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Thank you to our Patrons

We will begin our presentation in a few minutesé  
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Passenger and Freight Rail Systems are Being 
Compromised by Climate Change:
How Proactive Data-Driven Engineering Can Help Owners Adapt

Jake Helman, Principal Consultant
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Agenda

How can we address climate impacts in engineering through a data-

driven approach?

A data-driven approach to resilience in the rail sector

Other applications of the data-driven approach

Climate impacts on engineering and the rail system
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Who is Resilient Analytics?

2014
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Clients and Analysis Area
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Climate in Engineering Design

ÅClimate has always been a factor in engineering 
design

ÅWastewater treatment inflow
Å 5-year and 25-year 60-minute precipitation

ÅRetention pond
Å System should be designed for the maximum wet 

year and minimum evapotranspiration year of record

ÅWhy are we designing the infrastructure of the future 
to past climate conditions?

ÅHistorically that is the only data we had to go 
off

ÅClimate modeling changes that narrative

ÅWe now have the capability to design the 
infrastructure of the future to projected climate 
conditions

https://www.pca.state.mn.us/sites/default/files/wq-wwtp5-20.pdf
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Climate Impacts on Infrastructure

ÅClimate impacts every engineering 
discipline
ÅAcute risk: damage from catastrophic event

ÅExample: Damage from hurricane

ÅOperational risk: chronic risk to infrastructure 
and ops

ÅExample: Shortened pump motor lifespan

ÅImpacts can be modelled and 
quantified for more informed decision 
making
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Climate Impacts on the Rail System

ÅFederal Rail Association (FRA) Focus Area II: 
Resilient Infrastructure

ÅHurricanes, tornados, extreme precipitation, 
sea level rise and extreme heat

ÅExtreme heat can cause damage and delay

ÅBuckled railĄdelay and/or derailment

ÅHeat restrictions begin between 85°F and 95°F

ÅSecondary Impacts

ÅSupply chain disruption

ÅEnvironmental impacts

ÅBy mid century, many locations in the US will 
see huge increases in extreme heat events

ÅTurning risk into opportunity
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Market Drivers and Opportunity

ÅClimate change is no longer an abstract concept

ÅEngineers need to be prepared for this, and it 

needs to be done correctly

ÅThere is an opportunity to become a trusted 

partner with owners who understand climate risks 

and are ready to implement this new risk metric
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How can we address climate 
impacts in engineering?
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A Data-Driven Approach to Resilience

Collecting

Processing

Connecting

Producing

Interpreting

Custom

Cost Driven

Operational

Meets Goals

Actionable Results

Applying
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Collecting

Climate Data

Spatial Data

Physical Data

Infrastructure Data

Methodological Data

Impact Data

Cost Data

Data Structure

Å Data Sources

Å Data Format

Å Data Size

Å Data Updates
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Processing

Raw Data

Cleaning

Filling Gaps

Producing 

Evaluating

Formatting

Final Input 

Data
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Connecting

ÅDevelopment of the project method

ÅConnecting all the data streams

ÅEstablish analytical structure

ÅStressor response functions

ÅModel boundaries and assumptions

ÅEstablish data to be produced
ÅDerived climate variables

ÅInfrastructure variables

ÅCost scenarios

ÅEstablish the final metrics

ÅDrive the narrative of interpretation

ÅIterative ProcessĄ Can go back to collect and process
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Producing

Develop Iterate Validate
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Interpreting

ÅEstablish categories of interpretation
ÅSpatial, Ownership, Time, Scenario, Climate Model, Asset Type

ÅSynthesize results to create succinct data

ÅEstablish key trends, patterns and insight
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Applying

ÅDeliverables such as
Å Comprehensive vulnerability assessment

Å Resilience improvement plan

Å Engineering resilience assessments

Å Technical report

ÅWhich can include
Å Asset vulnerability and risk

Å Project prioritization

Å Changes in design standards

ÅIn many formats
Å Report

Å GIS

Å Interactive tool

ÅConsistent with other initiatives
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Actionable Results

Custom

Cost Driven

Operational

Decision Making
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Summary so far

Extreme heat causes damage and delay in the rail system and

extreme heat events are projected to increase

A data-driven approach utilizes numerous data streams to create 

actionable data

A data-driven approach can help quantify sectoral impacts of climate 

change

Climate impacts engineering design and infrastructure 
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Pause for Questions
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A Data-Driven Approach to Resilience in the Rail Sector
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Project Background

ÅThe Climate Change Impacts and Risk Analysis 
(CIRA) for the U.S. EPA

ÅImpacts across 22 sectors including rail, 
roads, bridges

ÅEnables cross sectoral comparison

ÅIt is designed to estimate physical and economic 
damages of climate change in the United States 
under different climate scenarios.
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Rail Background

Å140,000 miles of Class 1 rails

Å$80-billion freight rail industry

ÅPassenger carries 30 million 
people annually

ÅRail is susceptible to damage 
under extreme heat events

ÅClimate change indicates an 
increase in the number and 
severity of extreme heat 
events
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Collecting

Climate Data: LOCA

Spatial Data: Grid, state 
and regional boundaries

Physical Data: NA

Infrastructure Data: Rail 
inventory and volumes

Methodological Data: 
Operating procedures, 
stressor response functions

Impact Data: Buckling data 
for validation

Cost Data: Unit costs, 
delay costs, other costs
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Collecting: Climate Data

ÅConsistent with CIRA

ÅLocalized Constructed Analogs (LOCA)

Å5 representative models

ÅTwo Representative Concentration 
Pathways (RCPs) and observed 
baseline

ÅDaily maximum temperature

ÅNetCDF format

ÅApproximately 1.2 billion data points
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Collecting: Spatial Data

ÅClimate data grid

ÅNative LOCA grid is 1/16th degree

ÅNational Climate Assessment (NCA) 
Regions

ÅConversion by weighted average
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Collecting: Infrastructure Data

ÅRail inventory from the National 
Transportation Atlas Database (NTAD)

ÅLength of Class 1 rail

ÅTrack rights Ą used to estimate 
passenger vs freight

ÅTraffic volume from FRA highway-rail 
crossing

Å152,000 unique crossings

ÅDaily rail volume
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Collecting: Methodological Data

ÅOperating procedures for reactive adaptation

ÅEquations to estimate:

ÅStress Free Temperature (SFT)

ÅRail temperature

ÅExpected buckling probability

ÅDelay
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Collecting: Impact Data

ÅBuckling data for validation

ÅLimited data but serves as a ground 
truth

ÅMore details on the validation to 
come later
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Collecting: Cost Data

ÅCost of delay for slowdown
ÅPassenger unit cost

ÅBusiness vs pleasure

ÅBulk vs intermodal unit cost

ÅCost of crew, locomotives, and fuel. 

ÅCost to public

ÅCost of delay from repair
ÅPassenger unit cost

ÅBusiness vs pleasure

ÅBulk vs intermodal unit cost

ÅCost of crew, locomotives, and fuel. 

ÅCost to public

ÅCost of repair
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Processing

Raw 

Data

Cleaning
Filling Gaps

Producing 

Evaluating

Formatting

Final Input 

Data

ÅCleaning
ÅOnly include Class 1

ÅOnly include operational

ÅEliminate rail outside of US

ÅFilling Gaps
ÅMissing volumes

ÅLook to surrounding grids

ÅProducing
ÅPassenger vs freight ratio

ÅEvaluating
ÅRural vs urban traffic volumes

ÅFormatting
ÅGrid level tables for reading
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Processing

Raw 

Data
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Data

ÅCleaning
ÅOnly include Class 1

ÅOnly include operational

ÅEliminate rail outside of US

ÅFilling Gaps
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ÅLook to surrounding grids

ÅProducing
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Processing

Raw 

Data

Cleaning

Filling Gaps

Producing 
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ÅCleaning
ÅOnly include Class 1

ÅOnly include operational

ÅEliminate rail outside of US

ÅFilling Gaps
ÅMissing volumes

ÅLook to surrounding grids

ÅProducing
ÅPassenger vs freight ratio
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ÅRural vs urban traffic volumes

ÅFormatting
ÅGrid level tables for reading
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Processing

Raw 

Data
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ÅCleaning
ÅOnly include Class 1
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Processing

Raw 

Data

Cleaning

Filling Gaps

Producing 

Evaluating

Formatting

Final Input 

Data

ÅCleaning
ÅOnly include Class 1

ÅOnly include operational

ÅEliminate rail outside of US

ÅFilling Gaps
ÅMissing volumes

ÅLook to surrounding grids

ÅProducing
ÅPassenger vs freight ratio

ÅEvaluating
ÅRural vs urban traffic volumes

ÅFormatting
ÅGrid level tables for reading
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Summary so far

Rail system is a $80 billion dollar industry that carries 30 million 

people annually

Many data sources had to be collected and processed for the analysis

The rail analysis is designed to estimate physical and economic 

damages of climate change
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Pause for Questions
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Connecting

ÅEstablish analytical structure

ÅThree adaptation 
scenarios laid out by 
CIRA

Å5 cost and impact 
scenarios

ÅCosts not included

ÅIterative and parallel 
processĄ can go back to 
collecting and processing
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Connecting

ÅStressor response functions

Reactive Delay

Expected buckling events

Proactive Delay
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Connecting

ÅModel boundaries and assumptions

ÅBaseline period is from 1950 to 2005

ÅSubset of baselines

Å½ degree resolution

Å20-year era level reporting in 2030, 2050, 
2070 and 2090

ÅUndiscounted and 3% discount rate

ÅCosts adjusted for population and GDP 
growth

ÅDo not quantify derailment

ÅMany other highly specific assumptions
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Connecting

ÅData to be produced

ÅCalculations often validated by 
hand before producing model

Derived climate variables

1. Restriction events

2. Average max summertime temperature

3. Min, allowable and max temperature for 

Eb

4. Pt for Eb

Infrastructure variables

1. Rail temperature

2. Rail SFT (vintaging)

3. Pb and Eb (reactive and proactive)

4. Risk base speed reduction

Final Metrics

1. No Adaptation: DM from buckling, repair 

cost from buckling

2. Reactive: DM for speed order, DM from 

buckling, repair cost from buckling

3. Proactive: DM from risk-based speed 

order, investment cost
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Producing

ÅDevelopment of model 

ÅOver 1500 lines of code contained in 
10 scripts and functions

ÅIteration of model

ÅQC process continues as figments 
emerge in the model

ÅOver 50 runs saved
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Producing

ÅSensitivity

ÅTesting broad assumptions
ÅTime of slow order

ÅTrain speed

ÅRestrict Temperature

ÅValidation

ÅCompare output to impact data

ÅUsed buckling events per mile for 
comparison
ÅReactive buckling events per mile within 15%

ÅNo adaptation events 70% higher
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Summary so far

The analysis aims to quantify 3 cost scenarios

Sensitivity and validation are critical to modeling success

The rail analysis methodology is rooted in research performed by the 

FRA and US DOT
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Pause for Questions
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Interpreting

ÅEstablish categories of interpretation

ÅSpatial

ÅOwnership

ÅTime

ÅScenario

ÅClimate Model

ÅAsset Type

ÅCreate succinct data

ÅEstablish key trends, patterns and insight


