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On Demand Mobility Cargo Demand Estimation
Mihir Rimjha
AcademicAbstract

Recent deelopments inthe shipping industry have opened some unprecedented trade
opportunities on various levels. Be it individual consumption or business needs, the thought of
receiving a package on the same day or withodr from some other business or indystrthe
urbanarea is worth appreciating. The congestion on ground transportation modes is higher than
ever. Since currently the sarday delivery in urban areas is carried mainly by ground modes, the

catchment area of this delivery service is limited.

The OnDemand Mobility for cargo can elevate the concept of express shipping in revolutionary
ways. It will not only increase the catchment area thereby encompassing more business and

consumers but will also expedite the delivery as these vehicles valdlythe ground traffic.

The objective of this study was to estimatettital demand for ODM Cargo operations and study

its effect on ODM passenger operations. The area of interest for this study was Northern California
(17 counties). Annual cargo flows the study area were rigorously analyzed through databases
like Transearch, Freight Analysis Framewdrkand F100 International for freighThe results of

this studyare presentethrougha parametric analysis of market share. The end product also

includes the flight trajectories (with flight plan) of daily ODM cargo flights in the study region.

The effect of ODM cargo operations on the passenger ODM operatamalso analyzeid this
study. The major challenge faced in this study thasinavailabilty of datasets withhe desired
level of details and refinements. Sirtbe movement of cargo is mostly done by private companies

the detailed records of shipments are ofterpubiic knowledge.
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General Audience Abstract
The recent advancements in shipping industry has made transfer of goods both domestic and
international, swifter anchorereliable Nowadays, some business and consumers in urbas area
have the options diew-hours or same daydelivery. Currently the samelay delivery in urban
areas is carried mainly lyround modes (trucks) and hence ta¢chment area of this delivery
service is limitedAdding to it, the trafficcongestion orthe urban roads is a major hinderance in

growth of suchservices.

The OnrDemand Mobility for cargo cameform express shipping in revolutionary waykhe
concept vehicle can fly over the ground traffic. Therefarayill increase the catchment area
thereby encompassing more business and consumlersy with faster delivery options in

currently serviced areas.

For the study, we analyzed different databases for annual cargo flows in the region. Seventeen
counties in the Northern California were chosen as the study area (or region). The study was
focused on eshating the potential market (demand) for the-Demand Mobility Cargo
operationsMultiple set of results were calculated for different market shares thdée@rand
Mobility can potentially capture in cargo operations. Flight trajectories (with fligh) b daily

ODM cargo flights were the final product.

The OnDemand Mobility cargo operations are expectedctanpkement passengetODM
operations. Therefore, the effect of ODM cargo operations on the passenger ODM opegions
also analyzedn this sty. The major challenge faced in this study wlas unavailability of

datasets witthedesiredevel of details and refinements



Acknowledgments

| would like to thank Dr. Antonio Trani fdnis guidance throughout the project. | would like to
extend my gatitude to Dr. Susan HotlandDr. Kevin Heasligfor participating in my committee

and providingherequiredsupportand guidance.

| would like tothank Jeremy Smith and Ty V. Marien of the National Aeronautics and Space

Administration (NASA) for theitechnical and financial support of this work

Additionally, | would like to thank Maninder Ade, Nick Hinze and Swingle Howard for valuable

input and support during the projecthank my family and friends for encouragement hatp.



TABLE OF CONTENTS

LIST OF TABLES.. ...ttt eree et e e e e e e s e e e e e e eaa e Xi
CHAPTER 1: INTRODUCGCTION. ....ccittiie ittt eeeee ettt eeeea e e e e e e eene e eas 1
(@ o =03 1= PSS 5
CHAPTER 2: LITERATURE REVIEW......cco s eeeennneeen
CHAPTER 3: POTENTIAL ODM CARGO DEMAND ESTIMATION......ccccvviiiiiiiiiiiiieeee 12
Yoo (8o o] o FU PP PPPPPUPPPPP 12
ODM Cargo StUAY ATBa......cceeiii it eeee s seneess bbb ebee s e e e e e e e e e e e e e s aeeseeeeees 14
Transearch Database andlT0 International Database..............cccoccuiiiieeeiiiiiniiinnn 20
Potential ODM Cargo Demand MethodolQgy..............oovvviiiiiiccciiieeeee e 22
Step 1: Identification of ODM Cargo Competing Modes...........cooeeeeeiiiieeeiiiiiieeeeeee, 29
Step 2: Commodity Value ANAIYSIS.......cuviiiiiiiiiiiiiieeeeieeee e 31
Step 3: Internal andX&ernal FIOw ANalySis.........ooooiiiiiiiiiieee e 34
Step 4: Analysis of Internal/External Cargo Flows by Made..............cccooiiieeeninns 34
Step 5: Airport Assignment Methodology.........ccoooeeiiiiiiiiieeei e 37
Step 6: Cargo Distribution Methodology..........ccoocevviiiiiiiccciiieeeecceiee e 40
Step 7: Application of Appropriate Market Share...............ooooiiiccciiiie e 43
Step 8: Landing Site Cargo ODM flights Calculation................cccccoiimmeeeeveiennnnnnnnn. 45
Step 9: International Air Freight into the Regian..........ccccevvvvvivieeciiiiiiiiiiiiiiieeeeee. . 48

\



Step 10: Generating OrigiDestination PairS...............uuuuuuuuiiiccnreeeeeiiiiienees e e e e eeeees 51

Step 11: Generating Flight TrajeCtOores..........ccooviiiiiiiiieeee e 51
RESUILS @Nd FINAINGS.....eeiiiiiiiiiiiiee et eeeea e 53
Baseline Year ReSUIS (2016)........coouiiiiuiiiiiiiiieeeeeeeiiiiiies et a e e e e e e eees 54
CHAPTER 4: EXTENDED RESULTS... ..o eee e 61
SCENGAID 1.t nnnr e e e s nnnrnreeee s 61
STot=] g F= T (o T 1 TSP P PP PP PPPPPY 66
STol=] g F= T [ I PP P TP P PP PPPPPP 71
Life Cycle Cost Model (edveloped during ODM passenger study)..........cccoeevvvviiiiceeennn. 77
Effect of Cargo ODM Operations on Passenger ODM SyStemL...........evvvvvivieenvvnnennnne. 81
CHAPTER 5: CONCLUSIONS AND RECGMMENDATIONS........coiiiiiii e 83
IMAIKET SNAIE:......eeiiiiiit et eeee e e e as 84
Distribution MethodolOgy:.........oovviiiiiiiiic e errer e e e e e e e e e eesaeens 84
LaNdiNg SITE S, i 84
Effect on passenger ODM demand:..........ooooiiiiiimmne e e 85
(oY= To [ =Tt (0] co PP PP PUUPPPPPPRP 85
ODM VENICIE: ...ttt e e e e e e e emmr e e e e e e e e e e e 85
International Air CargQ:.........ii i e eeeee e eree e e e e e e e e et e e ennen s 85
REFERENGCES. ... .ottt e et e et eeme e e e e e e e e e e e e ennanns 86
AP P END DX A e et err e e et e e e era s 88

Vi



Y018 [ (ol N O 0 16 [ THN TR 88

Al) Cargo distribution for O0Truckd mode f Il ow

cargo flows Or truCK MOAES........ccoeeieee e 88

A.2)  Distribution factor: calculating distribution factor for each landing site in the study

A.3) M by N distribution for internal cargo flows from Truck made...................... 95

A4) Cargo flows distri buwut.i.on..f.or..0.Ai0i.198 Mode
A.5)  Origin Destination pair generator for truck mode flaws...............cccooooeeeee. 105

A6) Origin Destination pait...g.ener.at.0ol08f or 0A

A.7)  Cargo flight plan geNErator..............uuueiiiiiiiiieeeiiiiiiiieeeee e 112

vii



LIST OF FIGURES

Figure 1: Aurora eVTOL Concept Vehicle at Vertiport. Source: (Aurora Flight Sciences.3018)
Figure 2: Aurora eVTOL Concept Vehicle in Cruise. Source: (Aurora Flight Sciences.2038)
Figure 3: Joby S4 Aircraft Top View. Source: (N. Syed 2Q17).......ccovvveiiriiiiimmmneeeeeeeeininnnnnd 4

Figure 4: Controlling Factors in Freight Demand from Quick Response Freight Manual Il.

Source(Daniel Beagan 2007.) ... ..ccuuiueieeeeeieeiiiieees e e e e e e e e ee ettt mmme e e et ab s annee 8
Figure 5: Scope of StYAL7 COUNTIES)....ccoeieiiiiiiiiiiiiieieeee e e e 15
Figure 6: Cargo Facility Location in the Study AL a............cceiiiiiiiiieeeiiiiiiiieeeeee e 17
Figure 7: Landing Sites in Cargo SULY.........ccccuuuriiiiiiimemiiiiiiiieiee e eeerseeeeeeeeeeeeeeeas 18
Figure 8: Basic Single Landing Path Design. Source: (Ade 2017)..........ccoooiiiieeneeeennnnns 19
Figure 9: CountyLevel Attraction from Transearch 2016 (resulting in infQw.................... 21
Figure 10: Countyevel Production from Transearch 2016 (resulting in outflows)........... 21
Figure 11: Potential Cargo ODM Demancttiiodology Flowchart..........ccccccoeeiiiiiiiiiaennnn. 25
Figure 12: Example of Internal and External FIQWS................eueiiiiieeciiiiiiiiiiiieiee e 27
Figure 13: Handling of Various Cargo Flows in thafsearch Database................c.......... 28
Figure 14: Mode Groups and Classification in the Transearch Database....................... 29
Figure 15: Share of Transearch Bits Dy MOde...........oooviiiiiiiiiiiiiieeen, 29

Figure 16: Commodity Groups in Transearch Database Identified for Potential ODM.US®.

Figure 17: Commodityvise Percent of Shipments by 'Air' Mode.............euvvivieiiiiiecciinnnnee. 33
Figure 18: Selected Airports for Domestic Cargo Transfer in the Study.Area................. 38
Figure 19:0DM Cargo Distribution MethodolOgy.........ccoouiiiiiiiiiiiieee e 40
Figure 20: Distribution Factor Calculation ProCess............oooviiiiiiiimee e eeeeiiiiveens 41

Figure 21: International Air Freigi#rriving at the Region of Analysis (Cargo Inflows).......49

viii



Figure 22: International Air Freight Departing at the Region of Analysis (i.e., Outflaws).49
Figure 23: Workflow for Estimation of ODM Cargo Flights from International Air Cargo.50
Figure 24: Spatial Distribution of ODM Cargo Flights (in blue) in Northern Caliéoiori

Scenario 1. The Higbemand Scenario Generated 1,419 Daily Cargo ODM Flights in the

T o] o 56
Figure 25: Flight Operations by Landing Sites for Scenario | (2018)...........c.ccccvvvvieeeenn... 57
Figure 26: Flight Operations by Landing Site for Scenario | (Projection Year 2033)....... 59

Figure 27:

Spatial Distribution of ODM Cargo Flights (in blireNorthern California for

Scenario 1 (Projection Year 2033). The Higbmand Scenario Generated 2,357 Daily Cargo

ODM Flights in the REQION..........oiiiiieiiiiimme e erenr e e e e e e e e e e e e e aeeereeeeas 60
Figure 28: Daily Cargo ODM Flight Operations bgnding Site (Scenario-2016)............... 62
Figure 29: Cargo ODM Flight Trajectories for Scenario Il (2016)............c.covvvvrvvieemeeennnnd) 63
Figure 30: Daily Cargo ODNFlight Operations by Landing Site (Scenark2033)............... 64
Figure 31: Cargo ODM Flight Trajectories for Scenario Il (2033)...........covvvrriivvviemmeennnnnd) 65
Figure 32: Daily Cargo ODM Flight Operations by Landing Site (Scenard16).............. 67
Figure 33: Cargo ODM Flight Trajectories for Scenario Il (2016).............cceeeeerivieeeennnnl 68
Figure 34: Daily Cargo ODM Flight Operations by Landing Site (Scenar0BB).............. 69
Figure 35: Cargo ODM Flight Trajectories for Scenario [l (2033).......ccceeeeeeeeeiiiiieeeeeennn. 70
Figure 36: Daily Cargo ODM Flight Operations by Landing Site (Scenar20}6)...............72
Figure 37: Cargo ODM Flight Trajectories for Scenario IV (2016)...........cccceeiveivieeereeennns 73
Figure 38: Daily Cargo ODM Flight Operations by Landing Site (Scenar20®3)...............74
Figure 39: Cargo ODM Flight Trajectoriegf8cenario IV (2033).........ccceviiiiiiiiiiiiiiieeeeineennn. 75



Figure 40: Summary of Potential Cargo ODM Flights in Northern California for Four Scenarios

Figure 41: Life Cycle Cost Model User Interface for an ODM Vehicle Concept............... 78

Figure 42: Estimated Life Cycle Cost Results for asEddictric ODM Vehicle. Sensitivity

concerning Annual Use dfie ODM VERICIE.............ouuuumiiiiiiiiieeeccre e ereese s 80

Figure 43: Parametric Effect of ODM Passenger Demand with Reduction in Cost per Passenger
Mile. Assumptions369 Landing Sites$15 Base fare, $1.23 per passenger mile, |&6ding

fee, $0.30 per mile car costnile CUtoff DISTANCE..........ccoeieiiiiiiiiiireeee e 81

Figure 44: Parametric Effect of ODM Passenger Demand with Reduction in Cost per Passenger
Mile. Assumptions: 369 Passenger LengdSites, $20 for a trip up to 20 miles, $1.23 per mile

beyond a 2amile trip, $6.7 landing fee, $0.30 per mile car coshite Cutoff Distance......... 82



LIST OF TABLES

Table 1: Literature REVIEW SUMMALY.........cooiiiiiieeeiiiiieeee e e eeeeeeeeeeeaetaae e eeeeennnn s 11
Table 2: Study Area CharaCteriStiCS.........ooeeiiiiiiieieiieeee s 15

Table 3: Selected Commasinthe Tabte ark Dallarspdr Tom.82%k 6 Mo d

Table 4: Selected Commodities for "Air' MOGE...........uiiiiiiiiiiiii e 33
Table 5: Northern California Counties a@dnnected AIrPOrtS..........cooovviviiiiiiiiiiene e 39
Table 6: Market Share Assumptions for ODM Cargo Scenarios Modeled......................44
Tabl e 7: Load F aeQomomodites.o.r....0.T.r..u.c.k.0....Ma......... 46
Table 8: Load Factors for 'Air' Mode COMMOAItIES........coviviiiiiiiiiiiieeeeeeeee e 46
Table 9: Market Share Assumptions of ODM Cargo Scenarmdeld................ccccvvvvvvnnnn. 53
Table 10: Scenario 1 Results ODM Cargo Modeled (Year 2016 Demand)..................... 55
Table 11: Scenario | Results Modeled (Projec@ar 2033)...........ccccuvvviviiiiiiiieeeiiiiieeeeee 58
Table 12: Market Share Assumptions in Scenario.ll............ooooiiiiiiicce e 61
Table 13: Market Share Assumptions in ScenariQ.lll................eeeeiiieemiiiiiiiiiiiiiieieeee e 66
Table 14: Market Share ASsumptions in SCeNAariQ.IV........cccccoveeiiiiiiiccc e 71

Table 15: Relevant Parameters for Passenger and Cargo ODM Vehicle Life CydiéoGeki9

Xi



CHAPTER 1: INTRODUCTION

The state of California contributes 13.3% to the econontlgedfnited States, highest among all
thestatesn the nation(McPhate, Mike 2017)The two majorcontributors are; the San Francisco
Bay area and the Los Angeles metropolitan area. It cap@adeniedthat development of
transportation systems I n cruci al for regi on
Francisco Bay Area Freight Mobility Studgne by California Department of Transportation, the
nature of freight movement in the regjoe., types of commodity, modes of transportation used,
origin-destination patterns and the level of demand fisnction of characteristics of economic
activity in the region(Cambridge Systematics 2014jhe Bay area freight flowsupportboth

global supply chains and regional industries. The Northern California /Megon Goods
Movement Study mentioned that an estimated $1 tril@nth of goods originated and passed
throughmegar e g i pomspvearehouses and industrial distriffééetropolitan Transportation
Comnnission 2016)This figure is expected to be $2.6 trillion the year2040. The expansive
economy of northern California region is sensitive to the movement of goods. The mode of

transportation for freight movement is a crucial factor.

Urban Goods Movement System

It refers to transportation networks in urban areas used to move freitfte ftoal destination
(National Academies of Sciences 201Zurrently this systemis dominatedby ground
transportation modese., truck, pickup vansetc The increase in-eommerce is influencing the
patterns in traditional ban goods movement system. Parcel delivery systems have boosted the

deliveries intheresidentialarea



Moreover with increasing consumers in the region, the demand for urban goods movement will
also increasel hiswould further put pressure on the sysigesing already congested infrastructure
(arterial and city roads). In some counties of Northern California, the average commute time have
risen to more than an hour due to congestignnklow, Adam 2018) Every second lost due

congestion makes the whole system inefficient and contributes to tref [mssluctivity.

On Demand Mobility Concept

The OnDemand Mobility is an innovative concept in development to address the transportation
problems in urban areas. The concept eehinvolved in these operation$fers travels from an
origin to a destination usingwerticattakeoffandlanding(VTOL) aircraft that traversing above

the ground transportation network avoidimgavycongestions on roads. The aircnafpowered

by didributed electrical propulsion and has a maximum range eB0BGstatute miles, depending

on the vehicle used (Trani, 2015).

The concept will provide edemand transportation to minimize long commutes due to heavy
traffic in urban areasrhebasicinfragructure requires a vertiport for operation (landing and-take

off) and apron area for passenger boarding and vehicle servicing (battery recharge). The concept
aircraft comprise multiple lift rotors for vertical takeoff and cruise propeller and wing ittoan

into cruise mode. Complete electric operation eliminates vehicular emission and decreases noise

pollution.

The concept aircraft c¢hosen (HeatherlCaliendo20li§an he o6U
eVTOL aircraft by Aurora Flight Sciences (a Boeing compariigurelandFigure2 showsthe

concept design dhe aircraft



Figure 1: Aurora eVTOLConceptVehide atVertiport. Source:(Aurora Flight Sciences 2018)

| \t Bilis

Figure 2: Aurora eVTOLConceptVehicle inCruise Source:(Aurora Flight Sciences 2018)



The concept aircraft used this study is Joby S4 aircraft (SEgure3) by Joby Aviation LtdN.
Syed 2017)It is a fourpassenger sized ODM vehicle can potentially carry up to 800 Ibs. of

cargo(Vertical Flight Society 2017)

" ol 43 feet N
& Equivalent Rotor N
/ Diameter N

Figure 3: Joby S4Aircraft Top View. Source:(N. Syed 2017)

The utilization of Ordemand mobility concept for cargo in Urban Goods Movement system will
not only addess some of the current inefficiencies in the system but will also benefit the whole
system by providing a faster alternative. Thed@mand Mobility service could be revolutionary

in the shipping industry. The sarday delivery conceps gaining populaty in thelastcouple of
years. However, the logistics involveehdeedit highly expensive and limited to certain regions

and business. The @emand mobility could support express delivery practice to encompass more



businesses and consumers. It wiamake it more efficient by saving travel times or delivery

time in congested urban areas.
Objective

The objective of this study is to determipetential demand for GBemand Mobility Cargo in
Northern California. Furthermore, studying its effect ossemger ODM operations. This study is
a firstorder analysis which usesountylevel data for cargo flows. The results and
recommendations of this study can be either used for fuath&llysison network level cargo
demand or carbe usedfor On-Demand MoHity network development. This analysigas
performedwith the guidance from the NASA Langley Research Cemtedt hus t he

workflow is influenced by their recommendations.

St uc



Thesis Outline

The thesis bagswith Chapter I: Introductiorwhich inclwed information about cargo flows and
urban goods movement system. It also disesissbrief about OrDemand Mobility Concept and

concept vehicle. This section (introduction) ends with defining the research objectives.

TheChapter II: Literature Reviewncludes previous work performed in this domain or related to
this study.A summary of information extracted from various sounatséch supported several

assumptions and concepts in this stisdycludedin this chapter.

Chapter l1ll: Potential Demandfor ODM Cargo includes the concept development and
methodology used in various sections of this study. It also introduces theytlg=cost model
used in this study. It discusses in detail abouhtbthodologyand assumptions in each steptaf
analysis Futthermore, it incorporates the primary result of this analyss Daily number of
cargeODM flights in Northern California. It also contains the effect of ODM cargo operations of

passenger ODM service.

Chapter IV: Extended Results and Findintés chter containsheresultsof parametric analysis
of cargo ODM market sharee., results forasetof scenarios generated for different market share

assumptions.

The ultimate chapter Chapter V: Conclusion and Recommendatiomdudes the qualitative

findings of this study and scope for future research.



CHAPTER 2: LITERATURE REVIEW

Recently, considerable efforts hdween putn the development of GBemand Mobility concept.
A major part of whichis focusedon the development of concept vehicle and redat fewer
studies havdeen donan the systems of OBemand Mobility concept. This study relates to
previous research works with two differeperspectivs; one being the cargo or freight
transportation and another being the@emand mobility concepthe OnrDemand mobility sub
mode is considered more sensitive to characteristics of cargo than other competimgdssb
(such agruck, rail, pipeline etc). Therefore, previous works dhe influenceof commodity on

freight transportatiomvere explored

Since this study will complement the passenger ODM studygraficant part of OArDemand
Mobility conceptwasadoptedirom that.To calculate potential ODM cargo flowthe literature
on cargo flowswvere exploredSome studies were reviewed to understidwedcritical factors in

cargo distribution which were conducitedeveloping second order distribution of cargo flows.

The cargo distribution in freight transportation networlaibit different from passenger trip
distribution. The Quick Response FreidWianual 1l (by Freight Management and Operations,
FHWA) helped in understanding the controlling factors in Freight Demand. The summary of

controlling factors from the literatuf®aniel Beagan 20073 includedin Figure4.



Freight Demand
Controlling Factors

Types of Industries

Personal Consumptiq

Figure 4. Controlling Factors in Freight Demand from Quick Response Freight Manual Il

Freight
infrastructure/modes

Spatial Distribution Trucking

Networks (Wide array of
equipment,
customizable, benefit
by highly developed
highway network)
Interactions betwee

Logistics Partners

Rail
(Railroads own thei
networks)

Air Cargo

(low weight, small
volume, highvalue
cargo, high travetime
sensitivities)

Source:(Daniel Beagan 2007)
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The ODM Commuter Aircraft Demand Estimationvestigated the potential market for -On
Demand Mobility Concept for passengél& Syed 2017) The study calibrated a Conditional
Logit Model to predict the demantt. also includes a lifeycle cost analysis which héeen
inheritedinto this study. The Gibemand Mobility Cargo study is a folleup tothe On-Demand
Mobility passenger studyBoth studiessharethe common study area and several fundamental

conceps.

Jun. Duanmu developed a commodiigsed gravity model to assébe distribution of freight in

31 counties of VirginigJun Duanmu 2012Modeling in transportation using gravity modelsiis
commonphenanenon but not many have been specific to freight transportation. The impact of
commodites on the accuracy of the gravity modes analyzedn this study.This helped in

developing the insight ccommodityspecificfreight distribution model for the ODM Cargo study.

The market share is critical for developing the-@emandMobility Cargo malel. The analysis

of present and previously deployed modes in urban cargo transportation is important for
understanding the market share ODM could captaréhe Behavioral Analysis ofDecisions in
Choice ofCommercialVehicularMode inUrban Areas Q. Wang studied travel activities such as
pickup and delivery of cargo from travel diary data of lasgale commercial vehicles in the
Denver, ColoradgHu 2012) The cargerelated attributes recorded the impact of commodity types
(characteristic of cargo transportation) in determining cargo mode chtisestudycontributed

to understanding the behavior of commodities across miod@s-Demand Mobility Cargogn

urban exclusivenode).

For every choice model, the selection of paggers is important. The parameters influencing the
choice most and which can either be generated or easily available in the data are selected. The

common parameters in passenger choice model are cost, tiweh{ate time, oubf-vehicle

9



time), etc. Thefreight transportation characteristics are different ftbepassengetransportation
characteri st i c dnvestiatiom of NhtasdcFhreight dranépsModal Choice in
Greecestudied the parameters aattributes influencing freight mode choicéGiannopoulos
2010) They performed a statistical analysis dhege scale survey ofreight transport actors in
Greece. The results of this study have universal applicabigtyt can be applied tthe United
States too.The study concluded with following tef0 criteria for mode choice in freight
transportation: Reliability and quality of transport services, Transport cost, Probability for load
damage or loss, Customer service quality, Size of load and characterigtazskafiing, Service
frequency, Cargo valuéjfetime of cargo, Cargo value, Service frequency, Capability for tracking
and tracing of the shipment, and Availability of loading or unloading equipmkatinformation

is not usually available for all the pamnaters during analysis. However, the study providsight

for influencing capability of characteristics in freight transportatimueling

10



Tablel summarizes thhteraturereferredto this study
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Aut hor Journal Year Results/ Concl

rel evant

ODM CommuTrani Al AA 2017An integrated
Aircraft AV1 ATI ON esti mate pass
Esti mati o For um, ( demand concii a
201430 82) economi c ilnffce

cycle cost, d

structures, ,r

an@DM | anding
requi rements

DistributDuanmu Journal 2012Freight trans
Anal ysis al . Transpor i's sensitive
Transport Researct commodi ties
Gravity N No. 226¢
Genetic A
l nvestigaMoscho'Journal 2010 Ten significa
Il nland Frand Transpor mode choice (
Transport Gi anno Researcl Greece; Cargo
Choice 1in No. 216:¢ | oad and char
packaegticn g
BehavioraWang atJournal 2012Mode choice d
Anal ysi s Trandgp or ma d et Hoep mmer c i
Deci sions Researclt within a comp
Choice of No. 226¢ considers man
Commer ci a as travel att
Vehicul ar char actaemdli g €1
Urban Are areas vVvisited
cargo tymeany
characteristi
A Freight Guoqgia Journal 2012This paperr €wvi
Choice AnShen aTranspor relevant | ite
Using a E Technol ¢ splits for fr
Logi't 2012, - 2, devel oped a b
Model and 188 for truck and
The Case model for <cer
Gr ai ns movement in t
Transpomt in 2002 and c
the Unite mo d e | resul ts
a compamrableg
model

11



CHAPTER 3: POTENTIAL ODM CARGO DEMAND

ESTIMATION

Introduction

The ODM operations are expected to capture a fraction in future cargo or freight flows in urban
regions. Although the fraction would be small compared to othemmdes irthe market (Truck,

Rall, etc), the enormous amount of cargo flows makes it considerable and promising in the future.
In this study, the cargo flows in the Northern California region were analyzed to estimate the
potential ODM cargo demand. Urban freightigity mainly consists of two types: freight related

to local supply or demand, and freight related to national or international ({Getevieve
Giuliano 2015) As mentionedn Chapterl, the characteristics of consumeligtate the cargo
demand generation (both productions and attractions) in the region. In this study, we have
considered certain characteristics suchtheslocation of warehouses (foexampleWalmart,

Target, Walgreenstc) in the area of interest as thesarehouses would be critical components

in a developed cargo ODM network. Another characteristic related to households is demographics.
The cargo demand in the region is assumed to depend on demographics such as population,

household income level, househslde andlocation of industries.

The factors controlling the feasibility of cargo shipments by ODMmaobles are slightly different
from 6dRagikd O6AIird mode. I n general, flying
inefficient over ground mdes. However, sometimes the naturetlod shipment i.e., the
characteristics of contents could render ODM cargo operation beneficial over traditional modes.
The value of contents in the shipments determines the significance of extra shipping cost the

cugomerpays for ODM operation against truck mode. If the commdaking shippeds highly
12



valuable such as jewelry, semiconductets, it wouldndét be that sensi
shipment whereas lower valued shipments are more sensitive extiaatost and hence are less
likely to be shiftedo ODM submode in general. Another characteristic of shipment which makes
thema morepromising candidate for ODM operations is the urgency associated with it. In such
shipments, the value extends beyahé monetary worth of contents. No doubt the ODM
operations are fastelhereforethey can elevate the present express shipping to another stage.
While most users prefer the cheapest delivery methods today (~70%), fast delivery services are
more popular awng the younger population. For example, a recent study suggests that 23% of the
household surveyed in China, Germaagdthe United States prefer saiday delivery options

for small packagefMcKinsey&Company 2016)Accordingto 2017 Digital Commerce Survey

by BRP, samelay delivery has tripled in past three years (51% from 16%) and more growth to
come(BRP 2017)which is promising for ODM cargo operations. Similarly, the variety of goods
transporéd using small packages is very diverse. High to moderate commodities delivered

in small packages to landing site lockers or retailers from warehouses are some of the cargo

delivery concepts for ODM vehicles.

There are also limitations to ODM opemti concept due to vehicle characteristics and
rudimentary network which would make it harder to be a ubiquitous competitor against present
ground mode. Network limitationat this momentmean the relatively inferior network
infrastructure for ODM operati@nin primary stages and vehicle limitaticare directedy short

range (150 miles), relatively smaller capacity (800 pounds), and space constraints which makes

bulky items more unlikely to be shifted over ODM.

Modelingurban freight demand (as a whold@r a submode) is relatively difficult than passenger

demandmodeling The accuracy of a model Ggoupinte i ct i ol
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backgroundor the generation of results. The lack of equivalent resourdesigit asopposed to
ODM pasenger travel: NHTS data, LODES data, ACS data, makes it harder to predict with similar
accuracy. Moreover, the prediction of freight demand is more uncertain than passenger demand as

freight flows are relatively more sensitive to economic conditions.

This study analyzed ransearchdata (IHS-Markit 2016) T-100 International datéBureau of
Transportation Statistics 201#r cargo flows in the study areee. Northern California. The

daily numberof ODM cargo flights inthe studyarea were estimated based on these datasets.

This chapteis organizednto the following sectionsSection Il describes the study area used in
this analysis. Section Il elaborates on the data sources used in thisSsatign IV includes the
extended results and findings. The final section, Section V consistiseafonclusionand

recommendations.

ODM Cargo Study Area

The study area for this analysis was Northern California which includes seventeen counties. The
studyarea is same as that of ODM passenger stoidyalyze the effect of cargo operations on
passenger model precisely. The study region includes 2,377 census tracts (7106 census block
groups) and covers around 20,900 square miles. It includes major playetsrivational and

national cargo movement in Bay area namely San Francisco, Oakland, Sacramento, and San Jose.

These counties include:

Alameda Contra CostaMarin, Merced Monterey Napa SacramentoSan Benito San

FranciscpSan JoaquifSan MatepSara ClaraSanta CruzSolang SonomaStanislausYolo

14



Table2: Study Area Characteristics

Northern California

Area (square miles) 20,899
Number of Counties 17
Number of Census Tracts 2,377

The map othestudyareais indudedin Figure5.

- = SCOPE OF STUDY

Legend

D Counties in Study Area

0 10 20 30 40 80 Miles

Figure 5: Scope of Study (17 counties)
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Since the ODM cargo model is coraplentary tothe previouslydeveloped ODM passenger
mode] the landing sites set from passenger model wasetto accommodate the dual purpose

of ODM vehicles: passenger and cargo transport. In the previous study conducted by Virginia Tech
for NASA Langley(N. Syed 2017)passenger ODM servieeas offeredrom 1000 landing sites

in Northern California (study area). Landing sites represented idealized locations near home

residences and work locations to intermodal times to each landing site.

For the ODM cargo study, the landing sites from passenger study were inspected and moved to
areas where a landing site was considered feasible. Moreover, the number of landing sites was
reduced from the original 1000 sites to 375 (sixjor airports), based on a firstder economic
analysis (done by Maninder Ade). The following section expldiesrationale of moving the

original passenger landing sites to serve in cargo role as well.
Relocation of Passenger ODM landing sites (work done by Maninder Ade, assisted by me)

E The concept of ODM operations is to use the ODM vehicle for passenger skrriiog
the peak hour times and during-piak hour operations for cargo transportation.

E First, the cargo warehouses and retail spaces with significant cargo flow astbrity
identified Furthermore, using GooghePl, the cargo facility locations were teacted from
publicly available data. Facility locations include warehouses, postal offioedarge

retailers. The 745 facility locations in the study aaearepresentdd Figure®6.
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Legend

< Facilities and Warehouses

= Census Block Groups
E Counties in Study Area

0 10 20 30 40 80 Miles

Figure 6: Cargo Facility Location irthe StudyArea

E Using K-means algorithm, Maninder further relocated the landing sites to entertain the
presence of these cargo facility locations. This way importengento passenger and
cargo demands in thelsetion of final landing sites.

E Primary landing site set was further trimmed for minimum passenger demand (16
passenger roundtrips per day) and simultaneously weighted the landing sets associated with
cargo facilities ite., onemile distance or less).

E Thefinal step involved the manual relocation of each landing site to feasible surfaces such

as facility rooftops, parking places, open surfaces without obstructions using satellite

17



imagery. The landing sites falling inside the approach surface polygonsnohergial
airportswere movedy minimum distanceferformed by the authaor)

E The relocated landing site surface was checked for minimum surface area required for
operation. The FAA standards for heliport requirements demands at least 4,225 sq. ft. of
FATO (final approach and takeff) area for Joby S4 (rot diameter= 43 ft.)The safety
area should be cleared of any kinds of obstacle. The safety area is square around FATO
with the side of 105 ft (Ade 2017) The landing siteaquirements are included figure

8.

Tlc

The final set of landing sites used in the ODM cargo sisithcludedin Figure?.

Sites in Cargo Study

Legend

* Landing Sites (375)
Approach Surface Polygons
D Counties in Study Area

0 10 20 30 40 80 Miles

Figure 7: Landing Sites in Cargo Study
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Safety Area Length (ft) = 105

Area = 11,025 sq.ft.

| FATO Length (ft) = 65
Area = 4,225 sq.ft.

|

-

TLOF Length (ft) =43
Area = 1,850 sq.ft.

Total Area = 11,025 sq.ft.
The dimensions mentioned are
satisfying the minimum FAA criteria

Figure 8: Basic Single Landing Path Desigdource:(Ade 2017)
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Transearch Database and T100 International Database

Transearch Databaselt is thedatabase that contains information on cargo seiminside the
United StatesThe datds compiledby IHS-Markit International and includes shipments by mode,

guantity and commaodity types.

This study used a subset of Transearch database imhlaodes countylevel trade flows focused
primarily onsevateen counties comprising study arkustially, the study was carried out using
the Freight Analysis Frameworld dataset developed by Federal Highway Administration. The
ODM cargo operations are sensitive to contents carried in the shipment®t al commodities

can make ODM cargo operation feasible. Transearch dathlaatbe edge overFAF-4 data
because it has better information about commdukiyng transferredTherefore, further analysis

was carried out usintpe Transearcldatabase. The based data was cargo flowstineyear2016.

A summary ofcountylevel cargo flows of all commodities ithe Transearcltdatabase cahe

observedn Figure9 andFigure10.
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T-100 International Database:lt contains international cargo flows to andrfr US airports. The
data was used to complement Transearch data to estimate cargo flows into major international

airports in the study region.

Potential ODM Cargo Demand Methodology

Figurellshows a flowchart ahe methodology used to predict potential ODM cargo demand in
Northern California. The figure shows two databases used to generate cargo and freight flows in
and out of the Northern California region: a) Transearch and b) Internatidi@8l dir freight dea.

Both datasetare identifiedn Figurellin blue color. The Transearch database includes details of
tonnage, value and commaodity types transported by air, ground (truck and rail) and ship in and out
of the study area. For thstudy we only use the air and truck modes of transportation in the
Transearch database. Rail cargo is too bulky and has low value per unit weight to be a candidate
for cargo ODM vehicles. ODM vehicles have limited internal volume and ap800d maximm

payload capability. The Transearch data includes spatial information to estimate-legghty
attraction and production cargo flows. ThelQO International air freight datarovide
complementary information to Transearch by repodinigeightflows inand out of major airports

in Northern California. The-IL0O International data is airport specific and does not include details
about commodity types or value thie carga In thisstudy we assume that most of the air freight
shipments in the -ILOO are aluable because they dreing transportedia cargo aircraft a more
expensive alternative to container ship transportation. The analysis still recognizes that even if a

large fraction of the air shipments in the internationdlD air freight data awein large airports
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in the region, only a small fraction of them may be transported by ODM to the final destination

points (landing sites).

Three submodelsare identifiedn Figurell1 by three large red boxes:

1)

2)

3)

Cargo distributio model: The cargo distribution model handles three distinct cargo flow
streams labeled Cargo Flow from Truck Mode (Source: Transearch), Cargo Flow from Air
Mode (Source: Transearch) and International Air Freight into Main Cargo Airports (Source:
T-100 Inernational). These modulase shownn orange inFigure11. The cargo distribution
model handles the distribution of these flows into airports if the cargo arrives by air into the
region. Similarly, the model handles the disttibn of cargo from originating points inside

the region (i.e., warehouses) to destination points (i.e., other counties). Finally, the model
distributes the cargo flows to individual landing sites using populatmighted distribution

factors.

Cargo fligh generator model: The input for the cargo flight generator is the amount of cargo

shifted to ODM at each landing site (production and attraction). The cargo flight generator then
estimates the number of flights at each landing site by ODM vehicles cangi@®M vehicle

load carrying capacity, typical load factors and the landing site cargo flows produced by the
cargo distribution model. The output from this modehisnumberof daily flights between

origin-destination pairs of landing sites using Metarlo simulation.

ODM flight path generator model: The output of the ODM flight path generator model
generates detailed flight tracks to be flown by cargo ODM vehicles considering airspace

constraints that avoid runway approach and departure surfacegoatcommercial airports.
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The ODM flight generator constructs a network of routes in the study region, using the location
of |l anding sites as waypoints to fdanteehor o
shortespath algorithm to identify the mimum travel distance route between an origin and a
destination landing site. The ODM flight path generator produces files thaecasualized

in Geographic Information System software and files in a format thabeaseds input in

the NASA ACES simlation model.
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Figure 11: Potential Cargo ODM Demand Methodology Flowchart
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Figurel3shows details in the analysis of ATr uck
Transearch databasea®ed on the given origin and destination of shipments, Transearch cargo

flows are dividednto two branches for each of the two modes of transportation considered:

a) Internal flows: The cargo flows between 17 counties as included in Transearch are known
internal flows. These flowgenerally usdruck mode. The internal flows analyzed in this
study arethosewithin the design range of ODM cargo vehicle. Therefore, these internal
fl ows are those that can be Afl ownweenusi ng
the origin and destination counties is less than the design range of the ODM aircratft. In this
study we assumed a 15@autical mile range. The internal flows which are greater than

ODM vehicle rangevere treateds pseud@xternal, eventually added éxternal flows.

b) External flows: These flows are cargo shipments that originate at other regions in the
United States located outsitlee studyarea and also outside the range of ODM vehicle.
For example, fish products from Maine are flown to Northerif@@aia via cargo aircraft
and handled at one of six cargo airports designated in the area of interest. This particular
shipmentishandleca s an ext ernal c¢ar in&igurellolithefinalb el e d
destination of th shipment iSan MatedCounty, the closest cargo airport assigned to the
shipment is San Francisco International Airport (SFO). From that airport, fish products will
be distributed to the neighboring counties using distribution attraction factors based on
population demographics. For example, the large population density of San Francisco
Centr al Business District wild.l Afattracto m
like SonomaCounty. The process of estimating ODM cargo demand involeastefs

according td-igure11, andFigure13is explainedn detail in the following section.
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Figure 13: Handling of Various Cargo Flows in the Transearch Database.

28



Step 1: Identification of ODM Cargo Competing Modes

The Transearch database includes fifteen transportatiomedbs categorized into five major
mode groups. In the initial step, we ssgated the data for two major modes of shipments namely
0 Tr uc k 6 6 Bhesd twa thansportation modes account for 98.49% of the cargo shipment

records in the Transearch 2016 database. All modes in the Transearch datloEseribeth

Figurel4.
« Truck + Rail Carload « Water + Mail + Pipeline
Truckload + Rail « Water « Foreign Trade
* Truck L-T-L Intermodal containerized Zones
* Truck PVT » Rail NEC + Water Non- +» Other
« Truck NEC Container

Figure 14: Mode Groups and Classification in the Transearch Database.

m Rail mTruck = Air mWater

Figure 15: Share of TransearcRecords byMode
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The characteristics of an ODM vehicle remslit tobe consideredscompetition(or complement)

to only two mode groups in the Northern California regidnt r uandk~odAa@ The shipments

from O6Rail 6 and

0-VehuedeHerice, dshaievdrtu h & ty

tolm e ythewo n 6 t

potentialfor ODM cargo operations. Therefore, the analysis breaks down the data for these two

mode groups for both internal and external flows.

The Transearch database has thirty different commodity groups which could have some potential

for ODM cargo shipments. Thesemmoditiesvere selectedmong 430+ commodities included

in the Freight Analysis Framework database (FAF4) based on their value per unit weight. As

mentioned before, the FAF4 database was used earlier in the project before switching to the

Transearch dabase. Transearch includes more detailed information compared to FAF4 and

includes more than 700 commaodity typEggure 16 illustrates the final set of 30 commodities

considered in the cargo ODM demand analysis.

Commodity Commodity
Group Name

1 Fresh Fish or Marine Products

2 Clothing and Apparel

3 Paper Products

4 DRUGS

5 COSMETICS,PERFUMES, ETC.

6 Leather Products

7 ELECTRIC MEASURING INSTRMTS

8 PHONOGRAPH RECORDS
TELEPHONE OR TELEGRAPH

9 EQUIPMENT

10 ELECTRONIC TUBES

11 SOLID STATE SEMICONDUCTS

12 MISC ELECTRONIC COMPONENTS

13 Pharmaceutical Equipment

14 JEWELRY, PRECIOUS METAL, ETC.

15 SILVERWARE OR PLATED WARE

Commodity Commodity

Group
16
17
18
19
20
21
22
23

24
25
26

27
28
29
30

Name

MUSICAL INSTRUMENTS OR PARTS
SPORTING OR ATHLETIC GOODS
COSTUME JEWELRY OR NOVELTIES
SEMI-TRAILERS RETURNED EMPTY
EMPTY EQUIPMENT, REVERSE ROUTE
MAIL AND EXPRESS TRAFFIC

OTHER CONTRACT TRAFFIC

FREIGHT FORWARDER TRAFFIC

SHIPPER ASSOCIATION TRAFFIC

FAK SHIPMENTS

MIXED SHIPMENTS, MULTI-STCC
SMALL PACKAGED FREIGHT
SHIPMENTS

WAREHOUSE & DISTRIBUTION CENTER
RAIL INTERMODAL DRAYAGE

AIR FREIGHT DRAYAGE

Figure 16: Commodity Groups in Transearch Database Identified for Potential ODM Use.
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Step 2: Commodity Value Analysis

All thirty commodity groups contained in the subset of the Transearch database were analyzed for
their potentiato be shippedia ODM submode in the future. Different parameters were examined

and calculated in the analysis for difwasrent
generated r om gi ven dat a 0dathdnande sugdestd, thimpmpter predicte n

the shipmentdés value per English ton. Under s
numberswere tabulated Usi ng t he mean and median of oOVal
commodity group, six commodity groups were selectedbas g nt i al competitors
shipments and used in the analysis (Bakle 3). The values of the six commodities considered

rangng from $22,964 to $256,752 per ton ($10.4 to $116.7 per pound in RDa6other part of

this study, Sayantan Tarafdar studied current parcel costs for various delivery methods to support
some of the assumptions made later in this section about potential market share for ODM cargo
shipments. For example, afpeound par cel shi gfpvad hi rdeXti veeay 4

AM of the following day) over distances less than 150 miles &istiollarson average.
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Table3: Sel ected Commodities for OTruckod Mode. V

Jewelry, Precious Metals etc. 190,515 193,562
Solid State Semiconductors 27,248 29,172
Electric Measuring Instruments 256,752 286,671
Pharmaceutical Equipment 27,350 14,761
Drugs 22,964 22,212
Telephone or Telegraph equipment 34,210 29,584
Phonograph Records 24,694 24,871

Si mil ar | ye comimAdity gloupsmwede analyzed but, from a different perspectiige. It
believedthat shipmentdeing flowni nt o t he region via O0Airdé& mo
6urgency6 f act or, ieathesvalueiofthesedshipmentshextends dayond thei
monetary value of the contenf®ere must be a value attached toghgment generated by time

constraint (overnight shipment) or naturdhad content(perishable)To quantify this criterion and

estimate market shares in the parametric study, alcord i t ' y gr oups shipped v
Transearch were analyzed to determine how often shipments of one comanedtyppedia

OAi rd mode against o0 t hable 4 shmwsdtleestop gixX clearlgeéineds por t a
commodity groups shipped more frequently via ¢
Table 4 shows that 99% of the mail and express traffegérdingtons)was shippedy 6 Ai r
Similarly, small packaged freight shipments which generally corresponds to online shopping

orderswere mostly shippedy d Ai r
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Table4: Selected Commodities for 'Air' Mode.

Small Packaged Freight Shipments 98
Mail and Express Traffic 99
Fish and Marine Products 92
Pharmaceutical Equipment 12
Drugs 11
Electric Measuring Instruments g
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Figure 17. CommoditywisePercent ofShipments by 'AirMode
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Step 3: Internal and External Flow Analysis

The Transearch dataset offers some level of detaiterninghe locationof where the shipment
originates and its delivery point. Transearch has celevisl information for the study rean (i.e.,

17 counties in Northern California) and regional level information for areas outside the study
region. The regionare defineds a collection of county Federal Information Processing Standard
(FIPS) which together represent a Business EconAneig (BEA). The regional level information

is coarser than the county level. Therefore, shipments originating in the study area have county
level information forthe origin and regional level fothe destination The opposite is true for
shipments originag outside the study area but having a destination inside the study area. For this
study, the Transearch datasets segregateésdnt o i nt ernal and external
O0Aird modes. 0l nternal 6 f | ows atonensidetmesmage nt s h
region, whereas external flows are shipments having either origin or destination outside study

region.

Step 4: Analysis of Internal/External Cargo Flows by Mode

In this step, internal and external flows are analyzed independenttydor h modes (6 Tr u

0Ai rd).
For O60Truckdé mode we adopted the following con
ayl nternal cargo flows for the &6Truckd mode,

distancedraveled i) cargo flows with trip distance less thaB0 miles and ii) cargo flows
with atrip distance greater than or equal to 150 miles. The ODM vehicle range is assumed
to be 150 milesandmulti-legged tripsvere not consideredhternal flows within 150 miles

are believed to have significant potenfiat ODM applications if the economics of the
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b)

b)

shi pment via ODM can compete in price and
value commodities. For internal cargo flows traveling more than 150 miles via truck were
considered as pseudxternal flows ag hey wi | | rely on the OTr

portion of the trip. These flowsere addedo the external flows analysis.

I n the case of external flows, it is wunlifKk
to relatively costlier ODM suinode forthe final part of the trip. For this reason, we expect

a very small market share for ODM soinde.The analysisestimateda negligiblenumber

of flights whichwere ultimately removeftom the analysis. The pseudaternal flows

associated with internaldlws by &6 Truck©d mode, were al so
plausible to shift cargo shipments to an ODM vehicle after theytraweedby truck over

a large portion of the trip.

the O0Airé mode we adopted the following ¢

Sim | ar segregation was applied to O6AIirodée m
perspective. The internal flowsere separateimto two categories based to trip distance.
Transearch did not have enough records for internal shiptnavgdingless than 15@iles

via OAirdéd mode as expected. | t be selectedbrl | kel y
such short distances. The internal flows with tralisiancegreater than the ODM aircraft

range (150 miles) were considered as pseudernal flows and #reby added to the

external flows.

The Transearch data met hodol ogywerersllpperiat e s
from an airport nearest to the origin region to the airport nearest to the destination region.

Further information on airport assignnmeés includedin the following sections. External
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flows were dividednto two categories namely attraction and production based on whether

the shipment originates or enddlire studyregion. The pseudexternal flowsvere added

to external flows beforerpceeding for further analysis. Further investigation of the
Transearch database shows thatt er nat i onal ar@ Aot includedntthe p ment s
Transearch database. A procedure to account for suchstigplainedn Step 9 of this

workflow explanation
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Step 5: Airport Assignment Methodology

With the internal methodology in Transearch database development and recorckrffofitows

are airportsn the United Statesit is safe to assume thedmmercial airports are the hubs for all

the O0Afdl ®dwe¢amggon and out the study region. Al
a commercial airport that normally has cargo facilities. Using the dome4&td® Hatabase from

the Bureau of Transportation Statistics and reports from Caltrans on Califmrmwiargo studies,

the top six commercial airportgsere chosem s pot ent i al cargo hubs f o
These airportare shownin Figure 18. The figure shows that while the region encompasses
seventeercounties, the number of cargo hub airports is more limited. There are large sections in
the southern part of the study area without
shipments contained in the Transearch data. According to domekii@ dah, Monterey airport

has few cargo flights peweek, but their share of cargo flows into the area are very small and not

mature enough for ODM operations.
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~Airports in Study Area

Legend
Airports in Study Area
[ caiifornia Counties in Study Area

100 Miles

Figure 18: Selected Airports for Domestic Cargo Transfer in the Study.Area

The hub cargo airports were connected to counties via direct routes when possible or with the
smallest detour to avoid commercial airport operations. For example, cargo ODM are subject to
the same airspace operational restrictions used in the passdbiglest@dy (N. Syed 2017)In

that study, ODM aircraft avoid arrival and departure surfaces of runways at large commercial

airports. Avoidance of the approach and departure surfaces witirdiict ODM from commercial

traffic (an assumption in the concept of operation of ODM vehicles) and more importantly, steer

ODM aircraft away from wake turbulence effects of commercial operations.

Table5 shows the counties in Northern California and their assignbdahrports. The basis for

the assignment ithe distancebetweenthe populationcentroid of the county antthe location of
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theairport Every county is assigned the nearest hub cargo airport to its population centroid. Since
there are fewer commercial parts receiving cargo compared to the number of counties, each
commercial airport in the ar@a assignedo multiple counties. For example, Oakland Airport
(OAK) is connectedo four countiesi.e., all the cargo (with six selected commodities) attracted

or produced in these four counties shipped vi

Table5: Northern California Counties and Connected Airports.

Alameda OAK
Contra Costa OAK
Marin OAK
Merced SCK
Monterey SIC
Napa OAK
Sacramento MHR
San Benito SIC
San Francisco SFO
San Joaquin SCK
San Mateo SFO
Santa Clara SJC
Santa Cruz SIC
Solano OAK
Sonoma OAK
Stanislaus SCK
Yolo SMF
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Landing Site Network

The landing site network used in this stwdysistof 375 landing sites 369 regular landing sites
plussix commercial airports with dedicated facilities to land ODM airciiie landing sitesere
originally generatedy k-means clusteringThey were further modified for passenger demand
according to 8enario 1 using the process described in Section 2 of this réient.that they

were manually modifiedo locations near warehouses which are major cargo producers and
attractors. Some landing site locatiansre modifiedn orderto move them outsidéhe approach

and departure surfaces of runways at commercial airports. The final 375 landing sites that will

serve both passenger and cargo are showigure7: Landing Sites in Cargo Study

Step 6: Cargo Distribution Methodology

The Transearch database is limited to codewgl flows. The data does not contain information
about flows inside each county. Therefore, to determine the cargo flows at the landing site network

level a distribution methodologyas developed

Landing Site 1

Landing Site 3 Landing i 8

Figure 19: ODM Cargo Distribution Methodology
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The initial step involvedst h e

cal cul ati on

of

6di stri

bution f

area.Using Censu2010 data at the block group level, we studied the demographiosirsding

landing sites. Itis assumedhat ODM cargo demand at a landing site is proportional to the

combined population of the surrounding area. For example, landing sites locatedsiy

populated areas will receive or produce relatively more cdrgo & landing site located in a

sparsely populated area. Distribution centers can be a connected airport or a population centroid.

The hypothesis of the analysistigt people are the ultimate recipients of the cargo flowing into

the area of interest. Thgopulation surrounding each landing siseusedas a landing site

fcatchment 0 ar

ea. Il nf or mat i

on

about

refined this part ofheanalysis butunfortunatelyit was not publicly available.

4 )
Connecting each censu

block group to landing
site

L J

4 )
Calculating population

of catchment area for
each landing site

. J

4 )

Calculating distribution
factor

. J

4 )
Distributing county leve
flows to landing sites

using distribution factor
L J

S

Figure 20: Distribution Factor Calculation Process.
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Each census block group in the study area will be connected to the nearest landing site as
it believed thashipmentwould be shippedo nearest port (landing site) via ODM

vehicle.

As mentioned before, the characteristicshefcatchmentareadeterminghe share from
countylevel flows for each landing site. Therefore, cumulative population is calculated

for each landing site.e. aggregated population of census block groups cormhéate
Furthermore, the distribution fact@r calculatedor each landing site usirtgefollowing

eqguations:
Populations=B 0 € 1 6 a g0 Q¢ ¢

Wheren is the number of census block groups connectdoetianding siteand

Populationsisau mul ati ve population of |l anding sit:e
Ds for LS= [Population/Populationount)

WhereDs is the distribution factof or t h e L@ nd@apdiagonis the e 6

aggregated population of the catchment area.

Ultimately the distributiondctor is used to distribute the county level flows to the

landing sites
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Step 7: Application of Appropriate Market Share

The ODM submode is a concept whose potential cargo demand depends on the market share it
can capture in futuree., the percentagef shipments shift from other subodes to ODM. This

study does not involve the direct calculation of market share for the ODivhedbé using a cargo
choice model. Calibration of suelmodelrequires information that is either not publicly available

or dacumented well enough

Neverthelessthe effect of varying market share on final cargo ODM demsrestimatedy

parametric analysis. Different scenarios of market shares were developed from low to high demand

to understand their influence on cargo ODM dewh across the Northern California region. The

initial market share for each commodnmsselectedoncerninghe nature ofhecommodityi.e.,

high priority shipments |ike oO0Mail and EXxpres
Marine Produe 6 wer e assigned higher mar ket share co

share was varied parametrically according to the values sholabla6.

It is important to note that there ligle publicly available data thatxplains the details on how
customers select among shipping alternatives across commaodities. In other words, there are macro
level databases like Transearch that aggregate cargo shipments across regions. Nevertheless, there
is no data on the actual choidbst customers or retailers considered before making a specific

shipment. Such data will have to be derived synthetically.

The initial assumptions for market shavere basean the cost function analysis performed in
another part of this studfrRimjha 2018) The current shipment costs as a function of weight and
distance were studied by Sayantan Tarafd&e cost function for the FedEx (a mulational

courier service companyyas derivedirom the publicly available cost miates. The analysis
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provides insight on the price point required by the UAS VTOL concept to compete with the
existing courier service mark&&nal ysi s was | imited to express
and OPr i ordwhygh a@wienlanto gppposed ODM cargo service. A rudimentary

analysisof the cost of such services was performed to understanddrge ODM could compete

with in future.It helped in deciding the market share assumptions.

Table6: Market Share Assurtipns for ODM Cargo Scenarios Modeled.

Commodity Scenario 1 Scenario 2 Scenario 3 Scenario 4
Percent | Percent| Percent| Percent| Percent| Percent| Percent| Percent
Market | Market | Market Market Market Market Market | Market
Share fronf Share ([Share fronShare fronSharefrom|Share fronjShare fron Share
Truck (%)| from Air | Truck (%)| Air (%) | Truck (%)| Air (%) |Truck (%)| from Air
(%) (%)
Fish and Marine - 5 - 5 - 2.5 - 2
products
Drugs 2.5 2.5 2.5 2.5 1.25 1.25 1 1
Pharmaceutical 2.5 2.5 2.5 2.5 1.25 1.25 1 1
Equipment
Electric 5 2.5 2.5 2.5 1.25 1.25 1 1
Measuring
Instrument
Mail and Expres - 10 - 10 - 8 - 5
Traffic
Small Freight - 10 - 10 - 8 - 5
Shipments
Solid State 5 - 25 - 1.25 - 1 -
Semiconductors
Telephone 5 - 2.5 - 1.25 - 1 -
Equipment
Jewelry and 2.5 - 2.5 - 1.25 - 1 -
preciais metals
International Air 10.0 5.0 3.0 2.5
Freight
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Using the respective market share valuasgo demand for ODM suhode athecountylevelis
calculatedfor each phase of analysie.,i nt er nal f | ows travelingless thanr uc k 6

150 miles and external flows (including psetelx t er nal ) from O0Aird mode.

Step 8: Landing Site Cargo ODM flights Calculation

Certain ODM vehicle characteristics are assumed to caldhateumber ofdaily cargo ODM

flights. The numberof flights for cargo ODMinvolvess e par at e anal ysi s for
mode which eventually adds up t o orfadailybas®.Tot al
The following ODM vehicle characteristiese assumeih this analysis: a) 800 ILODM vehicle

capacity, b) 250 working days per year (with uniform demand) an@.0%load factor of the

ODM aircraft.

Different load factorsvere assumefbr commodities chosen in the analysis. A higher load factor
was selected for c¢ oodmdudtothe stower transpartdtien spedds af thek 6
0 Tr uc k oThisnmplies that when ODM aircraft compete with trucks, there are greater
opportunities to wait a longgreriodbefore the shipment and hence improve the chance to reach
higher load factors For commodities in the 6Airé mode,
ODM will compete with a faster mode of transportatibable7 and Table8 shows the assumed

| oad factors f odes,6e3pectivelk 6 and O6AiIi rd mo
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Table7: Load Factors for OTruckod Mode Commodi ti e

Drugs 80
Pharmaceutical Equipment 80
Electric Measuring Instrument 80
Solid State Semiconductors 80
Telephone and Telegraph Equipment 80
Jewelry and precious metals 80

Table8: Load Factors for 'Air' Mode Commodities.

Fish and Marine products 60
Drugs 60
Pharmaceutical Equipment 65
Electric Measuring Instrument 65
Mail and Express Traffic 50
Small Freight Shipments 50
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Cargo Distribution Methodology:

O0Truckd Mode Anal ysi s

a) The countylevel cargademand follows a twatage distribution model. Internal flows are
first distributed using distribution factors in the origin county followed by distribution of
the county share among landing sites in destination coliniygenerates @ ¢ & matrix
whemé tieswumbeoflandi ng sites at &6 htheswambérgfi n coL
landing sites at the destination county.
b) The number of potential daily cargo ODM flights are determined between these landing
site pairs using the ssmptions stated above. In the nparagraphswe describe other

assumptions in the assumed cargo ODM operational concept.
OAiréd Mode Anal ysi s

a) All the cargo attracted or produced at the county level is assumed to move through a hub
cargo airport. The lasnile trip from and to the connected airport is the potential market
for ODM submode as it provides a tirsdvantage for shipments with delivery priority
(e.g., nexdday overnight). For thistudy, we ran a parametric analysis of the potential cargo
ODM demand assuming various market share values for each commodity. The cargo ODM
demand is calculated after the application of a market share value to a commodity (see
Table6).

b) The cargo ODM demand distributedfrom the cargo hub airport to individual landing
sites based on distribution factor estimated from population demographics.

c) The number of daily, cargo ODM flights determinedetween airports and respective

landing sites for each county in the study region.
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Step 9: International Air Freight into the Region

The Transearch databad®es not account for two important additional cargo flows that could play
an important role in this analysis: a) international air cargo to and from the study area and b)
internal @rgo flows between private warehouses (e.g., Amazon shipments between warehouses).
International cargo arriving or departing the study area is shipped by air using one of the few
international airports in the study area. Using tHOUI (Bureau of Transportation Statistics 2017)

we found the total international cargo inflows and outflows into four major airports: a) San
Francisco International (SFO), b) Oakland (OAK), c¢) San Jose (SJC) and d) Sacramento (MHR).
Figure21 shows the freigheéntering (inflow)the region of interest via four international airports.
Figure22 shows the freighteaving(outflow) the region of interest via four international airports.
Both figures showhat there is no significant international freight into Sacramento International.
Both figures indicate that a large fraction of the international frésgioutedthrough SFOFigure

21 and Figure 22 demonstrate that in the year 2017, international air freight is well balanced
between inflows and outflows at SFO International airports. SFO handles 94.4% of the total air

freight arrivingatthe study area

Similarly, SFO handles 83% of the air freight depng the study are&or this reason, the results
presented in thiseport considers SFO air freight as the only additional contribution to ODM cargo
flights for now. It is important to recognize that international air freight statistics lack commodity
type information. An important recommendation of the study is to investigate the types and value
of commodities that make the bulk of international air freight shipments to and from this region.
The proximity of Silicon Valley and the tech industrguld bast the projections made in this

analysis.
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Figure 21: International Air Freight Arrivingat the Region of Analysis (Cargo Inflows).
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Figure 22: International Air FreightDeparting at the Region of Anasys (i.e., Outflows).
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Estimation of ODM cargo flights from international air cargo:

T100 International Databas

Annual Import and Export
Flows from SFO Airport

Projection for Year 2033

Potential Cargo Flows for
ODM SubVode

Generating Daily ODM Flig
to and from SFO Airport

Figure 23. Workflow for Estimation of ODM Cargo Flights from International Air Cargo.

The distribution of international air cargo was similarcargo distribution model applied to
Transearch data. According to the Caltrans report on air cargo in California, the average annual
growthwas observethetween 3.7% to 4.44€CDOT, Divison of Aeronautics 2017T herefore,

for the projectionof international air cargo flows, an annual growth rate of 4% was assumed. As

mentioned before, only cargo moving through S#&3 considereth this analysis.
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Among all the 17 counties, only three of them were assumed to be receivimgethiational air

cargo through SFO airport namely San Francisco, San Mateo, and Santa Clara. All the landing
sites in these counties were selected to receive fractions of this international cargo. The fractions
were calculatedby studying the surroundingg each landing site. Every census block group in
these counties were consolidated and connected to the nearest landing sites. A new distribution

factorwas calculatedor these landing sites (118) in selected counties.

Using the new distribution factahe potential share of ODM subode in international air cargo
was distribute@mong selected landing sites. Further using the same parameters for ODM vehicle,
daily cargo ODM flightsvere generateiom SFO airport to selected landing sites and back.eThes

flights were addedio the cargo ODM flights from other commodities.

Step 10:Generating Origin -Destination Pairs

After calculatingthe daily number of flights between landing sites from both the modes, ©rigin
Destination pairs are generated using Mebaelo simulation. The Mont€arlo simulation
incorporates a random number generator to decide the fractional part of the demand. If the
fractional part of the number of trips between OD pairs is greater than the random number
generated; flighexist on thd day. Forexamplethere ares.23flights between landing sité 4 5 6
and landing siteéd 4 4 I6 the random number generated betw8esmd 1 is smaller thar0.23

number offlights would be7, otherwise6. This results ina setof daily flights between Origi-

Destination pairs.

Step 11: Generating Flight Trajectories

The final step in the analysis consists of gemegdtight tracksand schedulen ACES( NASAG s

flight simulator) input formatfor the set of daily flights from the penultimate setinitludes
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Unique Flight ID, Aircraft Type, Departure Airport ID, Arrival Airport ID, Scheduled Departure

Time, Cruise Altitude, Cruise Speed, and Flight plan.

The cruise altitude of flighis determinedy a tablelookup-function of trip distance and cruise
altitude A long-distancelight is assigned higher altitude than a shorter distance fligiet.cruise

speed varies between 1300 mph and randomly assigned to each flight.

The flight plan of each flight consists of waypoint point information at every thirgnsiscalong

the route. The flight trajectories are modeledatmid approach and departure surfaces of
commercial airports in the study area. If a flight confronts an approach or a departure surface along
the trajectory, it takes the shortest path detote Waypoint information includes coordinates
(latitude and longitude) of waypoint and time stamp of when the flight reaches the waypoint. The
detour points are also included in waypoints as they are critical in rerouting theThghesults

in flight plans of all the cargo flights in ACES input format.
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Results and Findings

The steps described in Section IV are applied to estimate ODM cargo flights for seventeen counties
in the Northern California region. The ODM cargo demand is developed paranhetocalrding

to the market share assumptions present@aloe9.

Table9: Market Share Assumptions of ODM Cargo Scenarios Modeled

Commodity Scenario 1 Scenario 2 Scenario 3 Scenario 4
Percent| Percent| Percent| Percent| Percent| Percent| Percent|Percent
Market | Market | Market | Market | Market | Market | Market | Market
Share | Share | Share Share Share Share Share | Share
from |from Air| from |from Air| from | from Air| from [from Air
Truck (%] (%) [Truck (%] (%) |Truck (%) (%) [Truck (%] (%)
Fish and Marin - 5 - 5 - 25 - 2
products
Drugs 2.5 2.5 2.5 2.5 1.25 1.25 1 1
Pharmaceuticg 2.5 25 25 25 1.25 1.25 1 1
Equipment
Electric 5 2.5 2.5 2.5 1.25 1.25 1 1
Measuring
Instrument
Mail and - 10 - 10 - 8 - 5
Express Traffiq
Small Feight - 10 - 10 - 8 - 5
Shipments
Solid State 5 - 2.5 - 1.25 - 1 -
Semiconductol
Telephone 5 - 2.5 - 1.25 - 1 -
Equipment
Jewelry and 2.5 - 2.5 - 1.25 - 1 -
precious metal
International 10.0 5.0 3.0 2.5
Air Freight
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BaselineYear Results (2016)

The results for the scenario | (market share) are included in for the baseline year (2016). The table
contains commodityvise results. It has valggerton and includes the daily tonnage shifted from
O0Truckdé and O0Airod6 t o @Bridmbersfuaily DM Iflights neededtot 1 nc
transport the cargo shifted from O60AIirdéd and OT]
flights required to transport a small fraction (10%) of the international air cargo arMiaige

cargo airports in # region. According to this scenario, in the year 2016, there is a potential
demand for 884 ODM cargo flights in the region associated nithcommodities contained in

the Transearch data. There could be an additional 535 ODM cargo flights associated wit
international air freight (reporteid the last row inTable 10). Overall, according to the market

share assumptions made in Scenario 1, there could be 1,419 daily cargo ODM flights in the region.
Note that small freight shipmenaccount for almost 33% (otigird) of the total ODM flights.

Figure24 shows the spatial distribution of ODM cargo flights in the Northern California region.

The graphic shows prominently three airports (SFO, QakiIMHR) as taving a substantial share

of the cargo ODM flights. SFO receives 94.6% of the international air freight traffic. OAK receives

a |l arge share of the domestic AAI RO mar ket du
counties in the region. Domestiir cargo shipments are routed through Oakland International

airport and then distributed to landing sites across six counties that represent the catchment area
for the airportFigure40 shows a summary of daily cargo ODM flighh the Northern California

region for all four scenarios.
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Table10: Scenario 1 Results ODM Cargo Modeled (Year 2016 Demand)

Commodity | Value per| Percent| Percent| Daily Daily Total | Rounded
Ton Market | Market | Tonnage| Tonnage| Tonnage| Daily
for Share | Share from | from Air |Carried by ODM

Commodity from |from Air| Truck Market ODM Flights
($ 2033) [Truck (%) (%) Market [(US Tons]Cargo (UY
(US Tons] Tons)
Fish and 2,664 0 5 0.0 1.2 1.2
Marine 5
products
Drugs 22,964 2.5 2.5 84.0 4.16 88.16 160
Electric 256,752 5 2.5 1.7 0.0 1.7
Measuring 3
Instrument
Pharmaceutic{ 27,350 2.5 2.5 32.1 7.3 39.4 67
Equipment
Mail and * 0 10 0.0 21.3 21.3 77
Express Traffi
Small Freight * 0 10 0.0 154.7 154.7
. 486
Shipments
Telephone | 34,210 5 0 7.6 0.0 7.6 3
Equipment
Solid State | 27,248 5 0 63.0 0.0 63.0
: 81
Semiconducto

Jewelry and | 190,515 2.5 0 0.1 0.0 0.1 1

precious meta

International * 0 10 0 157.8 157.8

. 575
Air Cargo
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Figure 24: Spatial Distribution of ODM Cargo Flight8n blue) in Northern California for
Scenario 1. The Highemand Scenario Generated 1,419 Daily Cargo ODM Flights in the
Region.
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Figure 25: Flight Operations by Landing Sites for Scenario | (2016).

Projection Year Results (2033)

The Transearch data used in this study also contains the forecast of cargo floeysear2040.

Using theaboveexplainedmethodology on this data, we projected the ODM cargo flightisein

year2 033 when the cargo ODM s ebAcdordiegsto ttermarkee x pe ct
share assumptions made in Scenario 1, there could be 2,357 daily cargo ODM flights in the region.
Note that small freight shipments account for almost 25% of the total ODM fligigtste 27

shows thespatial distribution of ODM cargo flights in the Northern California region.
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Tablell: Scenario | Results Modeled (Projection Year 2033)

Commodity | Value per| Percent| Percent| Daily Daily Total | Rounded
Ton Market | Market | Tonnage| Tonnage| Tonnage| Daily
for Share | Share from | from Air |Carried by ODM

Commodity from |from Air| Truck Market ODM Flights
($2033) |Truck (%) (%) Market |(US Tons]Cargo (US
(US Tons] Tons)
Fish and 7,580 0 5 0.0 1.2 1.2
Marine 5
products
Drugs 68,725 2.5 2.5 84.0 4.16 88.16 276
Electric 272,138 5 2.5 1.7 0.0 1.7
Measuring 6
Instrument
Pharmaceutic{ 45,799 2.5 2.5 32.1 7.3 39.4
: 128
Equipment
Mail and * 0 10 0.0 21.3 21.3 85
Express Traffi
Small Freight * 0 10 0.0 154.7 154.7
: 621
Shipments
Telephone | 35608 5 0 7.6 0.0 7.6
i 24
Equipment
Solid State | 42,460 5 0 63.0 0.0 63.0
: 195
Semiconducto

Jewelry and | 255,900 2.5 0 0.1 0.0 0.1 1

precious meta

Intgrnatlonal * 0 10 0 295.5 295.5 1067

Air Cargo
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Figure 26. Flight Operations by Landin&ite for Scenario IRrojectionYear 2033).
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Figure 27 Spatial Distribution of ODM Cargo Flights (in blue) in Northern California for
Scenario 1 Projection Year 2033). The Higbemand Scenario Generated 2,357 Daily Cargo
ODM Flights in the Region.
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CHAPTER 4: EXTENDED RESULTS

In this section we will include the results for remaining scenarios from market share parametric
analysis. Furthermore, we will briefly describe the-tifeele cost model used to study the effect

of caigo ODM operations in passenger demand.

Scenario |l

The market share assumptions for scenarawdlincludedn Table12 The scenario Il results for
the baselineyear (2016)are includedin Figure 28 and Figure 29 Similarly, the results for

projection year (2033) and includedrigure30 andFigure31.

Thetotal number of daily ODM cargo flights ithebaselineyear (2016) is 049 and 1,573 ithe

projectedyear (2033).

Please note thatight operations comprise both landings and departures. Therefore, they are

usually twice the daily number of flights.

Table12: Market Share Assumptions in Scenario Il

Fish and Marine products - 5
Drugs 2.5 25
Pharmaceutical Equipment 2.5 2.5
Electric Measuring Instrument 2.5 2.5
Mail and Express Traffic - 10
Small Freight Shipments - 10
Solid State Semiconductors 25

Telephone and Telegraph Equipment 2.5

Jewelry and precious metals 25
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Figure 28: Daily Cargo ODM Flight Operations by Landing Site (Scenari@0LL6).
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Figure 29: Cargo ODM Flight Trajectories for Scenario Il (2016).
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Model results for mpjectionyear(Scenario I)

Total Number of Daily ODM Cargo
Flight Operations In Study Area: 3,129
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Figure 30: Daily Cargo ODM Flight Operations by Landing Site (Scenari@0B3).
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Figure 31: Cargo ODM Flight Trajectories for Scenario Il (2033).

65



Scenatrio Il

The market share assumptions for scendl are includedn Table13. The scenario Il results
for the baselineyear (2016)are includedn Figure 32 and Figure 33. Similarly, the results for

projection year (2033nd included irFigure34 andFigure35.

The total number of daily ODM cargo flights for baseline year (2016yY48 and 1,049 for

projection year (2033).

Table13: Market Share Asumptions in Scenario I

Fish and Marine products - 2.5
Drugs 1.25 1.25
Pharmaceutical Equipment 1.25 1.25
Electric Measuring Instrument 1.25 1.25
Mail and Express Traffic - 8
Small Freight Shipments - 8
Solid State Semiconductors 1.25

Telephone and Telegraph Equipment 1.25

Jewelry and precious metals 1.25
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Total Number of Daily ODM Cargo
Flight Operations In Study Area: 1,487
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Figure 32: Daily Cargo ODM Flight Operations by Landing Site (Scenarie206).
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Figure 33: Cargo ODM Flight Trajectories for Scenario 11l (2016).

68



Model results for pjectionyear(Scenario 1)

Total Number of Daily ODM Cargo
Flight Operations In Study Area (2033): 2,127
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Figure 34: Daily Cargo ODM Flight Operations by Landing Site (Scenarie2Di33).
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Figure 35. Cargo ODM Flight Trajectories for Scenario 11l (2033).
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Scenario IV

The markeshare assumptions for scenariodké includedn Table14. The scenario Ill results
for the baselineyear (2016)are includedn Figure 36 and Figure 37. Similarly, the resultgor

projection year (2033) and includedrigure38 andFigure39.

Thetotalnumber of daily ODM cargo flights &77for baseline year (2016) a8@1for projection

year (2033).

Table14: Market Share Assumptions in Scenario IV
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