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Business Case and Communications Tools     1 

ADOT Annual Construction Program 
 

$1,300,000,000 
 

Arizona Long Term Transportation Revenue Projections 
 

$25,000,000,000 
 

Arizona Long Term Transportation System Need 
 

$100,000,0000,000 
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Arizona 
140,000 maintenance lane miles  
8,000 bridges 
1 International border 

ADOT 
30,000 maintenance lane miles connecting those 140,000  
5,000 bridges 
7 maintenance/construction districts 
1,500 facility buildings 

 
Spread over 114,000 square miles 
Operating from sea level to 8,000 feet  
Temperatures below 0°F to over 120°F 
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 Critical Transportation Infrastructure Protection  
State  
• Arizona State Emergency Response and Recovery Plan (SERRP) 
• Planning Branch – AZ Department of Emergency and Military Affairs 
ADOT 
• Emergency Preparedness Management  
• Business Continuity - pandemic - Director’s Office revamp 
• Roadway - Incident Response Unit 
• Physical, chemical, biological – dedicated Emergency Manager 
• Road Weather AZ 511 app / ADOT Alerts app  
• Cyber - IT Security Risk Management & Compliance team 
• Transportation Infrastructure  - Weather & Natural Hazard 
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Transportation Infrastructure Resilience 
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FHWA 5520 - anticipate, prepare for, and adapt to changing conditions 
and withstand, respond to, and recover rapidly from disruptions 
 
Program Definition - The management of assets (bridges, culverts, 
pavement, and roadside vegetation/stabilization) in relation to the 
extreme weather-climate risks of; intense precipitation, system flooding, 
wildfires, wildfire-induced floods, drought-related dust storms, rockfall 
incidents, slope failures, and measurable climate trends (especially as it 
relates to precipitation and direct effects of increased surface 
temperatures); by regions or specific segments, emphasized as critical to 
contribute to the safety of the traveling public, improve weather and 
natural hazard risk management, and improve the long term life cycle 
planning of transportation infrastructure. 
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• Agency - political, financial, reputational 
• Environmental - natural hazard, extreme weather, future climate 
• Infrastructure - road and bridge failure 

o Intense Precipitation 
o System Flooding 
o Wildfires 
o Wildfire-Induced Floods 
o Drought-Related Dust Storms 
o Rockfall Incidents 
o Slope Failures and Subsidence 
o Increased Surface Temperatures 
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Investment Decision Tools        

State Route 191 - Mile Post 436 to Chinle – Chinle, AZ – Navajo Nation   
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• Protect the new $5.2M roadway investment 
• Address severe erosional and drainage issues that has led to a 25%-

100% degradation at sixty-one (61) of the eighty-six (86) CMP 
drainage structures  

• Address drainage capacity and slope stabilization issues at those 
structures and severely compromised stormwater management 
capabilities along this segment of SR 191 

• Upgrade ADOT’s application of risk-based assessment modeling at 
the asset class, project development, and localized hydrology 

• Further ensure use of SR 191 in the remote far northwest of Arizona 
and a main Apache County connector between SR 264 and US 160 in 
the advent of an extreme weather event 

• Improve transportation system access - Hopi Tribe and Navajo Nation 
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State Route 191 - Mile Post 436 to Chinle – Chinle, AZ – Navajo Nation   
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State Route 160 - Laguna Creek Bridge – Dennehotso, AZ    



USGS Partnership - Reach Monitoring in Dynamic Channels 
Understanding bank erosion and impacts to infrastructure 
 
 

 

 

 

   

Laguna Creek Pilot Project Reach Monitoring: 

• Rapid deployment stream gage 

• Surface velocity radar sensor 

• Particle tracking video cameras 

• Indirect discharge measurements 

• Repeat LiDAR scans of bridge structure and surrounding 
channel 

• sUAS (drone) survey 
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State Route 160 - Laguna Creek Bridge – Dennehotso, AZ    



Post Construction Monitoring Process  
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Post Construction Monitoring Process  
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2-D Erosion Change Detection Mapping  



Post Construction Monitoring Process  
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USGS Drone Data Capture – On-going Monitoring - Built Condition Wash Meander / Ox-bow 



Total Systems Thinking 

Program Philosophy       
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Sustainable Infrastructure is the planning, programming, designing, 

constructing, operating and decommissioning of projects in a manner 

that ensures economic, social and environmental longevity (including 

natural hazard, weather and climate resilience) while concurrently 

advancing critical, institutional and systems thinking over the entire life 

cycle of the infrastructure. 



Total Systems Thinking 
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Bhattacharya et al. 2016 



CEA-TA 
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Design Engineering Tool 

Advanced Engineering Tools     

Developing bridge asset class probabilistic engineering approach that 
assesses the stressors inherent to the built structure itself – live loading, 
extreme weather loading, climate induced loading using watershed, 
runoff data, topo, hydraulics, bridge  design, and computation of  the 
probability of failure at  the considered limit state(s)  

A. O’Connor 



Resilience GIS Database  
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Data 
• ADOT’s USGS Data 
• Drought & Wildfire 
• Layers from ADOT’s USGS Flood 

map 
• Dust storm data (I-10 pilot) 
• 5-yr program priority project 

information 
• Bridges (including scour program) 
• Culvert 
• ADOT system base layers 
• Geohazard locations 
• Soils 
• Live Feeds 
 

 

 

 

 

Data 
• ADOT/USGS Project Work 
• Resilience (Extreme Weather and 

Climate) Building  
• Resilience Investment Economic 

Analysis assessment locations 
• Climate Engineering Assessment for 

Transportation Asset (CEA-TA) 
locations 

• Every Day Counts CHANGE 2-D 
modeling projects 

• 2050 and 2100 climate data 
downscaling mapping 

• Statewide drainage dashboard 
• Weather event dashboards 

 



Develop Geographic Specific Climate Models  

Climate Tools      

• Large, geographically diverse study 
area (over 30,000 square miles) 

• High spatial resolution climate data 
desired 

• Stressors included both average and 
extreme temperature and precipitation 

• Helpful existing tools (e.g., FHWA CMIP 
Processer), but customization required 

• Modest resources for collection and 
processing 



Climate Data Selection  
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Parameter Specification 

Projections and Historical 
Data Source 

Downscaled CMIP5 Bias Corrected Constructed Analogs (BCCA) 
daily projections with accompanying historical data 

Emissions Pathway Representative Concentration Pathway 8.5 

Downscaled General 
Circulation Models (GCM) 

NorESM1-M, HadGEM2-ES, CSIRO-MK3.6, CanESM2, MPI-ESM-LR, 
MPI-ESM-P, GFDL-ESM2M 

Horizontal Spatial 
Resolution 

1/8° (~7.5 mile or ~12km) 

Temporal Resolution Daily for 1950-2000 (backcastings from models in addition to 
historical data), 2025-2055, and 2065-2095 

Model Outputs Temperature (daily maximum and minimum) and precipitation 
(daily total) 



Climate Output Metrics  
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Maximum 1-Day Precipitation Event (by time period) 

100-/200-Year Maximum Precipitation Event using Generalized Extreme Value distribution 

Minimum Annual Precipitation 

Average Annual Precipitation 

Average Number of Days Per Year in which Precipitation Exceeds Baseline Period’s 99th-Percentile 

Precipitation Event 

Average May-June-July-August Precipitation 

Average Daily Maximum Temperature 

Average Number of Days Per Year in which Temperature equals or exceeds 100 degrees 

Average Number of Days Per Year in which Temperature equals or exceeds 110 degrees 

Average Number of Days Per Year in which Temperature falls below or is equal to 32 degrees 

Average Daily Minimum Temperature 



Climate Data Outputs 
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• Arizona was laid out in 12 km x 12 km grid (total of 2680 grid 
elements) 

• Grids are consistent with format of downscaled climate data   

• Nineteen (19) climate models 

• Considered two time periods 

– 2025-2055 

– 2065-2095 
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Phase 1 - Initial Assessment and Root Case Analysis (2019-2020) 
• Hydrology – 2,000 square mile watershed 
• Hydraulic Engineering 
• USGS Analysis 
• Biotic Analysis 
• Climate Analysis 
 

Root Cause Analysis Results 

The lack of historical site specific hydrology, the severe scour concerns, 

climate, biotic, risk of overtopping at the 50-year event, and regional 

risk findings it was recommended a full structural, scour, and natural 

hazard probabilistic risk analysis be conducted. 
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Phase 2 – Probabilistic Science and Engineering Risk Analysis (2021-
2022) – Aerial LiDAR FLight 
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Phase 2 – Probabilistic Science and Engineering Risk Analysis (2021-
2022) – USGS Monitoring and 2-D Modeling  
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Phase 2 – Probabilistic Science and Engineering Risk Analysis (2021-
2022) – Updated Climate Modeling 
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Phase 2 – Probabilistic Science and Engineering Risk Analysis (2021-
2022) - Computational Flow Dynamic Simulations  
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Phase 2 – Probabilistic Science and Engineering Risk Analysis (2021-
2022) - system failure probability utilizing Bayesian Network (BN) 
Methodology  
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Phase 2 – Phase 2 Outcomes and Design Storm and Resilience Building 
Changes 
1.  Reduce the number of bridge spans subject to erosion 
2.  Deepen the bridge’s vertical supports (bridge and abutment piers) 
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Phase 2 – Phase 2 Outcomes and Design Storm and Resilience Building 
Changes 
3.  Reuse existing bridge abutments 
4.  Raising the bridge profile 1’ 

 



What’s Next 

What Resilience Tools and Analysis are next     46  

While different methods to quantify the economic impact of weather & 
natural hazard for infrastructure exist, advancing resilience tools for:  
 
• Cost benefit analysis 
• Return on investment 
• Risk thresholds identification (fortify – rebuild – or absorb event risk)  
• Identifying specific durability limit states 
• Major rehabilitation timeline analyses  
• Resilience bond adoption - Improved public agency awareness  
 
are needed that incorporate probabilistic approaches, and minimize 
regret by DOTs under changing extremes and climates. 


