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Accuracy } { Uncertainty

0
Closeness of observation and Estimate of the accuracy. Range in
measurement or estimate which the real value lies
0 0

Retrospective evaluation of forecast Prospective modification of forecasts
quality to ensure quality and reliability

Comparison of actual traffic and Range of values possible for actual
forecasted traffic traffic
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Research Questions and Approach

{How accurate are traffic forecasts? Dave Schmitt

» Method: Statistical analysis of actual vs forecast traffic for a large sample of projects after they open.
» Output: Distribution of expected traffic volume as a function of forecast volume.

[What are the sources of forecast error? Dave Schmitt

» Method: "Deep dives" into forecasts of six substantial projects after they open.
o Output: Estimated effect of known errors, and remaining unknown error.

[How can we generate an expected range of outcomes? Jawad Hoque

» Method: Estimate uncertainty in future forecasts from accuracy of past forecasts.
» Output: A range of forecasts.

[How can we improve forecasting practice? Greg Erhardt

» Method: Derive lessons from this research and review with practitioners.
» Output: Recommendations for how to learn from past traffic forecasts.




Large-N Analysis

Question: How accurate are traffic forecasts?

» Method: Statistical analysis of actual vs forecast traffic for a large sample of projects after they open.
» Output: Distribution of expected traffic volume as a function of forecast volume.

a

g

Project
Data

N

4

With forecast Average Daily Traffic
traffic

Build Alternative

With post-
opening counts Opening Year
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Forecast Accuracy Database

6 states: FL, MA, MI, MN, OH, WI + 4 European nations: DK, NO, SE, UK
Total: 2,600 projects, 16,000 segments
Open with Counts: 1,300 projects, 3,900 segments

Data Source Recommended
Category Wisconsin Michigan Virginia Florida Florida Kentucky for 08-110 DB

Ohio DOT DOT DOT DOT DOT-D4 Minnesota TC
Number of records 6,229 458 143 2,179 n/a
Number of unique projects 2,466 132 134 110
Cumulative Spreadsheet or database (flat file) v v
Cumulative Database (relational)
ESAL or technical reports
Project identification number or code
Description, including facility name
Location

County

Mile Post

Other Type of Location
Facilty type or functional class
Segment identification codes
Length
Project cost
Area type
Type of improvement
Forecaster (person, agency, company)
Year Forecast Made
Forecast year(s)

Opening Year

Interim Year

Design Year

Forecast Unlabeled Year
Value Fields |Forecast value
AADT forecast

Meta

File Format(s)
Provided

Project
Identification
Fields

RS R L L S ES LSS




Large N Analysis- Methodology

Compared the earliest post-opening traffic counts with forecast
volume

Percent difference from forecast:

Actual Count—Forecast Volume

* 100 %

Forecast Volume

Level of Analysis Expressing the percent difference

e Segment Level relative to the forecast is forward-
o Project Level looking, and a useful measure of
uncertainty before a project opens.
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How Accurate Are Traffic Forecasts? k&

o] tion
']

mean = — 5.62 (Actual — Forecast)

median = — 7.49 PDFFl' = x 100

Count a0 Forecast On average, the actual
traffic volume is about

6% lower than forecast.

On average, the actual
traffic is about 17%
different from forecast.

(absolute value of differences)

-20 0 20 40
Percent Difference from Forecast - By Project
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How Accurate Are Traffic Forecasts? ks

PDFF; =

(Actual — Forecast)

Forecast

*

100

60000
Forecasted Volume

100000
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Traffic forecasts are more
accurate, in percentage
terms, for higher volume
roads.
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How Accurate Are Traffic Forecasts?

(JActual — Forecast|)
*
Forecast

APDFF,; =

k) \'l

== \aximum Desirable Deviation
=== Approximate Error in a Count
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t‘o '..:. ® o0 o
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Forecast Volume
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NCHRP Report 255: maximum
desirable deviation of a traffic
assignment model from base year
traffic counts.

84% of forecasts fell within the
maximum desirable deviation, and
47% of forecasts had less deviation
than expected of traffic counts.

95% of forecasts reviewed are
“accurate to within half of a lane.”




| What Factors Affect Forecast Accuracy?

Traffic forecasts are more accurate for:
e Higher volume roads

« Higher functional classes

e Shorter time horizons

* Travel models over traffic count trends

* Opening years with unemployment rates close to the forecast
year

« More recent opening & forecast years




Deep Dives- Methodology

e Collect data:
* Public Documents

» Project Specific Documents

» Model Runs

* Investigate sources of errors as
cited in previous research:

» Employment, Population

projections etc.

» Adjust forecasts by elasticity

analysis

e Run the model with updated

information
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state>
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Deep Dive Conclusions

* The reasons for forecast inaccuracy are diverse.

 Employment, population and fuel price forecasts often
contribute to forecast inaccuracy.

» External traffic and travel speed assumptions also affect
traffic forecasts.

 Better archiving of models, better forecast
documentation, and better validation are needed.




What are the Limitations?

 Project documentation often does not record relevant
Information—those projects where we had reproducible model
runs were more successful.

* These are only a few examples. Can they be generalized?

Continued and consistent data
collection 1s needed to overcome
these limitations.




How to Generate Uncertainty Envelopes

p

The other option of producing better forecasts is employing what
(Ascher, 1979) calls “outsider’s approach” and Kahneman and
Tversky (1977) calls “reference class forecasts”.

AN

¥

e

Using the base-rate and distribution results from similar situations in
the past to adjust forecasts.

AV
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Quantile Regression
A method to both measure accuracy &

estimate uncertainty envelopes

—— 95th Percentile

Draw line through the middle of the cloud:  [gEeyE—t.
I’eg I'ESSIOn = 5th Percentile

50000

Draw a line along the edge of the cloud:
guantile regression.

40000

Counted Traffic

Quantifying uncertainty is as simple as
Inputting values in a spreadsheet and e

. . 0t
drawmg lines. 10000 20000 30000 40000 50000 60000 70000 80000 90000
Forecast Traffic




Measuring accuracy and estimating
uncertainty windows using Quantile Regression

Model Form
yi = a+py; +yXiy; + &

« Multiplicative effect instead of additive

* Estimate separate «, f and y for different percentile values (95%, 80",
5oth’ 20th’ 5th).

» Coefficients signify the effect of the explanatory variables on
different percentile values of actual observation (traffic or transit
ridership).

« Example, coefficient of -0.25 on unemployment rate on the 95t
percentile model means with each unit increase in unemployment
rate, the 95" percentile actual traffic value decreases by 0.25 units.




Quantile Regression Models

[Simple Model }

e Actual Traffic Count as a function of Forecast Traffic
e Detects bias

[Inference Model }

« Actual Traffic Count as a function of forecast traffic as well as other statistically significant
explanatory variables

e Performance Metric

[Forecasting Model }

e Actual Traffic Count as a function of forecast traffic as well as other statistically significant
explanatory variables

e Uncertainty envelope
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Simple Model

—— 095th Percentile
80000 Median . e e .
—— b5th Percentile
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Agser, = 2940 + LA2F + ¢ A

ASOth 37+ 0.94F + ¢ o

40000

Counted Traffic

10000 20000 30000 40000 50000 60000 70000 80000 90000
Forecast Traffic

A= Actual Traffic
F= Forecasted Traffic



Results- Factors Affecting Forecast
Uncertainty

5th Percentile 50th Percentile

Pseudo R-Squared 0.475 0.739
Coef. Coef.
(Intercept) -182.267 255.551
Adjusted Forecast 0.705 0.891
Control for forecasts values over 30,000 ADT 0.024 -0.004
Unemployment Rate in the Year Forecast was Produced -0.006 0.002
Control variable for Forecasts Produced Before 2010 -0.007 0.0002
Forecast Horizon 0.006 0.008
Control Variable for Project on a New Road 0.093 -0.008
Control Variable for Forecasts done using Travel Demand Model 0.068 -0.008
Control Variable for Project on Higher Functional Class -0.150 -0.062
Control Variable for Project on Collector or Local Roadway -0.212 -0.126

Connetics
Transportation
Group

95th Percentile
0.830
Coef.
976.786
1.254
-0.413
0.010
0.003
0.020
-0.090
-0.101
-0.116
-0.321




Uncertainty Envelope

I — 95th Percentile
Forecast produced in the year 2018 edin
50000 | — Perfect Forecast

—— bth Percentile
Unemployment rate at State level in 2018
1S 4% .

Forecasting the traffic for 2028 i.e. forecast
horizon of 10 years

IC

40000

30000

Expected Traff

The project is a new construction project
on a Minor Arterial

Forecast is done using a travel demand 00 /
model.

20000

10000 20000 30000 40000 50000 60000
Forecast Volume
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Resources & Publications Bz

e Guidance Document & Research “The Changing Accuracy of Traffic
Report Forecasts”
* https//www.nap.edu/catalog/25637/traffic-forecasting- Hoque, J.M., Erhardt, G.D., Schmitt, D. et a/. The changing accuracy
accuracy-assessment-research of traffic forecasts. 7ransportation (2021).

» Quantile Regression Spreadsheet

» http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp rpt 93
4 QuantileRegressionModels.xlIsx

» Archiving Software

» https://qgithub.com/uky-transport-data-

“Estimating the Uncertainty of Traffic
Forecasts from their Historical

7
science/forecastcards Accu racy
° D ata Hoque, Erhardt, Schmitt, Chen & Wachs. Transportation Research
Part A: Policy and Practice. Volume 147. 2021. Pages 339-349. ISSN
» https://github.com/uky-transport-data- 0965-8564. .

science/forecastcarddata

25
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Motivation & Objectives

* D4 develops dozens of traffic forecasts every year
» Forecast reports are archived on a regular basis

» Accuracy of the forecasts are accessed from time to time, uslnég
actual/realized traffic counts (previous assessments done tn 2010 and 2014)

« Opportunity to utilize the archived data to enhance D4's forecasting
process

 Assess the accuracy of recent forecasts
* |dentify areas of improvements

* Apply lessons learned from the rich data set of forecasts

» Quantify uncertainty in the forecasts and assist district reviewer estimate
potential error range in project forecasts

27




Methodology

« Adopt guidance from the NCHRP 934
report (developed with D4
contributions)

o Utilize rich archived data and
professional experience of seasoned
D4 staff

« More emphasis on products that are
easily reproducible and applicable

» Opening year forecasts assessed for
accuracy

Connetics
Transportation
Group

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Traffic Forecasting Accuracy
Assessment Research

Greg Erhardi
Jawad Hoque
Mei Chen

nitt
Ankita Chaudhary
Sujith Rapolu
Kyeongsu Kim
Connernics Thansrorranion Groue

28




| Key Tasks

Data Gathering

Gather forecast
reports developed
since 1999 and
develop a database
of D4 traffic
forecast

Connetics
Transportation
Group

Analyze data and Develop a process
develop an to define potential
automated routine uncertainty in a

to create an forecast

nteractive report
that can be easily
updated by FDOT
staff when including
future projects

29
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# Records

597

279

161

49

67

o - 0 -
. a . a . a
C/
. a . a . a - . . a . a 000
CA C
SUMMARY OF ALL D4 TRAFFIC PROJECTIONS .
143 SELECT REPORTS CONDUCTED FROM 2008 THROUGH 2014 AI I D4 C O u nt I e S
GENERAL ROADWAY INFORMATION TYPE OF STUDY DATE EXISTING YEAR PROJECTIONS FORECASTED DATA sﬁi‘;rgu ACTUAL D)
= p Report's| Report's Year Number of | Future Forecasted | Future Forecasted Forecasted|
hi:"*:'" Roadway ID | County Roadway Segment D"""""'t“:ma""’"“ a“m ':': Existing| Existing |Open to :"af'ﬁoﬂl:_'} Forecasting | Year (Opening | AADT (Opening énc'n Actual AADT | Actual AA| B r' OWa r‘ d
R RO i P Year | Year AADT | Traffic | '/20¢ Years ar) Year) L Differen
SR g::nr: L:::E(m Siver | 93020000 | Paim Beach | SR S/US 1 from 11 Street to Silver Beach Road| Traffic Projection Report| 0472308 | 2008 26,800 2013 20,200 5 2013 20,200 0930755 23500 5700
SR A1A from Azalea Terrace to (MP | o000 | oo | SR ATA from Axslea Terrace ( MP 2.011)to S| Traffic Projection and 181 (oo o |00 ol siqa oG i S48 556D et S Wi Pal ' ' I Beach
of Sheridan Street (MP 4.0) Kip
SR A1A from Azalea Terrace to (MP SR A1A fram Axslea Terrace ( MP 2.011)to S | Traffic Projection and 18]
ina0y 28030000 | Browsrd e TR o 06123008 | 2007 20500 | 2011 24,100 4 2011 24.100 365168 19800 4200
SRA1A from Cordova Road to Bastof | 5150000 | Broward | Cordova Road to East Eisenhower Soulevard | TTene Projection Report| oo,1008 | 2008 | 44300 2013 47,700 5 2013 47,700 285308 41000 8.700 M art I n
Eisenhower Boulevard and 18-Kip
SR 708 from Old Dixie Highway to | 3512000 | paim Beach SR 708 Blue Blvd from Dixie to US 1 Traffic Projection and | /11108 | 2007 27,500 2013 30,100 8 2013 30.100 930071 16600 13.500
1100 feet east of Old Dixie Highway Turning Movement .
SR 70 Okeechobee Road Virginia T - St Lu C I e
Avenue from East of Jenkins Road | 94030000 | St Lucie | SR70from Jenkins Road to Virginia Avenue || o0 "":“ en an 11712608 | 2008 24,000 2012 39,200 4 2012 39,200 940742 27000 12,200 .
MF 21.600) to US 1 (MP 25.255) ail
SR 70 Okeechobee Road Virginia | ———
Avenue from Eastof Jenkins Road | 94030000 | St Lucie SR 70 from Okeechobee Road to US 1 S 1171208 | 2008 25,200 2012 30,300 a 2012 30,300 840032 21000 8,300
(MP 21.600) to US 1 (WP 25.255) il I d 9 0
S e B e e ndian River
from Hagen Ranch Road (MP 2.76) ta Jog (MP | Traffic Projection, and 18
Road (MP 2.780) to West of Jog Rod | 83200000 | Palm Beach | ™~ " oBen Rand ""38‘ og ! = m‘i” s 10/14/08 | 2007 22,500 2012 37,400 5 2012 37,400 835201 41000 3,800
(MP 3.350) ) in
SR B0Z East of Congress Avenue (MP
SR 802 E: f Co A MP 7.200) |Traffic Pr . and 18,
7.200) to West of Lake Osbome Drive | 93180000 | Palm Beach Sctof Coingre s Aienun [ ) A Eoicston; an 10014008 | 2007 23,500 2012 25,500 5 2012 25500 230025 24500 1,000 2.02%
Seifpin o West of Lake Osborne Drive (MP £.010) Kip
RIS e TiE Boderam bt | gungiions | e | TIOTS Denen nd Pl Besab Cotrty [Thefie Prmiston. and W piivsion | 067 15500 | 2012 23800 5 2012 23.000 860400 15600 8.300 3473%
SW 18 Strest (Boca Raton) Line Kip
SR 713 St. Lugie County from SR Z . s .
814/indrio (MP 7.5) to North of Spanish| 94002000 | St Lucie | K9® HWa from Indria Road (MP7.5) to North | Traffic Projection and 2008 12,800 2013 15,600 5 2013 15,600 040260 2000 8,800 4231%
of Spanish Lakes BIvd(MP 9.5) Turning Movement
Lskes Bivd (2.5)
[ D) o
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Interactive Report in

RMarkdown HTML

e Reads the forecast Excel database

* Analyzes the data — develops
nteractive tables and maps in a

HTML report

» D4 staff can easily monttor the
accuracy in housé on a more frequent
basts (e.g., every year)

e Provides recommendations to
further improve the forecasting
process

@ FDOT D4 Traffic Forecasting Acc. X

Connetics
Transportation
Group

File :/Projects/Data _Traffic_Lochner/ForecastAnalysisReport, % % raffic’%20Forecast’ \CCUracy, =)
C @ File| c/P /Data/FDOTDA_Traffic_Loct /F: AnalysisRs /FDOTS620D4%20Traffic%20F 96204 /FDAT. ¥ Q »

B YMail mm BEC [ CNN

Abbreviations

Terminologies used in the

1. Introduction

2. Methodology

Assessment
4. Summary of Observations
5. Recommendations
References

Appendix

[ NOoV @ Cricinfo B ESPN  mm FDOT Personal cTe New Business R HCM

1. Introduction

Connetics Transportation Group, Inc. (CTt equested by the Florida Department of Transportation (FDOT)
District 4 {D4) staff to assess the accuracy of the project traffic forecasts developed by FDOT D4 over the past 11 years.
The purposes of this task include:

Analyze the accuracy of forecasts by different dimensions - geographic area, county, forecasting method etc.
Provide margin of error on the forecasts developed by D4 over the years
Assess whether the forecasting accuracy has improved compared to years prior to recent database update.
Provide guidance on how to use thi wing/evaluating future traffic forecasts, especially for
hose projects which are expected to
In order to assess the accuracy, the traffic forecasts were compared to the actual traffic counts of the projects that are
now open to traffic. Currently, FDOT’s project traffic forecasting process typically generates a daily volume forecast for
the Opening Year (the yearwhen project was Opened to traffic), Interim Year, and Design r. This analysis compared
the forecast and actual volumes for the opening year of the project.
Similar studies were conducted by FDOT in 2010 and 2014 that included review of 214 and 143 projects respectively
(referred to as Year 2010 Study dataset and Year 2014 Study dataset in this report). This effort builds upon those
previous ies to include 240 additional projects since 2014 (referred to as Year 2020 Study dataset in this report)
and enhances the analysis based on recently published NCHRP Research Report 934 - Traffic Forecasting Accuracy
Assessment Research.

Figure 1 shows the study area and the locations of the projects included in the new dataset.

+ Count Locations

= D4 Counties




Districtwide Observations

Attributes | Value _

# Records 597

Mean of PDFF (MPDFF) -7.2%
Median of PDFF -6.2%
MAPDFF 15.4%
Standard Deviation of PDFF 19.7%

Actual AADT

» Evidence of over-estimation in opening
the year forecast
» Forecasts ~15% off the actual counts

Actual AADT
" - o
w o

100000 150000 200000
Forecasted AADT




Additional Observations

* On an average, the D4 forecasts are within ~15% (MAPDFF) of the
actual traffic volumes

 Greater accuracy for the urban areas, high volume and short-term
forecasts

* Improved accuracy for the most recent set of forecast data (2020
dataset)

» Slightly better accuracy of D4 forecasts compared to the database
developed for NCHRP 934 report

* Regional models are very relevant to the D4 forecasting decision
making process

88




Uncertainty Assessment: iz
Web Application

FDOT reviewer defines
characteristics of the project here

® Deve |.O ped a process to Traffic Forecast Uncertainty Analysis
quantify uncertainty in [
a forecast to assist D4 in
traffic forecast reviews |

* Process based on NCHRP
934 Traffic Forecasting
Accuracy Assessment I8 s T T 10

and 58,369 and 60% of all projects had actual AADT between 43,094 and 52,710,
when the forecasted AADT was 50,000.

® U n Ce rta i-n ty ra n g e Pafac Foracant 2. Based on 279 records, 79.9% of all projects had actual AADT between the
desira ble lf 3 ”la ne ca l,l_" lS 520 120% and 80% of the forecasted AADT.
involved - I

« Requires house-training
Application bounds the uncertainty
of the methodology based on prior project experience

| | Project Forecast:
Forecasted Opening Year AADT

34




Next Steps

e Utilize the findings from this assessment to enhance D4's
forecasting / modeling process

* Train the uncertainty methodology for D4 project application

e Enhance this assessment based on continued application and
inputs from other D4 departments

» Develop process to understand potential impacts of uncertainty
on traffic operations analysis of future studies

35







Thank you!



