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INTRODUCTION

Volume 11 represemts the'Fechnical aspects of the work which is
summarized in Volume I of this report. The purpose of this study is
to evaluate previous intercity travel demand models in terms of their
ability to predict air travel in a useful way, evaluate the need for
disaggregation in the approach to demand modeliing and determine the
viability of incorporating non-conventional factors (i.e. non-econometric,
such as time and cost) in travel demand forcasting models, In essence,
the goal is to identify a set of wvariables which can be used in a
predictive way to determine the need for air transportation where none
currently exists and the effect of changes in system chafacteristics
on attracting latent demand. The investigation of existing models
is carried out in order {0 provide insight into their strong points
and shortecomings. Much of the existing behavioral research im travel
demand is incorporated to allow the inclusion of non-~economic. factors,
such as convenience., The type of model arrived at is characterized
as a market segmentation model. This is a consequence of the
strengths of disaggregation and its natural evolution to a usable
aggregate formulation. The need for this approach both pedagogically
and mathematically is discussed below.

Much of the text of Volume I is repeated here to provide for a
smoother presentation of the material. A notable exception is the
background or historical treatment for which the reader is referred
t6 Volume I. In addition this volume contains two Appendices which

should prove useful to the non specialist in the area, The first is

.




a detailed bibliography of papers which are related to the current
a e work and the second is a short tutorial of demand modelling so as to
acquaint the non specialist with the terminology and the mathematical

formulation normally used.
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SECTION 1
TESTS OF CURREN& AIR TRAVEL DEMAND MODELS
Several existing models used in forecasting air travel demand have
been evaluated to determine the capability of these models for predicting
future conditions. Each model was tested with data from a future
year relative to the year in which it was calibrated. Actual data for
the independent variables were compiled for the year 1974, The models

were then used to calculate predicted demand; and this predicted

~demand was compared with the actual data for 1974. Direct comparisons

can be made between predicted and actual demand, giving an indication
of the capability of each model. 1974 was selected as the test year
since it was the latest year for whicﬁ all necessary data were
available. Three states were selected for the evaluation; Virginia,
Oregon and Michigan. These states were selected since models |
developed specifically for them had significantly different appreaches
and they represented different geographie regions. |

Virginia State Model

1. Form eof the Model

The first model to be tested was the model developed for the

Virginia Air Transportation System Study. (Va., Div. of Aero. 1975).

. This model is an economic, aggregate type used to forecast

enplanements at an airport based upon system and regional attributes.

The model is written as
E! ’ '
1n P—-’-*- = - 10.8444 ~ .172007F + 1,41311 In¥, (1)

!

I

e e e A

o iwks St




3

o)
1l

i population of airport region i

predicted potential for enplanements at airport i.

=
]

¥ = U. S. average airfare/mile (¢/mile, 1967 dollars)

ret
1}

per capita income of airport i service area (1967 §)

Eq. (1) was developed by finding the system and regional attributes
which most significantly correlated with trends in air activity, and
by using regression analysis to determine the f£inal form of the
equation and the coefficients.

Note that this equation predicts a "potential" for enmplanements;
that is, the demand which would exist if the independent variables
are the only ones which affect the number of enplanements. However,
other factors not explicitly presented in Eq., (1) have an effect,
and they are accounted for by use of a correction factor Bi’ as
shown belows:

By = ByEy (2)

where Ei = predicted enplanements at airport i.

Il

By

El
i

correction factor for airport i.

predicted potential for enplanements at airport i.

.In the Virginia Air Transportation System Study, Bi for each
Virginia airport was determined in the following manner: (1) Eq., (1)
was used to predict potential enplanements at each Virginia airport
for the year 1970; (2) actual enplangments for each Virginia airpprt
for_1970 were found; and (3) the value of Bi for each airport was
determined as the ratio of actual 1970 enplanements to predicted
potential for enplanements for 1970.  This value of Bi was then

considered to remain constant for future years:
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2. Data Analysis

Verification of this modéi was undertaken using data from three
states - Virginia, Michigan and Oregon. The results are presented
in Tables la-c.

Errors (i.e., 100 (Ei/Actual Enplanements) - 100%) vs. Actual
Enplanements are plotted for Virginia, Michigan and Oregon in Figures.
la~c. For Virginia, all airports except Roanoke showed errors which
were pééitive; that is, the predicted enplanements were greater than
the actual enplanements. For Michigan and Oregon, the opposite
situation occurred; 17 of 19 Micﬁigaﬂ airports and 8 of 9 Oregon
airports had negative errors; that is, predicted enplanements were
less than the actuél euplanements; Efrors were small for 1arge
| airports (e.gf, Norfolk +5%; Detroit, ~4%Z; Portland -1%). However,
errors for small airports (under 100,000 in actual enplanements)
were wide in raﬁge.

3. Sources of Error

A large source of these errors can be attributed to the calculation

of the.carrection factor Bi for.each airport; Thé ﬁalue of.Bi for
each airport was determined as the ratio of.écgual 1970 enplanements
to the predicteﬁ potentiai.enplanements for 1970. It was assumed that
this value of B, would remain constant for”the years beyond 1970.

| To have computed Bi based upon‘only'ﬁne vear, 1970, does not
seem to bg_a satisfactory method. The problemvisvillustrated.in
Eigure 2a-c, These three figures show the historical trend of

_enplanements for the years 1962 through 1974 for three airports which




exhibited 1argé errors in enplanements predicted: Roanoke, Va.
(-19% error)}; Lansing, Mich. é~24%); and Pendleton, Ore. (-25%).

For each airport, it can be seen that the growth in enplanements
levelled off (for Roanoke), or enplanements actually decreased (for
Lansing and Pendleton) in 1970, and then enplanements increased during
the period 1972~1974. For these airports where a noticeable
fluctuation in enplanements occurred, it would have been better to
calculate Bi based upon an historical trend in enplanements, and not
just upon the one year 1970. The values of Bi for Roanocke, Lansing,
and Pendleton were lower than what would have been achieved if the
correction factors had been calculated upon an historical trend, and
thus the results from Eq. (1) were predicted enplanements which were
lower than actual enplanements for 1974.

Aside from the problem of calculating the correction factor Bi’
the Virginia Air Transportation System Study Model performed well when
real data for the independent variables were used in this verification
test, However, the zbility to accurqtely forecast the independent
variables is necessary in order for the moéel to be used as a
forecasting tool.

The authors of the Vifginia Air Transportation System Study Model
made projections concerning future values of the Consumer Price Index
and Real U. 5, Average Airfare per Mile. The Real U. S5, Average
Airfare per Mile isone of the independent variables of this model, and
the Consumer Price Index is used in computing this Airfare variable,
and also the Real Per Capital Income variable (Yi)’ in ‘terms of 1967 .

dollar values.

i
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Table 2a ﬁresents the Virginia Air Transportation System Study
projections for the Consumer érice Index and Real U. §. Average Airfare
per Mile for the years 1973 - 1976. Figures 3a and 3b compare predicted
and actual values for Consumer Price Index and Real Average Airfare
per Mile, respectively. For 1974, predicted values were below the
actual values for Consumer Price Index and Reai Average Airfare per
Mile., Tor 1975 - 1976, the discrepancy between actual and predicted
values of the Consumer Price I{ndex becaﬁe greater. While the Real
Average Airfare per Mile in 1975 -~ 1976 was close to the predicted
value, this was due to an offsetting error in forecasting Average
Airfare per Mile, as shown in Tables 2a and 2b.

Without a good forecasting technique to accurately predict the
Consumer Price Index, it is likely that two of the independent
variables in Eq. (1), Real Average Airfare per Mile and Real Per
Capital Income, will be forecast incorrectly. The inability to forecast
iﬁdependent variables is a major problem in using the Virginia Air
Transportation System Study model.

Washington State Plan Model

l. TForm of the Model

The second model to be evaluated was the Washington State Airport
System Plan Model, (Aerospace Corp., 1973). It is a historical share

of the market model, and is given by

By = MMt v, .58, (3
where Ei = predicted enplanements at éirport i.
 Mﬁ/j = percentage market share fof'airpbrt i of the total scheduled

domestic enplanements of region j in which airport i is located,
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Mj/S = percentage market share for region j of the total scheduled

domestic enplanements of state S.

MS/U g. = percentage market share for state S of the total scheduled
domestic enplanements in the United States.
EU g, = total scheduled domestic enplanements in the United States,

2. Data Analysis

These market shares were developed for the state qf Washington
in the following manner: (1) the Washington State per;entage of the
total U. S. enplanements was calculated for the vears 1962-1970.
Seattle/Tacoma International Airport emplanements were excluded,
Seattle is the dominant airport in the state, and fluctuations in
enplanements at Seattle due to military travel and employment changes
in thé Puget Sound area produced large fluctuations in the data,

A historical trend of Washington State's (minus Seattle) percentage
of total U. S. enplanements was plotted, and a constant percentage
was forecast for fiseal year 1977 and beyqnd. This historical trend
plot is presented in Figure 4a; (2) Washington was divided into three
regions, associated with Rand McNally Major Trading Areas. The area
around Seattle (although Seattle/Tacoma International Airport was
excluded from enplanement data) was designated Region I, The area
around Spokane was designated Region II, Region III was considered
part of the Portland, Oregon area, and was excluded from further
calculations, This was done because Region III scheduled air carrier
passengers were assumed to be attracted to Portland International

Airport (there is no scheduled aircarrier airport in Region III in

P R © - T R R, !



Washington). ﬁistorical trends of percentage market share of Region
I and Region II were made in 5 mammer similar to Figure 4a, and
projected constant market shares were made for the year 1977 and
beyond; (3) for each airport in Regions I and IT, an historical trend
was developed for percentage market share of airport to region, just
as was done in the two previous steps.

Verification of the Washington State System Airport Plan Model
was conducted by testing the model in three states: Washington,
Virginia and Ovegon, using actual 1974 enplanement figures for total
U, S, enplanements, The results for Washington are presented in
Table 3a. The major problem with verification of the model in
Washington State was the significant decline of certificated air
carrier service to a number of Washington airports, and their
feplacement with scheduled air commuter flights, for which enplanement
data for 1974 could not be found., Approximate enplanement figures ‘ i
were calculated using data from an Official Airline Guide, North
American Eﬁition, July 1, 1974. The relationship for annual commuter i

enplanements, E, was assumed to be approximated by

E=52]N CL (4) ;
x 1 . : o

where Nx number of f£lights per week of aircraft type x departing
i
airport i. : .i

c

, — Passenger capacity of aircraft x.

1l

L.

" average load factor of aireraft x,

Results of using Eq. (4) are shown in Table 3a. An average load

factor of 0.40 was used in all calculations. Amother irregularity

r
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occurred in thé results for Washington State, although it was apparent
for only one city, Spokane. époknne was the host city to a World's
Fair in 1974, and passenger enplanements were about 85,000 higher than
predicted. This special event was probably the major reascn for this
difference, The effect the World's Fair had on the enplanements of
other airports is not possible to gauge because of the lack of
certainty concerning commuter enplanements.

Although the Washington State Airport System Study Plan Model was
designed as a forecasting method for the state of Washington, the
problems discussed above have made it impossible to correctly judge
its capability.

To test the Washington State System Airport Plan Model when
applied to Virginia and Oregon it was necessary to develop the
historical trend curves of the market shares. This was done in a
manner similar to the method used by the authors of the Washington
State System Airport Plan; the only significant difference was the
omission of dividing the state into regions. Instead, percentage
market shares of the airports were éalculated with respect to the
total enplanements in the state. Eq. (3) was modified to the
following.form:

E.

1 = /6.5 E

“U.8, (3)
where Mi/S = percentage market share for airport i of the tetal
scheduled enplanements of state 8.

Ei,M = game as in Eq. (3).

3/u.8,'Fu.5.,
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The histofical trend cerves for Virginia airports are presented
in Fig. 4b. Danville and Hot 'Springs do not appear because their
percentage market shares of the Virginia total were under 17.

Tables 3b and 3c are the results of the modified Washington State
System Airport Plan Model for Virginia and Qregon, respectively,

using actual enplanement data for 1974 for the variable E

U.5.

3. Sources of Error

Figure 5a shows the error vs. actual enplanements for Virginia
airports. The model seems to be a good forecasting tool only for
larger airports; that is, airports with enplanements greater than
300,000, Enplanements at small airports were difficult to forecast
because a small error in the forecast percentage markek share, Mi/s,
would cause a significant change in the predicted enplanements, For
larger airports, however, a difference of 1% or 2% in the prediction

of variable Mi/ would not greatly affect predicted enplanements.

S
This is shown to be true for Oregon airports also, as seen in Figure
5b. The larger airports, Eugene and Medford (which have a combined
market share of 76¢ of the state total) were predicted very accurately,
while the results for the smaller airports showed a large range in
arrors. Notice that.Portland was excluded from thé calculations

in Oregon. Portland is the dominant airport in the state (82.4% of

all Oregon enplanements occurred at Portlﬁnd.in 1974), and to have
included it in’the market share analysis would have made the market

shares so small for the other Oregon airports, it would have been

impossible to achieve any dependable market share forecasts.
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In summarﬁ, the market share model has been shown to be a good
forecasting tool only for airéorts which have a large market share of
the state total., It is very difficult to make accurate forecasts for
small airports. A further drawback is the need to obtain historical
data in order to develop the market share percentage, which makes
this'téchnique uﬁusable for predicting enplanemenis at a new”airﬁﬁrt

where no historical data exist.

Michigan State Plan

L. Form of the Model

The MichiganVState Airport System Plan Model (Stanford Research

Inétitute, 1974) was the last of the state plan models to be tested.

Total travel between two regions and travel by each mode between two
regions were the quantities which this model was designed to calculate.
An outline of the methodology will be presented here. First, a

travel "conductance" for each mode was defined as follows:

w_ =a tum(l)cam(Z){l - exp(~ .12 £ )}a‘“(g) (6)
m m o i m
where wﬁ = travel conductance for mode.m'between regibu i and region j.
£, = travel time between region i and region j by mode m.
¢, = cost of travel befWéen region i and regibn j By ﬁode.m;
fm = frequency of service EetweEn region i and region j by mode m.
am,am(l)gam(Q),qa(S) = modé—specificbcalibration'parémetérs.

A total travel "econductance” is defined as:

W= o - , (7)
m : )

where W = total travel conductance between region i and regiom j.

12
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v, o= travel conductance for mode m between region i and region j.
Next, the total predidted'passenger travel between two regiomns,

i and j, can be expressed by the following equation:

- 0.9
Tij BiSjPin W (8)

1]

where Tij predicted total travel between region i and region j.

l

BiBj = regionél constants for region i and region j, respectively.

Pi’Pj populations of region i and region j, respectively.
W = total travel conductance between region i and region j.

Travel between two regions for a single mede is thus defined as

T .. == T;. : | ’ ‘ (9)

I

where Tmij predicted travel by mode m between region i and region j.

W travel conductance for mode m between region i and region j.
W = total travel conductance between region i and region j.
Substituting the expression for Tij of Equation (8) in Eq. (9)

vields the following equation for travel by mode m between two regions:

_ .9
Toiy =W BifPify W

(10)
As air is the mode of interest, a working equation for
calculations can be achieved by substituting the expressions for v

and W into Eq. (10):

0La:i.r(]‘) uaircz) aair(B)

r o lairtair  Sair 1 -exp(- .12 £, 01 8,B.F.P.
air, . e (1) o (2) o (3) ' 344
B & m m* m 1

| {é ?m@m c {L - exp (- .12 fm}} ‘} (11)

13
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The valueé for the mode specific calibration parameters, as
prasented in the Michipan Staéé Airport System Plan, are showm in
Table 4a.

As the air mode was the only mode of interest, it was desirable

to find some way of approximating the denominator of Eq, (11) in

order to avoid the long and tedious process of caleculating conductance

" values for all modes. The following was the method used to

approximated Wﬂ'l: (1) three cities, Roanoke, Dallas and San

Franeisco were chosen, and the travel conductance for trips betwesen

Charlottesville, Virginia and these three cities were calculated.
Charlottesville was chosen because of familiarity with the trans-
portation systems in the area, and the three destination cities,
although somewhat arbitrarily chosen, were selected because each
was a particular distance away from Charlottesville: Roanoke is
short haul (88 air miles); Dallas is medium~long haul (1,100 air
miles); and San Francisco is long-haul (2;400 miles); (2) the values

of Wi Q, and Wo’l were calculated for the three city pairs, and the

- results are presented in Table 4b; (3) using these three points,

- Oll - - -
a smooth curve was drawn, showing W as a function of air distance.

This curve is shown in Figure 6a, and was used as a calibration curve

to obtain approximate values of Wo'l.

2, Data Analysis
The state of Michigan was divided into 27 regions (see Figure 6b).
Soma regidns did not have their own airporté, and were dependent upon

a neighboring region for air service. The continental United States

14
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outside of Micﬁigan was divided into 20 regions as shown in Figure 6c.
The external regions surrounding Michigan were gmall in land area,
constituting only parts of neighboring states. As distance away from
Michigan increased, regions increased in size, constituting groups of
states.

Each region, both within and ocutside Michigan was given a region
constant and a "gateway" city was selected as the representative city
of the entire region for the purpese of calculation., &4 .list of
each region, its gateway city, and value of its regional constant is
presented in Table 4e,

Sample calculations for air travel between regions were
performed, using Region 8, Grand Rapids, Michigan, as the region of
origin., The results of these calculations are presented in Table 4d.
It was not possible to obtain data for 1974 which could be compared
directly with these calculated results. The best available data was
from the Origin-Destination Survey of Adrline Passenger Traffic,
Table 8, compiled by the Civil Aeronautics Board, for the l2-month
period from April 1, 1972, to Mareh 31, 1973. The data is presented
as the number of passengers between city pairs, based upon 107 of all
tickets issued nationwide. Therefore, the approximate number of
passengers who traveled between two cities (traffic in both directiomns)
can be obtained by multiplving by 10, and approximate one-way
travel can be obtained by dividing by 2. These results are shown
in Table 4d, It is difficult to directly compare these results, as

the figures obtained from the CAB table are not for 1974, but from

15
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- over a year earlier. Also, the caleculations performed by use of the
Michigan State Airport System'Elan were not city pair calculations,
bﬁt caleulations for travel between regions, where some regilons
. . - encompass several states. The state of Michigan is divided into enough
regions so that almost every region has at most one airport.: Therefore,
Region 8 is roughly equivalent to the actual ;egion which is served
by Grand Rapids Airport. ‘“However, a Region like Region 44, which
consists of Colorado, Utah, New Mexico, Arizona, and Nevada, contains
many large cities with their own airports. The gateway city of
Denver is a representative city of the region used in the calculations,
3_: but the calculated result should indicate air travel from Grand
Rapids to all cities in that region. This makes direct comparisons
difficult, although it is obvious that the calculated results for
travel to regions outside of Michigan should_be_larger than the
figures from the CAB table. For travel within Michigan, the opposite
éT; ' problem sometimes occurred when a region had no airport. These
regions had their populations added to the population of the closest
i region with an airport.

‘3. Sources of Error

Posgsible errors have occurred from the following factors: (1) the
use of Figure 62 was only as an approximate calibraticn curve, and.
did not take into account the unique problem encountered in traveling
by ground from Grand Rapids to. certain regions outside Michigan due
to the necessity of having to skirt the Great Lakes; (2) se%ere

b - weather in the wintefin the Great Lakes region would probably cause




a shift in auto travel to air travel between certain regions. It is

not known if the regional constants were calibrated to take into
account such a problem}

For the regsons explained above, the results of testing the
Michigan State Afrport System Model are inconclusive. However, the
errors indicate that the predictions are much too low in general.

Study of travel demand between pairs of regions provides more
insight into the travel patterns of a community than to merely predict
total departures without regard to destination.

The testing of these three models shows different techniques for
forecasting air travel demand and highlights various shortcomings
in each. A comion situation which has been encountered with each
of these techniques has been the omission or inébility to exﬁlicitly

include all dimportant factors which affect the travelmaking decision.

17
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SECTION II
VARIABTES OF INTEREST

In order to better model the demand for air travel between cities
an investigation of the variables most likely to account for the
differences in travel patterns was undertaken. There have been maﬁy'
studies in the literature, both in intra-and inter-city demand analyses
which have tried varieties of variables., Most of the work has centered
on the use of econometric type models, however a few have attempted to
use non—conﬁentional variables. Table 5‘summarizes some of the work in
the inter-city.arena. In some cases (efg. the ﬁoik by Yu, 1970) the
significance of each.of tﬁe variableé triéd.is discussed. In most
cases it is not. In addition to the variable type the question
should be asked, what is the propér form for the variable? That is,
is it more appropriate for the variables to appear in a product form

or in a summation - or perhaps some other representation. A complete

investigation of this is beyond the scope of this work, however several

authors have shown that the product approach yields better agreement -
with actual data.

In an attempt to analyze some of the wvariables several correlational
studiés were made. Imn these:trips were subdivided in_several.ways -
200 mile increments, 100,000 population increments, ete,

Variables considered included, white collér workers, whulesale_trade{-
home owuérs, manufacturing workers, collegé gfaduates, value added,
no. of'households-with more than $15,000 in income, total income,

retaill sales, distance, and population. Plots of several of these are

shown in figure 7a through 7d. The first three of these show a

8-
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significant correlation for no. of white collar workers, per capita
income and no. of manufacturing workers. The fourth (7d) indicates the

lack of any relationship with college education. Table 6 summarizes

‘the results of this study.

TABLE 6
SIGNIFICANCE. OF MODEL VARTABLES
Variable Significance

WhitéAcollar workers
Wholesale trade
Homeowners
Manufacturing workers
College graduates
Value Added

Salaries over $15,000
Income

Retail sales

Population

n v H H H H H B omonowm

Distance
In addition to the above both additive forms of each of the
variables and product forms were tested. In all cases where the

variable was judged significant the product form was superior.

19
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SECTION IIX
DEVELOPMENT 0% A NEW AIR DEMAND MODEL

The results of the tests performed on present air demand models
showys the need for more sophisticated modeling techniques in order
to achieve an accurate forecasting tool, From a study of the
literature, it is épﬁarent that the travel haEits of different gfoups
of people differ, Considerable research has been dome in an attempt
to find the mostimportant factors which influence air.travel (e.g.,
Kuhlthau and Jagobson, 1976, Jacobson and Kuhlthau, 1972, lLee and
Jacobson, 1972, Port of N. Y. Autﬁority, 1957, Federal Aviation
Agency, 1963, and Federal Aviation Administratiog, 1976). TFrom these
and the findings of the previous section a list of the factors
considered to be most important are presented in Table 7, Also, it
has1been shown that the traveling public can be divided into distinct
groups according to the purpose of the trdip, (Yu, 1970, Lee and
Jacobson, 1972, Port of N. Y. Authority, 1957). Different factors
influence the travel decision process according to the purpose of
the trip; therefore, a new air demand model should segment air
demand due to business travel and air demand due to pleasure travel,
Several other market segmentations may also be necessary.

From a purely mathematical viewpoint using nonsegmented data
can lead to incorrect aésumption when doiﬁg ragression'analysgs.

This has been discussed by Hensher (Hensher, 1976) who pointed out

the difficulties which can be encountered. For example, consider -

the variation in number of trips generated between city i and city

20
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j with income. Consider two groups ~ those with high education and
those with low education leveis. The data might well be distributed
as shown in Figure 8. The actual behavior with income variation as
predicted by linear regression would not accurately represent the
true travel behavior. If the market were segmented by education level
thén true behavior would be represented.

It is felt that most of the major shortcomings of past aggregate
models has been their inability to segment the data properly, The
natural end point for this segmentation is behavior om an individual
level - what is commonly referred to-as disaggregate modeling, For
intercity travel - as opposed to intracity travel - the ability to
use market segmentation to disaggregate the data offers a useful
alterﬁative to the extreme of individual behavior. It haé éome of
the same advantages of the treatment of individual data - e.g.,
requireé less information for modeling sincekonly a limited'number
of data points is needed in eaéh cell'(segmentationj. And, it does
not sufferAfrom the drawbacks of complete aggregation - e.g., nonlinear
effects lost in data pooling.

Two ofAthe three models investigated — the Virginia énd
Washington State Plan Models - wetre dgsignéd only to forecast total
enplanements from a region. These models iacked the capability to
determine the demand from the region under study teo particular
destination regions. The Michigan State Plan Model did provide the

methodology necessary. to s;udy demand between particular regions,

‘thus providing a greater understanding into the nature of the demand.
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A new air demaﬁd model should investigate the demand between pairs of
regions, and the total demand'for air travel in a particular region
can be simply calculated by summing the demands from that region to
all destination regions.
Form of Proposed Medels

The following equations are proposed which will ségment the

demand. At the minimum, segmentation should be by purpose of trip.

Here air demand for business is proposed to be the following:

C, G
2R % 4% Gg oy Gg Gg. Oyg

Tijb = t‘lb(f:,c1)~--——1——m3 Ch, Chj {glb'rij Eijb + g?_bwij c 1§ }Rij
Pis (12)

where T = number of air travelers from region i to region j for |

ijb
business purposes.

flb(t,d) = function of length of stay in region j and distance

between regions i and j.

Pi’Pj = populations of regions i and j, respectively.
Dij = distance from region i to region j.

Chi,Chj = industrial characteristics of regions i and j, respectively.

&y = function of air mode system characteristics
Tij = travel time from region i to region j by air mode
Eijb = convenience of air mode from region i to region j (e.g.,
scheduling, number of seats available during peak travel
~ hours, ease of airport access and agress)
8oy function of air mode comfort characteristics (e.g., seat

comfort, ride quality, etec.)
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Wij = ability to work while traveling (e.g., space to work,

ability to read and write, ect.)

Cij = comfort characteristics (e.g., seat comfort, ride quality,
etc.)
Rij = road conditions between i and j

Notice Eq. (12) contains a term which is the produce of the two
regional populations divided by the distance between them; such a
term is called a "oravity" term because of its similarity to the
equation describing the gravitatinnal attraction of two physical
objects. The gravity term is considered the basis of attraction
between the two regions i and j, and therefore ﬁhe basis of travél
between them. It is modified by the industyial characteristics of
the regions to account for the fact that certain industries have
greater travel needs than others (Port of N.Y. Authority, 1957, Federal
Aviation.Agency, 1963), Regions can Ee classifiéd according to the
type of businesses which are the most important. For example, an
FAA study of the business characteristies of metropolitan areaé,
classified each area inm one of four categories: (1) marketing center;
(25 institutional (e.g., government or academic); (3) industrial
(e.g., manufacturing); (4) balanced, i.e., none of the three types
were dominant, The general E£indings of thisrstudy were that marketing
centers and iqstitutiqnal center were heaﬁy users of air travel,
while iudustrial.centers were slow users by comparison, and balanced
cities were average unsers (Figure 9), ~Thus, given two regions of

the same population size, a marketing center would enplane more
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passengers than a manufacturing (industrial) center. The industrial

characteristies variables in Eq. (12) act as modifiers of the population

variables.

Tke function flb(t?d) is another modifier of the gravity term.
This function represents the personal decision making process to use
air rather than another mode, based upon the distance of the trip
and the length of stay at the destinatioﬁ. For example, a 300-mile
trip for a day clearly necessitates the use of air, whereas a trip
of 300 miles for a week's duration may be more practical bﬁ auto
{especially if an auto would be needed at the destination during the
weeklong stay). Generically this function might apvear as shown in
Figure 10.

The remaining terms in Eq. (12) can be considered system attributes
which modify the basic personal and regional demans for air travel.
Total travel time by air and conveniencé of the air mode represent
the two wmost important system attributes, and could be considered
"air advagtage" variables; that is, would reflect the superiority
{or inferiority) of the air mode versus other available.mpdes for
the business trip. The last two variables, ability to Work and
comfort, represent "persomal taste" of the traveler, and again reflect
a potential advantage or digsadvantage for the air mndg compared with
other modes.

Notice that some of the factors listed in Table 5 are not
included in Eg. (12). In business travel decisions these factors are

ot considered important in the process of travel choice. Of the
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mode variables; comfort and convenience were used in the model, but
cost, reliabiliry, and safety were not. Cost has been found to be a
relatively non-critical factor for business travelers. (Lee, W. and
Jacobgon, I. D., 1972), Reliability and safety are important, but
the business traveler considers both of these to be very good for the
air mode, and therefore not critical in the deecision making process.
Service is related to comfort and convenience, which are included in
the model, and speed is related to travel time.

No personal variables were included. For business travelers,
thesg four factors are highly interrelated, and are also related to
the industrial characteristics of the region. Likewise employment
can be considered as part of the regional industrial characteristics,

0f the tyrip variables, purpose of trip has been considered to
be the most important, and has been used as the means of disaggregating
the traveling public. All other trip variables are included in
Eq. (12), except for the size of the traveling party, which was
considered unimportant,

In the same manner that an equation for air demand for business
purposes was developed, an equatioﬁ for ﬁleasure fravel demand was

formulated, and is shown below:
B, B
p lp 2 B By Bg Be By Bg By P10

T., = f, (t,d,p,S) — I. A, R,.{g. $.,T..E., +g R..S5..
igp = FiplE- 0P8 T By A5 Ryy t8ip Bay Tig Bagp ¥ Baphyy By
i D.> . _ .

where Tijp = number of air travelers from region i to region j, for

pleasure purposes. .
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flp(t,d,p,s) = function df length of stay in region j, distance

between regions i and j, number of people in the

party, and number of stops (other secondary

destinations), in itinerary.

T L T S T T

?.,Pj = poputations of region i and.j; respectiveiy.
Dij = distance from region i and regiou 3.
'Ii = income distribution in region i.
A, = attractiveness of regicn j. 'x
Rij = road condiﬁions between i and j. 5%:
glp = function of air mode system characteristics. 1
$ij = cost of air travel from region i to regiom j.
Tij = travel time from region i to region j by air mode. g
Eijp = convenienge of air mode from region i to region j |
(different from convenience as preceived by business E
traveler) 2
gzp = function of air mode dependability characteristics as g
perceived by pleasure travelers. %
Rij = reliability of air mode (é.g., on-kime performance) g
Sij = safety of air mode as perceived by pleasure travelers. %
i
Eq. (13) ig similar in form to Eq. (12). Once again, the gravity :

term is the basis for the attraction between the two regions.

of industrial

characteristics of the two regions, the income

-

distribution of region i and the attractiveness of region j are the

modifiers used. Regions of high attractive value would be places

which attract

ete.).

a large number of tourists (e.g., Florida, California,
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As with business travelers, the length of stay and distance
would play a role in the deﬁision making process, and also the number
of people traveling together (i.e., individual, adult couple, entire
family, ete.), and the number of places planned to be visited enroute
(e.g., a vacation trip in which it is desired to visit all attractive
regions in Florida or California, ete.), would come into consideration.
See Figures 11 and 12.

As for the mode variables, travel time and convenience are
included, although "convenience” for a pleasure traveler is probably
differenﬁ than for a businessman., For example, a pleasure traveler
would be interested in a flight which would have discount seats,
whereas a businessman would be concerned with finding a flight which
bést matches his business itimerary. Cost is a very important factor
in pleasure travel, and safety and reliability alsc play an important
part in decision making. Fear of flying is still a strong'negative
factor among a sizeabli fraction of the traveling public, and is
probably strongest among people who have never used air travel before,
Although this is probably due to a lack of familiarity with air
travel, it is still a problem that needs to be ovércéme béﬁore air
travel becomes a serious éonsideration in planning a pleasure trip.
Combined Model |

Although the above models represent é conceptual approach to
the problem it is 1mportant to note that not all of the variables

can be ea511y obtained. A good example of this is 1llustrated by

“the dependent varlables for the number of busxness and pleasure
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travelers, T.., and T,. . It is a good approximation that the
ijb ijp )

national total of air travel is divided between business and pleasure

travelers at 70%Z for business and 30% for pleasure. However,
there is no certainty that a given pair of regions will have a
business/pleasure composition of traffic that is near the 70%/307%
figure.

Likewise, the function fl(t,d) in Eq. (12) and the function
ﬁﬁt,d,p,s) in Eq. (13), while qualitaﬁively obvious, are not easy to
quantify.

Because of these problems a combined equation was created and
tested. Not to prove the correctness qf the model chosen -~ but to
test the need for some of the less conventicnal variables.

To this end a subset of the above variables was chosen for
analysis. These included:

o population of city i, Pi

o population of city j, Pj

0 distance between city i and j, Dij

o road_conditions around city i to airport in city i, Ri

o road conditions around city j to airport in city j, Rj

o attractiveness of city i, Ai

0 attractiveness of city j, Aj

o number of seats available, Sij

o. characteristics of city i, Chi

o characteristics of city J, Chj

o reliability of flights, Kij
o cost,'$ij

o time, T,
i
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Selection of Cities

Table 8 provides the list of all cities which are considered
in this study. City pairs were selected considering the following:

o range (short/medium/long)

o population (low/medium/high)
In the beginning, 35 pair of cities were selected which were
subsequently increased to 251. This was done to test the model(s)
at various levels of disaggregation. Pairs of cities are listed in
Table O with data for 1974. Data for 1970 is given in Table 10.

The coﬁmunity with an airport can be described in terms of the
air traffic héndled'af its airport, aﬁd‘vice versaj an airport reflects
the characteristics of the community it serves. The amoﬁnt of air
traffic volume genefated by a community is related to the size‘of the
community; that is, large metropolitan areas generate more air traffic
than small cities. Traffic variations within a population-size group,
however, reflect community differences in economic character and
other factors of the regiomn.
Vaviables

Travel cpst is the expense in going from the central city
of region i to the central city of the region j. The travel cost
is calculated by adding the following threc costs:

o coach air fare from the airport of region i to the airport of

region j.
‘0 the cost to reach the airport from the central city in region i.

o the cost to reach the central city from the airport in regiom j.
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f Travel tiﬁe is defined as the time spent in going from the
| central city of region i to tﬁe central city of the region j. It is
. the summation of the following four elements.
o travel time from central city to airport im region i,
o travel time from airport to the central city in region j.
o actual flight time from the airport in region i to the airport
in region j.
o 45 minutes for ticket and luggage check in at region i and
luggapge check out at region j.
Reliability was measured as the percentage of the scheduled
- flights from the airport at region i which actually departuredvinb
the year under consideration.
Direct airline connections anﬁ routes are.a prefequisite to the
development of the airline passenger potential, Tigure 13 compares
the air traffic relationship between Kansas City and Denver in 1940
when the routes included Omaha and Wichita as intermediate stops and,
in 1946, after direct service.had been instituted. The increase in
| the number of passengers traveling between the pair of cities is

apparent from the following (FAA, 1963).

(7 ' Passengers between Denver and Kansas City 29 1,484
Percent of Denver's total traffic 1.20 o 5.70
gj Percént of Kansas City's totai traffic | 0.21 | | 4,63
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PASSENGERS BETWEEN DENVER AND KANSAS CITY

1940, SERVICE FOR SEPT 1946, SERVICE FOR SEPT,
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L j\/{ﬁrs;ﬂs . !KAN‘?AS
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WICHITA === _ LY

Change of airline necessary at Direct Route
either Wichita or Omaha

Figure 13, Direct Route Passenger Service Generates More Traffie Than
Indirect Connections

Thus; the number of passengers between two citiés is directly
proportional to the number of direct flights without stoppage and, to
a lesser extent, to the number of direct flights with stops and the
connecting flights.

Generally, the purﬁose of trip is either pleasure or business.
Short distance tfips can be considered as business trips. When
purpose of the trip is included in the model, the level of service/
comfort can be taken as the number of seats available during the
morning hours, i.é.,'on flights arriving at airport in region j by
noon, for short distance flights. This will take into account the

businessmens’ needs for morning departure for one day trip. This

criterion was not used for long distance flights because a long-distance

trip is hardly ever a one day trip, so that morning departure, even

for a business trip, is not as critical as for short flights. TFor
long-distance flights, level of service represents the number of seats
available in ona day. The procedure to calculate the number of seats is

described in the next section of the report,
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When the éurpose of the trip is not considered in the model,
level of service is considere& as a function cf the number of available
seats and is same for both long distance and short distance flights.
Attractiveness of the cities also affects the number of
enplanements; that is, famous cities with many tourist and/or business
attractibns generate more air traffic than cities with l1ittle attraction.
The communities are classified according to whether the community
earned its livelihood pfimarily by trade and/or industry. Accordingly,
communicities were divided into four categories: _Industrial Communities,
Marketing Centers, Institutional Communities, and Balanced Communities.
Markéting Centers have wholesale sales per capita that are
significantly above average and a percentage of industrial employment
that is below average; criteria for Industrial Communities are the
reverse, Balanced Communities have "around average'" counts for both
eriteria; while Institutional Communities are “negative' because their

primary economic livelihood is derived, at least im part from activities

‘not directly related to either trade or industry. Table 11 classifies-

the cities in these four categories.
Considering these independent variables, the proposed model for

the calculation of the number of enplanements between two cities i

and j is
@ Gy Qg @y Gy Og Gy Gg Bg Ogq  Oyq G4
Y .=xP, P, D,.$,, TT.. ¥, ST,. A, R, K., Ch, Ch, (14)
if  Toti T3 Tij o tij iy i3 TTig T4 i i i j. .

where Tij = no. of enplanements from region i to region j

PP
1

5= population of regions i and j, respectively (in 1000's)
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= distance from region i to region j
= cost.of air travei from region i to regiom j
TTij.= travelti%@‘from region i to region j

F.. = no, of flights from region i to region j

STij = no. of available seats in planes from region i to region j
Ai = attractiveness of city i

A, = attractiveness of city j

R, = road conditions of city i

R, = road conditions of city j
K

. = reliahility of service at region i

Ch.i = characteristic of city i

g
[IN
Il

characteristic of city j

Relative attré&tivEness of the cities were compared and values
were given to each city out of a maximum of 20 (where 0 is very little
attraction and 20 highly attractive). Road conditions were also
compared and values assigned to each city out of a maximum of
10 (where 0 is very poof and 10 excellent). The definitions of each
of these variables is summarized in Table 12.

Many regression models wére run using data from the 251 city
pairs. Various cémbinations of parémeters were tried and various

forms of the model evaluated. Based on these a model for trips

from city i to city j, ’1’ij where the distance is greater than 300 miles

is given by -

.62 .35
‘ -S Pi P. 4.88 .03 1.25 .38 -.38 -1.04
T,. =1.3x10° —z1—R, A, S,. F,. Ch, Ch,
i3 : .58 B & ] ij ij i h|
D,.
1]
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where the number of flights Fij is given by

ne. of direct f£lights
No. of direct flights (1 stop) + (2 or more stops)

No. of direct flights +

2 3
No. of connecting f£lights (no stop in either No. of connecting flights
P segment of trip) + (one stop)
4 6

o No. of comnmecting flights (2 or more stops),
8 : ?

and the number of seats Sij by

No. of.seats in direct flight (DF) No. of seats in DF (one stop)

(no stopg) + 2

o No. of seats in connecting flights
. No. of seats in DF (2 or more stops) +_(CF) (no stop in either segment of.
4 trip)
10

No. of seats in CF (1 stop) +.No. of seats in CF (2 or more stops)
8 10

+

Thé characteristics of city i and j are the percent employed in
manufacturing and wholesale and retail trade respectively.

Details of this model are given in Table 13.

TABLE 13
Variable Exponent ~ Std. Error . F Significance
: .62 .10 39,7 .00
i .35 .08 21.6 .00
D,. -.58 .12 22,1 .00
R, 4.88 2.43 4.1 .05
A .03 .11 .09 .76
s.. 33 15 4.8 .03
ij -
Fys .39 | .18 45 .04
Ch, .28 .13 4.5 .04

Ch -.85 .52 206 .1
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Several points are worth noting here, First, conspicuous by its

+

absence is the time variable. This is due to the fact that time and

‘distance are highly interrelated for a single mode and thus the

affect of time is embedded in the distance variable. Another point
to note is the negative exponents on the city characteristics. This
implies that the more manufacturing (and thus less government, education,
professional, ete.) the fewer trips generated in region i and the
more retail trade (less government, education, profession and manu-
facturing) the fewer trips attracted by j. In addition the population
of the originéting city is more of a determining factor than the
population of the destination city,

This model which is significant at better than the .01l level
accounts for 937 of the variance in the data; or, has a correlation

coefficient of r=0.963. It is felt that although this model is a

composite model with many assumptions it has demonstrated the ability of non-

conventional, more easily forecastable variables to predict demand.
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SECTION IV

CONCLUSIONS

Several conclusions can be drawn from this study:

Q

Q

a more sophisticated model to predict travel demand is needed
many existing variables used to predict demand cannot be
forecasted reliasbly

market segmentation is necessary to develop better demand
forecasting models

non-conventional (i.e. other than cost and time) wvariables
can be used to predict demand

there is a distinet lack of data to use for non-economic

demand models
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m Study Model for Virginia Alrports, 1974

TABLE la; Verification Test of Virginia Air Transportation Syste
. (1)

. 1974 S 1974 1974 1974 1974 Actual Enplane- Ei ot S 1.00
Alrport Code . Pi )3 11 By Bi Ey ments 1974 Actual het i
Charlottesville  CHO 13?.100‘ 5.508 3056 87,300 627 54,700 52,9200 1.03 + 3%
hunv;llc DAR 217,800 5.508 2990 134,400 .063 8,500 7,900 1.21 +217

tiot Springs
anchbqrg
Héwport “EWS‘
Norfolk
Richmond
Roancke

Staunten
(Shen.Valley)

HSP -
LYK -
BUE
ORF
RIC

- ROA

SHD

5,100
175, 600
373,500
817,000
942,700
490, 200

178,700

5.508
5.508
5,508
5.508
5.508

5.508

5,508

3770
3203
3407
3361
3723

3033

2985

4,400
119,400
277,200
594,800
793,000
308, 700

110, 600

1.417
» 507
.800

L.244
.582
916

.204

6,200
60, 500
221,800
739,900
461,500
282,800

22,400

1,878,200

4,800

56,000
200,500
701,700
426,500
351,200

21,900

1,772,100

~19%

+ 2%

¥00d &
i Bovy Ev_busm;

AdIvoe

FOOTNOTES;

(I)Enplanements are Scheduled Domestic Enplanements for Certificated
~Alr Carriers.
Source: Alrport Activilky Statistics, 12 Honths Ended 31 Dec. 1974
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. TABLE 1b: Verification Test of Virginia Alr Transportation System: Sthdy Model for Michipoan Airports, 1974
1374 14974 1974 1974 1974 Actual Enpl:;i— L _Ei -1.00
i Airporg Code Py F i Ery 01 Bt ments 1974 Actual Act, *
1 Alpena APN 107,800 5.3508 2354 47,400 .185 8,800 9,200 .06 - &7
2  Benton Harbor BEM 275,200 5.508 2808 155,400 .172 26,700 30,000 .89 ~11%
3 Detrait obIT 4,763,600 5,508 3529 3,715,700 .976 3,626,500 3,776,200 .95 -~ 4%
4 Escanaba ES5C 46,700 5.508 3488 22,200 .689 15,300 15,400 .99 - 17
5 Flint FNT 580,600 5.508 30322 363,700 224 81,500 949,600 .82 ~18%
5 Gramd Rapids GRR 722,500 5.508 2966 440,800 581 256,100 284,600 W90 -10%
7 Hancock X 45,500 5.508 2158 18,100 .866 15,700 18,800 .84 -16%
8  Iron Mountain INT 3n,400 5.508 2553 14,000 .837 15,900 16,400 97 - 3%
9 Ironwoad b 31,700 5.508 2261 13,200 .688 9,100 8,700 1,05 + 5%
13 Jackson JXN 272,100 5.508 29G4 161,100 .041 6,600 8,700 .76 -24%
11 Kalamizeo 476 473,406 5,508 3074 303,800 .327 99,300 101,300 .98 -2z
12 Lansing LAN 396,500 5.508 3145 262,800 466 122,500 160,600 26 ~24%
13 Manistoe HEL
14 Menoainee M 25,000 5.508 2327 10,800 859 9,300 9,200 1.01 + 1%
13 Marquette nyT 79,100 5.508 2517 18,300 .742 28,400 22,900 .95 - 3%
16 Muskepgan Kidy 288,900 5.508 2578 144,600 .470 68,000 73,100 .93 - 7%
Pellston PLY 38,900 5,508 2531 19,000 1.294 .24,600 27,100 .91 - 9%
1d saginaw MBS 735,700 5.508 2797 413,200 .394 162,800 170,400 .96 - 4%
Y SMEiSte sew 53,500 5.508 2224 21,700 .522 11,300 12,300 .02 - 8%
20 Traverse City TI¥C 140,400 5.508 2482 66,600 .850 56,600 64,300 .B8 ~127%
I ' 4,645,000, 4,915,800 .94 - 6%
FOOTNOTES 5
(D

Air Carriers

Source: Adrport Aénivity Statiseies, 12 Months Ended 31 Dec. 1974

Enplanements are Scheduled Domestic Enplanements for Certificated

A
%
%‘%
? O
v
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Gt

TAULE les Verifleatfon Test of Virginia Air Transportation System; Study Model for Oregon Alrports, 1974

_ 1974 1974 1974 1974 1976 Actual Empland?? By - L.co
{  airport Code Pi F Ly gy 81 Ej ments 1974 Actual Act *
1 astoria AST 29,100 5.508 3114 19,000  .069 1,300 700 1.86 +86%
2 Eugene EUG 395,700 5.508 2921 236,300  .4B3 114,100 136,100 .84 163
3 Klamath Falls LMT 58,900 5.508 2925 35,200  .608 21,400 24,500 .87 137
4 Medford MFR 154,600 5.508 2730 84,000 1.073 90,100 93.900 .96 - 43
5 North Bend oTH 73,100 5.508 2042 44,100  .312 13,800 15,500 .89 117
6  pendleton POT 80,700  5.508 2005 47,500  .663 21,200 28,200 75 257
7 portland PDX 1,181,900 5.508 3436 687,800 1.666 1,479,100 1,501,000 .99 - 1%
8 Buodoond Rixg 61,200 5.563 2817 34,700 L145 5,000 7,600 .60 ;3&2
9 Salem SLE 290,700 5.508 2921 173,600  .057 9,900 13,200 .75 ".25%
£ " 1,755,900 1,820,700 .96 - 47

FOGTHOTES:

m Enplanements are Scheduled Domestic Enplanements for

Certificated Alr Carriers
Alrport Activity Statistics, 12 Months Ended
31 bec., 1974

Source:

e e

i
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TABLE 2b: Changes in Consumer Price Index and Real U,S. Average Airfare, 1973-1976
Incr. in Real
Av. Adrfare
Incr, in U.S. (Airfare/CPI)
Increase in Av. Adrfare {¢/mi) Real U.S.
C.P.I. over C.P.I. {¢/nii) over 1.5, Av. Adr- Over Previous Av. Adrfare
Previous year (1967=1) frevigus Year fare (¢/mi) Year {¢/mi)
1972 - 1.253 - 6,218 - 5.521
1373 + 6.2% 1,331 + 1.6% 7.030 ~4,3% 5.281
1974 +11.,0% 1.477 +15.7% 8.136 14.,3% 5.508
1975 + 9,.1% 1.612- + 2.2% 8.314 -6.4% 5,158
1976 + 5.8% 1.705 - + 2.0% 8.480 -3.6% ' 4,974
J-‘ o .&.‘QM‘.‘M,: . L L C amr o e ke e a . oBa. o agd 2l —-—

.

TTnng yon ANV

-




&y

it‘

P A : :
TABLE 3la: vﬁriflcatiun Test of Washington State System Airport Pian Model for Washington Airports, 1974
) Actual En- I E ggi;zﬁ;r En-

L Alrport code Mi7y Yifwash  Maswsu.s. Fus, Ey E;ggeﬁ?ta nic "Tx"é?'l'co plancments
1 Ephrata 1.0z 92.0% L3927 189,666,700 6,800 sop(? 7,000

. Wenatchea
2 Hoqulam 4.0% 8.0% .392%2 189,666,700 2,400 10082 23,000

Olympia -
3 . Pasco 10.5%  92.0% 3927 189,066,700 71,800 67,1002 1,07 + 72 12,000
4 Pullman 4.0% 92.0% L3927 189,646,700 27,400 8,500(2) 18,000
5 écattle — - : - — —_— -
6 Spokane 82,57  92.07  .392% 189,666,700 564,300 649,000 g7 -3z 20,000
7 Halla Walla "2.0% 92.0% L3924 189,666,700 13,700 5,400(2) 12,000
8 Yakima 56.0% 8.0% .392% 189,666,700 .57.100 59.100(2) 97 é>3% 12,000
| 743,500  790,00082
FOOTNOTES:

(1)} Enplanements are Scheduled Domestic Enplanements for Certificated
Alr Carriers
Spurce: Afirport Activity Statistics, 12 Months Ending 31 Dec. 1974

(2) Does not include significant Commuter Airline Enplanements

(1) World's Fair held in Spokane in 1974,

Spokane 1975 Enplanements ~550,000

e e i ik AR . At i o
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TABLE 3b:

9%

. w s ;?"" 1?7_»?& 2‘1:51::;:::%2; B BL . 100

Afrpart Codz i/va Nasu.s. U.s. Ej 1474 Actual Aotnnt
Chnrlnttesville. Cio 2.4% L 98% 189,66ﬁ,700 44,600 52,900 B4 167
banville han 0.3% .98%. 189,666,700 5,600 : 7,000 . .BO ~20%.
ué: Springs ~ HSP 0.2% .98% 189,666,700 3,700 ' 4,800 | 77 ~23%
Lynchburg .:L‘EH 3.2% .98%° 189,666,700 59,500 56,000 1.06 + 6%
Hewport News PHF 11.9% .98% 189,666,700 221,200 200,500 1.10 +10%
Korfolk ORF - 37.2% L,98% 183,666,700 691,400 701,500 .99 - 1%
Hichmand fic 22,6 ,98% 189,066,700 420,100 ' 426,500 .98 ‘ - 2%
Roanuke "ROA  18.6% 987 189,666,700 345,700 351,200 .98 , - 2
Staunton SHD 1.1% ,98% 189, 666,700 20,400 21,900 .93 -7
(Shed,Valley) ‘ . :

1,812,200 1,772,100 1.02 + 2%

L N et e e . PR SO - s i sl - ez . s : B ER T i < o
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TABLE 3c:
1974 Actual En- ;

i _Adrpore code  Mijore  Morerv.s.  Fus. £y T é@'&u _Adtug1 200

Astoria AST - .16% 189,666,700 - 700 - -
2 Bugene EUG 45.0% 167 189,666,700 136,600 136,100 1.00 0%
3 Klomach Falls LMF 5.0% 161 189,666,700 15,200 24,500 .62 -38%
& MedEord MFR 31.0% .16% 189,666,700 95,100 93,900 1.00 Y
5  North Bend  OIN 3.0% 6% 189,666,700 9,100 15,500 .59 ~41%
6 Pendleton PDT 11.0% .16% 189,666, ioo 33,400 28,250 1.18 +18%
7 Portland PDX - - —_— . _
8 Redmond RDit 2.0% 6% 189,666,700 6,100 7,600 .80 -20%
9 Salen SLE 3.0% .16% 189,666,700 9,100 13,200 .69 -31%
£ 303,600 319,700 .95 - 5%
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 TABLE 4a
Values of Mode Specific Calibration Parameters

o (1) .

tode "

Auto 13.76- - 1.6
Bug ©-1.50 - 1.5
Air (except Chicago-Detroit) 1.50 - 1.5
Alr (Chicapo-Detroit only) 0.75 - 1.5

48

a (2) a (3) '
- 1.6 0

- 1.5 0.3247
- 1.5 0.3247
- 1.5 0.3247
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Notes:

Charilottesville~Roanoke

Distance (mi.)
Time (hrs)

Cost (1974 §)

Cost {1970 %)
Frequency (per day)
LY m

W= ,40

W0'1= .91

Charlottaesville-Dallas

Distance {mi.)
Time (hrs.)

Cost {1974 §)

Cost (1970 §)
Frequency (per day)

w
m .
: 4
¥ =  1.32 X 10
WOt a

Charlottesville~San Francisco

Distance (mi,)
Time (hrs,)
Cose (1974 §)
Cost (1970 §)
Frequency (per day)
R

_ -5
W=15120X10

Wil s

TABLE 4b
Alr Apto Bus
100 115 ' 115
1.7 2,3 1.0
30.50 6.00 7.50
20,90 4,10 5.15
1, m 3
3.49 X 10 .380 .017
1,100 1,250
7.25 38
142 75
97 52
b s =5
5.88 X 10 7.33 ¥ 10 Moue < 105
2,400 3,000
10.75 110
220 220
150 150
4 6 @ &
9.54 X 10 2,46 X 10 s « 1075

Adr time & flight time + 45 min. check-in +

15 min., epress at arrival + 1 hoor

ground time to and from airports (check-in and egress shortened for
Chariottesville-Roanoke because it

short flight)

is assumed no checked baggage for

Abr Cost = Elight cost + $1 for gas for car driven to and from Charlottesville
Adfrport (assume ne parking) + $2.50 for taxi at destination

Auto. time = calculated at 50 mph while on.road, or maximum of 600 mlfday

Auto Cost = calculated 2t 15 mpg and $.60/ga.
and hotel ar $15/night.

49

Food cust estimated at $3/meal

e s A e e i s+ ok a5




TABLE 4c

Travel Repion, Gateway Gities, and Values of Replonal Cenctants

Regions Value of Region Constant
within Michigan . Gatecway City . (multiplied by 10%)
1 Detroit ‘ : 10.38
2 Jackson 2,00
3 Kalamazoo 5.20
4 Benton Harbor 2.42
5 Flint 3,24
6 Lansing . © B.B6
7 Saginaw 7.22
8 Grand Rapids 8.43
_ 9 Alpena 6.65
10 Traverse City : 16.97
11 Sault Saine Marie _ ) 27.20
12 Escanaba 36.28
13 Marquette. 30.50
1% Houghton (Hancock) C 47.70
15 1 Port Huron - 8,94
16 ! pontiac 10.75
ET; ' 1 Ann Arbor ' 10,60
i 18 _ ! Monroe _ , 4,57
19 Battle Creek 5.50
20 L care 4.14
21 Muskegon 10.30
22 . L Bay Clty . ) 7.92
23 ! Ludington , o 5,20
24 ‘ _ Pellston 40,00
25 ‘ }_Ienmnineg 37.02
26 ‘ Iron Mountain o 4Q.d0
27 . Ironwood © 39,48

l'l'hese regions do not have thefr own airport.

o | - ERECEDING BAGE BLANK NOT. FILMEL:
T
E

50
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o

X

v

£
T

Regions
Qutside Michican

28
29
30
3
32
33
34
35
16
a7
3
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

*

TABLE 4c  (cont'd)

Gateuay gity

Green Bay
Milwaukece
Chicago
South Bend
Toledo
Cleveland
Pitcsbursh
Buffalc
Minneapolis
Des Moines
St. Louis
Indianapolis
Louisville
Cineinnaoti
Columbus
Billings
Denver
Kansas City
Dallas
Birmingham
Atlanta
Washington, D.C.
Philadelphia
New Yorlt
Seattle

San Francilsco
Los Angeles
Miami

Boston

51

Value of Region Copstant
(Mulriplied by 10%)

5.62
10.04
9.34
3,53
2,26
2,48
3.44
3.50
11.02
4.39
11.68
5.89
12.15
4.99
3.47
6.67
40,52
2.09
10.21
2.05
3,95
10.06
9.12
13.09
56,32
73.75
77.90
L19.69
12,65

o e
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TABLE 4d Data for Michigan Model (Travel to Grand Rapids)

A

_ one-way
1
i  Cateway By Py Catr d Yair Tagr 15 2 *
A

‘1 Detroit 10,38 X 107" 2,560,000 4,736,000 21.00 6 126 2.8 ¥ 1073 9,530 11,205 22,410
2 Jacksan 2.00 272,100 0 -
3 Kalamazoo 5,20 292,800 467,000 0 3
4 Benton Harbor 2.42 275,200 20.00 4 a9 3.76 ¥ 10 170 125 250
5  Fliat 23 290,600 0 - 3
B Laaslop §.66 396,500 17.00 5 48 5.43 X 10__3 1,220 130 260
7 Saglnaw 7.22 383,000 630,600 18.00 1 86 2.97 X 10 990 425 350
8 Grand Rapids 8.43 722,600 -
9 Alpena 6.65 107,800 . 0 - 3
10 Traverse City 16.97 140, 400 24.00 2.2 1 129 .88 1.93 X 10 320 620 1,240
11 Saule St. Marie 27,20 53,500 Q0 g :
12 ‘Escanaba 36,38 46,700 34.00 3.8 3 211 .81 6.93 X lﬂnq a0 655 1,310
13 Marquette 30.5¢ 79,100 36.00 4.1 2 271 8 5.29 X lO_a 150 1,190 2,380
14 Hancock 47.70 46,500 40,00 4.8 i 330 J4 2,78 X 10 50 685 1,370
15 Port Huron (Detroit) 745,500
16 Pontiace (Detroik) 966,800 .
17 Ann Arbor (Detroit) 234,160 add to Detroit
18 Honroe (Detroit) 119,200
19 Battle Creek (Xalamazoo) 179,900
20 Caro (Saginaw) 3"
21 Muskegon 10.30 - 241,100 274,300 17.00 2.1 1 41 04 3,47 X 10 640 45 a0
22 Bay City Sapginaw)
23 Ludington (Muskegon) .
24 Pellston 40.00 38,400 D - 3
25 Menominee 37.02 25,000 28.00 2.2 2 1.96 X 10
26 Iron HMountain 40.00 38,400 0 -—
27 Ironwood 39,48 31,700 0 -3
28 Green Bay 5.62 795,000 - ©26.00 2.6 3 171 .85 1.83 X 10 X 500 3,180 6,380
29 Milwaukee 10.04 3,624,000 20.00 2.6 4 120 .88 2,92 X 107 R 7,350 8,690 17,380
30 Chicago 9.34 11,587,000 21.00 2.4 12 134 .87 3.84 X 1D 329,100 35,495 70,990
3 South Bend - 3.55 964,000 22.00 2.3 1 91 .91 2.05 ¥ 10 3 470 160 320
32 Toledo C2.26 1,079,000 23.00 2.3 1 125 .88 1.92 X 10” 3 320 450 880
i3 Cleveland 2,48 3,426,000 26.00 2.7 5 216 .82 1,97 X 10 1,240 9,845 19,690
34 Pittsburgh 3.44 5,418,000 33.00 5.2 5 319 .76 7.10 X 10 4 1,060 3,855 7,710
35 Buffalo 5.50 2,556,000 45.00 4.5 4 344 .74 3.8l X 10 440 1,345 2,690

GTravel between gateway airports'(both ways) based upon 107 ticket returns to CAB 1 Apr 1972 to
31 Mar. 1973. .

TINTE LON INVIE govg ONIaz TG
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TABLE 4d (cont'd)

3"’.

one-way
: 1

i Gatevay B, By Catr Loy farr @ Ol Vog Taar iy 2 #
36 Minneapolis 11.02 5,369,000 - 53.00 4.5 15 408 .70 3.8% X 107 1,080 7,410 14,820
37 Des Moines . _4.39 2,571,000 ~ 50.00 4.5 11 428,69 4.02 X 10_, 400 1,015 2,030
38 St. Louis 11,68 2,915,000 46.00 4.2 10 382 .71 4.97 X 107 1,450 3,020 6,040
39  Indianapolis ' 5.89 3,701,000 40.00 41 11 221 .81 6.46X 10-; 1,060 1,685 3,370
40 - Louisville 12.15 3,019,000 50.00 4.1 6 325 .75 412 K10, 1,230 2,105 4,210
41  Cincinnati 4.9 3,126,000 46.00 4.3 11 268 .78 4.87X 100, 590 1,980 3,960
42 Columbus 3,47 3,449,000 . 40.00 4.0 2 202 .80 4.69X 1005 430 1,545 3,090
43 Billings 6.67 1,895,000 94.00 7.8 2 L,1s4 .40 4.78X10 90 135 . 270
44 Denver 40.52 7,547,000 86.00 6.6 8 1,027 .42 9.48 X 107, 4,200 3,295 6,590
45  Kansas City .09 6,171,000 55.00 4.9 10 540 .63 3.02 X 107, 1,640 2,475 4,950
46  Dallas '10.21 20, 528,000 79.00 5.9 14 927 .45 1.39 X 10_ 3,940 2,605 5,210
47 Birmingham 2.05 10,358,000 66.00 4.3 3 666 .57 213X 10, 480 520 1,040
48 Atlanta 3,95 13,727,000 67.00 5.1 11 660 .57 215X 10, 1,25 3,000 6,000
49 Washington: 10.06 9,720,000 45.00 3.8 2 513 .36 424 X 107, 3,950 6,736 13,460
50 Philadelphia 9.12 10,981,000 58.00 4.3 7576 .6l 317 X100 3,170 5,155 10,310
51 New York -13.09 23,756,000 .  50.00 4.3 3 6l% .58 3.23 X 107} 10,550 22,155 44,310

L s2  Seatrle '56.32 5,749,000 131,00 8.3 5 1,807 .32 3.23X 105 1,990 1,885 3,770

) 53 San Franmeisca 73.75 7,350,000 131.00 7.6 12 1,94 .32 4.37 X 10, 4,510 3,790 7,580
5,  Los Angeles 77.90 13,526,000 131-00 7.8 14 1.863 .33 4.29 X 1002 8,340 7,110 14,220
55 Miami 115.69 7,099,008 161.00 6.5 12 1,215 .38 8.17 X 107, 11,130 4,045 8,090
56  Doston © T12.65 9,062,000 70.00 4.8 8 740 .56 2.08 X 10 ¢ 2,690 4,890 9,780

% . ' ' v
“rravel between gateway airports (both ways) based upon 10% ticket returns to CAB 1 Apr 1972
to Mar. 1973. :

I T T S
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Author

Variable

Billheimer

Goodknight

TABLE 5

Judycki, et al.

Kanafani & Fan

Kraft & Kraft

Navin & Wolsfeld

Su

Yu

Jacobson & Kuhlthau

TAA

Time

b

>4

Cost

b

>

b

Departures/day

Attractiveness

E T LT i

Taxable Payroll

Population

Hotel & Motel Payroll

E T L o

No. of Registered Autos

Income

Demand Deposits

No. of College Students

wWoled PP

Employment in Gov't.

Comfort

>

Convenience

No. of hotel/motel rooms

Emp. in Wholesal/Man.

Emp. in Finance/Ins./Real Estate

Emp. in Retail

T T R

e

No. of dwelling units

=~

Distance

Property Value

Sales Tax

Safety

Reliability

Abil. to Work

54
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TABLE 7

List of Factors Considered Important to Air Travel Demand

MODE_VARIABLES

Comfort
Convenience
Cost
Reliability
Safety
Service

Speed

REGIONAL VARTABLES

Employment
Industrial Characteristics

Populatién

55

PERSONAYL. VARIABLES

Age
Education
Income
Occupation

Car OQuwnership

TRIP VARIABLES

Length of Stay

Number of persons traveling
in party

Number of stops in travel itinerary
Purpose of Trip

Travel Time (or Distance)

i v
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TOWA

1,

10.
11.
12.
13.
14.

15,

Des Moines (DSM)
Tort Dodge (FOD)
Burlington (BRL)
Keokuk (FOK}
Marshalltown (MIW)
Cedar Rapids (CID)
Mason City (MCW)
Ottumwo (OTHM)
Spencer (SPW)
Waterloo {ALO)
Clinton (CWI)
Dubque (DBQ)
Davenport (DVN)
Fort Madison (QTM)

Sioux City (S5UX)

TABLE 8

Selected Cities

MINNESOTA

16. Bemidji (BJI)

17. Brainerd (BRD)

18. Hibbing (HIB)

19. Eveleth {(EVM)

20. TFairmont (FRM)

21, Grand Rapids (GPZ)

22. Internatiomal Falls (INL)
23. Mankato (MKT)

24, New Ulm {(ULM)

25. Thief River Falls (IVF)
26. Winona (ONA)

27. Worthington (0TG)

28. Duluth (DLH)

29. Rochester (RST)

30. Minneapolis-St. Paul (MSP)

56
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MISSOURIL

31,
32.
33,
34.
35.
36.
37.
38.
39.
40.
41,
42,

43,

Cape Girardeau (CGIL)
Jefferson City - (JEF)
Joplin (JLN)
Kirksville (IRK)
Rolla (RLA)
Springfield (S8GF) .
Columbia (COU)

St. Louis (STL)
Sedalie (DMO)

Malden (MAW)

Kansas City (MCI)
Poplar Bluff (POF)

Ft. Leonard Wood (TBN)

57

TABLE 8 (cont'd)

NEBRASKA

&4,
45,
46.
47.
48.
49,
50.
51.
52,
53.
5&.
55.

56.

Alliance (ATA)
Chadron (CDR)
Columbus (OLU)
Grand Island (GRI)

Hastings (HSI)

Kearney (EAR)

MeCoole (MCK)
Norfelk (OFK)
North Platte (LBF)
Scottsbluff (BFF)
Sidney (SNY)
Lincoln (LNK)

Omaha (OMA)

sy i s
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TABLE 8 (cont'd)

ILLINOIS ' KANSAS

57. Carbondale (MDH) '_ 75. Dodge City (DDC)
58. Danville (DNV) 76. Garden City (GCK)
59, Galesburg (GBG) 77. Gopdland {GLD)
60. Jacksonville (IJX) 78. Great Bend (GBD)
61. Macomb (MQB) 79, Hays (HYS)

62. Mattoon (MTO) 80. Hutchison (HUT)
63. Mount Vernon (MNV) 81. Lawrence (ILWC)
64. Quincy (UIN) 82. Liberal (LBL)
65. Sterling/Rock Falls (SQI) 83. Manhattan (MHK) -
66, Bloomington (BMI) 84. Olathe (0JC)

67. Chicago (CHI) 85. Salima (SIN)

68. Champaign (CMIL) 86. Wichita (ICT)
69. Decatur (DEC) - 87. Parsons (PPF)
70. Centralia (ENL) 88. Topeka (TPO

71, Moline (MLI)
72. Peoria (PIA)
73. Rockford (RTD)

74. Springfield (SPI)

58
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89.
90.
oL.
92.
93.
94,
95.
96.
97.
98.

99.

VIRGINTA

- Lynchburg (LYH)

Newport News (PHF)
Norfolk (ORF)
Richmond (RIC)
Roanoke (ROA)
Charlottesville (CHO)
Danville (DAN)

Hot Springs (HSP)
Manassas (MNS)
Pulaski (PSK)

Staunton {SHD)

TABLE 8 (cont'd)

MICHIGAN

100.
101.
102.
103.
104.
105.
106.
107,
108.
109.
110.
111.
112,

113.

114,

115.
116.

117.

- 118.

119.

120.

121.

122..

123.

124,
59

Detroit (DIW)

Grand Rapids (GRﬁ)
Flint (FNT)

Lansing (LAN)
Muskegon (MKG)
Saginaw (MBS)
Alpena (APN)
Kalamazoo (AZ)
Benton Harbor (BEH).
Battle Creek (BTL)
Hancock {(CMX)
Escanaba (ESC)

Iron Mountain (IMT)V
Iron Wood (IWD)
Jackson (JXN

Manistee (MBL)

. Menominee (MNM)

Marquette (MQT)
Pellston (PLN)
Sault Ste Marie (SSM)

Traverse City (TVC)

OREGON

Eugene (EUG)

Portland (PDX)

Washington, D.C.

New York, N. Y.
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TABLE 9

Selected City Pairs with 1974 Data

[ 41 [~}
¥No. of g -E
Passengers _:;: "'c:: .
2 B
City pairs Tij E = Distance Population i Population j &t of # of
1 ta j in thousands <« wm miles in thousands in thousands fliphts seats
1 DSN-WAS 11.548 10 10 890 574 2990 6 479
2 CID-WAS 5.575 & 793 300 2990 4.1 244
3 RST-WAS 2.840 5 4 867 250 2990 4,3 260
4 MSE~WAS 65. 682 18 10 923 2,362 2990 16.1 1427
5 CHI-WAS 243,002 20 10 595 7,013 2990 32,6 3988
6 OMI-WAS 8.262 10 10 595 183 2990 5.0 358
7 MLI-AS 7.385 6 9 730 220 2990 5.4 365
8 PIA-AS 5.995 ‘10 8 677 439 2930 6.0 372
3 SPI-WAS 4,262 0 8 673 253 2590 4.0 219
10 TCT-WAS 8.300 15 10 1103 529 ° 2990 3.6 278
11 STL-WAS 68.227 18 10 707 2,439 2990 6.5 680
12 MCI-WAS 42,375 12 10 %40 1,633 © 2990 7.5 708
13 LNK-WAS 4,570 0 8 1038 319 2990 2.3 111
14 OMA-WAS 15,507 14 10 1004 803 2950 4.6 407
15 . DAN-WAS 1.470 3 2 199 264 2990 1.8 102
16 SHD-WAS 2,730 37 100 201 2990 3.5 198
17 DSM-NYC 19.442 10 10 1027 574 17,224 9.25 - 704
18 DLH-NYC 4.782 10 5 1001 211 17,224 3.2 203
19 RST-NYE 6.537 54 9713 250 17,224 5.6 523
20 MSP-YC 134,390 18 10 1018 2,362 17,224 17.4 1732
21 STL-NYC 165,177 18 10 883 2,439 17,224 17.2 1956
22 MEL-NYC 83.495 12 10, 110L 1,633 17,224 15.0 1386
23 LNK-NYC 6.150 10 8 1193 319 17,224 4.2 263
24 OMA-NYC 27.325 14 10  it44 803 17,224 8.7 770
25 PLA-NYC 10.790 10 824 439 17,224 8 695
26 SFI-WYC 4.782 10 8 832 253 17,224 6.7 361
27 CME-NYC 9.932 10 10 756 183 17,224 5.7  3La
28 GHI-NYC 854.6 20 10 122 7,013 17,224 p2.2 9807
29 ICT-NYD 15.195 15 10 . 1279 529 17,224 7 593
30 SHD-¥YC 2.490 7 313 201 17,224 2.75 114
31 CWI-CHI 0.762 3 6 132 79 7,013 2 96
32 DSM-CHE 62.932 10 10 306 574 7,013 10 1177
33 DBQ-CHL 5.01 8 2 156 148 7,013 5+ 271
60
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TABLE 9 (cont'd)

w @
No. of g =
B > R
Pasgengers 7 E
o) 13
(2] (4]
Cicy padrs 'Tij E -l Distance Population i Population j # of # of
1to } in thousands & 2 niles in thousinds in thousards f[lichts seacs
3% FOD-CHI 1.790 3 5 333 170 7,013 1 32
35 BRL-CHI 4,957 14 101 74 7,013 2 96
36 CID-CHI 26.620 8 & 204 300 7,013 6.2 643
37 MCW-CHI 5.167 35 208 165 . 7,013 ‘1.8 84
38 OTM-CHI 1.305 3 3 249 115 7,013 .66 24
39 SUX-CHI 11.570 6 8 445 225 7,013 4.0 394
40 ALO-CHL 14.377 33 243 274 7,013 3.83 347
41 . DLH-CHE T 14.747 100 5 407 211 7,013 3.25 254
42 INL-CHE 3.335 10 1 538 215 7,013 1.1 75
43 MSP-CHL 262,917 18 10 345 2,362 7,013 32,5 5144
44 RST=CHI 25.525 5 4 279 250 7,013 - 7.25 682
45 ONA-CHI .0075 3 4 251 63 7,013 1 15
46 HIB-CHI 2.142 3 4 456 113 7,013 1.4 56
47 CGI-CHI 1.342 3 8 335 172 7,013 0.3 12
48 JLN-CHI 4,517 35 486 164 7,013 2.58 162
49 SGF~CHI 11.375 135 439 401 7,013 2.33 234
50 STL~CHI 220.28 18 10 256 2,439 7,013 29 2664
51 MCI-CHI 144,47 12 10 407 1,633 7,013 18.3 - 2283
52 TBY-CHI 0.905 3 368 100 7,013 1.2 46
53 COU-CHT 5,702 3 320 266 7,013 1.25 82
54 LNK-CHI 14.777 10 8 473 319 . 7,013 3.4 . 301
55 OMA-CHE 62.117 A 10 423 803 7,013 8,5 119t
56 MDH-CHIT 0.352 38 293 258 7,013 T 33
57 DNV-CHI 1.262 3 9 116 118 7,013 4 60
58 DEC-CHI 7.235 10 8 152 " 262 7,013 3 199
59 GBG-CHT 1.530 38 153 108 7,013 2 96
60 MLI-CHI 30.720 6 9 146 220 7,013 8 815
hLE MTO-CHL CE.195 3 8 L8 105 o 7,91.:3 i 48
82 MAI-CRT 2.575 37 252 151 7,013 66 24
63 PIA-CHI 26,752 108 131 439 7,013 8.5 676
&4 UTH=-CHI 3.885 3 3 hait Oh 7,011 2.6 o4
65 SPL-CHI 21,705 o8 7 253 - 7,013 115 525 .
B SQE-CHI 0.357 15 100 118 7,013 2 96
OF POOR qupgry
&HGWAL ..
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. TABLE 9 {(cont'd)

DRIGINAL PAGE 18

RE POGR QUALITY

No. of ;; E
Passengers g :‘;.:
ticy p.ui:s T:’.j 5 2 Distance Pepulation i Pcpulation § # of # of
1t j in thousanés < = milas in thousands in thousands flights seats
67 BMI-CHL 2,237 7 9 114 56 7,013 & 60
68 CMI-CHT 12.102 10 10 130 183 7,013 6 372
69 ICT-CHL 27,405 1510 591 529 7,013 7 798
70  ORF=CHL 33.610 128 707 824 7,013 7 582
71 KIC-CHL 17.640 1 9 632 935 7,013 5.8 516
72 ROA-CHI 11,192 5 6 520 393 7,013 1 101
73 BTL-CHL. . 0.0175 10 8. 132 181 7,013 6 155
7% BEH-CHI 4.322 5 9 71 275 7,013 5 280
75 FNT-CHI 14,290 1510 219 551 7,013 .7 395
76 GRR-CHI 35.685 15 9 134 762 7,013 11.8 1128
17 CMX-CHI 2,562 31 367 39 7,013 .92 54
78 IMI-CHT 2.605 31 273 38 7,013 1.5 100
79 IWD-CHI 1.920 31 35 32 7,013 .833 15
80 JXN-CHI 2.750 39 171 272 7,013 1 56
81 LAN-CHI 20,290 15 9 174 540 7,013 4.83 399
82 MBL<CHI 0,910 32 187 112 7,013 B3 42
83 MQE-CHI 4.287 301 322 87 7,013 .83 57
84 HKG-CHT 11.920 5 9 118 241 7,013 4 34
8s PLY-CHI 4,322 3.8 205 85 7,013 3 149
36 SSM-CHI 2.077 S 8 360 54 7,013 .5 14
87  BS-CHI 23,692 10 8 219 64l 7.013 5 540
88 Tve-cil 9.497 303 2% 97 7,003 3 286
89 - PDX-CHI 32,322 . 15 9 1749 1182 7,013 1.1 2105
90 MSP~DTY 48,722 13 10 534 2362 4,828 10 1571
91 RST-DTW 3.402 5 4 48B4 250 4,828 4 192
92 MOL-DTW 27,127 1710 839 1633 4,828 6.25 551
93 STL-DTW 55,495 15 10 451 2419 4,828 9.4 965
9% LNK-DTW 1.732 19 8 710 319 4,828 ) 61
95 OHA-DTH 7.012 110 660 803 4,828 4 290
96 CHI-DTW . 276,71 e 23 7813 4,828 0.6 5381
7 APN-DTH 2,205 33 e a6 4,828 1.5 44
98 ESC-DTW 1.720 il 305 a7 4,328 L 57
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TABLE 9 (cont'd)

1

Ko, of @

Pagsengers
Clzy pairs T, ‘Distanée  Population i Population j 4 of i of
Cite o in thousands

Attractivences
Road conditiun

- omiles -in thousunds 1nJchoq$ands_-flighrsvvsgacs-

425 39 4,828 1.5 46
.66 212 4,828 0 T30 168
363 87 4,828 1.8 7
239 85 4,828 2.9 136
294 - Lshs o483 L2 56
207 97 T 240 |
105 cID-sus 1.140 243 300 225 S5 57
S A AT PSM-SUX . . 2,720 .. 1010 1853 st ass 2 200
L 107 ALo-six Ceo2 373 am el laas oo 15 17 .
F4 0 - 108  pa-suk - 0.140 10 5. 370 am 225 .33 20
i 109 FRM-SUX 0.0075 38 1 40 225 .66 28 B

99 . CMX-DTW 3,330
o S 100 gweDTH 0,322
e ' 10l - MQT-DTW 4,385

- 102 PLN<DTH 2,887
é S T I03 C gSMeDTH L 2,147

104 TVC-DTH . 8,212

W oW o W o W W
th, W W WD R

PR
Y
B
o
=
(=]

(S ]

W

o .
Ty T 1o owAesuxt. O 0.357 . 1h'lo . 84 - 803 - . - 225 300 A A
S - 111 crpedcr 5.265 8 6 24l 300 1,633 2 129
i 112 . psM-¥cL 17.602 1010 169 574 1,633 1 558
CLbTaoo 0 113 oTMeMCD . L 0.632 7s 115 1,633 2 96
SR D 14 suxeMet 4.470 238 235 - 1,633 3 237 ;
R l o ms angewcer 2.250 3 260 a74 - 1,633 1 48 :

o 116" pLa-icr 1.037 10 542 211 1,633 RS SR ,
L gt FRMestr L 0W105 7 3 U307 L s s1,B330 0 314 s .
S 18 mSP-MCI - 42,330 1810 399 2,362 1,633 7 797 .
119 msTmCD 2,360 5 4 33 2850 CLiE3 e
120 gou-sck. .. 1.292 . . 3 138 o266 1,633 . 4 116
121 0 gweewer 0 dae 3 A2 Res T 1,633 et 168
122 ©  STL-MGL | .76.655 19 10 233 2,439 1,833 17 1842
123 scE-MCI 7,315 . 12 152 401 1,633 3.5
L% onuewern o oiad .1 MO L eTA L e LGB0 L L 056
GRI-HGE 1.585 3 AL ws L3 . w7 78
HSI-MCT 0,910 3 222 [T CERS 38 L S N £
LEK-MCI 8,112 . Lo e 1,833
_ LEFHMCI 0,907 5 Be T L6330
1390 0MA-MCT 30:610 - Z% 10 - 158 . 8503 1,633
130 BFEaCL 0785 33 55 36 1M
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TABLE 9 (cont'd)

COL-STL

2

[
o
L
P~
L
-
-3

-

. w8,
No. of 'f;f '[r;
Pasgengers -E E
City pairs. . Iij-. ) § ; A,DLs;}n:.mq_ . Populatdes i ;‘ogu}ntio_n i #oef # of .
to §  in thousands = 2  miles in thousdnds In thousands flizghcs seats’
131 GCK-MCI 0.617 2 2 340 41 1,633 1 16
132 eLoawer 0:222. 2 7 3 - - 39 1,633 3
133 GBD-MCT - 0,015 24 235 . 53 1,633 1 15
134 HYS-MCT 0.787 26 250 - 78 1,633 1 25
135 MHR-MCT 1,787 2°7. - 108 o1m2 1.633 7 231
136 SLN=MCI 1.337 10. 9 164 137 1,633 1.5 71
137 1CT-MCT 19.332 1510 - 185 529 1,633 11 1196 -
138 MLI-MCI 6,055 6 9 270 . 220 1,633 1.53 69
1339 Ppra-McI 3,685 10 8 282 439 1,633 2,75 162
140 SPI-MCI- 1.410 10 8 270 253 1,633 1 90
141 PDX-MCT 8.675 15 9 1487 isz2 1,533 4.2 214
142 CID-Y5P 10. 54 8 6 221 300 2,362 2 230
143 DEM-MSP 26.66 10 10 232 574 2,362 6.6 691
144 SUX=MSP - 5.085 6 & . 234 225 2,352 1.6 113
145 ALO-HSP 4.305 a3 166 274 2,362 3 278
146 BJI~MSP 4,282 1 199 56 2,362 1.5 §4
147 DLH-MSP 15.732. .10 .5 S M4 211 o 2,362 6 572
148 FRM-MSP 0.735 3 8 106 40 T3,382 1 56
149 HIB-SP 4.302 3 4 174 113 2,362 3 153
150 INL-MSP 3,720 10 1 254 22 2,362 1.4 84
151 STL-MSP 57,152 18 10 448 . 2439 2,362 i 905
152 OMA-HSP 38.69 14 10 282 303 2,362 8.3 930
153 ICT-}MSP 3.637 1510 543 529 1,362 1.3 119
154 MLI-MSP  11.840 6 9 268 220 2,362 1.3 4%
155  PIA-iSP 5.065 1008 32 439 2,362 3.5 236
156 . - AZO-MSP 4,305 8 8 166 252 2,362 2.5 100
157 OFK~HSP 0.835 203 292 120 2,362 .3 14
138 phy-MSP. 17,5770 . 15 .9 1426 7 1182 x, 162 3 427
159 LBF-ENK 0.740 5 8 207 86 319 1 56
160 BRL-STL 1.530 4 146 74 2,439 1.3 s
161 CID=STL.. ~ 4.720- 6208 300 12,439 Lg 201
162 DEMLSTL 17,452 10 10 259 574 .13 b8 BSD
163 ALD-STL 1.967 3 284 274 2,439 My A
164 1,479 3
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TABLE 9 (cont'd)

1 =
o No, of g 2
L.d a4 g
: Passengers g« i o
T e ) o . _‘:.j"l"_ pairs Tij b T Disr.mf:e P_npula.tion i I’c_pu!acion”j .J.f of # gf
oo '{ L B i - £.goj - in thousands g = milea - in thousands ‘in thousands flizhts seats
o 165  TBN-STL 1.290 3 4 1§ 100 2,439 5 229
; 166  JLN-STL 4,325 35 251 164 2,439 2.3 217
H . -167 | IRK-STL . . 0.290 3-2 w9 135 o 2430 0 U524
8 , 168  SGF-STL 9.345 12 5 195 401 2,439 5.5 557
. 169  CMI-SIL 3.120 10 10 143 183 2,439 2.8 216
i Co 170 . MTO=STL . 0,220 g 123 . 105. . 2,439 . . 1 . 48
'” .71 mz-sTL 9.635 9 192 220 2,439 3.5 345
. 172 MVN-STL 0.380 37 87 151 2,439 2 96
z : 173 PIA-STL 6.737 10 8 137 439 2,439 5 474
S 1% UmNeSTL . L.397 33 w 96 2,438 5.3 243
] — 173 RFD-STL 0.562 3 9 247 455 2,439 5 24
l ' 176  SPI-STL 2.945 10 8 84 253 2,439 8 585
‘ 177  SQI-STL 0.097 3 5 210 118 2,439 .3 12
G 178 LNK<STL - 3.452 10 8 370 319 2,439 2.5 183
5 1 179 OMA-STL 19.435 14 10 342 803 2,439 7.2 640
Lo 180  MHR-STL 0.792 2 7 ol 152 2,439 .5 28
o 181 . SINeSTL . - 0.372 - 107 393 137 2,439 30 1
( 182 1CT-STL 12.037 1510 392 529 2,439 5 365
183  PDX-STL 8.187 15 9 1708 1182 2,439 6.6 496
— _ _ 184 - RST-STL 2,117 54 373 250 2,439 1.3 i3
2 t 185  TOP-ICT 0.227 g 10 138 287 529 2 112
. : 4 184 OMA=ICT 3.057 14 10 263 BO3 5219 2.1 127
R 187 CID-OMA 2.075 8§ n o221 300 303 2 188 :
oy 188  DSM-OMA - 4,272 10 10 117 574 . 803 2 228 :
k3 ( 189 DEO-OMA 0.670 8 2 278 148 803 83 3e '
‘ 150 FOD-OMA 0.442 305 123 " 170 503 1 W@ i
{ Lo .o 191 dMeM-OMA . 0.797 305 186 165 - 803 . - %
SRR - 192 oTd-0MA  0.015 ¥ 3 180 115 A03 T
i 193 OLU=OMA 0.125 3 3 76 74 B E) -2 112
N [ _ S ;v GRI-0MA 172 3 s 128 08 .osm CIE 3
: ;i.. Ao 195 amst-oma . 0,172 0 3 40 14t - a0 sy ia R
N | 1%, EAR-UMA - 1322 33, Lle7 25 8413 S :
e ﬂ 197 MCR-0'A n.262 23 258 18 863 31 ]
SR S 198" OFK-OMA- . A.677 LARE W SRS -1 AP N2 R CRRT § S g
S 199 upFeoMa 2177 s s 251 ee 403 o2 1
D ' 65
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TABLE 9 (cont'd)

9 ..

% 3
Wo, of - :r.';' E '
Passengers -«3 'E
g

City pairs Tij' E e Discance Populotion { Population j ¢ of i of

igej in thoucands z & miles . in thousands in thousands flights seats
200 LNK-OMA 0.465 10 8 55 319 803 652
201 . DLH-OMA 1.612. 10 5 425 211 803 66
202 FRM-OMA 0.037 38 178 40 803 33 14
203 HIB-OMA 0.145 3 4 447 113 803 04 14
206 MRT-OMA 0.102 35 225 162 803 33 14
205 JLN-OMA 0,602 3 5 - 296 164 803 .5 28
206 MLI-OMA- 3.600 6 9 278 220 803 1.5 141
207 CID~ALD 0.085 - 8 6 58 300 274 2 153
208 DSM-ALO 0.835 10 10 96 574 274 3 211
209 pEQ-aLo 0.110 B 2 87 148 74 3 211
218 POD-ALD 0.022 3°5 91 170 274 .5 "
211 MCW-ALO 0.050 3 5 63 165 274 2 96
212 MLI-ALO 1,242 6 9 120 220 274 3 311
213 RFD-ALO 0.192 39 171 455 274 .5 24
214 OMA-ALO 1.687 16 10 200 803 274 1.3 64
215 . RST-ALO .0.322 5 4 93 250 274 3 2
216  STL-ALO 1.907 18 10 284 -439 274 1.1 107
217 - CHO=HAS 50 10 5 84 A 2,490 3.5 198
N8 LYH-VAS 5.7 4 4 152 176 2,990 3 239
29 PHF-WAS ©  16.4 a 129 166" 2,990 3.5 169
220 ORF-WAS 544 12 8 149 824 2,990 9 778
221 ROA-WAS 24,1 5 6 184 393 2,990 9.16 513
222 DTH-UAS 101.1 2010 . 391 4828 2,990 . .33 1241
223 GRR-WAS 7.4 15 9 513 762 2,990 4.1 275
224 ENT-HAS 3.4 1510 441 " 551 2,990 L7
25 LAN-WAS 7.9 15 9 468 540 2,990 1,92 230
216 . MBE-NAS 5.4 10 8 478 64l 2,990 2.5 145
117 PDX-WAS 15.8 15 9 2339 L1182 2,490 5.6 334
228 LYH=ORF 0.6 44 168 176 824 ] 15
219 R0A-ORE 8.3 . .. 5.6 210 393 a4 Lian © 131
2300 cro-anA 0.3 1005 . tot 163 193 1 101
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TABLE 9 (cont'd)

No. of § E
Passeﬁgers ’_3, :“;':

CiLy pairs le g -: bistance Tepulation i Pepulacion % oo of

i} in thossands & 2 miles in thousands in thousanus fiispts seats
231 pur-noa 1.4 8 8 192 364 393 1 101
232 Ric-RrOA 10.4 18 9 147 935 393 5 423
233 oRr-DTW 11.8 12 8 527 824 4,828 3.58 263
234 RoA-DTW 2.9 5 8 384 393 4,828 1.71 96
235 GRR-DTW 12,2 15 9 126 762 4,828 4 253
236 paN-pTW 5.0 15 9 79 540 4,828 10 632
237 MRG-DTW 3.1 5 9 166 241 4,828 2 141
238 Bs-pTW 6.0 10 8 96 553 {,828 3.5 355
233 ppx-DTW 6.8 15 9 1959 1182 4,828 5.87 730
250 pug-ppx 4.3 10 7 108 396 1,182 3 292
241 was-NYC 642,5 20 10 214 2990 17,224 54 5797
282 cuo-nve 16.4° 16 5 299 163 17,224 4,08 233
243 pye-pve 5.2 4 4 366 176 17,224 3,37 281
244 pEFwvC 27,8 8 9 283 364 17,224 4.15 358
235 oRp-wvC 101.6 12 8 291 824 17,224 11.58 1225
246 prcowve 72.0 18 9 286 935 17,224 7.2 863
247 Roa-NYC 22.9 5 6 399 393 17,224 5.08 418
M8 pru-wve  408.6 20 10 489 4823 17,224 15035 4lgs
249 gprowye . 15 9 614 762 17,224 TL0h 943
350 wps-yye 14.9 10 8 553 641 17,224 A.00 341
231 ppyemvc 32,2 5 9 2241 1182 17,224 5.71 104}
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TABLE_10

Selected City Pairs with 1970 Data

n 8

g 4

No. of E E
City Pairs Pass;ugers E_ & Distance Population i Population j # of # of
. i 8 % . flisghts sears

ito j in thousands & 8 Miles in thousands in thousards

1 DSM-WAS 9,953 10 10 886 551 3,080 4.2 258
2 CID-HAS 5.090 8 6 789 296 3,080 2.1 137
3 RST-WAS 1.995 5 4 863 343 3,080 0.66 47
4 MSP-WAS 60,220 18 10 919 2,284 3,080 16.2 1,350
5 CHI-WAS 203.540 20 10 591 7,006 3,080 27 2,779
6  CMI-WAS 6.845 10 10 595 182 3,080 4.9 415
7 MLI-HAS 6.975 6 9 723 220 3,080 3.7 238
8 PIA-WAS 5.660 16 8 673 426 3,080 5.7 417
9 SPI~WAS 2,965 10 8 . 668 246 3,080 3.2 152
10 1CT-WAS 5,410 15 10 1,098 539 3,080 1.5 o8
11 STL-WAS 58,995 18 10 707 - 2,462 3,080 10.9 370
12 MCI-WAS 36.330 12 10 932 1,602 3,080 7 551
13 LNK-WAS 3.880 10 8 1,064 306 - 3,080 1.8 113
14 OMA-WAS 13.165 14 10 1,000 765 3,080 4 272
15 DAN-VAS 1.345 3 197 257 3,080 1.2 i3
16 SHD-WAS 3,445 7 100 187 3,080 3 133
17 DSM-NYC 19,575 10 10 1,024 551 17,865 7.5 338
18 DLE-¥YC 4.140 10 1,001 199 17,865 4.3 323
19 ’ST-NYC 6.595 5 971 243 17,865 7.4 484
20 MSP-NYC 134,080 18 10 1,016 2,284 17,865 9.2 1,599
21 STL-NYC 170.460 i8 10 882 2,462 17,865 8.2 1,082
22 HOL-5YC 86.455 12 10 1,098 1,602 17,865 10.8 1.07%
23 LNK-NYC 4,880 0 8 1,192 306 17,865 4.2 267
2% OHA-TYC 28,920 14 10 1,143 165 17,865 5. 578
25 PIA-NYC 11.885 10 8 824 426 17,865 10.3 533
26 SPI-NYC 4.575 o 8 811 246 17,865 7.4 140
27 CMI-NYC 11,210 - - 10 1o 755 182 17,865 6.8 411
28 ICT-NYC . 14,370 15 10 1,273 539 .17,8635 7.9 521
29 SHD-SYC 2.525 37 313 187 17,865 25 63
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TARLE 10 (cont'd)

69

g =
i g 3
¥o. of 2 0z
City Pairs Pass;ﬂ%Ets g § Distance Population i Populatfon j # of # of
ii PrE flishts seats
i co } in thousands 2 2 Miles in thousands in thousands
30 CWi~CHI 1.035 3 [ 132 78 7,004 2 96
31 DSM~CHI 57.510 10 10 306 551 7.004 9.8 1,025
3z DBQ-CHI 5.620 8 2 155 145 7,004 3 211
33 FOD-CHI 1.675 3 5 333 174 7,004 0.66 12
34 BRL-CHI 4.650 3 4 190 76 7,004 2 96
35 CID~CHT 25,790 38 6 203 296 7,004 7.2 703
36 MCW=CHI 5.850 3 5 298 165 7,004 1.8 118
37 OTM-CHI 1.330 3 3 249 119 7,004 0.66 24
38 SUX-CHI 12.205 6 8 444 223 7.004 3.8 353
39 ALO~CHI 13.365 3 3 242 272 7,004 3.8 415
T 40 DLE-CHI 14.550 0 3 407 199 7,004 5.3 359
R 41 INL-CHI 2,210 10 1 537 21 7,004 1.4 60
LoE . 42 MSP-CHI  257.625 18 10 344 2,284 7,004 42 4,771
43 RST-CHI 24,620 5 4 278 243 7,004 7 682
44 ONA-CHL 3 4 251 62 7,004 .5 20
45 HIB-CHT 2.215 3 4 455 106 7,004 1.6 34
46 CGE-CHI 1,235 3 8 335 164 7,004 0.33 12
47 JLN-CHT 3.210 3 5 485 154 7,004 3.3 179
48 SGF-CHI 8.565 12 5 438 156 7,004 3.7 253
49 STL-CHI 211,515 i8 10 256 2,462 7,004 4.6 3,372
; 50 MCE-CHI 142,685 12 10 407 1.602 7,004 23 2,524
51 TBN-CHI 1.685 3 4 368 105 7,004 1.8 64
32 COU~-CHL 3.685 3 320 258 7,004 1.25 42
53 LNK-CHI 11.485 W0 8 473 306 7,004 4 306
54 OMA~CHI 58.345 14 10 623 765 7,004 1.8 1,129
55 DNV-CHL 0.020 5 9 16 119 7,004 2 60
56 DEC-GHT 8.965 10 8 153 263 7,004 4 326
57  GBu-CHI 1.885 8 153 108 7,004 2 96
58 MLI-CHI 29.125 & 9 145 220 7,004 10 964
59 MTO-CHI 1.433 3 8 188 104 7,004 1 48
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TABLE 10 (cont'd)

e

(1] -

c -~

No. of :E’ E

Cicy Pairs ?ass;néers E S Diszance Population i Population j # of # of
L bo g flights seats
{ito§ in thousands £ S Miles in thousands in thousands 2

60 MVN-CHI 2.130 < Prtey | 252 147 7,004 0.66 24
61 PIA-CHI 22.700 10 8 131 426 7,004 9.5 655
62 UIN-CHI 5.785 % ki 224 96 7,004 3 2 48
63 SPI-CHI 22.630 10 8 172 246 7,004 10 473
64 SQI-CHI 1.165 R A e 29 119 7,004 2 96
65 BMI-CHIL 2.320 7 9 114 430 7,004 2 96
66 CMI-CHI 14.330 10 10 130 182 7,004 8 518
67 ICT-CHI 20.835 15210 591 539 7,004 6 574
68 ORF-CHI 24,415 Jigs ==8 707 786 7,004 7.2 563
69 RIC-CHI 15.675 18 9 633 893 7,004 5.2 428
70 ROA-CHI 6.370 5 6 521 374 7,004 2 105
71 BTL-CHI 4,985 10758 133 180 7,004 2.5 170
72 BEH-CHI 5.215 8 9 71 263 7.004 5:5 269
73 FNT-CHI 13.685 F57510 219 533 7.004 2.5 249
74 GRR-CHI 34.055 15 9 134 729 7,004 11 945
75 CMX-CHIL 2.125 3 ik 367 37 7.004 P L 42
76 IMT-CHI 2.700 3 1 272 38 7.004 1.3 71
77 IWD-CHI 1.600 3 ) & 350 31 7,004 0.66 28
78 JXN-CHI 2.170 3 9 172 262 7,004 T 56
79 LAN-CHI 17.050 15 9 174 500 7,004 338 323
80 MBL-CHI 0.860 3 2 182 100 7,004 § S a4
81 M{T-CHI 3.705 3 1 322 81 7,004 0.66 50
82 MKC~-CHIL 12,485 5 9 119 23% 7,004 4.5 387
83 PLN-CHI 3.820 3 8 295 75 7,004 L 92
84 SSM=-CHI 1.740 8 8 360 49 7,004 0.25 11
85 MBS-CHIL 22.955 10 8 220 608 7,004 55 548
86 TVC-CHI 8.655 3 3 226 83 7.004 255 258
87 PDX-CHI 26.945 15 9 1,748 15123 7.004 8.3 1,214
88 MSP-DTW 49,845 18- 10 534 2,284 4,788 9 1,169
89 RST-DTW 2.870 5 4 484 243 4,788 2.6 245
90 MCI-DTW 25.380 12710 638 1,602 4,788 7 e 593
91 STL-DTW 59.625 18 - 10 451 2,462 4,788 8 778
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City Pairs Pass;:gcrs § f Distance Population { Population j # of # of
ito] in tho;.ijsjnds E § Miles in thousands in thousands flights seats
92 OMA-DTW 6.745 14 10 660 765 4,788 1.7 108 :
93 CHI-DTW 256.705 20 10 238 7,004 4,788 38.5 3,669 F
94 APN-DTW 1.720 Y23 192 85 4,788 0.66 28 £
95 ESC-DTW 1.455 3% o iane 44 4,788 13 64 i
96 OX-DTW  2.835 T s 37 4,788 0.9 33
97 JXN=-DTW 0.245 =509 66 262 4,788 2 112
98 MQT-DTW 3.465 3 ik 363 81 .f0,738 1 50
99 PLN-DTW 2.250 3 8 239 75 4,788 1.8 98
100 SSM-DTW 1.645 878 294 49 4,788 0.66 28
101 TVC-DTW 6.560 3 3 207 83 4,788 & 241
102 CID-SUX 1335 8 6 243 296 223 0.3 23
103 DSM-SUX 1.835 10-10 152 551 223 1 S0
104 ALO-SUX 0.970 3 ) 204 272 223 15 160
105 OMA-SUX 1.195 14 10 80 765 223 3 168
106 CID-MCI 5.285 8 6 244 296 1,602 1.7 130
107 DSM-MCI 19.135 10 10 174 551 1,602 5 178
108 OTM=-MCI 0.860 178 119 1,602 - 96
109 SUX-MCL 4,670 3 245 223 1,602 3.2 236
110 ALO-MCI 2.210 263 272 1,602 1 48
111 MSP-MCI 38.505 18 10 404 2,284 1,602 753 205
112 RST=-MCI 2.590 348 243 1.602 0.66 24
113 COU-MCI 1.620 3 133 258 1.602 35S 141
114 JLN=-MCI 2,935 5 136 154 1,602 3 168
115 STL-MCI 80.015 18 10 229 2,462 1.602 1858521 =853
116 SGF-MCI 9.965 12 5 146 356 1,602 K 7 | 310
117 HSI-MCI 0.425 3 228 51 1,602 0:3 14
118 LNK=MCI 8.415 10 165 306 1,602 9 370
119 OMA-MCI 32.520 14 10 165 765 1,602 355 2k
120 BFF-MCI 0.845 3 3 SkL a7 1,602 (75 50
121 GCR=-MCL 0.430 2 2 34 38 1,602 ) 3 16
122 GLD-MCL 0.170 2 7 332 39 1,602 0.5 28
Tfi
-
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¢ ¢ No. of K 'é:
: 4 : City Pairs P-‘lss;ugers g S Distance Population i Population j # of i of
g ; st ito } in théisands E g Miles in thousa ds in thousands SEIERCRY Se3Ey
; 123 GBD-MCI 0.290 e R LY 54 1.602 2T 68
124 HYS~ (CI 0.880 LA 79 1,602 1.2 39
, 125 MHK-MCI 4.425 R el 144 1,602 6 254
126 SLN-MCI 1,915 10 9 166 136 1,602 1.7 84
; 127 ICT-MCI 20.290 15 10 184 539 1,602 12 953
12¢ MLI-MCI 5.530 6 9 269 220 1,602 1.5 99
129 PIA-MCI 3.570 1085 298 426 1,602 1 115
: ; 130 PDX~MCI 7.165 15 9 1,492 17123 1,602 1.5 121
3 131 CID-MSP 9.790 8.6 291 296 2,286 2 197
{ 132 DSM-MSP 22,870 10 10 232 551 2,284 4.7 450
133 SUX-MSP 6.125 6 8- 7233 223 2,284 158 128
= 134 ALO-MSP 4,405 3o 166 272 2,284 2 %5
s ’ 135 BJI-MSP 3.745 1199 52 2,284 2 iz
: . 136 DLH-MSP 17.080 10 5 144 199 2,284 6 454
3 137 FRM-MSP 0.950 8 104 39 2,284 2 132
‘ 138 HIB-MSP 4,755 & 174 106 2,284 3 198
: 139 INL-MSP 2.895 10 1 25 21 2,284 135 70
( 140 STL-MSP 40.165 18 10 448 2,462 2,284 358 328
l 141 OMA-MSP 37.325 14 10 282 765 2,284 4,7 Lt4
142 ICT-MSP 4.000 15 10 S45 539 2,284 0.75 56
£ 143 MLI-MSP 9.990 5209wy 220 2,284 1.2 23
} 1 144 PIA-MSP 4.070 10587342 426 2,284 2.9 160
s e 145 PDX-MSP 13.750 15 9 1,426 1,123 2,284 3.5 L2
;, o 146 LBF-LNK 0.490 3 207 81 306 1 55
Pl 147 BRL-STL 1.715 4 146 76 2,462 1.5 72
§ : 148 CID-STL 3.975 g G998 296 2,462 V2 110
i 149 DSM-STL 16.910 10.-10: 260 - ..  55F 2,462 4.8 373
{ 150 ALO-STL 1.545 A and 272 2,462 0.4 30
% - 151 CGI~STL 2.855 T e T 164 2,462 3.5 140
152 TBN-5TL 3.015 304 110 105 2,462 5.2 242
. B 153 JLN-STL 4.490 3175 5um 250, 154 2,462 2.3 153
154 IRK-STL .205 3559 g 133 2,462 0.5 24
§ = 155 SGF-STL 9.565 120 s foes 356 2,462 4.5 167
N
i B
H
i |
| i 72
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P b § =
¥ xo.~of 5 §
{ ( City Pairs Pas;;:;sers 5 ; Distance Population 1 Populution j # of # of
, § ito] in :hoisands :_ é Miles in thousands in thousands flights. seacs
! T 156 CMI-STL 3.320 10 10 143 182 2,462 3 278
[ 157 MTO-STL 0.280 32805123 104 2,462 1 48
158 MLI-STL 8.570 6 9 187 220 2,462 28 232
I 159 MVN-STL 0.625 G sty 87 147 2,462 2 96
% : 160 PIA-STL 7.555 10 85137 426 2,462 5 370
161 UIN-STL 2.030 =73 94 96 2,462 3 144
8 162 RFD-STL 0.915 Tl R 1Y) 457 2,462 0.3 12
: l 163 SPI-STL 3.600 10:5-8 84 246 2,462 9.5 553
v 164 LNK-STL 2.920 105 (8505370 306 2,462 153 93
P o 165 OMA-STL 15.850 1410342 765 2,462 2.6 174
$ i 166 ICT-STL 9.215 1510 392 539 2,462 2.2 154
2 167 PDX-STL 5.580 15777.9:1,708 1,123 2,462 4.9 412
B 168 RST-STL 1.435 S oTgur g 243 2,462 0.66 41
169 TOP-ICT 0.225 83100198 289 539 2 86
170 OMA-ICT 2.198 14 10 265 765 539 1.5 61
171 CID-OMA 2.570 8=lgroi=no) 296 765 1.2 105
172 DSM-0MA 6.435 105510 -7 117 551 765 3 329
173 DBQ-OMA 0.730 B35 =278 145 765 0.8 36
< 174. FOD-0MA 0.630 SRS 174 765 1 48
175 MCI -0MA 0.775 357 52184 165 765 0.5 2%
176 OLU-0MA 0.210 303 76 74 765 2 112
F o 177 GRI-OMA 1.155 SHELA 128 107 765 15 84
. 178 HSI-0MA 0.405 s el U5 51 765 1.5 84
- E 179 EAR-OMA 0.455 3oia 1gy 25 765 1 57
B 180 MCK-OMA 0.395 23l ro5s 37 765 0.66 28
¥ 181 OFK-0MA 0.940 P 93 121 765 2 112
! 182 LBF-0MA 1.530 558 = 950 81 765 1 42
o 183 LNK-0MA -640 10 8 55 306 765 7 482
4 L‘ 184 FRM-OMA .045 R e LT 39 765 0.3 14
i 185 MLI-OMA 2.985 [ e 220 765 1 98
g - 186 DSM-ALO 1.055 10 10 ap 551 272 2 2%
: E 187 DBQ-ALO 0.260 8 2 87 145 272 A 259
i n
&
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o -

No. of KR

City Pairs Pass;ngers g f Distance Population i Population j # of # of
ito}] in :h:?xs.mds 2 é Miles in thousands in thousands FAARnEe . Seuts
188 FOD-ALO .040 s Sl 91 174 272 0.5 24
189 MCW-ALO 0.075 =5 63 165 272 2 163
190 MLI-ALO 0.610 69 124 220 272 1.5 139
191 RFD-ALO 0.135 3529 171 457 272 0.5 24
192 OMA-ALO 1.480 14 10 200 765 272 1.3 60
193 RST-ALO 0.360 54 93 243 272 3 211
194 STL-ALO 1.545 18 10 284 2,462 272 0.3 12
195 CHO-WAS 4.56 10 5 84 147 3,080 6.0 318
196 LYH-WAS 4,43 4 4 152 166 3,080 3.5 232
197 PHF-WAS 13,51 9 129 347 3,080 6.5 661
198 ORF-WAS 53.42 E25-28 149 786 3,080 11.8 941
199 ROA-WAS 16.71 S 184 374 3,080 7.0 539
200 DTW-WAS 97.5 20 10 391 4,788 3,080 14.7 1,400
201 GRR-WAS 5.24% 159 513 729 3,080 1.6 95
202 FENT-WAS 2.58 15 10 441 533 3,080 0.5 50
203 LAN=-WAS 5.92 15559 468 500 3,080 1.9 119
204 MBS-WAS 3.62 10 8 478 608 3,080 1.8 90
205 PDX-WAS 10.38 15 9 125339 1,123 3,080 4.0 340
206 LYH-ORF 0.61 48 L68 166 786 0.3 12
207 ROA-ORF 4,71 3 6 210 374 786 2 143
208 CHO-ROA 0.125 10 -5 101 147 374 2.8 247
209 PHF-ROA 0.915 8 9 192 347 374 0.66 217
210 RIC-ROA 8.74 189 147 893 374 417
211 ORF-DTW 9.43 1208 527 786 4,788 2.1 163
212 ROA-DTW 1.91 S0 384 374 4,788 24
213 GRR-DTW 920 Lh-=9 126 129 4,788 417
214 LAN-DTW 4.37 15 9 79 500 4,788 9.5 538
215 MKG-DTW 2.14 =i ] L66 231 4,788 168
216 MBS-DTW 529 Q- 96 608 4,788 340
2%1 PDX-DTW 6.36 15 91959 1,123 4,788 2 491
218 £UG-PDX 4.80 105 106 367 1,123 .5 478
219 WAS-NYC 833.47 20 10 215 3,080 17,865 73,255 7,652
74
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No. of 2 '§

Cicy Pairs Pass;ngers E © Distance Population i Population § # of # of
ij e flights seats
ito] in thousands 2 4@ Miles in thousands in thousands
220 CHO-NYC 10.40 10555 299 147 17,865 355 258
221 LYH-NYC 7.01 4 4 366 166 17,865 4.3 305
222 PHF-NYC 24,01 8 9 283 347 17,865 7 658
223 ORF-NYC 76.40 12 =8 291 786 17,865 7o 932
224 RIC-NYC 58.85 18 9 286 893 17,865 9.9 871
225 ROA-NYC 19,43 5 6 399 374 17,865 6.2 469
226 DTW-NYC 399.72 20 10 489 4,788 17,865 38 4,000
227 GRR-NYC 20.44 15:=220 614 729 17,865 3.8 241
228 MBS-NYC 13.83 10 8 553 608 17,865 4.5 277
229 PDX-NYC 25.62 15 9 -2,241 15323 17,865 9.5 7 1,106
75
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TABLE 11
%'. Citv Character
= Legend & = =
MC - marketing centres -E a3 o 5 £E
; INT - institutional 23 g% Eta ¢ g e g
; i BAL - balanced gg‘ RS g BIG >
: IND - industrial L R e e >
; , B 98 3.5 ga =
: 3 Bae sy T® 2 i 13
| T =
b 1. Des Moines (DSM) 19.0 23.3 7.4 14.2 25.6 BAL
. 2. Fort Lodge (FOD) 21.3 29.4 7.2 11.7 24.2 BAL
"i. 3. Burlington (BRN) 36.7 23.2 6.0 10.9 22.7 5D
: 4. Keokuk (EOK) 10042214 7.3 - 1252189 MC
S. Marshalltown (MIW36.3 21.3 7.2 11.9 23.7 N
~
¢ I— 6. Cedar Rapids (CID)34.7 20.2 7.7 9.5 24.3 IND
: 7. Mason Citv (MCW) 18.6 28.5 8.3 11.2 24.2 MC
8. Ottumwa (OTM) 29.5.°23,0. 6.9 11.9 22,8 BAL
' 1 9. Spencer (SPW) 11297274 6:5 - I1:7 -20.4 MC
: 10. Waterloo (ALO) 301 22:3.:10.8% 513,87 21=9 IND
11. Clinton CWI) 36.0 19.4 6.6 9.4 21,7 IND
i 12. Dubaue (DBO) 0 W I T CE I RS T ) IND
+3. Davenport (DVM 29 2 280 X6 502 2306 BAL
14, Fort Madison (QTM)34.5 18.5 6.3 13.1 21.6 IND
{ 15,7 S1oux CIty (SUXY ‘17:4 26.5 8.1 1L.7 . 33.6 MC
MINNESOTA
16. bpewidji (BJI) Fea23 090 L8 S 05261 INT
£ 17. Brainerd (BRD) 16 3790652 =BT 93 4 966 MC
i, 18. Hibbing (HIB) 14.0221:4" 9727 178 028 e
o 19. Eveleth (EVM) 14.0 21.4 9.2 17.8 22.8 e
i" 20. Fairmont (FRM) b e D Bl ey B SO0 1S MC
| & 21. Grand Rapids(GPZ) 14.6 19.3 11.9 2851562150 INT
] 22, Internatiomal
Y Falls (INL) 40007 16:0- 9.8 18.4  19.7 IND
3 Y 23. Mankato (MKT) 1556525915, 0= 219:95 =3 ¥C
i = 24. Wew Ulm (ULM) 3 R I b Wt BT 1 ) 9.4 18.0 3AL
E)
i il 25. Thief River
s i Falls (TVF) T6:9: 22,87 8:5 is. 1 9202 ue
s 26. Winona (ONA) 247371925 TES A= cE 4 oo it rg IND
27. Worthington@Qiy) 14.2 23.8 951 1355 2055 MC
i F 28. Duluth (DLH) 1405204 779.2 178> 27.8 MC
PO
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TABLE 11 (cont'd) ]

}
-
. Legend % 2 i
F MC - marketing centres 5 88 25
¥ INT - institutional 573 e g g g3 9 ]
BAL - balanced e H e S ;
IND - industrial &2 @3 §a g s - _
i 2§ 93 352 s g z i
‘5 e FE @4 3 & 7 ) g
29, Rochester (RST) 16.4 19.8 6.0 11.4 35.2 BAL
4 30. Minneapolis-
: St. Paul (¥MSP)  24.7 23.0 8.3 14.4 27.3 BAL
MISSOURT
(ﬁ 31. Cape Cirardeau
Li (CG1) 19.9 -24.2 11.5 ©15.2  22.5 BAL
32, Jefferson City i
- (JEF) 10780170 87 24097 969 INT i
fg 33. Joplin (JIN) 28,1 28:3:- 6.5 - 10.5 2103 Upab
: 34. Kirksville(IRK) 14.0 20.8 19.0 23.0 23.1 BAL i
= 35. Rolla (RLA) 9:5 21,2 +19:0° ° 35.6: 29.0 INT
I\. 36. Springfield(SGF) 20.3 24.6 8.3 12,8 23.0 BAL
37. Columbia (COU) 6.0 17.0 31.4 41.6 32.6 INT
) 38,  St. Louis (STL)  27.6 23.9° 8.2 12.0 30.7 BAL i 1
[ 39. Sedalia (DMO) 2156 23,854 °11.6. - 18,6 BAL i
¢ 40. Malden (MAW) 23:6 “20:9.- “BLF 1505 19 BAL
% 41, Kansas Citw(MCI) 23.7 23.0 5.7 15.3 21.5 BAL
[% 42. Poplar Bluff (POF)15.2 25.2 7.4 15.5 20.9 MC
- 43. Ft. Leonard Wood :
(TBN) 111 * 28,7 - 10.4-° 34:B- 20:3 INT
F NEBRASKA
- 44. Alliance (AIA) 3.0-27:3 . 8.0 14.5-23.8 MC
45. Chadron (CDR) 2:2°-22.8 194 29.6° 25.0 INT
i 46. Columbus (OLU)  29.8 18.9 5.9 9.8 18.9  IND i
~ 47. Grand Island(CRI) 20,1 25.9 5.7 13.6 21.9 BAL i
48. Hastings (HSI)  16.6 24.3 8.3 18.1 23.5 e !
E 49. Kearney (EAR) 153 194 8.5 008 1A MC f
5 50. McCook (MCK) 10.0° 26.2 8.3 153 236 MC !
| 51. Norfolk (OFK) 15035:26.77% 6.6 “ 148 21,3 MC ig
¢ 52. North Platte
| (LBF) 5/ 261 6.8 L1308 3010 MC
53. Scottsbluff (BFF) 13.6 27.6 9.5 13.3 -3.1 MC |
|
ﬁ 77
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TABLE 11 (cont'd)

LEGEND
(-] lU T
(-] [~3] P
MC - marketing centres = 3 NEia o et
INT - institutional e Sl 5 i &
BAL - balanced e fead Ermmthem g - - by
IND - industrial L PO T 5 vl 2
& 5% - ok opq 2
2. 28 38 &~ 5 (3]
54, Sidney (SNY) 5.8 26.1 7.6 15.4 19.8 MC
55. Lircoln {NK) 12537 2154 4.5 2552 27.3 INT
-56. Omaha (0OMA) 17.2-24.0 X 13.1 25.5 MC
ILLINOILIS
5/. Carbondale (MDH) 12,0 17.7 30.4 38.9 29.9 INT
58. Danville(DNV) 37222190256, 712.3 - 1850 IND
59. Galesburg (GBG) ' 27.3 '17.9 8.1 13.6 - 18.8 IND
60. Jacksonville
(1JX) 191 C18.2 1200 1754003057 BAL
61. Macomb (MQB) 1353524755 2),2 28.2 22,8 INT
62. Mattoon (MTO) 22:0- 19,5 181 24,1 2027 BAL
63. Mount Vernon
(MNV) 19302302 6.7 13,2 18.2 BAL
64. Quincy (UIN) 282221 6.7 8.8 19.3 BAL
65. Sterling/Rock
Falls (SQI) 39:0/°17:3 6.4 1151 155 IND
66. Bloomington
(BMIL) 16.1 20.0-16.6 19.6 2%.7 5AL
67. Chicago (CHI) 315752058 6.2 5 B 2330 5D
68. Champaign (CMI) B.8:"19.0: .30.7 38.9 34.3  Boie
69. wuocatur (DEC) 33.6 18.8 6.7 10.2 20.7 IND
70. Centralia (ENL) 22:3: 1858 = ] 1353 1827 BaL
71. Moline (MLI) 28,9 20.0 6.5 11.4 16.3 IND
72. Peoria (PIA) VL7202 7.0 10.9 3%:2 Iy
73. Rockford (RFD) 45:2 - 18,7 5.4 8.4 20.0 IND
74. Springfield(SPI) 14.5 19,3 0.7 S 2%l e €
KANSAS
75. Dodge City (DpC) 11.1 24.7 3.9 57 23.7 uE
76. Garden City(GCK) - el Ry oD Gt B b o 16.8 50 574 M
77. Goodland (CLD) [ feeh S e 4.6 13.6 16.3 MG
78. Great Bend (GBD) QLT R8T 4.9 10.4 oo b s
79, Hays (HYS) Eabr 232088 ki = 3.8 [N
78
el -
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TABLE 11 (cont'd)

LEGEND
MC - marketing centres .a‘io E 5 e EE
INT - institutional - £t SEdpAL ) - | » g8 o
BAL - balanced e E - g8 ] - a &
IND - industrial LAl e R 5 £ L o
b=y gr- & w8 »
2 38 3F3 8 &8 5}
80. Hutchinson (kuy) 20.8 27.3 7.4 12.8 23.8 BAL
81, Lawrence (LWC) B s By o By B B L e (o | INT
82, Liberal (LBL) 12.2 26.9 7.5::12:8 20.3 MC
83. Manhattan (MHK) 4362200123007 - AL 31.6 INT
84, oOlathe (0JC) 19.2  26.0 7.8 13,6 36.9 MC
85. Salina (SLN) 12.3 26,8 9.6 14.5 25.6 MC
86. Wichita (ICT) 27,2221 19527113 25.7 BAL
87. Parsons (PPF) 32,5161 70 | 14.9 15.8 IND
88. Topeka (TOP) 14.3 20.3 1:0:2:22-7 25,7 INT
VIRGINIA
89. Lynchburg (LYB)
90. Newport News (PHF)24.9 18.2 8.4 27.5 26.2 BAL
91. Norfolk (ORF) 1l4.6 22.9 7.4 29.6 22.6 INT
92. Richmond (RIC) 21.0 20.8 7.8--.20.) 24.6 BAL
93. Roanoke (ROA) 21500511259 6:5:213.0 22.4 BAL
94, Charlottesville
(cHO) 100288 1707 735,25 327 INT
95. Danville (DAN) 2 Dol ooty S BT 7 Vi 5 et it IND
96. Hot Springs(HSP) SaZ 10,65 38 1204 7 g | BAL
97. Manassas (MNS) 8571850 955 338 28.8 INT
98. Pulaski (PSK) 49.0 14.0 4.9 11sl 1. IND
99. Staunton (SHD) 8.2 14.5 5ed 14.5 17.5 IND
MICHIGCAN
100. Tetroit (DTW) 7 il Al 0 Bl | 6.6 125K 21.9 IND
101. Grand Rapids(GCRR) 31.8 24.0 7.2 9337 2150 BAL
102. Flint (FNT) 46.3 18.0 7.6 1I.3 7.2 IND
103. Lansing (LAN) 2lih 1900001923 30.6 26.8 N
104. Muskegon ‘MKG) 44.4 18.0 6.9 15§D E 18.7 IND
105. Saginaw (MBS) 38:8 1:2004 6.6 10.2 18.5 IND
106, Alpena (APN) it P D B8 S 1 B 19.2 2055 ILND
107. Kalamazoo (AZO) 33.419.7 12,9 17.3 24.4 IND
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11 (cont'd)

LEGEXND
MC - marketing centres - pogy _‘5
INT - institutional 5 SN, TR Ve .g o .
BAL - balanced o s g o8 &
IND - industrial CHChE RS - e 2
-0 U - ~ . e
25 98 st 2 S L =
Z.. 28 23 3 = E s
108. Benton Harbor
(BEH) 43.2 17.8 1.8 9.0 20.4 IND
109. Battle Creek
(BTL) 36.0 18,0 7.0 14.6 19.2 IND
110. Hancock (CMX) 8.7 23.2 23.1 -26.9 24,9 INT
111. Escanaba (ESC) 26.6 22.3 7.6 13.7 21.1 BAL
112, Iron Mountain
(IMT) 21,8 )26 .3 .2 1619 2205 BAL
113. Iron Wood (IWD) Y775 2256 ek 17.7 18.0 BAL
114, Jackson (JXN) 35.7 19.4 7.0 12.3 20.9 IND
115. Manistee (MBL) 39.5 18,2 6.1 14.8 18.3 ND
116. Minominee (MNM) 37.7 19.8 6.2 32,2 15.4 IND
117. Marquette(MQT) 6.3 FN.316.5 27.2 2201 INT
118. Pellston (PLN) 15.5 --25.7 7.9 14.6 23.8 MC
119, Sault Ste. Marie
(SSM) 5.7 26.9 13.8 34.8 23.6 INT
120. Traverse City
(TVC) .7 26.4 7.2 17.0 25.3 BaL
OREGON
121,Eugene (EUG) 23.4 21.8 13.4 18.9 24.5 BAL
122. Portland(PDX) 218 =23, 8.1 14.3 25.0 BAL
123. Washington, D.C. 6: 55 H168 3.5 39.1 38.3 TiT,
134, Yew York, New
York 20.7 19.9 Tl 16.6 26.0 BAL
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TABLE 12

VARIABLES AND THEIR DEFINITIONS

No. of passengers between

Population of the region

Reliability of the flights

No. of flights between

No. of available seats in

Attractiveness of the City

Road conditions of the

No. Variable
1

cities
2
3 Travel cost
4 Travel time
5
6

two cities
7

the planes
8
9

c ity
10

Economic characteristics
of the community

Definition

No. of enplanements from city i to
city ]

The population of the community which
is handled by an airport.

Coach air fare from the airport of
region i to the airport of region j
+ the cost to reach the airport

from the central city in region i

+ the cost to reach the central city
in region j from the airport

Actual flight time from the airport
in region i to the airport in region
j + travel time from the central city
in region i to the airport + travel
time from the airport in region j to
the central city + 45 minutes for
ticket and luggage check in at region
i and luggage check out at region j

Reliabilityv of the service of flight
in region i

A function of the no. of direct flights
without stop, no. of direct flights with
stops, and the no of connecting flights
between regions i and j

A function of the no. of available
seats in the direct flights and
connecting flights between region i and j

Relative attractiveness of the cities
were compared and nos. were given to
each city out of a maximum of 20

Relative road conditions of the ~ities
were compared and nos. were given to
each city out of a maximum of 10

Communities were divided into 4 categories:
Industrial, Marketing, Institutional

and Balanced Communities, and the percent
employment in each category determined
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ACTUAL ENPLANEMENTS (000s)

Figure 1(a) Error vs. Actnal Enplanements for Virginia Airpvorts, 1974
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Figure 2(b) Historical Trend in Enplanements for Lansing, Mich., 1962-1974.
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APPENDTX B
REVIEYW op DIEK‘fAND MODELLNG TECHNIQDES

A review of some technigues presently used or proposed for the
purpcsg_of determining the demand for passenger air travel is
presented.

JThere are two approaches for demand modeling, agpresate and
disagnrepate. Agpregate models consider a group of individuals
such as total population, labor force, and so forth. For mndéling
purposes, these market sepments are also geographically located
and aggregated by traffic zone. Disapgregate models.cmnSider an
individual or a group of individuals., The gropuing mipht be
according to attributes, to socioceconomic strata, or to some other,
probably nongeographic, attributes. An individual, accordingly,
“may become part of different pnpulétinﬁ suhgroﬁps fdr differént
purnnses. Dnmand nadels can herulnssified as

0 'Aggregute modals o | |

0 Dixaﬁt domand models
h--Disuggregatc mndelg

0 Disaggregqte models

| a Diract demand model s
o Sequential models
birect Démand'Médélé: (Aggregate)

Direct-demmd models estimate travelidumqnd hy origin,
dégtinntiuﬁ;'aﬁd.mnde with a singlg.equutiuﬁ; Nirect-demind models

can ba specified as either modal-abstract models or modal-specirie
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models. The primary advantage of 2 modal-abstract model is that
only 1 equation is necessary-to estimate travel demand. This is
particularly advantageous when one is estimating demands for new
modes that are not in opeartion or for which there are no existing
prototypes. The primafy disadvantage aésociated With developing

a modal-abstract model, however, is that it requires that gach
alternativé mode be described by a singie set of variables. The
selection of a set of attfibutes that can effectively :epresent
the wide range of system features characterizing different modes
can present a major problem because hcmogenizing attributes means

the loss of model responsiveness to policy changes.

(1) Aggregate model (direct): total enplanements of a region .

based upon system and/or regional attributes.

Such a demaﬁd model is used to determine the total number of
people who enplane flights in a given region. This model can be
generally despribed in the following form:

o= Kox Ml O
where Ei = predicted. enplanements at region i.

K

)

calibration constant
X 2%, = attributes of system and/or region (e.g., income,
population, airfare, etc.)

Qpslp.,.0 = weights

The weights and calibration constants Ffor Eq. (Bl) are generally

determined by use of linecar regression. Real data for enplanements

and the system/regional variables can be collected over a number
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of years and/or for a number of airports in a particular region
(e.3., a state). Writing this equation in linear form by taking
logarithms of both sides of the equation:

lnEi = 1ln K + o11nx, + mglnxz + ... an.lnxn (B2)

1

allows the use of the least squares curve-fitting technique (i.e.,

regression analysis) to determine values for K and the a's (SPSS, 1976).
(2) Aggregate model (direct): enplanements between two regions
based upon éystem and/or regional attributes.
The number of people who use air travel between two particular

regions can be describedin the following manner:

“11. %13 %21 %23 ni 1 % K-
E,, = lei xlj Xos XZj oo X an X Hy oeee Xy (83)
where Eij = predictgd enplanemeu?s betwgen region i and regiop i
K = calibration constant
Rygo XpgoeersX o = attributes of region i (e.g., populatiﬁn,

type of region, etc.)
le’ij*""xnj = attributed of region q.
xl,xz,...;xn = attributes of system (e.g., cost, speed, ect.)

ali,qzi;azj,,;.al,uz = weights

Eq. (B3) is similar to Eq. (B1) in form; but it used for a

différént purpose. . Lq. (BB) is used in order to forecast the

demand for travel over a particular route {from some region i to

some other region j), whereas Eq. (B1l) can only be used to forecast

the total number of people who will leave from region i on air

trips,"witﬁout any knowledge of destimation. Notice that Eq. (B3)
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can be used to gain the same result as Eq. (31); that is, forecast
the total enplanements at reéion i by summing over all destinations
| as:

Ei - § Eij (B&)

Knowledge of demand from region i to all destination regions
j makes possible a forecast of total enplanements at regiom 1.

(3) Aggregate model'(sequeﬁtial): modal, split between two
regions based upon system attributes.

Modal split is a term used to define thé percentagé of travei
which is conducted on a particular mode m when there are two or
more competing modes of travel (e.g., air, auto, bus, rail, etc,).
A modal split model for mode m forecasts the percentage of total

travel between two regions which will be carried by mode m:

uml um2 amn
x X ceee X
Mmi'=: mlu m2u mnu (35)
J ml m2 ‘mn
E 1 *m2 7 Fan
m

where Mmij = predicted percentage for mode m of total travel
conducted between region i and region j.
SR ST RRE . =.;ttributes of mode m (cost, speed, frequency

of service, ete.).

..o X = wei :
. - weights

%1% m2
Eq. (B5) is a ratio for the system attributes of mode m to the
sumt of the system attributés of all ﬁodes. Notice ‘that Eq. (B5)

follows directly from Egq. (B3)}. Equation (B3) predicts travel
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between region pair i and j for the air mode, but could also he
used to predict travel by otﬁer modes by using the values of the
system attributes of the appropriate mode. A modal split equation
is thus develobed by taking the ratio of Eq. (B3) for the mode m

desired to the sum of Eq. (B3) for all modes:

%11 %43

2i ni 1 ml “m2 mk
T .. Kee, . x . X4, ...%X. X, X . X een X
7 M _ _mij O % S | 21, ni “nj mi “m2 mic
: - % Tnij %11 %5 %21 “ni %nj %m1 %m2 P
E 13 13 21 vt *ai oy Tm1l Fmz ot Fmk

(B6)

- where Tmij = predicted travel by mode m between region i and region j.

K

calibration constant
Xo.3Xq.s3+::.X . = attributes of region i.
1i*724? ni &

dattributes of region i.

= *15°%g57 ¥y T

i

: xml’XmZ""xmk = attributes of mode m.
? . : ali’uij""aml;amz = weights

Cancelling out common terms in the numerator and denominator,

Fq. (B6) yields Eq. (B3):

- %m1 “m2 . ok
Jomid o Pmi T2 vt (87)
MY %3 % % L .
mij Z « . .
: o “ml m2 7' “mk

. S (4) Aggregate model (diréct)ﬁ' total enplanements of a region

based upon the market share of a larger region.
A market share model is used to forecast the total eénplanements

at region i by expression these enplanements as a percentage of
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the total enplanements of a larger region:

Ei = (Pi/r)Er

(8)

where Ei = predicted enplanements at region i.

(Pi/r) = percentage market share for region i of the total

enplanements of a larger region r.

Er = total enplanements in fegion T,
Eq. (B8) can be modified to express enplanements at region i in
terms of market shares of more than one larger region r.

E. =P, ,P <o P E (89}
i ifri ri/r2 rm-l/rm ro

An exémple of such a procedure would be the following: the
enplanements at a particular metropolitan area i could be expressed
in terms of a percentage market share of some region r, of the
state in which region 1 is located. In a similar manner, the
énplaneménts at region rl can be expressed as a percentage market
share of the state total, and the state total can be expressed

as a percentage market share of the national total.

The:market shares are developed by examining the histurical.
trend of the region 1 percentage of the total enplanements of _
;region r. From this historical trend analysis,.a market share for.
some future year is predicted, and used as shown in Eq. (B8} and
(B9). Imtuitively, the market share modél ié the simplest of.
the models which have been discussed hera.

(5) - Disaggregate deterministic model (diréct): travel by

mode between two regions based upon system and/or regional attributes.

144

it e cm ks a el 1




A good example of disaggregation is the study of travel by
purpose of trip as done by Yu, 1970 (e.g., business or pleasure},

and is expressed in equation form as:

b b “1i %43 %21 “ni %ny %my “m2 ®mie
mii - F Fay Far ot Far oy o Ym2 v Bk (510

=t
=3
]
r
®
-
=)
I

= predicted travel by mode m between region 1 and region

j for business purposes.

~
I

calibration constant

It

Xy 0Xpgse e Xy = attributes of region i which are important

to business travel.

K. sKpepersX , = attri ' i i i i
13’K23’ an attributes of region j which are important to

business travel.
xml’xmz""xmk = agttributes of mode m which are important to

business travel.

ali’aij’aZi’&Zj’aml?am2 = weights

| 12 PBiy Bz By Bai Bny Bm P Bk
4 = I ar ’ ) PET
Toig =8 Tp3 Yig Yoz o5 o0 Yo Yoy T Ymo ¥k

(B11)

I

where Tiij predicted travel by mode m between region i and region
_ j for pleasure purposes
KP

1l

calibration counstant
Yli,Yzi"f"Yni = attrlhuteSIGf region i which are important
to pleasure travel.
. - . . s . .
"Ylj’;Zj""Ynj' atitributes of reglop j which are 1mportapt

" to pleasure travel.
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Y .Y .4...Y . = attributes of mode m which are important to

ml’ 'm2 mle

pleasure travel.
Byi,Bij2BoioBgqs e By oByy = weights™
Egs. (B10)} and (Bll) are similar in form to Eq. (B3) which is

an aggregate model for mode m (assumed to be air) based upon attributes
of the regions and the system (i.e.,.thé ﬁode). Ideally, the sum
of Eqs. (B10) and (B1l) should yield the same value as Eq. (B3)

Disaggregationby purpose of trip is only one example of division of

the traveling public according to trip and/or personal characteristics,

A few other examples of disaggfegation of the traveling pubiic would

be by age, income, occupation, length of stay, etc,

(6) Disaggregate deterministic model (sequential): modal split
between two regions based upon system and regional factors.

A model of this type has been proposed by Jacobson and Kuhlthau, 1972

and would be written as shown below:

alm_ c’52111 0"nm Blm. BZm Bnm
_ *m Fom 7 Fom Ylm Y2m Yom
M.,.=f + £
L] 1 ulm %om %om 2 B1m SZm Bnm
z m Fom ¢ Xon . z Ylm 'Y2m T Ynm
m m
le P2m an _ _
k
P P P
Im 2m nm
Z-Zlm Z2m " znm
m " ,

where Mmij = predicted percentage for mode m of total travel

conducted between region i and region j.
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fl’fé""’fk = functions of trip characteristiecs (e.g., purpose
of trip,.length of stay, ete.)
X g Vmts?t oty attributes of mode m.
Bms’sms""’Pms = yeights

System attributes to be considerd are of several basic groups:

(1) a safety dimension (including reliability); (2) a cost benefit
dimension, which includes time savings and convenience; (3) a

comfort dimension, which includes on-board service, appearance, etec.;
and {4) an in-flight dimension, which characterizes a traveler's
freedom and ability to perform tasks such as reading, writing, thinking,
viewing, etc.

(7) Disaggregate probabilistic model (sequential): probability
that an individuél will choose a certain mode of travel between two
points.

Disaggregate probabilistic models have been proposed by Stopher
and Meyburg, 1976 to predict the probability of an individual of
a certain socioeconomic group choosing a particular mode m for the
" commutation Erip to work. This model has not Been proposed for
forecasting air travel, but it is possible for it to be used as an
-alr demand model. In additioﬁ to being disaggrégafe.and probabiiistic,
the Stopher-Meyburg model is behavioral, which means the attitudes
'énd'beﬁaviof of individuals have been taken into account thfough
Stu&y of the sconomics of consumer behavior and the psychology of

choice behavior,
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The disaggresate, behavioral, probabilistic model proposed by
Stopher and Meyburg is shown below:

PR {U(xm,si)}

P = (B13)

m Y exp {U(xm,si)}
m

where Pi = probaﬁility that individual i will choose mode m for
commuter trip. |
U(Xm’si) = cammoﬁ utility of mode m for individual i.with
socioeconomic characteristics Si'

Eg. (B13) is referred to in the literature as a multiple-logit
model. The utility assigned to a particular mode is an economic
(monetary) value as perceived by the individual, depending upon his
socioeconomic class, Eq. (B13) is considered disaggregate in the
sense that the basic unit of observation is the individual, hut can
also be considered aggregate in the sense that a single set of
parameters are sought to describe each socioeconomic group of the

population. Basically, Eq. (Bl3) can be considered a probabilistic

modal split model with disaggregation along the lines of socioceconomic

" groups in the population.
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