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Introduction
Funded by Caltrans and spearheaded by the Western Riverside Council of Governments (WRCOG) in collaboration with the San 
Bernardino County Transportation Authority (SBCTA), Resilient IE is a project aimed at supporting local and regional efforts to 
increase transportation infrastructure resilience through development of a toolkit of resources to be used off-the-shelf or easily and 
cost effectively tailored to meet local needs. In addition to following the current best practices in planning for resilience, the project 
team sought to explore a new method for prioritizing transportation expenditures that could more adequately account for anticipated 
increases in the frequency and intensity of climate related hazards which test the resilience of transportation networks. This Pilot 
tests up and coming practices in resilience planning and offers lessons for furthering this practice to achieve a more resilient 
transportation network while avoiding excess expenditures.

Resilience, at its core, is acting to address the negative consequences of existing or future risks. It considers how climate-related 
hazards may impact infrastructure and communities. In Riverside and San Bernardino Counties, the hazards of concern are 
temperature and precipitation. Higher temperatures stress pavements, structures, and rail as well as threaten public health. 
Temperature and precipitation influence wildfires, landslides, and flooding, which present physical risks to infrastructure and safety. 

Risks to transportation infrastructure are currently managed through policies established by federal or State guidance. This 
guidance specifies that assets be designed to a single threshold (e.g., to withstand a historical 50-year storm event). These 
thresholds are applied generically across assets without consideration of what happens when these thresholds are exceeded. 
Furthermore, traditional practice involves estimating these thresholds by analyzing past events, and therefore, are not designed for 
uncertain and changing conditions. With the growing interest in resilient approaches to asset design and management (captured in 
the quote above), new approaches are needed to ensure that design and maintenance investments are evaluated for their resiliency 
to forecasted climate-related changes.  The importance of looking forward and thinking about future conditions is critical and should 
be a foundational investment process in the region.

For transportation investments, service periods extend 30 years (pavement) and 50-70 years (structures) or longer. What climate-
related hazards could occur over that timeframe? And, how could infrastructure and its use by community members and businesses 
be impacted? These questions should be considered as a part of standard engineering practice, though they are not currently. 
Additionally, it is important to consider how climate-related hazards shift over time and how to make effective decisions that account 
for these changes.

EXECUTIVE SUMMARY 
RISK-BASED 
VULNERABILITY 
ASSESSMENT

“Our infrastructure must be resilient and 
sustainable to withstand these growing 
threats, particularly from worsening 
extreme events.”

Paying it Forward: The Path Toward  
Climate-Safe Infrastructure in California
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Making Decisions
Intuitively, a process to address these concerns would follow the steps outlined in Figure 1 – conducting a robust assessment of 
risks and costs and using these to determine appropriate investments. Basically, the process involves understanding risk, 
uncertainties, consequences, and possible costs, then making a decision based on those values to ensure the asset under 
consideration will be built to withstand future climate-related hazards in a cost-effective manner.

The project assessments conducted and summarized in this document follow a framework developed by Federal Highway 
Administration: The Adaptation Decision-Making Assessment Process (ADAP). ADAP follows the approach shown in Figure 
1 and gives transportation professionals (planners/engineers) a step-by-step guide for climate resiliency planning at the 
project level. The process includes the technical assessments that generate information needed by stakeholders to make 
robust decisions about infrastructure investments. ADAP measures cost effectiveness of different investment options to help 
avoid overinvestment and underinvestment. In addition to cost effectiveness, it incorporates social and environmental factors 
crucial to the decision-making process.

Pilot Projects
For this pilot study, two project sites were selected for 
analysis: Interstate (I-) 10 near Ontario Airport, and I-15 
near Cajon Pass. The project team chose to include two 
San Bernardino County project sites to enable consistency 
and streamlining for this pilot effort. The sites were further 
selected for their regional significance and applicability for 
future projects in the region. Both roadways are critical 
to the region’s transportation network and therefore both 
would have broader consequences if put out of service. Both 
locations have risks associated with flooding and changing 
precipitation patterns, with the I-10 location at risk from 
ponding due to topography and drainage capacity and I-15 at 
risk from erosion/overtopping from flow through a wash that runs adjacent to the roadway. The region has experienced closures 
along I-15 near Cajon Pass before (due to snow and wildfire) and is aware of the resulting travel impacts, which are substantial. 

Determine 
Estimated 
Future 
Conditions

GENERATE 
INPUTS

Conduct Engineering 
Analysis of Conditions 
to Determine 
Physical Risks

DETERMINE POSSIBLE 
PHYSICAL IMPACTS

Analyze the 
Consequences on 
Regional Residents 
and Businesses

DETERMINE SYSTEM 
IMPACTS

Determine Costs to 
Regional Users 
Over Asset Service 
Period

IDENTIFY LIFECYCLE 
COSTS OF LOSS

Invest at the Appropriate 
Level to Ensure Effective 
Operation over the Life of 
the Asset

MAKE INVESTMENT 
DECISIONS

“Designing for resilient … conditions 
does not imply designing for larger 
discharges... Resilience implies 
understanding what happens when events 
occur that are other than the design flow.”

FHWA Hydrology Design Guidance (HEC-17)
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I-10 PROJECT

CAJON PASS PROJECT

FIGURE 2: Project Location Map

FIGURE 1: Risk/Investment/Design Strategy for Infrastructure
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The full report presents the results of the detailed assessments completed to develop the information outlined in the steps in 
Figure 1. The next few pages summarize the results of that technical analysis and provide recommendations for further use. 
Like any technical assessment process, the results can help guide effective decisions, but are not intended to make them. Final 
decisions need to be based on a dialogue of potential tradeoffs. The information generated by this process provides more robust 
information to understand those tradeoffs.

The Process
This process utilizes a few key elements of information/data to facilitate robust design decisions. The flow diagram in Figure 3 
identifies how these elements relate to the traditional design process used on virtually every major transportation project. This 
pilot exercise was completed to introduce the concepts of risk-based decision-making and work through a process that can be fed 
into traditional design to enable effective decision-making.

The technical work performed through the pilot produced key inputs needed for the normal design process. However, neither 
of these efforts were conducted as part of an actual facility design and neither assessed design alternatives. Doing so entails 
working with a design team to identify design options and costs. This information is then fed into the resilient design process to 
identify the most cost-effective design.

Results
The information displayed on the next two pages presents a high-level overview of the results of the technical assessments 
completed for the two assets.

FIGURE 3: Risk-Based Elements of Facility Design

Inputs on Future 
Environmental Stressors

Determination of Lifecycle Costs for an 
Asset - Including User Consequences

Scenario Testing of Design Options 
for Varying Stressor Levels 

Determining the Most Cost 
Effective Design (BCA/NPV)

FINAL 
DESIGNINFRASTRUCTURE / FACILITY DESIGN PROCESS
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PROJECT 1 
I-10 AT NORTHHAVEN

Stressor:
Precipitation

Assessment:
Flooding (Ponding on roadway) 
during heavy rainfall

Key Assumption:
Drainage system is operating at  
full capacity

Estimated Costs to the Region from a 24 Hour Closure Lifecycle Costs

Costs from Impacts of All Predicted Future Events Discounted to Current Dollars
(Range shows 25th percentile to 75th percentile results.) 

Travel volumes are anticipated to increase, resulting in increased delay and cost 
associated with future outage events.

Increased GHG Emissions During 24 Hour Closure Estimated Increase in Commute Time & Increase in Commute Costs

Precipitation Change Predicted
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I-10 PROJECT

System Impacts and Economic Measures

Social/Environmental Measures

Precipitation Changes and Effects

Findings/Recommendations
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$70k to  
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$3.1M to $5.2M

11
38 

Metric 
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Travel Cost Increase - 2012-2040 
Estimate Increase in Commute Costs for Low/

Moderate Income Commuters

$0 $2.00$1.50$1.00$0.50 $2.50

$2.15
2040

$1.90
2012

•	 No Damage to Roadway Expected for Any Future 
Scenario - Precipitation May Cause Localized 
Flooding Only - Cause of Flooding is Limited 
Drainage Capacity

•	 System Impacts Moderate – Highway Redundancy 
in this Area is High, Cost to Residents is Moderate

•	 Caltrans Should Explore Increasing Culvert 
Capacity and Monitor the Highway During  
Extreme Events

•	 This Project Would be Low on a List of Comparable 
Regional Concerns
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PROJECT 2 
I-15 AT CAJON JUNCTION

Stressor:
Precipitation – with Wildfire Effects on Hydrology

Assessment:
Flooding and Erosion During Heavy Rainfall

Estimated Costs to the Region from a 24 Hour Closure Lifecycle Costs

Increased GHG Emissions During 24 Hour Closure Estimated Increase in Commute Time & Increase in Commute Costs

Precipitation Change Predicted
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I-15 PROJECT

System Impacts and Economic Measures

Social/Environmental Measures

Precipitation Changes and Effects

Findings/Recommendations

$0 $20M $40M $60M $80M

Base Year 
(2012)

2040

$30,413,000

$79,190,000

0 Metric Tons

Shoulder Flooded

All Southbound Lanes Flooded

All Southbound & 
Northbound Lanes Flooded

Outside Lanes Flooded
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2500 Metric Tons

Base Year (2012)

Historic Range - Dry & Wet 
Future Models

2040

$0 $75M $150M $225M $300M

“Wet” Model 
Range

“Dry “ Model 
Range $0 to $290k

$700k to $252M

4700 
Metric 
Tons

3200 
Metric 
Tons

180-240
Minutes

Travel Cost Increase - 2012-2040  
Estimated Increase in Commute Costs for Low/

Moderate Income Commuters
Estimated Increase in Commute Times

$0 $75$50$25 $100 $125

$121.55
2040

$106.17
2012

•	 Some Damage to Roadway (Erosion) May be 
Possible for Future Scenario - Precipitation May 
Cause Flooding Over the Roadway During Heavy 
Rain Events, Increasing After Wildfire Events 
 

•	 System Impacts High  – Highway Redundancy 
in this Area is Very Low, Detours are Long and 
the Diversion of Traffic onto Alternate Routes 
Dramatically Increases Congestion

•	 This Project Would be High on the List of Regional 
Concerns
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UNPROTECTED 
EMBANKMENT

ROCK SLOPE 
PROTECTION

ROCK SLOPE 
PROTECTION

25-Year
100-Year
500-YearDry

Dry

Dry

Wet

Wet

Wet

Costs from Impacts of All Predicted Future Events Discounted to Current Dollars
(Range shows 25th percentile to 75th percentile results.) 

Travel volumes are anticipated to increase, resulting in increased delay and cost 
associated with future outage events.
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Recommendations
The results of the pilot study point to a few key findings that should be considered by transportation planners and engineers for 
advancing resilient approaches to asset design and management best practices. They include:

	• Changing environmental conditions are anticipated to increase the intensity of precipitation events, with resulting 
impacts on highways. Other conditions, such as traffic volumes and land use, are also anticipated to change, increasing 
risk and elevating the need to consider future conditions during planning/design.

	• The potential consequences of closure/damage impacts to the traveling public (residents, businesses, freight/goods 
movement) in the region can be substantial—particularly for roads like Cajon Pass that have limited alternative routes—
and should be fully considered in decision-making.

	• Data/processes are available to efficiently enable risk-based planning/design for future projects, allowing for a robust 
dialogue during project development and therefore long-term resilience.

	• It would be beneficial for WRCOG/SBCTA or other regional agencies to provide the following as key input or tools to 
regional stakeholders for projects moving forward:

	› Estimates for changing climate-related hazards and thresholds for design.

	› Methods by which to measure system effects as an input to risk-based decisions, such as, through a streamlined 
traffic modeling effort.

	› A economic analysis tool that enables  planning/design teams to compare alternatives (i.e., adaptation options) and 
identify the cost-effectiveness of each.







https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/adap/fhwahep17004.pdf
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/adap/fhwahep17004.pdf






https://dot.ca.gov/-/media/dot-media/programs/traffic-operations/documents/census/aadt/tc-2016-aadt-volumes-a11y.pdf
https://www.fema.gov/media-library-data/1538670901229-81423feb161c06426ac157a409123f3d/app-h_flood_maps_508_oct2018.pdf
https://www.fema.gov/media-library-data/1538670901229-81423feb161c06426ac157a409123f3d/app-h_flood_maps_508_oct2018.pdf
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Source: Interstate 10 Corridor Project, Final Environmental Impact Report/Environmental Impact Statement, 2017 

Figure 3-1. Project Vicinity Map 
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Figure 3-2. Project Location Map 
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Figure 3-3. Project Location Aerial - Westbound View. 
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Source: Interstate 10 Corridor Project, Final Environmental Impact Report/Environmental Impact Statement, Floodplain Evaluation Report, 2014 

Figure 3-4. FEMA FIRM 

 









http://loca.ucsd.edu/
http://albers.cnr.berkeley.edu/data/scripps/loca/
http://www.water.ca.gov/climatechange/%20docs/2015/Perspectives_Guidance_Climate_Change_‌Analysis.pdf
https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://cal-adapt.org/tools/
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html
https://streamstats.usgs.gov/ss/
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Return Frequency 

25 50 100 200 500 
[2010, 2040] Peak Flow Stream Stats (cfs) 473 598 711 830 994 

HEC-HMS Peak Inflow (cfs) 473 598 326 830 994 

HEC-HMS Peak Outflow (cfs) 293 312 326 484 774 

HEC-HMS Flood Elevation (feet) 986.2 987.0 987.7 988.1 988.2 

[2040, 2070] Peak Flow Stream Stats (cfs) 586 717 853 996 1193 

HEC-HMS Peak Inflow (cfs) 586 717 853 996 1193 

HEC-HMS Peak Outflow (cfs) 311 327 527 776 1075 

HEC-HMS Flood Elevation (feet) 987.0 987.8 988.1 988.2 988.2 

[2070, 2100] Peak Flow Stream Stats (cfs) 618 755 898 1048 1256 

HEC-HMS Peak Inflow (cfs) 618 755 898 1048 1256 

HEC-HMS Peak Outflow (cfs) 315 332 613 858 1169 

HEC-HMS Flood Elevation (feet) 987.2 988.0 988.1 988.2 988.2 

HadGEM2-ES 

[2010, 2040] 
 

Peak Flow Stream Stats (cfs) 821 1003 1193 1393 1668 

HEC-HMS Peak Inflow (cfs) 821 1003 1193 1392 1668 

HEC-HMS Peak Outflow (cfs) 466 782 1075 1337 1646 

HEC-HMS Flood Elevation (feet) 988.1 988.2 988.2 988.2 988.3 

[2040, 2070] 
 

Peak Flow Stream Stats (cfs) 422 533 644 752 901 

HEC-HMS Peak Inflow (cfs) 423 532 644 752 901 

HEC-HMS Peak Outflow (cfs) 284 302 318 332 617 

HEC-HMS Flood Elevation (feet) 985.7 986.6 987.3 988.0 988.1 

[2070, 2100] 
 

Peak Flow Stream Stats (cfs) 1440 1758 2091 2441 2924 

HEC-HMS Peak Inflow (cfs) 1440 1758 2091 2442 2924 

HEC-HMS Peak Outflow (cfs) 4397 1746 2081 2435 2917 

HEC-HMS Flood Elevation (feet) 988.3 988.3 988.4 988.4 988.5 

MIROC5 

[2010, 2040] 
  
  
  

Peak Flow Stream Stats (cfs) 213 276 343 413 509 

HEC-HMS Peak Inflow (cfs) 213 276 343 414 510 

HEC-HMS Peak Outflow (cfs) 207 243 267 282 299 

HEC-HMS Flood Elevation (feet) 982.9 984.1 985.1 985.7 986.4 

[2040, 2070] 
  
  
  

Peak Flow Stream Stats (cfs) 162 220 275 334 415 

HEC-HMS Peak Inflow (cfs) 161 220 274 334 416 

HEC-HMS Peak Outflow (cfs) 160 212 243 266 282 

HEC-HMS Flood Elevation (feet) 981.7 983.1 984.1 985.0 985.7 

[2070, 2100] 
  

Peak Flow Stream Stats (cfs) 186 246 307 371 459 

HEC-HMS Peak Inflow (cfs) 185 246 307 372 459 
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Table 3-3. I-10 Stressor Cost Function 

Flood 
Elevation 

(feet) 

Flow 
Magnitude 

(cfs) 

Physical 
Damage 
Repair & 

Maintenance 
Cost 

Flooding 
Days 

Disruption Travel Lane Flooding 

Haven Ave. 
Westbound 

Offramp 

Haven Ave. 
Westbound 

Loop 
Onramp 

Haven Ave. 
Westbound 

Onramp 

Milliken 
Westbound 

Onramp 
Total 
Lanes 

Flood 
Lanes 

Affected 
- - - - -- -- -- -- -- 14 0 

976 - - - Contained No flooding No flooding No flooding No flooding 14 0 

977 - - - Contained No flooding No flooding No flooding No flooding 14 0 

978 - - - Contained No flooding No flooding No flooding No flooding 14 0 

979 - - - Contained No flooding No flooding No flooding No flooding 14 0 

980 - - - Contained No flooding No flooding No flooding No flooding 14 0 

981 - - - Contained No flooding No flooding No flooding No flooding 14 0 

982 161 - - Contained No flooding No flooding No flooding No flooding 14 0 

983 213 5,500 0.25 Partial shoulder 
flooding 

No flooding No flooding No flooding No flooding 14 0 

984 246 8,800 0.25 Shoulder + Outer 3 WB 
lanes flooded (0-1 foot) 

No flooding No flooding No flooding Closed due to WB 
lane flooding 

14 3 

985 334 8,800 0.50 All WB lanes flooded 
(0.5 to 2 feet) 

Flooded No flooding No flooding Closed due to WB 
lane flooding 

14 7 

986 423 11,000 0.50 All WB lanes flooded 
(1.5 to 3 feet) 

Flooded No flooding No flooding Closed due to WB 
lane flooding 

14 7 

987 598 11,000 0.50 All WB lanes flooded 
(2.5 to 4 feet) 

Flooded Flooded No flooding Closed due to WB 
lane flooding 

14 7 

988 755 11,000 0.75 All WB lanes flooded -
Top of median barrier 

Flooded Flooded Partial 
Flooding 

Closed due to WB 
lane flooding 

14 7 

989 2,924 15,500 1.00 All WB/EB lane flooded 
- overtopping median 
barrier 

Flooded Flooded Flooded Closed due to WB 
lane flooding 

14 14 
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Figure 3-15. I-10 Closure Change in Commute Time Across User Groups 

 

Table 3-5. Estimated Time Difference Between the Closure Scenarios and No-change Scenarios Across User 
Groups, in minutes. 

 Base Year (2012) Future Year (2040) 
Change in Commute Time I-10 (by ONT) I-10 (by ONT) 

No cars 2.6 3.6 

Car competition 2.1 3.1 

Income 0-35K 3.2 4.3 

Income 35-75K 3.2 4.3 

Income over 75K 3.0 4.0 
Source: Cambridge Systematics, 2019. 
Definitions: 

1. No Cars = Households with no vehicles (all income groups) 
2. Car competition = Households with fewer vehicles than workers (all income groups) 
3. Income 0-35K = Households with at least as many vehicles as workers (income USD 0-35K) 
4. Income 35-75K = Households with at least as many vehicles as workers (income USD 35-75K) 
5. Income over 75K = Households with at least as many vehicles as workers (income over USD 75K) 
6. Note: Commute times are computed as the hypothetical commute time in vehicles regardless of mode taken.  For the zero-auto 

households, commute times approximate additional delay on transit routes, where available. 

Figure 3-16 and Figure 3-17 show the variation of average commute times for all user groups across the region 
(not only those travelling through the project site). Figure 3-18 shows the origin of low-income population trips 
to help public agencies and decision makers identify areas where special consideration may be required. 
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Project site indicated in bright red. 

Figure 3-16. I-10 Average Commute Time Change (2012).  
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Project site indicated in bright red. 

Figure 3-17. I-10 Average Commute Time Change (2040).  
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Project site indicated in bright blue. 

Figure 3-18. I-10 Concentrations of Trip Origins for Low-Income Population.  







https://www.pe.com/2019/12/26/15-freeway-through-cajon-pass-closed-as-storm-rolls-through/
https://www.mercurynews.com/2015/07/17/motorists-flee-as-wildfire-races-across-california-freeway/
https://dot.ca.gov/-/media/dot-media/programs/traffic-operations/documents/census/aadt/tc-2016-aadt-volumes-a11y.pdf
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Figure 4-1. I-15 Project Vicinity Map 
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Note: RSP is an abbreviation for Rock Slope Protection 

Figure 4-2. I-15 Project Location Map  
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Note: Purple shows 10-year Floodplain limits and Blue Shows 100-Year Floodplain Limits. Red line show sections of the wash. White numbers show numbers of these cross sections from 
the hydraulic analysis; the numbers typically refer to the distance upstream or downstream from a certain feature, such as its headwater or confluence/estuary . 

Figure 4-4. I-15 Cajon Wash Floodplain Map (10- and 100-year Floods) 



 
W E S T E R N  R I V E R S I D E  C OU N C I L  O F  G O V E R N M E N T S 

S A N  B E R N A R D I N O  C O U N TY  T R A N S P O R T A T I O N  A U TH O R I T Y 

3 7|  R I S K- B A S E D  V U L N E R A B IL I T Y  A S S E S S M E N T  F I N DI N G S 

 
Figure 4-5. I-15 USGS StreamStats Watershed 

 



http://loca.ucsd.edu/
http://albers.cnr.berkeley.edu/data/scripps/loca/
http://www.water.ca.gov/climatechange/%20docs/2015/Perspectives_Guidance_Climate_Change_‌Analysis.pdf


https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://cal-adapt.org/tools/
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html
https://streamstats.usgs.gov/ss/
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Resulting Climate Projections 

Figure 4-6 shows the watershed precipitation depth frequency curves for a 24-hour duration event. Figure 4-7 
shows the temporal change in the 10-year/24-hour precipitation depth for each climate scenario alongside the 
historical depth from NOAA Atlas 14. 

There is substantial variation between the projections, including between the models and between the 
timeframes within each model. For example, the HadGEM2-ES 2070-2099 projections are higher than other 
projections. This variation can be partially attributed to the substantial uncertainty regarding future extreme 
precipitation events and due to the methodology used. The integration of the recommendations previously listed 
are therefore important to reduce part of the observed variation. Using the estimated projections is still helpful 
as a stress test of climate conditions to the facility. 

 
Figure 4-6. Cajon Wash Drainage Basin - Precipitation Depth Frequency Curves (24-Hour Duration), RCP 8.5 
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Table 4-2. Post-Burn Clear Water Adjustment Factors 

Burn Condition 
Post-fire Adjustment Factor 

(Burn Severity Factor) 
Unburned/Very Low Burn 1.00 

Low Burn 1.76 

Moderate Burn 2.20 

High Burn 2.62 
 

Estimated sediment bulking factors are then applied to the adjusted peak discharges. FEMA recommended post-
burn bulking adjustment factors for 5- to 100-year design storms are provided in Table 4-3. The values for the 
100-year storm were utilized for 25- to 500-year storm flows in this analysis. A bulking factor of 1.1 was utilized 
for this study. 

Table 4-3. Post-Fire Sediment Bulking Factors 

Area (mi2) 

Sediment Bulking Factor 

5-Year Storm Event 100-Year Storm Event 
0-3 1.5 1.4 

3-10 1.3 1.2 

Above 10 1.2 1.1 
 

The resulting combined increase in estimated peak flows utilized was 1.41 x 1.1 = 1.55. Table 4-4 shows the final 
burned/bulked peak flow estimates. 

Table 4-4. Burned/Bulked Peak Flows 

Scenario 

Return Frequency 

25-year (cfs) 50-year (cfs) 100-year (cfs) 200-year (cfs) 500-year (cfs) 
Historical 6,861 9,942 13,515 17,873 23,953 

CanESM2 [2010, 2040] 6,565 9,544 13,017 17,224 23,200 

CanESM2 [2040, 2070] 9,013 12,775 17,295 22,115 29,637 

CanESM2 [2070, 2100] 10,241 14,386 19,232 24,482 32,810 

HadGEM2-ES [2010, 2040] 16,436 22,207 28,823 36,691 49,171 

HadGEM2-ES [2040, 2070] 7,621 10,950 14,862 19,401 26,001 

HadGEM2-ES [2070, 2100] 40,521 54,125 70,250 89,426 119,845 

MICROC5 [2010, 2040] 2,908 4,497 6,449 8,827 12,581 

MICROC5 [2040, 2070] 3,445 5,198 7,410 10,083 14,221 

MICROC5 [2070, 2100] 3,104 4,755 6,820 9,296 13,194 
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Table 4-6. Scour Depths at RAS Section 18809 

Scenario 

Return Frequency 

25-year (ft) 50-year (ft) 100-year (ft) 200-year (ft) 500-year (ft) 
Historical 7.4 8.0 8.8 10.6 11.6 

CanESM2 [2010, 2040] 7.3 8.0 9.6 10.5 11.7 

CanESM2 [2040, 2070] 7.8 8.1 12.4 13.5 14.0 

CanESM2 [2070, 2100] 8.0 9.9 11.4 11.7 13.0 

HadGEM2-ES [2010, 2040] 10.3 11.5 13.0 13.4 18.7 

HadGEM2-ES [2040, 2070] 7.6 9.2 10.1 11.2 12.2 

HadGEM2-ES [2070, 2100] 17.0 19.7 20.4 20.6 22.8 

MICROC5 [2010, 2040] 4.8 6.7 7.2 7.8 8.8 

MICROC5 [2040, 2070] 5.7 6.9 8.6 8.0 9.0 

MICROC5 [2070, 2100] 4.2 6.6 7.1 7.5 9.4 

 
Figure 4-8. I-15 Flood Elevations 
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Figure 4-9 and Figure 4-10 show the cross section of the creek at the analysis location with water surface 
elevations and scour depths/limits. 

 
Figure 4-9. I-15 HEC-RAS Cross Section 18809 Flood Elevations 

 
Figure 4-10. I-15 HEC-RAS Cross Section 18809 Scour Limits 
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Table 4-8. I-15 Stressor Cost Function 

Flood 
Elevation 

(feet) 

Flow 
Magnitude 

(cfs) 

Physical 
Damage & 
Repair Cost 

Flooding 
Days 

Disruption 

Scour 
Repair 
Days 

Disruption 

Travel 
Lane 

Flooding 

Scour 
Depth 
(feet) 

Scour Impact/ 
Damage Notes 

Total 
Lanes 

Flood 
Lanes 

Affected 

Scour 
Lanes 

Affected 
- - 0 0 0 None - none No travel impacts 10 0 0 

3011 - 0 0 0 None 4 minor 
embankment 
loss 

No travel impacts 10 0 0 

3012 4,917 724,400 0 0 None 8 embankment 
loss to top of 
bank - add RSP 

No travel impacts 10 0 0 

3013 10,604 812,700 0 0 None 11 Embankment 
and outside 
shoulder loss 

No travel impacts 10 0 0 

3014 16,775 1,012,700 0 0 None 14 Bank, shoulder, 
weigh station 
access 

Weigh station out of 
service 

10 0 0 

3015 26,143 1,231,800 0 0 None 18 Bank, shoulder, 
weigh station 
access 

Weigh station out of 
service 

10 0 0 

3016 34,919 1,417,100 0.5 45 SB - all lanes 
(0.5 day) 

20 Bank, shoulder, 
weigh station 
access, outside 
lane 

Weigh station and 
outside lane out of 
service 

10 5 1 

3017 57,694 1,548,700 1 60 SB - all lanes 
(1 day) 

21 Bank, shoulder, 
weigh station 
access, 2 
outside lanes 

Weigh station and two 
outside lanes out of 
service 

10 5 2 

3018 57,694 1,596,700 2 60 SB/Northbo
und (NB) - 
all lanes (2 
day) 

22 Bank, shoulder, 
weigh station 
access, 2 
outside lanes 

Weigh station and two 
outside lanes out of 
service 

10 10 2 
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Flood 
Elevation 

(feet) 

Flow 
Magnitude 

(cfs) 

Physical 
Damage & 
Repair Cost 

Flooding 
Days 

Disruption 

Scour 
Repair 
Days 

Disruption 

Travel 
Lane 

Flooding 

Scour 
Depth 
(feet) 

Scour Impact/ 
Damage Notes 

Total 
Lanes 

Flood 
Lanes 

Affected 

Scour 
Lanes 

Affected 
3019 57,694 1,629,500 2 60 SB/NB - all 

lanes (2 
day) 

23 Bank, shoulder, 
weigh station 
access, 2 
outside lanes 

Weigh station and two 
outside lanes out of 
service 

10 10 2 

3020 77,319 1,653,500 2 60 SB/NB - all 
lanes (2 
day) 

23 Bank, shoulder, 
weigh station 
access, 2 
outside lanes 

Weigh station and two 
outside lanes out of 
service 

10 10 2 
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Figure 4-11. I-10 Stressor Cost Function, Damage Component 
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Figure 4-15. I-15 Closure Change in Commute Time Across User Groups 

 

Table 4-11. Estimated time difference between the closure scenarios and no-change scenarios, in minutes. 

 Base Year (2012) Future Year (2040) 
Change in Commute Time I-15 (Cajon Pass) I-15 (Cajon Pass) 
No cars 170.3 227.1 
Car competition 115.3 192.6 
Income 0-35K 181.4 242.9 
Income 35-75K 172.7 231.9 
Income over 75K 168.3 234.0 
Source: Cambridge Systematics, 2019. 
Definitions: 

1. No Cars = Households with no vehicles (all income groups) 
2. Car competition = Households with fewer vehicles than workers (all income groups) 
3. Income 0-35K = Households with at least as many vehicles as workers (income USD 0-35K) 
4. Income 35-75K = Households with at least as many vehicles as workers (income USD 35-75K) 
5. Income over 75K = Households with at least as many vehicles as workers (income over USD 75K) 
6. Note: Commute times are computed as the hypothetical commute time in vehicles regardless of mode taken.  For the zero-auto 

households, commute times approximate additional delay on transit routes, where available. 

Figure 4-16 and Figure 4-17 show the variation of average commute times for all user groups across the region 
(not only those travelling through the project site). Figure 4-18 shows the origin of low-income population trips 
to help public agencies and decision makers identify areas where special consideration may be required.
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Project site indicated in bright red. 

Figure 4-16. I-15 Average Commute Time Change (2012).  
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Project site indicated in bright red. 

Figure 4-17. I-15 Average Commute Time Change (2040).  
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Project site indicated in bright blue. 

Figure 4-18. I-15 Concentrations of Trip Origins for Low-Income Population 










