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Topics

Focus on toll roads (but lessons for transportation generally)

Predictive Failure: Bias & Error

e Bias: Optimism Bias (or ‘Strategic Misrepresentation’??)
 Non-Random Error

e Error:
e Random Error
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Why Bias Before Error?

e Before you can consider/examine/assess/quantify error
e ...you have adjust for bias

e Why?
e Systematic error and random error have a hierarchical relationship
e Random error is quantified through statistical tests, confidence intervals etc.
e |If an estimate is invalid in the first place, these quantifications (of the role of chance) are pointless

e Statistical tests have little meaning in the face of systematic error

e So systematic error (bias) is the place to start...
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Optimism Bias / Strategic Misrepresentation

Lessons in Systematic Error (from Australia)
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Lesson 2

Cross City Tunnel, Sydney
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Cross City Tunnel, Sydney
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Lesson 3
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Lesson 4

Lane Cove Tunnel, Sydney
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Lesson 5
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Lesson 6

CLEM7, Brisbane
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Lesson 7/
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

* Public sector focus = maximum upfront value extraction from concession sale
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

» Big ticket, greenfield projects that could not be developed incrementally (bridges/tunnels)
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tacthim for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

* Lots of money chasing few assets
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i, Please contact him for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

e Contractor and investment bank-led bidding consortia
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i, Please contact him for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

e Small construction industry: limited competition (higher prices)
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

» Aggressive financial structures: high leverage, massive debt
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i, Please contact him for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

* Equity packaged and sold-down to third party investors
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

e Traffic consultants on big success fees (and extensive use of disclaimers)
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tacthim for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

» Traffic consultants promised further work
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tacthim for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

e High toll tariffs (reflecting high initial capex)
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tacthim for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

e Modest time savings (especially off-peak)
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

* Traffic calming on surface streets not delivered
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tacthim for up-to-date

Why? 17 Contributory Fact

findings and resutts (e info

ors...

@robba

frr.corm)

* Traffic demand models with all the dials turned up to 11
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

* Limited period modelling and reliance on (massive) expansion/annualisation factors
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

e Key links (including target) over-capacity from Day 1. Busiest facilities in the world!
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

e Traffic & revenue auditor dispensed with (or remit considerably reduced)
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why? 17 Contributory Factors...

e Winning bidders way out front (runners-up bunched around half of the winning forecast Ss)
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why Bias Before Error?

e Before you can consider/examine/assess error
e ...you have adjust for bias

e Why?

e Answered earlier

e How?
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why Bias Before Error?

e Before you can consider/examine/assess error
e ...you have adjust for bias

e Why?

e Answered earlier

e How?

e An independent reviewer helps
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

Why Bias Before Error?

e Before you can consider/examine/assess error
e ...you have adjust for bias

e Why?

e Answered earlier

e How?

e A belligerent Scottish independent reviewer really helps!




This presentation is part of an on-going research effort by Robert Bain. Please contact him for up-to-date findings and results (e: info@robbain.com)

Forecasting Error

15 Years of Research in 20 Minutes!
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Research Methodology

1. Clearly identify the research subject
e Quantification of prediction intervals based on empirical evidence

2. Approach the subject from different perspectives using different data/sources
e ‘Triangulation’

3. Pose the research question
e Are common themes or consistent lessons emerging?

4. Validate research findings using independent data
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This presentation is part of an on-going research effort by Robert Bain. Please contact him for up-to-date findings and results (e: info@robbain.com)

Empirically
Derived

Prediction
Intervals

58



This presentation is part of an on-going research effort by Robert Bain. Please cong WVigeicu date findings and results (e: info@robbain.com)
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This presentation is part of an on-going research effort by Robert Bain.Ptease contact him for up-to-date findings and results (e info@robbaimn.corm)

Research at Standard & Poor’s (2002-)

Global Toll Road Sample (2005)
Normal (0.77, 0.26),n =104

0.0 0.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 1.6

Actual/Forecast Traffic




This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Conclusions

 Toll road forecasting errors...
¢ are common
e are commonly large

e appear symmetrically distributed (but with a mean < 1)

e Optimism bias? ¥ Strategic misrepresentation? v/

e Initial focus was on error (not error propagation through time), but...
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Fall-Out From S&P Research

e |ots!

* “Focus on first-year forecasts misses the point.

Accuracy always improves after Year 1”

Traffic Forecasting Performance: Time Series
2.00
. 1.75
* In 2003 looked at errors across time ;s o0 fn
@ @?’“ r—
9_‘-3 1.00 +—— *\‘77* 17—#\
e Can’t say much... = — ST = .
;‘é 0.50
o . 025 o
* But no systematic improvement in accuracy 0.00 = ____ =
1 2 3 4 5 6 7 8 9 10 11
Year from Opening
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Year from Opening

Actual/Forecast Traffic

Traffic Forecasting Performance: Time Series
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Data

		2005 Traffic Risk Research														= calc

								Opening

		ID		Project		Veh Type		Year		1		2		3		4		5		6		7		8		9		10		11

		1		RMC: A417/A419		Comb		1997		-0.1%		11.8%		10.6%		5.8%		0.9%		-1.7%

		2		Teodoro Moscoso Bridge		All		1993		-13.1%		-31.0%		-23.1%		-15.1%		-6.4%		2.8%		-1.7%		-16.3%		-26.3%		-19.5%		-16.6%

		3		RMC: A1(M)		Comb		1997		4.3%		-1.0%		-2.2%		-2.7%		-7.7%		-8.9%

		4		Harris County: Hardy		All		1988		-70.8%		-72.3%		-76.2%		-77.2%		-77.7%

		5		Harris County: Sam Houston		All		1988		-35.1%		-20.3%		-19.0%		-16.8%		-22.0%

		6		CountyRoute (A130): North		Comb		2001		-30.6%		-22.7%		-19.0%		-17.8%

		7		CountyRoute (A130): South		Comb		2002		-31.7%		-27.6%		-27.1%

		8		George Bush Expressway		All		1998		52.3%		-8.2%

		9		Coviandes: El Antojo		All		1997		-21.0%		-20.0%		-19.0%		-18.0%		-34.0%

		10		Illinois NS Tollway		All		1989		-5.3%		4.3%		12.5%		16.9%		15.3%

		11		Coviandes: Caqueza		All		1998		-13.2%		-23.0%		-22.4%		-27.3%

		12		Oklahoma: Kilpatrick		All		1991		-82.0%		-73.6%		-70.7%		-68.6%		-65.3%

		13		Oklahoma: Creek		All		1992		-51.0%		-45.0%		-43.2%		-40.8%		-34.5%

		14		Coviandes: Villavicencio		All		1999		-18.9%		-16.2%		-18.6%

		15		Cent Florida Greenway: N		All		1989		0.0%		-7.7%		-14.7%		-25.6%		-19.6%

		16		Cent Florida Greenway: SR417		All		1993		-72.5%		-63.4%		-61.6%		-50.0%

		17		Cent Florida Greenway: S		All		1990		-65.9%		-61.4%		-57.1%		-35.9%		-21.4%

		18		Autopista del Sol		All		1995		-10.3%		3.0%		6.3%		2.1%		-3.1%		-14.0%		-30.6%

		19		Florida: Sawgrass		All		1986		-82.2%		-76.6%		-68.0%		-62.9%		-61.6%

		20		Florida: Veterans		All		1994		-49.9%		-42.1%		-37.5%		-35.0%		-43.2%

		21		Florida: Seminole		All		1994		-54.4%		-42.0%		-29.3%		-21.6%		-29.9%

		22		Florida: Polk		All		1999		-19.0%		-32.5%

		23		Cintra A		All		?		-13.0%		-14.0%		-31.0%		-36.0%		-37.0%

		24		Osceola County, Florida		All		1995		-87.1%		-49.3%		-61.5%		-59.6%

		25		Cintra B		All		?		-15.0%		-22.0%		-29.0%		-34.0%		-39.0%

		26		Santa Rosa Bay Bridge		All		1999		-45.2%		-43.2%

		27		Cintra C		All		?		-15.0%		-20.0%

		28		GA400		All		1993		17.0%		33.1%		39.8%		45.8%		41.8%

		29		Cintra D		All		?		-35.0%		-39.0%

		30		CTCA: Foothill North		All		1995		-13.5%		-7.7%		-0.7%

		31		CTCA: Foothill-Eastern		All		1999		19.1%		-21.0%		-20.9%

		32		CTCA: San Joaquin Hills		All		1996		-68.4%		-52.5%		-48.5%		-47.1%		-45.9%												0.0053

		33		Cintra E		All		?		0.0%		-3.0%																		x2		x		const

		34		E-470		All		1999		-38.2%		-40.4%																		0.0043		0.0473		0.303

		35		Cintra F		All		?		-35.0%		-28.0%		-18.0%		-9.0%		3.0%

		36		Dulles Greenway		All		1995		-79.9%		-76.4%		-74.2%		-64.6%

		37		Cintra G		All		?		31.0%		51.0%																		std		year

		38		Cintra H		All		?		36.0%		43.0%																		0.26		1

		39		Cintra I		All		?		7.0%		12.0%		17.0%																0.20		3

		40		Cintra J		All		?		-52.0%		-44.0%																		0.17		5

																														0.17		6

						Year =				1		2		3		4		5		6		7		8		9		10

						StDev				0.35		0.31		0.29		0.29		0.29		0.07		0.20		0.00		0.00		0.00

										1		2		3		4		5

										1		2		3		4		5		6

										0.260		0.209		0.206		0.190		0.171		0.170						Observed Data

																										Modelled Data

										0.26		0.215		0.2		0.184		0.174		0.17

						Mean				-26%		-25%		-27%		-28%		-24%		-5%		-16%		-16%		-26%		-19%

																										Year 1 - Year 2		Year 2 - Year 3		Year 3 - Year 4		Year 4 - Year 5

																								Improvement		26		22		17		8

				Year		high		low		close														Deterioration		14		8		8		12

				1		0.26		-0.78		-26%																40		30		25		20

				2		0.18		-0.68		-25%																Yr 1 - Yr 2		Yr 2 - Yr 3		Yr 3 - Yr 4		Yr 4 - Yr 5

				3		0.13		-0.67		-27%														Improvement		65%		73%		68%		40%

				4		0.088		-0.648		-28%														Deterioration		35%		27%		32%		60%

				5		0.108		-0.588		-24%

												adjusted

								Actual				1*
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Red means a time series of only 2 data points (or less)!
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Traffic Forecasting Performance: Trend Analysis
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% of Toll Road Forecasting Case Studies

Traffic Forecasting Performance: 
Year-on-Year Change in Forecasting Accuracy
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Distribution of Toll Road Case Studies



		Heavies														= calc				= ratio

								Opening

		ID		Project		Veh Type		Year		1		2		3		4		5		6		7		8		9		10

		1		A419/A417		Others		1997		-4.7%		4.5%		3.9%		-0.8%		-5.2%		-7.3%

						Heavies				42.1%		78.7%		72.6%		66.3%		56.9%		50.9%

		2		A1(M)		Others		1997		-4.3%		-8.4%		-8.7%		-8.8%		-13.4%		-14.6%

						Heavies				51.2%		40.5%		34.4%		31.4%		24.2%		22.9%

		3		CountyRoute: N		Others		2001		-29.9%		-22.8%		-18.5%		-17.0%

						Heavies				-35.4%		-22.4%		-22.0%		-23.0%

		4		CountyRoute: S		Others		2002		-31.2%		-27.3%		-26.9%

						Heavies				-35.8%		-29.6%		-28.6%

				A1(M) OV		act				302,450		318,231		329,348		341,082		348,629		357,029

						fcast				316,181		347,383		360,832		373,804		402,560		417,987

				A1(M) HGV		act				87,600		86,557		86,306		87,716		89,552		92,298

						fcast				57,922		61,597		64,219		66,758		72,125		75,115

						act		total		390,050		404,788		415,654		428,798		438,181		449,327

						fcast		total		374,103		408,980		425,051		440,562		474,685		493,102

																				-8.9%

				A417/419 OV		act				418,122		482,885		492,369		511,629		523,821		545,566

						fcast				438,825		461,987		473,930		515,656		552,413		588,680

				A417/419 HGV		act				67600		89399		88474		92621		93479		95720

						fcast				47,569		50,040		51,268		55,706		59,586		63,414

						act		total		485,722		572,284		580,843		604,250		617,300		641,286

						fcast		total		486,394		512,027		525,198		571,362		611,999		652,094

										-0.1%		11.8%		10.6%		5.8%		0.9%		-1.7%





		1		1		1		1		1		1		1		1		-0.131018246		-0.708		-0.351		-0.3059701493		0.5225		-0.21		-0.053		-0.132		-0.82		-0.51		-0.189		0		-0.725		-0.6585		-0.103		-0.822		-0.499		-0.5441		-0.1897		-0.13		-0.8705		-0.15		-0.4519		-0.15		0.17		-0.35		-0.1347		0.1914		-0.6835		0		-0.3817

																		-0.310114336		-0.723		-0.203		-0.2273838631		-0.0822		-0.2		0.043		-0.23		-0.736		-0.45		-0.162		-0.0769		-0.634		-0.6136		0.03		-0.766		-0.4205		-0.4196		-0.325		-0.14		-0.4932		-0.22		-0.432		-0.2		0.331		-0.39		-0.0772		-0.21		-0.5253		-0.03		-0.4037

																		-0.231196944		-0.762		-0.19		-0.1897654584				-0.19		0.125		-0.224		-0.707		-0.432		-0.186		-0.147		-0.6161		-0.5714		0.063		-0.68		-0.3749		-0.2931				-0.31		-0.6154		-0.29						0.3976				-0.0072		-0.2085		-0.4852

																		-0.1505093379		-0.772		-0.168		-0.1778242678				-0.18		0.169		-0.273		-0.686		-0.408				-0.2558		-0.5		-0.359		0.021		-0.629		-0.3502		-0.216				-0.36		-0.5958		-0.34						0.4584								-0.4712

																		-0.0635486577		-0.777		-0.22						-0.34		0.153				-0.653		-0.345				-0.1957				-0.2143		-0.031		-0.616		-0.432		-0.2987				-0.37				-0.39						0.4181								-0.459

																		0.0276648693																												-0.14

																		-0.0165299426																												-0.306

																		-0.1629010476

																		-0.2629849984

																		-0.1947127957

																		-0.1660021053



Years from Opening

Percentage Error

Traffic Forecasting Risk: Time Series Data



		2005 Traffic Risk Research														= calc

								Opening

		ID		Project		Veh Type		Year		1		2		3		4		5		6		7		8		9		10		11

		1		RMC: A417/A419		Comb		1997		1.00		1.12		1.11		1.06		1.01		0.98

		2		Teodoro Moscoso Bridge		All		1993		0.87		0.69		0.77		0.85		0.94		1.03		0.98		0.84		0.74		0.81		0.83		should be able to get 2003 and 2004

		3		RMC: A1(M)		Comb		1997		1.04		0.99		0.98		0.97		0.92		0.91

		4		Harris County: Hardy		All		1988		0.29		0.28		0.24		0.23		0.22

		5		Harris County: Sam Houston		All		1988		0.65		0.80		0.81		0.83		0.78

		6		CountyRoute (A130): North		Comb		2001		0.69		0.77		0.81		0.82

		7		CountyRoute (A130): South		Comb		2002		0.68		0.72		0.73

		8		George Bush Expressway		All		1998		1.52		0.92

		9		Coviandes: El Antojo		All		1997		0.79		0.80		0.81		0.82		0.66

		10		Illinois NS Tollway		All		1989		0.95		1.04		1.13		1.17		1.15

		11		Coviandes: Caqueza		All		1998		0.87		0.77		0.78		0.73

		12		Oklahoma: Kilpatrick		All		1991		0.18		0.26		0.29		0.31		0.35

		13		Oklahoma: Creek		All		1992		0.49		0.55		0.57		0.59		0.66

		14		Coviandes: Villavicencio		All		1999		0.81		0.84		0.81

		15		Cent Florida Greenway: N		All		1989		1.00		0.92		0.85		0.74		0.80

		16		Cent Florida Greenway: SR417		All		1993		0.28		0.37		0.38		0.50

		17		Cent Florida Greenway: S		All		1990		0.34		0.39		0.43		0.64		0.79

		18		Autopista del Sol		All		1995		0.90		1.03		1.06		1.02		0.97		0.86		0.69

		19		Florida: Sawgrass		All		1986		0.18		0.23		0.32		0.37		0.38

		20		Florida: Veterans		All		1994		0.50		0.58		0.63		0.65		0.57

		21		Florida: Seminole		All		1994		0.46		0.58		0.71		0.78		0.70

		22		Florida: Polk		All		1999		0.81		0.68

		23		Cintra A		All		?		0.87		0.86		0.69		0.64		0.63

		24		Osceola County, Florida		All		1995		0.13		0.51		0.38		0.40

		25		Cintra B		All		?		0.85		0.78		0.71		0.66		0.61

		26		Santa Rosa Bay Bridge		All		1999		0.55		0.57

		27		Cintra C		All		?		0.85		0.80

		28		GA400		All		1993		1.17		1.33		1.40		1.46		1.42

		29		Cintra D		All		?		0.65		0.61

		30		CTCA: Foothill North		All		1995		0.87		0.92		0.99

		31		CTCA: Foothill-Eastern		All		1999		1.19		0.79		0.79

		32		CTCA: San Joaquin Hills		All		1996		0.32		0.47		0.51		0.53		0.54

		33		Cintra E		All		?		1.00		0.97

		34		E-470		All		1999		0.62		0.60

		35		Cintra F		All		?		0.65		0.72		0.82		0.91		1.03

		36		Dulles Greenway		All		1995		0.20		0.24		0.26		0.35

		37		Cintra G		All		?		1.31		1.51

		38

		39		Cintra H		All		?		1.36		1.43

		40

		41		Cintra I		All		?		1.07		1.12		1.17

		42

		43		Cintra J		All		?		0.48		0.56

		44

		45

		46

		47

		48

		49

		50

						Year =				1		2		3		4		5		6		7		8		9		10

						StDev				0.35		0.31		0.29		0.29		0.29		0.07

										1		2		3		4		5

										1		2		3		4		5		6																		0.0053

										0.260		0.209		0.206		0.190		0.171		0.170						Observed Data												x2		x		const

																										Modelled Data												0.0043		0.0473		0.303

										0.26		0.215		0.2		0.184		0.174		0.17

						Mean				74%		75%		73%		72%		76%		95%																		std		year

																										Year 1 - Year 2		Year 2 - Year 3		Year 3 - Year 4		Year 4 - Year 5						y		x

																								Improvement		26		22		17		8						0.00		1

				Year		high		low		close														Deterioration		14		8		8		12						0.00		2

				1		0.26		-0.78		-26%																40		30		25		20						0.00		3

				2		0.18		-0.68		-25%																Yr 1 - Yr 2		Yr 2 - Yr 3		Yr 3 - Yr 4		Yr 4 - Yr 5						0.00		4

				3		0.13		-0.67		-27%														Improvement		65%		73%		68%		40%						0.00		5

				4		0.088		-0.648		-28%														Deterioration		35%		27%		32%		60%						0.00		6

				5		0.108		-0.588		-24%



Halcrows

Dragados (also known by me)

Halcrows

JP Morgan

Red means a time series of only 2 data points (or less)!

Dragados

Dragados

Dragados

Dragados
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		0.26		-0.78		-0.26

		0.18		-0.68		-0.25

		0.13		-0.67		-0.27

		0.088		-0.648		-0.28

		0.108		-0.588		-0.24



Years from Opening

Percentage Error

Traffic Forecasting Performance: Trend Analysis



		Year 1 - Year 2		Year 1 - Year 2

		Year 2 - Year 3		Year 2 - Year 3

		Year 3 - Year 4		Year 3 - Year 4

		Year 4 - Year 5		Year 4 - Year 5



Improvement

Deterioration

% of Toll Road Forecasting Case Studies

Traffic Forecasting Performance: 
Year-on-Year Change in Forecasting Accuracy
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Year from Opening

Actual/Forecast Traffic

Traffic Forecasting Performance: Time Series



		

		NOTE:		Value of traffic weighted 9:5 if favour of Scheme 1

		Scheme 1 Basecase

				2001/2		2002/3		2003/4		2004/5

		Cars		35400		36000		41000		41700

		HGVs		4800		4900		5900		6100

		Scheme 1 Actual

				2001/2		2002/3		2003/4		2004/5

		Cars		24800		27800		33400		34600

		HGVs		3100		3800		4600		4700

		Tot Fcast		40200		40900		46900		47800

		Tot Act		27900		31600		38000		39300

		Error		-31%		-23%		-19%		-18%

		Scheme 2 Basecase

				2001/2		2002/3		2003/4		2004/5

		Cars		0		38200		38800		39400

		HGVs		0		5300		5400		5600

		Scheme 2 Actual

				2001/2		2002/3		2003/4		2004/5

		Cars		0		26300		28200		28800

		HGVs		0		3400		3800		4000

		Tot Fcast		0		43500		44200		45000

		Tot Act		0		29700		32000		32800

		Error		0%		-32%		-28%		-27%





		get TMB figures

		compare one traffic forecasters forecast with eg. a due diligence: skyway, A419/A417

		get material from original US report

		put a shout out on TMIP email distribution

		get countyroute

		incorp Cintra material

		what are the revenue implications of the off forecasts (dampened by banding)?

		diff finding for trucks versus cars?  Implication?  Greater variability?

		in how many cases were forecasts subsequently revised?

		do lower forecasts bring part-compensating operating savings?

		they say "things get better"; I say there is no evidence to support the notion that things get better: clearly state the hypothesis that we are trying to prove/disprove ie. more accurate in future years?  Mean absolute error?

		graph showing fq distribution of opening year

		graph showing fq distribution of number of years open

		report combined figs (OVs + HGVs) but disaggregated analysis later (for those projects where I have the info).

		quote results from JP Morgan's analysis?  Or might this be dangerous?






This presentation is part of an on-going research effort by Robert Bain. Please contact him for up-to-date findings and results (e: info@robbain.com)

Empirically
Derived
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traffic
forecasting

errors
(UK)

Intervals
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Forecast Accuracy in the UK (toll-free roads)

UK Highways Agency Dataset (2012)
(n =55)

0.5

0.6

0.7

1.6

Post-Opening Project Evaluation (‘POPE’) of Major Schemes
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Conclusions

e “A guarter of forecasts are out by > 15%”

e Varied by scheme type
e From HA raw data | calculated closer to a third!

* |In contrast to toll road research findings...

e Mean is different (= 1.0 cf. 0.77)
e Absence of systematic bias
e SD is not that different (0.22 cf. 0.26)

e Still a significant error range
* Reported errors clustered in the £15% to £30% range

* Note of importance (in terms of error propagation)

* Average age of the forecasts 7-8 years

67
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UK Highways Agency Forecasting Errors
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This presentation is part of an on-going research effort by Robert Bain. Please contact him for up-to-date findings and results (e: info@robbain.com)

Empirically
Derived
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introduced
through
model inputs
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Forecasting Inputs

e Population forecasts are a key input for many/most transport demand
models

e Population forecasting should be relatively easy
 We know the population today

 There is a limited set of influences
e Births
e Deaths
* Migration
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Small-Area Population Forecasts
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Small-Area Population Forecasts
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US Small Areas = Counties
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ain.Ptease contact him for up-to-date findings and results (e info@robbain.com)

US Counties Are Actually Quite Large

e Average counties/state = 62
e Average population/county = 150,000

e But traffic modelling zones...

e Populations of around 1,000 - 3,000
e 70+ times smaller
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10-Year Small-Area Population Forecast Accuracy
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Consistent Research Results

10-Year MAPEs for Different Population Sizes

25,000-100,000 m 5,000-7,500 m 2,500-5,000

Tayman et al 10.5-12.4 11.5 26.1 27.9 30.6
Others 10.21 11.02 19.13 27.93 26.8 2
1. Isserman (1977)

2. Smith & Shahidullah (1995)
3. Murdock et al (1984)
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Our ‘Zone’ of Interest

80

70

60

50

40

20

10

10-Year Population Forecast MAPE

Typical Traffic Model Zone Population Sizes

....I\\
O O O O O O O O O O O O O O O O O O 0O 0O O OO0 OO0 0 0 0 O 0 0O 0O 0O 0O O &
Q" Q" ,0 O O O QO 0 N O O O 0 O O O O 0O & & O O 0 O O O O O O & O O 0 O O
SRR ENV T FTEIPPIFPLLIFLN L TP PP S0 0.8

—FHWA (recommended range) Ortuzar & Willumsen (reported average)

77




-goi ain. Ptease contact him for up-to-date findings and results (e info@robbaimn.corm)

Our ‘Zone’ of Interest

Typical Traffic Model Zone Population Sizes
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Conclusions 1

e Population forecasts have sizeable error ranges associated with them

 The error range increases as the forecasting horizon increases

e Linear relationship?

e The error range increases as the study area decreases

* Non-linear inverse relationship

* And, as an aside

e The distributional characteristics of MAPEs appear stable over time (Smith & Sincich, 1988)
e Therefore, past errors can be used to estimate Cls for current forecasts
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com)

Conclusions 2

e Population is one of the more predictable variables commonly used to explain
traffic growth

e Try forecasting employment

e ...and allocating that to the correct zones

e US evidence suggests that employment projections can be twice as inaccurate as population
forecasts

Transportation Research Board, 2009

e Try forecasting GDP, income or fuel price!
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This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com) |

UK Department for Transport Guidance 1

* ‘Forecasting and Uncertainty’ (TAG Unit M4, November 2014)

e “Use a range about the core scenario growth forecast of...”
e +2.5% *Vn (n = number of years ahead)
e Prediction interval estimated from national traffic forecasting performance

e Functional form is intuitively appealing

e If error variance increases linearly with time...
e ...SD will vary with the square root of the forecast horizon

e Note: this is for national traffic forecasting

e Local forecasts will have a wider (much wider?) range

Department
for Transport



This presentation is part of an on-going research effort by Robert Bain. Ptease contact him for up-to-date findings and results (e info@robbain.com) ‘

UK Department fOr TranSpOrt GUidance 2andemai|exchanges

e Turning from national to regional forecasts...

e “For total traffic at the GOR level...uncertainty should widen to about +25% at the 35" year”
¢ 25%/(V35) > 4.2%

° e: “+25% at GOR level feels narrow compared to £15% (Year 36) at the national level” St
s
e So, DfT has estimated the proportionality constants to be:
 National level: 2.5% e ”"
e Regional level: 24.2%
e Local level: P77

° e: “The range for individual area types/links will be greater than GOR level (>> 4.2%)”
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Surveys of
traffic
forecasting
practitioners

Empirically
Derived
Prediction
Intervals
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Practitioner Survey

Specialist email lists — with international reach

46 replies (but high quality responses/respondents)

Consultants/modelling practitioners
* President
* Managing Director
* Director of Transport Planning

* Government officers
* Transport Modelling Manager
* Senior Transport & Economics Advisor
* Traffic & Toll Modelling Manager

Academics/researchers
* 4 professors
* Including one of the authors of ‘Modelling Transport’
e Senior lecturers
* Deputy Director, Centre for Transport Studies
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Predictive Performance Survey Results

Traffic Forecasting Accuracy

Existing Road New Road

Next Day

1 Year

5 Years

20 Years
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Predictive Performance Survey Results

Traffic Forecasting Accuracy

Existing Road New Road
Next Day +7.5% n/a
1 Year + 10% +15%
5 Years +15% +25%
20 Years +32.5% +42.5%
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Independent Benchmarking

e Compare my emerging results

e ...with those from demand studies that have explicitly examined future uncertainty

* Most common industry techniques?

e Scenario analysis

e Use of Monte Carlo simulation
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Monte Carlo Simulations: General Caution

e Stochastic results are only as good as the skill, accuracy and discipline
of the modeller

* Modelling decisions (distributions, correlations etc.) dictate outputs

e Or can be ‘tailored’ to dictate required outputs

e Garbage in, garbage out (ie. nonsense)
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Nonsense!

Italian Toll Road
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Nonsense!

Australian Toll Road
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Monte Carlo Simulation

Australian Toll Road
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Monte Carlo Simulation

Portuguese Toll Road
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Monte Carlo Simulation

European Toll Road
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Monte Carlo Simulation

German Toll Road
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Monte Carlo Simulation

Mexican Toll Road
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Monte Carlo Simulation: Consolidated
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Monte Carlo Simulation: Consolidated
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Monte Carlo Simulation: Consolidated
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Putting it Altogether
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Recap

e Predictive reliability (demand forecasting):

1. We suspect it’s poor
e  We're talking about the future, after all!

2.  We know it’s poor
e Bain @ S&P, other international/country studies (US, Spain, Australia), Bain @ EIB, *...

3.  We know why it’s poor
e Models are simplifications of a complex reality
e  Forecasting inputs introduce uncertainties of their own

e So how poor is it (ie. what does ‘poor’ actually look like)?

4. DfT provides important insight (at a national level)
e Atthelocal level it will be even poorer!
e Nevertheless, a useful and appealing functional form

5. HA gives local highway scheme data points (+x% at YearY).
6. Practitioners tell us how poor they actually are!
7. MC simulation generally supports the emerging shape and form
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What Traffic Forecasts Should Look Like?

Project B
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Project B
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Research Limitations and Shortcomings

e | am the first to acknowledge that

e Some of my sample sizes are small

My approach may stretch academic rigor

Some of my data is descriptive (rather than quantitative)

My ‘validation” may suffer from self-serving bias

My generalisations may not hold under very different futures

e However, as a practitioner with a focus on applied research

e | didn’t set out to conclude a debate
e | set out to contribute to one

 If others can refine or dispute or whatever, bring it on!
e But please supply evidence in support
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(research reports, magazine articles and journal papers)

All publications
are available for free download from:

www.robbain.com
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