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• Caltrans Asset Management applies Daily Person Hour Delay (DPHD) as the 

performance measure for SHOPP Projects under Operational Improvement (OI) 

Program.

• Auxiliary Lane – mostly popular OI project type.

• Challenge: HCM 7 methodology doesn’t reflect the reasonable speed improvement 

for some auxiliary lane projects.

• Study Objectives:

• Use real world auxiliary lane projects in California to review and compare HCM 7 

methodology with NCHRP 07-26 model (Expected in HCM 7.1 updates).

Background
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What is an Auxiliary Lane?

An Auxiliary Lane is a freeway lane added between 
an entrance ramp (on-ramp) and an exit ramp 
(off-ramp) to help vehicles merge, diverge, or 
weave more smoothly.

It improves traffic flow and safety by providing drivers 
more space to adjust their speed and merge into or 
out of the main lanes of traffic.

Background Regular Merge/Diverge 
Accel/Decel Lanes Auxiliary Lane
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To calculate the benefits (DPHD Savings) of freeway auxiliary 
lane projects, traffic analysis are typically performed in HCS.

Highway Capacity Software (HCS) is a traffic analysis software 
that implements the methodologies from the Highway Capacity 
Manual (HCM) to analyze freeway facilities.

The HCS results output the average speeds for the before & after 
(no build & build) scenarios. DPHD Savings can be calculated 
using the speed difference.

HCS Analysis Using HCM 7 Method
Merge Segment

Diverge Segment

Weaving SegmentHCS Facility – No Build, Merge & Diverge HCS Facility – Build, Weaving
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Density and LOS improves but speeds decrease.
   No Build Speed Results:

• Merge/Overlap: 58.6 mph
• Diverge: 61.3 mph
• Total facility: 62.7 mph

   Build (with aux lane improvement) Speed Results:
• Weaving section: 55.9 mph
• Total facility: 59.4 mph

HCS Analysis Results – Example Project
HCS Facility – No Build, Merge & Diverge

HCS Facility – Build, Weaving
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1. HCM Merge/Diverge and Weaving methods were developed through different 
research:
• Merge/Diverge Segment Method - NCHRP 03-37 (1993) 
• Weaving Segment Method - NCHRP 03-75 (2008)

2. Merge and diverge speed, flow, and density predictions come from separate 
regression models, ignoring the Fundamental Speed-Flow-Density Relationships:

3. Merge/Diverge and Weaving Methods are outdated, with inaccurate capacity 
and speed estimates.

HCS Analysis – HCM 7 Method Limitations
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1. New data collected from 121 sites across 9 states.
2. Use a consistent framework across merge, diverge, and weaving segments.
3. Consistent with the fundamental speed–flow–density relationship
4. Better speed and capacity predictions than previous HCM models
5. Density at capacity reduced to 35 pc/mi/ln from previous values of 43 to 45 pc/mi/ln

NCHRP 07-26

McTrans HCS 2025 Updates
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NCHRP 07-26 Spreadsheet Tool 
NCHRP 07-26 Tool – No Build, Merge NCHRP 07-26 Tool – Build, Weaving

Density, LOS and speeds all improve.

          HCM 7  vs NCHRP 07-26
HCM 7 NCHRP 07-26

Density 35.1 -> 27.5 38.2 -> 23.0

LOS D -> C F -> C

Speed 58.6 -> 55.9 53.7 -> 66.0
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Results and Comparisons 3 Scenarios
• Existing Condition: 0.86 V/C

• Future Scenarios:
Volumes projected by growth factor

3 Methods for DPHD Calculations
• HCS: Facility – Total facility speed, 

including basic segments

• HCS: Mid-segment – Gore to gore 
section with Merge/Overlap/Diverge 
and Weaving segments

• NCHRP – Use NCHRP 07-26 Spreadsheet 
Tool for Merge/Diverge and Weaving.

Results
• The HCS: Mid-segment method have 

negative benefits across all scenarios.

• When V/C >1, HCS: Facility has large 
DPHD savings due to spill-back effect.

• NCHRP 07-26 has more reasonable 
DPHD saving values linear to V/C ratios.
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Results and Comparisons

Analysis was conducted for 3 example projects in California. The results are similar:

• The HCS: Mid-segment method generally have negative benefits 
(except 2-lane example, positive but small DPHD saving for 2 of the scenarios).

• When V/C >1, HCS: Facility has large DPHD savings due to spill-back effect.

• NCHRP 07-26 has more reasonable DPHD saving values linear to V/C ratios.
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Conclusions

1. HCM 7 method generally does not provide a reasonable benefit (Speed 
& DPHD Savings) for auxiliary lane projects, especially when V/C ratio <1.

2. The NCHRP 07-26 model provides more accurate and realistic results, 
with consistency in speed-density relationship.

3. It is recommended to apply the NCHRP 07-26 model to auxiliary lane 
analysis.
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Questions?

Thank you!
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