2025/2026 Congestion Mitigation and Air Quality Improvement Prograr
(CMAQ) Application
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SUMMARY OF PROJECT SCOPE: Summary of the Existing Condition, Project Scope, and the
Expected Benefits:

Eisting Condition:

I ne intersection of Chestnut Avenue and North Avenue is a heavily congested intersection in a mostly
industrially zoned, urban area of Fresno County. It is located approximately 1.25 mile to the north of State
Route 99 on Chestnut Avenue and is about 1.25 mile to the east of State Route 99 on North Avenue. Golden
State Boulevard, which runs parallel to the east, is about .75 mile from the intersection on both  th Avenue
and Chestnut Avenue. Golden State Boulevard is a heavily traveled Minor Arterial which is the former US
Interstate 99. The Central Canal runs parallel to the west side of Chestnut Avenue and the Fres  Colony
Canal intersects that canal and parallels the north side of North avenue to the west. The San Joaquin Valley
Railroad has a branch that runs parallel to North Avenue and crosses North Avenue west of Chestnut Avenue
and the Central Canal. The intersection is one half-mile north of the unincorporated community of Malaga, an
underserved area where 92% of residents are Hispanic and 80% live below the poverty line. The location is
within Census Tract 15, considered an Area of Persistent Poverty. The Census Tract for the prc ct location
scored in the 99th percentile on CalEnviroScreen (Attachment K), which means that the pollution in this tract
is higher than 99% of other Census tracts in the state. The left-turn phasing on east-bound and west-bound
North Avenue is not protected and has a large average percentage of trucks and commercial traffic. The left-
turn delay typically allows for only one truck, bus, or 2-3 cars per cycle. The traffic on both SR 99 from and
Golden State Boulevard to the west, as well as the railroad, add to the traffic congestion.

Project Scope:
Add signalized left turn lanes to the east and west bound lanes of North Avenue; add a right turr  ine to the

westbound lane on North Avenue and add a right turn lane to the northbound traffic on Chestnut Avenue;
change the light phasing to accommodate the new left-turn lanes.

Expected Benefits:

The expected benefits of the project are to reduce congestion and carbon emissions by installing rotected
left turn phasing at the intersection. This measure will prevent left-turning vehicles in the existing unprotected
left-turn lane from having to wait for a gap in oncoming traffic, which can lead to congestion and increased
emissions. Carbon emissions and congestion can be reduced by protected left turr  hasing in several ways:

» Reduced idling: Left-turning vehicles in a protected lane do not have to idle while waiting for a gap in
oncoming traffic. This can save a significant amount of fuel and emissions, especially foI 2avy-duty
vehicles. At this intersection, approximately 20% of the traffic is from commercial trucking; that is, one
of every five vehicles is a heavy vehicle.

» Reduced acceleration and deceleration: Left-turning vehicles in a protectec  -turn phase do not have
to accelerate and decelerate as much as vehicles in the through lane. This ecause they do not
have to worry i out oncoming traffic or conflicting pedestrians. Reduced acceleration and deceleration
can also save fuel and reduce emissions.

» Reduced traffic congestion: Protected left turn lanes can help to reduce traffic congestion at
intersections. Vehicles queuing in the left-turn lanes exceed the storage capacity of the lane, thereby
accumulating into adjacent through-lanes, which can lead to increased emissions by obstructing
through-traffic and causing delays. This also increases the possibility of rear-end crashes and
congestion of the intersection. The improvements allow left-turning vehicles traveling ea: osound or
west-bound on Central Avenue to proceed more safely and efficiently because the left-turn movements
would allow traffic to proceed through the intersection without the hazards of oncoming traffic or
conflicting pedestrians, which will result in reduced emissions.




PROJECT PURPOSE: Describe the main purpose of the project:

The purpose of the project is to decrease traffic congestion and carbon emissions that result from on-
road, highway sources by reducing idling time at the intersection. The protected left turn signals will
also provide increased safety at the intersection.

FTIP PROJECT DESCRIPTION: (Max 156 characters) [(Location :) + (Limits) + (;) + (Improvement)]

Chestnut Ave and North Avenue Intersection Improvements — Install left turn signals on North
Avenue; add left turn lanes on east and west legs of North Avenue; replace ADA curbs ramps on all
four corners. :

PROJECT LOCATION: (Include Route # or Name, Post Mile Limits/Length of Project and Project
Limits)

Intersection of Cnhestnut Ave & Nortnh Avenue near the unincorporated community of Malaga in
central Fresno County.

In addition to the Location Description provided, please attach a location map to the application as
specified in “Attachment G” below. The location map needs to show the project boundaries in relation
to the Implementing Agency's boundaries.

Functional Classification: Examples of local function include arterial, expressway, major collectors,
etc., as designated within local circulation  in. Provide both local classification and federal
classification if different. The federal classification takes precedence. CMAQ funds may be used on
local roadways.

Chestnut Ave: Minor Arterial (north), Other Principal Arterial (south); North Ave: Minor Arterial

(See Attachment M)







Private ROW and/or utility relocations required. Project will likely require ROW in fee
ownership, permanent easements, and/or temporary construction easements from private owners
and/ or will require utility relocations from utility companies outside that implementing agency's
governmental control.

The federal ROW process involving private property acquisitions and/or private utility relocations
can often take 18 to 24 months after environmental document approval. The project schedule in
the application for ROW needs fo reflect the necessary time to complete the federal ROW process.

[J Psrhlic ROW required. Project will likely require ROW, Easements, encroachment, and/or
approval involving Governmental, Environmental, or Railroad owner's property.

What is the total number of months included in the project schedule to account for all ROW and/or

utility impacts selected above? | 24

Anticipated ROW Certification Date. Expected date project will receive ROW
certification or RFA for certification will be submitted.

| 2030

Is this project listed on the Financial Constrained List of the 2022 RTP?
Project is on the constrained project list in the 2022 RTP. RTP Project ID: FRE504060

O Project is NOT on the constrained project list in the 2022 RTP.

If not, does the project meet the goal and objectives of the RTP pc cies? YES O NO O

Optional: Please explain why the project is not on the RTP. The CMAQ Scoring Committee may take
extenuating circumstances into consideration. Project would still be reduced by 5 points at minimum.

N/A

Please provide any other pertinent subjective information that you would like evaluators to
consider when scoring your project: '

A study published May 16, 2023, conducted by an international team of scientists, found that
protected left turn lanes reduced carbon emissions by up to 30% at intersections with mixed traffic
and high left-turn volumes. A printout of this study, published in the online peer-reviewed journal
Heliyon, is included as Attachment L.

While safety is not a main focus of the CMAQ program, it is a strong motivator to acquire funding to
make the intersection improvements. The intersection has experienced 34 collisions between
January 2020 and December 2024 (Attachment I). There were a total of 12 severe injury collisions
during this period. This intersection also experienced 8 sideswipe collisions during the 5-year
period with 14 broadside and 3 head-on crashes. Adding the left turn signals will







O Project is requesting funds for construction only in the first year (2026/27) of the FTIP and
PE/ROW documentation is attached.

LI Project is requesting funds for construction only in the second year (2027/28) of the FTIP
and PE/ROW documentation is attached.
X Project does not qualify / applicant is opting out

Is the project going to follow an expedited delivery schedule? YESO NOX

Please check “yes” if your project qualifies for the construction ready and/or expedited project delivery
scoring criteria and you agree to the project 4~":~~' guid=lines.

Is the project leveraging additional local funds? Points will be awarded to projects that leverage
additional local funds (Measure C, TDA) in addition to the required local match.
[1 Project includes a 20% local match

X Project includes a 30% local match
[l Project is not leveraging additional local funds






Is this project scalable? YESO NOKX

If yes, specify the minimum funds required: | $

Please provide an explanation of scalability with specific reference to budget line items on the
Financial Plan (Attachment B).

Example: If a project is asking for funding to pave 10 alleyways, and applicant is willing to take funding for
#X (less <10) alleyways, or a partial scope of any project, this project would be considered scalable.

Would your agency accept par 1l funding for this project? YESX NoO
If yes, please explain your contingency plan to fully fund and implement the project.

If full funding cannot be awarded, the County will accept partial funding for PE and/or ROW phases
and apply to future cycles for construction funding.
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Application Checklist and Signature Page (Required for all applications)
Attachment A

Financial Plan (Required for all applications)
Attachment B

AB 1012 Resolution (Required for all applications)
Attachment C

Project Estimate (Required for all applications)
Attachment D

Cost-Effectiveness and Emissions Reductions Calculations (Required for all applica ns)
Attachment E

RTP Documentation (Required for all applications)
Attachment F

Project ocation Map (Required for all applications)
Attachment G

Preliminary Engineering and Design, Environmental, and Right-of-Way Documentation or
Certification (If needed)
Attachment H

Collision R¢ ort
Attachment |

Photos of Existing Cond ons (“‘ngly recommended for all applications)
Attachment J

Additional Attachments

Additional attachments may be included. They should be organized in a way that allows a lication
reviews easy identification and review of the information. All additional attachments must be scanned
into one document. Please list the additional attachmer :

ATTACHMENT K- CALENVIROSCREEN
ATTACHMENT L - RESEARCH ARTICLE
ATTACHMENT M - CRS_10N53
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Name of Project:

| Chestnut Ave & North Ave Intersection Improvements

Submitted by:

| Mohammad Alimi, Design Engineer

Agency/Organization:

|_(‘-mmfy of Fresno, Department pf Public Works and Planning

Check All That Apply:

X
X

KX OOKXKKX K

X X X

Project meets CMAQ eligibility under federal guidelines.

Sponsor will comply with California Environmental Quality Act, the National
Environmental Policy Act, the Americans with Disabilities Act, AB1012 (Timely Use of
Funds), Buy America, and/or any other applicable regulations.

Project can be obligated within the identified timelines.

Project scope will remain the same as detailed in application.

Emissions calculations are attached and show positive reduction in air pollution.

If needed, a warrant study is attached.

If needed, PE&D, Environmental, and ROW documentation are attached.

AB 1012 Resolution is attached.

10 hard copies of application for regional bid are attached, and an electronic copy has
been provided via email or USB flash drive.

An engineer's estimate/quote of probable costs for project is attached.

All required attachments are included.

| understand that incomplete or ite submittals will be considered for scoring at the
committee’s discretion, as time allows, after scoring other projects.

| certify that the information contained in the application packet is accurate to the best of my
knowledge and that | am authorized to submit the following project proposal for scoring and
possible programming. The agency will provide the required non-federal matching funds, and
deliver the project as proposed within the scope and schedule specified in the application
should the project be awarded funding. Signature of full-time agency staff authorized to enter
into a contract for federal funding if selected.

Signed:

Printed Name: Mohammad Alimi, Desigh Engineer

Date:

03/21/2025
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23-1184 ATTACHMENT C Resolution No. 23-370

BEFORE THE BOARD OF SUPERVISORS
OF THE COUNTY OF FRESNO
STATE OF CALIFORNIA

A RESOLUTION OF THE BOARD OF SUPERVISORS )
OF FRESNO COUNTY REGARDING PROJECT )
DELIVERY SCHEDULES FOR FEDERAL ) RESOLUTION
TRANSPORTATION PROJECT SELECTION UNDER )
ASSEMBLY BILL 1012 )

WHEREAS, AB 1012 was enacted into State law, in part to provide for the “timely use” of State
and Federal funding; and

WHEREAS, the County of Fresno (County) is able to apply for and receive Federal and State
funding under the Congestion Mitigation and Air Quality (CMAQ) Program, the Carbon Reduction
Program (CRP), and the Surface Transportation Block Grant (STBG) Program; and

WHEREAS, the County desires to ensure that its projects are delivered in a timely manner to
preclude the Fresno Region from losing those funds for non-delivery; and

WHEREAS, it is understood by the County that failure for not meeting project delivery dates for
any phase of a project may jeopardize Federal or State funding to the Region; and

WHEREAS, the County must demonstrate dedicated and available matching funds.

NOW THEREFORE BE IT RESOLVED that the Fresno County Board of Supervisors (Board)
1ereby agrees to ensure that all project delivery deadlines for all project phases will be met or exceeded.

BE IT FURTHER RESOLVED, that failure to meet project delivery deadlines may be deemed as
sufficient cause for the Fresno Council of Governments PolicyA Board to terminate an agency’s project
and reprogram Federal/State funds as deemed necessary.

BE IT FURTHER RESOLVED, that the Board hereby directs its management and engineering
staffs to ensure all projects are carried out in a timely manner as per the requirements of AB 1012 in
accordance herewith.

m
/]







PROJECT:

ATTACHMENT D

COUNTY OF FRESNO

PRELIMINARY ENGINEER'S ESTIMATE
FRESNO, CA
March 20, 2025

CHESTNUT AVE & NORTH AVE INTERSECTION IMPROVEMENTS

DEPARTMENT OF PUBLIC WORKS AND PLANNING

Item No. Item Description If\stima.ted Unit Unit Price Amount
=antity

1 nwuvilization 1 LS $ 140,000 $140,000
2 >onstruction Funding Sign 2| EA |3 2,000 $4,000
3 {raffic Control 11 LS |3 172,500 $172,500
4 Job Site Management | LS |$ 5,000.00 $5,000
5 Prepare & Imnlement SWPPP 1 LS |$ 5,000 %5,000

6 [Duss v 1] LS |8 23,000 22,000 |
7 Clearing and Grubbing 1| LS |§ 60,000 $60,000
8 Jetectable Warning Devices 48| SF | 35.00 $1,680
9 Roadway Excavation 500 CY |9 70.00 $35,000
10 Finishing Roadway 1| LS |$ 15,000 $15,000
11 Uiaas |l Aggregate Base 500 CY |$ 100 $50,000
12 Hot Mix Asphalt g79 | TON | ¢ 115 $112,556
13 Cold Plane Asphalt 550 SY |$ 3.50 $1,925
14 Tack Coat 1| TON | $ 1,500 $1,500
15 Minor Concrete Curb Ramps and Returns 4| EA |5 8,000 $32,000
168 Adjust Water Valve Box Covers to Finished Grade 1| EA |$ 1,000 $1,000
. Adjust Electrical Vaults to Finished Grade 11 LS |$ 5,000 $5,000
18 Adjust Manholes to Finished Grade 1| EA |3 1,500 $1,500
20 Signage, <trining, Pavement Markings 1| LS [$ 40,000 $40,000
21 Signal anu Lighting System 1| LS |$ 600,000.00 $600,000
31 Miscellaneous Facilities and Operations 1] LS |[$ 12,000.00 $12,000
22 Culvert Extension 1] LS |[§ 300,000.00 $3nn nnn
23 Railroad Crossing iprovements 11 LS |$ 1,000,000.00 $1,0uu,000
Street Improvements Subtotal $2,618,661

Contingency (15%) $392,799

Construction ltems Subtotal i $3,01ﬁ,460

Construction Engineering (15%) $392,799

CON SUBTOTAL $3,404,260

Preliminary Engineering (20%) $523,732

RIGHT OF WAY ACQUISTION $363,000

PE & ROW SUBTOTAL

$886,732



Fresno County

ATTACHMENT E

CMAQ Emission Calculations

Project Description
Chestnut Ave & North Ave Intersection Improvements

Inputs to Calculate Cost-Effectiveness:
Total Project Cost
CMAQ Dollars
Effectiveness Period (Life):
Days of Uselyear (D):
Roadway Length (L):
Congested Traffic Volume
Before Speed

After Speed

4,290,883
2,917,874
30 yrs
365 days
1 mile(s)
7600 trips per day
8 mph

20 mph See Page 26 of 2005 ARB Methodology.

Emissions Factors (From Table 4, for a 5 year Service Life):

Before Speed Factor (grams/mile)

8 mph
ROG Factor 0.67
NOx Factor 1.3
PM10 Factor 0.08
PM2.5 Factor 0.012

Calculations:

Annual Project VMT

After Speed Factor (grams/mile)
20 mph
0.3
0.95
0.040
0.007

(D) x (L) x (Congested Traffic)
2,774,000

miles/year

Annual Emission Reductions (ROG, Nox and PM10) in pounds/year)
0.5 x [(VMT) x (Before Speed Factor - After Speed Factor)}/454

ROG = 1130
NOx = 1069
PM10 = 122
PM2.5 = 15

Annual Emission Reductions

ROG + NOx + PM10 + PM2.5
2337.1

(lbs/yr)

Once emissions reductions have been calculated, add them together and convert pounds of emissions

reductions per year to kg/day:

Annual Emission Reductions (Ibs/yr)

2.2 Ibs/kg x 365 days/yr

ROG =
Thus, [0)4
Calculated Emissions Reductions = | 2.910 |ka/day M10
‘M2.5 =

Capital Recovery Factor (CRF)
(i) xi

Kg/Day
1.408
1.332
0.1582
0.019

= m where j = Discount Rate (3%) and n = Project Life (20 years)

So, the capital recovery factor = 0.07

Cost-Effectiveness of CMAQ Dollars

= (CRF x CMAQ Funding) / (ROG + NOx + PM10)

= 87.97

Thus,
Calculated Cost - Effectiveness = r

$87.97 I(dollarsllb.)
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ATTACHMENT K

Census Tract: 6019001500 (Population: 2,407)

The results for each indicator range from 0-100 and represent the percentile ranking of census tract
AN1ANNA ENN ralativia A Athar Anncilie trante

CalEnvirodcreen 4.0 Percentile 99
Pollution Burden Percentile 100

Ponulation Characteristice Percentile 79

Ozone 85
Particulate Matter 2.5 96
Diesel Particulate Matter 65
Toxic Releases 95
Traffic 25
Pesticides 95
Drinking Water 100
Lead from Housing 82
Cleanup dSites 9%
Groundwater Threats 94
Hazardous Waste 99
Impaired Waters 0
Qnlid Wacte 100
Asthma 93
Low Birth Weight 34
Cardiovascular Disease 71
Education 95
Linguistic Isolation 70
Poverty 94
Unemployment 88

Housing Burden 14
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ARTICLE INFO

ABSTRACT

Keywords:

Traffic emission

Instantaneous emission model
Left-turn lane

Traffic efficiency and simulation

Reducing emissions from the transport sector is one of the crucial countermeasures for climate
action. This study focuses on the optimization and emission analysis regarding the imnacts of left-
turn lanes on the emissions of mixed traffic flow (CO, HC, and NO,) with both heavy  ty vehicles
(HDV) and light-duty vehicles (LDV) at urban intersections, combining high-resolution field
emission data and simulation tools. Based on high-precision field emission data collected by
Portable OBEAS-3000, this study first develops instantaneous emission models for HDV and LDV
under various operating conditions. Then, a tailored model is formulated to determine the
optimal left-lane length for mixed traffic. Afterward, we empirically validate the model and

A AA A AAL Veea LAV AAUS AST AR LAAUNAGEA AAAr T LALMAMALLL AMA AALS] LG SAIAAVE LALSLAAL ¥ ALAMLG L) LrAALAAL LML

the most to CO, HC, and NOy emissions at the intersection. The optimality of the proposed method
is validated through an enumeration process. Overall, the method provides useful guidance and
design methods for traffic designers to alleviate traffic congestion and emissions at urban in-
tersections by strengthening left-turn lanes and improving traffic efficiency.

1. Introduction

The transport sector takes up around a quarter of greenhous= o2« (GHG) emissions globally and plays a crucial role in realizing the
ultimate goal of net-zero emiecinng in the era of climate change . Meanwhile, transport-related air pollution contributes to a large

part of global air pollution
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Environmental Protection Agency and the World Health Organization (WHO) to guide and facilitate air quality improvements, more
than 90% of the world's population lives in areas where pollutant levels are higher than WHO air quality standards . Excessive
emissions in terms of GHG emissions and pollutants in the transport sector have heen resulting in profound negative impacts on air
quality, climate, and public health that influence almost every piece of daily life . Especially, traffic congestion due to large ftraffic
volume reduces driving speed and thus leads to significantly higher energy consumption and emissions during operations
Therefore, it is crucial to reduce emissions in the transport sector by improving infrastructure, vehicles, and the operation ot the
systems from different aspects. Urban transport managers and policymakers worldwide are pressing to reduce transport emissions to
fulfill the national target of reducing emissions.

One of the focuses of reducing transport emissions in urban areas is to reduce traffic congestion in typical bottlenecks (e.g.,
intersection and freeway merging areas) and corresponding traffic emissions, taking advantage of effective infrastructure and traffic
management. In traffic coneestion situations, internal combustion engine (ICE) vehicles emit 5-10 times more pollutants than in
normal driving conditions One essential component for establishing effective infrastructure and traffic management to reduce
traffic emissions is the use or venicle emission models. These models quantify the emission patterns of vehicles under different driving
conditions, providing important insights for reducing emissions and improving air quality. (e.g., speed and acceleration). Vehicle
emission models are essential for evaluating and optimizing the actual performances of traffic management. The necessitv nf vehicle
emission models has motivated researchers to develop various modeling approaches based on different data sources used a
portable emission test system to test and examine the on-road fuel consumption and carbon dioxide (CO2) emissions of 60 light
passenger vehicles. Their results indicated that the on-road fuel consumption and emissions under the average driving patterns were 10
+ 2% higher than type-approval values and were highly influenced by speede, Their results highlighted the necessity of measuring
emissions in the type approval test based on real-world driving features studied traffic emissions in the work zone using the
Comprehensive Modal Emissions Model (CMEM) to generate second-by-secunu emissions. They reported that fuel consumption rates
and emission rates of hydrocarbons (HC), carbon monoxide (CO), nitrogen oxide (NO,), and CO3 were highly related to traffic con-
ditions. Meanwhile, the emission patterns of light-duty and heavy-duty vehicles in different traffic conditions presented different
principles. Meanwhile developed a method for assessing the representativeness of fuel-specific vehicle-based emission factors.
The method was validatea pased on actual emission data for 23 selected light gasoline vehicles. Results indicated that route average
emission factors varied by approximately 20% for NOy or CO, and site-specific emission factors varied by 20% for NO, and 30% for CO
between sites, respectively. However, fuel-based HC emission rates varied little with engine load, between routes, or between sites.
This showed that estimating vehicle operational emissions was a complex process, especially in traffic flow with much complexity and
randomness . confirmed the importance of accurate emission modeling for different vehicle types (e.g., hybrid electric vehicles) in
the Vehicle Specific Power model and improved the emission models tailored for hybrid electric vehicles. They also made significant
improvements to the emissions detection tool in terms of temporal resolution, simultaneous data recording capability and data
accuracy.

One of the most critical infrastructure and traffic management for reducing traffic emissions is optimizine the design of in-
tersections which are the most critical bottlenecks of urban transportation systems. To name a few investigated the
design of muitpie target signal cycle lengths to minimize vehicle delays and traffic emissions. The simulation sortware INTEGRATION
was used to simulate traffic demand distribution, traffic demand l=v=ls, signal timing loss times, and signal cycle lengths and to es-
timate intersection delays and emissions (CO2, HC, CO, and NOy) . pointed out that emissions of road pollutants were related to
many infrastructure parameters as well as to the intensity and type ot traffic. They investigated the performances and the pollutant
emissinns of turbo roundabouts (CO, CO2, CHy, NOy, PM2.5, and PM10), assessed by COPERT software (European emission calculation
tool) . studied road geometries that continuously guide drivers from the entrance to the exit while eliminating weaving and queue
jumping, and investigated the impact of conventional single-lane and two-lane roundabouts on traffic emissions, traffic capacity, and
safety. Their results showed that the implementation of turbo-roundabouts has no benefit in terms of reducing emissions.

In urban intersections, the lane functions are generally set to left-turn (or turnaround), through, and right-turn. The left-turn lane
generates the most conflict noints among vehicles from different directions and thus has the most significant impact on traffic effi-
ciency and emissions . When the left-turn traffic volume reaches a certain threshold, a dedicated left-turn lane is required to
reduce the impact of lett-turn vehicles in the opposite road lanes to improve traffic efficiency at the intersections Therefore,
rationalizing the 4e<ign of left-turn lanes is one of the most effective measures to improve traffic efficiency and reduce trattic emissions
at intersections In the relevant studies of optimizing left-tr lanes, the main design objectives are generally to reduce conflict
points and improve capacity and efficiency. For instance Ref. developed a method to determine the length of left-turn lanes at
signalized intersections that can prevent spillover. The study considered intersection capacity, arrival rates, different signal schemes,
and sequences of left-turn and through traffic to obtain the probabilities of lane blockage and lane overflow to calculate the recom-
mended length of left-turn lanes. Yao and Zhang (2013) proposed three models to optimally allocate lane space and green divisions for
isolated signalized intersections with short left-turn lanes. Two performance metrics were proposed to compare the performance of the
three models and to investigate their sensitivity to the model parameters. Afterward, Bing et al. (2014) investigated the impact of lane
configurations on traffic emissions based on the traffic simulation tools VISSIM and VSP emission models. Traffic emissions under
different lane configurations were analyzed in different scenarios in terms of five indicators, including average delay per vehicle, the
average number of stops per vehicle, and total emissions of CO, HC, and NO,. Results showed that the presence of dedicated left-t1rn
lanes (with or without widening) had a significant impact on the traffic flow and emission characteristics of the intersection
focused on improving the operation of urban intersections, which are often congested and a key bottleneck of the road network. The
study proposes a model that integrates an improved optimal velocity model and a multi-intersection signal state function to analyze
traffic flow, including vehicles turning left accurately. The model also considers pollutant emissions and has been tested through
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simulation analysis to show its effectiveness in describing actual traffic flow proposed an optimization model for minimizing
delay in traffic for left-turns at signalized intersections using exit-lanes for a left-turn (EFL) traffic organization. The model considered
the relationship between the pre-signal start node of the EFL and the queuing dissipation time of left-turn vehicles. The validation of
the model showed that a well-designed pre-signal control scheme can improve capacity and reduce emissions while minimizing
average vehicle delays compared to conventional left-turn lanes.

There is extensive literature on the effects of left-turn lanes on traffic flow characteristics (e.g., travel time and speed)
However, there is much less research about the impact of dedicated left-turn lane settings on different exhaust emissions. In particular,
most existing studies ignored the complexity of mixed traffic flow with different vehicle types and mainly focused on single traffic flow
with merely light-duty passenger vehicles. Few studies have investigated the left-turn lane optimization specific for mixed ffic flows,
even though heavy-duty vehirlac fHDVs) and light-duty vehicles (LDVs) have significantly distinct emission patterns, vehicular sizes,
and kinetic characteristics Therefore, the left-turn lanes at the intersections for mixed traffic are anticipated to have different
design principles and should be tailored based on new methods for mixed traffic rather than existing methods for LDVs.

To address the gap, this study focuses on the optimization and emission analysis regarding the impacts of left-turn lanes on the
emissions (CO, HC, and NOy) of mixed traffic flow with HDVs and LDVs, combining high-resolution field emission data and simulation
tools. We utilize portable OBEAS-3000 to collect high-precision emission data for LDVs and HDVs in various traffic scenarios. Based on
the field data, we first develop separate instantaneous emission models for HDVs and LDVs under various operating conditions. Then,
we formulate a tailored optimization model to determine the optimal left-lane length considering the penetration rate of HDV and
traffic volumes from different directions at the intersection. Finally, we empirically validate the proposed model and ana  :the effect
of the length of the left-turn lane (before and after optimization) on the emissions of mixed traffic flows based on the established
emission model and microscopic traffic simulations using VISSIM.

The remaining sections of the paper are structured as follows. Sectior  srovides a description of the emission data collection
process and emission modeling. In Sectior  we elaborate on the model to determine the length of the left-turn lane for mixed traffic
flow. Sectior  lescribes the simulation method and empirical case study, followed by concluding remarks in Sectio:

2. Emission data collection and emission model establishment

This study uses the portable emission monitoring device OBEAS-3000 to collect vehicle emission data regarding CO, HC. and NOy in
real traffic scenarios, considering the complexity of road conditions and the contingent nature of vehicle operating co  ions. The
instantaneous emission rate of CO, HC, and NO, operating in different traffic conditions for LDV and HDV are collected to establish
vehicle-type specific emission models.

2.1. Emission data collection equipment
The OBEAS-3000 portable emission monitor i: was used to continuously collect the instantaneous emission of CO, HC, NOy,

and corresponding vehicle operating dynamics, inciuaing positions (coordinates), speed, and accelerations. The data acquisition
frequency is 10 Hz, namely, ten times ‘= » =2cond. The data reflect the quantitative relationship between instantaneous emissions and

vehicle dynamics in a high resolution The experimental vehicles include both LDVs and HDVs. LDVs refer to M1 M2, and N1
vehicles with a total mass not exceeding 3.5 tonnes, while HDVs refer to vehicles with a total mass exceeding 8 tonnes The LDVs
in this study were the Volkswagen Lavida and Harvard SUV, which were typical and popular household passenger cz “hina. For

HDVs, we used the vehicle of FAW Liberty. The petrol emission standards for the experimental vehicles were Chinese National IV, with
engine displacements of 1.6 L (Volkswagen Lavi4~Y 2 0 1, (Harvard SUV), and 6.6 L for the HDV. The detailed parameters of the
experimental LDVs and HDV are summarized i1 The vehicles were driven in the urban contexts of Shanghai, China in the
daytime to collect the emission data under real traffic conditions. After experiments, a total of 170972, 66804 and 52251 valid records
were finally collected for Volkswagen Lavida, Harvard SUV, and the heavy-duty vehicle, respectively.

Fig. 1. OBEAS-3000 portable emission monitor.
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Table 1
Technical details of the experimental vehicles.
Model/Parameters Light vehicles Heavy vehicles
Brands Volkswagen Lavida Harvard SUV FAW Liberty
Mass ( kg ) 1285 1725 15790
Engine Displacement ( L) 1.6 2.0 6.6
Fuel type Petrol Petrol Diesel
Emission standards State IV Standard State IV Standard State IV Standard
Year of manufacture 2010 2014 2012

2.2. Instantaneous vehicle emission models for light- and heavy-duty vehicles

The VSP calculation model can effectively describe the instantaneous emission characteristics of vehicles, and it has a higher time
and driving state resolution than other macroscopic emission models, which can effectively express the time-varying characteristics of
traffic emissions. Vehicle emission patterns depend highly on vehicle dynamics during operations, which is a complex process. In this
study, we adopt the well-known Vehicle Specific Power (VSP) model to establish the relationship between ve :le dynamics and
instantaneous emissions of different exhausts. Utilizing field data we have collected in Shanghai of China, we develop instantaneous
emission models for both LDVs and HDVs in terms of CO, HC and NOy for quantifying vehicle emissions. VSP is the instantaneous

power per unit mass of a vehicle (kW/t), and the transient emissions of a vehicle are closely related to the VSP values It should be
noted that the VSP models for vehicles in different countries may be different due ta different vehicle emission standards. Herein, we
use the field emission data in Shanghai for empirical analysis. The formula of VSP can be seen in Ec
1 Cp .,
VSP:vx(a+gxgrade+g‘CR)+§'P,,"n‘1‘-A-V' 1)

where v is the instantaneous speed, m/s. a is the instantaneous acceleration, m/s2 g is the acceleration of gravity and is set to be 9.81
m/s% grade is the road gradient, %. C is the rolling resistance coefficient. Pq is the 2ir ambjent density. Cp is the air resistance co-
efficient. A; is the area of the vehicle cross-section, m2 m is the total vehicle mass, kg srovided model parameters of VSP model
for LDVs based on empirical data, and the VSP value of LDVs can be expressed by Ec

VSP=v x (1.1a+g x grade +0.132) + 0.000302* (2)

In this study, the effect of the slope is nnt ennsidered because the experimental areas (i.e., Shanghai, China) are plain without much
variation in altitude, so grade is set to t The VSP formula for HDVs is not the same as that for LDVs due to the considerable
distinctions in vehicular characteristics ferring to Ref. this study uses the following VSP calculation formula for HDVs
considering vehicle weight, front-end cross-section, and other parameters regarding HDVSs.

VSP=v x (a+ g x grade +0.09199) + 0.000169v* 3)

Based on second-by-second speed and acceleration data, the corresponding VSP is calculated and then grouped into discrete bins,
which will link to the emissions of different exhausts. Please note that even though the device can record emission and vehicle dynamic
data in a high resolution (0.1s), we aggerated the data into 1s on account of variation and monitoring accuracy to obtain more reliable
results. In terms of determining the number of VSP bins, two basic rules of thumb are generally adopted: (1) the emission rates in
different VSP bins should be statistica1v different; and (2) the resolution of bins should be high enough to avoid minor VSP bins that
dominate the estimate of emissions To make full use of fine-grained vehicle operating and emission data, we divide the VSP
values by a step of 1 kW/t to generate the BIN partition, which can well satisfy the aforenoted two rules.

(— 00, —30]
VVSP € VSPuy, =< [n—L,n),n=(—-29,29,n e Z 4
(30, +00)

in our field data, we have collected the instantaneous vehicle dynamics, including speed and acceleratinns. and corresponding
instantaneous emissions of exhausts (CO, HC and NOy) detected by the OBEAS-3000 system. Using Eq the VSP at a certain
time slot can be calculated based on speed and acceleration. To establish the relationship between VSP values and instantaneous
exhaust emissions, we group the instantaneous emission rates (CO, HC and NOy) by the VSP interval (every 1 kW/t) and then calculate
the instantaneous emission rates in the same VSP interval to obtain representative emission rates within each VSP interval. Especially,
the processes are separately conducted for LDVs and HDVs. The final results for the instantaneous emissions within different VSP
intervals for LDVs and HDVs are summarized i1 These results construct a relationship between the vehicle operating con-
ditions (speed and acceleration), VSP values, and the corresponding emission rates for the different exhausts, which can be utilized for
the following analysis. Particularly, there are remarkable differences in the emission rates of different exhausts in the same VSP in-
terval, which corroborates the necessity to develop separate emission models for HDVs and LDVs.
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Table 2

Instantaneous emission data for VSP at 1 kW/t partition for LDV and HDV.
VSP LDV HDV

Instantaneous emissions (mg/s) Instantaneous emissions (mg/s)
Co HC NO, Cco HC NOy

(-0 ,-30) 4.27 0.77 0.15 111.84 13.71 18.59
[-30,-29) 4.28 0.42 0.08 68.45 10.99 14.89
[-29,-28) 4.62 0.59 0.15 92.02 11.37 12.18
[-28,-27) 2.92 0.74 0.23 87.14 11.88 14.90
[-27 ,-26) 2.16 0.34 0.03 101.90 13.81 17.80
[-26 ,-25) 7.95 0.57 0.24 116.41 15.56 21.67
[-25 , -24) 5.72 0.60 0.27 103.48 9.40 14.62
[-24 ,-23) 4.80 0.57 0.20 151.47 14.57 11.74
[-23,-22) 2.30 0.47 0.03 150.56 14.54 22.91
[-22,-21) 3.06 0.50 0.45 96.43 12,78 18.73
[-21,-20) 5.05 0.72 0.26 94.08 10.62 8.31
[-20,-19) 4.49 0.51 0.10 131.80 12.39 26.63
[-19,-18) 5.50 0.57 0.19 70.33 9.79 14.96
[-18,-17) 3.06 0.62 0.16 82.79 11.78 10.88
[-17 ,-16) 3.78 0.55 0.15 65.97 8.61 10.20
[-16 , -15) 4.25 0.62 0.36 108.66 13.05 15.14
[-15, -14) 5.59 0.51 0.18 83.90 13.32 22.83
[-14,-13) 5.21 0.65 0.07 71.29 9.00 10.73
[13,-12) 5.19 0.72 0.13 97.78 10.85 16.90
[-12,-11) 5.54 0.54 0.07 72.69 11.87 14.59
[-11,-10) 4.45 0.88 0.17 78.75 9.81 17.12
[-10,9) 5.67 0.59 0.20 68.22 10.15 14.64
[-9,-8) 5.45 0.57 0.18 72.19 10.51 12.09
[-8,-7) 4.56 0.85 0.14 86.53 10.18 15.16
[-7,-6) 5.14 0.46 0.16 63.44 11.11 15.15
[-6,-5) 4,23 0.53 0.05 65.69 11.54 13.29
[-5,-4) 6.22 0.95 0.24 63.83 9.04 12.25
[-4,-3) 3.74 0.49 0.10 70.91 9.54 12,91
[-3,-2) 3.94 0.69 0.06 64.36 8.84 10.11
[-2,-1) 3.13 0.53 0.12 75.58 11.72 17.61
[(1,0) 331 0.59 0.08 100.49 11.19 14.50
[0,1) 2.24 0.42 0.02 46.95 7.29 7.44
f1,2) 3.56 0.65 0.07 66.88 9.38 11.09
[2,3) 4.09 0.60 0.16 60.13 9.35 13.09
[3.4) 4.67 0.71 0.09 69.81 10.73 14.52
[4,5) 7.24 0.80 0.22 103.63 9.79 15.63
[5.6) 3.90 0.56 0.14 73.96 11.21 16.24
[6.7) 6.92 0.81 0.21 87.71 9.40 11.86
[7.8) 7.82 0.84 0.10 97.53 10.64 13.26
[8.9) 5.62 0.69 0.22 91.18 10.45 14.83
[9.10) 8.96 0.82 0.41 73.50 10.37 16.70
[10,11) 7.27 0.67 0.16 84.97 10.50 13.36
[11,12) 7.68 0.75 0.30 100.07 11.69 15.73
[12,13) 6.60 0.77 0.18 81.80 11.77 16.48
[13,14) 9.29 0.85 0.38 92.66 11.56 14.74
[14,15) 8.99 0.89 0.23 103.44 11.97 18.88
[15,16) 7.95 0.72 0.14 100.01 12.36 17.27
[16,17) 8.22 0.95 0.18 82.90 12.08 16.32
[17,18) 6.14 1.19 0.26 107.68 14.08 20.35
[18,19) 6.66 0.86 0.23 159.31 1413 12.92
[19,20) 7.74 0.80 0.32 93.99 11.32 20.34
[20,21) 11.87 0.94 0.32 94.69 11.43 14.51
[21,22) 7.01 0.79 0.22 102.21 11.87 21.39
[22, 23) 8.85 0.86 0.28 86.06 12.50 19.13
[23, 24) 8.89 1.05 0.26 76.94 11.99 16.88
[24,25) 12.19 0.93 0.23 72.89 11.73 16.74
[25,26) 5.82 1.00 0.26 96.07 12.32 19.84
[26 ,27) 6.91 0.81 0.20 90.50 10.95 17.97
[27 ,28) 11.08 1.01 0.33 111.83 13.61 18.04
[28 ,29) 5.73 1.82 0.55 102.11 12.49 16.47
[29, 30) 16.03 0.97 0.32 117.23 11.97 22.59
[30, +oo ) 6.77 1.51 0.27 110.06 13.62 23.34
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through vehicles, so the length of the left-turn storage section is, therefore, crucial to the operational efficiency of the intersection. Qur
design aim is to determine the optimal storage length of the left-turn lane for mixed traffic with different penetration rates of HDVs for
reducing conflict points, traffic delays, and thus traffic emissions at the intersection. Due to the large difference in the length of HDVs
and LDVs, the left-turn lane storage length for mixed traffic flow must consider not only the number of vehicles in the traffic flow but

also the proportion of HDVs in the traffic flow. It is worth noting that it is implausible to directly formulate an optim hich
left-turn lane length is the decision variable and the overall traffic emission at the intersection is the objective function The
reason is that the quantitative relationships between left-turn lane length and traffic emission cannot be mathem: eled

directly or indirectly. However, leveraging the validated relations between traffic delays and emissions, it is plausible to formulate an
optimization model minimizino traffic delave and minimizing traffic emissions indirectly. This strategy has been adopted and validated
by several relevant studies and is utilized herein.

Assuming that the traffic flow on the road section consists of n different types of vehicles and the length of the vehicle type i is L;
withL; <Ly < -+ < L;j < -+- < L,. The proportion of vehicle type i is P; and P + Py + - -+ + P; + - -- + P, = 1. Because the combination
of two adjacent vehicles in the traffic flow is random, the probability of the combination that the preceding vehicle is the type i and the
following vehicle is the type j, is P;P;. Then, it is easy to verify, as shown in Eq

S Y b= +prt 0 =1 )
=1 =l

Assume t; is the time headway between vehicle type i and vehicle type j when the traffic volume reaches the capacities of a lane. We
can estimate the average time headway in the mixed traffic of various vehicle types, as shown in Eq

H= Z' ipipjrij ©)
= =

Based on the average time headway, the theoretical capacity of one lane for mixed traffic is

3600 36
== 00 ij=1,2,3,--n @
H,

> > pipity

=1 j=1

cp

The above equations are genera for mixed traffic flows with several vehicle types. However, this study mainly investigates the case
of two types of vehicles on account of the available emission models, namely n = 2. Let us assume the proportion of LDVs and HDVs are
p and 1 — p. We use subscripts [ and h to denote light- and heavy-duty vehicles, respectively. It can be deduced that the capacity of a
lane for mixed traffic flow is

3600 3600

= 2 2 (8)
typ? + (tw + tw)p(1 — p) + tw (1 — p)

cP=

M

Pipiti;

It

i=1 j=

In a mixed traffic flow, the arrival rate of left-turn vehicles at the intersection is 1 (veh/h), and the maximum number of vehicles per
hour that can pass the intersection at the left-turn green light phase is x. 4 is set to be less than u. Otherwise, it will be undissipated
traffic congestion. We assume that vehicle arrivals follow a Poisson distribution and time headway follows a negative exponential
distribution, as most traffic flow studies did In this regard, this is a typical M/M/1 queuing model. As per the queueing theory,
the probability that there is a queue of n; LUVs waiting in the left-turn lane at a given time is

ra=r(1-3) () ©

The probability of having n, HDVs waiting in the left-turn lane is

Pnh:(l —p)(l_j_l> G) (10)

The probability of fewer than N vehicles queuing in the left-turn lane is

2 N+1
P(x<N)=1- (;> (1D

In(1 — P(x < N))
in (;‘-,)

In the N vehicles, the number of LDVs queuing in the left-turn lane Nj is

-1 (12)
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Ny=Np=p x ’L’“;M_l 13)
In(ﬁ)

and the number of HDVs queuing in the left-turn lane N, is

In(l -P(x<N)) !

N/,=(1—p) X (14)
In (1%)
The maximum number of vehicles per hour that can pass the intersection at the left-turn green light phase p.
S.G,
= 1
C (5)

where S, is the hourly maximum traffic throughput of a single left-turn lane (veh/h), namely the capacity, which can be calibrated
based on Ec Gy, is the effective green time of the left-turn protection phase (in seconds), and C is the signal cycle length in seconds.
Then, we can get Eq

A AC

Z= 16

u 5.G. (16)

In mixed traffic flows, the average length ~~r11pjed by an LDV while parking is approximately 1.5 times its length, with a default value
of 7.6 m. Referring to relevant literatur the average length occupied by an HDV L, is related to the percentage of HDV in mixed
traffic and can be approximated by Eq

L, =7.6(1+M)=7.6(2—p) a7

Ta arcommodate the N vehicles with N; LDVs and N, HDVs, the length of the stored section of the left-turn lane should be followed
Eq

L_\- = 76N, + L/,N/, (18)
Combining Eqs ‘he length of the stored section of the left-turn lane that wants to ensure no spillover i 1)
at the probability or » 1s
In(l — P n(1 —
rs=7.6p|—=P) ] 7602-p)0— p) ml=p) __, (19)

III(].C) — III(SLGL) In(}.C) - IH(SLGL)

The value of P denotes the probability of ensuring no spillover in the left-turn storage lane and is the empirical value that considers
the tradeoff between construction costs and service levels. If the value of P is too large, the length of the left-turn storage lane will be
very long, which can ensure service levels but be a waste of the lane in most periods. If the value of P is too small, there will be a high
risk or probability of left-turn lane spillover. Based on the arrival rate of left-turn traffic, the signal phases and cycles in an intersection,
lane canaritv of left turning, and penetration rate of HDVs in the traffic flow, we can design the corresponding left-turn lane length as
per Eq which is tailored for mixed traffic.

Fig. 3. Cao’an road - Jiasong north road intersection.
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uming vehicles
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Fig. 5. Through traffic uses left-turn storage lane to take over.

Table 6
The effects of left-turn lane storage length on traffic emission in the narth import.
LDV HDV

Length of left-turn lane CO(g/h) HC (g/h) NO, (g/h) Co (g/h) HC(g/h) NO, (g/h)
Original scenario (50 m) 1802.9 293.3 48.7 4426.4 601.5 767.7
75m 1514.0 297.8 422 3863.1 5236 702.1
100 m 1437.6 286.7 41.0 3794.3 513.3 695.6
125 m 11945 241.1 35.1 2890.5 389.1 533.0
150 m 1536.8 305.2 449 4125.5 5535 757.0
175 m 1486.9 296.9 43.4 3714.8 496.5 687.4
200 m 1539.1 306.6 45.3 3683.3 492.2 681.7

Note: We use the north import direction as the representative and repeating the validation process in other directions can find similar conclusions,
which are not elaborated in case of redundancy.

Table 7
Comparison of emissions under emission optimization and delay optimization.
West import East Import North Import South Import

ORS -Average delay(s) 69.16 59.19 54.27 71.2
OPS -Average delay(s) 59.05 57.6 45.23 56.19
Reduction percentage 14.61% 2.68% 16.67% 21.09%
ORS-Maximum delay(s) 197.8 190.1 164 186.8
OPS-Maximum delay(s) 181.9 181.1 155.9 169.9
Reduction percentage 8.04% 4.73% 4.94% 9.05%
ORS-Maximum queue length{m) 106.2 154.5 124.4 172.7
OPS-Maximum queue length(m) 57.8 97.3 25.6 105.2
Reduction percentage 45.57% 37.02% 79.42% 39.09%

Note: ORS and OPS denote the original scenario and optimized scenario, respectively.

harmful scenarios demonstrated i1 yy providing appropriate storage lanes for left-turn vehicles. The results demonstrate that the
proposed method can reduce trave: uciays and queues considerably and generate benefits in traffic efficiency. Although heavy vehicles
only account for 13-18% of the vehicle count in the intersection, they generate more than 70% of CO emissions, over 65% of HC
emissions, and more than 90% of NOx emissions from all heavy vehicles.

5. Conclusions

This study investigates the optimization and emission analysis regarding the effects of left-turn lanes on the emissions (CO, HC and
NOy) of mixed traffic flow with both LDVs and HDVs at urban intersections. High-resolution field emission and vehicle operating data
of LDVs and HDVs in real urban contexts are collected and used to establish instantaneous emission models for HDVs and LDVs
regarding CO, HC and NOy. Meanwhile, a tailored model is formulated to determine the optimal left-turn lane length based on
queueing theories and the penetration rate of HDVs. The proposed method is validated using an empirical case study combining
established emission models and VISSIM simulation tools and based on field data in a typical intersection.

The results show that the proposed method can reduce the CO, HC and NOy emissions at the intersection by around 30% as
compared to the original scenario. An enumeration process is conducted to validate further the ability of the proposed method to
determine the proper length of left-turn lanes. The optimization of the left-turn lane has similar impacts on the reduction of CO and
NOy emissions for LDVs and HDVs but has a more remarkable influence on the HC emissions for HDVs as compared to LDVs. It is found
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