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Questions 
 

1. What components of DelDOT’s infrastructure are at risk from storm surge  

2. What information about transportation exposure is necessary to quantify the risk  

3. What types of output can we produce using catastrophe risk models, and how 
should they be interpreted  

4. What order of magnitude of loss (in economic or damage terms) should DelDOT 
expect to experience each year on average  

5. What is the range of loss that DelDOT might experience from a storm surge event  

a. What are the probability of such losses  

b. What are the surge footprints of these events  

6. Are there areas that are impacted more frequently and more severely than others 
(a risk map of damage and loss)  

7. What is the relative risk between different sections of road, or between road and 
bridges 

a. Are there ‘weak links’ in the network  

8. If DelDOT were to spend a dollar on increasing resilience, where does it have most 
value in risk reduction  
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DelDOT’s Mission and Goals 
Reading Statement 
 

“ … is to ensure that every trip taken on its transportation 

network is safe, reliable, and convenient for the people and 

commercial entities that use it – delivering a nationally 

recognized, financially and environmentally sustainable 

transportation system that can maximize the prosperity of the 

region, and benefit communities and economies alike over the 

long term.” 



“ Any potential hazardous impacts should be 

assessed and benchmarked against DelDOT’s 

safety, service level, financial and environmental 

tolerances.”   

Align with 
- DelDOT’s Climate Change 

Strategic Implementation Plan 
- Enterprise Resilience 

Management Strategy  

Delaware Department of Transportation vision:  
Every Trip | Every Mode | Every Dollar | Everyone   



Risk & Resilience Management Framework:  
A cycle-based approach to decision-making 

Source:  Risk Management Solutions (RMS) 
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DelDOT Resilience Strategy 

Reassess, address 
shifting and 
residual risk, 

evolve 

Inclusive of 
uncertainty: 

occurrence of an event 
and forecasted amount 

of loss 



Risk & Resilience Management Framework:  
A cycle-based approach to decision-making 

Step 1:  Strategic priorities & organizational mission (details) 

 
a. Safety and security 
b. Performance  
c. Environmental sustainability  
d. Financial stability 

a. Measured enhanced safe & secure 
travel 

b. High level of service + ADA, multi-
decadal changing conditions, 
continuous movement 

c. Maintain, develop, protect the 
infrastructure network in an 
environmental sustainable way 
across time 

d. Ensure defined level of financial 
strength to meet safety, security, 
performance and sustainability goals 



Step-1: SR-9 R&R Management Framework 

• Scope: SR-9 near to Old Corbitt Road 

• Hazard: flooding 

• Question: 

– What is an effective strategy for managing the 
storm surge to State Route 9? 



Risk & Resilience Management Framework:  
A cycle-based approach to decision-making 

Step 2:  Risk Quantification 
 
a. Peril identification 
b. Data acquisition and assessment 
c. Qualitative and quantitative risk 
        assessment 
a. Identification of high risk areas 

 
 
 
 
 
 
 

a. Concerning shocks and stresses to 
transportation 

b. Data and models to assess relevant 
perils 

c. Relative and absolute severity to 
assets/networks based on relevant 
data, models and expertise 

d. Assessment informed high risk 
assets per location and strategy 
identification - benefits from 
improvement in resilience or efforts 
in risk management 

e.g. DHS RRAP, THIRA … 



Step-2: SR-9 R&R Management Framework 

1. Defining and analyzing the exposure 

2. Selecting the hazard 

3. Quantifying the risk (exposed asset to hazard) 



Step-2: Hazard Selection 

• Analysis: flooding due to storm surge 

• RMS North America storm surge model 

– associated probability of occurrence (frequency) 

– Frequency + severity= risk to exposure 



Step-2: Risk Quantification 

 
• How likely is the exposure to experience different levels of storm surge?  
• What is the expected damage or, better, loss to the exposure from that 

likely experience of storm surge…  
– On an annual average basis?  
– For severe catastrophes?  
– Across the full range of severity and frequency?  

 
• What are the critical assets, and how do they contribute to the total risk?  
• What is the best way to communicate the risk to inform decision making?  
• Where should investments in resilience be prioritized and what risk-

adjusted return might reasonably be expected?  
 



Step-2: Exposure  

• SR-9: exposed highway (length) 

• SR-9: exposed 29 bridges (rebuild cost - 
$300/square foot + bridged deck) 

• Roadway rebuild cost: $20 M per mile 
(gross assumption)   

• Reedy Point bridge:  72% exposure 



Step-2 Risk Analysis 

• Bridges and Roadways 
• Non-economic analysis 
• Example of question it answers:  

– How frequently is a particular portion of road expected to 
be impacted by 2 ft. of storm surge? 

– (Good to develop resilience strategies, prioritize and 
design resilience measures) 

 
1. What is the risk of damage and loss to the bridge 

assets in the Old Corbitt Road area from storm surge?  
2. What is the risk of impact to the road network in the 

Old Corbitt Road area from storm surge?  
 



Step-2: Overview of Risk to Bridges 

• Occurrence Exceedance Probability (OEP) to bridges: 

Current (29 bridges) range of 
probability of losses to bridges from 
storm surge annually from a single 
event.  
Example, there is a 1% chance (1 in 
100) that the annual loss to bridges 
from storm surge will exceed 
$280,000, while there is a 0.2% chance 
(1 in 500) that the loss to bridges from 
storm surge will exceed $1,350,000 
annually.  



Step-2: Prioritization of Bridges  



Left: overall perspective on the storm surge risk. Middle and right shows progressive 
levels of zoom on the road network portion that contributes most to the overall risk  



Step-2: Quantification of Risk to Road And 
Non-Financial Impact 

Majority of the road exposure (over 65%) 
does not contribute materially to the 
modelled loss  

2% probability (1 in 50) that at least 6.5% of 
the total length of SR9 will be impacted by a 
single storm surge event. 1% probability (1 in 
100) of impacting at least 20.95% of the road.  







Risk & Resilience Management Framework:  
A cycle-based approach to decision-making 

Step 3:  Assess Risk Tolerance & Resilience Targets 
 
Risk 
• Safety and security 
• Performance 
• Financial stability 

 
Targets 
• Simple 
• Progressive  
• Aligned  
• Realistic  
• Quantifiable 

TBD 
- Do nothing? 
- Risk greater than 

current agency’s 
capability? (mitigate, 
transfer…) 



Risk & Resilience Management Framework:  
A cycle-based approach to decision-making 

Step 4:  Adopt Risk Reduction and Resilience Measures 
with Defined Targets 
 
• Risk Retention 
• Monitoring & Early Warning Systems 
• Risk Adaption 
• Risk Transfer 
• Federal Backstop 

 
 
 
 
 
 
 
 

TBD 



General Outcomes 

• 99% of the losses to the road network stem from less 
than 35% of the road 
– DelDOT can focus its resilience efforts with confidence on 

very specific sections of SR9: St Augustine Road  
(contributes approximately 50% of the road network’s total 
AAL) 

– the area around Old Corbitt Road requires attention 

• One bridge asset (Reedy Point Bridge, US Army Corps of 

Engineers jurisdiction), contributes 64% to the risk of the 
bridge portfolio on average and 74% at the lower 
return periods such as the 1-in100 
– This asset is within 10 miles of Old Corbitt Road 
– This is one of the most vulnerable areas of SR9  



Future Work 
 

1. Determine internally if the assets are appropriately protected (financially, 
or structurally)  

2. Further validate the asset values  

3. Develop a bespoke component based vulnerability model to calibrate the 
modeled losses (using engineering studies and site studies)  

4. Investigate the potential for wider spread disruption upon damage to 
certain parts of the network  

5. Assess whether the existing resilience measures are suitable (e.g. scour 
protection)  

6. Estimate the cost-benefit of increasing the physical protection  

7. Extend the analysis to include all of DelDOT’s assets  

8. Consider more scenario events to prepare for a variety of potential losses  

9. Compare the risk profile of different areas with the potential for land 
development  

 



Disclaimer 
• “This report, and the analyses, models and predictions contained herein ("Information"), are based 

on data provided by DelDOT and compiled using proprietary computer risk assessment technology 
of Risk Management Solutions, Inc. ("Consultant").  The technology and data used in providing 
this Information is based on the scientific data, mathematical and empirical models, and encoded 
experience of scientists and specialists (including without limitation: earthquake engineers, wind 
engineers, structural engineers, geologists, seismologists, meteorologists, geotechnical specialists 
and mathematicians).  As with any model of physical systems, particularly those with low 
frequencies of occurrence and potentially high severity outcomes, the actual losses from 
catastrophic events may differ from the results of simulation analyses.  Furthermore, the accuracy 
of predictions depends largely on the accuracy and quality of the data used. The Information is 
provided under license and is Consultant’ proprietary and confidential information and may not be 
shared with any third party without the prior written consent of DelDOT, AECOM, and 
Consultant.  Furthermore, this Information may only be used for the specific business purpose and 
for no other purpose, and may not be used under any circumstances in the development or 
calibration of any product or service offering that competes with Consultant.   

  
• The recipient of this Information is further advised that Consultant is not engaged in the insurance, 

reinsurance, or related industries, and that the Information provided is not intended to constitute 
professional advice.  Consultant specifically disclaims any and all responsibilities, obligations and 
liability with respect to any decisions or advice made or given as a result of the information or 
use thereof, including all warranties, whether express or implied, including but not limited to, 
warranties of non-infringement, merchantability and fitness for a particular purpose.  In no event 
shall Consultant (or its parent, subsidiary, or other affiliated companies) be liable for direct, 
indirect, special, incidental, or consequential damages with respect to any decisions or advice 
made or given as a result of the contents of this information or use thereof.” 

 



Thank you! 

Silvana V Croope, Ph.D., ENV SP 
Silvana.Croope@state.de.us 
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