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Outline

* Project and Team Introduction

* Visualization

* Firm Synthesis

» Supply Chain Model

* Value of Advanced Behavioral Freight Models
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Scope of work developed in close
collaboration with FHWA and TAG:

* Emphasis on freight data and data analysis — comprehensive
review of freight data sources

» Data collection, acquisitions, and analysis

 Establishments/Firm Synthesis models — innovative state-of-
the-art model

» Supply Chain models — innovative state-of-the-art model
 Transport, and mode choice models
* Truck tour models — separate models for different user classes

» Operational mega-regional multimodal behavioral freight model
2 TMIP A2\
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INPUTS MODELS OUTPUTS

GEOGRAPHY

CALIBRATION DATA

. MAG /PAG/AZDOT TAZ Shapefiles

Study Area/GIS Tasks

Macro shape file
Meso shapefile
TAZ shape file

Macro - Outside AZ - State Lewel
Meso - Inside AZ - RAZ or MPA Level

/CBP Datafor U.S.
(2012 data availablein June 2014)
(County level for AZ, State level for non-AZ)

Cun‘espondﬂnceélu okup) NAICS6-SCTG
(Industry to Commodity lookup table)

BEA’s In%ut Qutput Make and Use Tables
(Make t commodity is produced by an industry?)
\ (Use who uses certain commmodities?)

Firm Synthesis Model Meso Zone

Computes number of firm:

List of Supplier
W (Make) Firms

List of Buyer
(Use) Firms

Disaggregates firmsfrom C Meso Zone
to Meso Zones meg Emplo
Determines Suppli

Determines Buye _(..Dnsun‘lerfl Firms

BEA’s Input-Output Make and UseTables
‘Make-Use Table — percent of conumodity used
industry)

[ ORNL Networks for Distance Skims

Supplier Selection Model Supplier (Shipper) Meso Zone
Linked with Buyer

Links Buyers with Suppliers
(Receiver/Buyer)

ize of Firm, Distance,

FAF41
(Annual Tons by Commodity at BEA Level)

BEA s Input-Output Make and UseTables

Annual Tons Meso Zone
Traded between

Supplierand

Apportionment of Commodity Flows

Disaggregates Commodity Flmt s
among Supplier-Buy P

MPQO/State SED data
(TAZ level data, InfollSA, etc)

Reasonableness checks

TRANSEARCH Data

Existing Truck Model

Mak B
gﬁg‘%ﬁe dlfgfrlﬁj_ percent of commmodity Based on Buyer Firm Size yer
(Highway and Rail Networks Selected Path Meso Zone FAF3 (or FAF4) paths
Distance and Time Skims Gener: ir gr.ld S}hlpEmE]:l t TRANSEARCH Data
ize for Eac =
Location of IMX Facilities Ben-, Al\l‘ Supplier-Buyer
(in AZ and outside AZ) ~_ Mod Combination

| Shipping Cost Data

Commercial Vehicle Establishment Surveys
SED Data

Location of IMX Facilities
(in AZ and outside A7)

Number of Meso Zone
Medium and

w :..Il%e estimated EEy s

Binary Logit Choice Model

DMV Data

VIUS Data

Existing Truck Model
Expanded Truck GPS Data

ATRI GPS Data for Heavy Trucks

StreetLight GPS Data for Medium and Light
Trucks

SED Data
Model Skims -Times, Distances

Medium and
Heavy Truck
Tours, Truck
Trips, and TOD
Distributions

MAG TAZ

;, Tour Completes,
and TOD Choice

DMV Data

VIUS Data

Existing Truck Model
Expanded Truck GPS Data

Innovative model
components within
consistent agent-
based behavioral
framework




Innovative data and large data collections
and data purchases

Firm Synthesizer — Mode and Path Choice Model —
* NETS data « Economic Census Data 2012
Supply Chain Model — (CFS 2012 microdata for AZ)
- FAF4 1 Tour-based Model -
- TRANSEARCH  ATRI (Heavy trucks)
- BEA Make and Use Tables ) ,[Srbrgfélyight (Medium and Light
« Economic Census Data 2007

(CFS 2007) o
- Economic Census Data 2012 Utilization of the 2016

(CFS 2012 microdata for AZ) commercial vehicles survey
» Sun Corridor IMPLAN data

e TMIP /AYZ\
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From pilot study and freight model to fully
iIntegrated mega-regional transportation

forecasting system

» Advancement of stop identification algorithms in truck GPS data
by incorporating land use and other criteria

» Diversification of tour and trip by metropolitan area (MAG, PAG)

» Light truck data collections and corresponding updates to the
model

* Full integration of the freight model with the regional
transportation forecasting models, including the activity-based
model and the four-step model

* Possible future integration with regional economic models

e TMIP A2\
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Data
Analysis

More Effective
Quality Control

I‘ > .
Comp odel

Dutputs -
&

Large Input D:c\tasets

Develop- e |
EM More Effective
Communication




Visualization Demo

»Clip1 — MAG Freight Model.mp4

s TMIP
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Firm Synthesis
Model Number of simulated employment per TAZ

MAG Behavior-Based Freight Model ' 9 Flagstaff

Components:

Synthesized Firms
(Buyers and Sellers)

Firm Synthesis

Il commodity Flow (TRANSEARCH)
- Supply Chain Model

- Truck Tour Model

Number of
® Simulated Employment
Industry (NAICS 2-digit):
Perspectvgt ——
l ®=> & 3D (o)
Adjust 3D Scale ——MMMm

l For truck mode

l : Legend

Simulated Em|

= TMIP
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Commodity Flow by Type of Goods and Mode

dmonton

PO, . _ (oo |
Saskatoon

— Components: B From TAZ:91_12
B Fimm Synthesis Galgary 0 ToﬁgTe?aK_-lr'ﬁgm

B commodity Flow (TRANSEARCH)
Supply Chain Model
. Truck Tour Model

— Direction:

® Import @ Export

Supply Chain e
Model o

Commodity (SCTG):
’7 All Commadities v

(Commodrty Flow (KTons). ————

Firm-level
Commodity Flow

For truck mode

0 mapbox
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l For truck mode

Truck Tour Model

|

Truck Tours

on
Yar

TMIP

MAG Behavior-Based Freight Model

— Components:

. Firm Synthesis

I commodity Flow (TRANSEARCH)
. Supply Chain Model

Truck Tour Model

— Truck Type:

@ Heavy @ Medium @ Light

—Modeled Trip:

® Production @ Attraction

—Flow Volume:

0?2

Buckeye

0 mapbox

Trucks Flow Interactive Desire Line by Truck Type
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Behind the Scene

Post-Processing

Modeling Data
Input/Output csv, json,
RESTFul API, etc.

JaVaScript Behavioral

Presfel"ta"ic‘rIEII

structural

@ Q

Format
Conversion
GIS Files
(ESRI shapefile, Spatial Info
TransCAD network, GeoJSON,
etc.) WMS\WFS,
Vector Tiles

— Mapbox GL JS
https://www.mapbox.com/mapbox-ql-js/api/

Leaflet:
— http://leafletjs.com/

For more info, please refer to Chapter 11 of the final report: http://www.azmag.gov/Portals/0/Documents/MagContent/TRANS 2017-02-

13 SHRP2-TRANS 2017-06-06-C20-MAG-Next-Generation-Freight-Demand-Model-Update.pdf

s TMIP
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Firm Synthesis

Emigration /

mm Firm conception

Immigration

Aging / Mortality /
Fertility

Firm migration

Household formation
| dissolution / child
leaving

N Education/
Occupation / Wages

Firms Evolution Model

Firm growth — Change

=
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o
—
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o
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s TMIP

Evolution of Firm Population

Accurately describes evolution of firm population in space and time
* [Fs=F+Bi— D+ ;= Of

Within In-migration Form_atlon
. . or b|rths
migration (N

populatlon

attime t
F
t — —

Out- mlgrat|on Dlssolutlon

or deaths

(0) o

P

F|rm
populatlon
at time t+1

Ft+1
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Factors at Play in Major Events

Firm
internal

Market
Area

Employment size
Sales

Age
Standalone/headquar
ters

Population
Average household
income

Student enrollment
by school and
university

 Localization — number
of employees within
same industry

» Urbanization —
number of employees
from other types.

Agglomeration

economies

» Miles of roadway by
facility type (e.g.
freeway, arterial and
minor roads).

 Flags for major hubs
in the region (e.g.

Regional
indicators
and

transport

access ASU, U of A and Sky
Harbor Airport).
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Data Processing

2007-2012
Geo-referenced NETS
data

MAG+PAG Market
Roadway Network Area

GIS Processing
Techniques

Regional Indicators
Zonal &

SED data Transportation Access

Firm events: birth,
death relocation,
growth/decline
(econometric model)

TMIP
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Evolution of Firm Population
NETS Database 1990 to 2011

130,664 130,884
[ | 10,488 [ | 8.300 [ ] 285 [ | 164 130,554 132,693
| 8,531 || 12,076 || 207 B 116 132,693 129,239
|| 13,346 [ ] 5,796 [ 294 [ ] 156 129,239 141,927
[ ] 11,136 [ ] 10,335 [ 333 [ | 139 14,327 142,973
| 75,669 || 3,500 R 793 B 113 142,979
[ ] 14,134 [ 11,234 [ | 289 [ | 149 B oo
[ ] 24,705 [ ] 15,231 [ | 2239 [ | 143 I o062
[ ] 20,836 [ ] 14,846 [ | 204 [ | 176 I 1722
[ 19,072 [ 14,713 [ | 283 [ | 144 I 7 c40
[ 13,103 [ | 15,313 e [ | 210 | RlERER
[ ] 24,712 [ ] 14,598 T B [ REAE
B o [ 15,327 e B 50 | EE
Bl s B s I N i I o | akES
|| 18,047 B s S &8 B I <4
B s Bl e [ A - I i1 I -
[ SR B s - I = I -
B 6o [ | 12,156 I I = I
[ RS [ | 9,262 S Az B . 313848 - -1 1 < T
I ;=0 [ 13,576 . s 80 3BEIET o dmzm
B oz . B@®s 13 1026 d4Mzw 3@EE0
ST . oz L s - -7 S : -1.:1 1 S . S0R4DE
2 TMIP
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Formation and Dissolution Rates . Formation
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Model Components

Firm Birth

Negative
binomial
distribution
is fitted to the

data, for sampling
new born

Attributes of
employment
size and type
are sampled at
random from
population

&

2 TMIP

Firm Death

Binary
choice

model — firm is
the unit of
analysis
determining the
probability of
death.

One model
specified by
controlling for
industry type

Within-
migration

Binary
choice -
firm is the unit
that determines
probability of
relocation.

One model
specified by
controlling for
industry type

In-migrate

Determine a

fixed rate

of in-migration
from data

Out-migrate

Determine a

fixed rate

of out-migration
from data

Growth /
Decline

Log-linear
specification of
employment
size

Control for
previous year
employment to
determine future

Location
choice

MNL

specification
with universal
utility function

Control for
industry type in
model
specification

Applied to —
birth, within-
migration and in-
migration firms
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Firm Death and Relocation (within migration)

Vi = fie + B'sie +V'zy + €5

YQS Ay

Internal  Employment, age, subsidiary, change in
attributes  employment

Firm (fir)

/ Relocate tSe%tcz; | Specific industry
I not yPe€ (S

No

External  Zonal employment
attributes

PMeodel Structure = Binary Logit (zip)

* Older / larger firms have higher likelihood of survival

« Significantly different across industry types, e.g.,
Firm dissolves | relocates or. not construction and food/accommodation services have
higher likelihood of failure

STMIP AN

Outputs:

&
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Firm Growth Model
Decision-Making Variables

——— log(e;r) = a’ log(ei,t_l) +L'fie +V'sie +0'zi + &

G ri[m’s I Age, subsidiary
nterna

rowth attributes (f,)

Oyment Sector type  Specific industry

|Ze) (sit)

Employment Employment size for firm 7 for time period ‘t-
size (e;1.1) 7’

"Model Structure = Log-linear Model

* Older (age) / larger (employment size) firms tend to grow
slow towards saturation

Outputs: _ _ _
] ] * Previous year employment or growth trajectory influences
Firm employment size growth
* Varies by sector, e.g., healthcare, food/accommodation
s TMIP services have higher magnitude of growth
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Firm Location Choice Model

Available Set of Choices

TAZ 4

TAZ 2 —

TAZ 3 Z 1 t 0
000+

TAZ 400,

"Model Structure = MNL

Outputs:

Location TAZ of 'each firm

TMIP

Decision-Making Variables

Uin = Vin + &in = XpAinfi + Ajpa; + &4y

F)I(FT attributes  Age, subsidiary, change in employment
n

Location choice  Employment by industry, population density, miles of
attributes (Ay)  freeways, arterials, collector roads

Size variables  Zonal employment by industry, school enroliment

» Proximity to freeway miles has a positive impact on
manufacturing firm location

» Proximity to arterial miles affects
transportation/warehouse and wholesale

» Population density has negative impact (not so much for
professional services)

» Employment density influences more food /
accommodation services

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model
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Simulation Framework

Firm population
at time ¢

Firm YN Remove from
death/survival firm population

Stay at same
—> .
location
Yes

Out-migrating
firms

lSurvive

Growth/Decline

Firm relocation N
(o]

In-migrating
firms

Firm location j Firm population §
choice at time t+1

Firm
formation/birth

TMIP

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model

26



Model Validation

Population Simulation of 20%

validation sample

Aggregates from NETS

 Firm evolution
simulation from
2007 to 2011

* County level totals

* NAICS 2-digit
Industry types

» Data sources -
2015 InfoGroup
and Maricopa
County Employer
Database (ED)

s TMIP

Zonal employment

validation

» Spatial distribution
with simulated and
observed

« Scatter plots by
zone by sector

types

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model
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Firm Synthesizer

Model vs. Observed

8,000

7000 ——MAG's Employment —— Firm Synth Model —— InfoGroup
6,000 +
5,000 +
4,000 +
3,000 +
2,000 +
1,000 +
0 - . ) NN\ J
M WO AN TN T MO0 O UNAYT OO0 ~—~OMO UL O —COHOLONT—T"TOANMOANTST—TM—-AN™TO~—OANNTOMOWULNOD
~ = = v AN M T T T AN ANANANOO OO NS I T TN N 00 0 00 0 v~ - NN M MU O NN ™— AN ~—~ AN AN NN D
T T T N AN AN OO OO O OOOOOONOMSNIT T F F F F F F F T F OO0 0O LW W W WL O ONMMMNMNMOWOOOO OO
s __ NUMBER OF FIRMS Js000
1200 :
” s 20000 *
s
g 1000 .
‘S 800 W 15000
w y = 0.9506x - 2.2611 o Y = 1.042x + 4.604
> R? = 0.9947 L =1 :
Z 600 2=
i @ 0000 R2 =0.9208
@ 400 o
o
200 5000
0
0 500 1000 1500 0
. SIMULATED FIRMS 0 5000 10000 15000 20000
& SIMULATED
w TMIP
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Firm Population Aggregates

InfoUSA

MAG Employer Database

Firm Counts by NAICS2 for Maricopa County
8,000 _ _ so00
7,000 = InfoGroup = Simulation 7000 l MAG Employer DB l Simulation
6,000 6000
Firm Count for 5,000 5000
Maricopa 4,000 w000
County 3,000 .
2,000 ‘ ‘
w1 i |
o QR —— all II II =i I ] I I 1000
TEN05Y89IS33588588588 K al 1.1 il
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z ¢ :1 !\Tz-l !\72-2 N23 N31 N32 N33 N42 N44 N45 N48 V\TS N51 N52 N53 N54 V\TS.S N56 N61 N62 N71 N72 N81 N92
NAICS 2-digit NAICS 2-digit
Employment by NAICS2 for Maricopa County
200,000 . . 160000
180.000 m InfoGroup = Simulation _ _
: 120000 B MAG Employer DB ] Simulation
160,000
140,000 120000
Employment for 120,000 B
Maricopa 100,000
County 80,000 e
60,000 s0000
40,000
40000
U |
Q0 =R -= == i - 20000 I I
T AN M- ANM (\I 0 O 03 ~ AN M TN O AN~ AN — N
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z © N11 N21 N22 N23 N31 N32 N33 N42 N44 NA45 N48 N49 N51 N52 N53 N54 N55 N56 N61 N62 N71 N72 N81 N92
o
s TMIP NAICS 2-digit NAICS 2-digit
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Micro-level Firm Demographic Results

| Year | Firms | Born | Died | Moved | Employment
2007 59,574 523,492
2008 69,513 12,640 2,701 1,249 537,425
Observed 2009 66,995 13,786 16,304 1739 563,071
2010 71,162 9,027 4,860 1,685 534,760

2011 88,558 28,328 10,932 1,721 571,373

mmm Employment

2007 56,780 492,645
2008 64,952 13152 5,995 1,298 495,397
2009 67,740 8,841 7,207 1,463 486,939
2010 75,433 13,987 7,498 1,544 500,305
2011 83,518 15,300 8,552 1,681 503,675
% Deviation “1% -4% 2% 0% -6%
20 Average Birth Rates Per Year " Average Death Rate Per Year
25% + 12%
20% + 10% 1
8% -
15% -
6% -
10% - 49
5% - 20,
0% - 0% -
TN RIS TSI IIIILOBIBESSIEIRNSS E CTINASIBITILIISDBIBEEITIRTS
2888838888888888883888888" B888883838888883883888888883
T s sss<s<<<<<<<<<<<<<<<< S ssssss<<<<<<<<<<<<<<<Z
Z2 Z2 22 2Z22222222222222222Z22Z22Z Z2 Z2 2222222222222 Z2Z2Z2ZZ2ZZ2Z2Z2Z2ZZ

TMIP

mavg 91-12 mavg7-12 msimavg 7-12

mavg91-12  mavg7-12  msimavg 7-12

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model

Total



Zonal Employment Post Processing

Post processing of zonal employment

 To accurately predict zonal employment with regional socioeconomic projections
« Calibrating the firm simulation outputs with no outliers

Two Tiered Adjustment

« Employment by sector
* Firms are removed or duplicated as per employment control totals
« For all TAZs
* Firms are randomly moved to TAZs that have employment discrepancies
» Scaling of all employment by sector is finally achieved to the observed control total

MAG & PAG zonal employment estimates serve as control totals

* E.g. 2015 Socioeconomic Data

s TMIP
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Firm Synthesis - Conclusions

Firmography approach is better than assuming
constant shares for forecast years (as it
accounts for formation, relocation, dissolution)

Simulation & validation results also confirm

predictability and reliability of the
Firmography framework

Micro-level and zonal predictions closely
resemble observed trends

s TMIP
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Outline

Supply Chain Model

s TMIP
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(US Census CBP

Model Overview | s
Framework

(BEA Industry 10 Accounts
( FAF Data

Enumerate and
Partition Agents

—

List of Firm Clusters:

Industry class, employment, TAZ

(1) Freight Generation:

Firm Synthesizer

Output

Buyer Agents

Economic Data
3-dimensional Industry-
Commaodity Crosswalk

‘ Supplier Evaluation Criteria

[ IMPLAN Regional

‘ Buyer Evaluation Criteria

‘ Measures under each
criterion

Network Skims

( FAF Data
N\
o CFS Microdata
% TMIP {

Production/Consumption Rates per

employee by industry class

(2) Supplier Selection:

Form supplier-buyer pairs

A

Supplier Agents

NAICS

Size

Location Zone

Input Commodity
Requirements (Kton annual)

NAICS

Size

Location Zone

Output Commodity
Production (Kton annual)

Determine amount of traded
commodity

Annual Firm-to-Firm

Commodity Flows

(3) Transport, Mode, and
Path Choice Model:

Mode Choice, Shipment size,
Transload location, external stations

Multimodal Supply Chain Database:

o

@)
@)
(@)

All buyer-supplier partnerships

All firm-level information

Shipment size & frequency
Shipment path configuration (mode,
logistics facility, external stations)
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Model Overview
Geography
= Study Area:

= Arizona Sun Corridor Megaregion (MAG+PAG Modeling Area)
= Variable Zone System:

=  MAG-PAG megaregion: TAZ

= Rest of Arizona: County

= Rest of the US: FAF zones

| <:‘_'j . : - Northwest

E ! ﬂ\.’
I west valley B coothills ! » |
§ 1 B cenvaivatiey M Rincon ' eriaVista
[ Q - Upper East Valley - Gateway =

- East Valley - South Co Nogales
[ Mid-Mega /77 GoldenValley

Credit: Morrison Institute for Public Policy, Arizona State University

AN
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= 8.5 million establishments/firms with 6-digit NAICS industry classification
= Within the study area: Outputs from Firm Synthesizer Model
= External Firms: County Business Patterns (CBP) data from U.S. Census Bureau

= Partitioned by industry class, employment size, and location
= Down to 398,385 firm clusters (decision-making agents)

NAICS DESCRIPTION EMPLOYMENT |ESTABLISHMENTS

Model Overview
Input / Agents

EER Agriculture, Forestry, Fishing and Hunting 15,506 5,052
FEI Mining, Quarrying, and Oil and Gas Extraction 5,533 432
PP utilities 8,141 557
PEII Construction 193,354 48,038
EXEEI Manufacturing 187,468 16,053
P Wholesale Trade 111,312 18,452
EV TN Retail Trade 288,057 46,665
Transportation and Warehousing 66,407 9,190
I Information 54,148 9,899
EPI Finance and Insurance 112,249 23,975
EEI Real Estate and Rental and Leasing 96,916 25,476
EFI Professional, Scientific, and Technical Services 199,234 50,644
EEIE Management of Companies and Enterprises 9,723 4,214
_ Administrative and Support and Waste Management and Remediation Services 248,484 88,629
[EI Educational Services 191,967 17,821
I Health Care and Social Assistance 223,814 28,275
A Arts, Entertainment, and Recreation 48,174 8,284
Accommodation and Food Services 142,008 8,935
EER Other Services (except Public Administration) 134,471 37,733
es TMIP EEEN Public Administration 106,603 1,738

TOTAL 2,443,569 450,062
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Model Overview = 2-digit SCTG
Traded Goods/ Supply Chain Markets = 42 Commodity Groups

SCTG |Commodity Description SCTG |Commodity Description

B Live animals and live fish PP Fertilizers

B Cereal grains BFEI Chemical products and preparations, n.e.c.
I Other agricultural products PP ZE Plastics and rubber

-Animal feed and products of animal origin, n.e.c. mLogs and other wood in the rough

IS Meat, fish, seafood, and their preparations IFI Wood products

Milled grain products and preparations, bakery - .
“products 744 Pulp, newsprint, paper, and paperboard

I A Other prepared foodstuffs and fats and oils IFPLI Paper or paperboard articles

B Alcoholic beverages BFLI Printed products

I Tobacco products IET Textiles, leather, and articles of textiles or leather

BT Monumental or building stone BRI Nonmetallic mineral products

PEER Natural sands P Base metal in primary or semi-finished forms and in finished basic shapes
“Gravel and crushed stone mArticles of base metal

I ER Nonmetallic minerals n.e.c. RV Machinery

IS Metallic ores and concentrates BRI Electronic and other electrical equipment and components and office equipment

B Coal IEI Motorized and other vehicles (including parts)

BT Crude Petroleum BT Transportation equipment, n.e.c.
I EAN Gasoline and aviation turbine fuel BRI Precision instruments and apparatus

. Furniture, mattresses and mattress supports, lamps, lighting fittings, and
Fuel oils . . .
illuminated signs

I Coal and petroleum products, n.e.c. YT Miscellaneous manufactured products

m Basic chemicals “Waste/Scrap

. Ph tical product Mixed Freight
B II Pharmaceutical products IZERN Mixed Freig ,,‘A_
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(1) Freight Generation
Firm-level Production and Consumption

* |nput Data

Regional Economic Data by IMPLAN

BEA 2007 Industry Input-Output Accounts data
Employment data Firm Synthesizer and CBP
Commodity-Industry crosswalks

FAF Data

= Implementation

s TMIP

Supplier/Buyer Status
Type and amount of commodities produced (supply) & consumed (demand)
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(1) Freight Generation
Procedure

Develop Commodity-Industry

Crosswalks (NAICS-SCTG & IO- « Commodity-Industry crosswalk
SCTG) * O crosswalk

Identify produced and consumed
commodities by industry  3-dimensional correspondence system
(supplier/buyer status)

Calculate production and
consumption rates by employee by
industry

* Employment data
* BEA Input-Output Accounts data

Convert Monetary rates to tons * Unit value of commodities from FAF data

Calculate annual production and
consumptions for each firm and
calibrate

* Firm database
* FAF Production/Consumption Data

A
®
.‘

TMIP
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: : : 18,040,435 k-
(1 ) Fre|ght Ge_neratlon | Total National Supply & Demand fon
Output: Supplier & Buyer Firms Database JY/NeR=INck s 125029 k-ton
= Firms characteristics MAG-PAG Demand 163,861 k-ton
= SCTG Simulated Supplier Agents 137,328

= Supply/Demand K-ton

Simulated Buyer Agents 4.177,042
Freight Generation Results for Articles of Base Metal (SCTG 33)
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(2) Supplier Selection
Alternative Methods

= Multi-objective optimization (MOP)
= Analytic hierarchy process (AHP)
= Data envelopment analysis (DEA)

= Simple multi-attribute rating technique
(SMART)

= Agent-based market simulation —
simulated buying-selling (market)
relationships calibrated to data

s TMIP
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(2) Supplier Selection
Agent Modeling Constructs

= Multiple agents (actors) interact
In the market

= Firms buy commodities,
produce using them and other
commodities, and then sell and
transport these goods.

= Agent model is a simplified
portion of this “enterprise”
model, focusing on the buyers
and sellers in individual
commodity markets

s TMIP

Firm 1

Seller(s)

Production(s)

Production(s)
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(2) Supplier Selection

Market Clearing Model - Roth & Peranson Algorithm

= A pareto-optimal and stable market-clearing
mechanism to matches buyers to sellers.

= Only needs an ordinal ranking of who each buyer
would like to purchase from, and an ordinal ranking
of whom each seller would like to sell to.

= Selection Utility/Score is calculated for each buyer

and seller

Seller

Seller

INVERSE_DISTANCE,
AVG_PRODUCTION,
AVG_EMPLOYEE_SIZE,
INVERSE_SELLER_PRICE,
SELLER_PRODUCTION;

public static enum SellerScoreFactor { || public static enum BuyerScoreFactor {

Seller

BUYER_AVG_EMPLOYEE_SIZE,
BUYER_AVG_DEMAND,
BUYER_EMPLOYEE_SIZE,
BUYER_DEMAND

Reference: Roth, Alvin & Elliott Peranson (September 1999). “The Redesign of the Matching Market for American Physicians:
Some Engineering Aspects of Economic Design” (PDF). The American Economic Review 89 (4): 756—757.

doi:10.1257/aer.89.4.748.

s TMIP
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(2) Supplier Selection
Software Implementation and Documentation

<l
|

OMenu B Generated Documentatior X =

Vv [=input_august_15_2016

< > C EEE D file:///C:/Users/markaehlen/git/mag_lib_final/doc/index.html

V [ inputs
=| BuyerFirms.csv All Classes OVERVIEW PACKAGE USE TREE DEPRECATED INDEX HELP
= . Packages
= CentroidsXml.csv g PREV CLASS NEXT CLASS FRAMES NO FRAMES
= DistanceMatrix_Linear.csﬁ com.maec.algorithms.gsa SUMMARY: NESTED | FIELD | CONSTR [ METHOD ~ DETAIL: FIELD | CONSTR | METHOD

= R com.maec.mag.buyers
= IndustryRequirements 3DN.csv com.maec.mag.helper_classes

com.maec.mag.main

com.maec.mag.sellers Class MagBuyer

|::| regional_sctg_price_csv com.maec.market.base
=k . . com.maec.tests . \
=| SupplierFirms.csv com.maec.utilities java.lang.Object

— com.maec.market.base.Buyer

com.maec.mag.buyers
=| MAG_domestic_flow.csv

AlgorithmResults

BooleanDoubleString X
BooleanString public class MagBuyer

Buyer extends Buyer
BuyerScoreGenerator
Constants The MAGBuyer agent class that allows an buyer to evaluate all potential sellers, select one, potentially get bumped by that seller or later

Constants.runtime_property_keys sellers, and keep track of its chosen seller. Copyright 2016 RS&H - All Rights Reserved
GsaMarketAlgorithm

LatLon

Logging
Logging.LogType Nested Class Summary

MagBuyer
MagBuyer.BuyerScoreFactor

MagBuyerRanksSellerTask _
MagBuyerSellectsMagSellerTask
MagClassification Modifier and Type Class and Description
MagDataModel
MagSeller static class MagBuyer.BuyerScoreFactor

MagSeIIer.SeIIerScoreFactor The list of potential parameters over which the buyer can be evaluated by a seller that has this
TM I P MainRunner buyer on the list.
MarketType

A 4

W,
o

| ModelAndData
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(2) Supplier Selection
Output

Home

Insert

Page Layout

Formulas

AllBuyers_

15_15 - Excel

Data Review View  Q Tell me what you want to do

Mark Ehlen

- fx | 2167

A B | D E F . G ‘ H ‘ I | ) L ‘ M ‘ N ‘ 0 ‘ P ‘ Q ‘ R ‘
|SCTG buyer_id buyer_naics buyer_mag_zone buyer_faf buyer_empSizebuyer_employeesbuyer_estabsseller_id seller_naics seller_mag_zone seller_faf seller_empsSize seller_employiseller_estabs purchases_ktns

15 4194368 541110 2191 41 1 5 2 4223584 212111 9132 300 1 1 1.33E-05

15 4194369 541110 2167. 41 1 14 4 4223584 212111 9132 300 1 1 3.71E-05
15 4194370 541110 2179 41 1 14 3 4223584 212111 9132 300 1 1 3.71E-05
154194371 541110 2581 41 1 2 1 4223584 212111 9132 300 1 1 5.30E-06
15 4194372 541110 2582 41 1 3 1 4223584 212111 9132 300 1 1 7.95E-06
154194373 541110 2550 41 1 3 1 4223584 212111 9132 300 1 1 7.95E-06
15 4194374 541110 2576 41 1 2 1 4223584 212111 9132 300 1 1 5.30E-06
15 4194375 541110 2611 41 1 10 5 4223584 212111 9132 300 1 1 2.65E-05
15 4194376 541110 2619 41 1 2 1 4223584 212111 9132 300 1 1 5.30E-06
15 4194377 541199 2584 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
154194378 541110 2599 41 1 2 1 4223584 212111 9132 300 1 1 5.30E-06
15 4194379 541110 2689 41 1 3 1 4223584 212111 9132 300 1 1 7.95E-06
154194380 541110 2692 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
154194381 541110 2657 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
15 4194382 541199 2658 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
154194383 541110 2711 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
154194384 541110 2720 41 1 3 1 4223584 212111 9132 300 1 1 7.95E-06
15 4194385 541110 2700 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
15 4194386 541110 2709 41 1 13 5 4223584 212111 9132 300 1 1 3.45E-05
15 4194387 541110 2399 41 1 3 1 4223584 212111 9132 300 1 1 7.95E-06
154194388 541110 2405 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
154194389 541110 2386 41 1 4 1 4223584 212111 9132 300 1 1 1.06E-05
154194320 541110 2398 41 1 2 2 4223584 212111 9132 300 1 1 5.30E-06

15 4194391 541110 2432 41 1 1 1 4223584 212111 9132 300 1 1 2.65E-06
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(3) Transport, Mode and Path Choice Model
Overview

Disaggregate Logistics Choice Model

Evaluates alternatives for each buyer-supplier pair

Joint Mode and Shipment Size Choice

Main estimation source: 2012 Commodity Flow Survey (CFS) Microdata Sample

Determine external stations for highway mode and Selected Intermodal Yard for Rail shipments

T™IP N
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(3) Transport, Mode and Path Choice Model
Data Sources: 2012 CFS Microdata

“ Use in Model Estimation and Application “

Truck 1
For-hire truck Yes (combine) 35,038
Private truck 28,805
Rail Yes (combine) 501
Truck and rail 161
Air (incl truck & air) Yes (combine) 2,863
Parcel, USPS, or courier 34,107
Mode suppressed No - unknown mode 5
Single mode No - unknown mode 221
Multiple mode No - unknown mode 135
Truck and water No - water not included 1
Non-parcel multimode No - unknown mode 4
Shipment Records with Complete Mode Information 101,476
2 TMIP
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(3) Transport, Mode and Path Choice Model
Shipments by Mode

% Total Tons MeSar?i[-)rr?lr;?\ tper
Unweighted Weighted  Unweighted Weighted

m 63,844 36.42 83.69 6.2 1.6
m 62.44 14.53 1,046 173
36.970 0.05 0.49 00162  0.0002

Unweighted Weighted
1.10 149.51

Total Tons (Millions)

Nt
w

TMIP
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(3) Transport, Mode and Path Choice Model

Geographical distribution of Arizona-based shipment

o g g .é c .é o g - ® 2 g *%' g
Origin Region SE 5 58 E8 E, 8 8 8 L T8 .o O a8 2 g5 Total
cE8,8 €5 =35 =28 ¢ < S z=x Gt EaF $¢ £, ¢8 [, @=
a3t &5k &5 S8 88 2 5 3 22 £2 885 585 25 P8 85 T
26,498 2,407 3,868 1,585 633 407 562 735 1,084 1,127 2,150 2,506 2,617 3,071 76 49,326
1,407 9,076 1,381 889 468 205 321 287 429 479 636 625 665 838 30 17,736
4210 676 - - - .. - 4786
2235 436 - ===l e - 2671
888 280 - - - - - - === - 1168
(LR | 932189 [ [ [ e L s e - 129
639 194 - - - === e e - 833
NewMexico  [RRNRRPPT IR NI BT SN
1356 242 - - - = - - - - == - 1598
2370 881 - - - .. oo - 2,951
4565 €98 - - - - == a s - 5263
4708 888 - - .= a e - 5266
2169 481 - - = == e .. - 2650
4624 TEO - - .- e - 5393
65 17 - - - === e === - 8
43 28 36 9 1 4 3 5 10 3 16 13 19 32 23 245
57,172 16,822 5285 2,483 1,102 616 886 1,027 1,523 1,609 2802 3,144 3301 3,941 129 101,842
P Frequency Missing = 22
Source: CFS 2012 Microdata summarized by the RS&H, Inc. team.
49

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model



(3) Transport, Mode and Path Choice Model

Distribution of Shipments by Mode Across Shipment Size

s TMIP

100%
90%
80%
70(y0
60%
50%
40(y0
30%
20%
10%

0%

0-150 150-1,500 .1,500-35,000
m Rail mTruck mParcel/Air

35,000+
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(3) Transport, Mode and Path Choice Model
Value per pound categories used in model estimation

Value ($) per Pound
Total Sample | % Sample

Shipments | Shipments
LOW | MED | HIGH
(<$1/b.) | ($1-$3.99) | ($4+/b.)| PYMode | by Mode

Rail/IMX 83% 17% 0% 614 0.60%
Truck 38% 30% 32% 63,250 63%
Parcel/Air 1% 8% 91% 36,837 36%

Total Number of
Shipments in Estimation [WZ8eZy 22,166 53,594 100,701 100%

Sample

% Sample Shipments by 5 o o .
Value Category 25% 22% 53% 100%

STMIP AN
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(3) Transport, Mode and Path Choice Model
Travel Time Inputs & Assumptions

All Trips L&l Routed
Intra-Sun Truck Routed
o1 ([ [J 888 Parcel or Air Routed

Truck, 0-650 mi. Routed
Truck, 651-1,299 mi. Routed
Truck, 1,300+ mi. Routed
Parcel or Air Great Circle

* IVT = In-vehicle time = distance / speed

s TMIP

12 hours + IVT™
+ (12 hours x Number of
Trackage Changes)

4 hours + IVT
1 hour + IVT
16 hours + IVT
16 hours + IVT
16 hours + VT
12 hours + VT

20
40
65
38
32
250
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(3) Transport, Mode and Path Choice Model
Transportation Costs

Cost per | Minimum
Ton-Mile | Cost ($)

Alternative(s)

Routed $0.0395 200
Truck 1 (<150 Ibs.) Great Circle $2.83 10
Truck 3 (150-1,499 Ibs.) Great Circle $0.50 15
Truck 4-5 (1,500+ Ibs.) Great Circle $0.18 15
NI NTE NS BRI Great Circle $2.83 10
Parcel or Air 3-4 (150+ Ibs.) KEI=EIN®I(el= $2.09 15

* Cost per ton-mile from RITA and on-line shipping rate data
s TMIP
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(3) Transport, Mode and Path Choice Model

Nested Logit structure

Shipment Size Categories

Mode

Alternatives
MEDIUM

150-1,499 Ibs.

Rail

Carload / Not included Not included
IMX
Truck Modeled Modeled
Parcel / Air Modeled Modeled

A
®
.‘

TMIP

LARGE
1,500-34,999 Ibs.

Modeled

Modeled

Modeled

VERY LARGE
35,000+ Ibs.

Modeled

Modeled

Not included

()
N
7))
e

c

()

&
e
e
(0p)]
©

C

Q)

)
©

®)
=

o Rail
(Carload / IMX)

{ - |

= Parcel /| Air =

Large

Very Large

Small

Medium

Large

Very Large

Small

Medium

Large
SINLaN
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(3) Transport, Mode and Path Choice Model

Estimation Results

Variables & Estimated Parameters

Commodity Categories Export Transportation Cost (2012 $) Time (Hours)
Alt t' Alternative- Inter- Other
ernatives Specific Fuels mediate . . Mediu .
Increment Low- Medium- [ High- Low- ) High-
C(o:sstc.:a)nt GEc’)lcj)”(;s F ?tnld I;ro%uct:t% Margfacc:jtured Mexico | Canada All for High- Value*** | Value Value | Value an] Value
ertlizer | Foodstu 0ods Goods Value Goods Goods | Goods | Goods alue | 5oods
s s and Goods
Misc. Goods
Rail-large -15.8** N/A N/A 0 N/A N/A N/A N/A
-30.7**
Rail-very large -14.6** | 8.47** 9.75** 0 N/A N/A N/A N/A
Truck-small 0 0 0 0 0 0 0 0 0
Truck-medium 0.287** 0 1.15* 0 -1.14** 0| -0.536** 0 0
Truck 4-large -0.106** | 2.63** 0 -1.98** 0 0 0| -0.0002 | -0.0057 |-0.0063 | , [-0.130)-0.170
2.96** -1.59**
jruck 5 very L0.777* | 4.90% 0 310 | 1.10* 0.173* 0
arge
Parcel/Air- Kk *k *k *k *% *%
small -5.60 0 0 0 3.47 -2.73 -1.62 6.30 2.63
Parcel/Air- 11| N/A N/A 0 3.37% N/A N/A 1.42%
medlum_ 10.6™*
Parcel/Air- 1164 N/A N/A 0 -1.20* N/A N/A 0
arge
* indicates 75% or higher; **indicates 98% or higher statistical significance;
*** | ow-value is used for goods that are valued at less than $1/lb.; Medium for $1 to less than $4/Ib.; and High for $4+/Ib.
2 TMIP AL\
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(4) Model Calibration: Process

= Freight Analysis Framework (FAF) 4.1 is the main data source.

= Tuning the formation of potential suppliers and buyers sets to minimize
the discrepancy

= Comparison of modal split and commodity flow aggregately at FAF zone
level between modeled and FAF data

s TMIP
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(b) FAF Flows

m Flow (kton) | % of Total

56%

104,836
60,038
21,548

=
©
c
S
(]
o
c

-

56%

32%

—
©
c
=
o
o]
=
Ll

32%

59,916
21,083

El (Inbound)

12%

©
c
=
(o]
o)
=)
=
L
-

12%

IE (outbound)

—_— 184,944

186,423

on
Yar
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(4) Model Calibration / Replication: Modal Split

&

Modeled Flows

1.5%

®m Parcel-Air ®m Rail = Truck

Modeled Flows

M 92.9% 6.0% 1.1%
BT A %00%  7.1% 2.9%
80.3%  19.7%  0.0%
T 89.4% 9.1% 1.5%

2 TMIP

Direction | Truck | Rail |Parcel/Air

FAF Flows

1.7%

®m Parcel-Air m Rail ® Truck

FAF Flows

Direction | Truck | Rail |Parcel/Air
MR 949% 4.9% 0.1%
BN 832%  128% | 41%

IE (outbound 87.0% 10.0% 3.0%

TP 90.2% 8.0% 1.7%
/V\a %
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Outline

* Value of Advanced Behavioral Freight Models

s TMIP

TMIP Webinar November 15, 2017: Presentation 1 - MAG Behavioral Freight Model

59



Value of advanced behavioral freight models and some
observations from the model development process

State-of-the-practice truck trip forecasting procedures are not suitable for modeling
advanced economic scenarios and technological changes. These tasks require more
s_ensitl}[/_e tools with higher behavioral fidelity, broader spatial coverage and multimodal
simulation.

Increased model sensitivity and explicit behavioral modeling on micro-level is especially
important for large mega-regions at times of non-incremental disruptive transformational
changes in economy or technology.

Models are natural data integrators: they bring structure into data integration problems.
Model development process leads to data and information discovery.

Model development process has value of its own. It facilitates fre_igr:wt data integration and
analysis improves communications between freight Fla_nnln?, freight data and freight
modeling communities. It also leads to in-depth analysis of freight systems.

Big Data and new agent-based and microsimulation demand models qualitatively change
needs and approaches for data integration.

Inc(;’edagted fidelity of models (agent-based, micro-simulation) leads to merging of models
and data.

Visualization and analytical tools are a necessity for quality control and analysis of the
complex model outputs and large input datasets.

e TMIP NN
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Contact information:

Vladimir Livshits (MAG): VLivshits@azmag.gov
Shuyao Hong (MAG): SHong@azmag.gov
Arun Kuppam (Cambridge Systematics): akuppam@camsys.com

Zahra Pourabdollahi (RS&H): Zahra.Pourabdollahi@rsandh.com

s TMIP
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Project Background

First model was developed for the Central Phoenix
Transportation Framework Study for the inner core of the region.

Subsequently expanded to cover the whole modeling area.

Region-wide data collection (signals, calibration and validation
data).

Data and model outputs visualizations.

Applied for a number of large sub-area studies and local traffic
impact studies.

2w TMIP NN
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(1) Regional Microsimulation Model
Development, Calibration, and Validation

Daniel Morgan
Caliper Corporation

s TMIP A2\
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Objectives

Model Development
Geography, geometry development
Centroid, centroid connector development
Traffic count data preparation
Signal timing data preparation

Calibration to Counts
Year 2015 target
Calibrate to 15-minute counts (some dating to 2012)

Validation
Validate to 15-minute speeds (NPRDMS 2015 weekday)
Match key bottlenecks
2 TMIP
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To develop a geometrically
accurate road network consistent
with planning geography with a
complete inventory of traffic counts
Objective ~ and signal timings

Model Development
Largely a data assembly,

fusion process N
ﬁ?“ﬁixﬁi g
pis

N
®
.‘

TMIP

5
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Model Development

Geography, geometry
largely drawn by hand on
aerial imagery

N
®
.‘

TMIP
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Model Development

Centroid, centroid

connector development
favoring midblock, side
streets |

TMIP

N
®
.‘

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model



l\\

Model Development /_}______ N

Centroid, centroid
connector development
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Model Development:
Room for Improvement

Detector geometry data not available or easily obtained

Signal timing data not provided by, available from, some
agencies
Most current signal data in closed, proprietary systems

s TMIP
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Calibration

TDM

 Trip-based

« 3-hour AM peak
* 4-hour PM peak
« 2-4 million trips

s TMIP

* 0.5-sec traffic
microsimulation

« Stochastic,
dynamic route
choice

To achieve best possible fit with
15-minute traffic counts

Objective

&
3

Sezgment Flows

DODME
e 0.5-sec traffic
microsimulation

 Trip list adjustment

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model 11



Calibration Process

- TDM:

To determine an initial,

seed estimation of the
O-D trip pattern

% TMIP

1-.
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1,14
Flow
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Calibration Process

- DTA:

To estimate typical congested
travel times and delays that _

K . ts to route choice 0.5-sec 15-min. Travel
are Key Inputs to Microsimulation Times and Delays

Route Choice
Update

TMIP
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Calibration Process

* Microsimulation with 15-minute volume, speed
measurement

- D-ODME:

To estimate dynamic trip
tables that, when simulated,
matCh Observed traﬁ:lC * Traverse all segments on path starting at trip’s
counts departure time

» Compute aggregate trip error

« Compute segment count errors
» Compute segment speed errors

v

« Sort trips by aggregate error
* Clone, remove, depart earlier, depart later

v

* Return to microsimulation

Repeat

N
®
.‘

TMIP
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To achieve best possible fit with
15-minute NPMRDS speeds and
bottlenecks

Validation @

Objective
Path visualization %"‘g’ 1 Right

and audit
Interactive critical g I(f;g V&n;&a&w %ﬂok o dade

.7

link queries

. : Detecnina
Targeted trip table Cft@émém poraine Yers
adjustments n

Calibration tools
DTA and D-ODME

s TMIP A
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Validation Process
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Validation Process
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Validation Process

Adjust Trip Matrix
o o ; e % - e ; s .. 1 " | : 1 Settings
il \ Adjust |AM LOV Trips
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Validation Process

0.5-sec 15-min. Travel
Microsimulation Times and Delays

)
¢ *Microsimulation with 15-minute volume, speed measurement

*Compute segment count errors
e *Compute segment speed errors

*Traverse all segments on path starting at trip’s departure time
° Cal i b rati o n too I s *Compute aggregate trip error

DTA and D-ODME N

*Clone, remove, depart earlier, depart later

«Sort trips by aggregate error

*Return to microsimulation

TMIP
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Goodness of Fit: Counts (RMSE)

Freeway Artenal
Periog |Nterval (N=209) (N=1941)

Beginning
YRMSE | Y%RMSE
Hour Interval
6:00 15.6 31.7
AM 700 16.7 294
8:00 19.0 29.1

s TMIP
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Goodness of Fit: AM Counts (Scatter/R?

HIGHWAY FLOWS VS. COUNTS (TOTAL 06:00-07:00) HIGHWAY FLOWS VS. COUNTS (TOTAL 07:00-08:00) HIGHWAY FLOWS VS. COUNTS (TOTAL 08:00-09:00)
12000.00 12000.00 12000.00

10000.00

y = 0.9885x + 560.31

R%¥=10.9228
y = 0.9643x - 29.09

R* = 0.9669

Segment Flows

y = 0.8969x - 200.42
R*=0.8919
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6000

6000
Segment Counts Segment Counts Segment Counts

N
®
..

T™IP N

21

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model



Goodness of Fit: PM Counts (Scatter/R?

Segment Flows

Segment Flows

=]
3
=]

HIGHWAY FLOWS VS. COUNTS (TOTAL 14:00-15:00)

y = 1.0248x + 230.47
R?*=0.9684

6000

Segment Counts

HIGHWAY FLOWS VS. COUNTS (TOTAL 16:00-17:00)

y = 0.9656x + 341.88
R* = 0.9551

6000

Segment Counts

Segment Flows

Segment Flows

HIGHWAY FLOWS VS. COUNTS (TOTAL 14:00-15:00)

y = 1.0248x + 230.47

R*=0.9684

6000

Segment Counts

HIGHWAY FLOWS VS. COUNTS (TOTAL 17:00-18:00)

y=0.9701x + 78.418
R?=0.9706

6000

Segment Counts
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Goodness of Fit: Speeds, Bottlenecks

"
™
@
@

g

_ o

z E

E £

: :

S »

i 4 | &
£
&

»
"

0

— 10 ] J
i o
, w0 s wm s 3w s sm WS am a1 a0 b s SB SH 5
vl il il i S ey il il il el
ol il il ol vl il i Rl i

] T
T T
L 4 - 1

T
o 7
J 60 -1 | 0
T T =t
5 0 s0
- - 1 =
£ 5 =
5w S a0 — 5 w0
E E —E' ———
v 3 3
$ 3 @ 2 30
2 w0 2 30 2
@ & &
20 20 20
10 10 10
! ° o
200 235 2E 245 300 315 530 345 400 405 450 45 500 515 A 5as 200 z15 230 245 300 315 330 345 400 415 430 445 500 S5 S0 54s 200 215 230 245 300 315 33 345 400 415 430 445 SO0 SIS 530 sus
M PM O PM M SM M BM M M PM M M BM PM PM BN PM PM  PM  PM  PM  PM  PM  PM  PM  PM  PM  PM  PM  PM  PM  PM PM PM PM PM  PM PM PM PM PM PM PM PM PM PM PM PM

%

[ 4

TMIP

7V 2N

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model 23




Calibration, Validation:
Room for Improvement

Data
Observed O-D lacking
Counts are not enough
Speeds help
Ramp counts pivotal but dated

Methodological
More robust count Q/A
Speeds as a stronger driver for trip adjustments in DODME

s TMIP
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(2) Applications and Visualization

Lan Jiang, Ph.D.
Maricopa Association of Governments

s TMIP
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Application:
1-17 Corridor Study

Section |

s TMIP
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Spine Study: Background
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of all daily freeway
traffic uses the
_ corridor each day

[ =]
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Goodness of Fit: Counts (RMSE)

Period Facility Hour Starting %RMSE
6:00 AM 8.78%
Freeway 7:00 AM 7.46%
AM 8:00 AM 10.34%
6:00 AM 31.10%
Arterial 7:00 AM 23.74%
8:00 AM 26.87%
2:00 PM 8.10%
ey 3:00 PM 9.20%
4:00 PM 14.37%
PM 5:00 PM 19.55%
2:00 PM 23.82%
Arterial 3:00 PM 24.55%
4:00 PM 27.50%
5:00 PM 30.26%

TMIP

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model

Notes:
Arterial Counts: 216
Freeway Counts: 32
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Vehlcle Trajectory Data in Validation

=E-McDowell'Rd

Hem'p:-ry

I
7

ortuary
L
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Jef

{Hover 1 mile high)

2 Helicopters

6 Cameras

21 M pixels per image

A

1 Frame per second

2-Hour survey per peak period

October

2 days were selected based on

historical traffic data

2 peak periods cach day

to show the development,
evolution and discharge of
recurring congestion at
bottlenecks.
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Simulated Results
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Alternative Scenario
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Alternative Scenario
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Milepost (mi)

Simulated Speed Contour Plot: PM NB
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Simulated Speed Contour Plot: PM SB

2015 Base Year 2040 No-Bvild 2040 Alternative Scenario
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Visualization:
Interactive Maps

Section Il

s TMIP
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Percentage of Trips Departing

Show Me The Data: Challenges

- ‘Big’ Data Sets

- Spatial & temporal data sets at regional level
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Show Me The Data: Challenges

Usability and Limitations
Software-specific data display features
Limitations of video clips

e Rt Eo e
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s TMIP
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Show Me The Data: Challenges

- Usability and Limitations
- Software-specific data display features &gas
- Limitations of video clips
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Interactive Maps: Features

Ease of Use
Intuitive control panel

Fast and Lightweight
Smooth data loading and visualization

Easy Share

Map and data can be viewed in most web browsers

Customized Tool
Flexible in map design and control using HTML & JAVASCRIPT
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Interactive Map Interface
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Interactive Map Interface
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Interactlve Map Interface
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Interaotlve Map Interface

MAG ReGioNAL ., | et SIMULATED VDLI:iME.,
~ MicrosimuLanon MobpeL - - <

Swnaten ResuLts: m
“" Time oF Day \‘n

Center LINE:

I-Phaeriu I : Sye——3 —
b
Player Control Bar & Informatlon Box D),
\I f ]
\
.l
'

TMIP Webinar November 15, 2017: Presentation 2 - MAG Regional Microsimulation Model



Interactive Map Interface

Demo: Clip 2 — MAG Microsimulation.mp4
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Time-Dependent Trip Tables: 2D View

AM Attraction by Zone
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Time-Dependent Trip Tables: 3D View
PM Production by Zone
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Concluding Remarks

Greatly reduces time required to fulfill requests for
microsimulations

Data repository and data integration tool
Applications on the regional scale
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Contact information

Lan Jiang (MAG): lliang@azmag.gov
Daniel Morgan (Caliper): daniel@caliper.com
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