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Uncertainty Framework

Identify Uncertainty

Aleatory vs. Epistemic
Describe Likelihood of Uncertain Event(s)

Probability vs. Possibility vs. Expert Opinion
Tests: K-S, A-D, x?, Likelihood Ratio
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Uncertainty Framework

Simulate Uncertainty with Respect to
Correlation Structure

Sampling: Monte Carlo vs. Latin Hypercube vs.
Reliability-Based vs. a-Cuts

Correlation: Joint Distribution Derivation vs. Cholesky
Decomposition vs. Rank-Order Correlation vs.
Envelope Method vs. Statistical Copulas
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Uncertainty Framework

Quantify Consequence for Each Simulation

Sensitivity VS. Risk
Range of Outcomes - — :
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Uncertainty Framework

Make Decisions Based on Consequential

Outcomes
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Case Study

Risk-based Needs Assessment




Uncertain Climate

Midwest climate from NOAA with 30 year change estimated
via (ICF Intl., 2009)
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Uncertain Life

Fit a Weibull distribution to the NBI
End-of-Life = Sufficiency Rating < 50%
Equal sample from the 4 major national climate regions

(Hadley, 1994)



Uncertain Life

Where, a = scaling factor; c =

Bri Calibrated coefficient using

Life Expectancy F

maximum likelihood estimation; |, =
life expectancy factor k out of n

Constant

Normal annual temperature CF)S|NITICQNt TaCctoO$PLE-2 | -17.199
Normal annual precipitation (in.) -0.167E-2 -8.674
Geographic indicator (1 if rural_Q athenaise) N 4A59F-1 R 474

NHS indicator (1 if on NHS, (

Corrosive soil indicator (1 if ¢

Material type indicator (1 if st

Where, t =time; y = location factor; =
corfosive by NRLS, 0 otherw y = gcaling factor; B = shape factor.

)

Structure length (decimeters) -0.765E-5 -6.035
. . Parameter t-
Baseline Ancillary Factors Estimate, Statistic
Shape Factor, B 2.623 | 185.168
Scaling Factor, a 68.871 | 363.000
Model Statistics
Number of Observations 42,902
Log-likelihood Function at Convergence -26,785.79
Restricted Log-likelihood Function -40,397.73

t
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Uncertain Life

Significant propensity towards longer life
Rural geographic region

Significant propensity towards shorter life
Warmer and wetter climate
On NHS o
Corrosive soil o
Steel structure z
Longer structure
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Uncertain Needs

Typical practice — estimate needs based on # of assets
approaching end-of-life in planning horizon
Life estimate typically deterministic, but life is uncertain...
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Uncertain Needs

= For example, consider the Indiana Bridge stock

0 75% of bridges under age 30 (as of 2009), if life
expected to be 5o-70 years
» Risk underestimating needs in 15 year horizon
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Uncertain Needs

Inputs for Needs Assessment

Planning Horizon
15 years
Activity Timings / Remaining Service Life
Replacement Only ~ 60 years on average
Activity Cost
Applied IBMS Cobb-Douglas equations (Sinha et al., 2009)
Interest Rate* (if assuming investment opportunities)



Uncertain Needs

Financial Needs

. 1.2E-08
Physical Needs
S 1.0E-08
0.009 : 5
c
: 0.008 u’; 8.0E-09
'*é 0.007 Y CO Current
[
2 0.006 a 6.0E-09
2 > Low Emissions
g 0.005 £ 40809
8 0.004 8
Z ' '§ 2 OE-09 = == Moderately High
= 0.003 a - Emissions
@
Q
g 0002 0.0E+00
a
0.001 $160 $1.70 $180 $1.90 $2.00
0
Present Worth of 15 year Bridge Replacement Needs ($ Billions)
3,400 3,600 3,800 4,000

No.of Bridges Needing Replacement in 15 Year Planning Horizon

Median Financial Needs
$1.749B (current) vs. $1.798B (low) vs. $1.801B (mod. high)



Uncertain Needs
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Uncertain Needs

= Needs by Point Estimate

. . 10
e.g., ifassume 6o yearlife _°;
5L $8
»15 yr needs = $760M i
22 o
. . 55 4
= In comparison to median:; -
ga 92
estimates of previous 7 & T=
. 20 30 40 50 60 70 80 90 100 110 120
S C e n a rl O S : Point Estimate of Life Expectancy in Years
Climate Fiscal Under—estimation Physi(_:al Under—estimation
Relative to Median Value Relative to Median Value
No Change $989 million 1,317 structures
Low Emissions | $1.038 billion 1,409 structures
Moderate $1.041 billion 1,417 structures
Emissions




Conclusions

Summarily,

Future climate will likely cause a $49M-$52M increase and an
additional 92-100 replacements over a 15 year horizon for
Indiana bridge stock

If expert opinion = 60 year life, then Indiana bridge needs
would be underestimated by 55-158%

If life expectancy models applied deterministically, then
Indiana bridge needs would be underestimated by 25-162%

For 9o% confidence in keeping Indiana bridges serviceable, a
contingency fund of $30M-$58M is needed over the next 15
years
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