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REPORT IN BRIEP

%_is study was initiated by the Federal Highway Administration's Urban

Planning Division for the primary, ourpose of developing a method to assess

the impact of airoort-oriented vehicular trips on highway facilities. This

was accomolished usinq e_isti_ urban transportation study data files and

cc_Duter orograms available frc_n the Federal Higl_¢ay Administration.

The date used in this study __re obtained frc_ four selected urbanized

areas. The areas selected were: Birmingham, Alabama - Boston, Massachusetts -

Louisville, Kentucky and Minneapolis-St. Paul, Minnesote. From each selected

a_'ea, two standard transportation planning files ware obtained; that is,

i. A "link-date" file describing the characteristics of the highway

ea_ork (link distance, speed, vol_me, caDaeity, etc.)

2. A "trin-record" file describing the characteristics of all trips

made within the study area (trio oriqin, destination, mode, etc.)

The procedure employed to generate the data presented in this report

was as follc_.._sfor each selected area -

The "link-data" file was used to build a cc_.outerized model of the

highway network. The resulting "network description" was then used

as inDut to an existing ca_puter program to build minim_a time paths

from each node in the network to every ot3_er node. These minim_n time

paths or "trees" were then "skinned" to obtain the traveltime between

each pair of traffic analysis zones. The "trip record" file was

processed to produce a _trix of zone-to-zone vehicle volumes. The

resulting "trio table" was further Drccessed to produce a s_m_ry of

total vehicle trip-emds by traffic a_alvsis zone.



The total vehicle trip table was used in conjunction with the network

and tree files to "load" total vehicle trios onto rilehighway network.

The resulting "loaded network" was further processed to produce average

daily, directional link vol_ne and vehicle-mile information relative

to total vehicle trips made within the study area. In addition,

the total vechicle trip table and the skimmed tree files were used

to generate a total vehicle trip length frequency distribution.

The total vehicle, network and tree files were again used to load the

highway network; however, this time only vehicle trips having an ori@in

at the airport zone (this is the zone in which the airport was icoated)

were loaded onto the highway network. '_he resulting loaded network

was again further processed to produce average - daily directional link

vol_e and vehicle trips having an origin at the airport. The term

airport will refer to the zone in which the airport is located for the

remainder of this report. Also, trip length frequency distribution

information for vehicle trips having an origin at the a'.irportwas gen-

erated.

The data generated as a result of the above process were then analyzed

and subsequently sum_arized by five major categories for presentation.

The five categories chosen we_re TRIP, VEHICLE-MILE, TRIP LEN_fH, LINK

and GEOGRAPHIC ORIq_TATION. More detail relative to each of the above

categories follc_s.

- data are presented in this report comparing total vehicle trips

to airport - oriented vehicle trips. Prior to making these comparisons,

vehicle trips having an origin at the airport were doubled to account
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for vehicle trips having a destination at the airport. The values

presented in the trip category tht_ reflect a ccmparison of total

and airport - oriented (to end from) vehicle trips.

VEHICLE-MII_ - As for the trip information, the vehicle-mile infor-

mation generated as a result of loading trips from the airport was

doubled to account for vehicle-miles of travel to the airport.

TRIP LEN_2H - the trip length information presented herein represents

a comparison of a total vehicle trip length distribution (areawide)

to a trip length distribution reflecting vehicles having an origin

at the airport. The asmmption underlying this ccmparison is that the

trip length distribution of vehicles having a destination at the

airport mirrors those having an origin at the airport and does not

therefore affect the relationship.

LINK - the two loaded networks (total vehicle and vehicles having an

origin at the airport) were compared, link-by-link, on a directional basis.

All liDka carrying one percent or more vehicles having an origin at the

airport were posted on a highway network map. %%_enty concentric one-

mile rings having the airport as their centerpoint were drawn and pertinent

information was extracted and tabulate<] by mileage ring. Other informa-

tion was tabulated by volume group.

It is i_portant t/mr the reader understand that these data do not reflect

vehicle trips to the airport.

_/XI_PHIC ORIENTATIC_ - the ill_strations included herein showing the

dispersion of airport trips reflect trips both to and frcm the airport.

In other words, trips from the airport ware doubled prior to construc-

tion of the illustrations.
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A great deal of information relative to the characteristics of

airport - oriented vehicle trips was produced as a result of this

study. Much of these data are tabulated and presented in the

results end appendix sections of this report. The highlights of

these data are presented in the follcwing stmmary titled -

Characteristics of Airport - Oriented Vehicular Travel.
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CHARACTERISTICSOF AIRPORT-ORIEtITED
VEHICULAR TRAVEL

STUDY AREA

ITEm1
Birmingham Boston Louisville Minn,-Bt.Paul
Alabama Massachusetts Kentucky Minnesota

A. General Information
I.StudyYear(yearofdate) 1965 1963 1964 1958
2. Populationwithinstudyare_ 587,000 3,540,650 751,888 1,376,865
3. Squaremiles" " " 500 2300 485 890

4. Numberof trafficzones 410 728 744 636

B. AirportInformation
1.Airportstudled BirminQhem Logan Stand|ford l.Iold

_lunicipal International Field Chamberlain
2, AirportClassificationI/ Medium-Hub Large-Hub !4edium-Hub Large-Hub
3. Enplanements(1965) 342,000 2,805,000 654,000 1,606,000
4. ProjectedEnplanemeots 1,418,000 14,832,000 3,382,000 8,530,000

(1980)

C. Trip Information
I. TotalVehicleTrips 1,229,640 5,483,965 l,OOB,IBB 2,406,770
2, VehicleTripstoAirport 6,806 20,838 6,110 15,466
3, PercentAirport(2/IxlOO) 0.56 0,38 0,61 0.64

O. Vehicle-MileInformation

I. TotalVeblcie-miles 5,908,883 30,814,746 5,718,720 4,881,407
B. AirportVehicle-miles 47,942 277,198 48,352 30,954
3. PercentAirport(2/IxlO0) 0.81 0.90 0,86 0.63
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CHARACTERISTICSOF AIRPORT-ORIEr,ITED
VEHICULARTRAVEL (continued)

STUDY AREA

ITEM
Bir_intIham Boston Louisville !,llnn.--_t.Paul
Alaba_a !lassachusetts Kentucky I_pnesota

E. AveracieTrip Length (mln.)

l. TotalVehicles 12.3 II.7 II,3 14.0
g. VehicleTrips_L_,,Air,oft 16.2 27.8 13.4 23.8
3. AverageTrip LengthRatio (2/I) 1.3 2,4 1,2 1.7

i _. F. Link Info_.ation

! I. Total numberof links/n network 4,525 10,004 6,426 7,756
f 2. _ llnkvolumeobee-cvedin
! (Vehicles from airport) 1730 7476 2153 7579
J 3.'lBthhighestlink volumeobserved

(Vehiclesfroma/zI_) 469 2714 648 1883
4. Distancefrom_ (miles)- 15thhighestlink 3,50 3.00 4.30 1,45
5. tam_c_:of linkscarryingone-percento_

more vehiclesfrom airport 178 497 224 587
6. Percentof to_l linkscarryingone percent

or more vehiclesfromairport 3.9 5.0 3.5 7.6
7. _ of linkswhere _ vehlclesfrom

l.O and vol. from airport 100 g6 309 65 287
8. N_ of linkswhere % vehicles fromairport

1.0 and vol. from airport 250 54 203 39 lib

I ]_/ Communities_vhlchgeneratedone-percentor more of the I_ation'ssc_:eduledair carrierdomesticenDlannd
passengersdurin9the tlvelvemonths endingJune 30, 1967 are classifiedh,vFAA _s arne-hub Cn_nunitles
vthichgenerated0,25 to 0.99 percentare _lassifiedas r:odium-hub.



Several conclusions can be drawn from the work accomplished in this

study. The first and perhaps most important i_ that data files and cnm-
i

puter programs co_mon to every urban transportation "study can be used to

generateinformationto measure (in gross terms)the imgactnf airport-

oriented vehicular travel on highway facilities.

Anotherconclusionwhich seemsquite obviousfrom the data presented

herein is that airport-oriented travel is insignificant when evaluated on

an average°dailytregionalbasis. This conclusionis based upon the fact

thatalrport-orientedtravelaccountsfor only 0.55 percentof total vehicle

trips and 0.80 percent of total vehicle-miles of travel {average of four

study areas).

Yet anotherconclusionthatcan be reachedis thatairport-oriented

traveldoes not performas othertype tripsfrom a triplengthfrequency

distributionstandpoint{a skelveddistributinn_ith one major peBk at the

low end of the curve)but ratherdisplaysmany peaksthroughoutits entire

range. Sincethis multiplepeakinghas the effectof increasingthe average

triplength(Total/Air= 1.4 on the average),large increasesin airport

travel will increase vehicle-miles of travel at a faster rate than other

types of travel.

In reference to the average trip length, it can be concluded thBt the

averaoeairporttrip is about20 minuteslong (averageof four areas= 20.3);

however, the number of trips made viithin 20 minutes varies considerably by

study area. In Louisville, 88 percent of all trips to end from the airport

are less thanor equal to 20 minutes_vhereasin Bostononly 41 percentof
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all airport trips are less than or equal to 20 minutes. These accu_lated

percentages are displayed by five minute interval on the fol]owing page.

It can also be concluded that about 5.0 percent of the highway links

in an urban area carry one percent or more vehicles frc_ the airport; however,

only about 1.3 percent of these links carry what is considered to be a
I

significant number of vehicles (250 or more) and, these links are generally

in close proxintity to the airport. This is based on the fact that the average

distance from othe airport for the 15th highest link observed in the four

areas was only 3.06 miles.
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INTRODUCTION

The air transportationindustryhas experiencedtremendousgrowth

duringrecentyearsand,all recognizedindicatorspointto a continued

stronggrowthduringthecurrentdecade. As an example,considerthe

PortColumbusAirportin Columbus,Ohio ( A medium-hubairport).

Projectionscallfor an increasein commercialair passenoertraffic

of lO0 percentby 1975,of 240 percentby 1980and up to 520 percent

by Ig85. Otherprojectionscallfor largeincreasesin industrialdevelop-

ment adjacent to the airport and in non-airport oriented urban travel

utilizing airport access facilities.

Tileprojectedgrol_thcitedabovefora typicalairpnrtvnarrants

theattentionof all repionaltransportationplannerssinceorowthof this

magnitudewill greatlyincreasedemandfor airportaccessand terminal

facilities - particularly for highway and parkin_ facilities. This last

statementis basedon the factthatthe greatmajorityof presentairport

trips are made by auto (87 percent in Columbus) and that a substantial

change in travel mode seems unlikely since the trip origins of airoort

orientedtravelare widelydispersed.For examole,onlyeightoercent

of all PortColumbusAirporttripsoriginatein the ColumbusRepional

Center.

Ourino recent years, regional transportation planners have begun to

pay increasingattentionto the airportcomplex.Thereare severalreasons

for this among wbich are: l) the growth experienced at the airport and

tileexpansionprogramsundervlayinmany areasto accon_ndatethis_rowth

2) the factthatmanyareashaveonlyrecentlyreachedthe pointin the



overall planning processto allo_vfar specialgeneraterstudies, and

3) the establishment of Departments of Tranaportatian at both the

Federal and State levels allowinn for even greater analysis of tileinter-

action between all _iodes of transportation,

_$iththis increasedattention has come Phe realizationthat airport

access plannino is a complicated problem re_uirino sophisticated analysis

procedures, In some instances, conventional urban planninn tools and

existing data may not be adequate to perform the type of analysis required.

In such cases, new techniques and additional data may be required; ho_uever,

it appears that a great deal of information can be panerated and analysis

performed utilizin9 existing1 data files and established planninn techniques.

PURPOSE OF STUDY

The study documented in this report had three n,ainpurposes; i,e,,

I. To develop a method of measuring tileimaact of averaqe-daily,

airport-orientedvehiculartrafficon highwayfacilitiesusin9

only l'eadilyavailable data files common to every comprehensive

urban transportation study,

2. To demonstrate the feasibility of the approach developed by

applying it to four urbanized areas.

3, To document the resultsobtained to showythe area-wide impact

of average-daily, airport-oriented vehicular traffic on highway

facilities in the selected areas.



SCOPE OF STUDY

The TTr}_n Planning Division recognizes that this study is somewhat

limited in scope. The Division was cognizant of these limitations at

the time the study was conceived but felt then as now that the scope was

adequate for the purpose intended. Included in recegnizc_ limitations

are:

i. The study considers only highway access facilities. It is

recognized that public transit can nlay an immortant role _n

providing access to airports and must be considered in any

coa_rehensive airport access study. Parking facilities at

the airport should also be considered. This study should

therefore I_ recognized as one undertaken to establish planning

procedures that can he easily modified and expanded to accemmedate

all forms of transportation serving _e airport complex.

2. The scope of this work is limited to an analysis of total, average-

daily, vehicular traffic. It does not consider the peaking

characteristics of trips to and frcm airports. It does consider

the aggregate of vehicular trips for all (i.e., purposes,

pessengers, workers, sightseers, etc.)

3. The scope of this stud7 is limitc_d to the use of existing computer

programs and available data from four urbanized areas ranging in

population from 587,000 to 3.5 million. The data used span the

[ years 1958 to 1965 and, consequently, ere not extremely current.

DATA USED IN S_3Y

The data used in this study was obtained fran four urbanized areas quite

diverse both in ter_ of socio-economic characteristics and qeocfraDhic

location. Selected shatistics for t_%e four areas ere listed in Table i.
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TABLE l

SUrIHARYOF STUDYAREA C_ARACTE_ISTICS

Selected Birmin_llam BDstnn Louisville Minn.-St.Paul
Statistics Alabama l,lessechusetts Kentucky _linnesota

m

StudyYear 19G5 19G3 Ig64 Ig58

Population(StudyArea) 587,0n0 3.54Q,550 751,888 Is376,n65

StudyArea (Sq. ;file) 500 2300 485 890

No. ofTrafficZones 418 728 744 536

Airport Studied Blrminqham I,lunicibalLoqan International Standifnrd Field Wold Chamberlain

AirportClasslflcatlon I!edium-Ilub Laroe-IIub !lediurn-Hub Large-11ub

DailyEnplanements(1965) 342,000 2,Bos,Qon 6S41OO0 1,606,00n

ProjectedEnplane_ents(1980) 1,418,000 14,832,0D9 3,3B2,nnO 8_539,000
,,=



; From each of the four selected areas, tvloplanning files Ivere

i obtained;i.e.:!

I. A set of link-datarecordsdescribingthe highvlaynetwork

existing at the time of the base-yearsurvey.

2. A set of trip records describing the characteristics nf all

trips made within the study area.

All subsequent information presented in this report was developed

from these files.



_ETHOD OF APPROACH

Each of the four urbanizedareas previouslyR'entimnedwere contacted

and requested to submit highwaynetl_orkand trip recorddata suitable for

computerprocessino. Although there were slight variationsin the fnrm

of the data supplied,all basicallyconsisted of a set of highwaynet,vnrk

llnk-datarecords and a set of trip records.

Upon receipt of these date, the link-data recordswere processed

throughseveral available computerproqrams in the Urban Plannln0 Battery

to produce a highwaynetwork description,a set of minimumtime paths

and a matrix of zone-to-zone travel times.

In addition, the trip record file was used in conjunction with the

trip table builder computer programto producea totalvehicle,average-

daily,non-dlrectionaltrip table. This table_,lassubsequently"split"to

produce a directional trip table.

Other processingwas undertakento producea sum_naryof trlp-ends

by analysis zone and to develop trip length frequency distributinnsummaries

for all trips and for only these trips having their origin at the airport,

The former data were produced by merely processine the trip matrix file and

the latter through processingof the zone-to-zonetrip and time matricies,

Tilenetwork, minimum path and trip files were next used as input to an

assignmentprogram to generate reportsof vehiclevolumesby highwaylink or,

loadednetwork reports. This processwas repeated b_ice,i.e., once for all

trips and once for only those trips emanating from the airport. The t_vo

loadednetworks generated as a result of the assionmentoperation_zorethen

used as input to a slightly modified comparison program to produce a link-by-



link cc_parison of vehicle vol_es (total versus trips from the airoort)

and the percentage of total vol_me on each link t/_t has an origin at the

airport.

Each link carrying one percent or more vehicles having an origin at the

airport was then manually posted on a highway mad of the area. %_enty con-

centrio one-mile rings were drawn using the airport as the center point and

pertinent information vms extracted. These data and all other data generated

were then consolidated for _unalysis,tabulation and graphic display. A

generalized flow chart of the entire process is shown in Pigure i.
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RESULTS

The processing of the two data files used in _lis study (trips m_d

set,turk) yielded a great deal of information on the characteristics of

airport-oriented travel. This information was classified as one of five

types; i.e., TRIP, VEHIClE-MILE, TRIP LE_C_, LINK AND GEOGRAPHIC ORIF/qfATION.

The results obtained are sunrm_rized helc_ by study area and information

type. In reviewing these data, several irons should bc kept in mi_.

The figures cited under the categories of TRIp and VE_HICLE -

MILE._ isfom_ation reflect triDs to a_d from the airport.

1 The trip length information reflects a cc_TDanisos of total

vehicle trips and vehicle trips having an origin at the airport.

The LI_( ANALYSIS information represents a ccn_marison of

directional volumes. The information is nresented in this

manner since it was derived from a ce_arison of total vehicle

link volu_nes and link voltises obtained by l_iding triDs emana-

ting from the airoort (a directional voh_ne).

The C_RADHIC ORIENTATION sketches should be used to obtain an

overall vie_ of the dispersemest of airport-oriented travel.

Although every effort was made to sketch the airport-oriented

vol_nes as precisely as possible, this was at times difficult

! due to the Drocrdure involved (printout to link mad to road

map to sketch _IP.) The voiL_es indicated by the flow hands

represent trips to and frcm the airport.



BIRIIINGHA!.I,ALADA_iA

TRIP I_IFORMATION-- The trip data used in the Birmingham analysis __.re

collectedin a 1965 Orlgin-DestlnationSurvey of tileRe_!inn,These data

shov1that 1,229_640 vehicle trips were iradewithin tilestudy area on

an averageday. Of this total,3,403 vehicleshave a trip orig.lnat the

airport. Doubling this figure to account for vohlcleshaving a destina-

tion at tile airoort indicates that 0,56 percent nf total vehicle trips

are airport-nriented,

VEHICLE-IIILES -- The results ef the assignment phase produced infor-

mation on vehicle-miles of travel in the Dir_ineham study ares. The

assignment showed a total of 5,908,833 vehicle-miles of travel taking

placewithin tilearea. Airport-erlentedtravel accmuntedfor 47,942 or

0.81 percent of the total. A su_Tmarynf total and airport vehicle-mlles

by freeway and other highway facilities (local, collector, arterial, etc.)

is shown in Table 2,

TAOI:E 2

TOTAL A!ID AIRPORT VEIIICLE-!iILES
E_YFACILITY TYPE

BIRIIIrlGHA!i,ALAOAITA

FACILITY VE}IICLE-,'IILEg
TYPE TOTAL AIRPORT

Freeway

Other 5,908,883 47,942

TOTAL 5,908,883 47_942
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_ZEP LENC_H -- The trip length frequsncydistributionsfor both total

and airport tripswere developedby one-minuteintervalsand ere displayed

in Figure2.1-/Ascan be seen, there is significantdifferencein the _

distributions. Total tripspeak at four minutesand decrease from that

point to zero at about 78 minutes. D/rport trips,on the other hand, show

multiple peaks _%roughout their 69 minute range.

The averagetrip lengthwas also found to be quitedifferentfor the

two trip types; i.e., 12.3 minutes for total trips and 16.2 minutes for

airporttrips. The average trip lengthratio (airport/total)was found

to be 1.3.

Detailed investigationof the trip length frequencydistribution

showedthat 74 percent Of all BirminghamAirporttrips are c_leted in

20 minutesor less. An accumulatedpercentageof airporttrips by five

minuteinterval is shown in Table 3.

TAOLE 3

ACCUHULATEDPERCENTAGEOF AIRPORTTP,IPS BY FIVE 'q(IUTI[IIITERVAL

(01R_!IN.r-IIA!.I,ALABAqA)

Accumulat_d Percentane

Ti,meInterval(.,'lln.) .,AirportTrips

0-5 II
O-lO 35
0-15 54
0-20 74
0-25 85
0-30 89
0-35 g5
0-40 98
0-45 98
0-50 98
0-55 99
0-60 90
0-65 lO0

i/Although the airport trip length frequencydistributionwas developedusing
only trips having an origin at the airport,it is viewedas representative

of total airporttrips in all subsequentdiscussion.
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LI,H_,ANALYSIS- - A link-by-linkcn_parisenof assioned airoertto

assignedtotal trips indicatesthat 17G links car_! at least nne percent

airport traffic. These 178 links are summarized by distance from the airport

and by volu_e group in TablesA-I and A-2 locatedin the appendix.

InspectionofTable A-I shnws that the greatestnumberof links carrylnn

one percentor more airporttrafficare locatedbet_._eenfour and five

miles from tileairport. Furthermore._4 _ercentnf all linkscBrryinn

at least one Rercentairporttrafficare within 6 miles nf the alrport.

Table A-2 shelvethat the treat iT1aJorityof the 178 links carryinn

at leaet one percentairporttrafficare concentratedin Io:,_vo]ume.Io,.i

airportperceptagecells. Additionalanalysisshelvedthat only 96 nf the

178 links car_, at least InO eirporttrine and that onl:,54 carryat least

BSD airport trips, A summaryof the top fifteenairnnrt accesslinks in

the entire study area is sholm in Table A-3. This table shows the Alronrt

Link Volume, Total Link Volume,PercentAirportand Distance From Alrpnrt

for each link.

GEOGRAPHIC DRIEtlTATIOtl

To develop some insightinto the denree nf disperse_entof airport-

oriented vehiculartraffic, all links cerryin_500 or more airport-oriented

vehicles (non-directional)were plotted. ,_sketchof the resultsis shown

in Figure 3.

As can be seen, the trafficis quite dispersedwith major _nvements to

the _lortheastand South as well as to the Southwestt_lards the Central

BusinessDistrict.

2/ In all subsequent"link analysis"discussion,it is to be understoodthat
airport trafficis synoncmouswlthvehicletrlps having anorlginatthe
airport.
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BOSTOllm GIASSACI]USETTS

TRIP IIIFORMATION- - The Boston,_bssachusettsdata iverecollected in

1963. These data indicate that5,483,965 vehicletrips _leremade within

the region on an average day in 1963. Airport-oriented trips were found

to account for 20,83B or O.3B percent of this total vehicletrip universe.

VEHICLE-NILES - - As in other large urban areesj a tremendous number

of vehicle-_ilesare generatedeach day within the Boston region. Results

of the traffic aasi.qnmentahavledthat 30,B14j746vehicle-milesof travel

occurredwithin the Boston studyarea an an averaDeday in 1963. Airport-

oriented travel accnunted for 277,198 or 0.90 percent of this total. A

summary of vehicle-miles by facility type is shown below in Table 4.

TABLE4

TOTAL AND AIRPORT VEHICLE-_41LES
BY FACILITY TYPE

BOSTOI_,t.I/_SSACIIUSETTS

FACILITY VEHICLE-qILES
TYPE TOTAL AIRP(}.RT

Freeway l1,339,B76 153,238

Other 19,47B,470 123_960

TOTAL 30,_14,746 277,198
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TRIP LENGTH- - A plot of the total vehicleand airporttrip lenpth

frequencydistributionsis shown in Figure 4. The averagetrip lengths

were found to be ]].7 minutes for total trips and 27.8 minutes for airoort

trips far a trlp length ratioof 2.4 (27.8/II.7}. This ratio was found

to the highestof the four areas studied.

Inspectionof the Bostontrip lenoth frequencyDints shovlsa pattern

sinfllarto Birmingham;i.e..the total trip plot contains one major peak

at the low end of the distrihutienwhile the airport_lnt contains several

major peaks at ]0, 12, 32 and 54 minutes.

As indicatedby the averageairport trip lenoth (27.8minutes).

people in Boston spend more time 9ettino to and from the airportthan do

people in any of the other three areas investigated. This is apparent

from the su_naryof accumulatedpercentageof airporttrips by time interval

sho_n below. It will be rememberedthat 74 percentof all airnort trips

in Birminghamwere made in 20 minutes or less.

TABLE 5

ACCUIIULATEDPERCENTAGEOF AIRPORTTRIPS
BY FIVE 141NUTEINTERVAL

(Boston,Hassachusetts)

AccumulatedPercentage
Time Interval(Min.} Airport Trips

0-5 5
O-lO 19
0-15 33
0-20 41
0-25 5l
0-30 58
0-35 70
0-40 76
0-45 80
0-50 86
0-55 93
0-00 95
0-65 99
0-70 lO0

]6
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LI[IKANALYSIS - - A cnt,parisonof total and airport volumes nn a

link-by-linkbasis shovledthat 497 linkscarry at least one percent

airport traffic, This represents ahout five percent of the total

numberof links in the neb.lork.The distributionof these links by (]is-

tance from the airportand volubleproup is shown in Tables A-4 and _.-5.

Inspection of Table A-4 shows that 296 nf the total 497 links (about

60 percent) carryingone percentor more airport trafficare wl__ 10

miles of the alrporb. Furthermormtabout35 percentof these linksare

within 5,milesof the aiz_o=t.

Table A-5 shelvethat most of the links carryingone percent or mere

airport trafficare concentratedin low percentapecells, Only 52 of the

links (about10 percent)carry five percentor more airport traffic.

Additionalanalysisof those data sho_.;edthat many of the links carrying

one percentor more airporttraffic were in very le_ volume groups. This

is illustratedby the fact that only 309 of the 497 links carry log or

more airporttrips and only 203 carry 250 or more airporttrips.

As for Birmingham, those fifteen links carrying the greatest number of

airporttrips have been tabulatedand are displayed in Table A-6. It _.dll

be noted that the airport volume on the fifteenth highest link in Boston

is 2,714. This volume is about 1,000 vehicles greaterthan the highest

airport llnk volumeobserved in Birmingham(I,730).

GEOGRAPHICORIEIJTATIOtl

Figure 5 shol._sthe orientationand magnitudeof vehicle trips to and

from Logan InternationalAirport. As can be seen, these trips are _videly
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dispersed, Significantvolumes can be observed tn the IInrthalmost to

the New llampshireLine, to the South as far as Brockton and to tileSVest

to Route I78,

It will be noted from insoectienof volun_ band vlidthsthat of the

nearly I1,00Ovehicles approachingthe 2ostonCaD, a significantnumber

are destined to other parts of the area.

LBUISVILLE_KENTUCKY

TRIP IIIFORIIATIOU- - The data used in the Louisville,Kentuckyanalysis

were collected in 1964. These data shovlthat 1,005,128 total vehicle and

6110 airport-orlentedtrips are made each day in the Louisvillereflion. In

otherwords_ 0.61 percent of a11 vehicletrips are alrport-oriented.

VEBICLE-,_IIL.ES- - Total vehicle-miles(_eneratedeach day ivithinthe

Loulsvilleregionwere found to be 5,718,720. Airport-orientedvehicle-

mileswere found to be 48,352or 0,85 percentof the total vehicle-mile

universe. A summary of total and airportvehicle-milesby facilitytype

is shown beloN in Table 6.

TABLE 6

TOTAL AND AIRPORTVERICLE-_IILES
BY FACILITYTYPE

(LOUISVILLE,KENTUCKY}

FACILITY VEI{ICLE-MILES

TYPE TOTAL AIP,PORT ,,

Freev_ay 1,693,713 29,540

Other 4_025,007 18,012

TOTAL 5,718,720 48,352

BO
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TRIP LENGTII- - The averagetotal vehicletrip lengthin Louisville

was found to be 11.3 minutes. The averageairport-orientedvehicletrip

lengthl_asfound to be 13.4 minutesyielding a trip lenRth ratio of 1.2

(13.8/II.3). This trip lengt ratio was found to be the smallest of tile

four computed in this study.

Figure 6 shows the trip eeoth frequencydistributionsfor beth total

and alrport-orientedtrips. Of particularinteresthere is the tremendous

! peakingthat occurs betweenseven and fourteenminutes. Includedwithin

this time interval are 64 percentof all airpert-orientedtrios In other

words, 64 percentof all vehiclesentering or leavingthe LouisvilleAirport

travel no more than 14 minutes.

Of the four areas studied,the best airportaccessin terms of minutes

traveled is providedby Louisville. As shovm belew, 88 percent of all tripe

to and from the airportare performedin 20 minutesor less.

_ TABLE 7

ACCUI4ULATEDPERCENTAGEOF AIRPORTTRIPS BY FIVE HINUTE IIiTERVAL

(LOUISVILLE,KErlTUCKY)

Time Interval(Hin.) AccumulatedPercentage
Airport Trips

0-5 0
0-10 37
0-15 76
0-20 88
O-2S 95
0-30 g6
0-35 97
0-40 9g
0-45 99
0-50 100

:_' 21
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LIt_KA_IALYSIS- - The link-by-linkcomparisonshelvedthatthere v1cre

224 links in the Louisville network that carried one percent or more airport-

oriented traffic. This represents about 3.5 percent of the t_tal links in

the netl_ork. The distribution of these links by distance from tileairport

and volume group is shelvnin Tables A-7 and A-8.

Reference be Table A-7 sholvsthat _hero are only two linksfurtherthen

9,99 miles from tileairportthat carrytherethan t_roe percentairport

traffic.

Table A-8 shows that the great ma,iorit_,of all 224 links previously

mentioned are concentratedin levipercentagecells; i.e., aboutgO percent

of a]] links carry leas than three oercent airport traffic, Furthermere_

nest of these links containan insignificantnumber _f airport-oriented

vehicles. For example, only 65 links have an airportvolLIme_f lO0 vehicles

or mere and only 39 have an airportvolumeof 250 vehiclesor more,

Table A-9 summarizesthe top 15 airportlinks in the Louisvilleregion.

As In Birmingl_am,the highestrankingof these 15 links carriesless traffic

than the fifteenthhighestllnk in Boston,

GEOGRAPIIICORIEI,ITATIor_

Figure 7 shows those iglyayfacilitiesin Louisville,Ventuekythat
t.

carried 500 or more airport-orientedvehiclesin 1963, As can be seen, the

b trips disperse to the llorth,Sooth, East and blest.

'; It will be noted that very fev_of the facilitieslie outsideof the

tlvo-milerino, It will also be noted that the vehicularvolurmat the tlvo-

lailering on 1.264 East is of about the same magnitude as that obserwd at
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the two-mile ring on 1-65 North. This latterrovo;_entcould be classi-

fied as CBD oriented.

I.IIN_]EABOLIS- ST. PAUL; rII_NESOTA

TRIP INFORMATION- - The trip informatinnfor _linneapolis- St. Paul

was collected in 1958 and is the least currentof the four sets used in

:i thls study. These data show that on the averageday in 1968, there were

2,406,770 vehicle trips made in the 14inneapolis- St. Paul re,ion, of

these total trips, 15,466 or 0.64 had eitheran originor destinationat

theairport.

VEHICLE-_IILES- - The resultsof an assiqnmentof total vehicle trips

showed a total of 4,B81t407 vehicle-milesof travelin the reginn. The

; resultsof an assignment of airport-orientedtripsshowed a total of

30,954 vehicle-milesof travel indicatin_that the airport generates 0.63

percentof all vehicle-milesof travel logqedin the region. These vehicle-

miles could not be summarizedby facilitytype as for the other three

areas becauseof the network coding procedureemployed.

TRIP LENGTH - - The total vehicle averagetrip length was found to be

14.0 minutes. The airport-orientedaveragetrip lengthwas fmund to be
@

23.8 minutesfor an averagetrip lengthratio of 1.7.

: Plots of the total and airport-orientedtrip length frequencydistri-

butionsare shown in Figure 8. Inspectionof these mlots shows a pattern

similar to the other three areas investigated; i.e., a standard total

vehicle distribution and a multi-peaked airport-oriented distributinn.
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As for the threepreceding study areas, an accumulatedpercentage

of airport trips by five minute interval has been tahulatedand is shnvm

belowinTable8,

TABLE 8

ACCU._IULATEDPERCEIffAGEOF AIRPORTTRIGS BY FIVE _IIr_UTEIr_TERVAL

(rIIr_NEAPOLIS- ST. PAUL, !41NIIESOTA}

Accumulated Percentage

Time Interval (l.lin.) . AirportTrips

0-5 2
O-lO 9
0-15 25
0-20 46
0-25 58
0-30 78

"_ 0-35 _6

' ._ 0-40 91
0-45 94
0-50 98
0-55 lOO

C

r
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LINK ANALYSIS - - A link-by-link comnarison of airnort end total

traffic showed there were 587 links in the Minneanolis - St. Paul region

carrying one percent or more airport t-riDs. This represents 7.6 percent

of the total n_nber of links in the network (999_ end is the largest

n_m%er of links found in the four areas investigated.

Tables A-10 and A-ll show the distribution of the 587 links by distance

from the airport and volume group. It will be noted that 199 (34 percent)

of the 587 links carry between 1.00 and 1.99 percent airport traffic.

Table A-12 shows that 486 or 83 percent of the 587 links currying one per-

cent Or more airport traffic lie within five miles of t_e a_rt.

Additional analysis of these data showed that of the 587 links carrying

one vercent or more airport traffic only 297 carried an airport vol_ne of

i00 or more airport vehicles. Furthermore, only 115 links carried by a volume

of 250 or more airport vehicles.

Table A-12 summarizes pertinent data for those fifteen links carry_mg

the greatest nt_nberof airport vehicles in the Minneapolis - St. Paul region.

Of interest here are the very high percentages obtained for these links.

GEOGRAPHIC ORI _NTATION

As for the three preceding areas, a sketch showing those highway facilities

carrying 50 or more airport - oriented vehicle triDs per day was constructed.

Reference to the sketch (Figure 9) shows, as for the other areas investigated,

a dispersion of trips with major movements to the North, South, East and West.

The influence of the Central Business District of Minneapolis and St. Paul

is evident.
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TADLE A-I

NUIIBER OF LINKS BY DISTANCE FROM AIRPORT AND PERCERT AIRPORT TRAFFIC

(BIR_IING]IA_I,ALAB#.MA)

DISTAIEEFROI.I PERCErlTAIRPORTTR#FFIC
AIRPORT (!.tILES}1.00-I.99 2.00-2.99 3.00-3.99 4.00-4.99 5.00-9.99 I0.00-14.99 15.00+ T_tal

0-0.99 0 2 ] 1 2 .q 3 9

l.O0-1.99 6 2 2 4 6 4 0 24

2.00-2.99 14 5 2 l 2 2 0 26

3.00-3.99 lO 6 2 2 0 0 l 21

4.00-4.99 30 8 2 0 1 0 1 42

5.00-5.99 14 8 3 0 2 0 0 27

6.00-6.99 8 0 O 0 1 0 0 9

7.00-7.99 4 l 0 0 l 0 0 6

8.00-8.99 2 0 2 0 0 0 0 4

9.00-9.99 3 0 0 0 0 0 0 3

10.00+ 7 0 0 0 0 0 0 7

TOTAL 98 32 14 8 15 6 5 178



TABLE A-2

NUHBEROF LINKSBY VOLU_,EGROUPAND PERCENTAIRPORTTPAFPIC

(BIRMIRGHA_I,ALABAr,IA)

PERCENTAIRPORTTRAFFI'C
VOLUrIE ,,,
GROUP 1.00-1.99 2,00-2.993.00-3,99 4,00-4.99 5.00-9.0_10,00-14,9915.00+ Total

,, ,,,,

0-999 5 7 2 0 3 .h 2 19

1000-1099 IO 7 l 2 0 0 0 20

2000-2909 lI 3 0 0 0 0 0 14

I 3000-3999 13 5 0 0 l 2 0 2l
I

t_
4000-4999 4 0 0 0 l l 0 6

5000-9999 18 1 8 6 3 1 3 40

10000-14999 17 5 I 0 3 2 0 28

15000 + 20 4 2 0 4 0 0 30

TOTAL 08 32 14 8 15 G 5 178



TABLE A-3

FIFTEEHLINKSCARRYINGGREATESTI_U_IBEROF AIRPnRTTRIPS

(81RHINGIIAH.ALABA_IA)
,,,,,= ,, ,

RANK AIRPORT TOTAL PERCENT DISTANCEFRO!I
VOLU_IE VOLUHE AIRPORT AIRPORT (HILES)

1 1730 9614 17.99 0.90

2 1531 9332 16.40 0.20

3 1469 9343 15.72 0.40
4
4 1465 I0658 13.74 0.60

5 1446 10495 13.89 1.00

6 1346 14007 9.60 1.20

7 1279 14418 8.87 1.40

8 1209 15931 7.58 1.60

9 1209 15447 7.82 1.30

I0 1209 15931 7.58 1.70

11 1138 17784 6.39 2.30

12 684 llO04 6.21 1.50

13 595 5805 10.24 2.0_

14 490 4264 II.49 2.90

15 490 15047 3.11 3.50
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TABLE A-4

NUMBEROF LINKS BY DISTAIICEFROH AIRPORTArIDPERCENTAIRPORTTRAFFIC

(BOSTON, MASSACHUSETTS)

DISTANCE
FROM PERCE#ITAIRPORTTRAFFIC
AIRPORTw.........
(_|ILES) 1.00-I.99 2.00-2.99 3.00-3.99 4.00-4.99 5.00-5.99 10.00-14.99 15.00+ TOTAL

O- .99 0 0 O' 0 3 3 4 IO

1.00-1,99 11 4 7 5 12 5 8 52

2.00-2.99 15 17 5 1 4 4 1 4B

3.00-3.99 12 B 9 2 4 4 l 40

4.00-4.99 12 6 5 11 2 I 0 37

5.00-5.99 9 II O l 2 O O 23

6.00-6.9_ 13 4 3 2 0 O O 22

7.00-7.99 15 O 3 2 O O 0 2B

8.00-8.99 15 6 4 0 O O 0 25

9.00-9.99 6 3 2 0 0 O 0 11

10.00+ 152 32 14 2 0 0 I 201

TOTAL 261 99 52 25 27 II 15 497



TABLE A-5

;:U'I;:BP.OF LIrJKSBY VOLUtIECROUPAND PERCErITAIRPD_:TTRAFFIC

(BOSTOI_,rIASSACIIUSETTS)

PERCEIITAIRPORTTRAFFIC
VOLUI.IE
GROUP 1.00-1.99 2.00-2.99 3.00-3.99 4.00-4.99 0.00-9.99 10.00-14.99 15.00+ Total

0-990 14 4 3 2 l 0 2 26

1000-1999 27 21 12 4 2 0 0 66

2000-2999 27 I 2 1 l 0 0 32
W
U1

3000-3999 23 4 2 2 1 0 0 32

4000-4999 14 3 2 0 0 1 0 20

5000-9999 53 15 8 3 8 7 6 100

10000-14999 25 4 3 3 4 4 l 44

15000 + 78 47 20 11 10 5 6 177

TOTAL 261 03 52 26 27 17 15 497



TABLE A-6

FIFTEENLINKSCARRYI_IGGREATESTNUt_BERnF AIRPORTTRIPS

(BOSTON,HASSACHIISETTS)

RANK AIRPORT TOTAL PERCENT DISTANCEFRnrlAIRPORT
VOLUNE VOLUrIE AIRPORT (r_ILES)

1 7476 28441 26.28 0.3D

2 5470 34542 15.83 1.5B

3 5470 28960 18.88 l.lO

4 5470 28860 18.88 1.60

5 5470 28960 18.88 1.6O

6 5470 28960 18.88 0.70

7 2873 14406 19.74 1.60

8 2873 42166 6.8] 1.80

9 2873 42279 6.79 1.70

•10 2714 46412 5.84 2.80

11 2743 48414 5.66 2.50

, 12 2743 30432 9.01 2.30

i 13 2743 38865 7.05 2.10

1
14 2743 25000 10.97 1.90I

I 15 2714 54898 4.94 3.00
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_! TABLE A-7

I]U_I!_EP,OF LINKSBY DISTABCEFROrlAIRPORTAridPERCERTAIPPDRTTRAFFIC

(LOUISVILLE,KE[ITUCb'Y)

DISTARCE ,!
FROt_ PERCEI_TAIRPORTTRAFFIC
AIRPORT
(IIILES) 1.00-I.99 2.00-2,99 3.00-3,99 4.0Q-4,RO 5,00-_1.99 1Q.09-14.99 15.00 + TOTAL

0-0,99 7 3 1 0 2 0 0 14

1,0O-1.99 16 5 0 0 O 0 O 21

2.00-2.99 lO 4 2 0 0 0 0 16

3.00-3.99 31 3 0 0 0 0 0 34

u., 4.00-4,99 36 10 0 0 0 0 0 46.j

5.00-5.99 25 5 1 l 0 0 0 32

6.00-6,99 6 4 3 0 0 0 0 13

7.00-7.99 6 2 0 I 3 O O 11

8.00-8.99 3 0 0 0 l 0 0 4

9.00-9.99 8 0 l 0 0 0 0 9

I0,00 + 17 5 l l 0 0 0 24

TOTAL '165 41 0 3 6 0 O 224



TABLE A-8

NUf_BEROF LIt_KSBY VOLUIIEGROUPAMOPERCENTAIRPCIRTTR#FFIC

(LOUISVILLE, KEMTUCKY)

i PERCENT?,IRPORTTRAFFIC
i VOLUME ,
i GROUP 1.00-1,99 2.00-2.99 3.00-3.99 4.00-4.99 5.00-9.99 I0.00-14.99 15.00+ TOTAL

0-999 19 4 4 2 2 0 0 31

1000-1999 25 12 3 1 2 O 0 43i
t

j 2000-2999 18 4 0 0 0 0 0 22

3G00-3999 14 3 0 O 0 0 0 17

! 4000-4999 20 O 0 0 0 0 O 20

5000-9999 32 5 0 0 0 0 0 37

10000-14999 14 l 0 0 0 0 0 15
I

15000 + 23 12 2 0 2 0 0 39

TOTAL 165 41 9 3 6 0 0 224
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• TABLEA-9

FIFTEENLINKSCARRYINGGREATESTNU'IBEROF AIRPORTTRIPS

(L,euisvilI_.KENTUCKY)

RANK AIRPORT TOTAL PERCENT DISTANCE FRO_
VOLU!IE VOLU;IEAIRPORT AIRPORT (FIILES)

I 2153 24103 8.93 0.40

2 1709 27718 6.27 0.40

J! 3 860 28792 2.98 2.20

4 860 28792 2.98 2.60

6 860 27868 3.08 2.85

6 849 30910 2.74 0.50

l 83] 29518 2.81 l.lO

8 831 29831 2,78 1.70

9 830 2444l 3.39 0.70

10 808 38404 2.10 3.50

11 808 40599 1.99 3.60

12 808 40599 1.99 3.75

13 768 39566 1.94 2.00:

]4 698 33260 2.09 4.30

15 648 23816 2.72 1.50
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TAOLE A-IO

IIUMBEROF LINKSBY DISTANCEFRONAIRPORTAND PERCENTAIRPORTTRAFFIC

(_IN_EAPOLIS - ST. PAUL, MINNESOTA)

DISTANCE
FROM PERCENTAIRPORTTRAFFIC
AIRPORT
(_iILES) 1.00-1.99 2.00-2.9R 3.00-3.99 4.00-4.99 5.00-9.99 IO'.O0-I4.9g IB.0O+ TOTAL

O-O,g9 4 3 O 3 10 6 12 38

l.OO-].S9 23 14 17 15 28 15 II 123

2.00-2.g9 35 15 18 17 41 7 4 137

3.00-3,99 50 13 11 11 27 2 1 115
Q

4.00-4.R9 44 S 17 6 l 0 O 73

5.00-5.99 11 5 2 4 5 0 0 27

6.00-6.99 7 3 2 0 l 0 0 13
I

7.00-7.99 6 4 0 3 4 O 0 17

8,00-8.99 6 6 0 0 4 0 0 16

9.00-9,9g 12 5 O 0 4 0 0 21

lO,OO + 1 3 1 2 0 0 0 7

TOTAL 199 76 68 61 125 30 28 5B7



TABLE A-II

NUMBEROF LINKSBY VOLUHEGROUP AND PERCEIKAIRPORTTRAFFIC

(HItNIEAPOLIS- ST, PAUL,HIN_IESOTA)

PERCENTAIRPORTTRAFFIC
VOLUME • ,-
GROUP 'I.00-1.90 2.00-2.99 3,00-3.99 4.00-4,99 5.00-9.99 I0,00-]4.99 ]5.00+ TOTAL

0-999 10 15 7 7 15 3 6 63

I000-1999 38 10 7 5 27 O 3 06

2000-2099 26 5 lO 8 22 6 0 77

3000-3990 27 10 5 5 14 5 3 69

4000-4999 lB I0 5 5 14 0 3 55

0000-9909 40 21 13 IB 23 6 O 129

10000-14999 29 5 14 5 7 3 5 68

15000 + II 0 7 8 3 1 0 30
iml

TOTAL 199 76 68 61 125 30 2B 587



TABLE A-12

FIFTEENLINKSCARRYINGGREATESTNUMBEROFAIRPQRTTRIPS

MINNEAPOLIS - ST. PAUL, MINNES0TA)

RANK AIRPORT TOTAL PERCENT DISTArICEFROM
VOLUME VOLUME AIRPORT AIRPORT(MILES)

] 7579 7579 lOO.O0 0.I0

2 5049 6514 77.50 0.35

3 3341 4704 71.82 0.45

4 3200 7005 45.68 0.75

5 2908 8119 35.81 0.95

6 2530 3254 63.98 0 35

7 2530 3325 75.09 0.35

8 2519 3898 64.67 0.95

9 2078 6853 35.50 1.05

10 1983 4959 39.98 1.25

11 1983 12269 16.16 1.30

12 1983 12173 16.29 1.45

13 1974 12495 15.79 1.60

14 1914 4806 39.82 1.05

15 1883 6336 29.71 1.40
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