
DRAFT – DO NOT CIRCULATE Research Report 

July 2025

Incorporating Infrastructure and 
Vehicle Technology 
Requirements, Changes in 
Demand, and Decarbonization 
Policies’ Considerations into 
Freight Planning 

Miguel Jaller, University of California, Davis  

Maria C. Valencia-Cardenas, University of California, Davis 



 

 

TECHNICAL REPORT DOCUMENTATION PAGE  

1. Report No. 
NCST-UCD-RR-25-20 

2. Government Accession No. 
N/A 

3. Recipient’s Catalog No. 
N/A 

4. Title and Subtitle 
Incorporating Infrastructure and Vehicle Technology Requirements, Changes in 
Demand, and Decarbonization Policies’ Considerations into Freight Planning 

5. Report Date 
July 2025 
6. Performing Organization Code  
N/A 

7. Author(s) 
Miguel A. Jaller, Ph.D., https://orcid.org/0000-0003-4053-750X 
Maria C. Valencia-Cardenas, https://orcid.org/0000-0002-5413-7104 

8. Performing Organization Report No.  
UCD-ITS-RR-25-35 

9. Performing Organization Name and Address 
University of California, Davis 
Institute of Transportation Studies 
1605 Tilia Street, Suite 100 
Davis, CA 95616 

10. Work Unit No. 
N/A 
11. Contract or Grant No. 
USDOT Grant 69A3552348319 and 
69A3552344814 

12. Sponsoring Agency Name and Address 
U.S. Department of Transportation 
Office of the Assistant Secretary for Research and Technology 
1200 New Jersey Avenue, SE, Washington, DC 20590 

13. Type of Report and Period Covered 
Final Research Report (April 2024 – 
March 2025) 
14. Sponsoring Agency Code  
USDOT OST-R 

15. Supplementary Notes 
DOI: https://doi.org/10.7922/G2610XQ3  
Dataset DOI: https://doi.org/10.5061/dryad.tb2rbp0d1  
16. Abstract 
This report develops an equitable and sustainable freight-oriented land use (LU) methodology to support future planning 
activities, enabling the integration of freight activity across urban, suburban, and rural areas and facilitating the transition of 
heavy- and medium-duty vehicles toward zero-emission. The methods include a literature review to identify freight 
sustainable strategies, policy analysis at different scales, characterization of local context, and demand/supply patterns.  
The latter examines the spatial distribution and land use characteristics of freight facilities and retail/service sectors in the 
Sacramento region to inform sustainable and equitable planning strategies. This analysis identifies co-location patterns, 
accessibility gaps, and sectoral interactions using a multi-dimensional approach integrating spatial clustering, distance 
analysis, population-employment dynamics, and environmental burdens. Data sources include Longitudinal Employer-
Household Dynamics Origin-Destination Employment Statistics (LODES), American Community Survey (ACS), 
CalEnviroScreen, and OpenStreetMap, alongside geospatial tools in R. The findings suggest the need for targeted 
interventions to address potential conflicts, service deserts, and environmental justice concerns. The study proposes 
actionable strategies for planners to support balanced economic development and improve access to essential services. 
17. Key Words 
Land Use, Sustainable Freight Strategies, Transportation Policy, Transportation 
Planning, Spatial equity, Demand-Supply interaction 

18. Distribution Statement 
No restrictions.  

19. Security Classif. (of this report) 
Unclassified 

20. Security Classif. (of this page) 
Unclassified 

21. No. of Pages 
165 

22. Price 
N/A 

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized 

https://orcid.org/0000-0003-4053-750X
https://orcid.org/0000-0002-5413-7104
https://doi.org/10.7922/G2610XQ3
https://doi.org/10.5061/dryad.tb2rbp0d1


 

 

About the National Center  
for Sustainable Transportation 
The National Center for Sustainable Transportation is a consortium of leading universities 
committed to advancing an environmentally sustainable transportation system through 
cutting-edge research, direct policy engagement, and education of our future leaders. 
Consortium members include: the University of California, Davis; California State 
University, Long Beach; Georgia Institute of Technology; Texas Southern University; the 
University of California, Riverside; the University of Southern California; and the University 
of Vermont. More information can be found at: ncst.ucdavis.edu. 

Disclaimer 

The contents of this report reflect the views of the authors, who are responsible for the 
facts and the accuracy of the information presented herein. This document is 
disseminated in the interest of information exchange. The report is funded, partially or 
entirely, by a grant from the U.S. Department of Transportation’s University Transportation 
Centers Program. However, the U.S. Government assumes no liability for the contents or 
use thereof. 

The U.S. Department of Transportation requires that all University Transportation Center 
reports be published publicly. To fulfill this requirement, the National Center for 
Sustainable Transportation publishes reports on the University of California open access 
publication repository, eScholarship. The authors may copyright any books, publications, 
or other copyrightable materials developed in the course of, or under, or as a result of the 
funding grant; however, the U.S. Department of Transportation reserves a royalty-free, 
nonexclusive and irrevocable license to reproduce, publish, or otherwise use and to 
authorize others to use the work for government purposes. 

Acknowledgments  

This study was funded, partially or entirely, by a grant from the National Center for 
Sustainable Transportation (NCST), supported by the U.S. Department of Transportation 
(USDOT) through the University Transportation Centers program. The authors would like to 
thank the NCST and the USDOT for their support of university-based research in 
transportation, and especially for the funding provided in support of this project.  

  

https://ncst.ucdavis.edu/


 

 

 

 

Incorporating Infrastructure and 
Vehicle Technology Requirements, 
Changes in Demand, and 
Decarbonization Policies’ 
Considerations into Freight Planning 
A National Center for Sustainable Transportation Research Report 

 

Miguel A. Jaller, Department of Civil and Environmental Engineering, Sustainable Freight 
Research Program, Institute of Transportation Studies, University of California, Davis  

Maria C. Valencia-Cardenas, Transportation Technology and Policy Program, Institute of 
Transportation Studies, University of California, Davis 

 

  



 

 
i
 

Table of Contents 
Executive Summary ..................................................................................................... vi 

1. Introduction............................................................................................................ 1 

2. Literature Review .................................................................................................... 3 

2.1. Methods ............................................................................................................ 3 

2.2. Summary of results ............................................................................................ 9 

2.3. Takeaways and research opportunities .............................................................. 22 

3. Policy analysis ...................................................................................................... 26 

3.1. Methods .......................................................................................................... 26 

3.2. Results............................................................................................................ 28 

3.3. Discussion ...................................................................................................... 45 

4. Characterization of local context ............................................................................ 47 

4.1. Socio-demographic and economic characteristics ............................................. 47 

4.2. Future needs ................................................................................................... 55 

4.3. Discussion ...................................................................................................... 58 

5. Demand characterization ...................................................................................... 60 

5.1. Shopping trends............................................................................................... 60 

5.2. Geographical distribution ................................................................................. 69 

5.3. Discussion ...................................................................................................... 73 

6. Supply Characterization ........................................................................................ 76 

6.1. Freight sector patterns ..................................................................................... 79 

6.2. Characterization of retail and services establishments ....................................... 93 

6.3. Discussion ...................................................................................................... 99 

7. Sustainable and equitable freight LU strategies and investment priorities selection . 101 

7.1. Step 1: Understanding policy .......................................................................... 101 

7.2. Step 2: Understanding the context................................................................... 104 

7.3. Step 3: Identification of issues from demand and supply ................................... 104 

7.4. Step 4: Identification of opportunities and strategies to mitigate issues.............. 109 

7.5. Step 5: Prioritized zones of intervention ........................................................... 109 

7.6. Step 6: Identification of funding sources .......................................................... 110 



 

 
ii
 

7.7. Step 7: Involving stakeholders ......................................................................... 111 

7.8. Step 8: Implementation of solutions ................................................................ 112 

7.9. Step 9: Evaluation of the performance ............................................................. 112 

8. Final Reflections and Integration of Insights .......................................................... 113 

References .............................................................................................................. 117 

Data Summary ......................................................................................................... 140 

Appendix ................................................................................................................. 142 

  



 

 
iii

 

List of Tables 
Table 1. Dimensional and Input-output Classification ................................................... 17 

Table 2. Land Use- related documents ......................................................................... 21 

Table 3. Level of importance of each strategy ............................................................... 27 

Table 4. Transportation policy taxonomy ...................................................................... 29 

Table 5. State Policies Adopted by the MTP/SCS 2020 ................................................... 38 

Table 6. Factors associated with strategies adopted in the MTP/SCS 2020 ...................... 40 

Table 7. Occupation by percentage and median income................................................ 49 

Table 8. Total Medium- & Heavy-Duty ZEVs .................................................................. 56 

Table 9. Demand characterization ............................................................................... 61 

Table 10. Variables and counts per year of ATUS data ................................................... 63 

Table 11. Weighted Multinomial Logit (WMNL) Model with time series resulted for the 
Sacramento region. ............................................................................................... 64 

Table 12. Freight and service sector characterization .................................................... 77 

Table 13. Freight and service sector indicators ............................................................. 78 

Table 14. Census tract economic pole ......................................................................... 79 

Table 15. Freight sector characterization ...................................................................... 81 

Table 16. Retail and service sector characterization. ..................................................... 94 

Table 17. Players implementing equitable and sustainable freight strategies that also 
involve LU ........................................................................................................... 103 

Table 18. Main findings and recommendations from the characterization of supply ....... 106 

Table 19. Policy Backmapping for Implementing a Sustainable and Equitable Freight LU 
Framework ......................................................................................................... 115 

Table 20. Freight-related issues and sustainable strategies ......................................... 143 

  



 

 
iv

 

List of Figures 
Figure 1. Workflow of the methodology for conducting the systematic literature review ..... 4 

Figure 2. Process of data collection ............................................................................... 7 

Figure 3. Word-cloud highlighting words from the literature text analysis ........................ 10 

Figure 4. Document projection with UMAP and clusterization with k-means.................... 11 

Figure 5. Collaboration analysis between authors, countries, and institutions ................ 12 

Figure 6. Thematic analysis classification by SBDLM ..................................................... 13 

Figure 7. Yearly literature evolution .............................................................................. 14 

Figure 8. Sustainable literature: Logistics ..................................................................... 15 

Figure 9. Sustainable literature: Energy and Emissions group ......................................... 15 

Figure 10. Framework for Policy Analysis ...................................................................... 27 

Figure 11. Primary targets for decarbonization in California impacting freight .................. 43 

Figure 12. GHG emissions by sector in the region.......................................................... 44 

Figure 13. Household income distribution in the region by census tract .......................... 48 

Figure 14. Household income distribution in the region by largest racial/ethnic group ..... 48 

Figure 15. Industry classification in the Sacramento region vs. California ....................... 50 

Figure 16. Spatial distribution of transportation and warehousing facilities ..................... 51 

Figure 17. Origin-destination flow map ......................................................................... 52 

Figure 18. Percentage of population over 25 with less than a high school education ........ 53 

Figure 19. Median home value in Sacramento County ................................................... 54 

Figure 20. Annual mean PM 2.5 concentrations in Sacramento region. ........................... 55 

Figure 21. Average of percentiles from the Pollution Burden indicators in Sacramento 
region. .................................................................................................................. 56 

Figure 22. Amenity charging stations in the Sacramento region ...................................... 57 

Figure 23. Summary statistic comparison by year ......................................................... 66 

Figure 24. Daily shopping choice trends over time (Synthetic Population) ....................... 66 

Figure 25. Estimated origin of in-store shopping emissions by tract and CalEnviroScreen 
indicators: a) NOx, b) PM 2.5 .................................................................................. 68 

Figure 26. Hot and cold spots using Local Getis-Ord z-scores for in-store and online daily 
purchases. ........................................................................................................... 71 



 

 
v
 

Figure 27. Hot and cold spots using Local Getis-Ord z-scores for in-store and food-retail 
buffer ................................................................................................................... 73 

Figure 28. Economic Poles based on jobs density ......................................................... 78 

Figure 29. K-means clusters and study area ................................................................. 83 

Figure 30. Distribution of Facility–Road Distances ........................................................ 84 

Figure 31. Distribution of Freight Facilities to the Nearest Economic Pole ....................... 85 

Figure 32. Freight hotspots using Local Getis-Ord ......................................................... 86 

Figure 33. Transportation commuters' origin-destination flow to major clusters .............. 87 

Figure 34. Commuter's origin-destination distance using the Haversine formula. a) All the 
workforce, b) Trade, Transportation, and Utilities industry sectors ............................ 88 

Figure 35. Multidimensional scaling of variables reported in CalEnviroScreen and freight 
density in each census tract................................................................................... 89 

Figure 36. Spatial proximity conflicts with sensitive receptors ........................................ 90 

Figure 37. Freight establishments count per year .......................................................... 91 

Figure 38. Change the distance between freight establishments and economic pole ....... 91 

Figure 39. Jobs in freight-related sectors in the Sacramento Region ................................ 92 

Figure 40. Correlation between employment in the freight sector and population growth . 93 

Figure 41. Retail/Service clustering analysis with DBSCAN ............................................ 95 

Figure 42. Freight buffers influence over retail/service category ..................................... 97 

Figure 43. Zoning scheme and LU by building ............................................................... 98 

Figure 44. Coverage of primary retail and healthcare services and population density ..... 99 

Figure 45. Steps for incorporating freight into the planning process .............................. 101 

  



 

 
vi

 

Incorporating Infrastructure and Vehicle 
Technology Requirements, Changes in Demand, 
and Decarbonization Policies’ Considerations 
into Freight Planning  

Executive Summary 

Background and statement of research 

Urbanization, environmental and social justice concerns, and profound changes in 
consumer behaviors challenge sustainable freight land use planning. Freight-oriented 
decarbonization policies are fundamental for tackling these burdens. The multiple 
dimensions of sustainability and the complexity of the demand and supply chains in the 
freight system make it difficult to evaluate road freight policies and strategies for improving 
sustainability. Therefore, this project develops an equitable and sustainable freight-
oriented land use (LU) methodology to support future planning activities, enabling the 
integration of freight activity across urban, suburban, and rural areas and facilitating the 
transition of heavy- and medium-duty vehicles toward zero-emission. This report 
encompasses the results of each task: (1) the review of recent findings and trends to 
identify critical factors for a comprehensive characterization of freight activities; (2) the 
characterization of the local context of the region of study (Sacramento Region) through 
the analysis of Department of Transportation (DOT) Long-Range Transportation Plans 
(LRTPs), the Sacramento Area Council of Government’s (SACOG) Metropolitan 
Transportation Plans (MTPs), decarbonization plans, equity policies, and labor conditions, 
with a particular emphasis on disadvantaged communities (DACs); (3) characterization of 
freight distribution patterns; and (4) review and evaluation of LU and transportation 
initiatives. 

Methodology and data 

The first task of the methodology involved five steps: (i) conceptual research design; (ii) 
data compilation from Scopus and Web of Science; (iii) bibliometric analysis incorporating 
the author's network, keywords, institutions, and countries to understand the data's 
underlying structure, patterns, and relationships; (iv) quantitative analysis leveraging deep 
learning models (e.g., Sentence-BERT) for natural language processing (NLP) in text 
analysis to understand better the documents collected and generate a theoretical review 
of the most prevailing topics using coding and thematic analysis; and (v) a synthesis of the 
findings with a discussion of gaps and opportunities for future research.  
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The second task involved five steps: (1) identifying the local and regional authorities in 
charge of the transportation planning process and their roles, (2) the most recent regional 
deep analysis, focusing on the case study of the Greater Sacramento region in California, 
(3) identifying the freight regulations that impact freight strategies based on the plan's 
analysis, (4) evaluating the plans to ensure that strategies that had been previously 
collected complied with these regulations, and (5) characterizing the local context 
evaluating socio-economic variables as well as social justice in the region of analysis. 

A service-intensive sector with 31,918 establishments characterizes the region. Most 
freight-related establishments reside in Sacramento County (79%), followed by Yolo 
County (18%). Freight facilities are strategically situated along the region's highways and 
freeways to ensure easy accessibility. The rail system is crucial for freight locations, as 
certain facilities cluster in areas with rail access. The freight industry exhibits a clustering 
pattern, but this remains with low variation over time. There were two prominent peaks in 
1998 and 2002, followed by a slight increase around 2015 that e-commerce growth could 
explain. The multidimensional scaling of variables shows a close relationship between 
freight hotspots and Native American communities, solid waste sites, and hazardous 
waste. 

Several strategies exist to enhance sustainability in freight transportation. One option is 
shifting from road to rail or water systems, which requires significant investment and 
collaboration to expand capacity. Another approach focuses on improving logistics 
efficiency, addressing regulatory challenges, and fostering stakeholder cooperation. 
Additionally, transitioning to low-carbon fuels is essential; while electric trucks offer 
benefits, they face infrastructure and regulatory limitations. Thus, natural gas and biofuels 
can help during the transition as electric technology develops. 

Based on the integrated supply and demand analysis, the team identified key zones in the 
Sacramento region that should be prioritized for charging and fueling infrastructure 
investments. These include: (a) South Sacramento–Florin–Elk Grove, a dense residential 
and retail area with high pollution burden and strong last-mile electrification potential; (b) 
North Sacramento–Del Paso Heights–Natomas, an environmental justice zone where 
freight-focused charging infrastructure can support underserved neighborhoods; (c) West 
Sacramento and the Port District, a strategic logistics hub ideal for large-scale clean 
freight transition infrastructure; (d) Southern Yolo and Northern Solano Corridors, where 
expanding e-commerce traffic and lack of centralized freight service create opportunities 
for intercity electric vehicle (EV) rest stops and rural smart-grid integration; and (e) 
Northern Sutter and Yuba Counties, growing freight deserts where equity-driven 
investments could support clean freight consolidation and rural charging infrastructure. 
These zones reflect opportunities for targeted, multimodal, and equitable infrastructure 
planning. 
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1. Introduction 
Goods demand generates freight movements, necessitating transportation, infrastructure, 
logistics amenities, and the use of land for logistics centers and public infrastructure (1, 2). 
The significant shifts in land use development, consumer preferences, and the regulatory 
landscape over a relatively brief period (mid-20th century)—driven by population growth 
and urban consumption—could markedly influence the logistics land use expansion 
trajectory. Meeting this demand while ensuring a sustainable land use pattern presents a 
considerable challenge for major metropolitan areas (3). Infill or mixed land-use 
development also emerged as a fundamental component of global environmental change 
mitigation by reducing vehicle miles traveled and lowering air pollution (4, 5). Individuals 
developing land use (LU) plans and policies must rigorously evaluate the potential impacts 
on supply chains and freight operations. Neglecting these considerations could have 
significant consequences for communities, including increased pollution and 
compromised road safety. 

Road transportation is one of the primary sources of pollutant and greenhouse gas (GHG) 
emissions, generating about 15% of global GHGs, from which road freight accounts for 
29.4% (6). Despite being responsible for a substantial portion of these emissions, middle- 
and long-haul trucking have not achieved significant advances in decarbonization 
compared to light-duty vehicles (LDVs). This creates the need for new technological 
innovations, ambitious goals, and efforts to abate emissions from heavy road freight (7). 
Most of the current decarbonization strategies encourage modal shifts and the transition 
toward zero-emission heavy-duty vehicles (ZEV-HDVs) without considering LU 
requirements, which is crucial to solving the problem (8). 

Additionally, freight disproportionately burdens disadvantaged communities (DACs), 
leading to negative externalities such as reduced safety, increased congestion, pollution, 
and noise (9). The rapid changes in freight patterns during the last two decades have 
significantly expanded the size of delivery fleets and the number of distribution facilities, 
generating negative impacts (10). For example, some studies found warehouses and 
distribution centers disproportionately situated in DAC areas, thus concentrating their 
negative externalities (11). Other studies show that this transformation affects labor 
because it disrupts brick-and-mortar retail jobs, access to employment, and commute 
times and distances (3). Recently, warehouses and distribution centers have increasingly 
relocated near downtown areas, increasing freight activity in local communities (12). These 
changes can affect current LU practices because freight activity intensity, concentration, 
and distribution patterns also change as the system evolves. 

There is a need to rethink current LU practices to proactively incorporate system changes 
and those generated by new decarbonization policies and efforts. As LU is a crucial driver 
of development, it can facilitate the seamless integration of freight activity in urban, 
suburban, and rural areas (13), the transition toward zero-emission vehicles (ZEVs), the 
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reduction of social and environmental injustices, the decrease of GHG emissions, and the 
promotion of multimodal travel. This integration will enable the development and 
prioritization of initiatives to realize a sustainable and equitable freight sector. 

Freight-oriented planning strategies evaluate the impact of LU on the efficient movement 
of goods and can provide assessment tools for decision-makers to support the efficient 
movement of freight (14). However, current strategies and studies (e.g., NCHRP 998, Land-
Based Classification Standards) have limited considerations of social and environmental 
concerns related to freight transportation, such as decarbonization policies, equity 
mobility, and labor conditions. Moreover, these systems and strategies do not consider the 
future impact of changes in consumer behavior on socio-economic conditions or the 
infrastructure requirements and operational changes due to a ZEV transition. Therefore, 
this study develops an equitable and sustainable freight-oriented LU methodology that 
integrates current planning strategies, requirements for freight infrastructure and ZEV 
technology, changes in freight demand, and decarbonization policies. The main purpose of 
this project is to support planning organizations across the U.S. in implementing LU 
strategies to improve freight efficiency while reducing GHG and pollution, improving social 
and environmental justice, and complementing other recent efforts (14). 

The proposed framework comprises four main steps. The first focuses on characterizing 
the freight context based on local, State, and federal decarbonization plans, equity 
policies, land use plans, and labor conditions. The second step analyzes urban, suburban, 
and rural freight distribution patterns based on supply and demand characteristics. The 
third step analyzes potential freight-efficient LU and transportation initiatives that can be 
implemented locally (including decarbonization, social, and environmental policies). 
Finally, step four develops sustainable and equitable freight LU methodology considering 
impacts on environmental justice, GHG emissions, labor, and social justice. The case 
study for implementing this methodology is the Sacramento region, in California.  

This report is organized as follows. Section 2 provides a systematic literature review 
identifying recent findings and trends on critical factors for a comprehensive 
characterization of road freight activities. Section 3 provides a policy analysis that 
examines the local and regional authorities responsible for the transportation planning 
process. It outlines the freight regulations that influence freight strategies based on the 
analysis of the plans, highlights challenges and freight-oriented strategies derived from 
each regional plan, and connects these elements to the goals of the regional authorities. 
Section 4 describes the local context, including socio-demographic and economic 
characteristics, social justice, and future needs for achieving decarbonization targets. 
Section 5 provides a demand spatial characterization. Section 6 integrates a freight 
spatiotemporal analysis. Section 7 summarizes some sustainable and equitable land use 
and freight strategies, as well as prioritizing zones for charging infrastructure. The last 
section presents the most essential conclusions from the report.   
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2. Literature Review 
This section discusses the processes to identify recent findings and trends on critical 
factors for a comprehensive characterization of road freight activities, including social, 
economic, and environmental factors, as well as the best practices and initiatives for 
implementing a sustainable freight LU.  

2.1. Methods 

Figure 1 illustrates the methodology for conducting a systematic literature review to 
characterize critical factors related to freight activities and identify best practices and 
initiatives for sustainable freight LU. The methodology has six steps, starting with the 
conceptual research design to set essential concepts related to sustainability in 
transportation, research questions, and query search. The second step involves data 
compilation from source-neutral abstract and citation databases, followed by a data 
cleaning and screening process. The third step incorporates a bibliometric analysis to 
characterize the research domain, identify the major topics and emerging trends within the 
data, and analyze the most influential researchers and institutions and collaboration 
patterns among them. The bibliometric analysis began with an exploratory analysis of the 
authors, keywords, institutions, and countries to understand the data's underlying 
structure, patterns, and relationships. The fourth step includes a quantitative analysis 
leveraging deep learning models (e.g., Sentence-BERT) for natural language processing 
(NLP) in text analysis to understand better the documents collected and generate a 
theoretical review of the most prevailing topics. In addition, this step includes a thematic 
analysis used to identify patterns within the goals and methods followed by the documents 
selected. The next step delimited documents that targeted implemented policies/plans 
analysis and procedures for evaluating sustainable strategies that planners or 
policymakers have already implemented. In addition, the team selected documents that 
considered LU as a variable for the study, a mix of transportation and LU models, LU 
planning, and LU interaction with freight transportation. The final step provides a synthesis 
of the findings with a discussion of gaps and opportunities for future research. 
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Figure 1. Workflow of the methodology for conducting the systematic literature review 

2.1.1.  Research design 
This section explains how the key concepts considered in this project are interconnected 
to provide a delimitation of the research questions. Therefore, it is essential to start 
adopting a definition of sustainable transport (ST) to identify the dimensions of this 
analysis. There is no universal definition for this concept. Still, the one adopted by the 
United Nations (UN) is the most often cited, which sets ST systems as essential in fostering 
universal accessibility, mitigating adverse environmental effects, and enhancing safety 
and operational efficiency (15). This project adopts a more comprehensive definition 
based on the literature's widely used terms. Therefore, ST in this study focuses on the 
efficient use and preservation of natural resources, ensuring that we meet the needs 
of current and future generations. It emphasizes the utilization of renewable resources at 
a rate lower than their production capacity and the consumption of non-renewable 
resources at a rate less than the development of renewable alternatives. ST aims to control 
greenhouse gas emissions to mitigate abnormal global warming and improve community 
health by reducing air and noise pollution. Additionally, ST prioritizes social justice and 
gender equality by offering affordable, accessible services that emphasize safety and 
convenience for all users (16).  

Several authors have adopted the three dimensions of sustainability: social, 
environmental, and economic (16–19), proposed by the Burdland report (20) and accepted 
by the World Bank and the UN. Therefore, this project also considered dimensions where 
social sustainability involves safety, health, noise, accessibility, congestion, and quality of 
life (21, 22). Environmental sustainability refers to minimizing the adverse effects of 
transport activities on the environment. The objective of the economic dimension is to 
evaluate the benefits and expenditures associated with transportation. Some research 
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also considers the political dimension (21, 23). Policy and governance are transversal 
factors that involve all the other dimensions. However, this dimension also covers public-
private partnerships, dedicated resources to sustainability strategies, and policy 
evaluation. Therefore, this project considers four sustainable dimensions: social, 
environmental, economic, and governance.  

In this context, the road freight transport industry is crucial in achieving a sustainable 
future. The UN defines sustainable freight transportation as one that possesses, 
among other characteristics, the capability to deliver transportation that is safe, 
economically efficient, competitive, socially inclusive, accessible, reliable, 
affordable, fuel-efficient, environmentally friendly, low-carbon, and resilient to 
external shocks, such as those caused by climate change and natural disasters (24).  

Logistics is the term currently used to refer to the transportation, storage, and 
management of goods as they progress from the source of raw materials through the 
production process to their ultimate point of sale or consumption (25). It also incorporates 
connections with various supply chain functions like warehousing, accounting, marketing, 
and customer relations while considering its organizational, financial, commercial, and 
operational elements as a complete entity (26). 

Logistics facilities refer to particular buildings and warehouses that accommodate all 
activities related to logistics and freight transportation (27), including fabrication, 
storage, and distribution (28). With its urban distribution focus, this study concentrates 
on logistics facilities in the North American Industry Classification System (NAICS) by the 
fourth digit numbers 4931 Warehousing and Storage and 4921 Couriers and Express 
Delivery Services. A warehouse is a facility designed for storing goods over extended 
periods, typically serving to replenish distribution centers that could be far away. In 
contrast, a distribution center generally holds goods for shorter durations, often daily, 
while fulfilling orders delivered directly to retail stores or consumers (28). The location of 
logistics facilities considers the availability and zoning of commercial and industrial land 
offered by the authorities (29). Different logistics facilities require land depending on the 
category and objective of the facility, and the stages can be categorized as follows. In the 
first stage, terminals (i.e., ports, airports), inbound cross docks (e.g., facilities designed to 
de-stuff international containers), or manufacturers to fulfillment centers (warehouse or 
distribution centers) provide the goods to meet regional demand. The second stage 
involves the dynamics between fulfillment centers that provide the infrastructure and 
logistics required to route parcels to the most suitable delivery channels and locations 
(flow-based facilities). The final stage consists of delivery stations, which means retail, 
delivery hubs, or final consumers. The final stage, the last mile segment, is crucial since it 
accounts for more than 25% of freight transportation's greenhouse gas (GHG) emissions 
(30).  

The appropriate link between freight logistics and land use is fundamental for sustainable 
development since most freight activities require physical space. According to the 
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Environmental Protection Agency, LU refers to how humans utilize land for various 
economic and cultural activities, such as agriculture, residential purposes, industry, 
mining, and recreation (31). It's important to note that LU is distinct from land cover since 
LU refers to human activities, while land cover refers to the physical characteristics of the 
land (32). Therefore, land cover can change (e.g., vegetative characteristics change), but 
their use does not necessarily change (e.g., agricultural). LU is typically determined 
through surveys that rely on field observations, whereas remote sensing methods or the 
interpretation of aerial photographs usually help assess land cover. Nonetheless, it is 
feasible to convert land cover data into LU classifications, enabling the examination of 
land use variability over time (33).  

With the key concepts clarified, it is important to highlight that developing an equitable and 
sustainable freight LU methodology can serve as a model for freight-oriented planning 
systems in the U.S. An efficient LU improves freight operations, traffic flow, congestion, 
and delivery routes. The latter directly leads to business cost savings, reducing 
transportation costs and improving productivity. Integrating freight activity in regional 
urban and suburban development can minimize negative impacts on disadvantaged 
communities, leading to more sustainable and equitable transportation policies and 
practices.  

The literature review is the first step in building a methodology for developing an equitable 
and sustainable freight LU. Therefore, this literature review aims to answer the following 
questions: 

RQ1: What literature patterns relate to sustainable road freight transportation? 

RQ2: What are the sustainable strategies and methods considered for improving road 
freight transportation? 

RQ3: What are the primary considerations for incorporating freight logistics into land-use 
planning?  

2.1.2.  Data compilation 
This step involves identifying the search keywords and the scientific databases used to 
gather the documents. Based on the research questions, the authors performed a query to 
consider sustainable road freight from the policy perspective and LU planning 
incorporating freight strategies. Figure 2 illustrates the process of search and delimitation, 
starting with the query search considering four groups of words with the number of 
documents found during each search. The first group involved this study's main target, 
freight movement or transportation. Sustainability over road freight transportation is the 
leading segment set in this review. Different theoretical approaches related to regulatory 
policies and planning and their relationship with LU represent the focus of the analysis. 
Lastly, after a trial-and-error search, it was possible to identify multiple documents that, in 
addition to their importance to the topic of sustainability, are outside the scope of the 
search described in the previous section and were excluded. 
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The two main databases included the Web of Science and Scopus for the literature review. 
The cleaning process started with the first screen, including titles and keywords. This 
process eliminated documents from other languages different than English, duplicates, 
and titles that were not directly related to the topic. The second screening process 
included an abstract analysis. The selection considered documents that somehow reflect 
the framework of the research domain described in the initial search query and provide 
enough details and quality to consider the paper worth a detailed review. The cleaning 
process resulted in 284 documents for the bibliometric analysis described in the following 
section.   

 
Figure 2. Process of data collection 

The bibliometric analysis delimited 89 documents that targeted implemented 
policies/plans analysis, methods for evaluating sustainable strategies that planners or 
policymakers have already implemented, and the effectiveness of sustainable policies, 
plans, or programs. This group of documents is essential for identifying trends and 
opportunities for implementing a sustainable freight LU strategy. In addition, the team 
selected 39 papers for a complete reading analysis that considered LU as a variable for the 
study, a mix of transportation and LU models, LU planning, or LU interaction with freight 
transportation. 
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2.1.3. Bibliometric construction 
After data debugging and cleaning, the third step performs bibliometric analyses. This 
process starts with an Exploratory Data Analysis (EDA) of the authors, keywords, 
institutions, and countries to understand the data's underlying structure, patterns, and 
relationships. EDA provides an overview of documents through a metadata summary 
report and multiple visualization strategies. The word cloud strategy helps summarize the 
most frequent words in abstracts. The next process was to group those abstracts 
considering an embedding technique to represent words or phrases as vectors and, 
through the Uniform Manifold Approximation and Projection (UMAP) technique, 
transforming high-dimensional data (abstracts) into lower-dimensional space for 
visualization purposes (34). The authors generated a topological representation using a 
similar process given some low-dimensional data representation. Next, UMAP optimizes 
the topological representation of the data in the low-dimensional space, minimizing cross-
entropy (34). This strategy also provides visibility to outliers due to possible missing data or 
unrelated documents to the main subject. Country-related participation (i.e., researchers’ 
affiliation) through a tree map provides the number of country-identified documents. The 
technique used for this strategy was adjacency analysis to identify proximity and 
connections between authors based on citations. The network analysis was performed to 
identify the connection between authors due to frequent citations and cooperation.  

2.1.4.  Quantitative analysis 
The quantitative analysis incorporated artificial intelligence to gain deeper insights into the 
collection of documents through the Sentence-BERT Deep Learning Model (SBDLM) (35, 
36). This strategy helped identify and classify the most significant themes within a large 
amount of text from the abstract information. The next step involved an alternative 
thematic analysis targeting documents that implemented policies/plans analysis, 
methods for evaluating sustainable strategies that planners or policymakers have already 
implemented, and the effectiveness of sustainable policies, plans, or programs. This 
strategy used an abstractive text summarization model (ABSM) that identifies the most 
significant sentences or phrases from the original text to create a concise version that 
effectively conveys its meaning. This task used the advanced method PEGASUS (37, 38). 
Furthermore, this approach facilitated the extraction of the methodologies implemented in 
each publication included in the full review group. The authors analyzed the research goal 
theme from the ABSM to check possible mistakes based on the lack of information in some 
abstracts or because some documents were unclassified. 

2.1.5. Sustainable freight documents and LU analysis 
The research team classified the 89 documents selected for a complete reading process 
into the input-output approaches. The inputs refer to the main factor, scenario, policy, or 
strategy analyzed in the text, while the output corresponds to the effect or consequence of 
the input treatment. Based on the outputs, the authors classified the documents by their 
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most representative sustainable dimension. Some documents were multidimensional 
since they tried to achieve at least two sustainable dimensions.  

The last research question refers to the primary considerations for incorporating freight 
logistics into LU planning, which demands a deep analysis of those documents that 
address this question. Therefore, the research team identified 39 key documents that 
considered LU as a variable for the study: a mix of transportation and LU models, LU 
planning, and LU interaction with freight transportation. 

2.1.6.  Takeaways and research opportunities  
In the final step, the team synthesizes the key findings from the literature review. In 
addition, the authors identified multiple gaps or opportunities for future research, 
including those highlighted in the references and others identified during the analytical 
process. 

2.2. Summary of results 

The query search and the screening process resulted in 284 documents between 2010 and 
2024, including 218 articles, 21 conference papers, 18 proceedings papers, 13 book 
chapters, 10 reviews, two articles in press, and one book. The following subsections 
provide a detailed explanation of the bibliometric, quantitative, and full reading analysis. 

2.2.1.  RQ1: Literature patterns relate to sustainable road freight 
transportation 
Figure 3 shows the word cloud resulting from the text analysis. Based on the highlighted 
words, the references are mainly related to “urban” and “logistic,” with an importance 
factor of 0.876 and 0.559, respectively. Other words to highlight are “model” (0.659), 
“emissions” (0.499), and “sustainable” (0.249). On the other hand, “planning” (0.321), 
“land” (0.269), and “policy” (0.154) show representative importance. 

The 3-gram analysis provided insights into the concepts and techniques discussed in the 
documents, considering the most frequent consecutive 3-words. “Freight transport 
logistics,” followed by “urban freight transport,” were the most representative words. It is 
essential to highlight other frequent topics, such as “land use planning,” “input-output 
analysis,” and “decision support systems.”  
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Figure 3. Word-cloud highlighting words from the literature text analysis 

The subsequent phase in the EDA involved converting the abstracts into numerical 
representations. Specifically, the process transformed the abstracts into a Term 
Frequency-Inverse Document Frequency (TF-IDF) matrix or embeddings. Afterward, the 
authors used a dimensionality reduction technique, UMAP, to reduce the dimensionality to 
two dimensions for visualization. Finally, through a k-means algorithm, the authors 
grouped the data into clusters. This strategy resulted in five clusters of topics, as 
illustrated in Figure 4. The topic of sustainability and green logistics includes documents 
related to strategies to achieve sustainability, such as policies, plans, new technology, and 
behavioral changes. Equity aspects are also part of this group, with documents discussing 
job informality, discrimination, and perception. The next cluster considers research 
involving land use planning, urban strategies, freight facilities, and logistics sprawl. The 
third cluster involves documents related to smart energy systems, energy efficiency, 
alternative fuels, carbon reduction, and decarbonization strategies. Another cluster 
identified considers transportation efficiency and safety documents, such as vehicle 
routing problems, freight transportation networks, travel time, driver behavior, and 
influencing factors in the urban context. Most of those documents considered heavy-duty 
vehicles and long-haul segments. Finally, the last cluster is mainly related to last-mile 
delivery and e-commerce, considering different strategies such as cargo bikes, micro 
hubs, urban street networks, parking areas, loading/unloading areas, and grocery 
shopping behavior.  
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Figure 4. Document projection with UMAP and clusterization with k-means 

The authors used a network analysis approach to identify the relationships between 
scientific publications, authors, and journals. This analysis provides collaboration patterns 
between authors or institutions, maps ideas within a field, or identifies critical publications 
or journals within a particular research area. The Collaboration Analysis helps understand 
how collaboration networks are structured, how they function, and how to leverage them 
to facilitate collaboration, knowledge sharing, and innovation. Figure 5 exhibits the most 
essential authors due to their productivity and collaboration. Examples include Antonio 
Comi, who has twelve documents and eight collaborators in his network. This means this 
author has participated in at least five documents as a coauthor with each of them. His 
research has focused on last-mile patterns, accessibility, and smart urban freight. Jesus 
Gonzalez-Feliu, with seven documents and a network of six other authors. His research 
mainly focuses on urban logistics, considering transport demand, freight trip 
generation/distribution, and accessibility. Jose Holguín-Veras is another representative 
author whose network is also connected to the Gonzalez-Feliu network. With six 
documents and a network of six authors, Holguín-Veras has participated in research 
related to freight efficiency, considering freight demand management upstream and last 
mile, freight (trip) generation, and freight-efficient land use. Figure 5 also shows the main 
author’s countries and their network collaboration. The graph indicates that European 
researchers collaborate more with their peers in Europe, highlighting a solid network of 
intra-continental cooperation. One notable publication within this body of literature is 
Reference (39), published in 2010, which has garnered 530 citations. This study forecasts 
the carbon footprint associated with road freight transport by 2020. It delineates baseline 
logistics and supply chain management trends and analyzes the related environmental 
impacts leading up to that year. A second document to highlight is (29), published in 2016 
and cited by 159 authors. It discusses the logistics sprawl phenomenon that affects 
emissions and employment in commuting logistics.  
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Figure 5. Collaboration analysis between authors, countries, and institutions 

The team explored tendencies across the different continents by analyzing the keyword 
through the SBDLM. Urban freight and city logistics are the most important topics 
worldwide, considering last-mile delivery, urban consolidation centers, and optimizing 
delivery networks. Europe is the region with the most representative authors’ participation 
in the literature with the following top topics: freight transport and logistics (logistics 
centers, logistics hubs, intermodal transport, synchro modal transport, modal shift); 
sustainability in transport and logistics (green logistics, social sustainability, 
environmental sustainability, carbon emissions); advanced optimization and technology 
applications (intelligent transportation systems (ITS), information and communication 
technology (ICT), geofencing, simulation-based optimization, decision support systems); 
and transport planning and policy (accessibility analysis, strategy, transport demand 
modeling, transport economics, stakeholder engagement). The second representative 
region is Asia with the next key topics: sustainable transportation and green logistics; 
freight systems and policy analysis (freight demand modeling, freight behavioral research, 
logistics planning); digitalization, artificial intelligence (AI), and technology in freight 
transportation; and emissions, environmental impact, and air quality. The next 
representative region is North America with the following topics: freight demand modeling 
and data science (Modeling freight demand, trip patterns, integrating freight movement 
data); land use and freight integration (Integration of freight systems with urban land use 
planning, understanding spatial dependencies, and impacts of freight on urban growth); 
Sustainability and Alternative Fuels (electrification, renewable energy, and digital 
technologies); and e-commerce and logistics sprawl (Impacts of e-commerce on logistics 
networks, suburbanization of warehouses). 

Following the EDA and network analysis, the subsequent step involved using AI tools to 
extract deeper insights from the document collection. Techniques such as embedding, 
topic modeling, and text summarization, all grounded in deep learning methodologies, 
were employed to reveal hidden themes and patterns within the data. It was possible to 
identify and classify the most significant themes through SBDLM, as Figure 6 Illustrates. 
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The technique identified 168 documents related to freight logistics, followed by 68 papers 
related to energy efficiency/alternative and emissions-related research. Other topics 
resulting from this analysis were road safety (17 papers), social/societal and economic 
dimensions (16 papers), and governance related to planning processes and decision 
support frameworks (12 papers).   

 
Figure 6. Thematic analysis classification by SBDLM 

Figure 7 presents the evolution of this classification over time. Logistics research 
increased substantially over time, while research in energy and emissions provided 
significant documentation from 2016. The most representative year was 2022, with 15% of 
the total documentation considered in this analysis. 

The ABSM helped identify research goals and the most representative methods applied in 
the studies. Results are illustrated for logistics (Figure 8) and energy/emissions 
classification (Figure 9). The review process concerning logistics encompasses an 
extensive examination of various strategies, specifically focusing on urban logistics, 
inbound logistics (including first- and middle-mile considerations), organizational 
strategies, prevalent methodologies, and pertinent data factors. Urban logistics emerges 
as the predominant subject within sustainable freight transportation. Suggested strategies 
within this framework include effective curbside management for optimized parking 
allocation (40–47), loading/unloading bay areas (48–52), and improved accessibility to the 
curbside (53–55). Additionally, the literature addresses the topic of freight consolidation in 
urban contexts, emphasizing location strategies designed to enhance efficiency, reduce 
costs, and facilitate connectivity among various modes of transport (56–63). Multiple 
modes were also analyzed, such as cargo bikes (57, 64–69), drones (70, 71), pickup 
collection (61, 62, 72), and waterways (73). Those analyses investigate implementation 
opportunities, inherent limitations, potential for modal shifts, contributions to 
decarbonization, and performance evaluation metrics. 



 

 
14

 

 
Figure 7. Yearly literature evolution 

Furthermore, freight management strategies highlighted within the literature encompass a 
comprehensive review across all stages of transportation, focusing on aspects such as 
transportation (trip) generation analysis (74–81), the spatial allocation of freight facilities 
(53, 82–90), and the effective management of the routing problem (91–96). In the area of 
inbound logistics, emerging topics include drayage operations (96, 97), hyperconnected 
freight systems (94), and platooning techniques (98). Different strategies implemented to 
achieve sustainability in transportation include decision-support systems (99–102), 
optimization models (94, 103–105), spatial analysis (85, 106–109), estimation frameworks 
(110–114), and explanation/forecasting models (55, 77–80, 85, 115). Data commonly used 
for analytical purposes include traffic flow, origin-destination statistics, vehicle trajectory 
information, package tracking details, warehouse locations, real estate data concerning 
warehouses, and various socio-economic and consumer behavior metrics. 
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Figure 8. Sustainable literature: Logistics 

Figure 9 shows the literature on energy efficiency, energy transition, GHG, and pollutant 
emissions. Findings were classified into decarbonization strategies, methods to analyze 
strategies, future needs, and human behavior.  

 
Figure 9. Sustainable literature: Energy and Emissions group 
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The literature addressing decarbonization strategies emphasizes two primary 
perspectives: vehicle operations and a more integrative framework. Within the vehicle 
operation domain, key strategies include using alternative fuels (64, 116–126), optimizing 
powertrain combinations (127, 128), fleet tracking mechanisms (129), off-peak delivery 
practices (41, 130), and both multimodal (131) and synchro modal operations (58). 
Conversely, the holistic approach encompasses concepts such as the Circular Economy 
(132, 133), bioeconomy (134), and ecosystem services (135), thereby underscoring the 
interconnectedness of environmental and economic systems. Various methodologies 
have been employed to compare distinct characteristics within this field, including freight 
scenario analyses, comparative assessments of fleet characteristics, and qualitative 
interviews. Additionally, approaches that evaluate efficiency and cost, such as drive 
system analyses, modeling, and simulations, are prevalent.  

Multi-criteria analysis has emerged as a strategy for facilitating decision-making among 
policymakers and transportation stakeholders over the different sustainable dimensions 
(45, 136–141). Researchers frequently deploy spatial analysis techniques to address future 
demands in the decarbonization landscape and effectively inform infrastructure allocation 
and demand forecasting, transport demand assessments, and industry characterization 
(125, 135, 142–146). This comprehensive approach enables a more nuanced 
understanding of the complexities involved in sustainable transportation initiatives. 

2.2.2.  RQ2: Sustainability strategies and methods 
Table 1 shows the result of the input-output analysis of the 89 references subjected to 
detailed review. In this case, sustainability dimensions provide an excellent opportunity to 
classify the literature review's findings based on the outputs for pattern and trend analysis. 
In addition, the Appendix provides a complete description of freight-related issues and 
strategies to mitigate those issues identified in the literature. 

The environmental dimension includes two groups of outputs. The first group covers 
carbon reduction, emissions performance, noise pollution, and other decarbonization 
strategies. The second relates to the energy transition, energy efficiency strategies, and 
some barriers along the transition process. The literature includes multiple strategies for 
mitigating freight environmental effects. The most representative is freight logistic 
strategies such as route optimization (91, 141), demand management (53, 59, 147), 
technology implementation (e.g., apps (148), multimodal synchronization (65)), and 
comparing multiple freight scenarios (122, 149–152). Fuel technology or alternative fuel 
(e.g., biofuel (119, 153), natural gas (121, 149), electric (64, 122, 126, 154, 155)) is well 
documented in the literature, using techniques such as life cycle analysis, data analysis, 
or simulations to explore fuel consumption and emissions under different scenarios. The 
review then showed multiple policy inventories (136, 154, 156, 157), policymakers' roles 
(158), policy scenarios (154), and barriers to emissions mitigation (e.g., additional cost 
(121), lack of or insufficient coordination (159).  
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On the other hand, the energy transition outcome review compares different strategies, 
regions, and scenarios, highlighting the evaluation of needs and barriers to energy 
transition. Those include wildness to adopt sustainable strategies (160), technical and 
operational issues (155),  infrastructure limitations (126), and urban structure (146). 

The literature also includes societal/social and economic dimensions. Road safety is a 
representative topic, and from the equity perspective, different analyses consider the 
spatial distribution of road crashes involving trucks and their effects on the population 
(161) as well as the transition strategies for road safety (162, 163). Some strategies 
evaluated in these documents are inclusive transportation networks, linking mobility 
simulation and safety simulation models, and coordination among different plans. The 
literature also analyzes the economic effects of freight activity. Those documents include 
the effects of regional disasters on the economy due to the transportation infrastructure, 
which requires multi-stakeholder collaborative strategies (164). Other documents evaluate 
the integration of economic and spatial development policies (156) and policies that 
incorporate support for the economy with cycling as work (165). 

Table 1. Dimensional and Input-output Classification 

Dimension References Input Output (Target) 

Environmental (26) 

(57, 64, 91, 
131, 148, 
150, 151)  

Logistics operations, 
strategies, and technology 

Carbon reduction, GHG 
emissions performance, 
noise pollution 

(116, 119, 
121, 122, 
149, 152, 
166)  

Fuel technology or alternative 
fuels 

(145, 152, 
154, 156, 
158, 159) 

Policy/plan evaluation 

(167) Socio-economic 
characteristics 

(155, 160) Logistics operations, 
strategies, and technology 

Energy transition, energy 
efficiency, and barriers 

(126) Fuel technology or alternative 
fuels 

(153) Policy/plan evaluation 
(146) Spatial analysis 
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Dimension References Input Output (Target) 

Societal/social (8) 

(162) Policy/plan evaluation 

Road Safety 
(161, 163) Spatial-temporal analysis 
(168, 169) Social and environment 
(170) Logistics operations, 

strategies, and technology 
(147) Policy/plan evaluation Equity impacts 
(171) Policy/plan evaluation Health impacts 

Economics (5) 

(164) Relief logistics 

Economic effects 
(172) Oil demand 
(165) Labor opportunities 
(173, 174) Infrastructure and land 

characteristics 

Governance (29) 

(55, 59, 65, 
100, 175, 
176) 

Logistics operations, 
strategies, and technology 

Decision support and 
collaborative solutions 

(177) Decision criteria analysis 

Land use demand, 
management, and 
patterns 

(178) Model analysis 
(46, 81, 179) Logistics operations, 

strategies, and technology 
(180) Market conditions 
(13) Policy/plan evaluation 
(181–188) Policy/plan evaluation 

Freight efficiency, 
accessibility, and 
location 

(3, 29, 53, 
60, 86, 101, 
138, 189) 

Freight logistics and 
management 

Multidimensional 
(21) 

(90, 190, 
191) 

Projects or program 
evaluation 

Sustainable Freight  

(136, 157, 
192–196) 

Policy/plan evaluation 

(140, 197, 
198) 

Decision criteria analysis and 
collaborative solutions 

(57, 63, 64, 
91, 131, 
148, 150, 
151)  

Logistics operations, 
strategies, and technology 

The governance dimension exhibits a representative group of documents related to freight 
efficiency, accessibility, and location output. Some documents analyze literature to 
identify strategies for enhancing decision-making outcomes and operational performance. 
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These strategies include staying updated on changes and trends within the industry (3), 
utilizing open data (29, 138), implementing urban freight transport plans (138), fostering 
collaborations and partnerships among various stakeholders (3, 29, 181), establishing 
suitable logistics facilities in central urban areas (29), managing passenger and freight 
transport as a cohesive logistics system (138), and integrating freight considerations into 
land use planning (3). Neglecting freight integration can have long-term and irreversible 
consequences for traffic flow, air quality, waste generation, and energy consumption (3). 

Other documents analyzed specific cases from the policy and planning perspective. For 
instance, a framework for optimizing the establishment of small-scale logistics facilities 
was proposed for implementation in Inner Melbourne, considering the spatial relationships 
between the significant freight hubs and transport networks (187). Other research 
developed in Montreal, Canada, shows that including user costs in decision processes 
significantly reduces user costs, achieving a minimal impact on operator costs, thus easily 
satisfying a cost/benefit criterion. The findings provide new evidence for policymakers that 
the optimal sequencing of interventions in time and space on a network can significantly 
reduce societal costs, sustainability objectives, and environmental impacts (186). A study 
conducted in London relating to the 2012 Olympic and Paralympic Games highlighted the 
beneficial effects of collaborative efforts between policymakers and the freight industry 
(181). This collaboration fostered an environment where companies were encouraged to 
revise their delivery and collection schedules to off-peak hours, thereby enhancing freight 
planning within Transport for London-funded Road schemes. This agency's provision of 
electronic traffic information to the freight sector and the further development of freight 
journey planning tools were significant advancements in optimizing freight management. A 
comparative analysis assessed the before-and-after travel time performance metrics in 
Charlotte, North Carolina. This investigation employed a modeling approach to elucidate 
the interplay between land use characteristics and travel time performance. The findings 
significantly impact freight operational efficiency, highlighting the critical relationship 
between urban planning and transportation outcomes (183). The implementation of time 
restrictions for heavy goods vehicles on specific road sections in Gdańsk's city center, 
Poland, was evaluated and resulted in an enhanced level of service. However, the findings 
indicate that this measure can be most effective when developed collaboratively with 
transport companies (185). 

Multidimensional documents consider at least two sustainable dimensions and represent 
a more integral analysis. Logistics operations, strategies, and technology are the most 
representative input in the literature. Evaluating Sustainability is one of the primary goals of 
those documents using strategies such as indicators (199–202), simulations (203), 
interviews (141, 200), traffic data analysis (204), and multi-criteria data analysis (205). 
Other research evaluated sustainable policies, such as the connection between 
(multilevel) policy mixes for European climate change. The authors proposed transforming 
the focus of funding from infrastructure to broader mobility and institutionalizing multilevel 
cooperation (157). A separate study employed multi-criteria analysis to assess the 
measures proposed for Serre's Sustainable Urban Logistics Plan (SULP) in Northern 
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Greece (136). The findings of this research identified three primary strategies: enhancing 
user awareness and disseminating information regarding sustainable urban freight 
transport, developing informational maps, and implementing spatial and temporal 
restrictions. An additional study of significance focuses on ITS solutions in the planning 
and management of urban freight transport in Gdynia. This research employed a novel 
multilevel transport model to model and analyze freight vehicle traffic dynamics 
comprehensively. The findings underscore the critical role of integrating vehicle data 
obtained from surveillance cameras, traffic measurement stations, and the overarching 
street network. Such integration is essential for enhancing forecasting accuracy and 
optimizing the transportation planning process. 

2.2.3.  RQ3: Primary considerations for incorporating freight logistics into 
land-use planning 
Literature provides frameworks to incorporate freight into LU planning to improve 
efficiency and sustainability. A key framework denominated “Freight-Efficient Land Uses 
(FELUs)” was proposed as a procedure to guide policymakers in the formulation of a plan 
capable of minimizing social, private, and external costs while fostering compactness of 
supply chains (13, 14). The framework comprises four essential steps: (1) acquire a 
thorough understanding of the key attributes of the local economy, freight operations, 
and supply chain trends in the region; (2) recognize the challenges and the 
opportunities; (3) pinpoint the most impactful FELU initiatives; and (4) involve 
stakeholders to establish a strategic direction moving forward. The guide provides 
several initiatives and tools to implement the plan. Still, it fails to offer equity metrics, 
strategies, or tools for measuring the social impacts of displacement risk, gentrification, 
employment, and housing affordability derived from freight activity.    

A second framework proposed by (109) advocates for incorporating urban freight initiatives 
into urban planning processes. This framework encompasses three key components: (1) a 
theoretical foundation rooted in economic geography theory, which aids in identifying, 
characterizing, and mapping freight transportation zones based on the spatial and 
economic characteristics of companies and their freight demand; (2) a spatial cluster 
analysis that examines the integration of infrastructure, land use, and the locations of 
companies; and (3) a high-level grouping of urban freight initiatives. However, some 
limitations of this framework include challenges related to its scalability in different urban 
contexts, a lack of stakeholder engagement, and considerations of equity impacts.   

Some topics identified in the documents with LU as a key component include freight 
demand, freight logistics, transportation infrastructure, environmental sustainability, and 
socio-economic impacts (see Table 2). A representative topic in the documents was freight 
logistics. Some studies focus on the spatial distribution of freight facilities and how this 
affects freight efficiency, incorporating methods such as large-scale freight surveys 
(206), comparing freight activity in multiple urban areas (179), measuring accessibility by 
merging spatial analysis and logistic regression (85), identifying the e-tailing hubs trends 
using clustering analysis (3) and computing the cost of inter-regional distribution based on 
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facility location (105). The literature also proposes simulations for integrating land-
use/transport modeling (101, 178), simulations of shopping demand to assess the 
effects on the freight restocking incorporating LU development (207), and a simulation 
of commodity contracts, logistics, and vehicle operation to evaluate logistics 
solutions (203). Alternatively, an interactive visualization tool for collaborative planning of 
construction transport was proposed by (198), which allows for evaluating strategies and 
assessing predicted consequences. In addition, some documents proposed special 
areas for freight logistics, such as hubs for eco-transfer systems (208) and special 
airport economic zones (106).  

Table 2. Land Use- related documents 

Topic Total References 
Freight logistics 15 (3, 85, 101, 105, 106, 139, 142, 178, 179, 187, 

198, 203, 206–208) 
Freight demand 11 (53, 54, 87, 180, 183, 196, 200, 209–212) 
Transportation Infrastructure 6 (42, 44, 46, 50, 118, 177) 
Environmental sustainability 3 (143, 145, 182) 
Socio-economic impacts 2 (174, 213) 

Between the freight demand-related documents, it is essential to highlight the impact that 
freight demand management strategies and freight-efficient LUs can have on increasing 
urban freight accessibility through a framework proposed by the authors (53). In this case, 
accessibility measures were essential for targeting LU for freight facilities to ensure 
efficient logistics performance. Measuring truck travel time and its relationship with LU 
was another factor identified for allocating resources to improve efficiency (183, 209, 
210). In addition, measuring freight trip generation, shopping trips, and LU 
development were also representative strategies of the freight demand topic, 
considering LU as part of the built environment (211), LU based on attractiveness and 
accessibility indicators (54), the surrounding LU of freight clusters (87), and using Multi-
Criteria Evaluation in GIS for identifying suitability maps related to Freight Trip Generation 
Centers and LU compatibility (200). 

An important factor related to the transportation infrastructure presented in the 
literature is curb-side management. This topic includes the identification of potential 
parking areas for heavy-duty vehicles through geo-fencing (42), the quantification of the 
usage of curb space in the densest urban area (44), and the implementation of a model to 
optimally locate loading bays in an urban environment (50). Other research evaluates the 
impact of home delivery when occupied public land for parking through scenario 
assessment, including electric vehicles (118). 
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2.3. Takeaways and research opportunities 

This section synthesizes the key findings from the literature review while identifying existing 
gaps and opportunities for implementing sustainable strategies within freight 
transportation, as revealed through the analysis of the reviewed literature. 

2.3.1. Takeaways 

• Urban freight and city logistics are the most important topics worldwide. Europe 
has the most representative authors’ participation, followed by Asia and North 
America.  

• The literature’s most representative freight logistics strategies are curbside 
management, freight consolidation in an urban context, and multimodality. 

• Freight management strategies mainly focus on transportation (trip) generation 
analysis, freight facilities' spatial allocation, and effectively managing the routing 
problem. 

• The literature addressing decarbonization strategies emphasizes two primary 
perspectives: vehicle operations (e.g., alternative fuel, off-hour deliveries) and a 
more integrative framework (e.g., circular economic, ecosystem service). 

• Multi-criteria analysis has emerged as a strategy for facilitating decision-making 
among policymakers and transportation stakeholders over the different sustainable 
dimensions. 

• The governance dimension of sustainability includes strategies such as staying 
updated on industry changes and trends, utilizing open data, implementing urban 
freight transport plans, fostering collaborations and partnerships among various 
stakeholders, and integrating freight considerations into land use planning.   

• Multiple documents provide strategies for evaluating sustainability, including 
indicators, simulations, interviews, traffic data analysis, and multi-criteria data 
analysis. 

• Some topics identified in the documents with LU as a key component include 
freight demand, freight logistics, transportation infrastructure, environmental 
sustainability, and socio-economic impacts. 

• Different authors considered LU to measure efficient logistics performance, identify 
resource allocation, or evaluate freight accessibility and attractiveness.  

2.3.2.  Research opportunities 

• Labor force disparities and disruption are absent from this review. The shift toward 
a carbon-neutral transportation system can affect employment in specific 
industries while generating new opportunities in others, such as manufacturing 
clean vehicles and developing electric and hydrogen fueling infrastructure. 
Therefore, developing research on this topic and proposing strategies to mitigate 
the disruption’s side effects are important.   
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• The transportation policy structure highly depends on the region and the context 
(e.g., transit, freight). As a result, it is essential for policy analysis to effectively 
represent the decision-making frameworks and power dynamics and recognize the 
informal networks and sub-groups of stakeholders that gather around the policy 
matter. 

• One area that remains underexplored in the literature examined in this study is the 
long-term sustainability of certain incentive policies. Both time scale and 
investment are often overlooked but are crucial for effective policy sustainability. 

• Another critical gap is the disparities led by freight facility placement and operation. 
Prioritizing equity considerations by including marginalized and vulnerable 
populations and how planning processes impact them. Research should focus on 
environmental effects, housing effects, and gentrification patterns resulting from 
freight facility distribution because of policy and planning practices. This will 
provide helpful information for mitigating negative policy effects on communities.   

• A representative gap in this literature search is the climate change discourse as a 
strategy to change population behavior that could impact decarbonization since 
some research has demonstrated that discourses of fear of climate change are 
pervasive and disengaged (214). More research is needed to identify the California 
climate change discourse and evaluate the effects of changing discourse toward 
human health and wellbeing instead of climate change.  

• There should be increased global research collaboration to develop and enhance a 
comprehensive evaluation framework for sustainable performance. There is a great 
collaboration between European countries. However, there is still a great 
opportunity to cooperate with research at the international level and between 
countries with different levels of development.  

• Efficient land-use distribution is a priority topic for policymakers and planners. An 
effective land-use plan highly depends on large-scale land demand forecasting 
using historical data. Therefore, a great effort is required to improve this forecasting 
process, incorporating the freight demand identified and its impact in each 
sustainable dimension. This will result in the identification of the most optimum 
locations for logistics in terms of sustainability. 

• Tracking climate actions at various government levels is crucial to identifying each 
responsible agency's commitment to achieving environmental goals. Therefore, 
performing a multiscale policy analysis is essential to evaluate the alignment 
between national, state, regional, and city freight decarbonization targets and the 
level of compromise required to achieve those goals.  

• Some sectors, such as waste transportation, construction transportation, and the 
long-haul sector, provide an excellent opportunity for policymakers to enhance 
sustainability because tracking and planning their routes is easier. For instance, 
literature has analyzed waste fleet electrification and operation as an excellent 
opportunity for energy transition that could be implemented and evaluated as a 
regional policy. In addition, decarbonization of drayage operations is an initiative 
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discussed in the literature. Still, it has some barriers, such as infrastructure 
barriers, high cost, complex ecosystem, and advanced technology, which require 
research, especially for the inequality between large and small operators. 

• Several strategies require financial incentives, which have been essential for 
enhancing transportation sustainability. Many policies already implemented (e.g., 
tax reduction, subsidies) offer a great opportunity to analyze current performance 
using multicriteria analysis or simulations that can forecast decarbonization 
targets' performance. Another aspect to consider in this analysis is the unbalanced 
distribution of those benefits, where small enterprises can be affected. The most 
significant limitation is the data available for performing this research type.  

• Information sharing is a recurrent strategy for enhancing sustainability in 
transportation. This offers an excellent opportunity to develop a framework for 
selecting useful data, collecting, administrating, and sharing this information. The 
initiative should also include regulatory considerations for its implementation.  

2.3.3.  Framework to incorporate sustainable and equitable freight 
strategies into the land use planning   
This section provides valuable insights that contribute to developing a framework that 
facilitates the integration of freight strategies into land-use planning. The literature 
suggests conducting a multiscale policy analysis to assess the alignment between 
national, state, regional, and city freight decarbonization policies, decarbonization targets, 
and land development policies. This could be the first step in the framework, which must 
also consider key players in developing policies and incorporating sustainable and 
equitable freight strategies. Literature reveals fragmentation in freight policy integration, 
highlighting the need for vertical and horizontal coordination. A second step identified in 
the literature involves analyzing the regional context, including socio-economic 
characteristics, market conditions, policy performance, freight activity profiles, labor 
trends, and social vulnerability indicators. This can provide valuable insights into the 
achievements of decarbonization goals and opportunities to accelerate them. In addition, 
this step can identify regional disparities and contextual drivers/barriers. The land use 
literature analysis highlighted the need to understand both the demand for goods and 
services and their supply, as well as their relationship to land use, utilizing spatial and 
historical data to identify patterns and trends that represent step three in this framework. 
Aspects to consider in this step include an analysis of environmental effects, housing 
impacts, and gentrification patterns resulting from the distribution of freight facilities. 
Logistics sprawl and accessibility issues dominate the literature; freight-efficient LU 
models and spatial equity are needed. Results from the previous step would provide issues 
that represent opportunities to incorporate freight strategies identified in the 
literature. Table 20 resents a localized menu of sustainable freight solutions with the most 
common problems and their related sustainable strategies. This process facilitates the 
policymaking and planning process and represents the fourth step of the framework. Some 
common strategies suggested include curbside and parking management, 
loading/unloading zones, freight consolidation centers, and eco-zoning for logistics. A key 
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aspect to incorporate in the framework is the prioritization of zones for intervention, 
resulting in step five. This step offers an excellent opportunity to integrate equity indicators 
(e.g., disadvantaged status) to prioritize zones of intervention. Literature also suggests 
other indicators, such as emissions intensity, freight accessibility, economic development 
potential, and distribution efficiency. The sixth step should consider funding sources (e.g., 
federal grants, state incentives, public-private partnerships) to secure the implementation 
of the framework. Some strategies require financial incentives to accelerate 
decarbonization or to motivate the implementation of sustainable strategies. Literature 
notes the uneven access to financial tools, especially for small businesses and 
disadvantaged areas. The seventh step proposed is the involvement of stakeholders in 
the process of incorporating sustainable freight strategies. It is essential for policy 
analysis to effectively represent the decision-making frameworks and power dynamics, 
and recognize the informal networks and sub-groups of stakeholders that gather around 
the policy matter. A significant literature gap exists regarding informal stakeholder 
networks and participatory governance models. The following step is the implementation 
of solutions, ensuring coordination with existing infrastructure projects or redevelopment 
efforts, and ensuring interventions are embedded in long-range planning. Finally, step nine 
should involve the performance evaluation of each strategy to verify its effectiveness 
and report the results to the public. Literature provides multiple strategies for evaluating 
freight strategies, including indicators, simulations, interviews, traffic data analysis, and 
multi-criteria data analysis. Key aspect of this step is the evaluation of sustainable 
dimensions that include environmental dimension with aspects such as GHG, noise, 
energy use; social dimension, considering displacement risk, access to goods and 
services; and economic dimension, which includes cost savings and job impacts. 
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3. Policy analysis 
The planning of freight transportation poses several challenges for policymakers. A 
representative challenge is modifying behaviors, as receivers' actions largely influence 
freight patterns (215). A second challenge lies in fostering collaboration between the 
public and private sectors in sustainable initiatives (216). Additionally, public sector 
regulations play a crucial role, as public institutions are tasked with land use planning, 
promoting economic development, and managing financial mechanisms (217). The 
majority of the general plans aimed to address these challenges through seven key 
initiatives:  

1) Enhancing infrastructure management to improve freight facilities; 
2) Optimizing parking and loading area management to ensure adequate demand and 

accessibility for freight vehicles; 
3) Implementing strategies to mitigate the externalities associated with vehicle use; 
4) Managing traffic flow to enhance overall mobility; 
5) Utilizing pricing, incentives, and taxes to alleviate the externalities generated by 

vehicles and industry; 
6) Improving logistics for the last mile segment; and, 
7) Promoting sustainability and efficiency through effectively managing freight 

demand and land use (217).   

It is important to identify strategies that assist in achieving multiple objectives rather than 
those that solve one problem but exacerbate the others (218). 

3.1. Methods 

Despite the negative effects that freight transport can have on metropolitan areas, 
transport plans and regulations tend to focus primarily on passenger strategies (219). 
Since federal and state rules, procedures, and policies have been established in the U.S. 
affecting freight transport over the past decade, it is necessary to analyze the 
implementation of these requirements in regional plans and the crucial role that this 
sector plays in the planning process. Therefore, this section sets the following research 
questions: 

RQ1: Who is responsible for the planning process? 

RQ2: What are the freight regulations in the U.S. and California? 

RQ3: What sustainable freight strategies are implemented in the Sacramento regional 
plan? 

RQ4: How are the decarbonization targets in the freight sector aligned at the different 
government levels? 
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This analysis starts by identifying the local and regional authorities in the transportation 
planning process and their roles (see Figure 10). Then, the most recent regional plan was 
selected to develop a deep analysis, focusing on the case study of the Greater Sacramento 
region in California. The second step involved identifying the freight regulations that impact 
freight strategies based on the plan's analysis. This strategy encompassed an inventory of 
assembly bills, senate bills, and executive orders related to freight transportation. The 
authors evaluated the plans to check whether the strategies complied with these 
regulations. 

The third stage of this process involved identifying challenges and freight-oriented 
strategies from each regional plan and linking them to the regional authorities' goals. 
According to the above literature review, the authors divided the sustainable strategies into 
targets: carbon reduction, noise reduction, operation efficiency, accessibility, road safety, 
health, and well-being. This study considers the following elements: vehicles, 
infrastructure, land, stakeholders, and the environment to identify the strategy’s focus. It 
also associated freight strategies from the regional plan with each element and target. 

 
Figure 10. Framework for Policy Analysis 

Table 3 shows three levels of importance assigned to each strategy based on whether or 
not the plan established monitoring performance for solving the issue: High, Medium, and 
Low. Finally, the authors compared current local, state, and federal decarbonization 
targets in the freight sector to validate their alignment and compliance.  

Table 3. Level of importance of each strategy 

Low (L) Medium (M) High (H) 
This is not an essential 
factor since the local 
government does not 
consider related 
strategies in the plan. 

Moderately relevant from the 
point of view of the local 
government. Strategies are 
set but not prioritized, and 
there is no performance 
monitoring. 

This is a very important factor 
since the issue and the 
strategy to solve it are 
relevant to the local 
government. The plan defines 
performance monitoring with 
an indicator.  
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3.2. Results 

3.2.1.  Planning responsibilities and regulations 
It is essential to delimit the scope of the policy analysis in this study, which incorporates 
seven elements: legislation, regulation, funding, guidance, plan, program, and 
enforcement. The legislation refers to the law passed by the legislative arm of government. 
The regulation relates to specific requirements for implementing legislation promulgated 
by the administrative branch. Funding is the revenue mechanism that includes taxes (e.g., 
gasoline/diesel, property taxes, sales), fees (e.g., vehicle weight, developer fees), and 
pricing. The funding can be by apportioned programs, allocated to states, MPOs, and 
transit agencies by formula (e.g., 87% of highway programs in the Infrastructure 
Investment and Jobs Act), and discretionary programs allocated competitively based on 
applications. The resources for those funding came mostly from federal gas tax, state gas 
tax, and regional sales. Guidance is related to processes, methods, or standards for policy 
adherence. The plan focuses on developing a vision, creating policies and strategies to 
support the vision, and is set for a long-term horizon. Programs prioritize proposed projects 
for short terms and match projects with available funds. The final element is related to 
enforcement, compliance, and certification. 

Based on the previous scope, Table 4 exhibits different transportation sector-related 
policies and agencies involved with freight. From the executive branch at the federal level, 
the U.S. Department of Transportation (USDOT) is the top hierarchy agency responsible for 
implementing legislation related to specific policies and guidelines in the transportation 
sector. In addition, this agency plans for national infrastructure and distributes funding for 
transportation projects (220). The Strategy Plan for fiscal years 2022-2026 outlines the 
long-term goals the USDOT aims to achieve (221). It details the Department's actions to 
realize these goals and explains how it will utilize its resources most effectively. Among the 
agencies overseen by the USDOT, the National Highway Traffic Safety Administration 
(NHTSA), the Federal Highway Administration (FHWA), and the Federal Motor Carrier 
Safety Administration (FMCSA) are the most directly affected by the trucking sector (220). 

Another vital agency affecting the freight sector is the Environmental Protection Agency 
(EPA), which sets goals and the roadmap for addressing climate change in the EPA’s Fiscal 
Year (FY) 2022-2026 Strategic Plan. Although not directly engaged in local LU planning, the 
federal government significantly impacts LU through environmental regulations, 
transportation funding, and housing policies. Agencies such as EPA and the Department of 
Housing and Urban Development (HUD) implement federal laws concerning 
environmental protection, housing standards, and infrastructure funding. Furthermore, the 
Bureau of Land Management oversees more than 10 percent of the land in the United 
States and one-third of the country's minerals, according to the provisions of the Federal 
Land Policy and Management Act (FLPMA). 

https://www.epa.gov/wqs-tech/water-quality-standards-regulations-california
https://www.epa.gov/wqs-tech/water-quality-standards-regulations-california
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Table 4. Transportation policy taxonomy  

Policy Sector Federal State Region 

Agencies 

Transportation 

USDOT Federal Motor Carrier 
Safety Administration (FMCSA) 
National Highway Traffic Safety 
Administration (NHTSA) 
Federal Highway Administration 
(FHWA) 
 

California State Transportation Agency (CalSTA) 
California Department of Transportation (Caltrans) 
California Transportation Commission (CTC) 

Sacramento Area 
Council of Government 
(SACOG) 

Environmental 
and land use 

Environmental Protection Agency 
(EPA) 
Department of Housing and Urban 
Development (HUD) 
Bureau of Land Management  

California Air Resources Board (CARB) 
California Energy Commission 
California Department of Water Resources (DWR) 
Governor's Office of Planning and Research (OPR) 
California Wildfire & Forest 
Bureau of Land Management (BLM) 

Sacramento 
Metropolitan Air 
Quality Management 
Districts (AQMDs) 
Yolo-Solano Air Quality 
Management District  
El Dorado County Air 
Quality Management 
District  

Legislation 

Transportation  

ISTEA, 1991 
TEA-21, 1998 
SAFETEA, 2005 
MAP-21, 2012 
FAST Act 2015 
IIJA 2021 

SB 486: goals and performance measures  
SB 1: Transportation funding 
SB 517: efficient, sustainable, competitive freight 
and supply chain sector 

  

Environmental  

Clean Air Act (CAA) 
National Environmental Policy Act 
(NEPA) 
Water Quality Act  
National Climate Task Force 
Energy Policy Conservation Act  

California Clean Air Act (CCAA) 
California Environmental Quality Act (CEQA) 
California Water Quality Act 
AB32: Global Warming Solutions Act  
AB 52, 2015 consultation with tribes under CEQA 
review 
AB 627: reducing pollution from heavy-duty trucks 
SB375: The Sustainable Communities and 
Climate Protection Act 
SB32: California Global Warming Solutions Act 
SB862:  Greenhouse gases: emissions reduction 
SB 350: Clean Energy and Pollution Reduction Act 
SB 671 Clean Freight Corridor 

  

https://www.transportation.gov/
https://www.transportation.gov/
https://www.transportation.gov/
https://www.nhtsa.gov/
https://www.nhtsa.gov/
https://highways.dot.gov/
https://highways.dot.gov/
https://calsta.ca.gov/-/media/calsta-media/documents/iija-equity-support-guide-a11y.pdf
https://dot.ca.gov/programs/esta/race-equity/reap
https://catc.ca.gov/
https://www.sacog.org/
https://www.sacog.org/
https://www.sacog.org/
https://www.epa.gov/wqs-tech/water-quality-standards-regulations-california
https://www.epa.gov/wqs-tech/water-quality-standards-regulations-california
https://www.hud.gov/
https://www.hud.gov/
https://www.blm.gov/sites/default/files/AboutUs_LawsandRegs_FLPMA.pdf
https://ww2.arb.ca.gov/resources/background-air-quality-standards
https://www.energy.ca.gov/
https://www.airquality.org/
https://www.airquality.org/
https://www.airquality.org/
https://www.airquality.org/
https://www.congress.gov/bill/102nd-congress/house-bill/2950
https://www.fhwa.dot.gov/tea21/
https://www.fhwa.dot.gov/safetealu/summary.htm
https://www.fhwa.dot.gov/map21/
https://ops.fhwa.dot.gov/fastact/
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB486
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB1
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240SB517
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240SB517
https://www.epa.gov/laws-regulations/summary-clean-air-act
https://www.epa.gov/nepa/what-national-environmental-policy-act
https://www.epa.gov/nepa/what-national-environmental-policy-act
https://www.congress.gov/bill/100th-congress/house-bill/1
https://www.ipcc.ch/working-group/tfi/
https://ww2.arb.ca.gov/our-work/programs/resource-center/technical-assistance/air-quality-and-emissions-data/ozone-0
https://lci.ca.gov/ceqa/
https://www.waterboards.ca.gov/board_reference/docs/wq_law.pdf
https://ww2.arb.ca.gov/resources/fact-sheets/ab-32-global-warming-solutions-act-2006
file:///C:/Users/cata1/Downloads/20230AB627_99-1.pdf
https://ww2.arb.ca.gov/our-work/programs/sustainable-communities-climate-protection-program
https://ww2.arb.ca.gov/our-work/programs/sustainable-communities-climate-protection-program
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB32
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201320140SB862
https://www.energy.ca.gov/rules-and-regulations/energy-suppliers-reporting/clean-energy-and-pollution-reduction-act-sb-350
https://catc.ca.gov/programs/sb671
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Policy Sector Federal State Region 

Land use 

The National Historic Preservation 
Act of 1966: Limits land use  
The Federal Land Policy and 
Management Act of 1976: Covers 
land use plans for public lands 
Federal Land Policy and 
Management Act (FLPMA) 

SB 9: Housing development: approvals (subdivide 
properties) 
SB 35, 2017: Planning and zoning: affordable 
housing: streamlined approval process 
AB 18, 2004 consultation with tribes for LU 
planning 
AB 98, 2024: Planning and zoning 
The Williamson Act (California Land Conservation 
Act) 
SB 330 Housing Crisis Act 
SB 743 Environmental quality: transit-oriented 
infill projects 

 

Regulation 
Transportation 
and 
environment 

Asset Management Plans and 
Periodic Evaluations – MAP-21 
Hours of Service (HOS) Regulations 
Commercial Driver’s License (CDL) 
Standards 
Electronic Logging Devices (ELD) 
Rule 
Federal Motor Vehicle Safety 
Standards (FMVSS) 
Corporate Average Fuel Economy 
(CAFE) Standards 
Vehicle Emissions Standards 
The Freight Analysis Framework 
(FAF)  
USDOT Metropolitan Planning 
Regulations 
U.S. Environmental Protection 
Conformity Rule 
E.O. 14008 (Tackling the Climate 
Crisis) 
E.O. 12898 (Environmental Justice) 

EO B-30-15, GHG emissions target  
EO B-55-18 Carbon neutrality 
EO N-19-19 
EO B-79-20 zero-emission sales by 2035 - 
Advanced Clean Truck Regulation, Advanced 
Clean Fleet Rule 
EO S-3-05, Reduce GHG emissions 
EO N82-20, Expanding nature-based solutions  

 

https://www.nps.gov/subjects/archeology/national-historic-preservation-act.htm
https://www.nps.gov/subjects/archeology/national-historic-preservation-act.htm
https://www.blm.gov/sites/default/files/AboutUs_LawsandRegs_FLPMA.pdf
https://www.blm.gov/sites/default/files/AboutUs_LawsandRegs_FLPMA.pdf
https://www.blm.gov/sites/default/files/AboutUs_LawsandRegs_FLPMA.pdf
https://www.blm.gov/sites/default/files/AboutUs_LawsandRegs_FLPMA.pdf
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220SB9
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB35
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB35
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240AB98
https://www.conservation.ca.gov/dlrp/wa
https://www.conservation.ca.gov/dlrp/wa
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB330
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB743
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB743
https://www.federalregister.gov/documents/2016/10/24/2016-25117/asset-management-plans-and-periodic-evaluations-of-facilities-repeatedly-requiring-repair-and
https://www.federalregister.gov/documents/2016/10/24/2016-25117/asset-management-plans-and-periodic-evaluations-of-facilities-repeatedly-requiring-repair-and
https://www.fmcsa.dot.gov/regulations/hours-of-service
https://www.dmv.ca.gov/portal/driver-licenses-identification-cards/commercial-driver-licenses-cdl/
https://www.dmv.ca.gov/portal/driver-licenses-identification-cards/commercial-driver-licenses-cdl/
https://www.fmcsa.dot.gov/hours-service/elds/electronic-logging-devices
https://www.fmcsa.dot.gov/hours-service/elds/electronic-logging-devices
https://www.ecfr.gov/current/title-49/subtitle-B/chapter-V/part-571
https://www.ecfr.gov/current/title-49/subtitle-B/chapter-V/part-571
https://ww2.arb.ca.gov/resources/fact-sheets/advanced-clean-trucks-fact-sheet
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets/about
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets/about
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Policy Sector Federal State Region 

Plans 

Transportation 
  

US Department of Transportation 
Strategic Plan  
National Freight Strategic Plan 
(USDOT) 

Long-range transportation plan: California 
Transportation Plan 
CALTRANS 2020-2024 STRATEGIC PLAN 
California Freight Mobility Plan (CFMP)  

The Metropolitan 
Transportation 
Plan/Sustainable 
Communities Strategy 
(2020 MTP/SCS)  

 Environment EPA Strategic Plan 2022-2026 Climate Action Plan for Transportation 
Infrastructure CAPTI  

  

 Equity U.S. Department of Transportation 
Equity Action Plan 

Race and Equity Action Plan Race Equity Action 
Plan & Implementation 

Land use  Land Use and Resource Management Plan 
Regional Housing 
Needs Allocation 
(RHNA) SACOG 

Programs 

Mixture or for 
revenue 

Transportation Improvement 
Program (TIP) 
 

Cap-and-Trade Program (revenue) 
Community Air Protection Program (AB 617) 
Clean Truck and Bus Vouchers (HVIP) (non-
competitive) 

Metropolitan 
Transportation 
Improvement Program 
Sustainable Mobility 
Program 
Intelligent 
Transportation 
Systems (ITS) 

Apportioned 
(formula-
based) 
programs 

FAST Act Formula Highway 
Programs 
National Highway Performance 
Program (NHHP) 
Surface Transportation Block Grant 
Program (STBG) 
Congestion Management/Air 
Quality Improvement (CMAQ) 
Highway Safety Improvement 
Program (HSIP) 
Promoting Resilient Operations for 
Transformative, Efficient, and 
Cost-Saving Transportation 

State Transportation Improvement Program (STIP) 
Highway Infrastructure Program (HIP) 
Surface Transportation Block Grant (STBG)  
Program and Congestion Mitigation and Air Quality 
(CMAQ) Improvement Program 
Regional Housing Needs Allocation (RHNA) 
 

  

https://www.transportation.gov/sites/dot.gov/files/2022-04/US_DOT_FY2022-26_Strategic_Plan.pdf
https://www.transportation.gov/sites/dot.gov/files/2022-04/US_DOT_FY2022-26_Strategic_Plan.pdf
https://dot.ca.gov/-/media/dot-media/programs/risk-strategic-management/documents/sp-2020-16p-web-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/risk-strategic-management/documents/sp-2020-16p-web-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/risk-strategic-management/documents/sp-2020-16p-web-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/risk-strategic-management/documents/sp-2020-16p-web-a11y.pdf
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-planning/strategic-freight-planning/cfmp-2023
https://www.sacog.org/planning/blueprint/2020-mtp-scs
https://www.sacog.org/planning/blueprint/2020-mtp-scs
https://www.sacog.org/planning/blueprint/2020-mtp-scs
https://www.sacog.org/planning/blueprint/2020-mtp-scs
https://www.sacog.org/planning/blueprint/2020-mtp-scs
https://www.epa.gov/system/files/documents/2022-03/fy-2022-2026-epa-strategic-plan.pdf
https://calsta.ca.gov/subject-areas/climate-action-plan
https://calsta.ca.gov/subject-areas/climate-action-plan
https://www.transportation.gov/priorities/equity/equity-action-plan
https://www.transportation.gov/priorities/equity/equity-action-plan
https://dot.ca.gov/programs/esta/race-equity/reap
https://www.sacog.org/planning/major-initiatives/rei-initiative/race-equity-action-plan
https://www.sacog.org/planning/major-initiatives/rei-initiative/race-equity-action-plan
https://lci.ca.gov/planning/
https://www.sacog.org/planning/land-use/housing/regional-housing-needs-allocation-rhna
https://www.sacog.org/planning/land-use/housing/regional-housing-needs-allocation-rhna
https://www.sacog.org/planning/land-use/housing/regional-housing-needs-allocation-rhna
https://highways.dot.gov/federal-lands/planning/tip
https://highways.dot.gov/federal-lands/planning/tip
https://www.c2es.org/content/cap-and-trade-basics/
https://www.caclimateinvestments.ca.gov/ab-617-implementation
http://www.caclimateinvestments.ca.gov/clean-truck-and-bus-vouchers
https://www.sacog.org/funding/transportation-improvement-programs
https://www.sacog.org/funding/transportation-improvement-programs
https://www.sacog.org/funding/transportation-improvement-programs
https://www.sacog.org/planning/transportation/sustainable-mobility-program
https://www.sacog.org/planning/transportation/sustainable-mobility-program
https://www.sacog.org/planning/transportation/intelligent-transportation-systems-its
https://www.sacog.org/planning/transportation/intelligent-transportation-systems-its
https://www.sacog.org/planning/transportation/intelligent-transportation-systems-its
https://catc.ca.gov/programs/state-transportation-improvement-program
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Policy Sector Federal State Region 

Discretionary 
(competitive 
grant) programs 

Infrastructure for Rebuilding 
America (INFRA) Grant Program  
National Infrastructure Project 
Assistance (Mega) Program  
Rebuilding American Infrastructure 
with Sustainability and Equity 
(RAISE) 
Rural Surface Transportation Grant 
Program (Rural)  
Nationally Significant Multimodal 
Freight and Highway Projects 
Charging and Fueling 
Infrastructure Grants  
Safe Streets and Roads for All 
(SS4A) Program 
Mega Grants 
Choice Neighborhoods Grants 
Brownfields Redevelopment 
Grants 

Trade Corridor Enhancement Program (TCEP) 
Advanced Technology Demonstration and Pilot 
Projects 
Sustainable Transportation Equity Project (STEP) 
Zero- and Near Zero-Emission Freight Facilities 
Sustainable Comm  
unities Grants 
Climate Adaptation Planning Grants 
Strategic Partnerships Grants 
California Climate Investments Program (CCI) 
Agricultural Land Mitigation Programs 
Infill Incentive Grant Program 
Natural Community Conservation Planning 
(NCCP) 
Habitat Conservation Plans (HCPs) 

  

No funding 
distributed 

Partnership for Sustainable 
Communities (USDOT, HUB, EPA) 
Smart Growth Program (EPA) 
Transportation Planning Capacity 
Building (FHWA/FTA) 

Farmland Mapping and Monitoring Program 
(FMMP) 

 

Guidance 

 Transportation 

Department of Transportation 
Performance-Based Planning. 
MAP-21 
Complete Streets Guidance 
(FHWA)  

California Transportation Commission Guidelines 
Executive Branch 
Department or agency implements legislation–
specific policies and guidelines. IIJA-2021  

Project-Level 
Adaptation Strategies 
Guidance Document  

Environment  
Design guidelines 
National Environmental Policy Act 
– NEPA  

CEQA Guidelines  
Water Quality Standards 
 Air Quality Standards  

  

Land use 

Smart Growth and Sustainability 
Guidelines - Smart Growth 
Principles (EPA, HUD, USDOT 
collaboration) and NEPA-Plus 
Principles 

Land use General Plan Guidance  

https://www.transportation.gov/rural/grant-toolkit/infrastructure-rebuilding-america-infra-grant-program
https://www.transportation.gov/rural/grant-toolkit/infrastructure-rebuilding-america-infra-grant-program
https://www.transportation.gov/rural/grant-toolkit/national-infrastructure-project-assistance-mega-program
https://www.transportation.gov/rural/grant-toolkit/national-infrastructure-project-assistance-mega-program
https://www.transportation.gov/rural/grant-toolkit/rebuilding-american-infrastructure-sustainability-and-equity-raise
https://www.transportation.gov/rural/grant-toolkit/rebuilding-american-infrastructure-sustainability-and-equity-raise
https://www.transportation.gov/rural/grant-toolkit/rebuilding-american-infrastructure-sustainability-and-equity-raise
https://www.transportation.gov/rural/grant-toolkit/rural-surface-transportation-grant-program-rural
https://www.transportation.gov/rural/grant-toolkit/rural-surface-transportation-grant-program-rural
https://catc.ca.gov/programs/sb1/trade-corridor-enhancement-program#:~:text=These%20projects%20increase%20the%20use%20of%20on-dock%20rail%2C,times%2C%20and%20increase%20rail%20capacity%20with%20double%20tracking.
http://www.caclimateinvestments.ca.gov/advanced-technology-freight-demonstration-projects
http://www.caclimateinvestments.ca.gov/advanced-technology-freight-demonstration-projects
http://www.caclimateinvestments.ca.gov/sustainable-transportation-equity-project
http://www.caclimateinvestments.ca.gov/zero-near-zero-emission-freight-facilities
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-planning/regional-and-community-planning/sustainable-transportation-planning-grants
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-planning/regional-and-community-planning/sustainable-transportation-planning-grants
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-planning/regional-and-community-planning/sustainable-transportation-planning-grants
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-planning/regional-and-community-planning/sustainable-transportation-planning-grants
https://www.planning.dot.gov/planning/topic_performance_based.aspx
https://www.planning.dot.gov/planning/topic_performance_based.aspx
https://www.planning.dot.gov/planning/topic_performance_based.aspx
https://catc.ca.gov/
https://calsta.ca.gov/-/media/calsta-media/documents/iija-equity-support-guide-a11y.pdf
https://calsta.ca.gov/-/media/calsta-media/documents/iija-equity-support-guide-a11y.pdf
https://calsta.ca.gov/-/media/calsta-media/documents/iija-equity-support-guide-a11y.pdf
https://www.sacog.org/home/showpublisheddocument/970/638219222555770000
https://www.sacog.org/home/showpublisheddocument/970/638219222555770000
https://www.sacog.org/home/showpublisheddocument/970/638219222555770000
https://www.epa.gov/nepa/national-environmental-policy-act-policies-and-guidance
https://www.epa.gov/nepa/national-environmental-policy-act-policies-and-guidance
https://www.epa.gov/nepa/national-environmental-policy-act-policies-and-guidance
https://lci.ca.gov/ceqa/guidelines/
https://www.epa.gov/wqs-tech/water-quality-standards-regulations-california
https://ww2.arb.ca.gov/resources/background-air-quality-standards
https://www.epa.gov/smartgrowth/smart-growth-guidelines-sustainable-design-and-development
https://www.epa.gov/smartgrowth/smart-growth-guidelines-sustainable-design-and-development
https://www.epa.gov/smartgrowth/smart-growth-guidelines-sustainable-design-and-development
https://www.epa.gov/smartgrowth/smart-growth-guidelines-sustainable-design-and-development
https://www.epa.gov/smartgrowth/smart-growth-guidelines-sustainable-design-and-development
https://lci.ca.gov/planning/general-plan/
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Policy Sector Federal State Region 

Enforcement, 
Certifications 

Transportation 
and land use 

Record of Decision (ROD) or 
Finding of No Significant Impact 
(FONSI) for projects 
Buy America Certification 
Uniform Relocation Assistance and 
Real Property Acquisition Act 
Statewide and Metropolitan 
Transportation Planning 
Certification 

Caltrans Certification and Oversight 
CalEnviroScreen Compliance 
CARB oversees the Sustainable Freight Action Plan 
Freight facilities must meet emission and 
sustainability benchmarks 
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Legislation to highlight at the Federal level includes Moving Ahead for Progress in the 21st 
Century Act (MAP-21) 2012, America’s Surface Transportation Act (FAST) 2015, 
Infrastructure Investment and Jobs Act (IIJA) 2021, and National Environmental Policy Act 
(NEPA) 1960. MAP-21 Act focuses on expanding the National Highway System, establishing 
a performance-based program, supporting job creation and economic growth, and 
supporting the safety agenda. The act supports the national freight network, strengthens 
the ability of rural communities to access national and international trade markets, and 
supports regional economic development. FAST is a federal law that provides long-term 
funding certainty for surface transportation infrastructure planning and investment, 
including freight projects. The IIJA provides funding for infrastructure projects to protect 
people and the environment by advancing the safe transportation of energy and other 
hazardous materials. Division B, title I of this act includes the provision of expanding the 
National Freight Strategic Plan to include best practices for reducing environmental 
impacts of freight movement, strategies to increase the resilience of the freight system, 
and consideration of potential impacts of the freight system on rural and historically 
disadvantaged communities. NEPA, on the other hand, was designed to require agencies 
to consider the environmental impact of their actions before making decisions. 

It is essential to emphasize that the Code of Federal Regulation defines the scope of the 
metropolitan transportation planning process (3 C.F.R. §§ 450.306), which directly 
includes the freight sector. The code demands that the metropolitan transportation 
planning process address these two factors related to freight: increase the accessibility 
and mobility of people and freight and enhance the integration and connectivity of the 
transportation system across and between modes for people and freight § 450.306(b). 
Furthermore, other factors also indirectly involve the freight system by supporting 
economic vitality, increasing safety, and protecting and enhancing the environment. On 
the other hand, the code § 450.322(f) sets the minimum requirements for MTP, which 
includes the freight sector in the transportation demand analysis.  

The U.S. Department of Transportation Strategic Plan for 2022-2026, enacted by MAP-21, 
sets a performance-based planning and statewide target. Therefore, State Departments of 
Transportation and MPOs must annually report on progress to guarantee the effective and 
efficient use of transportation funding. On the other hand, as part of the National Highway 
Performance Program (NHPP), MAP-21 adopted a requirement for States to develop and 
implement risk-based asset management plans for the National Highway System (NHS) to 
improve or preserve the condition of the assets and the performance of the system and to 
establish minimum standards for States to use in developing and operating bridge and 
pavement management systems. The National Freight Strategic Plan from USDOT directs 
policy, initiatives, programs, and investments related to national freight. It will also guide 
the development of State freight plans and pinpoint areas for freight data and research 
requirements. Furthermore, it establishes a framework to enhance coordination and 
partnerships across various sectors, jurisdictions, and modes of transportation. 

https://www.epa.gov/nepa/what-national-environmental-policy-act
https://www.epa.gov/nepa/what-national-environmental-policy-act
https://www.epa.gov/nepa/what-national-environmental-policy-act
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The U.S. Department of Transportation's Equity Action Plan marks a significant 
achievement for the USDOT, highlighting a change in the perspective and approach to 
transportation programs to enhance access and opportunities for all communities while 
prioritizing those that are underserved, overburdened, and disadvantaged. 

At the State level, the California State Transportation Agency (CalSTA) is dedicated 
exclusively to tackling transportation issues within the state. It collaborates with various 
departments and divisions, including the California Department of Transportation 
(Caltrans) and the California Transportation Commission (CTC). Caltrans has the authority 
to manage and impose regulations on California's transportation system, encompassing 
highways, bridges, airports, and rail services. This agency executes the Strategic Plan to 
establish an inspiring direction for the future, determine the actions needed to reach the 
desired outcome, and monitor performance metrics as signs of advancement toward 
success. Meanwhile, the CTC allocates and programs funds to enhance the state's 
transportation infrastructure.  

From the land use perspective, the Bureau of Land Management (BLM) is responsible for 
developing Land Use and Resource Management. This plan seeks more efficient and 
effective LU. It is linked to several resource management strategies, including watersheds, 
water use efficiency, groundwater quality, flood management, parks and recreation, 
climate change adaptive management, and agricultural lands stewardship. 

California's legislation is far-reaching. Senate Bill (SB) 486, 2014, sets the Department of 
Transportation's goals and performance measures. SB 1, Road Repair and Accountability 
Act of 2017, is a legislative package that makes an annual investment to fix roads, 
freeways, and bridges in communities across California and puts more dollars toward 
transit and safety. Other important laws related to freight transportation include Assembly 
Bill (AB) 627, which focuses on reducing pollution from heavy-duty diesel trucks in 
California by enhancing funding mechanisms for zero-emission truck programs. The bill 
introduces a sliding scale for voucher amounts for Hybrid and Zero-emission trucks and 
Buses, which would significantly benefit smaller fleets. It also prioritizes vouchers for 
drayage trucks. SB 517 addresses the state’s need for an efficient, sustainable, 
competitive freight and supply chain sector. Key objectives of SB 517 include enhancing 
the coordination between state agencies, promoting innovation within the freight industry, 
and addressing environmental, health, and congestion impacts linked to freight transport. 
AB 98 is a new act that could potentially contribute to the inclusion of logistics in the 
planning process. Beginning in 2026, this bill sets various requirements relating to the 
review of development project permit applications (e.g., standards for building design and 
location, parking, truck loading bays, landscaping buffers, entry gates, and signage), 
demands each county and city to adopt a comprehensive, long-term general plan for the 
physical development of the county or city, modifies the duties of local agencies 
concerning the approval of logistics use development. 
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From the environmental perspective, the Clean Air Act sets air quality requirements for 
developing transportation plans. The California Clean Air Act (CCAA) establishes stricter 
state goals and provides a framework for achieving CAA standards. Local air districts that 
do not meet these state standards must develop air quality attainment plans. In that case, 
the Metropolitan Transportation Plan/Sustainable Communities Strategy (MTP/SCS) must 
fulfill the necessary criteria to reach air quality standards. Additionally, MTPs must comply 
with the California Environmental Quality Act (CEQA) and the State CEQA Guidelines. 
CEQA mandates that state and local government agencies evaluate the combined regional 
effects and environmental repercussions of projects they have discretionary control before 
deciding on those initiatives. Another important AB is the 32, which sets the state’s global 
warming emissions reduction to 1990 levels by 2020, where the California Air Resources 
Board (CARB) is responsible for developing a scoping plan. AB 1279, The California Climate 
Crisis Act, declares the state's policy to achieve net zero greenhouse gas emissions as 
soon as possible, but no later than 2045, and achieve and maintain net negative 
greenhouse gas emissions afterward. SB 671 mandates that the CTC develop a Clean 
Freight Corridor Efficiency Assessment to pinpoint freight corridors or portions of those 
corridors, along with the necessary infrastructure to implement zero-emission medium 
and heavy-duty vehicles. 

As required by AB 14, California develops a freight plan, which must be updated every four 
years by the Infrastructure Investment and Jobs Act (IIJA, 2021) (219). The scope of this 
plan is primarily focused on inbound logistics (long-haul and middle-mile) but also 
considers last-mile logistics (at the local level), which should reduce traffic congestion and 
air pollution from this sector (219).  

Regional and/or local agencies supervise urban transport planning. Their responsibilities 
include providing mobility, mitigating negative externalities, and maintaining the city's 
integrity (222, 223). In regional areas of California, transportation authorities are integrated 
within MPOs, Councils of Governments (CoGs) (224), and the Regional Transportation 
Planning Agency (RTPA) (225). California SB 375 requires those agencies to prepare and 
adopt a long-term General Plan that considers sustainable community strategies to guide 
future growth and development (207), and that must be updated every five years (SB 391) 
(226). Further, CARB has requested that a set of greenhouse gas emissions targets be 
incorporated into urban planning for the adoption of zero-emission vehicles (227). 
Additionally, those planes must include innovative technologies based on intelligent 
transportation systems (ITS) (228). These policies serve as a general guide toward 
sustainable urban transport that integrates all modes and segments of transportation.  

Other key agencies are the California Air Districts. California's 35 local Air Districts are in 
charge of planning regional air quality, monitoring, and permitting for stationary sources 
and facilities. The districts manage grant programs to enhance air quality and serve as key 
partners with CARB to ensure that all Californians have access to clean air. For instance, 
the South Coast Air Quality Management District (AQMD) approved the Rule 2305 
denominated Warehouse Actions and Investments to Reduce Emissions (WAIRE) Program 
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or the Warehouse Indirect Source Rule (ISR). This rule mandates warehouse operators to 
track and record every truck trip entering and leaving the facility to monitor the indirect 
emissions produced by the trucks visiting their locations (229).  

3.2.2.  The planning process in the Sacramento region 
SACOG, recognized by the federal government as the MPO, manages the regional 
transportation plan for the Sacramento area, which is revised every four years in 
partnership with local authorities (230). As appointed by the state of California, Placer and 
El Dorado counties act as RTPAs tasked with developing their state-level transportation 
plans. Serving as the RTPA for Sacramento, Sutter, Yolo, and Yuba counties, SACOG works 
with the Placer County Transportation Planning Agency and the El Dorado County 
Transportation Commission to ensure alignment between county plans and the more 
comprehensive regional strategy. 

SACOG follows federal requirements and has developed the Sacramento region's 
MTP/SCS. It is a 20-year multimodal transportation plan adopted in 2020. The Sacramento 
region defined seven growth principles named the Regional Blueprint incorporated in this 
plan. Those principles are using existing assets, compact development, mixed uses, 
transportation choice, housing choice, preserving natural resources, and quality design.  

According to the MTP/SCS 2020 Appendix L, the plan follows the mandatory procedures 
and regulations defined by the federal government (231). The FAST and MAP-21 
requirements, which set the rules for preparing long-range regional transportation plans 
and updates, were found between them. For instance, SACOG prioritized Public Transit 
and Human Services Transportation, setting a coordinated Plan as the FAST Act requires. 
Regional Transportation Plan (RTP) federal requirements are also considered for 
developing the MTP/SCS 2020 under Title 23 of the code of federal regulations containing 
the principal highway rules. The Federal Clean Air Act of 1970 sets the mandates for 
examining long-term air quality to ensure it is compatible with the region’s goals. It also 
ensures federal funding approval. In addition, USDOT Metropolitan Planning Regulations 
and U.S. Environmental Protection Conformity Rule. According to the MTP/SCS 2020, 
SACOG reports three performance measures attending the federal and Caltrans 
requirements. These are safety performance management, pavement and bridge condition 
performance, and system performance management. 

Air quality is another mandatory element incorporated into the MTP/SCS 2020, and it is 
subject to conformity determination by the U.S. EPA. Between the requirements are the 
conformity analysis beginning, as determined by the interagency consultation process, 
and the consideration of the estimates of current and future population, employment, 
travel, and congestion most recently developed by the MPO (40 C.F.R. § 93.11). The 
MTP/SCS 2020 (appendices) document the inclusion of those requirements. 
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Table 5. State Policies Adopted by the MTP/SCS 2020 

Policy Number Year State Policy  SACOG 
AB 6 2024 Transportation planning: regional transportation plans: Solutions for Congested 

Corridors Program: reduction of greenhouse gas emissions. 
 

AB 7 2022 Transportation: project selection processes.  
AB 32 2006 The state’s global warming emissions to reduce to 1990 levels by 2020 x 
AB 69 2023 Transportation: traffic signal synchronization: roadway improvement projects.  
AB 98 2024 Planning and zoning  
AB 241 2023 Air quality programs: funding.  
AB 251 2023 California Transportation Commission: vehicle weight safety study.  
AB 398 2017 Extends and improves the state’s world-leading cap-and-trade program to ensure 

California continues to meet its ambitious climate change goals 
 

AB 410 2023 Shared mobility devices.  
AB 540 2023 Social Service Transportation Improvement Act: coordinated transportation services 

agencies. 
 

AB 617 2017 Community Air Protection Program  
AB 627 2023 Heavy-duty trucks: grant program: operating requirements  
AB 744 2015 California Transportation Commission: data, modeling, and analytic software tools 

procurement 
 

AB 802 2015 Enhancing energy efficiency of existing buildings  
AB 805 2024 Identification of disadvantaged communities, inclusion of strategies to reduce 

pollution exposure in those communities, and use of a skilled and trained workforce 
 

AB 823 2023 Clean Transportation Program: eligible projects.  
AB 914 2023 Electrical infrastructure: California Environmental Quality Act: review period.  
AB 1265 2023 Transportation fuels: gasoline specifications.  
AB 1279 2022 The California Climate Crisis Act.  
AB 1475 2023 Transportation Agency: performance dashboard  
AB 1525 2023 Transportation projects: priority populations.  
AB 1640 2023 Transportation: general service signs: electric vehicle charging stations.  
SB 1 2017 Road Repair and Accountability Act of 2017 x 
SB 5 2022 Motor Vehicle Fuel Tax Law: limitation on adjustment.  

https://ww2.arb.ca.gov/2023-assembly-bill-6-friedman-laura-transportation-planning-regional-transportation-plans-solutions
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB7
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan
https://ww2.arb.ca.gov/2023-assembly-bill-69-waldron-marie-transportation-traffic-signal-synchronization-and-roadway
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240AB98
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB241
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB251
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398
https://calsta.ca.gov/-/media/calsta-media/documents/iija-equity-support-guide-a11y.pdf
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240AB540
https://ww2.arb.ca.gov/community-air-protection-program
file:///C:/Users/cata1/Downloads/20230AB627_99.pdf
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB744
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160AB802
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240AB805
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB823
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB914
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240AB1265
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220AB1279
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB1475
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB1525
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240AB1640
https://dot.ca.gov/programs/sb1
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240SB5
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Policy Number Year State Policy  SACOG 
SB 32 2016 Motor Vehicle Fuel Tax: greenhouse gas reduction programs  
SB 100 2018 100 Percent Clean Energy Act  
SB 226 2011 Implements changes to the CEQA  
SB 350 2015 The Clean Energy and Pollution Reduction Act  
SB 375 2008 Transportation planning: travel demand models: sustainable communities’ 

strategy: environmental review 
x 

SB 486 2014 Department of Transportation: goals and performance measures.  
SB 517 2023 Economic development: movement of freight.  
SB 535 2012 Established that a quarter of the proceeds from the Greenhouse Gas Reduction Fund 

must also go to projects that provide a benefit to disadvantaged communities 
 

SB 743 2013 Environmental quality: Transit-oriented infill projects x 
SB 1014 2018 California Clean Miles Standard and Incentive Program: zero-emission vehicles.  
EO B-30-15 2015 Establishes a California Greenhouse Gas (GHG) reduction target of 40 percent below 

1990 levels by 2030. 
 

EO B-55-18 2018 Carbon neutrality by 2045  
EO N-19-19, 
2019 

2019 Efforts to reduce greenhouse gas emissions and mitigate the impacts of climate 
change while building a sustainable, inclusive economy 

 

EO B-79-20 2020 100% of in-state sales of new passenger cars and trucks will be zero-emission by 
2035 

 

EO S-3-05 2005 Reduce GHG emissions by 80% below 1990 levels by 2050  

http://www.leginfo.ca.gov/pub/11-12/bill/sen/sb_0201-0250/sb_226_bill_20110914_enrolled.html
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240SB517
https://s10294.pcdn.co/wp-content/uploads/2019/10/SB535.pdf
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB743
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB1014
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Table 6. Factors associated with strategies adopted in the MTP/SCS 2020 

Target Element Strategy Measure Importance 
Operation 
Efficiency 

Infrastructure Road maintenance Road Condition Index H 
 Curbside management  L 
 Multimodal, Intermodal connectivity  M 
 Synchro-modal connectivity  L 
 Freight (trip) generation analysis  L 
 Urban consolidation centers  L 
Vehicles Routing problem management  L 
 Automated driving systems  L 
 Modal shift  L 
 Drayage operations  L 
Land Freight location management  L 
 Logistics profile zone  L 
 Consolidation centers  L 
 Ecosystem services  L 
Services Crowd-Based City Logistics  L 
 Coordination strategies  M 

Energy 
efficiency 
and 
transition 

Infrastructure Low-carbon technologies  L 
Vehicles Powertrain combinations  L 
 Fleet tracking  L 
Infrastructure Charging infrastructure management  L 
Vehicles Fleet electrification  L 
Industry Industry characterization  L 

Carbon 
reduction 
and noise 
reduction 

Land Zero-emission zones  L 
Vehicles Off-hour deliveries  L 
 Renewable energy  L 
Industry Circular Economy  L 
 Product waste management  L 
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Level of importance, which means Low (L) in orange, Medium (M) in grey, and High (H) in green (see Table 2. Land Use- related documents). 

Target Element Strategy Measure Importance 
Increase 
Accessibility 

Infrastructure Curbside management  L 

Road safety Community Community road safety Number of fatal 
collisions H 

Infrastructure Complete street design   L 
 Freight risk zone management  L 

Improve 
Economic 

Community Employment development for Freight 
Industry 

 L 

 Community-based group program  M 
Industry Product-service system  L 

  Industrial and economic nodes  L 
Governance 
involved 

Industry Incentives for improving freight land use 
sustainability 

 L 

Coordination strategies  L 
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The MTP/SCS 2020 defines and incorporates several state policies, as shown in Table 6. 
The plan incorporated SB 375, the Sustainable Communities and Climate Action Act, 
which aligns transportation, housing, and other land uses to achieve regional GHG goals. It 
is also aligned with the California Global Warning Solutions Act AB 32. SB 375 requires 
California MPOs to develop an SCS as a component of a RTP to reduce per capita passage 
vehicle-generated GHG emissions by identifying the general location of land uses, their 
characteristics, connectivity, and forecasting needs, which is also included in this plan. 
The CARB approves the GHG emission reduction target for automobiles and light trucks 
set by the MPO. SB 1 is considered in the plan as a mechanism for maintaining the 
transportation system in the region, especially highways and transit systems. In addition, 
following SB 743, SACOG documented and explained the land use, as well as the 
transportation components, of the MTP/SCS in detail. Some potential policies for freight 
improvement that the MTP/SCS does not consider include AB 98, AB 540, AB 627, AB 744, 
AB 802, SB 350, SB 517, and SB 1014. 

3.2.3.  Sustainable freight strategies implemented in the Sacramento 
regional plan  
The MTP/SCS defines specific strategies to improve freight movement in the region. 
Highlighting the Union Pacific Railroad, the Sacramento International Airport, and the 
inland Port West Sacramento, the primary strategy is the investment to support the 
system's connectivity through the highway network. This strategy accomplishes the MAP-
21, which establishes a policy to improve the condition and performance of the national 
freight network. This regulation also demands forecast freight volumes and the 
identification of highway bottlenecks that cause significant freight congestion. In the 
MTP/SCS, freight transportation is included from two perspectives. The first one is through 
the demand analysis in a simplified way using the standard “four-step” or “trip-based” 
model system approach (232). The second is a truck performance metric for limited-
access freeways during peak hours. In addition, the plan provides some strategies for 
improving commuter operations and reliability, which means passengers and goods 
movement. Due to the importance of agriculture for the region’s economy, the plan also 
defined maintenance for rural roads as another important freight strategy. 

Other strategies are mentioned throughout the plan, such as multimodal connectivity, 
coordination strategies, and community-based programs (see Table 6). However, there are 
no specific measures for these activities, which means they are moderately relevant to the 
plan according to the classification defined in Table 3. Road safety is highly prioritized due 
to Federal (MAP-21) and State requirements. However, no specific actions related to 
freight risk are mentioned in the document. 

3.2.4.  Decarbonization targets  
MTP/SCS 2020 sets GHG reduction targets of 19% per capita by 2035 and relative to 2005, 
following the requirement of SB 375. The plan proposes taking advantage of the CEQA 
incentives for residential and mixed-use projects to meet this target. In addition, the plan 
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set five strategies: shortened vehicle trips, increased transit, bike, walks, express lanes 
and pay-as-you-go fees, ITS/transportation spend management (TSM) for smooth traffic 
flows, and electric vehicles. SB 743 is also considered in the MTP/SCS due to the vehicle 
miles traveled (VMT) implementation as a transportation metric for measuring the system's 
performance. The plan set a target of a 10% reduction in VMT per capita in the year 2040 
compared to 2020. This plan does not consider other California targets for decarbonization 
(see Figure 11).  

Sacramento–Roseville developed a GHG emissions inventory based on sector, subsector, 
and county-level details, including El Dorado, Nevada, Placer, Sacramento, Sutter, Yolo, 
and Yuba counties (233). The on-road sector represents 41% of the Percentage Breakdown 
of 2019 Regional GHGs (10713 thousand Metric Tons of CO2e). 

 
Figure 11. Primary targets for decarbonization in California impacting freight 

Figure 12 shows that SACOG and the Air Districts play an essential role in climate action in 
the region through actions such as VMT reduction, fuel efficiency, and zero emissions. 
However, the MTP/SCS 2020 plan sets active mobility (increase transit, bike, walk, trips) 
and shortened vehicle trips as critical factors for reducing GHG emissions. The plan does 
not propose strategies for reducing VMT or improving fuel efficiency in the freight sector 
that could contribute significantly to the target. For supporting the energy transition, 
SACOG is developing the Northern California Megaregion ZEV Medium/Heavy Duty Vehicle 
Blueprint, a plan for at least 11 major zero-emission truck charging plazas to support the 
Northern California megaregion along Interstate 5, Interstate 80, and State Route 99, while 
also providing recommendations for Highway 50 from the corridor analysis (234). Caltrans 
awards the program and considers five electric and hydrogen charging station plazas. The 
timeline includes the capacity analysis at the end of 2022 and capacity analysis in 
partnership with industry and the Sustainable Communities program by 2023. The building 
process is not considered in this program. 
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Figure 12. GHG emissions by sector in the region 

3.2.5.  Land Use Strategies in the Sacramento Region 
At the regional level, SACOG has created a Community Types framework to define the 
future of the LU spatial distribution according to the community type: center corridor, 
established, rural residential, developing, potential developing, and agricultural/natural 
lands communities (230). However, each jurisdiction (cities and counties) within the 
Sacramento region has its zoning codes, which generally align with California standards.  

Planners have formulated zoning codes to regulate and manage land development, 
typically incorporated into local land development regulations (LDR) (235). Euclidean 
zones are the traditional framework implemented in the region that sets dimensional 
criteria and additional guidelines, along with form-based codes that aim to control the 
shape of various land uses or developments instead of their classification. Performance 
zoning governs the permissible intensity of diverse land uses, while incentive zones 
operate on a rewards-based system (235). While these Euclidean zones separate industrial 
and residential areas, protecting them from pollution risks, this strategy can also worsen 
segregation issues, limit housing supply, and promote urban sprawl, the opposite 
proposed by the smart growth strategy, mixing land uses (236). In addition, it has been 
identifying other special purpose zones in the region, including specific plan zones for 
significant developments and others, such as airport zones, to ensure compatibility 
around the zone.  

The zoning code has generally promoted the regional separation of residential and 
industrial areas. This development suffered some changes after 2002 when SACOG 
started promoting mixed-use and infill with the Sacramento Region Blueprint Project, 
which emphasized higher-density, mixed-use, and transit-oriented development (230). 
Two legislative regulations have also impacted this development: SB 375 (2008), which 
promotes the integration of land use and transportation planning to reduce GHG 
emissions; AB 32 (2006), which incentivizes local government to prioritize development 
patterns that would reduce VMT and emissions, and SB 743 that also promotes transit-
oriented infill development. New legislation, including SB 517 (2023) and AB 98 (2024), is 
now targeting the freight sector, though the effects will be felt in the coming years. 
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While infill and transit development positively impact passenger VMT reduction, evidence 
suggests urban structure has a considerable effect on the mobility of goods (155) that 
should be considered in the planning process. The concentration and densification of 
freight-consuming activities—like shops, hospitality, offices, and services—in city centers 
stand in contrast to the spread of other sectors, such as industry and logistics. This 
dynamic significantly impacts cities' ability to maintain their supply (155). Additionally, 
logistics facilities are increasingly being established in suburban regions, particularly 
within major metropolitan areas (237–239), to meet the rising demand for goods and 
services. Those considerations were not identified in the SACOG general plan since they 
did not quantify the possible impacts of freight transportation for infill development.  

Targeted environmental strategies aim to reduce emissions from warehouses in 
historically marginalized areas. A notable example is the Warehouse Indirect Source Rule 
(ISR) introduced in 2021 by the South Coast Air Quality Management District (AQMD) in 
Southern California, which implements a point-or-fee system for warehouse tenants 
occupying over 100,000 square feet of operational space (229). Tenants accumulate points 
by choosing from a selection of pollution reduction options: purchasing natural gas or 
zero-emission trucks, installing solar panels on-site, enhancing air filtration in facilities, or 
paying a $1,000 mitigation fee. These policies assume that warehousing will remain 
concentrated in historically marginalized neighborhoods to cater to consumers and 
businesses farther from the city center. Research is investigating how land use influences 
compact and efficient freight development (14, 240), which is at odds with exclusionary 
zoning laws that separate residential, commercial, and logistics zones. Consequently, 
proactive zoning regulations are a crucial area for policies aimed at environmental justice 
(241), fostering sustainable compact development, and integrating logistics into 
communities that require substantial goods.  

3.3. Discussion  

California has intensified its efforts to address the environmental impacts of freight 
transportation by implementing various regulations, mandates, and strategic plans. 
Notable regulations include AB 32, SB 375, SB 743, SB 535, SB 32, SB 1383, SB 100, and AB 
1279, as well as executive orders B-55-18, N-19-19, and N-79-20, all of which establish 
state targets for equitable decarbonization. The impact of freight facilities on local 
communities is a significant focus in California, particularly with AB 98, which will take 
effect in 2024. Beginning in 2028, this bill mandates that counties or cities—unless 
otherwise specified—update their circulation elements to identify and establish 
designated travel routes for transporting goods, materials, or freight for storage, transfer, 
or redistribution. This is intended to safely accommodate increased truck traffic while 
avoiding residential areas and concentrations of sensitive receptors as defined. 
Additionally, the bill prohibits any city, county, or city and county from approving the 
development of logistics facilities that do not comply with or exceed the standards 
outlined. 
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An overview of the SACOG MTP/SCS 2020 shows that it covers the following requirements 
from the state and federal government: forecast the land use pattern growth, set strategies 
to meet air quality health standards, propose actions for reducing GHG emissions from 
passenger vehicles, does not discriminate or deny equal access to benefits, cooperate 
with stakeholders, maintains consistency with other long-range plans, achieves state 
housing goals, and consult with other agencies. According to federal regulations and 
legislation, SACOG MTP/SCS 2020 includes the minimum requirements for incorporating 
the freight system into the planning process (transportation demand analysis). Some 
strategies focus on maintaining the main roads (highways and rural roads in agricultural 
sectors) where freight vehicles transit. Other sustainability strategies suggested in the 
literature review, such as curbside management, urban consolidation centers, or zero-
emission zones, are not considered.  

One crucial initiative proposed in the plan is developing more compact land with mixed 
and density uses. This initiative could effectively reduce VMT and emissions from this 
sector for passengers. On the other hand, freight movement could increase due to the 
demand in dense areas, raising its negative effects. Therefore, the plan should integrate 
sustainable strategies such as off-hour delivery, curbside management, and urban 
consolidation centers to mitigate those side effects (see Appendix).  

Regional and state planning is essential for fostering a freight-efficient process. However, 
regional planning agencies cannot enforce the implementation of those plans, creating a 
large gap between plans and implementations. In addition, the lack of incentives and 
regulations at the metropolitan and city levels is the most significant constraint on 
implementing an equitable and sustainable freight land use plan.  

Regions such as San Diego County, administered by the San Diego Association of 
Governments (SANDAG), and the Imperial County Transportation Commission developed 
a Sustainable Freight Implementation Strategy to help transition the freight sector. 
Similarly, the San Francisco Bay Area implemented a Goods Movement Plan to help move 
goods around the Bay, increasing the economy and reducing environmental impacts. 
Therefore, freight planning is of low interest for regions where the logistic transportation 
industry is not a priority, like the Sacramento region.  

There is great potential to incorporate the California Freight Mobility Plan and other freight-
related regulations (AB 627, SB 517, AB 98) at the state level for future regional plans with 
GHG reduction targets of 19% on roads. Still, multiagency cooperation and incentives are 
the main strategies to promote the inclusion of sustainable freight in regional and local 
plans.  
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4. Characterization of local context 
The Sacramento region, also known as Greater Sacramento, comprises eight counties: 
Colusa, El Dorado, Nevada, Placer, Sacramento, Sutter, Yolo, and Yuba (242), with a total 
area of 8,436.97 sq. mi. The metropolitan area does not include Colusa County and is 
named the Sacramento-Roseville-Folsom, California Metro Area. The following 
subsections describe the Sacramento region's socio-demographic and economic 
characteristics, followed by an environmental justice analysis and the future needs for 
charging and fueling infrastructure for Zero-Emission Trucks. This analysis focuses on 
transportation, and data were gathered from the American Community Survey (ACS) 2022 
5-Year Estimates Data Profiles. 

4.1. Socio-demographic and economic characteristics 

Different demographic characteristics were identified from the ACS 2022 5-Year Estimates 
Data Profiles for the eight regional counties. The Sacramento region has a total population 
of 2,736,302, with a median age of 42. Most of the population is white (50.1%), followed by 
Hispanics (22%) and Asians (14%). The median household income is $88,611, 10% less 
than the state and 12% more than the nation, while the median household expenditure is 
$85,190. Figure 13 shows the population distribution over the Sacramento region based on 
the median household. Some zones are characterized by the lowest median household 
income, such as census tracts 7, 53.01, 65.05, and 68.02 (less than $25,000) in west 
Sacramento and 105.01 in Yolo, near the American and Sacramento Rivers. 

There are 1,015,950 households in the region, with 623,036 families. Figure 14 presents the 
household income distribution by largest racial/ethnic group. The white population is 
better situated since most have a median household income of $50,000 or above. In 
contrast, most Hispanic people have a median income of the same value or below. Asian 
and Black populations are more widely distributed. 

Educational attainment for the population age 25 or over shows that 35% of the 
Sacramento region's population graduated from high school or higher (lower than 
California, 36%), and 34% have some college or associate’s degree (28% in California). The 
area has a labor force of 1,382,247 people. In 2022, the region had an average 
unemployment rate of 9%, less than the state's 10%. Management, business, science, and 
arts are the most essential occupations (42%), with median earnings of $79,629.14 (see 
Table 7). 

On the other hand, production, transportation, and material-moving occupations 
represent 10% of the total employed population (12% in California). The median earnings 
for transportation occupations are $49,831, while $32,239 is for material movement 
occupations, both values higher than in California ($45,407 and $31,325 respectively).     



 

 
48

 

 

 
Source: 2022 American Community Survey 5-Year Estimates Data Profiles 
Figure 13. Household income distribution in the region by census tract 

 
Figure 14. Household income distribution in the region by largest racial/ethnic group 
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Table 7. Occupation by percentage and median income 

Civilian employed population 16 years and over Percentage 
Median 
Earnings 

Management, business, science, and arts occupations 42%  $ 79,629.14  
Service occupations 18%  $ 29,246.57  
Sales and office occupations 21%  $ 41,923.29  
Natural resources, construction, and maintenance 
occupations 8%  $ 51,114.71  
Production, transportation, and material moving 
occupations 10%  $ 40,929.71  

Source: 2022 American Community Survey 5-Year Estimates Data Profiles and American Community 
Survey 1-Year Estimates Data Profiles (Earnings) 

Figure 15 illustrates that the predominant economic sectors within the region encompass 
education services, health care, and social assistance. Notably, the area is home to at 
least 19 higher education institutions, including two prominent public universities: the 
University of California, Davis (UC Davis), with an undergraduate enrollment of 31,637 
students, and California State University, Sacramento, hosting 29,370 undergraduate 
students. Furthermore, UC Davis Aggie Square has established a mixed-use innovation 
district within the health services sector that concentrates on advancements in cell and 
gene therapy, genomics, and various imaging modalities. The BioSpace facility at The 
Bridge District also represents a substantial investment in life sciences, encompassing a 
1.4 million-square-foot Class A life science campus (242). 

The Sacramento region has significant agricultural biotechnology assets, primarily 
underscored by robust agricultural research initiatives, notably at UC Davis. This area is 
experiencing an evolving sector of Agricultural Biotechnology startups and numerous 
research and development facilities established by major global corporations, including 
Bayer Crop Science, Syngenta, and HM.CLAUSE, along with various incubators. Situated 
within California's Central Valley, recognized as the state's foremost agricultural region, 
the Sacramento area has fertile and productive land. This agricultural landscape generates 
a crop output value estimated at $2 billion across more than 7,200 farms distributed over 
1.5 million acres of arable land (243). The entire sector contributes an economic impact 
exceeding $7.2 billion (244). Farming is the primary land use within the zone. 

The transportation and warehousing sector ranks ninth in industry classification based on 
employment. According to the County Business Patterns of 2021, 1,976 regional 
establishments, accounting for 2% of California's total, are dedicated to the trucking 
segment as identified by the North American Industry Classification System (code 484). 
This segment represents 70% of the broader transportation sector (code 48-49). The 
trucking segment employs 10,721 individuals, constituting only 25% of total employment 
within the entire sector. The annual payroll for this segment amounts to $562,459,000. 
Overall, the logistics segment (including services and trucking) is exhibiting strong recent 
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growth and projected employment increases in the region. However, average earnings 
remain low, indicating a need for further research to assess future patterns. 

 
Source: 2022 American Community Survey 5-Year Estimates Data Profiles  
Figure 15. Industry classification in the Sacramento region vs. California 
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Figure 16 shows the spatial distribution of transportation and warehousing facilities. The 
data from the Longitudinal Employer-Household Dynamics Origin-Destination 
Employment Statistics (LODES) Worker Area Characteristics (WAC) dataset provides a 
comprehensive overview of job geography. In this visualization, a column layer helps 
create a three-dimensional representation, whereby each facility is a vertical column with 
height and color corresponding to specific characteristics outlined in the dataset. The 
purple dots denote the block centroids, effectively illustrating the geographic locations of 
employment opportunities related to the transportation and warehousing sectors. A higher 
column height indicates a greater concentration of jobs within these industries. Figure 16 
reveals a significant concentration of transportation and warehousing employment in 
Sacramento City and along the primary roadway infrastructure within the surrounding 
region.  

Besides the logistics services, other subsectors of transportation that contribute 
significantly to employment include automotive wholesale, auto repair, maintenance, and 
Aerospace and rail manufacturing (245). 

The 2022 ACS 5-Year Estimates indicate that commuting patterns within the transportation 
industry primarily favor driving alone in cars, trucks, or vans, with a secondary preference 
for working from home. As a result, this sector significantly contributes to passenger travel 
by car. On average, the commute time to work is 27 minutes; however, 27% of workers 
travel for 35 minutes or longer.  

 
Source: 2020 LODES Worker Area Characteristics. U.S. Census Bureau  
Figure 16. Spatial distribution of transportation and warehousing facilities 

To analyze a prominent origin-destination flow in the transportation and warehouse 
industry, we selected a census tract (101.05 in Yolo County) to identify other census tracts 
that send at least 25 commuters to this area, characterized by warehouses and 
transportation-related activities. Figure 17 shows the flow map with the farthest place, 
about 16 miles. In general, this census registered 17.6 minutes of travel time to work.  
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Source: 2020 LODES Worker Area Characteristic U.S. Census Bureau 
Figure 17. Origin-destination flow map  

The SACOG MTP/SCS 2020 provides an Environmental Justice (EJ) analysis in Appendix H 
with a detailed characterization of the community and burdens in the Sacramento region. 
However, the analysis does not directly associate freight transportation with those 
burdens. Between the major findings, it is possible to highlight that about 38 percent of the 
region’s population lives in the defined EJ Communities; roughly two percent of the 
region’s population live within the 500-foot buffer of significant roadways; residents living 
in EJ Communities walk, bike, and take transit at a higher rate than the rest of the 
population but typically suffering from a history of disinvestment. EJ Communities are 
inhabited mainly by the non-white population.  

Figure 18 illustrates red points highlighting the areas designated for industrial land use, 
highlighting four primary clusters in Colusa, Sutter, Placer, and Sacramento. According to 
the Caltrans Transportation Equity Index, these regions are recognized as transportation-
based priority populations within the state, facing significant burdens from traffic exposure 
while receiving minimal benefits from the multimodal transportation network, as indicated 
by their access to destinations. Some researchers have demonstrated the spatial 
relationship between freight facility location and minority neighborhoods (11, 246, 247). 
The layout of urban areas, historical practices in land development, and the spatial 
arrangement of income can all influence the geography of externalities associated with 
warehousing. This suggests that the inequitable environmental distribution may primarily 
stem from the uniform allocation of economic, political, and institutional resources. 

Figure 18 also illustrates the percentage of the population aged 25 and older without a high 
school education based on data from the California Communities Environmental Health 
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Screening Tool (CalEnviroScreen 4.0). Colusa and Sutter Counties, situated in the western 
part of the region, exhibit the highest percentages of individuals with low educational 
attainment, with approximately 80% of the population aged 25 and over holding a 
maximum educational qualification of a high school diploma. The regional economy 
primarily relies on agriculture and agricultural-related enterprises. Additionally, this area 
has a significant Hispanic population, comprising 37%, with about 9% of residents holding 
a bachelor's degree or higher and 56% graduating from high school. 

Although the workforce is fairly educated, more than one-third of the population struggles 
to meet daily expenses, with a large segment consisting of minorities and those with lower 
levels of education. Furthermore, there is an increasing disparity in the development of 
digital skills. Another important area of focus for the region is improving educational 
achievement, especially by assisting individuals near to finishing their education (243). 

 
Source: CalEnviroScreen 4.0 
Figure 18. Percentage of population over 25 with less than a high school education 

According to the 2005-2019 ACS, the region's population increased about 16% between 
those years. However, between 2020 and 2022, the region exhibited a decrease in 
population of about 3%, a trend that has been happening since the pandemic, and housing 
costs can be one of the reasons. In the region, 22% more households own their homes 
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compared to those who rent. Nevertheless, as shown in Figure 19, the median home value 
in Sacramento County has significantly increased since 2012. Restrictive regulatory 
environments and limited geographic space have contributed to housing shortages in 
many regions of California, including Sacramento (248). The equilibrium level has 
historically benefited homeowners, as the fees and regulations placed on developers are 
reflected in housing prices. This situation has compelled potential homeowners to absorb 
the external expenses associated with growth. Additionally, it has reduced the housing 
market, making housing a limited resource and excluding the lowest-income groups (248).    

 
Source: 2005-2019 American Community Survey 5-Year Estimates Data Profiles  
Figure 19. Median home value in Sacramento County 

The CalEnviroScreen provides information about annual mean particulate matter (PM) 2.5 
concentrations in the region. There are two specific zones to highlight due to the PM 2.5 
being 8.8 or above: Sacramento City and Yuba City. Those zones are dense in terms of 
population, with mixed land use. The Franklin Field airport in Sacramento and the Sutter 
County airport in Sutter are also included in those high PM 2.5 zones (see Figure 20). In 
addition, diesel PM emissions from on-road and non-road sources are in those zones, but 
they are near the main roads (I-5, I-80, US 50, CA 99, CA 160) and industrial land use zones 
where freight facilities are located. Besides, the Placer industrial area does not show high 
PM 2.5; it exhibits high values of diesel PM emissions and urban heat island (UHI) index in 
the zone. The largest UHI in the region spans from Roseville to Lincoln, including a section 
of Auburn, where temperatures are approximately 9-11°F (5-6°C) higher than the 
surrounding areas. The second highest category of UHI intensity includes Northeast 
Sacramento, Roseville, Rocklin, Granite Bay, Lincoln, portions of Folsom, and regions west 
of Auburn, with an intensity of around 7-9°F (4-5°C) (249). 
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Source: CalEnviroScreen 4.0 and OpenStreetMap 
Figure 20. Annual mean PM 2.5 concentrations in Sacramento region. 

The Clean Air Act mandates that the U.S. EPA establish health standards for six criteria air 
pollutants: ozone (O3), particulate matter, carbon monoxide (CO), lead (Pb), sulfur dioxide 
(SO2), and nitrogen dioxide (NO2) (250). In Sacramento County, particulate matter and 
ozone are the pollutants of greatest concern. As illustrated in Figure 21, these pollutants 
significantly concentrate along the main roads of Sacramento near industrial areas and in 
a broader area in the western part of the region. The Sacramento Federal Nonattainment 
Area (SFNA) indicated a significant decline in CO and NOx emissions in mobile sources 
since 1990. Due to regional and local control measures, eight-hour ozone values have 
declined, especially since 2008, after implementing the National Ambient Air Quality 
Standard (NAAQS) (251). 

4.2. Future needs  

According to the California Energy Commission, after implementing new sales regulations 
for medium- and heavy-duty vehicles, California experienced a significant increase in 
sales. California registered a rise in bus, truck, and delivery van sales of 63% between 2022 
and 2023 (see Table 8). However, in the Sacramento region, the increase has been slow 
(21%), where most of the sales are related to buses (252). California’s proposed Advanced 
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Clean Fleets (ACF) rule would propel zero-emission truck (ZET) sales by 2036, resulting in 
the need to build over 500,000 chargers by 2050. This would require $12 billion in public 
and private investment and stimulate the creation of local construction jobs in California 
to build this infrastructure (253). The biggest challenges are scaling the infrastructure 
required to ensure grid reliability and developing technologies that can handle heavy-duty 
truck requirements. 

 
Source: CalEnviroScreen 4.0 and OpenStreetMap 
Figure 21. Average of percentiles from the Pollution Burden indicators in Sacramento 
region. 

Table 8. Total Medium- & Heavy-Duty ZEVs 

Year 2022 2023 
Type Bus Truck Delivery Van Total Bus Truck Delivery Van Total 
California 1708 272 340 2320 2062 853 869 3784 
Sacramento 90 1 2 93 94 11 6 111 
Colusa 6 0 0 6 7 0 0 7 
El Dorado 6 0 0 6 9 0 0 9 
Placer 4 0 0 4 6 2 0 8 
Yolo 13 0 0 13 13 0 0 13 

Source: California Energy Commission (2024). Medium- and Heavy-Duty Zero-Emission Vehicles in California 
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The charging infrastructure for ZEVs provides great coverage in the Sacramento region, as 
Figure 22 shows, some conveniently located near industrial land-use zones. Sacramento 
city has 1,109 public charging station ports (Level 2 and Level 3) within 15 kilometers. 
Eighty percent of the ports are Level 2 charging ports, and 32% of the ports offer free 
charges for electric cars (254). However, the number of stations available for medium—
and heavy-duty trucks is unclear. The U.S. Department of Energy reports 479 alternative 
fueling stations, both public and private, for medium and heavy-duty vehicles in California 
(41 electric stations with 241 ports) (255). Therefore, to guarantee the operation of zero-
emission Trucks and achieve the N-79-20 target, the infrastructure should be in place 
before public and private fleet managers take the risk of purchasing electric and alternative 
fuel vehicles. As mentioned in section 3.2.4, the Northern California Megaregion ZEV 
Medium/Heavy Duty Vehicle Blueprint is committed to implementing a plan for 
implementing at least 11 charging plazas around the major goods movement highways in 
Northern California, including Interstate 5, Interstate 80, Highway 50, and State Highway 
99 which are also the most critical zones in terms of emissions.  

 
Source: 2022 American Community Survey 5-Year Estimates Data Profiles and OpenStreetMap 
Figure 22. Amenity charging stations in the Sacramento region 

In terms of employment, according to the Centers of Excellence’s 2014 advanced 
transportation technology study, employers from both sectors identified four critical 
middle-skill technician occupations that could be heavily impacted by EV and alternative 
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fuel vehicle (AFV) technologies: Automotive Service Technicians and Mechanics (Standard 
Occupational Classification (SOC) 49-3023); First-Line Supervisors of Mechanics, 
Installers and Repairers (SOC 49-1011); Bus and Truck Mechanics and Diesel Engine 
Specialists (SOC 49-3031); and Transportation, Storage and Distribution Managers (SOC 
11-3071). In 2018, over 4,000 automotive service technicians and mechanics worked for 
auto shops and car dealers in the region, occupying 27% of all jobs in this industry sector. 
This value remains similar for 2023, with 3,990 employees registered. Occupational 
demand projections for this occupation were estimated to increase by about 680 openings 
annually (245). Further analysis is needed to identify the ratio of occupational technicians 
and supervisorial positions that repaired electric vehicles and alternative fuel vehicles in 
the region to evaluate the impact of the fuel transition impact. 

It is essential to thoroughly explore the characteristics that define population subgroups in 
these areas to effectively identify and address the diverse impacts of truck charging 
stations on each community. This investigation should examine potential disparities 
related to housing types, land use, and the built environment. This will avoid possible 
safety risks.  

In addition, it is vital to assess journey and travel times and the duration spent queuing and 
charging at stations, acknowledging these intervals as potential disutility (256). Moreover, 
examining the costs associated with various journey and charging activities is essential, 
particularly regarding their impact on lower-income groups who may rely on older electric 
vehicle models with varying battery capacities and charging efficiencies. Furthermore, 
research should aim to enhance vehicle charging infrastructure accessibility calculations 
to incorporate travel and activity patterns, emphasizing accessibility from both residential 
areas and workplaces to key destinations. Home Depot charging stations are a great 
opportunity to increase capacity, but collaboration between transportation agencies, 
companies, and shippers is required. Electric trucks can impact the infrastructure 
because the extra weight from electric batteries can accelerate road damage (257), the 
VMT can increase when the daily routes cannot be made with a single charge, and the 
electric power available can be insufficient (258). The extra weight faces another challenge 
in terms of regulation since California’s restrictions for trucks do not consider the battery 
weight (259). 

Finally, conducting a thorough analysis and establishing a strategic framework for 
developing training programs and employment opportunities that align with the demands 
of alternative fuel initiatives is imperative. This approach is crucial for meeting California's 
ambitious environmental targets. 

4.3. Discussion  

The Sacramento region is characterized by its diverse community, which includes white, 
Hispanic, and Asian populations. Within this demographic, the Hispanic community faces 
notable economic challenges. The area is service-oriented, exhibiting a relatively low 
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unemployment rate, yet more than one-third of the residents struggle to cover their daily 
expenses. Although transportation is not the dominant sector, it plays a significant role in 
local employment, primarily concentrated in central Sacramento. There is an urgent need 
to enhance middle-skill technician occupations, particularly in light of the growing 
influence of EV and AFV technologies. 

Additionally, transportation infrastructure has negatively impacted minority 
neighborhoods, resulting in an inequitable distribution of resources. High levels of 
particulate matter and ozone are notably present along major roadways near industrial 
areas, particularly in the region's western part. Lastly, the availability of stations for 
medium- and heavy-duty trucks is unclear, yet their development is crucial for facilitating 
the energy transition. 

The Sacramento region faces a unique intersection of equity, workforce, and infrastructure 
challenges that demand targeted planning interventions. While the area maintains 
relatively low unemployment, economic hardship persists, particularly within Hispanic 
communities, highlighting the need for inclusive workforce strategies. Investment in 
middle-skill jobs, especially in emerging sectors like electric and alternative fuel vehicle 
technologies, is critical to regional resilience. At the same time, freight and transportation 
infrastructure have disproportionately impacted minority neighborhoods, contributing to 
environmental and health burdens. Prioritizing the development of medium- and heavy-
duty truck charging and fueling infrastructure, particularly in underserved logistics 
corridors, can support both environmental goals and economic opportunity. These efforts 
must be guided by a commitment to reducing pollution exposure, expanding clean job 
access, and ensuring a more equitable distribution of transportation benefits across the 
region. 

Conducting a thorough analysis and establishing a strategic framework for developing 
training programs and employment opportunities that align with the demands of 
alternative fuel initiatives is imperative. This approach is crucial for meeting California's 
ambitious environmental targets. Therefore, the first part of building a sustainable and 
equitable freight land use methodology was completed in previous sections, providing the 
main sustainable freight strategies related to logistics, freight management, and emission 
reductions, as well as regional targets for zero-emission vehicle sales, greenhouse gas 
emissions reductions, and other federal and state regulations that must be complied with. 
The following Chapters 5 and 6 encompass a deep understanding of demand and supply to 
identify opportunities for implementing freight strategies and minimizing social costs. 

  



 

 
60

 

5. Demand characterization 
The team concentrated this task on residential demand for goods, such as home 
purchases and deliveries. This stage relies on various public data sources, taking into 
account demographic aspects of the study area, including regional size, population 
density, urban shape, and land allocated to streets. The team utilized previously 
developed models of shopping behavior based on data from the National Household Travel 
Survey (NHTS) and the American Time Use Survey (ATUS), employing weighted multinomial 
logistic models (WMNLs) and spatial clustering. The analysis also examined online 
shopping behaviors based on past studies conducted by the research team. Therefore, this 
section is divided into two subsections: 1) Demographic aspects to characterize shopping 
behavior and 2) the geographic locations of consumers, which will be assessed through 
spatial categorization. 

This analysis focuses on answering the following questions, which provide planners with 
opportunities for intervention and guidance.  Research questions were formulated based 
on key factors identified in the literature to characterize demand for goods and services. 
Additionally, several intervention opportunities from Appendix 1 are highlighted as 
potential solutions to mitigate possible issues identified in each research question 
analyzed. In this context, “S” denotes strategy, with the accompanying number referring to 
the specific strategy defined in Table 20. In addition, data were collected from open and 
official sources to ensure reproducibility and trustworthiness. 

5.1. Shopping trends 

This section's primary goal is to understand residents' shopping behavior to forecast future 
behavior for incorporating this variable into the planning process. Details of this 
methodology are available at (260). The first task is to identify the shopping categories, 
namely “No shopping,” which means individuals who did not perform any shopping activity 
on a given day; “In-store shopping,” or individuals who exclusively performed in-store 
shopping; and “Online shopping,” related to those who shopped solely online. As task one, 
the team used the 2023 ATUS data to analyze shopping behaviors, following previous 
studies developed by the team (56). ATUS microdata is available at IPUMS via Application 
Programming Interface (API) (261) from 2013 to 2023. The sociodemographic variables 
collected include age, sex, labor force status, education, mobility disability, marital status, 
income, number of children, county, and person weight. The time use variables related to 
shopping were also collected for purchase activity and travel to purchase. The team 
modeled the shopping behaviors as a WMNL model with time series (e.g., time is included 
as a variable), with the alternatives being not to shop at all (No Shopping), to shop 
exclusively in-store (In-store), and to shop solely online (Online).  
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Table 9. Demand characterization 

Characterization Research question Method Data Opportunity 
Shopping trends How do individual 

characteristics (e.g., 
size, income, age, car 
ownership) correlate 
with the frequency of 
online vs. in-store 
purchases? 

Generating a synthetic 
population and a 
Shopping decision as a 
multinomial logit 
model 

ATUS and US 
Census data 

Prediction of shopping patterns 
to anticipate delivery zones for 
intervention. S18, S19. 

What are the temporal 
trends in shopping 
choice? 

Time-series modeling ATUS and US 
Census data 

Support equity-focused delivery 
and retail infrastructure 
policies. S20, S21 

What are the emissions 
generated by shopping 
and delivery trips? 

Emissions rates and 
VMT 

NHTS data 
EMFAC 

Reducing VMT associated with 
shopping. S7, S48-51. 
Encourage low-emission 
delivery fleet adoption. S45-47. 

Geographical 
distribution 

How does residential 
spatial configuration 
influence shopping 
preferences and 
delivery frequency? 

Spatial autocorrelation 
and hotspot analysis 
(e.g., Moran’s I,  
Getis-Ord Gi*) 

Shopping 
distribution 

Potential zones for intervention 
with freight strategies. S6-8, S22 

What types of 
neighborhoods 
generate the most 
delivery demand per 
capita? 

Descriptive statistical 
analysis 

Shopping 
distribution 

Potential for micro-fulfillment 
centers or pick-up/drop-off 
lockers. S13, S22, S53 

Is there a spatial 
mismatch between 
shopping demand and 
in-store retail access? 

Overlay consumer 
clusters with zoning, 
land use, or 
transportation network 
datasets 

Consumer 
clusters 
Land Use 
Transportation 
network (OSM) 

Potential zones for land use 
intervention with mixed-use or 
reform zones. S7, S8, S10 
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Task 2 was to collect the same sociodemographic variables from U.S. Census data at the 
census tract level and perform synthetic population creation at the individual level. The 
synthetic population covers from 2013 to 2023 for validation and time series analysis, and 
the method implemented was a Monte Carlo (MC) simulation.   

Task 3 incorporated shopping travel parameters from previous research (56). The shopping 
travel parameters include the number of shopping tours per person, the number of stops 
per shopping tour, the length of shopping tours in miles associated with stops, the 
proportion of in-store shopping activities in a shopping tour, and the significant shopping 
travel modes. Consistent with (56), the parameters used for delivery tours are: 1) delivery 
tour length and 2) stops per tour. Those parameters allow for determining emissions 
related to online shopping truck travel in a single MC simulation, considering the average 
emission rate for commercial trucks.  

In Task 4, the team used emission rates developed by CARB (2018), which were used in 
this study to estimate GHG and criteria pollutants generated from shopping-related travel. 
This task aims to ultimately conclude with the externalities of shopping across different 
census areas.  

5.1.1.  How do individual characteristics correlate with the frequency of 
online vs. in-store purchases? 
ATUS provides a large dataset that has been sampled in various U.S. cities for many years, 
and using ATUS data ensures scale, consistency, and validity of data acquisition. Table 10  
shows the variables that comprise the WMNL models for counties in the SACOG coverage 
area as an MPO, such as Sutter, Sacramento, Yolo, and Yuba. SACOG also collaborated 
with Placer and El Dorado counties, which are also included in the analysis. The survey 
represents activities developed in one day.  

The team defined the shopping decision based on the variable “activity purchase.” The 
variable “purchase travel” defined whether the purchase was made online (e.g., no travel) 
or in-store. The dataset for the region is weighted using the “WT20” variable for the year 
2020 and “WT06” for the remaining years, representing the weights for the sample 
distribution in the selected area. The WMNL model results are presented in Table 11. The 
best model was selected using the Akaike Information Criterion (AIC). The best model, 
weighted 1, is the one that received the most support among those tested. The difference 
between the best and worst AIC is ~7 million, which is substantial, indicating a clear 
winner. Most coefficients are highly significant (***), meaning the model identifies 
meaningful relationships. 
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Table 10. Variables and counts per year of ATUS data 

Variable Category 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023  

Generation 

Baby_Boomer 25 20 22 31 28 19 18 22 17 24 33 
Gen_Z 8 5 3 5 2 5 6 8 3 2 4 
Generation_X 16 21 22 24 19 26 20 17 21 14 11 
Millennials 18 33 19 13 17 24 16 16 18 8 12 
Silent 7 16 5 9 9 12 8 10 16 17 15 

Gender 
Female 39 57 39 49 34 48 38 37 45 32 37 
Male 35 38 32 33 41 38 30 36 30 33 38 

Labor_Force 
Employed 37 54 40 47 45 46 39 33 39 28 45 
Not_in_labor_force 28 38 24 34 27 30 26 37 34 36 27 
Unemployed 9 3 7 1 3 10 3 3 2 1 3 

Education_Level 

Graduate 5 8 2 8 10 15 12 10 10 3 8 
No_education 2 0 0 4 2 2 1 0 1 2 0 
Primary 11 11 7 7 9 7 8 10 6 6 7 
Secondary 56 76 62 63 54 62 47 53 58 54 60 

Children 
NO_Children 50 58 42 60 53 54 39 49 46 48 56 
Own_Children 24 37 29 22 22 32 29 24 29 17 19 

Disability 
Disability 8 12 1 11 7 8 5 10 6 14 10 
No_Disability 66 83 70 71 68 78 63 63 69 51 65 

Status 

Divorced 15 7 10 16 10 12 12 10 15 12 8 
Married 35 47 32 41 38 43 40 35 38 33 42 
Never_married 17 34 21 20 20 26 12 18 15 11 17 
Separated 2 1 2 1 1 1 1 3 2 3 3 
Widowed 5 6 6 4 6 4 3 7 5 6 5 

Total observations (individuals) 74 95 71 82 75 86 68 73 75 65 75 
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Table 11. Weighted Multinomial Logit (WMNL) Model with time series resulted for the 
Sacramento region. 

Dependent variable:          Estimate, significance, and t-value (respectively) 
Ref: No shopping 

 In-store Online 
Generation: Generation Z -1.136*** 3.188*** 
 (-0.00004) (-0.00003) 
Generation: Generation X 0.120*** 3.815*** 
 (-0.0001) (-0.00002) 
Generation: Millennials -0.258*** 4.313*** 
 (-0.00005) (-0.00001) 
Generation: Silent -0.431*** 3.027*** 
 (-0.00004) (-0.00001) 
Gender: Male -0.915*** -1.244*** 
 (-0.00005) (0.00) 
Income; Low -0.345*** -2.257*** 
 (-0.0001) (0.00) 
Income: Lower Middle 0.147*** -2.590*** 
 (-0.00005) (-0.00001) 
Income: Median 0.450*** -1.779*** 
 (-0.00005) (0.00) 
Income: Middle - Middle -0.151*** -2.241*** 
 (-0.0001) (0.00) 
Income: Poverty Level -0.875*** -9.877*** 
 (0.00) (0.00) 
Income: Upper Middle 0.088*** -2.006*** 
 (-0.00005) (0.00) 
Education Level: Non-education -0.552*** -5.819*** 
 (-0.00001) (0.00) 
Education Level: Primary -0.446*** 1.529*** 
 (-0.00002) (-0.00003) 
Education Level: Secondary -0.600*** 0.371*** 
 (-0.00005) (-0.00003) 
Kids: Own Children -0.110*** -2.848*** 
 (-0.0001) (0.00) 
Disability: No Disability 0.280*** 1.739*** 
 (-0.0001) (0.00) 
Status: Married 0.391*** -2.010*** 
 (-0.00005) (-0.00002) 
Status: Never married 1.042*** -2.084*** 
 (-0.00003) (-0.00004) 
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Dependent variable:          Estimate, significance, and t-value (respectively) 
Ref: No shopping 

Status: Separated 1.082*** -8.266*** 
 (-0.00001) (0.00) 
Status: Widowed 0.063*** -0.622*** 
 (-0.00002) (0.00) 
YEAR 0.058*** 0.311*** 
 (0.00) (0.00) 
(intercept) -117.902*** -633.105*** 
 (0.00) (0.00) 
Akaike Inf. Crit. 12,181,749,372.00 12,181,749,372.00 
Note: *p<0.1; **p<0.05; ***p<0.01  

The model indicates the reference group has a high probability of "No shopping." If the 
reference person (intercept profile) rarely shops, the log odds of the other outcomes are 
strongly negative (e.g., significant negative intercepts). The variables associated with 
shopping include generation, income, gender, education, children, no disability, and 
marital status. There is also an apparent effect of time since “year” is a representative 
variable. Gen Z is less likely to shop in-store and more likely to shop online vs. the 
reference group. Millennials are highlighted as the group that is more inclined to shop 
online. During 2022, approximately 55% of Millennials made online purchases (262). 
Mobile commerce is also gaining popularity as consumers increasingly rely on their 
smartphones and mobile apps for shopping. Income and education levels substantially 
directly impact online shopping preferences versus in-store shopping. Median and upper-
middle-income individuals are more likely to shop in-store than the reference group. The 
year is positively associated with online shopping. 

5.1.1. What are the temporal trends in shopping choice? 
The temporal trends were analyzed using the synthetic population, as aggregate data by 
census tract does not provide shopping characteristics. Therefore, using probability 
weights, the team generated a synthetic population from the census tract at the individual 
unit. Figure 23 shows a comparison between the census and the synthetic population, with 
some individual variables aggregated by census tract. The WNML model was utilized to 
analyze shopping decisions made in a single day using a synthetic population. This 
approach provides valuable insights into shopping trends and preferred locations based 
on census tracts.  

Shopping is an activity that shows a general upward trend, indicating that consumers are 
increasingly inclined to make daily purchases (see Figure 24). The data also highlights the 
growth of online shopping over time, particularly after 2018. This aligns with the trend of e-
commerce as a share of total U.S. retail sales from the first quarter of 2010 to the third 
quarter of 2024 (262). In 2021, online retail sales represented ten percent of total retail in 
the United States. Among the largest business-to-consumer e-commerce categories are 
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clothing and accessories, including footwear. In 2024, this percentage rose to sixteen 
percent.  

 
Figure 23. Summary statistic comparison by year 

 
Figure 24. Daily shopping choice trends over time (Synthetic Population) 
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5.1.2.  What are the emissions generated by shopping and delivery trips? 
The team analyzed the main census tracts that generate the most shopping trips and 
emissions based on the 2017 NHTS dataset, the synthetic population, and California's 
emissions inventories of on-road mobile sources (using the EMission FACtor (EMFAC) 2021 
software). The NHTS includes information from the counties selected for the study, where 
travel parameters for in-store shopping were collected. EMFAC provides the on-road daily 
emissions tons and vehicle miles traveled to identify emission rates. Later, these rates 
were used to estimate total emissions from in-store shopping developed by the synthetic 
population, assuming one tour per person.  

According to the EPA, ozone and particle matter pose the most widespread and significant 
health threats of the six criteria for air pollutants. Figure 25 presents the origin of in-store 
shopping, the main concentration areas of NOx and PM 2.5, and ozone, according to 
CalEnviroScreen. Large portions of the northeast and central Sacramento Valley (e.g., 
parts of Placer, El Dorado, and Sacramento counties) are shaded deep red, indicating high 
percentile ozone values according to CalEnviroScreen. The locations of NOx emissions 
related to in-store shopping trip origin are concentrated in urban tracts, particularly around 
Sacramento’s city center and adjacent densely populated areas. The freeway and primary 
road layers strongly align with both NOx origin clusters and ozone hot spots, indicating that 
vehicle travel is a key contributor to these emissions. 
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a) 

 
b) 

 
Figure 25. Estimated origin of in-store shopping emissions by tract and 
CalEnviroScreen indicators: a) NOx, b) PM 2.5 
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The darkest red tracts in Figure 25 b) indicate high PM 2.5 exposure levels (8.92–10.4 
µg/m³), as determined by CalEnviroScreen. These areas are concentrated mainly in South 
Sacramento, parts of Elk Grove, and central counties, such as San Joaquin and Stockton-
adjacent zones. Strong alignment is evident between high PM 2.5 burdens and high 
emissions origins, especially in southwest Sacramento and central urban areas. 

Evaluating the general emissions performance, there is a reduction between 2017 and 
2023. However, emissions from passenger vehicles, Light- to Heavy-Duty Trucks (Gross 
Vehicle Weight Rating (GVWR) 8,501-10,000 pounds), and medium-duty vehicles are 
higher in 2023 than in 2017, indicating that further effort is required to mitigate this issue. 
However, emissions from in-store shopping are low, contributing approximately 0.01% of 
NOx and 0.06% of PM 2.5 to the total reported for 2017.  

5.2. Geographical distribution 

This section presents a spatial statistical analysis of shopping patterns to identify potential 
intervention zones for sustainable freight strategies that could mitigate related issues.  

5.2.1. How does residential spatial configuration influence shopping 
preferences and delivery frequency? 
The team analyzed the spatial autocorrelation of shopping decisions using Moran’s I with a 
MC simulation test and a queen matrix for neighbors that share a line segment (or border) 
or a point (or vertex). Shopping online yielded a Moran’s I statistic of 0.25, while shopping 
in-store yielded 0.24, with a p-value approaching zero at the 95% significance level. Those 
results indicate low but spatial autocorrelation for both shopping types, suggesting some 
spatial patterns in shopping behavior. Both are reasonably correlated (r ≈ 0.75), suggesting 
that their spatial patterns will likely overlap, especially in areas with higher population 
density or greater engagement. The local Getis-Ord method was implemented to identify 
hotspots and cold spots (46) for in-store and online purchases. The test returned z-scores 
between -4.66 and 3.92 for in-store shopping and between -4.82 and 4.30 for online 
shopping (see Figure 26). Both shopping decisions are correlated with areas of high 
income, high employment, and a high level of education.  

Figure 26 presents local spatial clusters of in-store and online shopping behavior using the 
Getis-Ord Gi* statistic. The spatial clustering, with clear hot and cold spot patterns, is 
statistically significant. Hotspots are spatially clustered around the urban core, near land 
designated for retail is most prevalent, indicating a strong association between physical 
access to commercial areas and in-store shopping behavior. In-store shopping hotspots in 
South Sacramento, Davis, Folsom, Dorado Hills, and Roseville, among others, are more 
likely to make in-store purchases. Cold spots are most prominent in outlying areas with 
limited commercial density, possibly indicating lower overall shopping activity.  

Hotspots for online shopping are concentrated in the urban core and some surrounding 
suburbs, overlapping but also extending beyond the retail-dense areas. Zones such as 
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Midtown Sacramento, Rocklin, Roseville, Yuba, and Elk Grove are more likely to make 
online purchases. Cold spots are widespread across the region's eastern, northern, and 
outer western periphery. Some reasons include the lower population density, which 
represents a higher cost sensitivity to delivery options.  
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a) 

 
b) 

 
Figure 26. Hot and cold spots using Local Getis-Ord z-scores for in-store and online 
daily purchases. 
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5.2.2.  What types of neighborhoods generate the most delivery demand 
per capita? 
The team considered the total online purchases per population in each census tract to 
identify key zones that generate the most delivery demand, considering the standard 
deviation. Some representative tracts include 11.03 and 12.02 in Downtown Sacramento 
and 11.02 and 5.02 in Midtown Sacramento, which are zones characterized by high retail 
density. Another representative delivery zone in Sacramento is Tract 96.52, located in the 
south at the urban border and represents a community development zone according to the 
LU plan. Similarly, tract 87.06 is in the eastern area, which overlaps a development zone. 
Those two previous tracts represent opportunities for intervention in sustainable freight 
strategies due to future development. Woodland also has a representative tract, 112.10, 
well-located in the western region, close to an industrial and commercial zone.       

5.2.3.  Is there a spatial mismatch between shopping demand and in-store 
retail access? 
The team assessed the spatial mismatch between in-store shopping and accessibility to 
retail locations. Retail sites were sourced from OpenStreetMap (OSM) and categorized into 
food and other retail services. The food category encompasses supermarkets, 
convenience stores, bakeries, dairy shops, and other food-related establishments. 
Conversely, other retail services include shopping destinations for clothing, boutiques, 
fashion accessories, electronics, furniture, books, and a range of services such as laundry, 
copy shops, beauty salons, and massage therapy.  

Figure 27 shows a buffer of 0.65 miles for the first group (food-related establishments) to 
identify possible isolated areas with high retail demand. The selection of buffer distance 
was made considering moderate proximity, e.g., service/amenity co-location, which 
generates minor noise or traffic spillovers. A broader area could generate traffic impacts 
and more emissions. The distance could be modified to get a more regional planning scale. 

The eastern region around Folson Lake is highlighted due to the zones without coverage of 
food-related establishments that could potentially promote higher vehicle miles traveled. 
The development zones in southern Sacramento are also susceptible to land-use 
interventions to promote this type of retail and increase the coverage of services. 
Promoting mixed land use also required freight-efficient strategies for future demand. 

The second group exhibits a similar pattern. Most retail stores are located near the major 
road corridors and are separated from residential areas, highlighting the zone system 
(parcel schemes), although the regional plan promotes mixed development. Midtown and 
Downtown Sacramento are primarily mixed land use, while the rest of the region separates 
residential from the other segments (e.g., industrial and commercial). Some negative 
impacts related to the subdivision ordinance include freight circulation restrictions 
affecting shipping operations, delivery efficiency, and increasing emissions volume (263).  
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Figure 27. Hot and cold spots using Local Getis-Ord z-scores for in-store and food-
retail buffer 

5.3. Discussion 

This demand characterization study provides crucial insights into how socio-demographic 
characteristics, temporal shifts, and spatial factors influence shopping behaviors and 
associated freight-related externalities in the Sacramento region. The integration of time-
use surveys, synthetic population generation, and spatial statistics provides planners and 
policymakers with a robust analytical foundation to inform freight-oriented land use 
decisions. 

5.3.1.  Socio-Demographic Determinants of Shopping Behavior 
The WMNL revealed that age cohort, income, education, gender, and family structure are 
all significant predictors of shopping channel choice. Millennials and Generation X are 
more inclined to shop online, while Baby Boomers and the Silent Generation are less likely 
to shop online and show lower shopping activity overall. Notably, lower-income and lower-
education individuals exhibit lower online shopping rates, raising equity considerations for 
digital retail access. This finding suggests a need for inclusive strategies that address 
disparities in e-commerce infrastructure and digital accessibility. 
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5.3.2.  Temporal Trends and Implications 
Temporal modeling shows an apparent rise in both overall shopping activity and online 
shopping over time, particularly after 2018. This aligns with national trends in mobile 
commerce and the adoption of digital retail. The trend underscores the need for planning 
agencies to anticipate growing delivery needs and develop proactive zoning, parking, and 
curb management strategies to accommodate the increasing last-mile freight activity, 
particularly in residential neighborhoods. 

5.3.3.  Emissions and Environmental Justice 
Although shopping trips account for a small share of total regional NOx and PM 2.5 
emissions, the analysis revealed troubling correlations between in-store shopping 
emissions and existing environmental burdens. High-emission tracts often coincide with 
disadvantaged communities identified by CalEnviroScreen, particularly in South 
Sacramento and central urban areas. These findings underscore the importance of 
integrating freight demand planning with environmental justice considerations to mitigate 
the exacerbation of air quality disparities in overburdened neighborhoods. 

5.3.4. Spatial Distribution and Freight Accessibility 
Spatial clustering analysis using Moran’s I and Getis-Ord Gi* statistics underscores the 
concentration of shopping hotspots around urban cores and mixed-use areas. Cold spots, 
conversely, tend to be in peripheral, car-dependent areas with limited commercial access. 
Importantly, online shopping also exhibits strong spatial clustering, though extending into 
some suburban zones. These patterns support targeted deployment of micro-fulfillment 
centers and locker systems in high-demand zones to improve delivery efficiency while 
minimizing emissions. 

5.3.5.  Mismatch Between Retail Access and Demand 
Overlaying consumer demand with retail land use and road network data revealed spatial 
mismatches, particularly in developing areas of eastern and southern Sacramento. These 
gaps suggest opportunities for land use reforms that promote retail accessibility through 
mixed-use zoning and active transportation infrastructure. Furthermore, existing zoning 
ordinances that rigidly separate residential from commercial uses may hinder access for 
deliveries and increase travel emissions, highlighting the need for more flexible planning 
frameworks. 
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5.3.6.  Conclusion and Policy Implications 
The analysis supports the implementation of data-informed, equity-focused freight land 
use strategies. Planners should prioritize: 

• Enhancing e-commerce access in lower-income and lower-education 
communities. 

• Integrating freight considerations in land use plans, particularly in emerging 
residential zones. 

• Implementing emissions-reduction strategies in high-burden areas through modal 
shifts and delivery consolidation. 

• Supporting retail resilience via mixed-use development and improved accessibility. 
• Leveraging spatial demand insights to inform the location of micro-distribution hubs 

and urban logistics facilities. 

By incorporating freight demand dynamics into transportation and land-use policy, 
regional agencies can foster more equitable, efficient, and environmentally sustainable 
goods movement systems. 
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6. Supply Characterization 
This analysis focused on identifying the locations of freight facilities and shopping 
establishments and the LU planning regulations relevant to spatial analysis, with some 
practical strategies for planning purposes. The first part involved gathering data on 
demand and conducting cluster analysis to uncover freight spatial patterns and logistics 
sprawl within the study area. The authors examined key aspects of the goods supply chain, 
considering the geographic locations of production and consumption and their interaction.  
The analysis includes counties in the SACOG coverage area as MPO, such as Sutter, 
Sacramento, Yolo, and Yuba. SACOG also collaborated with Placer and El Dorado 
counties, making incorporating those counties essential in this analysis. 

As mentioned in the previous chapter, this region is characterized by a service-intensive 
sector with 31,918 establishments, emphasizing professional, scientific, and technical 
services (22.12%) and health care and social assistance (20.58%) (see Table 12). From the 
24,012 freight establishments, it is possible to identify representative sectors such as retail 
trade (25.98%), construction (25.81%), and accommodation and food services (22.16%). 
The transportation and warehousing sector represents only a small proportion of 
establishments (less than 10%). The establishments from the freight sector per 1,000 
residents are lower than other regions (9.32), such as the New York metro area (11.8), the 
Los Angeles metro area (10.9), and the Seattle metro area (11.1) (14). The service sector 
has a higher value of establishments per 1,000 residents, 12.39 (see Table 13). 

The same service sectors emerge as the most significant in employment, exhibiting 
comparable proportions of job distribution. Among the 64,604 regional employments 
documented in the Business Pattern County, 22.12% were in professional, scientific, and 
technical services, while 20.34% were in health care and social assistance. The freight 
sector reported 37,326 jobs, with 33.41% in retail trade, 33.18% in construction, and 
28.48% in accommodation and food services. The freight sector employment per 1,000 
residents is 14.49, while service employment per 1,000 residents is 25.08. 
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Table 12. Freight and service sector characterization 

Freight Intensive Sector (FIS) 
NAICS Meaning Establishments  Employment 
11 Agriculture, forestry, fishing and 

hunting 0.49% 0.73% 
21 Mining, quarrying, and oil and gas 

extraction 0.12% 0.13% 
22 Utilities 0.32% 0.36% 
23 Construction 25.81% 33.18% 
31-33 Manufacturing 6.16% 7.90% 
42 Wholesale trade 9.13% 11.70% 
44-45 Retail trade 25.98% 33.41% 
48-49 Transportation and warehousing 9.82% 12.59% 
72 Accommodation and food services 22.16% 28.48% 

Total 24,012 (100%) 37,326 (100%) 
Service Intensive Sector (SIS) 
NAICS Meaning Establishments  Employment 
51 Information 2.93% 2.88% 
52 Finance and insurance 10.25% 10.12% 
53 Real estate and rental and leasing 11.34% 11.19% 
54 Professional, scientific, and technical 

services 22.39% 22.12% 
55 Management of companies and 

enterprises 0.91% 0.86% 
56 Administrative and support and waste 

management and remediation services 9.97% 11.19% 
61 Educational services 2.71% 2.66% 
62 Health care and social assistance 20.58% 20.34% 
71 Arts, entertainment, and recreation 2.64% 2.58% 
81 Other services (except public 

administration) 16.11% 15.91% 
99 Industries not classified 0.16% 0.15% 

Total 31,918 (100%) 64,604 (100%) 
Source: 2021, Economic Surveys, ECNSVY Business Patterns, County Business Patterns 



 

 
78

 

Table 13. Freight and service sector indicators 

 

 
Figure 28. Economic Poles based on jobs density 

The employment density based on jobs per mile square shows the concentration in urban 
areas, especially in Sacramento city, as Figure 28 shows. The urban structure tends to be 
monocentric for small cities and polycentric in the case of Sacramento. The census tracts 
with major employment density are mostly dedicated to retail trade and construction 

Indicator Value 
% Freight Establishments of Total 43% 
% Service Establishments of Total 57% 
% Freight Employment of Total 37% 
% Service Employment of Total 63% 
Residents in 1000 2575.48 
Establishments (FIS)/1,000 residents 9.32 
Establishments (SIS)/1,000 residents 12.39 
Employment (FIS)/1,000 residents 14.49 
Employment (SIS)/1,000 residents 25.08 
Employment/establishments (FIS) 1.55 
Employment/establishments (SIS) 2.02 
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establishments, downtown Sacramento being the most important pole. Those areas also 
evidence high land mixture where retail is predominant, such as Marysville City, Yuba City, 
and Roseville, or dedicated industrial areas such as west Sacramento (see Table 14). 

Table 14. Census tract economic pole 

N GEOID County Characteristic 

1 06017031601 El Dorado County Commercial and accommodation 
services, South Lake Tahoe 

2 06061020717 Placer County Commercial and medical services, 
Roseville  

3 06067001103 Sacramento County Commercial area, Downtown Sacramento 

4 06101050102 Sutter County Residential and commercial area, Yuba 
City 

5 06113010105 Yolo County Industrial area, West Sacramento 
6 06115040100 Yuba County Mix land use, Marysville 

6.1. Freight sector patterns 

The team collected the most representative freight sector establishments through a 
Google Place API search string (ref). The search string was defined considering NAICS 
codes for freight-intensive sectors: 23 Construction, 31-33 manufacturing, 42 wholesale 
trade, and 48-49 warehousing. In addition, the authors gathered building characteristics 
from Open Street Maps through a feature function using industrial buildings as a single 
query. The sample collected resulted in 2,142 facilities, representing almost 20% of the 
entire establishment population. It's statistically significant enough since it is greater than 
the required sample size. Table 15 describes the strategy implemented in this analysis to 
get freight patterns, leading issues, and opportunities to mitigate side effects.  As in the 
previous section, each research question is linked to freight/land use strategies from Table 
20 to show possible opportunities for mitigating issues that resulted from the analysis. 

The data analysis of the freight industry considers the geographical distribution, clustering 
patterns, and time variation of the sample collected. Each section identified key research 
questions to explore opportunities to improve everyday issues derived from freight 
transportation.  

6.1.1.  What is the distribution at urban and suburban levels, considering 
establishment type? 
The freight facilities are strategically situated along the region's highways and freeways to 
ensure easy accessibility. The rail system is crucial for freight locations, as certain 
facilities cluster in areas with rail access. The majority of the freight industry resides in 
Sacramento County (79%), followed by Yolo County (18%) and Placer County (2%). 
Approximately 2% of the industry operates within urban boundaries. The search query 
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reveals a diverse range of freight facility types, the most prominent being automobile dead 
storage, logistics, wholesale distribution, cold storage, and general warehouses. 
Construction represents a significant sector, with 61% of these establishments located 
within city limits, while transportation and warehousing account for 51% of facilities in 
urban areas. Most manufacturing operations, however, are situated outside urban 
confines. In terms of size, larger establishments tend to be located in suburban regions or 
beyond city limits
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Table 15. Freight sector characterization 

Characterization Research question Method Data Opportunity 
Geographical 
distribution 

What is the 
distribution at urban 
and suburban levels, 
considering 
establishment type? 

k-means clusters Facility location and 
classification 

Economy diversification, 
Market-oriented reform and 
land use efficiency. S2 

How accessible are 
freight establishments 
through the 
transportation 
network? 

Travel time to 
network 

Freight facility Road 
network 

Freight Network Efficiency 
strategies, such as 
multimodality, technology 
adoption, or circular economy. 
S32-35 

What is the distance 
from freight 
establishments to the 
economic pole?  

Average distance to 
the nearest pole 

Freight facility origin-
destination workflow 

Freight-oriented development 
zones, Consolidation systems 
management. S39 

What are the 
significant clusters of 
the freight sector? 

Spatial 
autocorrelation  

Freight facility location Optimal logistics space 
development. S39-41. 
Decentralized infrastructure 
supply. S1. 

How does the 
commuter's origin-
destination flow to 
major clusters? 

Distance to 
commute  

Origin-destination flow VMT reduction. S13-15, S23, 
S25, S26 
Decentralized infrastructure 
supply. S1. 

What are the 
population burdens 
near major clusters? 

Correlation with 
burdens 

Freight facilities 
CalEnviroScreen 

Evaluate social justice to 
prioritize zones. S6, S10 

What are the conflicts 
between freight 
clusters and 
residential areas? 

A mismatch 
between LU plans 
and freight location  

Freight facilities  
LU Plans 

Evaluate social justice to 
prioritize zones. S6, S10 
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Characterization Research question Method Data Opportunity 
Time variation What are the growth 

rates of freight 
facilities? 

Distance to the 
economic pole 
over time 

Freight location Years 
of operation 

Economic development. S2, 
S13-15 

What are the 
employment changes 
in freight-related 
industries? 

Shifts in freight-
employment 

Freight location 
Employment 
 

Workforce impact analysis as a 
decision support to create 
more opportunities. S1, S7-10 

What census tracts 
have more 
employment 
variation? 

Rank Tracts by 
Variability from 
standard deviation 

Freight location Years 
of operation 
Employment 

Jobs-housing balance. S2, S5 
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The team performed a clustering analysis to explore the diversity of the freight sector and 
spatial patterns in the region. K-means was the method used for this analysis, which 
identified six clusters. Cluster four has a high concentration of the freight industry and is 
located in West Sacramento, Yolo County (see Figure 29). The sector is also recognized as 
a high employment zone in a suburban area. Through the I-80 and the Capitol Corridor rail 
network, this zone represents the primary access from other important economic areas, 
including San Francisco. It also covers the central economic pole of the entire region, 
downtown Sacramento, and various freight industry classifications (e.g., transportation, 
warehousing, manufacture, wholesale, and construction).  Cluster number three has a 
high freight density and is in Southeastern Sacramento. This cluster includes an industrial 
park within the city limits with multiple warehouses and storage. Besides the highway 
connectivity, both zones are highly connected to the rail system with various rail switches, 
facilitating yard operations.    

 

Figure 29. K-means clusters and study area 

Cluster Six is influenced by McClellan Airfield (MCC) airport, which has some logistics 
companies, warehouses, distribution centers, and storage facilities. This airport is one of 
the most representative in freight establishment agglomeration, surrounded by 
commercial and industrial land and connected to the rail system. The Sacramento 
International Airport influences Cluster Five, and most of its freight industry includes 
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fulfillment centers, distribution centers, and some manufacturers. The Mather Airport 
influences Cluster One, which is well connected to the rail system. The industry in this area 
includes manufacturers, petroleum storage, and fulfillment centers. Cluster Two is the 
most dispersed, with different freight facilities along the rail system and near Auburn 
Airport. This cluster includes fulfillment centers, storage, warehouses, and distribution 
centers.  

6.1.2.  How accessible is the transportation network? 
The distance to main roads provides a good insight into freight accessibility, one of the 
most critical aspects of freight location. The average linear distance between facilities and 
primary roads (highways and freeways) was 0.44 miles, with a third quantile of 0.64 miles, 
as Figure 30 shows. This means most establishments are located less than a mile from a 
road, facilitating the distribution of goods.   

 
Figure 30. Distribution of Facility–Road Distances 

To simplify the analysis for planning purposes, the team implemented transportation 
buffers of 0.35 miles (0.5 kilometers) for rail to see the area of influence of rail stops and 
switching points. Around 5% of establishments are within the buffer zone and mostly 
located in Clusters Three and Four. A bigger buffer zone was necessary to evaluate the 
influence of some airports on freight establishments due to the size of the infrastructure. 
Using a buffer of two miles, it was possible to find 0.5% of the facilities within the area. The 
most representative airports are McClellan Airfield (40 facilities), Sacramento International 
Airport (14), and Sacramento Execute Airport (14).  



 

 
85

 

6.1.3.  What is the distance from freight establishments to the economic 
pole of each county?  
The team collected data on employment from the Longitudinal Employer-Household 
Dynamics (264). The economic pole was determined by calculating the highest 
employment per square mile values. Then, the team computed the distance from each 
freight facility to the nearest pole.  

Figure 31 provides the histogram resulting from this analysis. The majority of the freight 
industry is located in less than 10 miles. Freight distribution is more efficient when the 
establishments are closer to the economic poles, and the results from this Figure 31 show 
similar behavior to that of other small metropolitan areas.    

 

Figure 31. Distribution of Freight Facilities to the Nearest Economic Pole 

6.1.4.  What are the significant clusters of the freight sector? 
The team implemented a point pattern analysis to examine the distribution of freight 
establishments, focusing on the mean center, standard distance, density, quadrat counts, 
and k-functions tests to evaluate the randomness of the facility distribution. The Chi-
squared test to assess Complete Spatial Randomness using quadrat counts confirms a 
clustering pattern confirmed with another test, such as the Variance/Mean Ratio (VMR) 
test and distance function. In addition, the study incorporated Global Moran’s I as the 
most popular and adopted spatial autocorrelation test for freight facility density.  
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Figure 32. Freight hotspots using Local Getis-Ord 

The team calculated the MC simulation considering the queen weighted matrix, resulting in 
a positive and significant global spatial autocorrelation with a value of 0.57. The test 
included the local Getis-Ord to determine local concentrations of high (hotspots) or low 
number (cold spots) of freight establishments (265). Figure 32 presents the region that 
exhibits hotspots in West Sacramento.  

6.1.5.  How does the commuter's origin-destination flow to major 
clusters? 
LODES provides information about the origin-destination (OD) flow used to determine the 
top residential areas as the origin of workers' commutes to work. The team selected freight 
hotspots and identified commuters' residential areas in terms of census tracts for deep 
analysis. Five census tracts from the top 20 residential areas for commuting to freight 
hotspots placed both groups' residential and hotspots. Five censuses are out of the city 
limits but remain in urban areas. The top 20 residential areas have between 310 and 387 
workers. Additionally, the team evaluated only workers in the trade, transportation, and 
utilities industry sectors (see Figure 33). Between 31 and 46 workers are in those top 
tracts, which are distributed around Sacramento's urban area. 
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Figure 33. Transportation commuters' origin-destination flow to major clusters 

Figure 34 shows the histogram of cumulative distance from the residential tract to the 
freight hotspot to commute using the OD workflow from LODES. The maximum distance 
between centroids to commute for all the residential tracts (centroids) was 14 miles, with a 
median of 4 miles. Most of those tracts register low values of CalEnviroScreen score, 
which means low burdens for those communities. When the analysis includes only the 
workforce in the Trade, Transportation, and Utilities industry sectors, the maximum 
commute distance is 13.3 miles with a mean of 5.3 miles. Therefore, transportation 
commuters drive longer distances than the average for all workers. For this industry, some 
workers live in tracts with high CalEnviroScreen scores, especially those near highways 
and primary roads (e.g., I-80, El Dorado Freeway, North Sacramento Beltline Freeway) or 
airports. 
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a) 

 
b) 

Figure 34. Commuter's origin-destination distance using the Haversine formula. a) All 
the workforce, b) Trade, Transportation, and Utilities industry sectors 

6.1.6.  What are the population burdens near major clusters? 
The CalEnviroScreen 4.0 provides multiple risk factors that could be associated with 
freight activity. Therefore, different tests were carried out to identify the relationship 
between dense areas of freight facilities and risk factors such as low-income 
communities, pollution, or other environmental issues. The multidimensional scaling of 
variables shows a close relationship between freight hotspots or freight-intensive areas 
and Native American communities, solid waste sites, and hazardous waste. In general, 
freight establishments are located in zones that register high values of CalEnvirScreen 
score, representing a risk for local communities (see Figure 35).  

In addition, there is a statistically significant positive relationship between freight facility 
density and pollution burden in the Sacramento region. The higher Spearman correlation 
(0.39) suggests a potential nonlinear relationship, indicating that the pollution burden may 
increase more sharply in areas with a high concentration of facilities. There is a linear 
correlation between diesel and freight hotspots (0.35). The CalEnviroScreen score 
registered a statistically significant positive relationship with freight density (0.4), but the 
Spearman test suggests a nonlinear relationship. 
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Figure 35. Multidimensional scaling of variables reported in CalEnviroScreen and 
freight density in each census tract. 

6.1.7.  What are the conflicts between freight clusters and residential 
areas? 
The team compared land use and freight establishments, and there was no mismatch 
since all the facilities are located in industrial, commercial, or mixed-use areas. However, 
due to their closeness, some freight establishments can affect residential, educational, or 
recreational areas.  

To identify those zones, the team developed a buffer around facilities of 0.2 miles in 
agreement with AB  98 to determine the intersection between freight zones and the 
sensitive receptors (e.g., residential areas, schools, nursing homes, and hospitals). 
Building data with classification was gathered from the Overture Maps Dataset (266). This 
intersection resulted in some problematic regions, including the Census Tracts 102.03, 
108, 106.06 in Yolo County, and 51.02 in Sacramento. Census Tract 102.03 is the most 
critical freight hotspot, as shown in Figure 36. That zone requires special attention, 
including mitigation strategies to reduce freight impact. Planners must ensure local zoning 
regulations do not conflict with AB 98 and work with the community and freight 
establishments to guarantee compliance.  
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Figure 36. Spatial proximity conflicts with sensitive receptors  

6.1.8. What are the growth rates of freight facilities across sectors? 
The team explores the variation of freight facilities over time to identify spatiotemporal 
patterns by collecting information regarding the company's starting operation. Freight 
facilities remain constant, with two prominent peaks in 1998 and 2002. There was a slight 
increase around 2015 that e-commerce growth could explain. However, most freight 
buildings were set up before 1993 (68%). After 2018, most of the new facilities are 
categorized as fulfillment centers (34%), warehouse/storage (34%), and distribution 
centers (9%). Amazon owns 28% of those facilities, and Walmart 7%. Some census tracts 
aggregate several facilities: 71.01 in West Sacramento at the limits of the urban area, 
103.10 near Sacramento International Airport, and 92.01 in the Industrial Park of 
Southeastern Sacramento.  The last one is in an opportunity zone as defined by the 
California Department of Finance as of 2019. 
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Figure 37. Freight establishments count per year 

The distances to the pole economic areas were evaluated annually to assess the proximity 
of the freight industry to this key economic zone. Figure 38 exhibits the mean distance, the 
standard deviation, and the interquartile distance range between freight facilities and the 
nearest economic pole. The distance increases for the entire region over time. Yolo, 
Sacramento, and Placer Counties exhibit varying trends over time, though their distance 
patterns differ. Yolo demonstrates a reduction in distance to the pole, while Sacramento 
and Placer fluctuate between decreasing and increasing distances. Conversely, Yolo and 
Yuba remain unchanged in this regard. 

 
Figure 38. Change the distance between freight establishments and economic pole 
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6.1.9.  What are the employment changes in freight-related industries? 
The LODES data offers employment microdata from 2002 to 2022, serving as a valuable 
resource for analyzing trends in freight-related jobs. Consequently, the team focused on 
employment information from the relevant NAICS sectors: 23 Construction, 31-33 
Manufacturing, 42 Wholesale Trade, and 48-49 Transportation and Warehousing. Figure 39 
illustrates job trends, highlighting construction as the most prominent sector. The 
manufacturing sector shows low variability, while transportation and warehousing exhibit a 
growth pattern, particularly following 2015. 

 
Figure 39. Jobs in freight-related sectors in the Sacramento Region 

6.1.10. What census tracts have more employment variation? 
A standard deviation analysis reveals significant variability in employment across certain 
census tracts. Notable tracts experiencing substantial growth in freight-related 
employment include: 1) Census tract 92.01, which encompasses the industrial park in the 
City of Sacramento; this area has shown a steady increase in employment, despite a dip in 
2017, followed by a strong recovery in 2018; 2) Census tract 112.08 in Woodland, 
characterized by an industrial zone that has experienced a gradual increase in 
employment, albeit with a slight peak in 2017; and 3) The area surrounding Sacramento 
International Airport (census tract 71.01), which has seen significant growth following 
2016. In contrast, certain censuses indicate a decline in employment, such as in census 
tract 87.06, situated in an industrial area of east Sacramento near Muther Airport. This 
tract experienced a decrease starting in 2015, followed by a recovery in 2020. To the left of 
the same airport lies the industrial census tract 52.05, which also exhibited a reduction in 
employment after 2017 and a recovery pattern in 2020.   
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Figure 40. Correlation between employment in the freight sector and population 
growth 

The team analyzed how employment in the freight sector correlates with population growth 
from 2010 to 2021, as illustrated in Figure 40. The ratio rose from approximately 0.084 in 
2010 to over 0.11 by 2020, marking an increase of about 30%. This indicates that 
employment in the freight sector is outpacing population growth. A significant spike can be 
observed between 2016 and 2017, likely attributed to substantial expansions in logistics 
and warehousing, driven by the growth of e-commerce, as well as a recovery in 
construction following the Great Recession and a concentration of jobs in specific areas. 
Although minor fluctuations have occurred after 2017, the ratio has consistently remained 
elevated, staying above 0.10. This trend signifies ongoing freight activity, even during and 
after the COVID-19 pandemic. 

6.2. Characterization of retail and services 
establishments  

This section offers insights into the distribution of retail and other service establishments 
within the analyzed region, aiming to identify spatial patterns and potential negative 
impacts associated with this distribution. The team gathered data from OpenStreetMap 
(OSM) on the locations of various sectors, including retail trade, accommodation, food 
services, professional, scientific, and technical services, as well as health care and social 
assistance. This information enables the team to characterize the retail and service sector 
effectively by addressing the questions and methods outlined in Table 16.  
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Table 16. Retail and service sector characterization. 

Characterization Research 
question 

Method Data Opportunity 

Geographical 
distribution 

How is the 
distribution of 
retail/services 
establishments in 
the region? 

Point pattern 
analysis 

Retail location 
and 
classification 

Economic 
diversification. 
S2, S3 

What are the 
significant 
clusters of the 
retail/service 
sectors? 

Spatial 
autocorrelation  

Establishment’s 
location 

Decentralized 
infrastructure 
supply. S1. 
Hub allocation. 
S13.  

What is the 
distance from 
freight clusters to 
retail/service 
establishments?  

Distance to the 
nearest cluster 

Freight clusters, 
Establishment’s 
location 

Use of space 
intensity and 
accessibility. 
S14-17 

Are retail/service 
uses consistent 
with zoning & land 
use plans? 

Land use 
overlay 
analysis 

Zoning 
shapefiles, 
retail locations 

Identify zoning 
conflicts and 
reform land use. 
S14-15 

Coverage What are the 
service deserts? 

Overlapping 
dense urban 
areas and retail 
buffers 

Residential 
clusters, 
Establishment’s 
location 

Reform LU plans 
to induce mixed 
regions. S3, S5 

6.2.1.  How is the distribution of retail/service establishments in the 
region? 
Retail and service establishment locations were found using OSM, which provides a 
general service description. The search identified 2348 food services (e.g., restaurants, 
fast food, café, bars), 620 accommodation retailers, 576 food retailers (e.g., grocery, 
convenience, and special food retailers), 322 health and personal care retailers, 281 
offices (e.g., government buildings, real estate, leasing, professional, technical services). 
Those retailers are well distributed along the primary and secondary roads and inside the 
economic poles. About 63% are in urban zones; the most significant concentration is in the 
Sacramento downtown/midtown.   

The team conducted a point pattern analysis to examine the patterns related to clustering, 
dispersion, and randomness. This analysis incorporates the mean center, standard 
distance, density, quadrat counts, and k-function tests to evaluate the randomness of the 
facility distribution (265).  The 95% significance level chi-square test indicated a complete 
spatial clustering pattern supported by a VMR greater than 1. The K-function, calculated 
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with 49 MC simulations, revealed that retailers are closely clustered, particularly in the 
Sacramento center area and the east region, specifically in South Lake Tahoe city.    

6.2.2.  What are the significant clusters of the retail/service sectors? 
In this case, the team tested K-means and Density-Based Spatial Clustering of 
Applications with Noise (DBSCAN) for clustering analysis. The method selected was 
DBSCAN since it could highlight local clusters and outliers by identifying natural hotspots 
or emerging activity centers. The K-means resulted in three clusters, which provide a 
broader retail zone classification that does not reflect real-world geography.  

The result reveals high-density clusters concentrated in urban cores (Figure 41). These 
clusters correspond with existing urbanized areas, indicating a strong co-location of retail 
and service amenities within transit-accessible, high-population zones. Some clusters 
merit particular attention due to the observed patterns. Cluster Zero demonstrates the 
most random distribution, scattered throughout the region, with some retail and service 
establishments located far from major roadways. Most of those establishments offer 
accommodation services and food services.  

 
Figure 41. Retail/Service clustering analysis with DBSCAN 
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Cluster Ten is the most significant and consolidated cluster in central Sacramento. This 
cluster comprises 42% of all food service retail, 44% of offices for multiple services, 44% 
of food retail, and 37% of health and personal care services. A second vital economic zone 
is Cluster 17, located in Roseville, which is especially important for health services, 
housing 22% of total establishments. Additional retail hubs include Cluster 18 in Davis, 
Cluster 13 in Folsom, Cluster 16 in Elk Grove, and Cluster 11 in Rancho Cordova. 
Woodland, Elk Grove, and Folsom feature mid-sized clusters that suggest the emergence 
of growing retail corridors or regional centers. These areas could benefit from proactive 
land use planning to enhance walkability and prevent urban sprawl. In addition, these are 
opportunity areas for commercial zoning updates, service expansion, and last-mile 
delivery infrastructure. 

On the other hand, Yuba, Sutter, and parts of El Dorado County exhibit smaller, isolated 
retail clusters. The spatial fragmentation could signal limited access to essential services 
and possible retail deserts.  Those areas may require incentives for service expansion, 
mobile services, or investment in local hubs for underserved populations. 

Some retail clusters follow primary highways and secondary road corridors (e.g., I-80, CA-
99), suggesting a strong dependence on auto-oriented accessibility. This means those 
roads must integrate freight access, retail delivery routes, and road maintenance planning 
in these zones. 

6.2.3.  What is the distance from freight clusters to retail/service 
establishments?  
Identifying the freight service coverage in terms of business closeness as a measure of 
distribution efficiency is essential for planning purposes. Although there is a data limitation 
in terms of the number of freight facilities and retail, which are not included and not 
classified due to the lack of information, it is still possible to get a general idea of the 
distribution efficiency using strategies such as buffers or isochrones that are methods 
identified in the literature review. A distance between 0.5 and one mile captures the typical 
service radius for last-mile logistics and reflects the zone of potential environmental and 
traffic impacts in urban-suburban contexts.  

Using buffers of 0.65 miles (1 kilometer), the team identified 43% of retail/service 
establishments covered by freight influence. Most are food service (64%) and food retailers 
(16%). There is a strong co-location in central Sacramento and surrounding urban areas. A 
high concentration of retail/service points (especially food, services, and health) lies within 
0.65-mile buffers of freight facilities, particularly in Sacramento County, Elk Grove, and the 
I-80 corridor. Therefore, these areas show intense land use overlaps, which may benefit 
accessibility but raise potential conflicts such as noise, traffic congestion, pollution 
exposure, and zoning tension.  
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Figure 42. Freight buffers influence over retail/service category 

Most overlap is observed along primary and highway routes, especially near I-5, I-80, and 
CA-99. That also means those freight and retail clusters overlap in vulnerable tracts 
according to the CalEnviroScreen score. Some implications to consider are these corridors 
likely serve as shared freight and commercial access zones, which are efficient from a 
logistics perspective but may lead to safety risks (e.g., pedestrian vs truck traffic) and 
demand for mixed-use infrastructure planning.  

6.2.4.  Are retail/service uses consistent with zoning and LU plans? 
As mentioned in previous sections, LU plans in the region are developed according to a 
zoning scheme that designates separate areas for residential, industrial, and commercial 
purposes, as Figure 43 shows. In contrast, Downtown and Midtown Sacramento feature a 
diverse mix of land uses, incorporating the different types of land. There is generally a 
strong correlation between land use designations and retail/service locations in urban and 
suburban areas, indicating that the planning process aligns well with the actual 
distribution of land. 
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Figure 43. Zoning scheme and LU by building 

6.2.5.  What are the service deserts? 
From the previous freight buffer analysis, it was possible to identify some isolated 
retail/service zones that deserve some attention for planning purposes.  Freight facilities 
exist in Yuba, Sutter, and parts of El Dorado and Yolo counties without many adjacent 
retail/service points. These may be freight-exclusive zones, indicating potential freight 
hubs with minimal land use conflict, limited service availability for freight workers or local 
populations, and opportunity zones for smart growth or targeted service expansion.  

Some service gaps exist in semi-rural and fringe suburban areas (see Figure 44). Areas in 
eastern Sacramento County, western El Dorado, northern Placer, and southern Yolo 
counties have tracts with moderate to high populations but no visible primary service 
presence nearby.  These are potential service deserts, particularly concerning if they lack 
transit access or are isolated from food and health services. These tracts may require 
intervention through incentives for service investment, mobile or satellite health/food 
services, and integrated transit service planning. 
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Figure 44. Coverage of primary retail and healthcare services and population density 

6.3. Discussion 

The analysis of freight facility patterns across the Sacramento region reveals a complex 
and evolving landscape shaped by logistics trends, policy gaps, and spatial inequalities. 
Freight development remains geographically concentrated, particularly in counties like 
Sacramento and Yolo, with a noticeable suburban shift driven partly by the rise of e-
commerce and fulfillment centers. These trends pose challenges for smart growth and 
regional coordination, as land use decisions often lag behind logistical market demands. 
Importantly, clustering patterns overlap with communities with high pollution burdens, 
raising urgent environmental justice concerns. While freight employment has grown 
significantly, often outpacing population growth, many workers still face long commutes, 
reflecting a disconnect between job location and housing. High-variability tracts show 
signs of economic instability, suggesting a need for more adaptive and resilient planning. 
These findings underscore the importance of integrating freight considerations into land 
use, housing, and workforce development policies. Planners can better align freight growth 
with community well-being and sustainability goals by prioritizing equity, emissions 
mitigation, and regional coordination. 
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The spatial organization of freight and retail-service facilities reveals co-location benefits 
and conflict potential. While clustering enhances efficiency, overlapping zones with high 
environmental burdens and limited population services raise equity concerns. Notably, 
job-to-population ratios increased across the Sacramento region from 2010–2020, 
reflecting growth in freight-related employment. However, these gains were unevenly 
distributed, leaving certain census tracts with stagnant or declining employment despite 
population growth. 

The co-location of freight with retail raises key questions about zoning practices, access 
equity, and land use compatibility. Buffer analysis shows retail and essential services are 
highly concentrated within freight-dense urban areas, leaving peripheral and rural zones 
under-served—suggesting emerging retail/service deserts. Additionally, many freight 
facilities are far from the road network, raising concerns about network efficiency and last-
mile delivery logistics. 

These insights stress the need for integrated land-use strategies that align freight 
infrastructure with labor and service accessibility while ensuring equitable environmental 
outcomes. Addressing zoning conflicts, ensuring multimodal connectivity, and targeting 
service expansion in underserved areas are crucial steps toward sustainable urban 
logistics. 

There is a need for a coalition of many organizations supporting decarbonization strategies 
in California involving the public and private sectors. Being part of that collision and 
involving private local companies in those efforts is key to mitigating burdens, especially in 
freight hotspots. In that way, companies may invest in efficient and clean transportation 
systems. Consortiums of charging stations can also be a strategy to increase the number 
of energy and hydrogen stations. Bugged allocation is another tool for investing in 
infrastructure and programs like free freight emissions zones. Funding sources include the 
Carb and Trade program, Clean Hydrogen program, market base programs, and utility 
credits.  
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7. Sustainable and equitable freight LU 
strategies and investment priorities selection 
Previous chapters (e.g., literature review, policy analysis, and data analysis) guide 
policymakers in conducting a planning process that includes sustainable and equitable 
freight land use strategies. Figure 45 illustrates the selected steps, which are elaborated 
further in the following subsections.  

 
Figure 45. Steps for incorporating freight into the planning process 

7.1. Step 1: Understanding policy 

Effective freight strategy implementation must begin with a robust understanding of the 
multilevel policy framework that governs freight, land use, environmental health, and 
equity outcomes. This includes reviewing federal, state, regional, and local policies that 
shape infrastructure decisions, zoning, air quality, and community protections. It is also 
essential to identify the inter-agency influence, which involves federal and state mandates 
and goals related to the regional agencies' compliance and the city's zoning response (see 
Table 17). 

Federal agencies, including the USDOT and EPA, may consider freight strategies in 
alignment with programs such as the IIJA, the National Freight Strategic Plan, and USDOT's 
Justice40 objectives, which emphasize equity in infrastructure funding. The federal 
government plays a key role in establishing environmental and emissions regulations, as 
well as funding programs to incentivize decarbonization.  

California has a multi-agency approach to freight planning, with agencies such as CalSTA, 
Caltrans, and CARB participating. Some policies are highly linked with land use, including 
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SB 375, which promotes sustainable communities through transportation and land use 
integration aligned with GHG reduction goals; SB 743, which replaces level of service (LOS) 
with VMT as a metric for environmental impact, incentivizing infill development, and better 
multimodal outcomes; AB 617, which targets local air quality improvements in 
overburdened communities, encouraging freight emission mitigation in hotspot zones; AB 
98, which requires compatibility between logistics development and nearby housing or 
sensitive receptors, including buffers and truck access design; and SB 1000, which 
requires environmental justice elements in General Plans, helping prioritize underserved 
communities in freight and retail decisions. 

Regional agencies, such as SACOG and regional air quality management districts, further 
shape implementation through SCS, regional air quality plans, and transportation funding 
priorities. Local General Plans, Specific Plans, and zoning codes translate these policies 
into on-the-ground land use compatibility, access, and emission management rules. 

As outlined in Chapter 2, this policy foundation creates a layered system of responsibilities 
and compliance requirements. For instance, planners must adhere to AB 98 conformance 
checklists when locating or permitting freight-related land uses, ensuring proper setbacks 
from housing, schools, and other sensitive receptors. Understanding these overlapping 
requirements is essential for identifying constraints and opportunities for integrated, 
sustainable freight infrastructure development. 
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Table 17. Players implementing equitable and sustainable freight strategies that also 
involve LU 

Scale Player Policies Action/Intervention 

Federal  • USDOT 
• U.S. EPA 
• HUD 
• BLM 

• Legislation: FAST 
Act, MAP-21. NEPA, 
UJA 

• Program: INPRA, 
RAISE, CMAG, NHPP 

• Guidance/regulation: 
NEPA, E.O. 14008, 
FMCSA & NHTSA 
safety rules 

• National Freight strategic 
plan 

• Environmental and 
emissions rules such as 
CAFE, ELD, E.O.B: 35 

• Performance-based 
planning requirements 

• Freight corridor funding 
priorities 

State 
(California)  

• CalSTA, Caltrans, 
CARB, CTC 

• OPR 
• Assembly and Senate 

• Legislation: AB 32, 
SB 375, SB 743, SB 
671, SB 517, AB 98 

• Programs: Clean 
Truck and Bus 
Voucher (HVIP), 
Cap-and-Trade, 
STEP 

• Plans: California 
Freight Mobility Plan, 
CAPTI, CEQA, AB 
617 

 

• GHG reduction mandates 
(e.g., net zero by 2045) 

• Clean Freight Corridors 
• Land use–freight planning 

rules (AB 98, CEQA) 
• Vehicle electrification and 

emissions standards 

Local 
(region, 
county, 
city) 

• SACOG, MPOs, RTPAs 
• Regional Air Quality 

Management Districts 
(e.g., SMAQMD, Yolo-
Solano AQMD) 

 

• Regional Plans: 
MTP/SCS, TIP 

• Strategies: Smart 
growth, mixed-use 
zoning, VMT 
reduction, Blueprint 
Principles 

• Incentives: RHNA, 
infill development 
tools 

• Include freight in long-
range planning (MTP/SCS) 

• Support compact 
development and ZEV 
charging infrastructure 

• Develop freight 
performance indicators 
(road safety, emissions) 

• Coordinate with air 
districts on enforcement 
(e.g., ISR, WAIRE) 
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7.2. Step 2: Understanding the context 

This step assesses the region's spatial, demographic, and economic conditions, 
environmental justice analysis, and future charging and fueling infrastructure needs for 
Zero-Emission Trucks. It includes spatial-temporal analysis of variables such as income, 
racial/ethnic groups, occupancy, industrial classification, environmental risk zones, and 
freight regulations compliance. 

There are some priorities resulting from the previous analysis: 

• Advanced Equity in Transportation Planning: This priority includes mitigating the 
historic and ongoing impacts of transportation infrastructure on minority and 
underserved neighborhoods and ensuring resource distribution, such as transit 
access, freight buffers, and green infrastructure, prioritizes vulnerable 
communities. 

• Support Economic Resilience in Hispanic Communities by addressing economic 
disparities, targeting job training, business development, and infrastructure 
improvements in neighborhoods with high Hispanic populations. 

• Strengthen Middle-Skill Workforce Development with strategies such as 
investing in training for middle-skill technician roles, especially related to EV and 
AFV sectors, which are expected to grow and coordinate with community colleges, 
workforce boards, and private industry to align talent pipelines with freight and 
green technology demand. 

• Enhance Clean Freight Infrastructure: This priority demands expanding planning 
and deployment of medium- and heavy-duty EV charging and fueling infrastructure, 
especially in industrial corridors and logistic hubs, and clarifying and mapping 
station availability, ensuring alignment with truck routes and freight clusters. 

• Reduce Pollution Exposure in Impacted Communities: it is essential to target 
interventions in areas with high levels of PM and ozone, especially near major 
roadways and industrial zones in the region's western part. In addition, this priority 
requires promoting clean delivery zones, green buffers, and electrified freight 
networks in pollution hotspots. 

• Elevate the Transportation Sector’s Role in Employment Planning: Recognize 
the strategic role of transportation jobs (despite not being the largest sector) in 
shaping access to economic opportunity, particularly in central Sacramento. 

7.3. Step 3: Identification of issues from demand and 
supply 

Cross-reference demand factors (e.g., shopping behavior, retail clusters, commuter flows) 
with supply-side conditions (e.g., freight hubs, road access, emissions). Issues may 
include mismatches between retail needs and freight access, “freight deserts,” or 
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congestion in residential zones. Chapters 5 and 6 provide some key questions that can 
guide the identification of issues, but planners can implement additional questions 
according to the region's context and priorities. Table 18 provides some issues identified in 
answering each research question. This step generally involves selecting key questions, 
performing measures, and analyzing issues.
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Table 18. Main findings and recommendations from the characterization of supply 

Topic Issue Opportunity Strategies  Policy to consider 
Shopping classification 
Individual 
characteristics 
correlate with 
shopping 

Variables such as 
generation, income, 
gender, and education 
affect shopping decision 

Use a synthetic population 
+ WMNL model to 
anticipate behavior across 
space and time. 

• Incorporate e-commerce 
behavior predictions into General 
Plan scenarios 

• Target outreach by population 
segment 

SB 375 (Sustainable 
Communities Strategy) 

Temporal Trends Shopping behavior is 
changing rapidly, especially 
online growth post-2018 

Anticipate future needs of 
digital commerce and 
transportation 
infrastructure 

• Update transportation and digital 
infrastructure plans with future 
shopping trends 

• Support equity-focused delivery 
and retail infrastructure policies 

AB 1014 (Smart Growth 
Planning)  

Trip Pattern In-store shopping 
contributes to VMT and 
emissions; online shopping 
shifts trip generation 

Shift toward lower-
emission shopping trips 
and reduce unnecessary 
travel 

• Support mode shift and last-mile 
delivery policies 

• Encourage low-emission delivery 
fleet adoption. 

SB 743 (Vehicle Miles 
Traveled Reform)  

Emissions Shopping-related travel 
generates GHG and 
pollutants 

Quantify environmental 
impact and prioritize clean 
delivery zones 

• Adopt freight emission caps in 
Climate Action Plans 

• Support incentives for zero-
emission delivery 

• Targeting emission reduction 
strategies (e.g., EV incentives, 
local delivery options, retail infill) 

AB 617 (Community Air 
Protection Program) 
SB 535 – Requires CalEPA to 
prioritize environmental 
justice areas  

Geographical distribution of residential areas 
Residential 
spatial 
configuration  

Shopping demand and 
behavior vary spatially 

Identify hotspots/cold 
spots to target place-based 
strategies 

• Use zoning overlays to target 
delivery hubs or in-store 
expansions 

• Incorporate demand maps in land 
use plans 

General Plan Guidelines 
(OPR) – Supports spatial 
equity analysis in land use 
planning. 

High Delivery 
Demand Areas 

High demand in some 
tracts is not served well by 
existing freight or retail 
infrastructure 

Locate micro-fulfillment 
centers or pick-up/drop-off 
infrastructure 

• Support urban freight hubs or 
smart locker programs 

• Use planning tools to ensure 
equitable accessibility. 

SB 1383 – Promotes short-
haul logistics 
improvements, which can 
support last-mile delivery in 
dense neighborhoods. 
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Topic Issue Opportunity Strategies  Policy to consider 
Retail Access 
Mismatch 

Disconnect between retail 
services and population 
needs (underserved areas) 

Land use reform and 
improved access to food 
and goods 

• Promote mixed-use development 
in underserved tracts 

• Reform parcel zoning to integrate 
retail 

SB 1000 – Requires 
environmental justice 
elements in General Plans, 
emphasizing equitable 
access to services. 

Geographical distribution of freight facilities  
Establishments 
distribution 

Uneven distribution of 
freight facilities across 
urban-suburban zones 

Balance freight access and 
mitigate land use conflict 

• Incentivize sitting near major 
corridors outside residential 
zones 

• Promote freight-supportive 
zoning overlays 

SB 375 The Sustainable 
Communities and Climate 
Protection Act, and SB 743 - 
evaluate transportation 
impacts 

Transportation 
network access 

Road is the predominant 
transportation system 

Improve logistics 
performance and lower 
emissions 

• Identify priority corridors for 
infrastructure investments 

• Encourage multimodal facility 
integration 

SB 1-Transportation funding, 
MAP-21 

Distance to 
economic poles  

Growing spatial mismatch 
over time 

Increase land-use 
efficiency and reduce 
vehicle miles 

• Introduce freight-oriented 
development zones  

• Incentivize proximity planning in 
industrial parks 

SB 743-evaluate 
transportation impacts, AB 
32 – Global Warming 
Solutions Act 

Freight desert’s 
location 

Limited location of freight in 
some counties (e.g., Sutter, 
Yuba) 

Reduce inefficiencies and 
increase regional balance 

• Regional freight land-use 
coordination  

• Identify potential areas for last-
mile consolidation hubs 

AB 98 – Planning and 
Zoning, SB 517 - efficient, 
sustainable, competitive 
freight and supply chain 
sector 

Commuter 
clusters’ origin 

Commuter flows to freight 
hubs 

Reduce job-housing 
mismatch and VMT 

• Encourage worker housing near 
freight hubs and out-of-buffers 

• Improve transit to freight clusters 

AB 1525, SB 375 - 
Sustainable Communities 
and Climate Protection  

Population 
burdens 

Hotspots near vulnerable 
communities 

Target environmental equity 
interventions 

• Implement freight emission 
buffers and corridors 

• Prioritize near-zero emissions in 
hotspot zones 

• Improve green logistics strategies 
(electrification, truck routes, 
mitigation of pollution hotspots). 

AB 617 – community air 
protection program, SB 535 
– disadvantaged 
communities, Warehouse 
ISR (like SoCal), SB 671 - 
Clean Freight Corridor 

https://catc.ca.gov/programs/sb671
https://catc.ca.gov/programs/sb671
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Topic Issue Opportunity Strategies  Policy to consider 
Residential 
conflicts 

Freight facilities adjacent to 
homes 

Mitigate negative land use 
externalities 

• Require health impact 
assessments  

• Apply buffer zones or truck route 
restrictions 

AB 802, SB 226 - California 
FAIR plan, SB 743 – 
measuring transportation 
impacts 

Time variation of freight facilities 
Freight growth 
trends 

Expansion driven by 
fulfillment centers and e-
commerce 

Align planning with market 
dynamics 

• Support micro-fulfillment zoning  
• Plan last-mile networks with 

smart routing 

AB 1279 - California Climate 
Crisis Act, SB 1014 - 
California Wildfire Mitigation 
Strategic Planning Act 

Employment 
shifts 

Jobs are growing faster than 
the population in the freight 
sector 

Build workforce resilience • Invest in upskilling and technical 
training  

• Expand programs for 
freight/logistics careers 

AB 517 – efficient, 
sustainable competitive 
freight, AB 1475 – 
transportation projects 

High-variability 
tracts 

Job instability in specific 
industrial zones 

Support adaptive land use 
& economic resilience 

• Monitor zoning responsiveness 
• Encourage mixed-use adaptive 

reuse for obsolete freight zones 

SB 375 - Sustainable 
Communities and Climate 
Protection, SB 350 

Retail distribution 
Retail/service 
distribution 

Uneven access to services 
across urban/rural areas 

Identify underserved zones 
and guide new location 
planning 

• Analyze spatial equity using 
population and road access 

• Guide services to underserved 
tracts 

SB 1000, AB 879, General 
Plan Guidelines 

Retail/service 
clusters 

Clustering may reinforce 
access gaps in fringe areas 

Evaluate cluster density 
and accessibility 

• Use spatial autocorrelation & 
DBSCAN/K-means  

• Assess walkability/public transit 
coverage 

AB 1324, local TOD (Transit-
Oriented Development) 
zoning 

Distance to the 
freight influence 
area 

Retail may or may not 
benefit from freight 
proximity 

Leverage co-location for 
efficient distribution 

• Evaluate service-freight overlaps  
• Incentivize logistics-retail 

synergies (e.g., last-mile pickup) 

SB 743, Sustainable Freight 
Action Plan 

Zoning 
consistency 

A mismatch between retail 
needs and industrial zoning 

Promote integrated or 
mixed-use zoning 

• Reform zoning to allow flexible 
commercial/service integration 

• Avoid incompatible industrial 
encroachment 

SB 6, AB 2011, freight-
compatible zoning overlays 

Retail/Service’s 
desert locations  

Essential services (e.g., 
food, health) absent in 
high-need tracts 

Direct investment to 
“service deserts” 

• Map distance to primary services 
• Use buffers and equity screens 

(CalEnviroScreen, income) 

SB 535, AB 617, Healthy 
Places Index (HPI) 

https://www.google.com/search?client=firefox-b-1-d&sca_esv=39afd09c775c4fa0&cs=1&sxsrf=AHTn8zpH3aDzn6de0uj54sWc7TStpHNmjQ%3A1744260217925&q=California+Wildfire+Mitigation+Strategic+Planning+Act&sa=X&ved=2ahUKEwi6pp3V08yMAxUoke4BHRk3LlcQxccNegQIAxAC&mstk=AUtExfDXrYctgWRNNzhXGbOOygzn2atLp6LiHBiI4YJi7ym2AjPA1j74wdV11Oh6W2RZeK2p5qvHoECFTHyk7LkTL8_P31n4vI0R2_nEZgNp_vVedw5hHWNLH7psii-d6MXLpHqPhM-J0t-FPECSdMfXb4-zOXvievEGOSbpUGBEQCEtgJdaRfMh6cvxeC6rVYHSsU8OCoWOZK-KVZAmkuVD_wenPBGB0qB58I_zaImhfzi0P4jbpQh2rEWS_7MhDEnH-dHmbM3Cglkh1wb85ynRR5HM&csui=3
https://www.google.com/search?client=firefox-b-1-d&sca_esv=39afd09c775c4fa0&cs=1&sxsrf=AHTn8zpH3aDzn6de0uj54sWc7TStpHNmjQ%3A1744260217925&q=California+Wildfire+Mitigation+Strategic+Planning+Act&sa=X&ved=2ahUKEwi6pp3V08yMAxUoke4BHRk3LlcQxccNegQIAxAC&mstk=AUtExfDXrYctgWRNNzhXGbOOygzn2atLp6LiHBiI4YJi7ym2AjPA1j74wdV11Oh6W2RZeK2p5qvHoECFTHyk7LkTL8_P31n4vI0R2_nEZgNp_vVedw5hHWNLH7psii-d6MXLpHqPhM-J0t-FPECSdMfXb4-zOXvievEGOSbpUGBEQCEtgJdaRfMh6cvxeC6rVYHSsU8OCoWOZK-KVZAmkuVD_wenPBGB0qB58I_zaImhfzi0P4jbpQh2rEWS_7MhDEnH-dHmbM3Cglkh1wb85ynRR5HM&csui=3
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7.4. Step 4: Identification of opportunities and strategies 
to mitigate issues 

Use data-driven insights to find leverage points where co-location could improve efficiency 
or where electrification could reduce emissions. This includes identifying last-mile freight 
corridors, underserved retail areas, or zones with high demand for delivery services. 

Table 18 compiles the main findings from the previous analysis and proposes several 
strategies that could be incorporated into the general plan. The key questions set in 
previous Chapters 5 and 6 provide guidance to understand supply and demand better and 
direct the strategies proposed by the literature.   

Choose spatial, regulatory, or investment strategies tailored to local conditions, such as 
emission buffers, freight-supportive zoning, clean delivery zones, or micro-fulfillment 
centers. Incorporate results from spatial clustering, proximity analysis, and travel behavior 
models. Appendix 1 provides several strategies identified in the literature that are 
classified by issues to support decision-making. Choices should be evaluated by planners 
to identify the most suitable for the context and resources.   

7.5. Step 5: Prioritized zones of intervention 

Apply equity filters using tools like CalEnviroScreen or Healthy Places Index to ensure 
interventions target the most vulnerable communities. Prioritize zones where freight, retail, 
and residential sectors interact and where environmental burdens are most severe. In 
addition, planners should consider those priorities and recommendations presented in the 
Caltrans Mobility Plan to guarantee alignment with state goals. For instance, from previous 
analysis and connecting the supply and demand sectors, the team identified some key 
zones that may be prioritized for charging and fueling infrastructure investment:  

a) South Sacramento–Florin–Elk Grove Area. This area has a high population density 
and retail/service establishments. There is a strong overlap with residential zones, 
which have a high potential for last-mile delivery electrification. The existing road 
network and proximity to highways in this zone make it suitable for hub-and-spoke 
models. This area is classified as having a high pollution burden. 
Investment Opportunity Zone in the CalEnviroScreen. It is important to consider 
Public EV freight charging stations near warehouses and retail hubs and incentivize 
electric delivery fleets to operate in this zone. 

b) North Sacramento–Del Paso Heights–Natomas. This sector has a moderate freight 
and retail overlap zone and is categorized as an environmental justice priority area 
(based on CalEnviroScreen and AB 617). Those underserved neighborhoods could 
benefit from clean delivery zone Investment Opportunities by creating freight-
focused charging infrastructure tied to urban consolidation centers and including 
solar EV infrastructure in brownfield or industrial reuse zones. 
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c) West Sacramento and Port District. This is a key intervention zone due to the 
strategic access to I-80, I-5, the port logistics corridor, and the freight intensity 
sector. Some areas overlap with residential neighborhoods. In addition, proximity to 
large-scale industrial parcels provides potential investment for redevelopment by 
supporting clean freight transition zones and building large charging/fueling depots 
for heavy-duty truck fleets.  

d) Southern Yolo and Northern Solano Corridors (Davis–Woodland). Transit corridors 
with growing e-commerce logistics traffic characterize this zone. There is a 
significant distance from centralized freight service, an underserved “charging 
desert.” Investment can focus on pilot intercity EV rest stops for mid-range delivery 
fleets and combine rural EV charging with smart grid and renewable generation.  

e) Northern Sutter and Yuba Counties (e.g., Yuba City outskirts). The team identified 
freight desert areas with a growing population that are underserved in logistics and 
infrastructure. There is a high need for equity-based investment (per SB 535 and AB 
1550 guidance). Some investment opportunities include incentivizing clean freight 
consolidation hubs and combining them with rural community EV infrastructure. 

7.6. Step 6: Identification of funding sources 

Securing funding from diverse and multi-level sources is critical to implementing 
sustainable and equitable freight strategies. Planners must align project objectives, such 
as reducing emissions, improving access, and supporting economic resilience, with 
available federal, state, regional, local, and private-sector funding streams. 

Federal Programs 
Leverage national infrastructure and freight-focused funding opportunities: 

• INFRA (Infrastructure for Rebuilding America Grants): Supports freight and 
highway projects of national or regional significance, ideal for large-scale logistics 
hubs, intermodal facilities, or emission-reduction corridors. 

• RAISE (Rebuilding American Infrastructure with Sustainability and Equity): 
Prioritizes multimodal, climate-resilient, and community-benefit projects, 
especially in underserved areas. Freight hubs near residential zones and clean 
delivery corridors may qualify. 

• Carbon Reduction Program (CRP): Funds projects that reduce transportation 
emissions; applicable to EV charging infrastructure or smart routing for last-mile 
logistics. 

• USDOT’s Justice40 Initiative: Ensures at least 40% of the benefits from federal 
investments reach disadvantaged communities. This supports equity-focused 
freight projects in overburdened census tracts. 
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State-Level Funding in California 
Utilize state-led climate, transportation, and energy programs: 

• CTC Programs – Includes Trade Corridor Enhancement Program (TCEP), Local 
Partnership Program (LPP), and Active Transportation Program (ATP), supporting 
intermodal upgrades and safe access near freight and retail nodes. 

• CALeVIP (California Electric Vehicle Infrastructure Project) – Offers rebates and 
incentives for EV charging installations, including medium- and heavy-duty vehicle 
infrastructure near freight hubs or retail nodes. 

• Cap-and-Trade Revenues / Greenhouse Gas Reduction Fund (GGRF) – Funds 
zero-emission freight, clean mobility, and community air protection programs. 

• California Energy Commission (CEC) Clean Transportation Program – Supports 
hydrogen, EV, and renewable fuel infrastructure with potential for freight fleet 
transitions. 

Regional and Local Sources 
Regional agencies like SACOG often administer state or federal pass-through funding and 
prioritize projects aligned with the SCS, GHG reduction, or economic development: 

• Consider Regional Transportation Improvement Program (RTIP) funds for road 
upgrades or delivery access near retail zones. 

• Explore local sales tax revenues, climate resilience bonds, or parcel tax measures 
for supporting infrastructure retrofits or buffer zones near residential areas. 

Public-Private Partnerships (P3s) 
Some opportunities for private funding include: 

• Encourage partnerships with logistics companies, retailers, and utilities for co-
investment in charging hubs, intelligent locker networks, or urban consolidation 
centers.  

• Engage industrial park developers to fund last-mile connections and ensure freight-
retail-residential compatibility.  

• Leverage utility programs (e.g., Pacific Gas and Electric Company’s EV Fleet 
program) for installing truck-charging infrastructure on private or publicly owned 
freight properties. 

7.7. Step 7: Involving stakeholders 

Engage a broad coalition of planners, freight operators, community-based organizations, 
health agencies, and retailers to align goals, surface local knowledge, and promote 
accountability. This step ensures legitimacy and helps resolve land-use tensions. To 
effectively involve the private sector, it is essential to develop channels for dialogue 
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regarding freight challenges with private entities and local communities to explore possible 
solutions, clarify the responsibilities of different stakeholders, and obtain commitments to 
a strategy for enhancements (217). 

7.8. Step 8: Implementation of solutions 

Roll out projects incrementally or through pilots, installing charging hubs, designating 
clean freight corridors, or adapting zoning overlays. Ensure coordination with existing 
infrastructure projects or redevelopment efforts. 

7.9. Step 9: Evaluation of the performance 

Measure the effectiveness of interventions using indicators like job access, VMT reduction, 
emission levels, retail access, or delivery efficiency. Track outcomes across time and 
demographics to inform adaptive planning and performance-based funding. Planners 
should consider the current thresholds implemented for measuring transportation 
performance (SB 486). 
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8. Final Reflections and Integration of 
Insights  
This final section synthesizes the report's takeaways and connects them to the practical 
implementation of the planning framework outlined in Section 7. The goal is to ensure a 
continuous, cooperative, and collaborative planning environment where land use and 
freight transportation strategies are effectively aligned. 

1. Integrated Governance and Planning Timeline The success of the proposed freight 
land use strategy depends on coordinated actions across planning, regulatory, and 
infrastructure phases. For instance, zoning reforms that support mixed-use and freight-
supportive overlays must be enacted before new EV charging infrastructure or 
fulfillment centers are built. Table 19 illustrates policy backmapping for ensuring the 
implementation of the sustainable and equitable freight LU framework. Policy 
backmapping begins from the desired outcome and works backward to identify the 
enabling conditions, actors, and actions needed. 

2. Sustained Collaboration Across Sectors Achieving equitable and sustainable freight 
outcomes requires collaboration between land use planners, transportation agencies, 
air quality managers, community stakeholders, and private sector freight operators. 
These actors must collectively: 

• Monitor spatial mismatches and update demand forecasts 

• Manage emissions in high-burden communities 

• Align workforce development and economic opportunity with freight transitions 

3. Embedding the Four Dimensions of Sustainability 

• Social: Prioritize community protection and equitable access to services. 

• Environmental: Target clean delivery zones and emissions reductions aligned with 
CalEnviroScreen indicators. 

• Economic: Promote logistics and retail efficiency in high-demand corridors. 

• Governance: Encourage cross-sector partnerships and adaptive regulatory 
frameworks. 
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4. Actionable Recommendations 

• Embed demand maps and shopping behavior modeling in general and specific 
plans. 

• Establish performance metrics tied to VMT reduction, emissions, and retail 
accessibility. 

• Use state and regional incentive programs to catalyze infrastructure in underserved 
zones. 

• Update plans regularly with new shopping/emissions data and community 
feedback. 

By integrating the demand insights with the policy framework and placing sustainability at 
the center, this planning structure enhances regional capacity to build a resilient, low-
emission, and inclusive freight landscape. 
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Table 19. Policy Backmapping for Implementing a Sustainable and Equitable Freight LU Framework 

 Stage 4 – System 
Implementation 

Stage 3 – System 
Readiness 

Stage 2 – Policy Structuring 
and Targeting 

Stage 1 – Agenda Setting 
and Coalition Building 

WHAT must 
be in place? 

 

• Functional EV charging, 
zero-emission delivery 
infrastructure, and urban 
logistics hubs in priority 
zones 

• Enforcement 
mechanisms for 
VMT/emissions targets 
and EJ protections 

• Adaptive freight-
supportive zoning and 
monitoring tools in place 

• Finalized regional freight-
supportive LU overlays 

• Identified investment 
priority zones with costed 
project pipelines 

• Local codes updated to 
support mixed-use 
logistics integration 

• Freight demand and 
emissions analysis tools 
embedded into planning 
practices 

• Designated priority 
intervention zones with 
shared criteria (e.g., 
demand, burden, equity) 

• Coordination across freight, 
equity, housing, and 
climate planning 

• Clear articulation of the 
need for equitable 
freight LU 

• Stakeholder coalitions 
(freight operators, 
planners, community 
orgs) 

• Alignment with state 
climate and housing 
goals 

WHO is 
responsible? 
 

• Local Governments: 
Implement zoning, 
approve facilities, 
monitor land use permits 

• Regional Agencies 
(MPOs): Integrate freight 
LU in RTP/SCS, conduct 
regional evaluations 

• State Agencies (CARB, 
OPR): Monitor 
compliance with SB 
743/SB 1000, enforce ISR 
if applicable 

• Private Sector: Operate 
hubs, comply with local 
freight policies, invest in 
zero-emission logistics 

• City/County Planners: 
Update General & 
Specific Plans, revise 
zoning codes 

• SACOG & Other MPOs: 
Coordinate 
interjurisdictional 
demand zones and 
network improvements 

• State DOT & CARB: 
Approve emissions 
reduction investments, 
build EV infrastructure 

 

• OPR/CalSTA: Define 
freight-EJ planning 
integration standards 

• Regional & Local 
Governments: Adopt 
demand-based 
prioritization models 

• Academic/Research 
Institutions: Validate 
methodology, support data 
infrastructure 

 

• Policy Entrepreneurs & 
Researchers: Frame 
the issue and socialize it 

• Advocacy Orgs: 
Mobilize support in 
overburdened 
communities 

• State Leaders 
(Legislators, ARB, 
OPR): Signal urgency 
through hearings, pilot 
funding 
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 Stage 4 – System 
Implementation 

Stage 3 – System 
Readiness 

Stage 2 – Policy Structuring 
and Targeting 

Stage 1 – Agenda Setting 
and Coalition Building 

HOW to 
enable this? 
 

• Mandatory freight 
elements in General 
Plans 

• Cap-and-Trade funds or 
GGRF incentives directed 
to disadvantaged 
communities 

• Public-private delivery 
pilot programs and 
impact assessment 
mechanisms 

 

• SB 375 performance 
metrics integrated into 
LU updates 

• Technical assistance for 
disadvantaged 
communities 

• Clear guidance on EV 
permitting and zoning 
code templates 

 

• CalEnviroScreen + Demand 
Model integration in SB 
1000 toolkit 

• Dedicated freight LU 
planning grants 

• Regional guidance 
documents and capacity-
building workshops 

• Host regional workshops 
and legislative briefings 

• Release policy briefs 
showing VMT/emissions 
reductions and EJ 
benefits 

• Leverage ongoing 
planning updates (e.g., 
6th cycle housing 
element, SCS) to insert 
freight LU narrative 



 

 
117

 

References 
1.  Lagorio, A., R. Pinto, and R. Golini. Research in Urban Logistics: A Systematic 

Literature Review. International Journal of Physical Distribution & Logistics 
Management, Vol. 46, No. 10, 2016, pp. 908–931. https://doi.org/10.1108/IJPDLM-
01-2016-0008. 

2.  Baker, D., S. Briant, A. Hajirasouli, T. Yigitcanlar, A. Paz, A. Bhaskar, P. Corry, K. 
Whelan, P. Donehue, and H. Parsons. Urban Freight Logistics and Land Use Planning 
Education: Trends and Gaps through the Lens of Literature. Transportation Research 
Interdisciplinary Perspectives, Vol. 17, 2023, p. 100731. 
https://doi.org/10.1016/j.trip.2022.100731. 

3.  Xiao, Z., Q. Yuan, Y. Sun, and X. Sun. New Paradigm of Logistics Space 
Reorganization: E-Commerce, Land Use, and Supply Chain Management. 
Transportation Research Interdisciplinary Perspectives, Vol. 9, 2021, p. 100300. 
https://doi.org/10.1016/j.trip.2021.100300. 

4.  U.S. Environmental Protection Agency. Smart Growth and Economic Success: 
Investing in Infill Development. 2014. 

5.  Jun, H.-J., D. Kim, J.-H. Kim, and J.-P. Heo. Detection of Infill Development and 
Contributing Factors Using Deep Learning and Multilevel Modeling. Cities, Vol. 150, 
2024, p. 105019. https://doi.org/10.1016/j.cities.2024.105019. 

6.  Ritchie, H., and M. Roser. Cars, Planes, Trains: Where Do CO₂ Emissions from 
Transport Come From? Our World in Data, 2024. 

7.  Transport - Energy System. IEA. https://www.iea.org/energy-system/transport. 
Accessed Oct. 31, 2024. 

8.  U.S. Department of Energy, U.S. Department of Transportation, U.S. Environmental 
Protection Agency, and U.S. Department of Housing and Urban Development. The 
U.S. National Blueprint for Transportation Decarbonization: A Joint Strategy to 
Transform Transportation. Energy.gov. https://www.energy.gov/eere/us-national-
blueprint-transportation-decarbonization-joint-strategy-transform-transportation. 
Accessed Oct. 31, 2024. 

9.  Jaller, M., and A. Pahwa. Minimizing the Impact of Freight Traffic on Disadvantaged 
Communities. 2021. 

10.  Chung, J. The Spillover Effect of E-Commerce on Local Retail Real Estate Markets. 
Regional Science and Urban Economics, Vol. 101, 2023, p. 103919. 
https://doi.org/10.1016/j.regsciurbeco.2023.103919. 

11.  Jaller, M., X. Zhang, and X. Qian. Distribution Facilities in California: A Dynamic 
Landscape and Equity Considerations. Journal of Transport and Land Use, Vol. 15, 
No. 1, 2022. https://doi.org/10.5198/jtlu.2022.2130. 

12.  Miguel Jaller, X. Q. E-Commerce, Warehousing and Distribution Facilities in 
California: A Dynamic Landscape and the Impacts on Disadvantaged Communities. 
2020. https://doi.org/10.7922/G2FJ2F2W. 



 

 
118

 

13.  Holguín-Veras, J., D. Ramirez-Rios, J. Ng, J. Wojtowicz, D. Haake, C. T. Lawson, O. 
Calderón, and B. Caron. Freight-Efficient Land Uses: Methodology, Strategies, and 
Tools. Sustainability (Switzerland), MDPI AG, 13, 6, , 2021. 

14.  Holguín-Veras, J., C. Wang, J. Ng, D. Ramírez-Ríos, J. Wojtowicz, O. Calderón, B. 
Caron, C. Rivera-González, S. Pérez, J. Schmid, W. Kim, A. Ismael, J. C. Amaral, C. 
Lawson, and D. Haake. Planning Freight-Efficient Land Uses: Methodology, 
Strategies, and Tools. Transportation Research Board, Washington, D.C., 2022. 

15.  Sustainable Transport, Sustainable Development: Interagency Report | Second 
Global Sustainable Transport Conference. 2021. 

16.  Heidari, I., A. T. Eshlaghy, and S. M. Seyyed Hoseini. Sustainable Transportation: 
Definitions, Dimensions, and Indicators – Case Study of Importance-Performance 
Analysis for the City of Tehran. Heliyon, Vol. 9, No. 10, 2023, p. e20457. 
https://doi.org/10.1016/j.heliyon.2023.e20457. 

17.  Abdel Wahed Ahmed, M. M., and N. Abd El Monem. Sustainable and Green 
Transportation for Better Quality of Life Case Study Greater Cairo – Egypt. HBRC 
Journal, Vol. 16, No. 1, 2020, pp. 17–37. 
https://doi.org/10.1080/16874048.2020.1719340. 

18.  Kumar, A., and R. Anbanandam. Development of Social Sustainability Index for 
Freight Transportation System. Journal of Cleaner Production, Vol. 210, 2019, pp. 
77–92. https://doi.org/10.1016/j.jclepro.2018.10.353. 

19.  Mahdinia, I., M. Habibian, Y. Hatamzadeh, and H. Gudmundsson. An Indicator-
Based Algorithm to Measure Transportation Sustainability: A Case Study of the U.S. 
States. Ecological Indicators, Vol. 89, 2018, pp. 738–754. 
https://doi.org/10.1016/j.ecolind.2017.12.019. 

20.  Report of the World Commission on Environment and Development, 1987. . 
21.  Ayadi, H., N. Hamani, M. Benaissa, and L. Kermad. Conceptual Framework for 

Assessing Sustainability of Urban Freight Transport. IFAC-PapersOnLine, Vol. 55, No. 
10, 2022, pp. 251–256. https://doi.org/10.1016/j.ifacol.2022.09.397. 

22.  Kin, B., S. Verlinde, and C. Macharis. Sustainable Urban Freight Transport in 
Megacities in Emerging Markets. Sustainable Cities and Society, Vol. 32, 2017, pp. 
31–41. https://doi.org/10.1016/j.scs.2017.03.011. 

23.  Buldeo Rai, H., T. van Lier, D. Meers, and C. Macharis. An Indicator Approach to 
Sustainable Urban Freight Transport. Journal of Urbanism: International Research on 
Placemaking and Urban Sustainability, Vol. 11, No. 1, 2018, pp. 81–102. 
https://doi.org/10.1080/17549175.2017.1363076. 

24.  United Nations. What Is Sustainable Freight Transport? https://sft-
framework.unctad.org/what-is-sustainable-freight-transport. Accessed Oct. 28, 
2024. 

25.  McKinnon, A. C., Ed. Green Logistics: Improving the Environmental Sustainability of 
Logistics. Kogan Page, London ; Philadelphia, 2010. 

26.  Topolšek, D., K. Čižiūnienė, and T. C. Ojsteršek. Defining Transport Logistics: A 
Literature Review and Practitioner Opinion Based Approach. Transport, Vol. 33, No. 
5, 2018, pp. 1196–1203. https://doi.org/10.3846/transport.2018.6965. 



 

 
119

 

27.  Heitz, A., P. Launay, and A. Beziat. Heterogeneity of Logistics Facilities: An Issue for a 
Better Understanding and Planning of the Location of Logistics Facilities. European 
Transport Research Review, Vol. 11, No. 1, 2019, p. 5. 
https://doi.org/10.1186/s12544-018-0341-5. 

28.  Rodrigue, J.-P. Chapter 7 – Trade, Logistics and Freight Distribution. In The 
Geography of Transport Systems, p. 402. 

29.  Aljohani, K., and R. G. Thompson. Impacts of Logistics Sprawl on the Urban 
Environment and Logistics: Taxonomy and Review of Literature. Journal of Transport 
Geography, Elsevier Ltd, 57, , 2016, pp. 255–263. 

30.  COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE 
COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE 
COMMITTEE OF THE REGIONS A Blueprint to Safeguard Europe’s Water Resources. 
2012. 

31.  U.S. Environmental Protection Agency. Land Use. https://www.epa.gov/report-
environment/land-use. Accessed Nov. 13, 2024. 

32.  U.S. Department of Agriculture. USDA ERS - Land Use and Land Cover Estimates for 
the United States. https://www.ers.usda.gov/about-ers/partnerships/strengthening-
statistics-through-the-icars/land-use-and-land-cover-estimates-for-the-united-
states/. Accessed Nov. 13, 2024. 

33.  Horning, N., J. A. Robinson, E. J. Sterling, W. Turner, and S. Spector. Measuring and 
Monitoring Land Cover, Land Use, and Vegetation Characteristics. In Remote 
Sensing for Ecology and Conservation: A Handbook of Techniques (N. Horning, J. A. 
Robinson, E. J. Sterling, W. Turner, and S. Spector, eds.), Oxford University Press, p. 
0. 

34.  McInnes, L., J. Healy, N. Saul, and L. Großberger. UMAP: Uniform Manifold 
Approximation and Projection. Journal of Open Source Software, Vol. 3, No. 29, 
2018, p. 861. https://doi.org/10.21105/joss.00861. 

35.  Grauwin, S., and P. Jensen. Mapping Scientific Institutions. Scientometrics, Vol. 89, 
No. 3, 2011, pp. 943–954. https://doi.org/10.1007/s11192-011-0482-y. 

36.  Grootendorst, M. BERTopic: Neural Topic Modeling with a Class-Based TF-IDF 
Procedure. http://arxiv.org/abs/2203.05794. Accessed Oct. 23, 2024. 

37.  Zhang, J., Y. Zhao, M. Saleh, and P. J. Liu. PEGASUS: Pre-Training with Extracted Gap-
Sentences for  Abstractive Summarization. 2019. 

38.  OpenAI. GPT-4 Technical Report. http://arxiv.org/abs/2303.08774. Accessed Oct. 
23, 2024. 

39.  Piecyk, M. I., and A. C. McKinnon. Forecasting the Carbon Footprint of Road Freight 
Transport in 2020. International Journal of Production Economics, 128, 1, , 2010, pp. 
31–42. 

40.  Simoni, M. D. Parking Guidance and Geofencing for Last-Mile Delivery Operations. 
IEEE Transactions on Intelligent Transportation Systems, Institute of Electrical and 
Electronics Engineers Inc., 25, 8, , 2024, pp. 9091–9102. 



 

 
120

 

41.  Ramirez-Rios, D. G., L. K. Kalahasthi, and J. Holguín-Veras. On-Street Parking for 
Freight, Services, and e-Commerce Traffic in US Cities: A Simulation Model 
Incorporating Demand and Duration. Transportation Research Part A: Policy and 
Practice, Elsevier Ltd, 169, , 2023. 

42.  Wu, J., T. Feng, P. Jia, and G. Li. Spatial Allocation of Heavy Commercial Vehicles 
Parking Areas through Geo-Fencing. Journal of Transport Geography, Elsevier Ltd, 
117, , 2024. 

43.  Hammami, F. The Impact of Optimizing Delivery Areas on Urban Traffic Congestion. 
Research in Transportation Business and Management, Elsevier Ltd, 37, , 2020. 

44.  Girón-Valderrama, G. del C., J. L. Machado-León, and A. Goodchild. Commercial 
Vehicle Parking in Downtown Seattle: Insights on the Battle for the Curb. 
Transportation Research Record, SAGE Publications Ltd, 2673, 10, , 2019, pp. 770–
780. 

45.  Ozturk, D., and F. Kilic-Gul. GIS-Based Multi-Criteria Decision Analysis for Parking 
Site Selection. Kuwait Journal of Science, University of Kuwait, 47, 3, , 2020, pp. 2–
15. 

46.  Spurling, N. Parking Futures: The Relationship between Parking Space, Everyday Life 
and Travel Demand in the UK. Land Use Policy, Elsevier Ltd, 91, , 2020. 

47.  Kouta, M., and Y. Stephanedes. Disaggregate Modelling for Estimating Location 
Choice of Safe and Secure Truck Parking Areas: A Case Study. SUSTAINABILITY, 
MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 15, 20, Oct, 2023. 

48.  Mayregger, P. Determining the Demand for Loading/Unloading Zones in Urban Areas. 
SMART ENERGY FOR SMART TRANSPORT, CSUM2022, SPRINGER INTERNATIONAL 
PUBLISHING AG, GEWERBESTRASSE 11, CHAM, CH-6330, SWITZERLAND, , 2023, 
pp. 1406–1417. 

49.  Comi, A., M. M. Schiraldi, and B. Buttarazzi. Smart Urban Freight Transport: Tools for 
Planning and Optimising Delivery Operations. Simulation Modelling Practice and 
Theory, Elsevier B.V., 88, , 2018, pp. 48–61. 

50.  Wilson, M., M. Janjevic, and M. Winkenbach. Modeling a Time-Differentiated Policy 
for Management of Loading Bays in Urban Areas. Research in Transportation 
Business and Management, Elsevier Ltd, 45, , 2022. 

51.  Alho, A. R., J. de Abreu e Silva, J. P. de Sousa, and E. Blanco. Improving Mobility by 
Optimizing the Number, Location and Usage of Loading/Unloading Bays for Urban 
Freight Vehicles. Transportation Research Part D: Transport and Environment, 
Elsevier Ltd, 61, , 2018, pp. 3–18. 

52.  Letnik, T., A. Farina, M. Mencinger, M. Lupi, and S. Božičnik. Dynamic Management of 
Loading Bays for Energy Efficient Urban Freight Deliveries. Energy, Elsevier Ltd, 159, , 
2018, pp. 916–928. 

53.  Rivera-Gonzalez, C., and J. C. Amaral. Assessment of Freight Accessibility in New 
York City: A Spatial-Temporal Approach. Journal of Transport Geography, Vol. 114, 
2024, p. 103777. https://doi.org/10.1016/j.jtrangeo.2023.103777. 

54.  Gonzalez-Feliu, J., and C. Peris-Pla. Impacts of Retailing Land Use on Both Retailing 
Deliveries and Shopping Trips: Modelling Framework and Decision Support System. 
Elsevier B.V., 51, 11, , 2018, pp. 606–611. 



 

 
121

 

55.  Gonzalez-Feliu, J., L. Vanessa Palacios-Arguello, and C. Suarez-Nunez. The 
Relations between Freight Trip Generation and Gravity Accessibility: An Exploratory 
Analysis. Proceedings - GOL 2018: 4th IEEE International Conference on Logistics 
Operations Management, Institute of Electrical and Electronics Engineers Inc., , 
2018, pp. 1–6. 

56.  Jaller, M., and A. Pahwa. Evaluating the Environmental Impacts of Online Shopping: 
A Behavioral and Transportation Approach. Transportation Research Part D: 
Transport and Environment, Vol. 80, 2020, p. 102223. 
https://doi.org/10.1016/j.trd.2020.102223. 

57.  Kijewska, K., and S. Iwan. The Implementation of Environmental Friendly City 
Logistics in South Baltic Region Cities. DATA ANALYTICS: PAVING THE WAY TO 
SUSTAINABLE URBAN MOBILITY, SPRINGER INTERNATIONAL PUBLISHING AG, 
GEWERBESTRASSE 11, CHAM, CH-6330, SWITZERLAND, 879, , 2019, pp. 599–606. 

58.  van Staden, H. E., H. Yee, and R. N. Boute. Evaluating the Cost-Emissions Trade-Offs 
of a Modal Shift in Intermodal and Synchromodal Transportation Planning. IMA 
JOURNAL OF MANAGEMENT MATHEMATICS, OXFORD UNIV PRESS, GREAT 
CLARENDON ST, OXFORD OX2 6DP, ENGLAND, Apr 19, 2024. 

59.  Holguín-Veras, J., and I. Sánchez-Díaz. Freight Demand Management and the 
Potential of Receiver-Led Consolidation Programs. Transportation Research Part A: 
Policy and Practice, Elsevier Ltd, 84, , 2016, pp. 109–130. 

60.  Velickovic, M., D. Stojanovic, S. Nikolicic, and M. Maslaric. DIFFERENT URBAN 
CONSOLIDATION CENTRE SCENARIOS: IMPACT ON EXTERNAL COSTS OF LAST-
MILE DELIVERIES. TRANSPORT, VILNIUS GEDIMINAS TECH UNIV, SAULETEKIO AL 
11, VILNIUS, LT-10223, LITHUANIA, 33, 4, SI, , 2018, pp. 948–958. 

61.  Paddeu, D. The Bristol-Bath Urban Freight Consolidation Centre from the 
Perspective of Its Users. Case Studies on Transport Policy, Elsevier Ltd, 5, 3, , 2017, 
pp. 483–491. 

62.  Aljohani, K., and R. G. Thompson. Receivers-Led Delivery Consolidation Policy: 
Estimating the Characteristics of the Most Interested Businesses to Participate. 
Research in Transportation Economics, JAI Press, 80, , 2020. 

63.  Kahalimoghadam, R., Masoud andThompson G., and A. Rajabifard. Determining the 
Number and Location of Micro-Consolidation Centres as a Solution to Growing e-
Commerce Demand. Journal of Transport Geography, Vol. 117, 2024, p. 103875. 
https://doi.org/10.1016/j.jtrangeo.2024.103875. 

64.  Schünemann, J., S. Finke, S. Severengiz, N. Schelte, and S. Gandhi. Life Cycle 
Assessment on Electric Cargo Bikes for the Use-Case of Urban Freight 
Transportation in Ghana. Procedia CIRP, Elsevier B.V., 105, , 2022, pp. 721–726. 

65.  Anderluh, A., V. C. Hemmelmayr, and P. C. Nolz. Synchronizing Vans and Cargo 
Bikes in a City Distribution Network. CENTRAL EUROPEAN JOURNAL OF 
OPERATIONS RESEARCH, SPRINGER, ONE NEW YORK PLAZA, SUITE 4600, NEW 
YORK, NY, United States of America, 25, 2, Jun, 2017, pp. 345–376. 



 

 
122

 

66.  Robichet, A., P. Nierat, and F. Combes. First and Last Miles by Cargo Bikes: 
Ecological Commitment or Economically Feasible? The Case of a Parcel Service 
Company in Paris. Transportation Research Record, SAGE Publications Ltd, 2676, 9, 
, 2022, pp. 269–278. 

67.  Schnieder, M., C. Hinde, and A. West. Review and Development of a Land 
Consumption Evaluation Method Based on the Time-Area Concept of Last Mile 
Delivery Using Real Delivery Trip Data. Sustainability (Switzerland), MDPI, 12, 24, , 
2020, pp. 1–21. 

68.  Dybdalen, A., and E. O. Ryeng. Understanding How to Ensure Efficient Operation of 
Cargo Bikes on Winter Roads. RESEARCH IN TRANSPORTATION BUSINESS AND 
MANAGEMENT, ELSEVIER, RADARWEG 29, 1043 NX AMSTERDAM, NETHERLANDS, 
44, SI, Sep, 2022. 

69.  Gonzalez-Calderon, C. A., J. Jairo Posada-Henao, C. Andres Granada-Munoz, D. 
Patricia Moreno-Palacio, and G. Arcila-Mena. Cargo Bicycles as an Alternative to 
Make Sustainable Last-Mile Deliveries in Medellin, Colombia. CASE STUDIES ON 
TRANSPORT POLICY, ELSEVIER, RADARWEG 29, 1043 NX AMSTERDAM, 
NETHERLANDS, 10, 2, Jun, 2022, pp. 1172–1187. 

70.  Borghetti, F., C. Caballini, A. Carboni, G. Grossato, R. Maja, and B. Barabino. The 
Use of Drones for Last-Mile Delivery: A Numerical Case Study in Milan, Italy. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 14, 
3, Feb, 2022. 

71.  Dudek, T., and A. Kujawski. The Concept of Big Data Management with Various 
Transportation Systems Sources as a Key Role in Smart Cities Development. 
ENERGIES, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 15, 24, 
Dec, 2022. 

72.  Kunytska, O., A. Comi, V. Danchuk, K. Vakulenko, and S. Yanishevskyi. Optimizing 
Last Mile Delivering Through the Analysis of Shoppers’ Behaviour. Lecture Notes in 
Networks and Systems, Springer Science and Business Media Deutschland GmbH, 
208, , 2021, pp. 129–147. 

73.  Mommens, K., P. Lebeau, and C. Macharis. A Modal Shift of Palletized Fast Moving 
Consumer Goods to the Inland Waterways: A Viable Solution for the Brussels-
Capital Region? WIT Transactions on the Built Environment, WITPress, 138, , 2014, 
pp. 359–371. 

74.  Kawasaki, T., W. Nakanishi, S. Hyodo, Y. Namba, H. Mori, and H. Kishi. Estimating 
Freight Production/Attraction Using Nighttime Satellite Imagery. Communications in 
Transportation Research, Tsinghua University, 2, , 2022. 

75.  Khalili, F. B., A. P. Antunes, and A. S. Mohaymany. Evaluating Interregional Freight 
Accessibility Conditions through the Combination of Centrality and Reliability 
Measures. Journal of Transport Geography, Elsevier Ltd, 83, , 2020. 

76.  Dixit, S., K. R. Rao, G. Tiwari, and S. von Wieding. Urban Freight Characteristics and 
Externalities – A Comparative Study of Gothenburg (Sweden) and Delhi (India). 
Journal of Transport and Supply Chain Management, AOSIS (pty) Ltd, 16, , 2022. 



 

 
123

 

77.  Middela, M. S., and G. Ramadurai. Effect of the Measurement Period and Spatial 
Dependence on the Accuracy of Urban Freight Trip Generation Models. 
Transportation Research Part A: Policy and Practice, Elsevier Ltd, 179, , 2024. 

78.  Gonzalez-Feliu, J., D. G. Ramirez-Rios, A. Pani, and S. Bouraoua. A Categorization-
Modelling Procedure to Estimate Urban Goods Transport Demand with a Minimum 
Number of Activity Categories. Transportation Research Procedia, Elsevier B.V., 79, , 
2024, pp. 108–115. 

79.  Gonzalez-Feliu, J., and C. Peris-Pla. Impacts of Retailing Attractiveness on Freight 
and Shopping Trip Attraction Rates. Research in Transportation Business and 
Management, Elsevier Ltd, 24, , 2017, pp. 49–58. 

80.  Gonzalez-Feliu, J., and I. Sánchez-Díaz. The Influence of Aggregation Level and 
Category Construction on Estimation Quality for Freight Trip Generation Models. 
Transportation Research Part E: Logistics and Transportation Review, Elsevier Ltd, 
121, , 2019, pp. 134–148. 

81.  Hensher, D. A., and C. Teye. Commodity Interaction in Freight Movement Models for 
New South Wales. JOURNAL OF TRANSPORT GEOGRAPHY, ELSEVIER SCI LTD, THE 
BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, 
ENGLAND, 80, Oct, 2019. 

82.  de Oliveira, R. L. M., L. Dablanc, and M. Schorung. Changes in Warehouse Spatial 
Patterns and Rental Prices: Are They Related? Exploring the Case of US Metropolitan 
Areas. Journal of Transport Geography, Vol. 104, 2022, p. 103450. 
https://doi.org/10.1016/j.jtrangeo.2022.103450. 

83.  Guerin, L., J. G. V. Vieira, R. L. M. de Oliveira, L. K. de Oliveira, H. E. de Miranda Vieira, 
and L. Dablanc. The Geography of Warehouses in the São Paulo Metropolitan Region 
and Contributing Factors to This Spatial Distribution. Journal of Transport 
Geography, Elsevier Ltd, 91, , 2021. 

84.  Budner, W. W. THE PHENOMENON OF THE POLISH WAREHOUSE REAL ESTATE 
MARKET – SOURCES OF SUCCESS AND PROSPECTS FOR DEVELOPMENT. Real 
Estate Management and Valuation, Sciendo, 31, 4, , 2023, pp. 65–72. 

85.  Pinheiro, C., A. Comi, and B. Bertoncini. Analysis of Accessibility Components 
Related to the Spatial Distribution of Food Warehouses: Empirical Evidence from 
Fortaleza, Brazil. Transportation Research Procedia, Elsevier B.V., 79, , 2024, pp. 
345–352. 

86.  Heitz, A., L. Dablanc, and L. A. Tavasszy. Logistics Sprawl in Monocentric and 
Polycentric Metropolitan Areas: The Cases of Paris, France, and the Randstad, the 
Netherlands. Region, European Regional Science Association, 4, 1, , 2017, pp. 93–
107. 

87.  Swamy, S., and D. Baindur. Managing Urban Freight Transport in an Expanding City - 
Case Study of Ahmedabad. Research in Transportation Business and Management, 
Elsevier Ltd, 11, , 2014, pp. 5–14. 



 

 
124

 

88.  Chen, L.-H., D.-W. Hu, and T. Xu. Highway Freight Terminal Facilities Allocation 
Based on Flexsim. IN℡LIGENT AND INTEGRATED SUSTAINABLE MULTIMODAL 
TRANSPORTATION SYSTEMS PROCEEDINGS FROM THE 13TH COTA 
INTERNATIONAL CONFERENCE OF TRANSPORTATION PROFESSIONALS 
(CICTP2013), ELSEVIER SCIENCE BV, SARA BURGERHARTSTRAAT 25, PO BOX 211, 
1000 AE AMSTERDAM, NETHERLANDS, 96, , 2013, pp. 368–381. 

89.  Dablanc, L., S. Ogilvie, and A. Goodchild. Logistics Sprawl: Differential Warehousing 
Development Patterns in Los Angeles, California, and Seattle, Washington. 
Transportation Research Record: Journal of the Transportation Research Board, Vol. 
2410, No. 1, 2014, pp. 105–112. https://doi.org/10.3141/2410-12. 

90.  Accorsi, R., S. Cholette, R. Manzini, and A. Tufano. A Hierarchical Data Architecture 
for Sustainable Food Supply Chain Management and Planning. Journal of Cleaner 
Production, Elsevier Ltd, 203, , 2018, pp. 1039–1054. 

91.  Wei, R., and C. Liu. Research on Carbon Emission Reduction in Road Freight 
Transportation Sector Based on Regulation-Compliant Route Optimization Model 
and Case Study. SUSTAINABLE COMPUTING-INFORMATICS & SYSTEMS, ELSEVIER, 
RADARWEG 29, 1043 NX AMSTERDAM, NETHERLANDS, 28, Dec, 2020. 

92.  Demir, E. Value Creation through Green Vehicle Routing. Operations Research/ 
Computer Science Interfaces Series, Springer New York LLC, 63, , 2018, pp. 63–78. 

93.  Sayarshad, H. R., V. Mahmoodian, and N. Bojovic. Dynamic Inventory Routing and 
Pricing Problem with a Mixed Fleet of Electric and Conventional Urban Freight 
Vehicles. SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, 
SWITZERLAND, 13, 12, Jun, 2021. 

94.  Li, J., X. Liu, and B. Montreuil. Multi-Agent System for Operating Hyperconnected 
Freight Transportation in the Physical Internet. IFAC PAPERSONLINE, ELSEVIER, 
RADARWEG 29, 1043 NX AMSTERDAM, NETHERLANDS, 56, 2, , 2023, pp. 7585–
7590. 

95.  Szczepanski, E., J. Zak, I. Jacyna-Golda, and J. Murawski. Simulation Support of 
Freight Delivery Schedule in Urban Areas. TRANSBALTICA 2017: TRANSPORTATION 
SCIENCE AND TECHNOLOGY, ELSEVIER SCIENCE BV, SARA BURGERHARTSTRAAT 
25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS, 187, , 2017, pp. 520–525. 

96.  Heggen, H., Y. Molenbruch, A. Caris, and K. Braekers. Intermodal Container Routing: 
Integrating Long-Haul Routing and Local Drayage Decisions. SUSTAINABILITY, MDPI, 
ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 11, 6, Mar 18, 2019. 

97.  Chen, R., Q. Meng, and P. Jia. Container Port Drayage Operations and Management: 
Past and Future. Transportation Research Part E: Logistics and Transportation 
Review, Elsevier Ltd, 159, , 2022. 

98.  Sivanandham, S., and M. S. Gajanand. Platooning for Sustainable Freight 
Transportation: An Adoptable Practice in the near Future? TRANSPORT REVIEWS, 
TAYLOR & FRANCIS LTD, 2-4 PARK SQUARE, MILTON PARK, ABINGDON OR14 4RN, 
OXON, ENGLAND, 40, 5, Sep 02, 2020, pp. 581–606. 



 

 
125

 

99.  Soysal, M., and M. Cimen. A Simulation Based Restricted Dynamic Programming 
Approach for the Green Time Dependent Vehicle Routing Problem. COMPUTERS & 
OPERATIONS RESEARCH, PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, 
LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND, 88, Dec, 2017, pp. 
297–305. 

100.  Hauge, J. B., S. E. Birkie, and Y. Jeong. Developing a Holistic Decision Support 
Framework: From Production Logistics to Sustainable Freight Transport in an Urban 
Environment. Transportation Research Interdisciplinary Perspectives, Elsevier Ltd, 
12, , 2021. 

101.  Comi, A., and L. Rosati. CLASS: A DSS for the Analysis and the Simulation of Urban 
Freight Systems. Transportation Research Procedia, Elsevier, 5, , 2015, pp. 132–144. 

102.  Sierpiński, G. Using the S-Milesys Tool as a Means to Support Decision Making in 
Terms of the Fleet Selection for Waste Collection in Urban Areas. Lecture Notes in 
Networks and Systems, Springer, 51, , 2019, pp. 184–193. 

103.  Settey, T., J. Gnap, D. Benova, M. Pavlicko, and O. Blazekova. The Growth of E-
Commerce Due to COVID-19 and the Need for Urban Logistics Centers Using 
Electric Vehicles: Bratislava Case Study. SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 
66, CH-4052 BASEL, SWITZERLAND, 13, 10, May, 2021. 

104.  Caballini, C., M. Paolucci, S. Sacone, and E. Ursavas. Towards the Physical Internet 
Paradigm: A Model for Transportation Planning in Complex Road Networks with 
Empty Return Optimization. COMPUTATIONAL LOGISTICS, ICCL 2017, SPRINGER 
INTERNATIONAL PUBLISHING AG, GEWERBESTRASSE 11, CHAM, CH-6330, 
SWITZERLAND, 10572, , 2017, pp. 452–467. 

105.  Davydenko, I. Y., L. A. Tavasszy, and H. Quak. On the Cost Elasticity of Inter-Regional 
Distribution Structures: A Case Study for the Netherlands. European Journal of 
Transport and Infrastructure Research, TU Delft, 21, 3, , 2021, pp. 1–18. 

106.  Ragab, M. S., R. G. Hussein, W. N. Bayoumi, and T. A. El Seoud. A Spatio-Economic 
Logit Model for Aerotropolis Region of Metropolitan Cairo International Airport, 
Egypt. Civil Engineering and Architecture, Horizon Research Publishing, 10, 5, , 2022, 
pp. 440–471. 

107.  Gardrat, M. Urban Growth and Freight Transport: From Sprawl to Distension. Journal 
of Transport Geography, Elsevier Ltd, 91, , 2021. 

108.  Mokhele, M., and T. Mokhele. Spatial Configuration of Logistics Firms Relative to 
Cape Town International Airport, South Africa. Logistics, Multidisciplinary Digital 
Publishing Institute (MDPI), 6, 3, , 2022. 

109.  Barrera-Jimenez, H., and J. Pineda-Jaramillo. A Framework for Integrating Freight 
Transport, Urban Land Planning, and Infrastructure Management under Economic 
Geography Principles. URBAN SCIENCE, MDPI, ST ALBAN-ANLAGE 66, CH-4052 
BASEL, SWITZERLAND, 8, 2, Jun, 2024. 

110.  Nuzzolo, A., and A. Comi. Urban Freight Demand Forecasting: A Mixed 
Quantity/Delivery/Vehicle-Based Model. Transportation Research Part E: Logistics 
and Transportation Review, Elsevier Ltd, 65, 1, , 2014, pp. 84–98. 



 

 
126

 

111.  Comi, A., and A. Polimeni. Forecasting Delivery Pattern through Floating Car Data: 
Empirical Evidence. Future Transportation, Multidisciplinary Digital Publishing 
Institute (MDPI), 1, 3, , 2021, pp. 707–719. 

112.  Moreno-Palacio, D. P., C. A. Gonzalez-Calderon, H. López-Ospina, J. K. Gil-Marin, 
and J. J. Posada-Henao. Freight Tour Synthesis Based on Entropy Maximization with 
Fuzzy Logic Constraints. Transportation, Springer, , 2023. 

113.  Sánchez-Díaz, I., J. Holguín-Veras, and X. J. Ban. A Time-Dependent Freight Tour 
Synthesis Model. Transportation Research Part B: Methodological, Elsevier Ltd, 78, , 
2015, pp. 144–168. 

114.  Cantillo, V., J. Holguín-Veras, and M. Jaller. The Colombian Strategic Freight 
Transport Model Based on Product Analysis; [El Modelo Colombiano Estratégico de 
Transporte de Carga Basado En El Análisis de Productos]. Promet - Traffic and 
Transportation, Faculty of Transport and Traffic Engineering, 26, 6, , 2014, pp. 487–
496. 

115.  Tazhiyev, R. O., T. Dirsehan, E. E. Baimukhanbetova, and U. D. Sandykbaeva. Road 
Freight Quality Management in Industry 4.0: International Experience and 
Perspectives in Kazakhstan. Economies, Multidisciplinary Digital Publishing Institute 
(MDPI), 12, 8, , 2024. 

116.  King, R., and E.-Al. Tingas. Potential for Carbon-Neutral Advanced Biofuels in UK 
Road Transport. Journal of Energy Engineering, American Society of Civil Engineers 
(ASCE), 147, 4, , 2021. 

117.  Leblanc, F., R. Bibas, S. Mima, M. Muratori, S. Sakamoto, F. Sano, N. Bauer, V. 
Daioglou, S. Fujimori, M. J. Gidden, E. Kato, S. K. Rose, J. Tsutsui, D. P. van Vuuren, J. 
Weyant, and M. Wise. The Contribution of Bioenergy to the Decarbonization of 
Transport: A Multi-Model Assessment. Climatic Change, Springer Science and 
Business Media B.V., 170, 3–4, , 2022. 

118.  Comi, A., A. Polimeni, O. M. Belcore, A. G. Cartisano, S. Micari, and G. Napoli. 
Assessing the Opportunity Offered by Electric Vehicles in Performing Service Trips to 
End Consumers. Applied Sciences (Switzerland), Multidisciplinary Digital Publishing 
Institute (MDPI), 14, 10, , 2024. 

119.  Silalertruksa, T., and S. H. Gheewala. The Environmental and Socio-Economic 
Impacts of Bio-Ethanol Production in Thailand. Energy Procedia, Elsevier Ltd, 9, , 
2011, pp. 35–43. 

120.  Dhonde, B., and C. R. Patel. Sharing of Trips before Electrification of Fleet: A 
Costeffective Solution for Reducing the Environmental Impact of Urban Freight 
Transport in Developing Countries. European Transport - Trasporti Europei, Institute 
for Transport Studies in the European Economic Integration, 79, , 2020. 

121.  Hao, H., Z. Liu, F. Zhao, and W. Li. Natural Gas as Vehicle Fuel in China: A Review. 
Renewable and Sustainable Energy Reviews, Elsevier Ltd, 62, , 2016, pp. 521–533. 

122.  Gallo, M., and M. Marinelli. The Impact of Fuel Cell Electric Freight Vehicles on Fuel 
Consumption and CO2 Emissions: The Case of Italy. SUSTAINABILITY, MDPI, ST 
ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 14, 20, Oct, 2022. 



 

 
127

 

123.  Shabani, B., J. Andrews, A. Subic, and B. Paul. Novel Concept of Long-Haul Trucks 
Powered by Hydrogen Fuel Cells. Lecture Notes in Electrical Engineering, 192 LNEE, 
VOL. 4, , 2012, pp. 823–834. 

124.  Hu, X., N. Chen, N. Wu, and B. Yin. The Potential Impacts of Electric Vehicles on 
Urban Air Quality in Shanghai City. SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, 
CH-4052 BASEL, SWITZERLAND, 13, 2, Jan, 2021. 

125.  Mueller, L. A., A. Leonard, P. A. Trotter, and S. Hirmer. Green Hydrogen Production 
and Use in Low- and Middle-Income Countries: A Least-Cost Geospatial Modelling 
Approach Applied to Kenya. APPLIED ENERGY, ELSEVIER SCI LTD, 125 London Wall, 
London, ENGLAND, 343, Aug 01, 2023. 

126.  Haugen, M. J., D. Flynn, P. Greening, J. Tichler, P. Blythe, and A. M. Boies. 
Electrification versus Hydrogen for UK Road Freight: Conclusions from a Systems 
Analysis of Transport Energy Transitions. ENERGY FOR SUSTAINABLE 
DEVELOPMENT, ELSEVIER, RADARWEG 29, 1043 NX AMSTERDAM, NETHERLANDS, 
68, Jun, 2022. 

127.  Carboni, M., A. Dall-Orsoletta, A. Hawkes, and S. Giarola. The Future of Road Freight 
Transport and Alternative Technologies: A Case Study for Italy. Energy Conversion 
and Management, Elsevier Ltd, 299, , 2024. 

128.  Kuttler, M., and S. Pichlmaier. Analysis of Fuel and Powertrain Combinations for 
Heavy-Duty Vehicles from a Well-to-Wheels Perspective: Model Development and 
Sample Application. Sustainable Production, Life Cycle Engineering and 
Management, Springer Science and Business Media Deutschland GmbH, , 2019, pp. 
25–40. 

129.  Yeow, L. W., and L. Cheah. Comparing Commercial Vehicle Fuel Consumption 
Models Using Real-World Data under Calibration Constraints. TRANSPORTATION 
RESEARCH RECORD, SAGE PUBLICATIONS INC, 2455 ℡LER RD, THOUSAND 
OAKS, CA 91320 USA, 2675, 9, Sep, 2021, pp. 1375–1385. 

130.  Savadogo, I., and A. Beziat. Evaluating the Potential Environmental Impacts of a 
Large Scale Shift to Off-Hour Deliveries. Transportation Research Part D: Transport 
and Environment, Vol. 90, 2021, p. 102649. 
https://doi.org/10.1016/j.trd.2020.102649. 

131.  Cichosz, M., and A. Pluta-Zaremba. HOW TO IMPROVE FREIGHT TRANSPORT 
EMISSIONS’ MANAGEMENT? LOGFORUM, POZNAN SCH LOGISTICS, UL E 
ESTKOWSKIEGO 6, POZNAN, 61-755, POLAND, 15, 1, , 2019, pp. 93–105. 

132.  Khan, A. A., and J. Abonyi. Simulation of Sustainable Manufacturing Solutions: Tools 
for Enabling Circular Economy. Sustainability (Switzerland), MDPI, 14, 15, , 2022. 

133.  Wiedenhofer, D., T. Fishman, C. Lauk, W. Haas, and F. Krausmann. Integrating 
Material Stock Dynamics Into Economy-Wide Material Flow Accounting: Concepts, 
Modelling, and Global Application for 1900–2050. Ecological Economics, Elsevier 
B.V., 156, , 2019, pp. 121–133. 

134.  Lubjuhn, S., and S. Venghaus. Unlocking the Potential of the Bioeconomy for Climate 
Change Reduction: The Optimal Use of Lignocellulosic Biomass in Germany. Journal 
of Industrial Ecology, John Wiley and Sons Inc, 28, 1, , 2024, pp. 144–159. 



 

 
128

 

135.  Arnott, D., D. Chadwick, I. Harris, A. Koj, and D. L. Jones. What Can Management 
Option Uptake Tell Us about Ecosystem Services Delivery through Agri-Environment 
Schemes? LAND USE POLICY, ELSEVIER SCI LTD, THE BOULEVARD, LANGFORD 
LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND, 81, Feb, 2019, pp. 194–
208. 

136.  Morfoulaki, M., K. Kotoula, A. Stathacopoulos, F. Mikiki, and G. Aifadopoulou. 
Evaluation of Specific Policy Measures to Promote Sustainable Urban Logistics in 
Small-Medium Sized Cities: The Case of Serres, Greece. NINTH INTERNATIONAL 
CONFERENCE ON CITY LOGISTICS, ELSEVIER SCIENCE BV, SARA 
BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS, 12, , 
2016, pp. 667–678. 

137.  Ricciolini, E., L. Rocchi, L. Paolotti, N. Gennari, A. Ottaviani, F. R. de la Rúa, and A. 
Boggia. Sustainability of European Agri-Food Supply Chain Using MRP-PCI 
Multicriteria Analysis Method. Agricultural and Food Economics, Springer Science 
and Business Media Deutschland GmbH, 12, 1, , 2024. 

138.  Sousa, J. F. D., and J. Mendes-Moreira. Urban Logistics Integrated in a Multimodal 
Mobility System. IEEE Conference on Intelligent Transportation Systems, 
Proceedings, ITSC, Institute of Electrical and Electronics Engineers Inc., 2015-
October, , 2015, pp. 89–94. 

139.  Ding, Y., X. (Cara) Wang, S. Perez-Guzman, J. Wojtowicz, and A. Conway. Multi-
Criteria Assessment and Ranking Framework for the Potential of Cargo Cycle 
Operation: Using New York City as an Example. TRANSPORTATION RESEARCH PART 
A-POLICY AND PRACTICE, PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, 
LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND, 179, Jan, 2024. 

140.  Tadić, S., S. Zečević, and M. Krstić. Assessment of the Political City Logistics 
Initiatives Sustainability. Transportation Research Procedia, Elsevier B.V., 30, , 2018, 
pp. 285–294. 

141.  Semanjski, I., and S. Gautama. A Collaborative Stakeholder Decision-Making 
Approach for Sustainable Urban Logistics. SUSTAINABILITY, MDPI, ST ALBAN-
ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 11, 1, Jan 01, 2019. 

142.  Yang, Z., X. Chen, J. Deng, T. Li, and Q. Yuan. Footprints of Goods Movements: 
Spatial Heterogeneity of Heavy-Duty Truck Activities and Its Influencing Factors in 
the Urban Context. Journal of Transport Geography, Elsevier Ltd, 113, , 2023. 

143.  Zhao, P., Z. Li, Z. Xiao, S. Jiang, Z. He, and M. Zhang. Spatiotemporal Characteristics 
and Driving Factors of CO2 Emissions from Road Freight Transportation. 
TRANSPORTATION RESEARCH PART D-TRANSPORT AND ENVIRONMENT, 
PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, LANGFORD LANE, 
KIDLINGTON, OXFORD OX5 1GB, ENGLAND, 125, Dec, 2023. 

144.  Liu, L., L. Xun, Z. Wang, H. Liu, Y. Huang, and K. B. Bedra. Peak Carbon Dioxide 
Emissions Strategy Based on the Gray Model between Carbon Emissions and Urban 
Spatial Expansion for a Built-Up Area. APPLIED SCIENCES-BASEL, MDPI, ST ALBAN-
ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 13, 1, Jan, 2023. 



 

 
129

 

145.  Barrigon Morillas, J. M., G. Rey Gozalo, D. Montes Gonzalez, P. Atanasio Moraga, and 
R. Vilchez-Gomez. Noise Pollution and Urban Planning. CURRENT POLLUTION 
REPORTS, SPRINGER HEIDELBERG, TIERGARTENSTRASSE 17, D-69121 
HEIDELBERG, GERMANY, 4, 3, Sep, 2018, pp. 208–219. 

146.  Yin, Y., S. Mizokami, and K. Aikawa. Compact Development and Energy 
Consumption: Scenario Analysis of Urban Structures Based on Behavior Simulation. 
Applied Energy, Elsevier Ltd, 159, , 2015, pp. 449–457. 

147.  Cascetta, E., A. Carteni, and I. Henke. Acceptance and Equity in Advanced Path-
Related Road Pricing Schemes. 2017 5TH IEEE INTERNATIONAL CONFERENCE ON 
MODELS AND TECHNOLOGIES FOR IN℡LIGENT TRANSPORTATION SYSTEMS (MT-
ITS), IEEE, 345 E 47TH ST, NEW YORK, NY 10017 USA, , 2017, pp. 492–496. 

148.  Li, Y., and Y. Yu. The Use of Freight Apps in Road Freight Transport for CO2 Reduction. 
EUROPEAN TRANSPORT RESEARCH REVIEW, SPRINGER HEIDELBERG, 
TIERGARTENSTRASSE 17, D-69121 HEIDELBERG, GERMANY, 9, 3, Sep, 2017. 

149.  Quintili, A., and B. Castellani. The Energy and Carbon Footprint of an Urban Waste 
Collection Fleet: A Case Study in Central Italy. Recycling, MDPI AG, 5, 4, , 2020, pp. 
1–18. 

150.  Thomas, H., L. G. C. Aparicio, F. Creutzig, T. Hara, A. Hayashi, C. Ludovique, L. M. 
Martinez, P. N. Kishimoto, L. Niamir, Y. Saheb, and M. Trouve. Models and Methods 
for Transport Demand and Decarbonisation: A Review. ENVIRONMENTAL RESEARCH 
LETTERS, IOP Publishing Ltd, TEMPLE CIRCUS, TEMPLE WAY, BRISTOL BS1 6BE, 
ENGLAND, 19, 9, Sep 01, 2024. 

151.  Sobrino, N., A. Monzon, and S. Hernandez. Reduced Carbon and Energy Footprint in 
Highway Operations: The Highway Energy Assessment (HERA) Methodology. 
Networks and Spatial Economics, Springer New York LLC, 16, 1, , 2016, pp. 395–414. 

152.  He, X., W. Shen, T. J. Wallington, S. Zhang, X. Wu, Z. Bao, and Y. Wu. Asia Pacific 
Road Transportation Emissions, 1900-2050. FARADAY DISCUSSIONS, ROYAL SOC 
CHEMISTRY, THOMAS GRAHAM HOUSE, SCIENCE PARK, MILTON RD, CAMBRIDGE 
CB4 0WF, CAMBS, ENGLAND, 226, Mar 01, 2021, pp. 53–73. 

153.  Schmitt, W. F., A. Szklo, and R. Schaeffer. Policies for Improving the Efficiency of the 
Brazilian Light-Duty Vehicle Fleet and Their Implications for Fuel Use, Greenhouse 
Gas Emissions and Land Use. Energy Policy, 39, 6, , 2011, pp. 3163–3176. 

154.  Li, Y., L. Bao, W. Li, and H. Deng. Inventory and Policy Reduction Potential of 
Greenhouse Gas and Pollutant Emissions of Road Transportation Industry in China. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 8, 
12, Dec, 2016. 

155.  İmre, Ş., D. Çelebi, and F. Koca. Understanding Barriers and Enablers of Electric 
Vehicles in Urban Freight Transport: Addressing Stakeholder Needs in Turkey. 
Sustainable Cities and Society, Elsevier Ltd, 68, , 2021. 

156.  Creutzig, F., E. McGlynn, J. Minx, and O. Edenhofer. Climate Policies for Road 
Transport Revisited (I): Evaluation of the Current Framework. Energy Policy, 39, 5, , 
2011, pp. 2396–2406. 



 

 
130

 

157.  Liu, X., M. Dijk, and C. Colombo. Improving Multilevel Policy Mixes for Sustainable 
Urban Mobility Transition. Environmental Innovation and Societal Transitions, Vol. 
50, 2024, p. 100808. https://doi.org/10.1016/j.eist.2023.100808. 

158.  Goulden, M., T. Ryley, and R. Dingwall. Beyond “Predict and Provide”: UK Transport, 
the Growth Paradigm and Climate Change. Transport Policy, Elsevier Ltd, 32, , 2014, 
pp. 139–147. 

159.  Tuydes-Yaman, H., G. Dalkic-Melek, K. Chakarova, and A. S. Ozcelik. Barriers and 
Opportunities (B&O) for Developing Low Carbon Transportation (LCT) Policies in 
Turkey. JOURNAL OF TRANSPORT GEOGRAPHY, ELSEVIER SCI LTD, 125 London 
Wall, London, ENGLAND, 118, Jun, 2024. 

160.  Gee, I. M., F. T. Davidson, B. L. Speetles, and M. E. Webber. Deliver Me from Food 
Waste: Model Framework for Comparing the Energy Use of Meal-Kit Delivery and 
Groceries. Journal of Cleaner Production, Elsevier Ltd, 236, , 2019. 

161.  Russo, F., and A. Comi. From the Analysis of European Accident Data to Safety 
Assessment for Planning: The Role of Good Vehicles in Urban Area. EUROPEAN 
TRANSPORT RESEARCH REVIEW, SPRINGEROPEN, CAMPUS, 4 CRINAN ST, 
LONDON, N1 9XW, ENGLAND, 9, 1, Mar, 2017. 

162.  McCann, B. Completing Our Streets: The Transition to Safe and Inclusive 
Transportation Networks. Completing Our Streets: The Transition to Safe and 
Inclusive Transportation Networks, Island Press-Center for Resource Economics, 
9781610914321, , 2013. 

163.  Pitera, K., P. Pokorny, T. Kristensen, and A. Bjorgen. The Complexity of Planning for 
Goods Delivery in a Shared Urban Space: A Case Study Involving Cyclists and Trucks. 
EUROPEAN TRANSPORT RESEARCH REVIEW, SPRINGER HEIDELBERG, 
TIERGARTENSTRASSE 17, D-69121 HEIDELBERG, GERMANY, 9, 3, Sep, 2017. 

164.  Liu, Z., and T. Suzuki. Using Agent Simulations to Evaluate the Effect of a Regional 
BCP on Disaster Response. JOURNAL OF DISASTER RESEARCH, FUJI TECHNOLOGY 
PRESS LTD, 4F TORANOMON SANGYO BLDG, 2-29, TORANOMON 1-CHOME, 
MINATO-KU, TOKYO, 105-0001, JAPAN, 13, 2, SI, Mar, 2018, pp. 387–395. 

165.  Murthy, M., and M. Sur. Cycling as Work: Mobility and Informality in Indian Cities. 
MOBILITIES, ROUTLEDGE JOURNALS, TAYLOR & FRANCIS LTD, 2-4 PARK SQUARE, 
MILTON PARK, ABINGDON OX14 4RN, OXON, ENGLAND, 18, 6, Nov 02, 2023, pp. 
855–871. 

166.  Ertelt, S.-M. Beyond Predict and Provide: Embracing Sufficiency Synergies in Road 
Freight Electrification across the European Union. ENERGY RESEARCH & SOCIAL 
SCIENCE, ELSEVIER, RADARWEG 29, 1043 NX AMSTERDAM, NETHERLANDS, 111, 
May, 2024. 

167.  Wang, S., J. Wang, C. Fang, X. Chen, J. Liang, Y. Liu, S. Gao, K. Hubacek, X. Liu, C. 
Zhou, Y. Shan, K. Feng, Z. Liu, C. Hong, and S. J. Davis. International Trade Reshapes 
the Decoupling of Emissions from Economic Growth. Environmental Science and 
Technology, American Chemical Society, , 2024. 



 

 
131

 

168.  Xian, H., Y. Wang, Y. Hou, S. Dong, J. Kou, and H. Zeng. Research on Influencing 
Factors of Urban Road Traffic Casualties through Support Vector Machine. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 14, 
23, Dec, 2022. 

169.  Pumpugsri, N., W. Rattanawong, and V. Vongmanee. Development of a Safety 
Heavy-Duty Vehicle Model Considering Unsafe Acts, Unsafe Conditions and Near-
Miss Events Using Structural Equation Model. SUSTAINABILITY, MDPI, ST ALBAN-
ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 15, 16, Aug, 2023. 

170.  Zhang, L., N. Deng, Y. Wang, X. Ma, M. Lin, and P. Zhang. Mitigating Sustainability 
Risks in a Road Hazardous Materials Transport Network. TRANSPORTATION 
RESEARCH RECORD, SAGE PUBLICATIONS INC, 2455 ℡LER RD, THOUSAND 
OAKS, CA 91320 USA, 2677, 5, May, 2022, pp. 149–165. 

171.  Zhang, C., Y. Sun, and H. Lu. Games for Health in Transportation Systems. IEEE 
ACCESS, IEEE-INST ELECTRICAL ELECTRONICS ENGINEERS INC, 445 HOES LANE, 
PISCATAWAY, NJ 08855-4141 USA, 12, , 2024, pp. 95529–95547. 

172.  Zeibots, M. E., and D. R. Bell. Peak Oil and the Advent of Demand Destruction: 
Implications for Transport and Access in Australian Cities. Australian Planner, 47, 4, 
, 2010, pp. 253–262. 

173.  Tong, Y., C. Zhou, J. Lin, C. Tan, and W. Tang. Coupling Analysis of the Road-Network 
Spatiotemporal Distribution and the Economy in B&R Countries Based on GIS. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 14, 
14, Jul, 2022. 

174.  Echenique, M. H., V. Grinevich, A. J. Hargreaves, and V. Zachariadis. LUISA: A Land-
Use Interaction with Social Accounting Model; Presentation and Enhanced 
Calibration Method. Environment and Planning B: Planning and Design, Pion Limited, 
40, 6, , 2013, pp. 1003–1026. 

175.  Gonzalez-Feliu, J., J. Morana, J.-M. S. Grau, and T.-Y. Ma. Design and Scenario 
Assessment for Collaborative Logistics and Freight Transport Systems. International 
Journal of Transport Economics, 40, 2, , 2013, pp. 207–240. 

176.  Hou, L., Y. Xu, J. Dong, H.-Y. Chong, R. Ren, and Z. Chen. Reshaping Port-City 
Relationships through Underground Logistics System: A Mixed Qualitative Approach. 
CITIES, ELSEVIER SCI LTD, 125 London Wall, London, ENGLAND, 154, Nov, 2024. 

177.  Wang, K., J. Zhang, D. Zhang, and X. Wu. A Priority in Land Supply for Sustainable 
Transportation of Chinese Cities: An Empirical Study from Perception, 
Discrimination, Linkage to Decision. LAND, MDPI, ST ALBAN-ANLAGE 66, CH-4052 
BASEL, SWITZERLAND, 11, 1, Jan, 2022. 

178.  Moeckel, R., A. T. M. Chou, C. L. Garcia, and M. B. Okrah. Trends in Integrated Land-
Use/Transport Modeling: An Evaluation of the State of the Art. Journal of Transport 
and Land Use, University of Minnesota, 11, 1, , 2018, pp. 463–476. 

179.  Allen, J., M. Browne, and T. Cherrett. Investigating Relationships between Road 
Freight Transport, Facility Location, Logistics Management and Urban Form. Journal 
of Transport Geography, 24, , 2012, pp. 45–57. 

180.  Lu, S., and H. Wang. Market-Oriented Reform and Land Use Efficiency: Evidence 
from a Regression Discontinuity Design. Land Use Policy, Elsevier Ltd, 115, , 2022. 



 

 
132

 

181.  Browne, M., J. Allen, I. Wainwright, A. Palmer, and I. Williams. London 2012: 
Changing Delivery Patterns in Response to the Impact of the Games on Traffic Flows. 
INTERNATIONAL JOURNAL OF URBAN SCIENCES, ROUTLEDGE JOURNALS, TAYLOR 
& FRANCIS LTD, 2-4 PARK SQUARE, MILTON PARK, ABINGDON OX14 4RN, OXON, 
ENGLAND, 18, 2, SI, , 2014, pp. 244–261. 

182.  Radovici, A., H. Stefanie, I. Ajtai, A. Mereuta, C. Botezan, A. Ozunu, and N. Ajtai. Is 
the Analysis of Territorial Compatibility in the Vicinity of Road Hazmat Transport 
Routes a Necessity for Developing Countries? A Case Study of Romania. HELIYON, 
CELL PRESS, 50 HAMPSHIRE ST, FLOOR 5, CAMBRIDGE, MA 02139 USA, 9, 9, Sep, 
2023. 

183.  Mane, A. S., and S. S. Pulugurtha. Effect of Land Use Developments on Travel Time 
Reliability. International Conference on Transportation and Development 2018: 
Planning, Sustainability, and Infrastructure Systems - Selected Papers from the 
International Conference on Transportation and Development 2018, American 
Society of Civil Engineers (ASCE), , 2018, pp. 39–47. 

184.  Li, G., W. Sun, Q. Yuan, and S. Liu. Planning versus the Market: Logistics 
Establishments and Logistics Parks in Chongqing, China. Journal of Transport 
Geography, Vol. 82, 2020, p. 102599. 
https://doi.org/10.1016/j.jtrangeo.2019.102599. 

185.  Kaszubowski, D., and F. Heleniak. A Concept of Freight Traffic Flow Regulations in 
the City of Gdansk. SUSTAINABLE TRANSPORT DEVELOPMENT, INNOVATION AND 
TECHNOLOGY, SPRINGER INTERNATIONAL PUBLISHING AG, GEWERBESTRASSE 
11, CHAM, CH-6330, SWITZERLAND, , 2017, pp. 57–71. 

186.  Sasai, K., L. E. Chouinard, G. J. Power, D. Conciatori, and N. Zufferey. Accounting for 
Traffic Disturbance in Road Infrastructure Management: Optimal Maintenance and 
Rehabilitation Planning for the Society. TRANSPORTATION RESEARCH PART A-
POLICY AND PRACTICE, PERGAMON-ELSEVIER SCIENCE LTD, THE BOULEVARD, 
LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND, 183, May, 2022. 

187.  Aljohani, K. Integrating Logistics Facilities in Inner Melbourne to Alleviate Impacts of 
Urban Freight Transport. ATRF 2016 - Australasian Transport Research Forum 2016, 
Proceedings, ATRF, Commonwealth of Australia, , 2016. 

188.  Oskarbski, J., and D. Kaszubowski. Potential for ITS/ICT Solutions in Urban Freight 
Management. 2ND INTERNATIONAL CONFERENCE GREEN CITIES - GREEN 
LOGISTICS FOR GREENER CITIES, ELSEVIER SCIENCE BV, SARA 
BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS, 16, , 
2016, pp. 433–448. 

189.  Klauenberg, J., L.-A. Elsner, and C. Knischewski. Dynamics of the Spatial Distribution 
of Hubs in Groupage Networks – The Case of Berlin. Journal of Transport Geography, 
Elsevier Ltd, 88, , 2020. 

190.  Macioszek, E., M. Staniek, and G. Sierpinski. Analysis of Trends in Development of 
Freight Transport Logistics Using the Example of Silesian Province (Poland) - a Case 
Study. 20TH EURO WORKING GROUP ON TRANSPORTATION MEETING, EWGT 2017, 
ELSEVIER SCIENCE BV, SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE 
AMSTERDAM, NETHERLANDS, 27, , 2017, pp. 388–395. 



 

 
133

 

191.  Todorova, M., A. Dzhaleva-Chonkova, and K. Karagyozov. KNOW-IN Project 
Outcomes in Support of Training Road Transport Managers. TRANSPORT RESEARCH 
ARENA TRA2016, ELSEVIER SCIENCE BV, SARA BURGERHARTSTRAAT 25, PO BOX 
211, 1000 AE AMSTERDAM, NETHERLANDS, 14, , 2016, pp. 1492–1499. 

192.  Matusiewicz, M. Towards Sustainable Urban Logistics: Creating Sustainable Urban 
Freight Transport on the Example of a Limited Accessibility Zone in Gdansk. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 11, 
14, Jul 02, 2019. 

193.  Mikusova, M., J. Zukowska, and A. Torok. Community Road Safety Strategies in the 
Context of Sustainable Mobility. MANAGEMENT PERSPECTIVE FOR TRANSPORT 
℡EMATICS, SPRINGER-VERLAG BERLIN, HEIDELBERGER PLATZ 3, D-14197 
BERLIN, GERMANY, 897, , 2018, pp. 115–128. 

194.  Babaei, A., M. Khedmati, and M. R. A. Jokar. A New Model for Evaluation of the 
Passenger and Freight Transportation Planning Based on the Sustainability and 
Safety Dimensions: A Case Study. PROCESS INTEGRATION AND OPTIMIZATION FOR 
SUSTAINABILITY, SPRINGERNATURE, CAMPUS, 4 CRINAN ST, LONDON, N1 9XW, 
ENGLAND, 6, 4, Dec, 2022, pp. 1201–1229. 

195.  Ballantyne, E., and G. Heron. Can Transport Operator Schemes Deliver Regional 
Sustainability Benefits? The Case of the UK Northern Powerhouse Region. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 12, 
4, Feb 02, 2020. 

196.  Errampalli, M., L. Tavasszy, and J. Borst. Freight Modeling and Policy Analysis for 
Megacities: The Case of New Delhi. Freight Transport Modeling in Emerging 
Countries, Elsevier, , 2021. 

197.  Cichosz, M. COLLABORATING ON GREEN LOGISTICS IN CHEMICAL SUPPLY 
CHAINS: INSIGHTS FROM POLAND. BUSINESS LOGISTICS IN MODERN 
MANAGEMENT, EKONOMSKI FAKULTET OSIJEKU-FAC ECONOMICS OSIJEK, GAJEV 
TRG 7, OSIJEK, 31 000, CROATIA, , 2017, pp. 507–522. 

198.  Fredriksson, A., L. Eriksson, J. Lowgren, N. Lemon, and D. Eriksson. An Interactive 
Visualization Tool for Collaborative Construction Logistics Planning-Creating a 
Sustainable Project Vicinity. SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-
4052 BASEL, SWITZERLAND, 14, 24, Dec, 2022. 

199.  Tran, N. H., S.-H. Yang, and T. Huang. Comparative Analysis of Traffic-and-
Transportation-Planning-Related Indicators in Sustainable Transportation 
Infrastructure Rating Systems. INTERNATIONAL JOURNAL OF SUSTAINABLE 
TRANSPORTATION, TAYLOR & FRANCIS INC, 530 WALNUT STREET, STE 850, 
PHILADELPHIA, PA 19106 USA, 15, 3, Jan 04, 2020, pp. 203–216. 

200.  Sgura Viana, M., and J. P. M. Delgado. City Logistics in Historic Centers: Multi-
Criteria Evaluation in GIS for City of Salvador (Bahia – Brazil). Case Studies on 
Transport Policy, Elsevier Ltd, 7, 4, , 2019, pp. 772–780. 

201.  Lalendle, C., L. Goedhals-Gerber, and J. van Eeden. A Monitoring and Evaluation 
Sustainability Framework for Road Freight Transporters in South Africa. 
SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, SWITZERLAND, 13, 
14, Jul, 2021. 



 

 
134

 

202.  de Campos, R. S., A. T. Simon, and F. de C. Martins. Assessing the Impacts of Road 
Freight Transport on Sustainability: A Case Study in the Sugar-Energy Sector. 
JOURNAL OF CLEANER PRODUCTION, ELSEVIER SCI LTD, THE BOULEVARD, 
LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND, 220, May 20, 
2019, pp. 995–1004. 

203.  Sakai, T., A. Romano Alho, B. K. Bhavathrathan, G. D. Chiara, R. Gopalakrishnan, P. 
Jing, T. Hyodo, L. Cheah, and M. Ben-Akiva. SimMobility Freight: An Agent-Based 
Urban Freight Simulator for Evaluating Logistics Solutions. Transportation Research 
Part E: Logistics and Transportation Review, Elsevier Ltd, 141, , 2020. 

204.  Pirra, M., A. Carboni, and F. Deflorio. Freight Delivery Services in Urban Areas: 
Monitoring Accessibility from Vehicle Traces and Road Network Modelling. Research 
in Transportation Business and Management, Elsevier Ltd, 45, , 2022. 

205.  Paraskevadakis, D., A. Bury, J. Ren, and J. Wang. A Services Operations Performance 
Measurement Framework for Multimodal Logistics Gateways in Emerging 
Megaregions. TRANSPORTATION PLANNING AND TECHNOLOGY, TAYLOR & 
FRANCIS LTD, 2-4 PARK SQUARE, MILTON PARK, ABINGDON OR14 4RN, OXON, 
ENGLAND, 44, 1, Jan 02, 2021, pp. 63–92. 

206.  Sakai, T., K. Kawamura, and T. Hyodo. Locational Dynamics of Logistics Facilities: 
Evidence from Tokyo. Journal of Transport Geography, Vol. 46, 2015, pp. 10–19. 
https://doi.org/10.1016/j.jtrangeo.2015.05.003. 

207.  Nuzzolo, A., A. Comi, and L. Rosati. City Logistics Long-Term Planning: Simulation of 
Shopping Mobility and Goods Restocking and Related Support Systems. 
International Journal of Urban Sciences, Routledge, 18, 2, , 2014, pp. 201–217. 

208.  Pérez-Guzmán, S., C. Wang, A. Conway, M. E. Arrieta-Prieto, Y. Ding, G. S. Zuman, P. 
Escand, and Q. Chen. Methodology for the Feasibility Assessment of an Eco-Transfer 
System. Transportation Research Part A: Policy and Practice, Elsevier Ltd, 160, , 
2022, pp. 280–297. 

209.  Duvvuri, S., and S. S. Pulugurtha. Modeling Road Link-Level Truck Travel Times Using 
On- and Off-Network Characteristics. TRANSPORTATION RESEARCH RECORD, 
SAGE PUBLICATIONS INC, 2455 ℡LER RD, THOUSAND OAKS, CA 91320 USA, 2676, 
9, Sep, 2022, pp. 41–58. 

210.  Duvvuri, S., and S. S. Pulugurtha. Truck Travel Time Performance Measures and Their 
Association with On- and off-Network Characteristics. Transportation Research 
Interdisciplinary Perspectives, Elsevier Ltd, 12, , 2021. 

211.  De Bakshi, N., G. Tiwari, and N. B. Bolia. Influence of Urban Form on Urban Freight 
Trip Generation. Case Studies on Transport Policy, Elsevier Ltd, 8, 1, , 2020, pp. 229–
235. 

212.  Russo, F., and A. Comi. Behavioural Simulation of Urban Goods Transport and 
Logistics: The Integrated Choices of End Consumers. Transportation Research 
Procedia, Elsevier B.V., 46, , 2020, pp. 165–172. 

213.  Chimba, D., E. Masindoki, X. Li, and C. Langford. Safety Evaluation of Freight 
Intermodal Connectors in Tennessee State. Transportation Research Record, SAGE 
Publications Ltd, 2673, 3, , 2019, pp. 237–246. 



 

 
135

 

214.  Saab, A. Discourses of Fear on Climate Change in International Human Rights Law. 
European Journal of International Law, Vol. 34, No. 1, 2023, pp. 113–135. 
https://doi.org/10.1093/ejil/chad002. 

215.  Giuliano, G., T. O’Brien, L. Dablanc, K. Holliday, National Cooperative Freight 
Research Program, Transportation Research Board, and National Academies of 
Sciences, Engineering, and Medicine. Synthesis of Freight Research in Urban 
Transportation Planning. Transportation Research Board, Washington, D.C., 2013. 

216.  Castillo, C., M. Viu-Roig, M. Nicolàs, and E. J. Alvarez-Palau. Tackling Urban Freight 
Distribution: A Public-Private Perspective. Research in Transportation Business & 
Management, Vol. 53, 2024, p. 101105. https://doi.org/10.1016/j.rtbm.2024.101105. 

217.  Holguín-Veras, J., I. Sánchez-Díaz, and M. Browne. Sustainable Urban Freight 
Systems and Freight Demand Management. Transportation Research Procedia, Vol. 
12, 2016, pp. 40–52. https://doi.org/10.1016/j.trpro.2016.02.024. 

218.  Russo, F., and A. Comi. City Characteristics and Urban Goods Movements: A Way to 
Environmental Transportation System in a Sustainable City. Procedia - Social and 
Behavioral Sciences, Vol. 39, 2012, pp. 61–73. 
https://doi.org/10.1016/j.sbspro.2012.03.091. 

219.  California Department of Transportation. California Freight Mobility Plan 2023. 
California Department of Transportation, , 2023. 

220.  Watchdog, T. Trucking Watchdog Explains: What Does USDOT Actually Do? Trucking 
Watchdog. https://www.truckingwatchdog.com/2016/05/12/the-trucking-watchdog-
explains-what-does-the-usdot-do/. Accessed Oct. 31, 2024. 

221.  U.S. Department of Transportation. U.S. DOT RD&T Strategic Plan (FY 2022-2026)–
Building a Better Transportation Future for All. Jan 06, 2023. 

222.  Mohl, R. A. The Interstates and the Cities: Highways, Housing, and the Freeway 
Revolt. 2002. 

223.  Sciara, G.-C. Metropolitan Transportation Planning: Lessons From the Past, 
Institutions for the Future. Journal of the American Planning Association, Vol. 83, No. 
3, 2017, pp. 262–276. https://doi.org/10.1080/01944363.2017.1322526. 

224.  Wood, L., and T. A. Scott. Transportation Agencies as Consumers and Producers of 
Science: The Case of State, Regional, and County Transportation Agencies in 
California. Transport Policy, Vol. 128, 2022, pp. 153–165. 
https://doi.org/10.1016/j.tranpol.2022.08.016. 

225.  National Association of Development Organizations & NADO Research Foundation. 
California. Rural Transportation. https://ruraltransportation.org/about-rtpos/rtpo-
states/california/. Accessed Oct. 31, 2024. 

226.  California, S. of. California Transportation Plan Updates | Caltrans. 
https://dot.ca.gov/programs/transportation-planning/division-of-transportation-
planning/state-planning-equity-and-engagement/california-transportation-plan. 
Accessed Feb. 27, 2024. 

227.  About | California Air Resources Board. https://ww2.arb.ca.gov/about. Accessed 
Feb. 27, 2024. 

228.  U.S. Department of Transportation. Intelligent Transportation Systems Joint Program 
Office Strategic Plan 2020–2025. May 06, 2020. 



 

 
136

 

229.  South Coast Air Quality Management District. WAIRE Program. 
https://www.aqmd.gov/home/rules-compliance/compliance/waire-program. 
Accessed Jan. 23, 2025. 

230.  Sacramento Area Council of Governments. About SACOG. 
https://www.sacog.org/about/about-sacog. Accessed Nov. 1, 2024. 

231.  Sacramento Area Council of Governments. Appendix L: Plan Requirements and 
Regulatory Framework. SACOG. , 2024. 

232.  Sacramento Area Council of Governments. User Guide and Model Documentation 
for SACSIM19. Jun 30, 2020. 

233.  Sacramento Region Air District. Capital Region Climate Priorities Plan 2024. 2024. 
234.  Sacramento Regional Transit, Sacramento Metropolitan Air Quality Management 

District, and Sacramento Area Council of Governments. Sacramento Region Zero 
Carbon Transportation Initiatives: ZEV Deployment Strategy. , 2024. 

235.  U.S. Department of Transportation. Land Use as a Strategy for Transportation, 
Housing, and the Environment. Jan, 2025. 

236.  Watsky, R. The Problems With Euclidean Zoning. 
https://sites.bu.edu/dome/2018/07/19/the-problems-with-euclidean-zoning/. 
Accessed Nov. 28, 2024. 

237.  Bowen, J. T. Moving Places: The Geography of Warehousing in the US. Journal of 
Transport Geography, Vol. 16, No. 6, 2008, pp. 379–387. 
https://doi.org/10.1016/j.jtrangeo.2008.03.001. 

238.  Woudsma, C., P. Jakubicek, and L. Dablanc. Logistics Sprawl in North America: 
Methodological Issues and a Case Study in Toronto. Transportation Research 
Procedia, Vol. 12, 2016, pp. 474–488. https://doi.org/10.1016/j.trpro.2016.02.081. 

239.  Sakai, T., K. Kawamura, and T. Hyodo. Locational Dynamics of Logistics Facilities: 
Evidence from Tokyo. Journal of Transport Geography, Vol. 46, 2015, pp. 10–19. 
https://doi.org/10.1016/j.jtrangeo.2015.05.003. 

240.  Buldeo Rai, H., S. Kang, T. Sakai, C. Tejada, Q. (Jack) Yuan, A. Conway, and L. 
Dablanc. ‘Proximity Logistics’: Characterizing the Development of Logistics Facilities 
in Dense, Mixed-Use Urban Areas around the World. Transportation Research Part A: 
Policy and Practice, Vol. 166, 2022, pp. 41–61. 
https://doi.org/10.1016/j.tra.2022.10.007. 

241.  Campbell, H. E., Y. Kim, and A. M. Eckerd. Rethinking Environmental Justice in 
Sustainable Cities: Insights from Agent-Based Modeling. Routledge & CRC Press. 
https://www.routledge.com/Rethinking-Environmental-Justice-in-Sustainable-
Cities-Insights-from-Agent-Based-Modeling/Campbell-Kim-
Eckerd/p/book/9781138066694. Accessed Nov. 29, 2024. 

242.  California Community & Place-Based Solutions. Greater Sacramento. California 
Community Economic Development, Oct 19, 2022. 

243.  Greater Sacramento Region Prosperity Strategy. Valley Vision - Sacramento. 
https://www.valleyvision.org/projects/capital-region-prosperity-strategy/. Accessed 
Nov. 5, 2024. 

244.  Sacramento Area Council of Government. FOOD AND AGRICULTURE: CLUSTER AND 
WORKFORCE NEEDS ASSESSMENT SACRAMENTO CAPITAL REGION. , 2016. 



 

 
137

 

245.  Centers of Excellence. GREATER SACRAMENTO REGION TRANSPORTATION 
CLUSTER: WORKFORCE TRENDS AND EMERGING TECHNOLOGY. May, 2018. 

246.  Yuan, Q. Does Context Matter in Environmental Justice Patterns? Evidence on 
Warehousing Location from Four Metro Areas in California. Land Use Policy, Vol. 82, 
2019, pp. 328–338. https://doi.org/10.1016/j.landusepol.2018.12.011. 

247.  Oliveira, L. K. de, G. P. Lopes, R. L. M. de Oliveira, L. dos S. F. P. Bracarense, and C. 
S. Pitombo. An Investigation of Contributing Factors for Warehouse Location and the 
Relationship between Local Attributes and Explanatory Variables of Warehouse 
Freight Trip Generation Model. Transportation Research Part A: Policy and Practice, 
Vol. 162, 2022, pp. 206–219. https://doi.org/10.1016/j.tra.2022.05.025. 

248.  Johnson, S. A. WHY IS HOUSING SO UNAFFORDABLE IN THE SACRAMENTO 
REGION? AN INVESTIGATION OF HOUSING SUPPLY CONSTRAINTS AND DEMAND 
CHARACTERISTICS. California State University, Sacramento, 2015. 

249.  Sacramento Metropolitan Air Quality Management District, Local Government 
Commision, and Capital Region Climate ReadingCollaborative. Summary Report. 
Capital Region Urban Heat Island Mitigation Project. 2020, p. 33. 

250.  U.S. Environmental Protection Agency. Criteria Air Pollutants. 
https://www.epa.gov/criteria-air-pollutants. Accessed Nov. 10, 2024. 

251.  El Dorado County Air Quality Management District. Sacramento Regional 2008 
NAAQS 8-Hour Ozone Attainment and Reasonable Further Progress Plan. Jul 24, 
2018. 

252.  Commission, C. E. Medium- and Heavy-Duty Zero-Emission Vehicles in California. 
https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-
and-infrastructure-statistics-collection/medium. Accessed Nov. 10, 2024. 

253.  Jamshidi, N., and A. Ortiz. California’s Advanced Clean Fleets Rule Is Good for the 
Economy and Environment | E2. Aug 31, 2022. 

254.  ChargeHub. Sacramento, California EV Charging Stations Info. 
https://chargehub.com/en/countries/united-states/california/sacramento.html. 
Accessed Nov. 10, 2024. 

255.  U.S. Department of Energy. Alternative Fuels Data Center: Alternative Fueling Station 
Locator. https://afdc.energy.gov/stations. Accessed Nov. 10, 2024. 

256.  Soltani Mandolakani, F., and P. A. Singleton. Electric Vehicle Charging Infrastructure 
Deployment: A Discussion of Equity and Justice Theories and Accessibility 
Measurement. Transportation Research Interdisciplinary Perspectives, Vol. 24, 2024, 
p. 101072. https://doi.org/10.1016/j.trip.2024.101072. 

257.  Harvey, J., A. Saboori, M. Miller, C. Kim, M. Jaller, J. Lea, A. Kendall, and A. Saboori. 
Effects of Increased Weights of Alternative Fuel Trucks on Pavement and Bridges. 
2020. https://doi.org/10.7922/G27M066V. 

258.  Giuliano, G., M. Dessouky, S. Dexter, J. Fang, S. Hu, and M. Miller. Heavy-Duty 
Trucks: The Challenge of Getting to Zero. Transportation Research Part D: Transport 
and Environment, Vol. 93, 2021, p. 102742. 
https://doi.org/10.1016/j.trd.2021.102742. 

259.  Renshaw, J. As EV Sales Grow, Battle over U.S. Road Weight Limits Heats Up. 
Reuters, Oct 05, 2022. 



 

 
138

 

260.  Jaller, M., R. Xiao, S. Dennis, D. Rivera-Royero, and A. Pahwa. National Impacts of E-
Commerce Growth: Development of a Spatial Demand Based Tool. 2022. 
https://doi.org/10.7922/G25B00SM. 

261.  Flood, S. M., L. C. Sayer, D. Backman, and A. Chen. American Time Use Survey Data 
Extract Builder. College Park, MD: University of Maryland and Minneapolis, , 2023. 

262.  Statista. U.S. Retail e-Commerce Sales Share 2024. Statista. 
https://www.statista.com/statistics/187439/share-of-e-commerce-sales-in-total-
us-retail-sales-in-2010/. Accessed Mar. 28, 2025. 

263.  Sinarimbo, N. G. An Empirical Analysis of the Traffic and Environmental Impacts of 
the Cooperative Delivery System. 

264.  US Census Bureau Center for Economic Studies. US Census Bureau Center for 
Economic Studies Publications and Reports Page. https://lehd.ces.census.gov/. 
Accessed Mar. 21, 2024. 

265.  O’Sullivan, D., and D. Unwin. Geographic Information Analysis. John Wiley & Sons, 
Hoboken, N.J, 2010. 

266.  Overture Maps Fundation. Overture Maps Foundation. Overture Maps Foundation. 
https://overturemaps.org/. Accessed Apr. 10, 2025. 

267.  Beyazit, E. Evaluating Social Justice in Transport: Lessons to Be Learned from the 
Capability Approach. Transport Reviews, 31, 1, , 2011, pp. 117–134. 

268.  Regal, A., J. Gonzalez-Feliu, M. Rodriguez, and M. Juganaru-Mathieu. Defining Urban 
Logistics Profile Zones in South American Metropolis by Combining Functional and 
Spatial Clustering Techniques. 2019 International Conference on Control, 
Automation and Diagnosis, ICCAD 2019 - Proceedings, Institute of Electrical and 
Electronics Engineers Inc., , 2019. 

269.  Nuzzolo, A., and A. Comi. A System of Models to Forecast the Effects of 
Demographic Changes on Urban Shop Restocking. Research in Transportation 
Business and Management, Elsevier Ltd, 11, , 2014, pp. 142–151. 

270.  Brand, C., T. Schwanen, and J. Anable. `Online Omnivores’ or `Willing but 
Struggling’? Identifying Online Grocery Shopping Behavior Segments Using Attitude 
Theory. JOURNAL OF RETAILING AND CONSUMER SERVICES, ELSEVIER SCI LTD, 
THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, 
ENGLAND, 57, Nov, 2020. 

271.  Berg, J., and M. Henriksson. In Search of the `good Life’: Understanding Online 
Grocery Shopping and Everyday Mobility as Social Practices. JOURNAL OF 
TRANSPORT GEOGRAPHY, ELSEVIER SCI LTD, 125 London Wall, London, ENGLAND, 
83, Feb, 2020. 

272.  Saujot, M., T. Le Gallic, and H. Waisman. Lifestyle Changes in Mitigation Pathways: 
Policy and Scientific Insights. Environmental Research Letters, IOP Publishing Ltd, 
16, 1, , 2021. 

273.  Li, J., X. Zhang, Q. Zhu, X. Xiao, and Y. Zhou. Regional Freight Accessibility Analysis 
Based on Truck Trajectories-A Case Study of Hunan Province in China. RESEARCH IN 
TRANSPORTATION BUSINESS AND MANAGEMENT, ELSEVIER, RADARWEG 29, 1043 
NX AMSTERDAM, NETHERLANDS, 56, Oct, 2024. 



 

 
139

 

274.  Wei, L., G. Chen, W. Sun, and G. Li. Recognition of Operating Characteristics of 
Heavy Trucks Based on the Identification of GPS Trajectory Stay Points. Security and 
Communication Networks, Hindawi Limited, 2021, , 2021. 

275.  Makarova, I., K. Shubenkova, V. Mavrin, E. Mukhametdinov, A. Boyko, Z. Almetova, 
and V. Shepelev. Features of Logistic Terminal Complexes Functioning in the 
Transition to the Circular Economy and Digitalization. MODELLING OF THE 
INTERACTION OF THE DIFFERENT VEHICLES AND VARIOUS TRANSPORT MODES, 
SPRINGER INTERNATIONAL PUBLISHING AG, GEWERBESTRASSE 11, CHAM, CH-
6330, SWITZERLAND, , 2020, pp. 415–527. 

276.  Dhonde, B., and C. Patel. IMPLEMENTING CIRCULAR ECONOMY CONCEPTS FOR 
SUSTAINABLE URBAN FREIGHT TRANSPORT: CASE OF TEXTILE MANUFACTURING 
SUPPLY CHAIN. ACTA LOGISTICA, 4S go, s.r.o, Semsa 24, Semsa, SLOVAKIA, 7, 2, 
Jun, 2020, pp. 131–143. 

277.  Fan, Y., Q. Zhan, H. Zhang, Z. Mi, and K. Xiao. Anticipating Spatial-Temporal 
Distribution of Regional Highway Traffic with Online Navigation Route 
Recommendation. SUSTAINABILITY, MDPI, ST ALBAN-ANLAGE 66, CH-4052 BASEL, 
SWITZERLAND, 15, 1, Jan, 2023. 

278.  Ghandriz, T., B. Jacobson, L. Laine, and J. Hellgren. Impact of Automated Driving 
Systems on Road Freight Transport and Electrified Propulsion of Heavy Vehicles. 
TRANSPORTATION RESEARCH PART C-EMERGING TECHNOLOGIES, PERGAMON-
ELSEVIER SCIENCE LTD, THE BOULEVARD, LANGFORD LANE, KIDLINGTON, 
OXFORD OX5 1GB, ENGLAND, 115, Jun, 2020. 

279.  Dolega, L., and A. L. Lord. Exploring the Geography of Retail Decline: A Case Study of 
the Liverpool City Region. Cities, Elsevier Ltd, 96, , 2020. 

280.  Sampaio, A., M. Savelsbergh, L. Veelenturf, and T. van Woensel. Crowd-Based City 
Logistics. Sustainable Transportation and Smart Logistics: Decision-Making Models 
and Solutions, Elsevier, , 2019. 

281.  Kishita, Y., K. Hara, M. Uwasu, and Y. Umeda. Research Needs and Challenges 
Faced in Supporting Scenario Design in Sustainability Science: A Literature Review. 
Sustainability Science, Springer-Verlag Tokyo, 11, 2, , 2016, pp. 331–347. 

282.  Comi, A. A Modelling Framework to Forecast Urban Goods Flows. Research in 
Transportation Economics, JAI Press, 80, , 2020. 

283.  Wiedmann, T. Impacts Embodied in Global Trade Flows. Taking Stock of Industrial 
Ecology, Springer International Publishing, , 2016. 



 

 
140

 

Data Summary  
Products of Research  
The proposed project created subsets of data from public-existing datasets for seven 
months. These include: 

Source Description Format Chapter 
American Community 
Survey (ACS) collected 
through IPUMS USA collects, 
using API key in R 

Demographic characteristics 
were identified from the ACS 
2005 to 2022 5-Year Estimates 
Data Profiles for the eight 
regional counties 

GeoPackage 4, 5, 6 

Longitudinal Employer-
Household Dynamics 
(LEHD), using API key in R   
 

Microdata of Origin-Destination 
Employment Statistics 
(LODES), Residence Area 
Characteristics (RAC), and 
Workplace Area Characteristics 
(WAC), all at census block 
geographic detail for 2020 

GeoPackage 
and csv 

4, 6 

California Communities 
Environmental Health 
Screening Tool 
(CalEnviroScreen 4.0) using 
API key in R 

Pollution Burden and 
Population Characteristics 

GeoPackage 
and csv 

4, 5, 6 

California Energy 
Commission from the 
website 

Medium- and Heavy-Duty Zero-
Emission Vehicles in California 
The charging infrastructure for 
zero-emission vehicles  

GeoPackage 
and csv 

4 

American Time Use Survey 
(ATUS), collected through 
IPUMS USA collects, using 
API key in R 

Sociodemographic variables 
and shopping behavior from 
2013 to 2023 

GeoPackage 
and csv 

5 

National Household Travel 
Survey (NHTS) from the 
website 

Sociodemographic variables of 
2017 NHTS dataset 

csv 5 

California Air Resources 
Board, EMission FACtor 
(EMFAC) tool 

Emissions inventory for 2018 csv 5 

Economic Surveys, ECNSVY 
Business Patterns County 
Business Patterns (CBP) 
from the website 

Freight and service 
employment and 
establishments by census tract 

csv 4, 6 
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Source Description Format Chapter 
OpenStreetMap (OSM) using 
API Key in R 

Retail, services and freight 
establishments point location 

GeoPackage 4, 5, 6 

Overture Maps Dataset from 
Amazon S3 and Microsoft 
Azure Blob Storage using API 
key in R 

Building infrastructure with 
category and location of 
polygons  

GeoPackage 5, 6 

Data Format and Content  
The data was documented in a spreadsheet that lists each element, its attributes, 
description, source, and code, considering that the potential users will be planners and 
local authorities. The team provided all the data collected in the same format, .csv, with 
the data documentation in the spreadsheet. 

Data Access and Sharing  
All relevant data was deposited to Dryad, an open data-sharing and publishing repository 
(https://datadryad.org). The data is publicly available and findable through a DOI 
(https://doi.org/10.5061/dryad.tb2rbp0d1). The repository provides long-term storage and 
preservation through the backend Merritt Repository. In addition, the data was submitted 
to the USDOT National Transportation Library (NTL) digital repository for public use. The 
electronic version contains all the data collected from public sources and the results. 

Reuse and Redistribution  
The tool will stay accessible for public use, and the data processed and generated with it 
will remain free for public access without any sharing requirement.  

https://doi.org/10.5061/dryad.tb2rbp0d1
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Appendix  
Table 20 presents the freight-related challenges and sustainable strategies identified in the 
literature. These strategies have been categorized into several sections. The first section, 
“Understanding Conditions,” encompasses elements the literature frequently emphasizes 
as necessary to comprehend, given their relevance to the freight sector. The second 
section, called “Freight Issues,” outlines the primary challenges that impact or are 
influenced by the freight sector. The third section details the key strategies for addressing 
or gaining insight into these freight-related issues. Lastly, various methods have been 
identified in the literature for implementing the techniques mentioned in the previous 
section. Some topics are highlighted due to their marked importance in the literature 
review.
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Table 20. Freight-related issues and sustainable strategies 
 

Understanding 
conditions 

Freight Issues Strategies Methods Reference 

1. Land use patterns and development impacts 
1.1. Policy: 

regulation, 
legislation 

Negative effects on 
communities 

S1. Estimate the demands for 
infrastructure services and the 
potential for decentralized 
infrastructure supply 

Random utility modelling (174) 

    Inefficient distribution S2. Market-oriented reform on land 
use efficiency and government-
enterprise relationships. 

Regression discontinuity 
design  

(180) 

   S3. Estimate the effect of land use 
developments under different 
scenarios 

Travel Time Reliability: before 
and after comparison 

(183) 

    Spatial analysis indicators 
using the centrographic 
method.  

(86) 

   S4. Investigating the main factors 
affecting the priority of the supply 
of land used for transportation for 
decision support 

Multi-objective decision 
support system 

(177) 

   S5. Ecosystem services approach 
for land management. 

Policies and funding to 
motivate participation 

(135) 

1.2. Residential 
development 

Displacement, 
gentrification, and 
health-related issues 

 S6. Evaluate the external costs 
associated with producing, 
transporting, and consuming goods 
for decision support. 

Decision-Support Tools   
(13) 
  

  Access to retail, 
services, and 
employment zones 

S7. Evaluate the impacts of retail 
land use on shopping trips for 
decision support 

Shopping trip chain 
estimation and zonal freight 
trip generation model with a 
land use module 

(54) 



 

 
144

 

 
Understanding 

conditions 
Freight Issues Strategies Methods Reference 

   S8. Simulate travel time variations 
on neighboring links of new 
developments 

Travel Time Reliability: before 
and after comparison 

(183) 

  Economic disparities 
and lack of 
opportunities 

S9. Account for the household and 
workforce to estimate future 
demands linked to land use 

Random utility modelling (174) 

   S10. Evaluate social justice in 
transport 

Capability approach (267) 

    Safety mobility S11. Complete street design for 
multimodality 

 (162) 

   S12. Community road safety Collaborate with the 
community to identify the key 
issues affecting their 
community. 

(193) 

1.3. Industrial 
development 

Location choice S13. Analysis of hubs distribution 
for land allocation and 
infrastructure connections 

Spatial dynamics of the 
locations of logistics hubs 

(189) 

   S14. Identify the main freight-
generating centers within the city to 
assess surrounding land use and 
transport infrastructure 

Linking property tax data with 
cordon survey data 

(87) 

   S15. Territorial Intelligence 
Analytics for decision making for 
improving urban logistics 

Combining functional and 
spatial clustering techniques 

(268) 

1.4. Commercial 
development 

Freight accessibility S16. Analysis of commercial and 
industrial land use patterns to 
identify accessibility issues for 
decision making. 

Examining road freight 
transport activity and its 
relationship with facility 
location, logistics 
management and urban form 

(179) 

    Linking property tax data with 
cordon survey data 

(87) 
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Understanding 

conditions 
Freight Issues Strategies Methods Reference 

   S17. Identify the impacts of 
retailing development on freight trip 
generation and shopping trip 
structure and composition for 
decision support. 

Shopping trip chain 
estimation and zonal freight 
trip generation model with a 
land use module 

(54) 

2. Spatial dynamics of economic activities 
2.1. Consumption 

 
     

 2.1.1. Shopping 
Preferences 

Demand for goods and 
services 

S18. Analyses demographic 
changes in urban shop restocking 

Surveys analysis and future 
demographic scenarios using 
urban restocking models 

(269) 

   S19. Understand the factors that 
affect shopping decisions 

Econometric behavioral 
model  

(56) 

    Theory of Planned Behavior (270) 
   S20. Understanding online grocery 

shopping and everyday mobility as 
social practices 

Qualitative interviews 
combined with travel diaries 
analysis 

(271) 

   S21. Lifestyle changes in mitigation 
pathways 

Policy implementation based 
on a multidisciplinary 
approach 

(272) 

2.1.2. Transportation 
patterns 

VMT for shopping 
activities 

S22. Attractiveness analysis Trip attraction (FTA) and a 
shopping trip attraction (STA) 
model 

(79) 

2.2. Production 
 

     
2.2.1 Participants        
2.2.1.1 Transportation 

facilities and 
network 

Freight accessibility Curbside management   (44) 

   S23. Optimal location of loading 
bays in an urban environment 

Model for assessing the 
associated costs and 
benefits for bay areas 

(50) 
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Understanding 

conditions 
Freight Issues Strategies Methods Reference 

   S24. Complete street design for 
improving safety. 

Multi-modal approach (162) 

   S25. Identifying and predicting 
potential parking areas for heavy 
commercial vehicles 

ST-DBSCAN methods and a 
Gaussian mixture model 

(42) 

   S26. Estimate the on-street parking 
demand for urban commercial 
traffic 

Freight trip generation, 
service trip attraction, and e-
commerce deliveries 

(41) 

   S27. Regional freight accessibility 
analysis  

Distance-weighted 
topological analysis with 
multiple relevant indicators  

(273) 

    Centrality and reliability 
measures 

(75) 

   S28. Identifying potential 
corridors/areas for the 
implementation of truck-exclusive 
lanes 

Truck travel time 
performance measures 

(210) 

   S29. Truck signal priority at 
intersections 

Truck travel time 
performance measures 

(210) 

   S30. Layout of highway freight yards Trajectory data extraction, 
classification, and 
visualization for describing 
the operating characteristics 
of trucks 

(274) 

  Safety conditions S31. Shoulders along intermodal 
connectors 

 (213) 

  Efficiency  Multimodality:  (173) 
   S32. Multimodal network 

integration 
Integrated weighting method 
(economic and 
transportation network) 
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conditions 
Freight Issues Strategies Methods Reference 

    S33. Shifting freight from road to 
multimodal 

Toolbox: consulting services, 
multimodal planning 
guidelines, IT visualization, 
and CO2 calculator. 

(131) 

   S34. Electronic provision of traffic 
information 

 (181) 

   S35. Transition to Circular 
Economy and Digitalization 

Mathematical and simulation 
models for selecting 
parameters of intermodal 
transport  

(275) 

2.2.1.2. Suppliers Emissions S36. Electrified cargo bikes Life cycle assessment for 
measuring the impacts 
caused by the production 

(64) 

 
    S37. Assessing the impacts of road 

freight transport on sustainability 
Quantitative indicators to 
classify impact intensity 

(202) 

  Waste S38. Integration of circular 
economic principles with supply 
chain processes 

Roadside interviews of freight 
vehicles and establishment 
surveys of manufacturing and 
trading units 

(276) 

2.2.1.3 Freight facilities Impacts of freight 
location 

S39. Consolidation systems 
management 

Consortium of 
implementation locations 
and expert partners for 
developing plans and long-
term strategies 

(57) 

    Consolidation scheme 
identifying externalities cost  

(60) 

   S40. Multi-story facilities, 
renovation of obsolete facilities, 
and reorganization of existing 
facilities  

Examining the trajectory of 
logistics space development  

(3) 
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conditions 
Freight Issues Strategies Methods Reference 

      S41. Quantify the impact of 
logistical decisions. 

Measure a subset of 
economic and environmental 
factors 

(90) 

  Efficiency S42. Eco-Transfer System Supply-demand 
quantification with a study on 
market conditions and 
infrastructure requirements 

(208) 

    Waste S43. Reusable or low-impact 
packaging 

Compare the energy 
requirements for multiple 
scenarios of packaging 

(160) 

  Disruption S44. Re-planning and re-
consolidation options in response 
to disruptions 

Synchro-modal 
transportation planning 
 

(58) 

2.2.1.4 Carriers Emissions S45. Alternative energy adoption  (57) 
    Mixed fleets (conventional 

and electric) 
(155) 

    Fuel Cell electric vehicles (122, 126) 
      

 
Carbon-neutral biodiesel (116) 

      
 

Bioethanol to substitute 
gasoline. 

(119) 

      
 

Dual compressed natural gas 
(CNG) vehicle 

(149) 

    Hydrogen fueling (126) 
   S46. Implement technologies to 

reduce emissions. 
Stop-Start System for high-
capacity vehicles 

(149) 

    Global navigation satellite 
systems in fleet tracking 

(129) 

      S47. Adoption of cargo bikes Low-carbon city logistics 
measures 

(57)  

    Multi-criteria assessment 
framework  

(139) 



 

 
149

 

 
Understanding 

conditions 
Freight Issues Strategies Methods Reference 

    Efficiency S48. Route optimization with 
information and communication 
technologies 

Route Optimization Theory  (91) 

    Modeling Road Link-Level 
Truck Travel Times Using On- 
and Off-Network 
Characteristics 

(209) 

   S49. Online Navigation Route A demand-network approach 
based on online route 
recommendations 

(277) 

      S50. Auto-match the consignor's 
demand and the carrier's supply 
based on mobile Internet. 

Implementation of freight 
apps in road freight transport 

(148) 

   S51. Hyperconnected Freight 
Transportation in the Physical 
Internet 

Multi-agent network 
architecture 

(94) 

   S52. Off-peak hours delivery 
program 

 (181) 

   S53. A collaborative last-mile 
distribution network with logistics 
hubs 

Optimize the number and 
location of the logistics hub. 

(63) 

   S54. Container port drayage 
operation 

 (97) 

   S55. Spatial synchronization 
between cargo bikes and vans 

Two-echelon city distribution 
scheme 

(65) 

   S56. Drones for Last-Mile Delivery Stated preference survey to 
assess end-user propensity 
toward drones 

(70) 

   S57. Automated driving systems 
with electrification 

Evaluation of different 
transportation scenarios 

(278) 
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Freight Issues Strategies Methods Reference 

   S58. Platooning system efficient decision-making 
systems with computerized 
planning tools 

(98) 

2.2.1.5 Receivers Disruption S59. Collaboration among 
stakeholders 

Quantitative analysis and 
agent simulations of relief 
logistics 

(164) 

   S60. Exploring the geography of 
retail decline 

Identifies attributes that 
make some of the retail 
centers a viable proposition 
for the future 

(279) 

2.3. Governance Planning S61. Identify and assess barriers 
and opportunities  

Place-based action plans (159) 

   S62. Freight-Efficient Land Uses 
Plan 

FELU methodology  (13) 

   S63. City logistics long-term 
planning 

Simulation of shopping 
mobility and goods 
restocking and related 
support systems 

(207) 

   S64. Integrating urban freight 
initiatives (UFIs), or city logistics 
initiatives, into urban planning  

Three economic geography 
theory principles-location, 
agglomeration and 
urbanization 

(109) 

   S65. Crowd-Based City Logistics Transportation system 
integrated into a network to 
optimize the overall city 
performance 

(280) 

  Decision support S66. Mobility in an integrated, 
holistic fashion considering 
equity and sustainability 

Public engagement to 
identify patterns of 
movement 

(158) 

    Integrating transport and 
land use model system  

(81, 178) 

    Multimodal mobility system (138) 
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   S67. Assess the energy and carbon 
footprint of different highways and 
traffic flow scenarios. 

HERA (Highway EneRgy 
Assessment) methodology 

(151) 

   S68. Multi-pole urban structure for 
compact development 

Utility theory to estimate 
individual demand for goods 
and Individual energy 
consumption under different 
scenarios 

(146) 

   S69. Optimal infrastructure 
management  

traffic modeling, policy 
modeling using the Markov 
decision process, and 
management decision 
simulations. 

(186) 

   S70. Sustainable scenarios 
evaluation with stakeholder 
participation 

Scenario design through 
iterative cycles 

(281) 

   S71. Evaluate the traffic safety 
along freight intermodal 
connectors (Freight risk zone) 

a model system for 
estimating goods attracted 
within urban and 
metropolitan areas 

(212) 

   Logistics facilities optimization   
   S72. Optimizing the establishment 

of small-scale logistics facilities 
Multi-Criteria Analysis 
Framework with stakeholders 
participation 

(29, 187) 

   S73. Optimizing the establishment 
of logistics facilities 

The density of logistics 
establishments, tracking the 
changes in such density, and 
evaluating logistics park 
attraction. 

(184) 

   S74. Port-city underground logistics 
system 

 (176) 
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   S75. Special airport economic zone Spatio-economic model for 
Aerotropolis region 
determination 

(106) 

    Identify future needs S76. Modeling future energy, 
economic, and environmental 
systems in an integral approach 

Transport demand in 
aggregate or multi-sectoral 
models 

(150) 

   S77. Road freight electrification Sufficiency-oriented planning 
approach (transportation 
demand and technology) 

(166) 

   S78. Freight demand Management City Logistics Analysis and 
Simulation Support System 
tool with land use scenarios 
and demographic changes 

(101) 

    Implement a modeling 
framework to forecast urban 
goods flows 

(282) 

    Reduce emissions and 
increase efficiency. 

S79. Price-based policies and a cap 
on total emissions 

Target fuel producers and/or 
car manufacturers and 
influence the use of 
alternative fuels and 
technologies. 

(156) 

      S80. Logistics informatization, auto 
emissions standards  

LEAP model for emissions 
quantification and scenarios 
testing 

(154) 

   S81. Vehicle energy efficiency 
programs 

Fleet model for energy 
efficiency measure 

(153) 

   Life cycle assessment (LCA) 
as the environmental 
assessment tool and 
Input Output (IO) analysis as 
the economic assessment 
tool 

(119) 
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S82. Promote vehicle-use 
Compressed Natural Gas/gasoline 
and Liquefied Natural Gas/diesel.  

Natural gas station 
deployment is related to 
local land-use planning, 
energy planning, and safety 
issues.  
Financial incentives 

(121) 

   S83. General awareness 
campaigns of the environmental 
effects of their logistics choices 

Cooperation between 
politicians and automobile 
manufacturers 

(155) 

   S84. Decoupling of emissions 
related to imported goods and 
services 

International cooperation 
and coordinated mitigation 
efforts of trading partners 

(167) 

   S85. Receiver-Led Consolidation 
(RLC) programs 

 (59) 

   S86. Freight Traffic Flow 
Regulations 

Identifying daily traffic 
volumes 

(185) 

   S87. Policies aimed at increasing 
the sustainability of production and 
consumption 

International cooperation to 
target production practices 
for exports worldwide 

(283) 

    Labor conditions  
S88. Cargo-cyclists workers 
regulations 

Studies, experience, and 
consultation with experts 

(165) 

    Performing evaluation S89. Noise Pollution Assessment  Street functionality approach (145) 
   S90. Evaluate the footprints of 

goods movements. 
Global OLS and Multiscale 
Geographically Weighted 
Regression models 

(142) 

   S91. Evaluates the traffic safety 
along freight intermodal 
connectors 

crash characteristics, and 
statistical significance of 
attributing traffic and 
geometric factors 

(213) 

      S92. Testing the evolution of both 
the energy and transport systems 

 (126) 
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   S93. Freight policies evaluation Economic Order Quantity 
(EOQ) model  

(59) 

    Freight accessibility 
framework 

(53) 

    An agent-based urban freight 
simulator 

(203) 

    Multi-criteria analysis (136) 
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