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Abstract: - Choosing express logistics service providers is a tough decision that affects costs, the quality of 

service, delivery reliability, and customer satisfaction. While multicriteria decision-making methods are usually 

used in supplier selection, most studies focus on traditional criteria such as price and lead time. In this paper, a 

PROMETHEE-GAIA based decision support model is proposed that incorporates two additional dimensions 

into traditional logistics performance indicators: sustainability, evaluated through environmental, social, and 

governance (ESG) alignment, and consumer reputation, measured using indices derived from a public 

complaint platform. By using quantitative and qualitative criteria, the model gives a more complete and 

transparent evaluation of providers operating in Courier, Express, and Parcel markets. The model tested with 

five express transport providers shows that ESG and complaint-based metrics affect supplier rankings and 

improve decision robustness under sensitivity analysis. The framework improves PROMETHEE applications 

and offers logistics managers a more general, stakeholder-oriented tool for supplier selection. 
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1 Introduction 
Selecting transport partners in Courier, Express and 

Parcel (CEP) services involve trade-offs between 

cost, service quality, risk to the supply chain and 

customer experience. They play a key role in 

enabling fast and efficient global connections for 

businesses and individuals by providing access to 

the worldwide marketplace,  [1], [2]. 

 Recent research has established the value of 

multicriteria decision-making tools such as AHP, 

TOPSIS, and PROMETHEE in logistics and 

supplier selection, [3], [4], [5], [6], [7], [8], [9], [10], 

[11], [12], [13], [14], [15], [16], [17]. These 

approaches present a systematic way of resolving 

conflicting objectives; however, most companies are 

still confined to "classic" performance parameters, 

such as price, lead time, and service quality, [3], [4], 

[5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], 

[16], [17]. However, the current logistical 

environment demands an expanded framework for 

evaluating performance. Consumers and investors  

have come to anticipate that all organizations will be 

committed to their responsibilities in terms of 

environmental (sustainability) and social issues, 

[16], [18], [19]; and they also seek to assess how 

well companies serve their customers by assessing 

reputation, responsiveness to complaints, and 

corporate transparency, [20], [21]. 

 In contrast to previous studies on the application 

of PROMETHEE to problems concerning supplier 

selection for logistics purposes, this research differs 

in three major ways: (1) it includes sustainability 

related to environmental, social and governance 

issues as criteria in the evaluation of suppliers; (2) it 

develops a measure of consumers perceptions 

through the creation of a public complaint index; 

and (3) it provides greater transparency in all 

aspects of the methodology, including the 

establishment of criteria, their normalisation and 

sensitivity analysis.  

These new dimensions have been incorporated into 

a PROMETHEE-GAIA framework which is 

intended to provide an integrated socially acceptable 

and standardised decision support system for 

logistics managers that is based upon the 

combination of efficiency and stakeholder 

expectations.  

 The applicability of the proposed methodology 

has been demonstrated by means of a case study 

comparing the performance of five global courier 
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companies (Fedex, Dhl, Ups, Dpd and Nacex). The 

results show how the use of ESG and Consumer 

Perception criteria changes the relative positions of 

potential suppliers and makes decisions more robust 

and sustainable, thus giving logistics managers a 

decision-making tool that is socially acceptable but 

also operationally reliable. 

 

 

2 Literature Review 
 

2.1 Supply Chain Management and CEP 

 Services  
Supply Chain Management (SCM) is concerned 

with the development, coordination and integration 

of all procurement, logistics and distribution related 

activities within an organization or across 

organizations, [22], [23]. The primary role of 

transportation is to provide time and place utility in 

order to facilitate the most efficient movement of 

goods from the supplier to the customer, [24], [25]. 

As E-Commerce continues to expand, so does the 

need for Express Delivery Services as they now 

represent a key component of supply chain 

strategies that can support both business agility and 

responsiveness to volatile customer demand,  [26], 

[27]. Consequently, the Courier, Express, and Parcel 

(CEP) sector is ever more recognized as both a 

strategic enabler and a competitive differentiator in 

logistics performance. 

 

2.2 Supplier Selection in Logistics 
Supplier selection can be divided into two stages: 

Pre-qualifying and Final Decision, [28]. Risk, 

flexibility, and strategic alignment were gradually 

added to the initial approaches focused on cost and 

quality, [17], [29]. More recent studies have placed 

a greater emphasis on Sustainable Supplier 

Selection due to increased pressure from both 

Regulatory bodies and Stakeholders. Hybrid 

frameworks that combine AHP, TOPSIS, and 

PROMETHEE are widely adopted for balancing 

cost, quality, and environmental performance, [16], 

[17], [18]. Digitalization and big data analytics also 

make it possible to monitor and assess predictions in 

real time, [30], [31]. After 2019, there was a visible 

increase in fuzzy, AI-based, and hybrid approaches 

in sustainable supplier selection research, according 

to bibliometric evaluations, [20], [21]. 

Despite this evolution, two dimensions remain 

underexplored in logistics supplier evaluation: (1) 

consumer perception and reputation metrics – 

although central to service industries, reputation 

indicators such as complaint indices are rarely 

operationalized in MCDM models. (2) holistic ESG 

integration – while sustainability is increasingly 

cited, systematic incorporation of environmental, 

social, and governance (ESG) dimensions into 

decision support frameworks remains limited, [19], 

[32]. 

 

2.3 Multicriteria Decision-Making (MCDM) 
MCDM methods provide organizes frameworks for 

managing conflicting objectives in supplier 

selection.  

Among the most frequently applied are AHP, 

TOPSIS, and PROMETHEE, [3], [33]. These 

methods allow integration of both quantitative and 

qualitative factors, and PROMETHEE has been 

widely adopted due to its intuitive preference 

functions and GAIA visualization,  [34], [35]. 

Recent developments include fuzzy PROMETHEE, 

[36], machine learning-enhanced PROMETHEE, 

[37], and hybrid approaches for sustainable sourcing, 

[38]. 

However, a review of applications reveals that 

most PROMETHEE-based studies remain focused 

on conventional criteria (cost, quality, delivery), 

[16], [17], [18]. Very few studies explicitly include 

consumer reputation or ESG criteria in supplier 

evaluation. This research addresses this gap by 

combining PROMETHEE-GAIA with novel, 

stakeholder-sensitive criteria - sustainability and 

complaint indices - thus extending its applicability in 

the express logistics sector. 

 

 

3 Methodology 
 

3.1 Research Design 
This study adopts a decision-analytic modeling 

approach. A set of six evaluation criteria was 

defined, combining quantitative and qualitative 

measures. Data were obtained from real-world 

express transport providers and normalized for 

comparability. To obtain the ranking, 

PROMETHEE II was used; to visualize the results, 

GAIA was employed; and to test for robustness by 

analyzing how sensitive the results are to changes in 

the input parameters, a sensitivity analysis was 

performed. Due to the emphasis on methodological 

transparency, as a means of achieving replication. 

 

3.2 Selection of Alternatives 
Five international express logistics providers (DHL, 

UPS, NACEX, DPD, FedEx) were selected due to 

their market presence in Portugal. Although the 

sample is limited, it reflects a relevant subset of 
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global CEP operators. The aim is not statistical 

generalization but methodological demonstration; 

thus, the sample size reflects a focused but 

representative subset of market leaders. 

 

3.3 Decision Criteria and Data Sources 
Six decision criteria were defined, integrating both 

operational and stakeholder-oriented factors.  
 

3.3.1  Price per kg 

This is a quantitative criterion, and the objective is 

to minimize it. It refers to the cost the organization 

must incur for transporting goods, calculated in 

€/kg. There are four geographic location zones 

where the provider can deliver to from the 

organization's facility. They include Portugal (PT), 

Spain (ES), Europe 1 (EUR1), and Europe 2 

(EUR2). The provider price tables (2024) were used 

to normalize the prices per kilogram in euros with 

respect to each zone (PT, ES, EUR1, EUR2) and 

within weight ranges for express transport 

providers. Typically, express transport companies 

have segmented price tables based on both weight 

ranges and delivery zone for the services they 

provide (Table 1). In this study, there are five 

weight ranges for which we established price tables. 

These ranges are: ]0, 5] Kg, ]5, 10] Kg, ]10, 20] Kg, 

]20, 30] Kg, and more than 30 kilograms.  

 

Table 1. Price Table by Weight Range and 

Destination Zone 

Organization Code Zone 

Weight 

Range  

(kg) 

Price 

(€) 

Additio

nal (€) 

C1  

PT ]0, 5] PT 0-5 8,00    

PT ]5,10] PT 6-10 10,00    

PT ]10, 20] PT 11-20 14,00    

PT ]20, 30] PT 20-30 17,00    

PT ]30, +00[ PT +30 21,00  0,40  

ES ]0, 5] ES 0-5 9,00    

ES ]5, 10] ES 6-10 11,00    

ES ]10, 20] ES 11-20 15,00    

ES ]20, 30] ES 20-30 18,00    

ES ]30, +00[ ES +30 23,00  0,48  

EUR 1 ]0, 5] EUR 1 0-5 11,20    

EUR 1 ]5, 10] EUR 1 6-10 14,00    

EUR 1 ]10, 20] EUR 1 11-20 25,00    

EUR 1 ]20, 30] EUR 1 20-30 30,00    

EUR 1 ]30, 
+00[ 

EUR 1 +30 35,00  0,60  

EUR 2 ]0, 5] EUR 2 0-5 13,44    

EUR 2 ]5, 10] EUR 2 6-10 16,80    

EUR 2 ]10, 20] EUR 2 11-20 30,00    

EUR 2 ]20, 30] EUR 2 20-30 36,00    

EUR 2 ]30, 
+00[ 

EUR 2 +30 42,00  0,82  

Source: Created by the author - Official price tables (2024)  

 

To allow for comparison among several service 

providers due to differences in how service 

providers structure their pricing, it may be required 

to restructure or normalize the pricing data 

presented in the price tables. By restructuring or 

normalizing the pricing data, service providers will 

be able to compare fairly and accurately service 

offerings. 

To determine the price per kilogram (€/kg), a 

simple formula was used: the total price to be paid 

for each zone was divided by the corresponding 

total weight (in kg) transported to that zone. This 

calculation allows for the normalization of costs 

across different providers and destinations, enabling 

a fair comparison of transport efficiency per unit of 

weight (Table 2). 

 

Table 2. Cost per Zone 

Zone Price per kg (€) 

PT              0,89 €  

ES              0,93 €  

EUR 1              1,45 €  

EUR 2              1,80 €  

Source: Created by the author 

 

This price-per-kilogram metric is an important 

quantitative criterion in the supplier evaluation 

model, particularly in multicriteria decision-making 

(MCDM) contexts involving logistics providers, 

[30]. By standardizing cost values across regions 

and providers, decision-makers can better compare 

pricing structures relative to the service offered. 
 

3.3.2  Lead Time  
Lead time is a quantitative criterion to be 

minimized. The lead time (measured in days) is the 

total amount of time from the moment the shipment 

is picked up at the origin by the carrier until it 

reaches its destination. This information must be 

provided by the transport supplier during the 

negotiation process. 

Lead times differ based on the geographical zone 

and the structure of the transport provider. While 

some companies may rely on subcontracting 

strategies to extend their operational reach, others 

may have more reliable timelines thanks to their 

own global networks. In such cases, although the 

provider may offer broader coverage, the use of 

third parties often results in longer lead times. Some 

suppliers specialize in specific geographic niches 

and may outperform global players in those regions, 

[17], [30], [38]. 
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3.3.3  Payment Terms 

This is also a quantitative criterion measured in 

days. It refers to the time the client is allowed to 

take to settle payment for transportation services. 

Longer payment terms can act as a form of 

financing offered by the provider. Therefore, from 

the client’s perspective, this criterion is to be 

maximized. More favorable payment terms can 

improve cash flow and reduce financial pressure for 

the contracting organization, [39]. 
 

3.3.4  Service Quality 
Service quality is a qualitative criterion that must be 

assessed based on predefined minimum standards 

established by the organization. As this is a 

subjective dimension, it requires quantification to 

allow for objective comparison and decision-making. 

A 5-point Likert scale is used, where: 1 = Very Poor; 

2 = Poor; 3 = Acceptable; 4 = Good and 5 = 

Excellent. 

 To determine the quality score, the organization 

may evaluate several factors, including delivery 

success rates; internal knowledge and client-specific 

experience; evaluations by regulatory bodies; degree 

of control over the transportation network (owned 

vs. subcontracted), and relevance to the company’s 

operational context. 

It is important to note that a transport supplier’s 

service quality may vary depending on the sector or 

type of goods handled. A provider may perform 

excellently in one industry but poorly in another  

[16], [40]. 

 

3.3.5  Sustainability (ESG Alignment)  
Sustainability is a qualitative criterion that evaluates 

the current and planned investments or actions aimed 

of the supplier demonstrating a balance between 

economic development, social responsibility, and 

environmental protection. The assessment can 

include the use of electric or low-emission vehicles, 

carbon offsetting programs, ethical labour practices, 

certifications (e.g., ISO 14001, Eco Vadis) and 

participation in circular logistics initiatives. 

This criterion reflects the organization’s 

compliance with the global sustainability goals and 

ESG (Environmental, Social, and Governance) 

policies,  [19], [32]. 

 

3.3.6  Consumer Complaint Index  
This is a quantitative criterion that measures the 

supplier’s customer satisfaction index based on 

complaints registered on Portal da Queixa, a public 

and free-access online complaint platform. The index 

is from 0 to 100, which indicates the brand’s ability 

to respond and solve user complaints. A higher index 

denotes better reputation and customer service 

performance. 

This criterion can be particularly useful in 

understanding the supplier’s sensitivity to consumer 

feedback and its commitment to resolving service 

issues. 

 

3.4 Weight Assignment 
As [34], emphasize, assigning weights to criteria is 

one of the most challenging steps in a multicriteria 

decision-making process. These weights reflect the 

decision-maker’s preferences, values, and 

organizational priorities, [34]. To support this 

process, a tool was developed that calculates the 

relative weight of the “Price” and “Lead Time” 

criteria by considering both the transport volumes 

per destination and the strategic relevance of each 

region. This approach ensures that criteria with 

direct operational impact are weighted proportionally 

to their relevance in the logistics flow. The weight 

considered for each criterion is: Price (25%), Lead 

Time (25%), Payment Term (11%), Service Quality 

(12%), Sustainability (13%), and Complaint Portal 

Satisfaction Index (14%). The highest weights were 

assigned to the price and lead time criteria due to 

their direct influence on operational performance and 

competitiveness in the express transportation sector. 

Such weighting strategies are consistent with best 

practices in supplier selection literature, which 

emphasize aligning the criteria with both quantitative 

logistics performance indicators and qualitative 

strategic goals, [16], [17], [19]. 

 

3.5 Preference Function Selection 
PROMETHEE requires defining how differences 

between alternatives are interpreted. Selection 

followed, [34]  and was validated through 

PROMETHEE Decision Lab Assistant. Functions 

were selected according to the criterion type: 

 V-shape function for Price and Lead Time 

(captures sensitivity to incremental changes). 

 Usual function for Payment Terms (binary 

distinction between “better” and “worse”). 

 Level function for Service Quality and 

Sustainability (stepwise subjective scales). 

 Linear function for Complaint Index 

(continuous perception of differences). 

  

Thresholds (indifference, preference) were 

calibrated from industry practice (e.g., ±1 day in lead 

time = meaningful; ±5 points in complaint index = 

noticeable).  
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3.6 Validation and Robustness Checks 

 Internal validation: consistency checks 

performed by recalculating weights with 

alternative aggregation (entropy method). 

Results showed consistent ordering. 

 Sensitivity analysis: Visual Stability 

Intervals (VSI) tested robustness under 

±20% weight variations for each criterion. 

 External validation: DHL's leadership and 

FedEx's inferior positioning were consistent 

with external evaluations when results were 

compared to independent logistics rankings 

for plausibility. 
 

3.6.1  Supplementary Statistical Validation 

To strengthen the methodological robustness of the 

proposed multicriteria decision support model, a set 

of complementary statistical analyses was conducted 

before the application of the PROMETHEE-GAIA 

method. These analyses are not designed to provide a 

basis for probabilistic inferences at a population 

level; however they will be useful to demonstrate the 

validity of the internal consistency, structural 

relevance and justifications of the evaluation criteria 

that are being utilized within the decision model. 

 First, one way analysis of variance (ANOVA) 

was performed on the quantitative cost and lead 

times for each of the four destination zones 

(Portugal, Spain, Europe 1 and Europe 2), to 

determine if there is statistical significance with 

respect to the difference across these destinations. 

The null hypothesis assumes equality of mean values 

across zones. Rejection of the null hypothesis 

supports the treatment of each destination zone as a 

distinct evaluation dimension and justifies the 

adopted normalization procedures and differentiated 

weighting strategy for cost and time-related criteria. 

Second, chi-square tests of independence were 

used on qualitative and categorical criteria to 

validate how they are structurally incorporated into 

the multicriteria framework. For the service quality 

criterion, contingency tables crossing transport 

providers with Likert-scale quality levels were 

analyzed to determine whether there is a systematic 

association between specific suppliers and the 

quality assessments or if these quality assessments 

are randomly distributed among all available 

suppliers. A similar approach was applied to the 

sustainability (ESG alignment) criteria by 

considering the presence or absence of key 

environmental, social and governance practices. 

These tests support the ordinal score assignment 

from qualitative judgment to be evaluable through 

PROMETHEE method.  

Finally, Spearman’s rank correlation coefficient 

was employed to assess the stability of supplier 

rankings before and after the inclusion of 

sustainability and consumer complaint indices. This 

research gives more information on how sensitive 

the decision outcome is to non-traditional 

performance dimensions and quantifies the extent to 

which stakeholder-oriented criteria affect the final 

ranking. 

These additional statistical procedures increase 

the transparency and internal validity of the dataset 

and reinforce the credibility of the decision model, 

while preserving the essentially non-probabilistic 

and preference-based character of the 

PROMETHEE-GAIA methodology. 

 

 

4 Results and Discussion 

This section presents and discusses the results of the 

multicriteria decision making (MCDM) analysis, 

conducted through the PROMETHEE-GAIA 

methodology. The results express the performances 

of the logistics service providers under evaluation 

on the decision criteria defined, considering 

quantitative and qualitative factors. The results 

show the performance of the logistics service 

providers under assessment related to the defined 

decision criteria, both quantitative and qualitative 

aspects were considered. The PROMETHEE II 

ranking shows a clear ordering of the alternatives by 

aggregating the preference flows, while the GAIA 

plane gives a visual representation that helps to 

understand the trade-offs and conflicts between the 

criteria. Sensitivity analyses were also performed to 

test the robustness of the rankings under different 

weight scenarios. The discussion combines these 

findings with the knowledge from literature and the 

operational setting of the express logistics sector 

and indicates practical implications for decision 

makers. 

 

4.1 PROMETHEE II Ranking Results 
The PROMETHEE II analysis yielded a complete 

ranking of the five evaluated transportation service 

providers based on their aggregated preference flow 

(Phi) (Figure 1). Results show DHL as the top 

ranked alternative with highest net flow (Φ = 

0.1449), indicating strong overall performance 

across the weighted criteria. UPS follows with a 

moderate positive net flow (Φ = 0.0733), suggesting 

competitive performance but with some trade-offs in 

specific areas. DPD is ranked third (Φ = 0.0426) 

with a positive net flow but is a little lower than 

UPS. FedEx shows negative net flows of -0.2695, 
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indicating that it is less preferred compared than the 

other providers under the current weighting scheme. 

The positive outranking flows (Phi⁺ ) represent the 

degree to which each alternative outranks others, 

with DHL again leading (Φ⁺  = 0.4265). The 

negative outranking flows (Phi⁻ ) reflect the degree 

to which each alternative is outranked by others; 

FedEx has the highest Phi⁻  value (0.4684), 

suggesting relatively poor performance across 

several criteria. 

 

 
Fig. 1. Screenshot of the PROMETHEE II Flow 

Table showing net preference flows (Phi), positive 

flows (Phi⁺ ), and negative flows (Phi⁻ ) for each 

logistics provider 
Source: Created by the author 

 

The results obtained offer clear guidance to 

decision makers, identifying DHL as the most 

suitable logistics partner, according to the developed 

evaluation model and the trade-off among the 

factors considered (cost, service quality, lead time, 

payment terms, sustainability and customer 

satisfaction). The relatively small differences among 

the mid-ranked alternatives further imply that small 

changes in the weights of the criteria would lead to a 

change in the ranking, which is further investigated 

in the sensitivity analysis. The relatively small 

differences between the options in the middle ranks 

also suggest that small changes in the criteria’s 

weights could lead to changes in the ranked order. 

This is further addressed in the sensitivity analysis. 

 

4.2 GAIA Plane Analysis 
The GAIA (Geometrical Analysis for Interactive 

Aid) plane offers a visual representation of the 

performance of each alternative relative to the 

defined decision criteria. As shown in Figure 2, the 

decision axis (represented by the red vector) reflects 

the aggregated direction of the decision-maker’s 

preferences, derived from the weighted criteria. 

DHL, positioned in the same direction as the 

decision axis and far from the cluster of other 

providers, emerges as the most aligned with the 

ideal profile. This confirms its top ranking in the 

PROMETHEE II analysis. 

In contrast, FEDEX and DPD appear in the 

opposite direction of the decision axis, indicating 

weak alignment with the prioritized criteria, 

especially on price and service performance. 

NACEX, while relatively distant from the decision 

axis, is positioned not near the origin, suggesting a 

more neutral performance with no extreme strengths 

or weaknesses. 

The proximity of UPS to the central cluster, 

particularly near criteria such as quality, lead time in 

Spain, and complaint index, suggests that its 

performance is balanced and generally aligned with 

core expectations, albeit with lower impact than 

DHL. Notably, DHL stands out positively on lead 

time in EUR2 and sustainability, while FEDEX and 

DPD seem more closely aligned with price EUR2 

and price ES, although at the cost of 

underperforming in other areas. 

The GAIA plane explains 88,7% of the decision 

problem’s variability in the two principal 

dimensions (U-V), indicating a high-quality 

representation of the multicriteria space and 

enhancing the reliability of the visual interpretation. 

 

 
Fig. 2. GAIA Plane illustrating the relative 

positioning of logistics providers and decision 

criteria in a reduced-dimensional space 
Source: Created by the author 

 

These insights from the GAIA analysis confirm 

the PROMETHEE II ranking and provide decision-

makers with a detailed understanding of the trade-

offs and strengths of each supplier. 

 

 

5 Sensitivity Analysis 

Sensitivity analysis was performed for each of the 

ten decision criteria to evaluate the robustness of the 

ranking results using the Visual Stability Intervals 

(VSI) tool of the PROMETHEE software. This 

analysis evaluates the sensitivity of the ranking of 

the alternatives to variations in the weight of each 

criterion and therefore provides insight into the 

stability of the decision. 
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 The sensitivity analysis of the four price-related 

criteria (Figure 3), Price PT, Price ES, Price EUR1, 

and Price EUR2, reveals that these factors have a 

strong influence on the ranking of logistics service 

providers, yet exhibit limited stability when 

compared to other criteria. 

Price PT and Price ES both present narrow 

Weight Stability Intervals (WSI), with stability 

ranges of [0.00%, 7.53%] and [0.00%, 11.13%], 

respectively. This means that even small changes in 

the weight assigned to these criteria could 

significantly alter the ranking of alternatives. 

Notably, UPS’s ranking is highly sensitive to 

changes in these weights, indicating a fragile 

position under cost-based evaluation. 

Price EUR1 and Price EUR2 offer slightly 

broader stability ranges [4.17%, 11.06%] and 

[2.40%, 8.69%], which still implies moderate 

sensitivity. Concerning the relative positioning, the 

weight of these criteria increases as the better the 

relative position of the provider becomes, which is 

an indicator of the higher strength of FedEx and 

DPD in the European pricing context. Overall, the 

results highlight the importance of the pricing 

criteria in the supplier selection process. Given the 

low-to-moderate robustness of the findings, any 

change in the weight of these factors, due to 

budgetary reasons or strategic reordering, should be 

re-assessed through further multicriteria analysis to 

prevent undesired modifications of the supplier 

ranking. 

The results collectively highlight the high 

influence of pricing criteria on supplier selection 

process. Because of their low to moderate 

robustness, any change in the weight allocation for 

cost-related factors (either due to budget changes or 

strategic re-prioritization) should be carefully re-

evaluated with updated multicriteria analysis to 

avoid unintended changes in supplier ranking. 

 

 
 

 

 

 
Fig. 3. Sensitivity analysis of cost-related criteria 

(Price PT, Price ES, Price EUR1, and Price EUR2), 

showing the stability intervals (WSI) for each 

criterion 
Source: Created by the author 
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Fig. 4. Visual Stability Intervals (VSI) for lead 

time-related criteria, showing the impact of weight 

variation on ranking stability across domestic (PT, 

ES) and European (EUR1, EUR2) zones 
Source: Created by the author 

 

Sensitivity Analysis of the Lead Time Criteria 

Lead Time PT, Lead Time ES, Lead Time EUR1, 

Lead Time EUR2 (Figure 4) shows a high degree of 

stability, which supports the robustness of the 

decision model in time-based performance 

evaluations.  

Maximum stability is observed for both Lead 

Time PT and Lead Time ES, with Weight Stability 

Intervals (WSI) ranging from 0.00% to 100.00%. 

This implies that any variation of weight given to 

these criteria, from 0% to 100%, would not change 

the ranking of the alternatives.  Therefore, these 

criteria are viewed as being very robust and non-

disruptive, thus providing reliable components for 

the model, even in extreme prioritization situations. 

Lead Time EUR1 and Lead Time EUR2 show 

moderate-to-high stability, with WSI ranges of 

[6.68%, 20.74%] and [4.65%, 19.01%], respectively. 

While not as robust as their domestic counterparts, 

these criteria still tolerate a reasonable range of 

weight variation without causing rank inversions. In 

these scenarios, DHL consistently improves its 

position as the weight of lead time increases, 

whereas NACEX tends to lose ground, indicating 

that time performance in European zones is a relative 

strength of DHL and a weakness for NACEX. 

Overall, the lead time group contributes 

meaningfully to the model and maintains strong 

structural integrity. These results validate the 

strategic importance of incorporating delivery speed 

as a stable and reliable criterion in logistics provider 

selection. 

The final set of criteria includes a mix of 

financial, subjective, and reputation-based 

dimensions. The results of the sensitivity analysis 

(Figure 5) reveal varying degrees of influence on the 

stability of the overall provider ranking: 

- Quality stands out with an extremely wide 

stability range ([9.61%, 100.00%]), indicating that 

the ranking remains highly stable across a broad 

spectrum of weight allocations. This robustness 

confirms DHL’s consistent advantage in service 

quality, with its ranking improving steadily as the 

weight of this criterion increases. This makes quality 

a strategically safe criterion to emphasize without 

risking ranking volatility. 

- Sustainability also demonstrates moderate 

stability, with a WSI range of [3.57%, 14.80%]. 

While not as dominant in the overall decision model, 

it offers flexibility and can be given more 

prominence without significantly affecting the 

ranking structure. Again, DHL is the most benefitted 

when sustainability is prioritized, which shows that it 

is in line with ESG values. 
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- By contrast, the Complaint Index has a tight 

stability interval ([0.00%, 9.01%]) indicating that 

small changes in weights can change the ranking. 

This implies that the model is sensitive to customer 

satisfaction metrics and decisions based on this 

criterion should be taken with caution. Notably, 

FedEx shows the worst performance in this area. 

- Payment Terms, with a WSI of [0.38%, 

12.88%], also have limited stability. Providers like 

DPD and NACEX gain a relative advantage when 

this criterion is emphasized, while DHL’s position 

declines, showing that payment flexibility is not its 

strength. Therefore, organizations with strict cash-

flow concerns may need to reweigh this criterion 

carefully. 

 

 

 

 

 
Fig. 5. Visual Stability Intervals (VSI) for 

Payment, Quality, Sustainability, and Complaint 

Index criteria, illustrating their respective influence 

on ranking sensitivity 
Source: Created by the author 

 

These findings reinforce the model strength in 

qualitative terms (particularly quality), but also 

highlight risks of volatility related to customer 

perception and financial flexibility. 

The sensitivity analysis conducted across all 12 

evaluation criteria provides a robust assessment of 

the decision model's stability and highlights the 

relative impact of each criterion on the final supplier 

ranking. The analysis revealed three distinct groups 

of criteria based on their weight stability intervals 

(WSI): 

- Highly Stable Criteria: Lead Time PT, Lead 

Time ES, and Quality exhibited the widest WSI 

ranges - up to 100% - demonstrating strong 

robustness. This means that the overall supplier 

ranking remains unaffected even under extreme 

changes in the weight assigned to these criteria. 

These results confirm the reliability of the model 

when prioritizing core service dimensions such as 

delivery performance and perceived quality. 

- Moderately Stable Criteria: Lead Time 

EUR1, Lead Time EUR2, Price EUR1, Price EUR2, 

and Sustainability showed moderate stability. While 

their influence on the ranking is more sensitive to 

weight adjustments than the first group, they still 

tolerate reasonable variations without significantly 

disrupting the order of preference. These criteria 

reflect operational efficiency and strategic alignment 

with sustainable practices, particularly relevant in a 

European logistics context. 

-  Less Stable Criteria: Price PT, Price ES, 

Payment Terms, and Complaint Index presented 

narrow WSI ranges, indicating a high sensitivity to 

weight changes. A slight adjustment in these factors 

may result in rank inversion or changes in the top 

suppliers. These criteria should be examined with 
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caution in future decision cycles, especially when 

the organization anticipates changes in budget 

constraints, financial policies or customer 

satisfaction goals. 

Therefore, the sensitivity analysis indicates that the 

model is structurally sound and robust to decision-

making for most strategic criteria. It also 

emphasizes the importance of proper weights 

assignment, particularly in the context of cost and 

customer perception factors, as these can 

excessively affect the supplier selection decision.   

 
 

6 Conclusion  
This paper contributes to the supplier selection 

literature by moving beyond conventional 

applications of PROMETHEE-GAIA and 

incorporating two novel dimensions, sustainability 

(ESG alignment) and consumer reputation metrics 

derived from complaint platforms. While 

PROMETHEE has been previously applied to 

logistics, our framework shows how the 

incorporation of such non-traditional, stakeholder-

driven criteria changes the ranking of the suppliers 

and improves managerial decision-making. 

The results confirm that DHL is performing 

consistently well in all aspects, especially cost and 

delivery times. Also, it is performing well with 

regards to sustainability and reputation. However, 

the performance of the other service provider’s is 

negatively affected by an apparent trade-off. 

Sensitivity analysis further validates the robustness 

of the model, showing that the inclusion of ESG and 

customer perception metrics influences ranking 

stability. 

From a theoretical standpoint, this research 

extends PROMETHEE-based studies by embedding 

social and environmental evaluation into quantitative 

MCDM structures, thereby responding to the 

emerging demands of sustainable and consumer-

centric supply chains. In practice, it provides 

managers with a transparent and flexible tool for 

supplier selection in dynamic markets. In future 

research, this approach could be extended by 

incorporating real-time complaint analytics (e.g. 

natural language processing of consumer feedback) 

or by integrating AI-enhanced preference modelling 

to further enhance decision support in uncertain and 

dynamic environments. 

Future research may further enhance decision 

support in uncertain and dynamic environments by 

extending this approach to include real-time 

complaint analytics (e.g. natural language processing 

of consumer feedback), or by integrating AI-

enhanced preference modelling. 
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