 
situations, both of which impose financial 
penalties. Overstocking increases holding and 
warehousing costs, while understocking generates 
lost sales and customer dissatisfaction. The 
observed relationship therefore highlights the 
strategic importance of forecasting models within 
supply chain decision-making. From a 
management science perspective, improving 
forecast accuracy requires the adoption of 
advanced analytical techniques. Time series 
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forecasting models, machine learning algorithms, 
and hybrid forecasting approaches can 
significantly enhance predictive accuracy. 
Additionally, integrating real-time market data 
and demand signals into forecasting systems can 
further improve responsiveness to demand 
fluctuations. The findings suggest that supply 

chain performance improvements cannot rely 
solely on operational optimization models; they 
must also incorporate robust forecasting 
frameworks. By aligning demand predictions with 
inventory planning and procurement decisions, 
organizations can achieve both cost efficiency and 
high service levels. 

 
Table 5: Transport mode efficiency comparison 

Transport 
Mode 

Shipm
ents 

Revenue 
Gross 

Margin 
Margin 

% 
Service 
Level 

Lead 
Time 
(days) 

Unit 
Transpor

t Cost 

CO2 per 
$1M 

Revenue 

Intermodal 36 
$5,688,66

0 
$942,967 16.6% 99.1% 9.4 4.81 4417.7 

Rail 36 
$5,988,09

4 
$876,541 14.6% 99.0% 8.4 5.92 4008.7 

Truck 72 
$13,349,3

49 
$1,694,39

7 
12.7% 99.1% 7.1 5.43 4335.2 

 
Figure 1 presents a comparative visualization of 
forecast demand and actual demand across 
product categories and distribution periods. The 
primary purpose of this figure is to evaluate the 
accuracy of demand forecasting within the supply 
chain system and to identify potential deviations 
between predicted and realized market demand. 
Accurate demand forecasting is a critical 
component of supply chain optimization, as it 
directly influences procurement planning, 
inventory allocation, and distribution scheduling. 
The figure demonstrates that forecast demand 
generally follows the same trend pattern as actual 
demand, indicating that the forecasting model 
captures the overall direction of market demand 
fluctuations. However, noticeable gaps between 
forecasted and actual values appear during several 
periods, reflecting forecasting errors that may 
arise from demand volatility, seasonal variation, 
or unexpected market disruptions. These 
deviations highlight the inherent uncertainty 
present in supply chain environments where 
customer preferences and external economic 
conditions continuously evolve. Product 

categories with smaller gaps between forecasted 
and actual demand demonstrate stronger 
predictive performance. In contrast, categories 
exhibiting larger discrepancies suggest limitations 
in the forecasting methodology used. Such 
discrepancies may require the incorporation of 
more advanced forecasting techniques, including 
machine learning algorithms or hybrid time-series 
models that account for non-linear demand 
patterns. From an operational perspective, 
forecasting inaccuracies have direct implications 
for inventory management. Overestimation of 
demand results in excessive inventory holding 
costs, while underestimation increases the 
likelihood of stockouts and backorders. Both 
outcomes negatively affect supply chain efficiency 
and customer satisfaction. Overall, the figure 
underscores the strategic importance of 
integrating advanced forecasting models within 
supply chain management systems. Improving 
forecasting accuracy can significantly enhance 
demand-supply alignment, reduce operational 
costs, and strengthen overall supply chain 
responsiveness. 
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Figure 1: Monthly financial trend: revenue, total cost, and gross margin 

 
Figure 2 illustrates the distribution of total supply 
chain costs across different product categories, 
providing insight into how operational expenses 
vary throughout the supply chain network. The 
cost structure presented in the figure includes 
procurement cost, transportation cost, 
warehousing cost, and shortage cost, which 
collectively determine the overall financial 
efficiency of supply chain operations. The visual 
representation reveals that certain product 
categories incur significantly higher supply chain 
costs compared to others. These differences may 
arise from variations in product characteristics, 
transportation requirements, storage conditions, 
and supplier pricing structures. For example, 
electronics products often require specialized 
handling and protective packaging during 
transportation and storage, which increases 
associated logistics costs. Similarly, bulky or heavy 
items such as home appliances typically generate 
higher transportation and warehousing expenses 
due to their physical dimensions and handling 
complexity. The figure also highlights the 
proportional contribution of each cost 

component to the overall supply chain cost. 
Procurement cost typically represents the largest 
share of total expenditure, emphasizing the 
strategic importance of supplier selection and 
procurement strategy. Transportation and 
warehousing costs represent operational logistics 
expenses that can be optimized through route 
planning, shipment consolidation, and 
warehouse automation technologies. Another 
important observation from the figure is the 
presence of shortage costs in certain product 
categories. Shortage costs indicate the financial 
penalties associated with stockouts and unmet 
demand. These costs reflect inefficiencies in 
demand forecasting, inventory planning, or 
supplier responsiveness. From a management 
science perspective, the cost distribution analysis 
emphasizes the need for integrated cost 
optimization models. Multi-objective 
optimization approaches can help managers 
simultaneously minimize procurement, 
transportation, and inventory costs while 
maintaining service level requirements. 
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Figure 2: Service reliability versus forecast error 

 
Figure 3 presents a supplier performance matrix 
that compares On-Time-In-Full (OTIF) delivery 
performance against supplier lead time. This 
visualization provides a strategic overview of 
supplier reliability and responsiveness, both of 
which are critical determinants of supply chain 
stability. Suppliers that consistently deliver orders 
on time and in full while maintaining shorter 
lead times contribute significantly to operational 
efficiency. The matrix reveals that suppliers can 
be classified into different performance 
quadrants based on their delivery reliability and 
lead time characteristics. Suppliers positioned in 
the upper-left quadrant of the matrix 
demonstrate superior performance by achieving 
high OTIF rates while maintaining relatively 
short lead times. These suppliers represent 
strategic partners within the supply chain, as they 
enable efficient inventory replenishment and 
reduce the need for excessive safety stock. 
Conversely, suppliers located in the lower-right 
quadrant exhibit lower OTIF performance and 
longer lead times, indicating potential reliability 

concerns. These suppliers may introduce 
operational risks, including delayed deliveries, 
stock shortages, and increased buffer inventory 
requirements. Such performance limitations 
highlight the need for supplier development 
initiatives or potential supplier replacement 
strategies. The figure also emphasizes the 
importance of integrating supplier performance 
metrics into procurement decision-making 
processes. Traditional procurement strategies 
often prioritize cost considerations; however, the 
results indicate that delivery reliability and 
responsiveness are equally important in 
maintaining supply chain efficiency. Management 
science models such as multi-criteria decision 
analysis (MCDA), analytical hierarchy process 
(AHP), and supplier scoring frameworks can be 
applied to evaluate suppliers based on multiple 
performance dimensions simultaneously. These 
models enable organizations to identify suppliers 
that provide the optimal balance between cost 
efficiency, quality performance, and delivery 
reliability. 
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Figure 3: Distribution center profitability and response time trade-off 

 
Figure 4 illustrates the forecasting–efficiency 
frontier across different product categories by 
examining the relationship between forecast 
accuracy and average supply chain cost per unit. 
The concept of an efficiency frontier originates 
from operations research and management 
science, where it is used to identify the most 
efficient performance combinations among 
competing alternatives. In the context of supply 
chain management, the efficiency frontier 
represents product categories that achieve the 
highest forecasting accuracy relative to their 
operational cost levels. Categories positioned 
directly on the frontier demonstrate superior 
performance, indicating that their forecasting 
systems effectively align supply with demand 
while maintaining cost efficiency. These 
categories can be considered operational 
benchmarks for other product segments within 
the supply chain. Product categories positioned 
below the frontier represent comparatively 
inefficient combinations of forecasting accuracy 
and operational cost. In these cases, either 
forecasting accuracy is insufficient relative to the 

cost incurred, or operational costs remain 
excessively high despite relatively accurate 
demand predictions. Such inefficiencies suggest 
potential opportunities for improvement in 
demand planning, inventory control policies, or 
logistics cost management. The figure also 
highlights the trade-off between forecasting 
accuracy and supply chain cost. Achieving higher 
forecasting accuracy often requires investment in 
advanced analytics systems, data integration 
platforms, and demand sensing technologies. 
However, improved forecasting accuracy can 
significantly reduce operational costs by 
minimizing inventory imbalances and reducing 
the likelihood of stockouts or excess inventory. 
Overall, the forecasting–efficiency frontier 
provides a valuable analytical tool for identifying 
performance benchmarks and guiding managerial 
decision-making. Organizations can utilize this 
framework to prioritize investments in forecasting 
systems and operational improvements that move 
inefficient product categories closer to the 
efficiency frontier. 
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Figure 4: Product category forecasting-efficiency frontier 

 
Figure 5 illustrates the trade-off relationship 
between service level performance and total 
supply chain cost. Service level represents the 
probability that customer demand will be fulfilled 
without delay, while total supply chain cost 
includes procurement, transportation, 
warehousing, and shortage costs. Understanding 
the balance between these two variables is 
essential for designing efficient supply chain 
strategies. The figure demonstrates that higher 
service levels are generally associated with 
increased supply chain costs. This relationship 
occurs because achieving high service levels 
requires maintaining higher inventory levels, 
implementing faster transportation options, and 
ensuring reliable supplier relationships. These 
operational improvements inevitably increase 
logistics and inventory holding costs. However, 
the relationship is not strictly linear. Beyond a 
certain threshold, incremental improvements in 
service level require disproportionately larger 
increases in cost. This phenomenon reflects the 
principle of diminishing returns in supply chain 
optimization. Achieving near-perfect service levels 

often requires substantial investments in safety 
stock and expedited logistics, which may not 
always be economically justified. Conversely, 
operating at very low service levels may reduce 
operational costs in the short term but introduces 
significant risks related to stockouts, lost sales, 
and customer dissatisfaction. Persistent stockouts 
can damage customer loyalty and reduce long-
term revenue potential. The figure therefore 
emphasizes the importance of identifying an 
optimal service level that balances operational 
cost efficiency with customer satisfaction. 
Management science models such as Economic 
Order Quantity (EOQ), stochastic inventory 
models, and service-level optimization 
frameworks can assist managers in determining 
this optimal balance. Ultimately, the service 
level–cost trade-off analysis highlights that supply 
chain performance should not be evaluated solely 
based on cost minimization but rather through a 
balanced approach that considers both 
operational efficiency and customer service 
quality. 
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Figure 5:  Transport mode cost-carbon trade-off 

 
Conclusion 
This study examined the role of management 
science models in optimizing supply chain 
performance by analyzing the relationships 
among forecasting accuracy, supplier reliability, 
operational costs, and service level performance. 
The findings demonstrate that supply chain 
efficiency is not determined by a single 
operational factor but rather by the interaction of 
multiple interconnected components within the 
supply chain system. Demand forecasting 
accuracy emerged as one of the most influential 
determinants of operational performance. The 
results indicate that improved forecasting 
precision significantly reduces demand–supply 
mismatches, which in turn minimizes excessive 
inventory holding costs and stockout 
occurrences. Consequently, organizations that 
invest in advanced forecasting techniques are 
more likely to achieve higher service levels while 
maintaining cost efficiency. The analysis also 
revealed that supplier performance plays a critical 
role in maintaining stable supply chain 
operations. Suppliers with higher On-Time-In-
Full delivery rates and shorter lead times 
contribute to more reliable inventory 

replenishment cycles and reduce the need for 
excessive safety stock. Conversely, suppliers with 
inconsistent delivery performance introduce 
operational uncertainty, increasing inventory 
costs and disrupting distribution processes. These 
findings highlight the importance of 
incorporating supplier performance evaluation 
into supply chain decision-making frameworks. 
Furthermore, the cost structure analysis 
demonstrated that procurement and 
transportation costs constitute the largest 
components of total supply chain expenditure. 
Effective coordination between procurement 
strategies, transportation planning, and inventory 
management is therefore essential for achieving 
sustainable cost efficiency. The results emphasize 
that supply chain optimization should be 
approached through integrated management 
science models that simultaneously consider cost, 
service level, and operational reliability. Overall, 
the study confirms that the application of 
quantitative analytical techniques can 
significantly enhance supply chain decision-
making and operational performance. By 
integrating forecasting models, supplier 
performance assessment, and cost optimization 
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strategies, organizations can develop more 
resilient and efficient supply chain systems. 
Future research should explore the integration of 
advanced analytics, machine learning techniques, 
and real-time supply chain data to further 
enhance predictive accuracy and operational 
responsiveness in dynamic supply chain 
environments. 
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