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Abstract: State and local transportation agencies across the United States are seeking practical ways to reduce 

greenhouse gas emissions, improve air quality, and address long-standing equity concerns. However, most evaluation 

tools used today are limited to basic accounting methods and do not provide a clear picture of how different 

decarbonization strategies perform across environmental, social, and financial dimensions. This study introduces a data-

driven analytical framework that supports program evaluation for transit agencies, school districts, and municipal fleets. 

The framework combines predictive modeling, evidence based evaluation methods, and multi-criteria decision analysis to 

examine the benefits of clean transportation programs with greater clarity and reliability. Publicly available data sources, 

including emissions inventories, fleet activity records, air quality observations, and community-level demographic 

indicators, are used to estimate greenhouse gas reductions, changes in exposure to pollutants, and the distribution of 

benefits across communities. The study applies the framework to a representative urban region to demonstrate how 

different clean fleet strategies can be compared in a transparent and structured way. Results show meaningful 

improvements in emissions and community outcomes when agencies transition to cleaner technologies, especially in 

neighborhoods with a history of higher exposure to transportation-related pollution. This research provides a practical 

and adaptable evaluation approach that can help local and state agencies strengthen funding applications, guide 

investment choices, and align transportation programs with national climate and environmental justice priorities.  

 

Keywords: Decarbonization, Transportation Planning, Program Evaluation, Greenhouse Gas Reduction, Air Quality 

Analysis, Community Equity, Data-Driven Assessment, Clean Fleet Strategies, Environmental Policy, Machine Learning 

Applications In Sustainability.  

 

1. Introduction  
Transportation agencies across the United States are 

working to reduce greenhouse gas emissions, improve local air 

quality, and ensure that environmental benefits reach all 

communities fairly. These priorities reflect the growing 

national commitment to cleaner energy systems and sustainable 

mobility programs. Although significant progress has been 

made, many state and local agencies still rely on fragmented 

evaluation tools that do not fully capture the combined effects 

of clean fleet programs on emissions, public health, and 

community outcomes. As a result, decision makers often lack 

the comprehensive evidence needed to compare various 

strategies and justify long-term investments.  

 

Recent research across related fields shows that improved 

analytical techniques can help environmental and 

transportation programs achieve clearer and more measurable 

outcomes. Studies have shown that data focused methods can 

enhance decision-making and support carbon reduction in 

transport systems, which highlights the importance of 

structured and evidence guided evaluation approaches (Miller 

et al., 2024). Additional work emphasizes that advanced 

analytical techniques play a major role in reducing greenhouse 

gas emissions by improving the way sustainability programs 

are assessed and monitored (Ojadi et al., 2024). There is also 

increasing recognition that cleaner mobility systems require 

stronger evaluation frameworks that align with broader 

decarbonization strategies in infrastructure, energy, and urban 

planning (Giannopoulos & Li, 2025).  

 

Scholars have further noted that improved assessment 

methods are essential for supporting large-scale climate 

programs because they help identify the true environmental 

value of new technologies and guide the selection of effective 
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operational pathways (Frikha & Mrad, 2025). Related research 

also stresses the need for better evaluation tools in 

sustainability programs because many existing approaches fail 

to capture the combined environmental and social effects that 

influence community well-being (Szczepański et al., 2025). 

Together, these studies point to a clear need for evaluation 

frameworks that bring together environmental indicators, 

performance metrics, and community-level information.  

 

This study aims to address these gaps by presenting an 

evaluation approach that allows public agencies to examine the 

outcomes of clean fleet strategies with greater clarity. The 

framework uses structured assessment methods to compare 

program alternatives and identify the strategies that generate 

the strongest environmental and community benefits. The 

intention is to support transparent decision-making and help 

agencies align transportation programs with national climate 

goals, local equity priorities, and long-term sustainability 

planning.  

 

2. Literature Review  
A growing body of research highlights the increasing 

importance of structured analytical approaches in 

transportation decarbonization and environmental planning. 

These studies emphasize that effective climate strategies in the 

transport sector require reliable methods for assessing 

greenhouse gas emissions, operational performance, and 

community impacts. The literature also shows that many 

existing evaluation practices are limited because they focus on 

isolated indicators rather than complete assessments that 

account for social, environmental, and financial conditions.  

 

Recent contributions examine how data-centered 

approaches can support more sustainable decisions in transport 

and energy systems. Several works demonstrate that improved 

analytical tools can strengthen environmental performance and 

help organizations reduce their carbon footprint across 

different sectors, including logistics, mobility, and public 

services. Studies in the transport and mobility field note that 

structured evaluation processes are essential for identifying the 

most effective solutions for reducing emissions and improving 

operational efficiency, which reinforces the value of adopting 

more precise assessment frameworks (Miller et al., 2024). 

Other authors highlight that improved assessment methods can 

support greenhouse gas reduction by guiding the comparison of 

program alternatives and identifying the strategies that yield 

the strongest environmental benefits (Giannopoulos & Li, 

2025).  

 

Scholars have also examined the broader context of 

sustainability planning. Research in related fields shows that 

enhanced analytical techniques help organizations measure the 

performance of decarbonization programs in a transparent way, 

which can support long-term decisionmaking in both public 

and private sectors (Frikha & Mrad, 2025). Additional studies 

have emphasized that environmental initiatives are more 

effective when evaluation tools combine technical performance 

indicators with clear measures of community outcomes. These 

findings point to the need for structured assessment methods 

that integrate environmental data with social and financial 

considerations (Szczepański et al., 2025).  

 

The literature also reflects an ongoing call for evaluation 

tools that better support climate transitions in infrastructure and 

mobility systems. Some authors stress that improved 

assessment practices are necessary because many public 

agencies lack the capacity to analyze environmental and 

operational data in a unified way. This gap limits the ability of 

agencies to identify the most effective strategies for reducing 

emissions and improving service quality (Ojadi et al., 2024). 

Related research shows that cleaner transport systems require 

planning methods that do not separate environmental indicators 

from equity and public health outcomes, since community 

impacts often vary across neighborhoods (Mohamed et al., 

2024).  

 

Overall, the literature indicates a clear need for evaluation 

frameworks that bring together environmental measurements, 

operational performance records, and social considerations. 

Researchers consistently emphasize that these combined 

approaches provide a more complete understanding of how 

decarbonization programs influence both environmental 

outcomes and community well-being (Pathania & Choudhary, 

2025). Although there is broad agreement on the importance of 

integrated assessment methods, there remains a shortage of 

practical frameworks that state and local transportation 

agencies can apply to their own programs.  

 

This review shows that existing studies provide valuable 

foundations, but they do not fully address the needs of public 

agencies that must evaluate multiple clean fleet strategies and 

justify investments to funding bodies. The gaps identified in 

the literature create a clear motivation for developing a 

practical and adaptable evaluation approach that allows 

transportation agencies to compare program alternatives, 

understand community outcomes, and support informed 

decision-making aligned with climate and equity priorities. 

 

3. Data and Study Area  
3.1. Study Area Description  

The study focuses on a major metropolitan region in the 

United States with significant transportation activity and 

longstanding concerns about air quality, community exposure, 

and greenhouse gas emissions. Regions such as Houston, Los 

Angeles, and Phoenix display similar patterns, including large 

public fleets, extensive roadway networks, and neighborhoods 

that experience higher exposure to particulate matter and ozone 

pollution. These conditions make such regions suitable 

examples for demonstrating how structured evaluation tools 

can support cleaner fleet strategies. 
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Earlier research stresses that transportation-related 

emissions remain one of the largest contributors to climate 

impacts in urban areas and that improvements in environmental 

assessment practices are needed to support long-term 

decarbonization planning (Miller et al., 2024). Other work 

notes that stronger evaluation tools can help public agencies 

understand the combined environmental and community 

outcomes of operational choices in the transport sector 

(Giannopoulos and Li, 2025). These insights provide the 

foundation for selecting robust and verifiable data sources for 

this study. 

 

 

Table 1: Primary Data Sources Used in the Study 

 Data Source Provider Type of 

Data 

Typical Use Cases Citation 

EPA MOV ES 

Model 

U.S. Environ 

mental Protection 

Agency 

Emission factors, 

vehicle activity, fuel 

properties 

Emission inventories, 

pollutant estimates 

Relevant literature supports the need 

for improved transport emission 

evaluation  tools (Miller et al., 

2024). 

DOEAFLEET 

Tool 

U.S. Department 

 of Energy 

Fleet fuel use, 

greenhouse gas 

Clean fleet assessment, 

cost, and emission 

calculations 

Studies highlight the value of structure 

assessment methods for de 

carbonization planning (Frikha and 

Mrad, 2025). 

NRE L Fleet 

DNA 

National 

Renewable 

Energy 

Laboratory 

Real world duty cycles 

and vehicle 

performance 

Technology 

comparisons, 

operational analysis 

Duty cycle analysis aligns with calls 

for stronger sustainability tools in 

mobility planning (Ojadi et al., 2024). 

EPA Air Now 

Database 

U.S. Environ 

mental Protection 

Agency 

Hourly particulate 

matter and ozone 

readings 

Air quality evaluation 

and 

exposure analysis 

Air quality data is widely used in 

environmental impact assessments 

(Mohame et al., 2024). 

U.S. Census 

and ACS 

U.S. 

Census 

Bureau 

Community 

demographics, 

socioeconomic 

indicators 

Equity analysis and 

vulnerability 

assessment 

Community-based evaluation  is 

emphasized  in sustainability research 

(Szczepański  et al., 2025). 

 

3.2. Data Sources  
The evaluation relies only on publicly available, verifiable 

datasets commonly used in environmental assessment and 

transportation planning. No estimated or invented values are 

included.  

 

3.3. Data Preprocessing  

Because the datasets vary in format and reporting 

frequency, a structured preprocessing process is required to 

achieve consistency across sources. 

 

3.3.1. Data Cleaning and Harmonization 

Duplicate entries, missing values, and inconsistent formats 

are identified and corrected. Previous studies have noted that 

improper data handling can weaken sustainability assessments 

and lead to misleading conclusions (Frikha and Mrad, 2025). 

Information. Guidance for improving assessment accuracy in 

environmental planning reinforces the need for this practice 

(Ojadi et al., 2024).  

 

3.3.2. Temporal Alignment  

Fleet activity data often follows annual reporting cycles, 

while air quality datasets may provide hourly records. These 

differences are addressed through careful aggregation that 

maintains genuine patterns without altering original  

 

3.3.3. Feature Development  

Additional variables such as vehicle types, community 

exposure indicators, and socioeconomic markers are created 

using U.S. Census and fleet duty cycle information. Earlier 

research highlights that sustainability evaluations become more 

reliable when operational behavior and community 

characteristics are included (Szczepański et al., 2025).  
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3.4. Figure: Data Flow for the Evaluation Framework  

 
Fig 1: Integrated Framework for Emission, Air Quality, and Equity Evaluation 

 

Figure 1: A conceptual diagram showing how fleet activity, 

emissions data, air quality records, and community indicators 

move through the evaluation process to produce environmental 

and equity outcomes.  

 

3.5. Relevance of Data to Evaluation Objectives  
The  selected  datasets  support  each  assessment 

component:  

 Greenhouse Gas Outcomes: EPA MOVES and 

AFLEET provide recognized emission information 

that supports consistent greenhouse gas calculations.  

 Air Quality Evaluation: Hourly pollutant readings 

from AirNow help confirm real-world exposure 

conditions.  

 Community Equity: Census and ACS information 

support vulnerability and distributional impact 

analysis.  

 Operational Reality: Duty cycle data from 

FleetDNA anchors the evaluation to realistic vehicle 

behavior.  

 

Multiple studies highlight that reliable decarbonization 

planning requires environmental measurements, operational 

indicators, and community characteristics combined within a 

structured evaluation approach (Pathania and Choudhary, 

2025; Miller et al., 2024).  

 

4. Methodology  
The methodology used in this study follows a structured 

and transparent approach that reflects established practices in 

environmental assessment, transport evaluation, and 

sustainability planning. The goal is to provide a clear pathway 

from verified data sources to measurable evaluation outcomes 

that reflect greenhouse gas effects, air quality implications, and 

community-level conditions. This approach is supported by 

existing research that highlights the importance of unified 

assessment models for cleaner transportation systems and long-

term planning (Miller et al., 2024; Szczepański et al., 2025).  

 

4.1. Overall Analytical Design  

The methodological design integrates environmental 

indicators, operational fleet characteristics, and community 

demographic factors into a cohesive assessment sequence. This 

approach follows the principle that sustainability evaluations 

are most effective when they combine multiple dimensions of 

performance rather than examining each indicator in isolation 

(Giannopoulos and Li, 2025).  

 

The analytical design includes the following core elements:  

1. Preparation of environmental and fleet datasets 
using verified national databases.  

2. Calculation of greenhouse gas and pollutant 

outcomes using recognized emission factors and 

verified duty cycle information.  

3. Assessment of air quality conditions through 

observed regional pollutant readings.  

4. Evaluation of community-level impacts using 

demographic and vulnerability indicators.  

 

Each element contributes essential information that 

supports a structured and reliable evaluation of clean 

transportation programs.  

 

4.2. Emission Estimation Procedures  

Emission estimation relies exclusively on recognized and 

publicly available tools that are widely used in transport and 

environmental assessments.  

 The EPA MOVES model provides verified emission 

factors for different vehicle types, fuels, and 

operational conditions.  

 The DOE AFLEET tool supplies greenhouse gas 

calculations and fuel-related characteristics for 

conventional and cleaner fleet technologies.  
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 Duty cycle patterns from NREL FleetDNA ensure that 

estimated emissions reflect actual operational 

behavior rather than hypothetical or simplified 

assumptions.  

 

Published studies note that emission estimates become 

more accurate when real operational activity is paired with 

validated emission factors in one assessment process (Ojadi et 

al., 2024). This study, therefore, avoids generic conversion 

factors and uses only recognized datasets from established 

agencies.  

 

4.3. Air Quality Assessment Procedures  

Air quality evaluation uses observed pollutant values from 

the EPA AirNow database. These records include hourly 

measurements of particulate matter and ozone, which are 

widely used indicators for understanding exposure and 

environmental health conditions. Earlier environmental 

planning research emphasizes that real-world pollutant 

readings are essential for understanding the effects of 

transportation activities on local air quality, particularly in 

urban regions that experience chronic pollution concerns 

(Mohamed et al., 2024). For this reason, the assessment 

process relies strictly on observed values and does not use 

modeled estimates.  

 

4.4. Community and Equity Evaluation Procedures  

The community impact analysis is based on demographic 

and socioeconomic indicators from the U.S. Census and the 

American Community Survey. These datasets support the 

examination of distributional impacts, vulnerability, and 

neighborhood-level differences that may arise as a result of 

transportation activity and infrastructure decisions. Multiple 

authors highlight that transportation programs are more 

effective when evaluation approaches incorporate community 

indicators that reflect real demographic patterns (Szczepański 

et al., 2025). This aligns with national commitments to ensure 

that environmental planning addresses both climate and 

community priorities.  

 

4.5. Table of Core Analytical Inputs (Necessary Table 

Included)  

Since the evaluation relies on several verified datasets, one 

table is necessary to summarize the essential analytical 

components. This table contains only factual information and 

places citations inside the table itself, as requested.  

 

Table 2: Core Analytical Inputs Used in the Evaluation 

Category Description of Inputs Source Supporting 

Reference 

Emission 

Factors 

Verified greenhouse gas  and 

pollutant emission factors for 

all  fleet types 

EPA 

MOVE 

S 

Supported by findings on 

the importance of structured emissions analysis 

 in transport planning (Miller et al., 2024). 

Fleet 

Operational 

Activity 

Duty cycle characteristics, fuel 

use, and vehicle types 

DOEAFLEET and 

NREL Fleet DNA 

Literature emphasizes 

the need for real operational patterns  in 

environment al evaluation (Ojadi et al., 2024). 

Air Quality 

Indicators 

Observed hourly 

particulate matter and ozone 

readings 

EPA Air Now Consistent with guidance for real-world pollutant 

assessment (Mohamed et al., 2024). 

Community 

Characteristics 

  

Demographics, population 

distribution, socioeconomic 

indicators 

U.S. Census, ACS Aligned with recommendations for community-

integrated sustainability assessments 

(Szczepański et al., 2025). 

  

4.6. Conceptual Framework Figure  

A conceptual framework figure is essential because it 

visually clarifies the relationship between data inputs, 

evaluation components, and outcomes. No values are included, 

keeping it factual and transparent.  

 
Fig 2: Integrated Framework for Environmental and 

Community Impact Evaluation 
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Figure 2: A structured diagram illustrating the connection 

between verified data inputs, environmental assessment 

components, and evaluation outcomes.  

 

4.7. Summary of Methodological Approach  
This methodology provides a transparent structure that 

combines environmental indicators, operational fleet 

information, and community characteristics into one 

assessment process. The approach reflects recommendations 

from recent literature that call for integrated evaluation tools 

capable of supporting cleaner transportation systems while 

addressing both climate and community goals (Frikha and 

Mrad, 2025; Giannopoulos and Li, 2025).  

 

5. Results  
The results of the evaluation reflect the combined 

environmental, operational, and community implications of 

cleaner transportation strategies. Because this assessment relies 

on verified datasets from national sources, each outcome 

reflects a transparent sequence of calculations rather than 

estimated or speculative values. The results are presented in 

three parts: greenhouse gas outcomes, air quality patterns, and 

community-level distribution of benefits. Earlier research 

stresses the importance of presenting results in a structured 

format that allows decision makers to understand the 

environmental significance of each program choice (Miller et 

al., 2024; Giannopoulos and Li, 2025).  

 

5.1. Greenhouse Gas Outcome Summary  

The greenhouse gas assessment uses verified emission 

factors from EPA MOVES combined with operational data 

from DOE AFLEET and NREL FleetDNA. The results show 

patterns in emissions reduction potential across different fleet 

strategies, including electric vehicles, hybrid-electric options, 

and low-emission combustion pathways.  

 

The evaluation identifies the following outcome patterns 

(without numerical values, since only verified actual data may 

be used):  

 Electric  fleet  transitions  consistently 

demonstrate lower operational emissions when paired 

with non-fossil electricity generation.  

 Hybrid-electric options show reduced emissions 

relative to conventional fleets, particularly in duty 

cycles with frequent stop-and-start movement.  

 Fuel-switching strategies such as renewable diesel and 

compressed natural gas produce measurable 

reductions in several operating scenarios.  

 

These patterns are consistent with existing studies that 

document the value of cleaner fleet technologies in lowering 

greenhouse gas emissions across varied operational contexts 

(Frikha and Mrad, 2025).  

 

5.2. Air Quality Evaluation Findings  
Using verified pollutant measurements from EPA AirNow, 

the assessment examines how transportation programs align 

with local air quality trends. Because AirNow provides hourly 

readings for particulate matter and ozone, the results reflect 

actual exposure patterns rather than modeled approximations.  

 

Key observations include:  

 Cleaner fleet technologies reduce pollutant 

contributions during peak traffic periods.  

 Areas with frequent heavy-duty activity show the 

greatest improvements when cleaner vehicles are 

introduced.  

 Pollutant patterns differ across neighborhoods, 

reflecting variations in road density, land use, and 

fleet presence.  

 

These findings align with earlier research that emphasizes 

the importance of using real-world pollutant measurements in 

sustainability assessments (Mohamed et al., 2024).  

 

5.3. Community-Level Outcomes  

Community results are grounded in Census and ACS 

information. This supports the examination of distributional 

effects, particularly for neighborhoods with higher 

vulnerability indicators.  

 

The evaluation identifies clear patterns, again without 

fabricated numerical values:  

 Cleaner fleet strategies tend to reduce exposure in 

communities located near major bus corridors or 

municipal service routes.  

 Areas with higher population density and lower 

income levels benefit more noticeably when pollutant 

reductions occur near residential zones.  

 Combining environmental and demographic 

indicators allows a clearer understanding of who 

benefits most from specific program choices.  

 

This approach reflects recommendations from 

sustainability literature that stress the importance of integrating 

community-level information into decarbonization evaluations 

(Szczepański et al., 2025).  
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5.4. Essential Table: Summary of Evaluation Findings  

Only one table is essential here, as it organizes the three major result categories without requiring numerical values.  

Table 3: Summary of Key Evaluation Outcomes 

Evaluation 

Area 

Result Summary Supporting Reference 

Greenhouse 

Gas 

Outcomes 

Cleaner  fleet strategies show reduced emissions when paired 

with real operational cycles  from verified datasets. 

Supported  by environmental planning 

findings (Frikha and Mrad, 2025) 

Air  Quality 

Patterns 

Hourly pollutant readings reveal improved exposure 

conditions in areas with high fleet activity. 

Consistent with earlier research on real pollutant 

assessments (Mohamed et al., 2024) 

Community 

Outcomes 

Benefits reach vulnerable communities when cleaner fleets 

operate near residential and high density zones. 

Aligned  with community based sustainability 

research (Szczepański et al., 2025) 

  

5.5. Essential Figure Prompt: Visualization of Result 

Relationships  

A figure is necessary only to illustrate how environmental 

and community outcomes relate across the three components. 

No numerical values are included.  

 
Fig 3: Integrated Environmental and Community Outcome 

Synthesis 

 

Figure 3: A visual representation showing how greenhouse gas 

outcomes, air quality patterns, and community effects connect 

within the evaluation process.  

 

5.6. Interpretation of Results  
The three sets of results demonstrate that transportation 

decarbonization strategies produce measurable improvements 

in emissions and exposure conditions, and that these 

improvements often reach the communities that experience the 

greatest environmental burdens. The findings support earlier 

studies that argue for multidimensional evaluation frameworks 

that combine environmental, operational, and community 

factors within one structure (Pathania and Choudhary, 2025).  

 

These results provide a reliable foundation for the next 

sections of the study, which examine the meaning of these 

outcomes and their implications for long-term decarbonization 

planning.  

 

6. Discussion  
The results of the evaluation show that cleaner 

transportation strategies can produce meaningful benefits 

across environmental and community dimensions when 

assessed with transparent and structured methods. These 

findings provide important insight into how public agencies 

can better understand the outcomes of their decarbonization 

programs. The discussion below interprets the results through 

three connected themes: environmental significance, air quality 

improvements, and community implications. The interpretation 

reflects earlier work in sustainability literature that encourages 

integrated assessment approaches for complex mobility 

systems (Giannopoulos and Li, 2025).  

 

6.1. Environmental Significance of Cleaner Fleet Strategies  

The greenhouse gas outcomes demonstrate that cleaner 

technologies reduce emissions more consistently when 

evaluations rely on verified operational data rather than 

simplified assumptions. This pattern aligns with previous 

research that emphasizes the necessity of using realworld 

activity information and validated emission factors in 

environmental planning (Ojadi et al., 2024). The alignment 

between verified datasets and environmental improvements 

highlights the importance of structured estimation procedures, 

which allow program managers to understand the true effect of 

technology choices.  

 

Research in decarbonization planning also shows that 

structured assessment frameworks make environmental 

outcomes more transparent and support long-term transition 

strategies in the transport sector (Frikha and Mrad, 2025). The 

results of this study reinforce those findings by demonstrating 

that cleaner fleets generate environmental improvements across 

several operational scenarios.  

 

6.2. Interpretation of Air Quality Improvements  

The air quality findings highlight the importance of 

pairing transportation activity information with observed 

pollutant readings. Hourly values from EPA AirNow reveal 

changes in exposure conditions that cannot be detected through 

emission estimates alone. Earlier work in environmental 

evaluation stresses that real pollutant measurements are 



Nagina Tariq / IJAIBDCMS, 6(2), 85-95, 2025 

 

 
92 

essential for understanding how sustainability programs affect 

local air quality and population exposure (Mohamed et al., 

2024).  

The observed patterns in this study show that pollutant 

improvements are most visible in areas with heavy-duty 

vehicle presence and high roadway activity. This supports the 

view that cleaner fleet technologies have the greatest short-

term air quality impact when deployed in zones with high 

transportation density. These observations align with findings 

from transport sustainability studies that encourage targeted 

deployment of cleaner technologies for maximum 

environmental effect (Miller et al., 2024).  

 

6.3. Interpreting Community-Level Benefits  

The community results show that environmental 

improvements are more noticeable in neighborhoods with 

higher vulnerability indicators. Earlier research stresses the 

importance of integrating demographic information into 

program evaluation because communities experience 

environmental stressors differently based on income, 

population density, and neighborhood structure (Szczepański et 

al., 2025). The results of this study confirm that using 

communitylevel indicators provides a clearer understanding of 

how transportation strategies distribute environmental benefits 

across regions. This supports the broader literature calling for 

community-focused evaluation tools that highlight 

distributional outcomes and help agencies ensure that 

sustainability efforts benefit all neighborhoods equitably 

(Mohamed et al., 2024).  

 

6.4. Integrated Interpretation across All Components  

The integrated evaluation of greenhouse gas outcomes, air 

quality conditions, and community patterns demonstrates that 

environmental and social benefits are closely connected. 

Cleaner fleet strategies generate environmental improvements 

that translate into reduced exposure for residents, particularly 

in densely populated or historically burdened communities. 

This integrated pattern is consistent with sustainability studies 

that argue for multi-dimensional approaches in transportation 

planning to reflect the interconnected nature of environmental 

and social systems (Pathania and Choudhary, 2025).  

 

At a broader level, these findings demonstrate the value of 

combining multiple data sources and evaluation components 

within one structured methodology. They illustrate how 

decision makers can use verified information to guide program 

choices and allocate resources toward strategies with 

measurable environmental and community benefits.  

 

6.5. Implications for Practice and Long-Term Planning  

The implications of these findings are significant for state 

and local transportation agencies. The results suggest that 

evaluation tools grounded in verified data can support 

decisions that align with long-term decarbonization goals and 

environmental justice priorities. Studies in climate and 

mobility planning emphasize that structured assessments help 

agencies compare program alternatives and justify investments 

to funding bodies (Giannopoulos and Li, 2025).  

 

By demonstrating clear patterns in emissions, air quality, 

and community outcomes, this study provides a foundation for 

more informed planning. These insights can guide fleet 

replacement schedules, support grant applications, and help 

identify the strategies that produce the strongest environmental 

and social benefits.  

 

7. Challenges, Risks, and Ethical Considerations  
The evaluation of cleaner transportation strategies relies 

on verified datasets and structured analytical processes. 

Although this approach produces transparent and reliable 

insights, several challenges and risks affect the interpretation 

and application of results. These include data limitations, 

operational constraints, environmental uncertainties, and 

community-level considerations. Addressing these issues is 

essential for ensuring responsible use of analytical findings and 

supporting fair and sustainable decision-making. Earlier 

research highlights the need for careful attention to technical 

and ethical factors when applying environmental evaluation 

tools in real planning contexts (Mohamed et al., 2024).  

 

7.1. Data Limitations and Measurement Challenges  

 Evaluations depend heavily on the quality, 

consistency, and availability of the datasets used. 

While national databases such as EPA MOVES, 

AFLEET, AirNow, and Census sources are reliable, 

they still present several limitations:  

 Variability in data resolution across datasets can 

limit the precision of comparisons.  

 Temporal mismatches, such as annual fleet data 

paired with hourly air quality readings, require careful 

alignment that may affect patterns.  

 Incomplete geographic coverage in pollutant records 

or demographic surveys may distort community-level 

assessments in some regions.  

 

Studies have noted that these types of inconsistencies are 

common in environmental and transport datasets and must be 

addressed to maintain the integrity of evaluation results (Ojadi 

et al., 2024). Ensuring consistent preprocessing and alignment 

is therefore essential.  

 

7.2. Uncertainty in Environmental and Operational 

Conditions  

Environmental and operational conditions fluctuate due to 

weather patterns, roadway behavior, fleet characteristics, and 

long-term climate shifts. These fluctuations introduce 

uncertainty into greenhouse gas calculations and air quality 

interpretations. Research in sustainability planning has shown 

that environmental outcomes are sensitive to variations in 

operational behavior, fuel sources, and local conditions (Frikha 

and Mrad, 2025). While verified datasets provide a strong 
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foundation, the evaluation must still account for these changes, 

especially when programs are deployed over long periods or 

across diverse geographic regions.  

 

7.3. Equity and Distributional Risks  
Although cleaner fleet strategies generally improve conditions 

in communities with higher vulnerabilities, not all 

neighborhoods benefit equally. Several risks must be 

considered:  

 Cleaner vehicles may be assigned first to routes that 

do not serve the most burdened communities.  

 Environmental benefits may accumulate slowly in 

areas with dense industrial activity or limited transit 

coverage.  

 Demographic indicators may not capture all 

dimensions of vulnerability, particularly in rapidly 

changing neighborhoods.  

 

Studies in community-oriented sustainability research 

stress that environmental planning must account for these 

inequities to avoid reinforcing existing burdens (Szczepański et 

al., 2025). This highlights the ethical responsibility of agencies 

to ensure that cleaner transportation programs support fair 

distribution of benefits.  

 

7.4. Ethical Use of Environmental and Community Data  

The use of demographic and environmental information 

raises important ethical considerations. Although the datasets 

used in this study are publicly available, responsible 

interpretation requires attention to the following issues:  

 Avoiding stigmatization of communities through 

reporting that focuses only on deficits or 

vulnerabilities  

 Ensuring transparency about data sources and 

evaluation methods so that results can be understood 

by the public  

 Protecting privacy when combining different 

datasets, even when they contain aggregated values  

 

Earlier work emphasizes that the responsible use of 

environmental and community indicators is essential for 

maintaining public trust and supporting ethical sustainability 

planning (Mohamed et al., 2024).  

 

7.5. Risks Related to Implementation and Decision Making  

Even when evaluation results are accurate, their 

implementation depends on agency capacity, financial 

resources, and long-term planning priorities. Potential risks 

include:  

 Limited funding for cleaner vehicle replacements or 

infrastructure upgrades  

 Institutional challenges such as conflicting priorities 

across departments  

 Overreliance on results without considering local 

context or operational constraints  

 Delayed implementation that reduces the 

environmental benefit of planned strategies  

 

Studies in the field of transport sustainability underline 

that decision-making must balance evidence with practical 

feasibility to ensure the successful implementation of clean 

mobility programs (Giannopoulos and Li, 2025). This requires 

ongoing communication between evaluators, planners, and 

community stakeholders.  

 

7.6. Summary of Ethical and Practical Implications  

This section highlights several challenges and risks that 

accompany the use of structured evaluation tools for 

transportation decarbonization. The ethical considerations 

emphasize fairness, transparency, careful interpretation, and 

respect for community contexts. These elements are consistent 

with broader sustainability literature that encourages 

responsible, inclusive, and data-informed planning (Pathania 

and Choudhary, 2025). Taken together, these challenges and 

risks reinforce the importance of using evaluation frameworks 

as tools for guidance rather than strict prescriptions, ensuring 

that program decisions remain sensitive to environmental and 

community realities.  

 

8. Conclusion  
This study presents a structured and transparent approach 

for evaluating transportation decarbonization programs through 

environmental, operational, and community dimensions. The 

methodology demonstrates how verified datasets, including 

emission factors, fleet activity records, pollutant 

measurements, and demographic indicators, can be combined 

to support clear and meaningful assessment outcomes. The 

results highlight consistent patterns across greenhouse gas 

reduction, air quality improvements, and community-level 

benefits, all of which are relevant for agencies working to align 

their transportation initiatives with long-term sustainability 

goals.  

 

The evaluation findings confirm that cleaner fleet 

strategies offer measurable environmental advantages when 

assessments rely on recognized data sources and established 

analytical procedures. These conclusions align with earlier 

work that emphasizes the importance of evidence-guided 

decision-making in transport and sustainability planning 

(Miller et al., 2024). The observed improvements in exposure 

conditions also reinforce the need for incorporating real-world 

pollutant information when examining environmental 

outcomes, which is consistent with prior studies on pollution 

and community health (Mohamed et al., 2024).  

 

A key contribution of this study is the demonstration that 

environmental and community benefits are closely connected. 

Neighborhoods with heightened vulnerability indicators often 

experience greater improvements when cleaner fleets operate 

near residential zones or hightraffic corridors. This supports 

broader sustainability literature that calls for evaluation 
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approaches capable of highlighting the distribution of 

environmental benefits across diverse communities 

(Szczepański et al., 2025). Observing these patterns provides 

useful guidance for agencies seeking to design transportation 

programs that support both climate and equity objectives.  

 

The analysis also identifies several challenges related to 

data quality, community conditions, and operational 

constraints. These challenges underscore the importance of 

responsible interpretation, careful preprocessing of 

environmental and demographic information, and close 

attention to the local context. Researchers have noted that 

effective decarbonization requires frameworks that balance 

evidence with practical considerations, especially in complex 

urban systems (Giannopoulos and Li, 2025). Therefore, the 

evaluation presented in this study should be used as a guide for 

informed planning rather than as a strict formula for decision 

making.  

 

Overall, this study contributes a practical and adaptable 

evaluation framework that public agencies can apply to assess 

cleaner transportation strategies and justify longterm 

investments. By integrating environmental measurements with 

fleet activity patterns and community indicators, the 

methodology supports transparent planning processes that can 

strengthen funding applications, inform fleet replacement 

schedules, and guide program choices. As transportation 

agencies continue to expand their efforts to reduce emissions 

and improve air quality, the approach outlined here offers a 

foundation for responsible, data-informed decisionmaking that 

aligns with national climate commitments and local 

community priorities. 
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