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* INTRODUCTION

This report is prepared for the Michigan Department of Economlc Expan-
' sion under Contract Number P-52-(44), dated September 1, 1965. Tt is the
"result of consulting serv1ces provided to the Department of Aeronautlcs to

j'achleve" ' '

1.  The applicatlon of extrapolatlon and projectlon techniques
T ~to Fact-Finder and other data to forecast the demand for e*

"av1at10n fac111t1es in Michlgan.

'3'2; The continued development of Fact Finder Survey Techniques. -

_-ACKNOWLEDGMENTS

- The research program undertaken under this contract presented one:

h'.maJor difficulty: ‘nothing comparable had been undertaken before.3gAs-f'ﬂ:"--.'

' 'a result many different ideas had to be tested and rejected before mean- .
“ingful relationships between aviation and other factors could be estabf '
‘lished, This fact meant that enormous amounts of data had to be collected

‘and analyzed.

_ In both the planning and the execution of this work the contrlbutlon
0of Mr. Edward Mellman was invaluable. Without his assistance the progect
could not have been completed. We also wish to thank Mr. James Ramsey,
 Mr. Lester Andrews, and Mr. William Hamlen of the Aeronautlcs Comm1ss1on
efor their hospitality and unfailing encouragement_throughout_thezcourse.

'_'of the research

At Arthur D. Little, Inc., the regression PLOGram was in: the hands G

of Mr. Thomas Domencich and Miss Patr1c1a Cawunder whose pers1stence in thedft

face of adver51ty is responsible for the final success of our efforts_.r__eﬁq_. T
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: CONELUSIONS

:_1l - The number of aircraft based in a county can be expressed as
‘a function of the population over 25 years old with some college educa—

l'tlon or of diSposable income. -

e 2. The number of operatlons bofh local and itinerant, corre-
lates with the number of ‘based aircraft. :The correlations vary for the
'two types_of flylng, and they also vary depending on whether or not

the airport is served by an airline.

3. . ‘The forecastlng technlques developed in this study will yleld,l:e'

serviceable forecasts for the level of general av1atlon in M1ch1gan
counties. However, practical improvements in data in the future will -

‘substantially refine these forecasts and increase their reliability.

4. Statistics can be developed to identify airports and counties

which appear to be deficient in aviation facilities.

- Brthur Zﬂ_.fii_itt_lp._i’!ﬁ}Q L




”-fBackground to thefForecast'Problenf:-':'
At the time that this study began there was no successful method

- for forecastlng av1at10n activity Even 1n the case of airline traffic, for -

-which admirable data are avallahle, forecasts have been ‘right more by luck

_than good Judgment. For example, the 1atest regression analys1s of airline_'z.'h

X -_traffic by the Civ11 Aeronautics Board produced mex1mum annual growth

rates for domestic air travel of Just over 10% for 1965 and 1966 lThe

:lactual growth rates have been over 164 1t ought to have worked but 1t jp;{' -

did not._ Conversely, a forecast made by Canadair in 1956 us1ng a new

'uhapproach, proved almost exactly accurate 1n 1965

In the field of general av1ation the record is even Worse. 'The-

.fso called Curtis Reportl/ published in 1957 forecast a total general

f__av1ation fleet of 73 000 aircraft in 1965 whereas, it was in: fact 88 742

sﬁHowever, the amount of general aViation flying hours forecast by that
report for 1965 was, by chance, extremely accurate._ The Federal Av1at10n
Agency admits to the simple projection of time. series, and the data 1n "

'3the time series are, themselves, seriously open to question. -

_ ‘The problem of forecasting gemeral aviation act1v1ty was dis-
.cussed with Mr. Herbert Guth, Chief, Economics Division, Office of Policy
Development of the Federal Aviation Agency.. The consulting company :
-Mathematica is currently conducting a cost—benefit ana1y51s of general
5av1ation for ‘the FAA but at the time of our vis1t no. results of the i

'study were yet available.

The most serious problem to be overcome. when forecasting general_

' aviation acitivity is the lack of data. Records of . general avration are e

'_only kept at airports where there are FAA control towers._ In Michigan
'hwhere there are 136 licensed airports, only ll have towers, and 3 of

these serve Detr01t.'_

h7;j "National Requirements for Aviation Fac1lit1es. 1956 1957 " prepared‘fh::‘hh:'

by Aeronautical Research Foundation for ‘Mr. Edward P. Curtis,?'-'

. Special A581stant to The Pre51dent for AV1ation Facilities ?1ann1ng




Recognizing this statistical:gap, the.Michigan-Aeronauticstcone {""

" mission launched its Fact Finder Survey ‘in the summer of 1962. Although
bbone of the purposes of the survey was to determine the economic contri—
bution of general aviation, from the point of view of forecasting its -

attempt to quantify general aviation activity at each airport was of

a'fgreater 1mportance. The counts were made during the Fact Finder Week

g3Ju1y 28~August 3, at which a team of 2000 individuals counted all opera-
-tions at every airport._ Operations were divided into "local" and _
i_ itinerant ' and the immediate origin and destination of itinerant opera-

;tions were recorded

_ 'y One obvious problem.facing the Conmission was the fact that the
hdoperations counted in the Fact Finder Week at each airport could not be
:;directly compared Weather may have been bad in one part . of the State _
"and good in another. One airport might be serving a coastal summer ;'
bpresort with a high level of actiVity during a week in mid -summer; . -
whereas, another might serve a ski resort with its peak activity in the
" winter when the first airport might be.conpletely closed down. Due to
the unknown effects of both weather and seasonal factors, which varied
.3from airport to airport, the survey suffered from a lack of control.
'This neakness is inherent in the technique, and there was nothing the
Commission could have done to alleViate the problem beyond recognizing

: its eXistence.

. A second problem appeared when analeing the data on itinerant S
f'_operations. ‘Very often the number of flights reported by the observer at
_rairport ‘A to have departed for airport B was different from the number -
"reported by the observer -at airport B ‘to have arrived from airport A.__;

A method was formulated by Dr. Feldman at Michigan State UniverSity to
'make corrections for these discrepancies, but, although the attempt had
' to be made we question Whether the quality of the data was in fact '1':
"1mproved Dr. Feldman s method was discussed and amendments to it sug—'t:
.:gested in our Working Memoranda KKM—S and TAD 6 of October 16 1964 '
In our successful regreSSions; we used Taw fact finder data annualized -
g by. multiplying by 37, but Without Dr. Feldman s corrections. It is b' _
':_uncertain whether the results would ‘have oeen ‘better with the corrections,n

itﬁwe do know they were very satisfactory Without them
L 3 - .
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In sumary, then, although some general sviation information mow

f'existed as a result of the FactsFinder Survey, where previously there had

‘been none, its quality in terms of accuracy and comparability was far from.'

":_1deal

'The Regres31ons

Because data were available from the Fact Finder Survey concern-
- ing general aviation throughout Michigan, it was first decided to attempt
'to correlate these data with various socio—economic data on a county

1/

basls. _ LocaI and itinerant operations in each county, as obtained from
the survey, corrected by Dr. Feldman's program, and expanded by a factor

‘of 37, were correlated separately with the following variables.

-P0pu1ation_m
:Whlte population _
fPopulation in. professional employment
Population over 25 years old
Population over 25 years old with some college
Median school years completed
Number of employed
Disposable income
Households with incomes over $10,000
Retail sales
. Value_added_by manufacture
Diversification index. = -
o In other words, we tried to find a cause and effect relation—
':ship between factors which could 1og1cally ‘be. expected to affect ‘the level:'.

of flying, on the one hand and the actual level of flylng on the other.dd':
" hand. A list of the attempts,_and their results, is shown in Appendix A

In these attempts either the signs of the coefficients were f:_:

n_contrary to logic (e g., in the first example the number of 0perations 1s:'-:".

:'_ shown as correlating negatively with percent of: household With incomes_*_

2/

'..over $10 000), or the r2 's u-were too low. Although the value of. r2

) These correlations were made by means of multiple linear regressionsrh v
" For a brief explanation of this technique see Appendix C. . : '

'2/_ The square of the coefficient of correlation, which is a reflection

of the degree to which all the independent variables are. related to
the dependent variables. jf.'- SRR . : -

ﬂrthur ﬂl'ihttlrllm o




'-Talone is not an adequate test of the fit of a regression, generally

'hSPeaking an r less than 0 7 means that the flt is unsatisfactory. S

What is wrong? First of all this was a so—called cross—z'
hsection regress1on in which the effect of the passage of time was not

- included, (it could not be included because we only had measurements for

1/

'hrone polnt ‘in time——the Fact Finder Week ) D1ff1cult1es = in relating

| ”the data collected in 1964 for 10 airports, and in 1965 for 36 airports,

”:;to the data for. the same airports collected in 1962, precluded the possi*

".hbility °f obtaining USEfUI growth rates over time. AReE

Secondly, the annualized data for the dependent varlable were.
'7='quest10nable. And thirdly, we omitted an 1mportant independent variable——

-based aircraft

_ In-order to attempt to measure the affect of time, we decided ¥
';to sample tower airports throughout the country Where consistent records o
are kept from year to year of general avlation operations. The eleven |
'.tower alrports in Michigan did not constitute a big enough sample for -.'

‘our purposes.

Accordingly, a sample of 66 g/_toWer airports was selected at
random across the continental United States, and data were.collected from o
1953 to 1964 on their local and itinerant general aviation activities, as
well as on 12 different. socio—economic characteristics of the counties
they served “Our hope was that we could at least derive a formula from _
these tower data to enable us to predict growth rates to be applled to_5-ﬁ
better, ba51c non-tower data as they become available. Unfortunately,._
'l_desplte a tremendous effort .on the part of the Commission staff in collect~f.
fing the data, the results Were again unuseable._ Probably the causes of |
the low r2 's were the great variations in climate and wide-Openness
";across the United States whose affect on flying could not be taken into
'paccount._ At any rate, the various time series seemed to form clusters '

frather than one clear pattern.f-"

1/ _The weather during the week surveyed was not the same in each year, -
and in 1965 the ‘survey was. conducted throughout the summer, not just
':during the Fact Finder Week. . .' .'_ ' f i 'f
_ 2/ This number was eventually reduced to 43 by the elimination of those

h'airports which had not had. towers for the whole period '

) -'.'._f_a'ct_hm:"ﬂfiittloﬂnc._; : -




Meanwhile hand plots of based aircraft against poPulatlon and s
' other data, and of operations against based alrcraft were beginnlng to’df.
.'show good results, (See our Worklng Memorandum MDD 3 of 21 January 1966 )

At a meetlng in Lansing on January 25 1966, 1t was. decided to make one
~”5more effort to f1nd meaningful relatlonships between the soc1o—econom1c _
htcharacteristlcs of Michlgan counties and the level of general aviatlon.::.

activity. A program was laid out in our Worklng Memorandum MDD- AA ‘the ,df

data were collected and the regre951ons were run at the Computer Labora—.-7ﬁf*'

':}tory of Michigan State Univer51ty Briefly, the program was . designed

'ffirst to relate based aircraft to tlme (1954 1964) and socio—economic _e_l

. data, and then to relate operatlons, local and itinerant separately at

:;tower airports in Michigan and her five contiguous states, to based airw_ B

- craft for. the 1atest yeat for whlch data were available, i e., 1964 The:l‘“

) socio~econom1c characteristlcs tested 1n the first part were reduced to: EEEREA RN

Zthose whlch had shown some promlse in the past 1, e., population, popula—';"l' '

: _-tion over 25 years old with some college, and d1sposable 1ncome.

The first part of this program was extremely successful w1th
*rz's running over 0.9. (See Appendix B, Tables I through VIII.) ‘Popula-
tion over 25 years old with some college :and disposable income proved to.-
be very significant, and, surprisingly, the passage of time seemed to be .

swamped by these two variables

Although no one formula in the series can be unquestionably -

selected as the best, we have selected two as being very promislng

'. V.13 X(3) = 5. 61 4 .0,217 x(5)
R : - (0.621) - (0. 00226)

r? = 0.9110; - 91651; X(3) - 325 CXG) =
CIV.14 X(3) = 4.51 + 0.00980 --x(a),; -
T (0.639) (0.000105)
Cxt - 'fo-iéon.; F '=!-"-8.7'.52;' FX(3) = 32; @X(3) =

“where _': L N
:X(S) = Based Alrcraft : -
X(5) = Dlsposable Income (Millions) S _ _
X(6) = Population over 25 years with some college _.:f
'Either of these two formulae could be used alone to forecast :

hjbesed aircraft, but if forecasts become available for both of the

- 6_'..f,-5”"'.

nl?;blfdifi:y;l-'**~ i
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.indepéndent:variables,Zi;e;, disposablewinceme_and'pépulationﬁﬁyerpﬁs'yearsf;h'h'::a.

with some college, then both formulae could be used and the resoltsfconﬁ_h

pared.

Formula IV.1l had a very slightly higher r (0.9157) than the

two chosen, but the coefficient for X(l), i. e., time, was negative, which '

“"-c_is contrary to loglc.

_ . The regressions of - ‘operations against based aircraft, the second _f_;:
. part of the program run at Michigan State, proved to be a disapp01ntment, '
'fW1th r2 s below 0. 4 These vere regressions designed to relate operations-

*]f”at tower airports in Michigan, and her five contiguous. states, with air—.n_f
'craft based at these airports. A regression of itinerant operat1ons against FIRREE
' based aircraft and county socio- economic data in the six states did yield
'f'xhlgh r2 8, but on closer examination these proved to be. falee correlatlons.}p[id
.':h.To simpllfy What happened there Were two clusters of observations Which

" it Was possible to j01n w1th a line, 1ike a.dumbbell. and this pattern gavet;s::.n_:;;

the statistical appearance of a well—defined trend which in fact did not

exist. The results were therefore discarded.

In.Cambridge we decided to try again and see if any relation— ;-'

ships could be found between local and itinerant operations in Mlchigan

. counties, as measured by the Fact Finder Survey, and some eight other y

. factors, including based aircraft, The factors tested were:

':'Based'aircraft :

. Households with incomes over $25 000
'Population over 25 years With ‘some college
Retall sales L R

B o

_-Number of airports in county-

';”Sqaure mlles of county per airport o

-ngles to nearest air carrier airport:_

"Number of scheduled flights per day at
:_nearest air carrier airport ' S

'f:lj i The 1nf1uence of the number of airports in a county on the 1evel of SR
' operationms in that county could not be assessed from this regression.T_s o

This is not ‘to say that this factor is not significant but only B
that we cannot prove it from the data. L . o

'f+”7_¥_‘*




The most successful results Were obtained when the counties
were separated into two groups those having air carrier airports, and

those without air carrier airports However, 1t Was found that the number .
. of based aircraft in a county was the only really 51gnificant variable |

~Although slightly higher r2 5. Were obtained, if one or more of the other

.:'_variables were included, we decided against adopting the resultant formulae .

' in view of the uncertainties introduced by the requirement that additional
forecasts be derived for these other variables in order to forecast the o

-'independent variabie. The:formulae_adopted 3F§=39_f9110WS=

TABLE 1

'OPERATIONS vs BASED AIRCRAFT

'Local'Operations'u Non-Air“Carrier Airports

552 X(l)

¥y = : S

F=235.5 3 =7805; oy = 5,104 r’ = 0.858
Local Operations - Air_Carrier Airports

v = 866 + 656 X(1) 9

F = 145:6; §,= 696}701; gy = 359100;_ r =.0'858_

Itinerant Operations —_Noanir Carrier Airports_ -

1536 + 338 X(1) | g . |
164.0; y = 7,282 oy=2 7403 e = 0. 800

y
P

Itinerant Operations - Air Carrier Airports

Y

525 + 411 X(l) '._42~
'F

347.63 y = 4,333,__ oy =1, 424 Cxt=0.935

Based aircraft

.'Notes:_ :1._h'X(1)

-n

.y Operations _ _ _
2. _fMaconb and Washtenaw Counties were included i
. in "Air Carrier" counties in view of their.

. nearness to Ann Arbor and Detroit.




':,}For the Future.'f
The most pre331ng need’ for the £uture is to refine the data relatlng to

-general av1at10n activity at non—tower airports.- Differences 1n seasonality,

"ﬁvarlations in the Weather, and human error, make the technique of a perlodic

}fonenweek survey statlstically vulnerable as an 1nd1cator of the annual level _
:of traffic Our. Working Memorandum KKMnl of January 3 1966 dealt w1th this'

-jproblem and we. have 11tt1e to add to it at thls time, save to _reempha51ze that S

::ifor at 1east the first year of their availability, the counters should be 1eft-y.. L

b-for a full year at airports chosen at random. - The one—week survey is a. much
:-fcmore reliable technique for sampllng expenditures, purpose of trip, et cetera

f_and should ‘be contlnued for this purpose.

It would also be interesting to rate Michigan alrports in terms of their f'f'”

:faCilltieS and to. compare each score to the annual operations.g The airports Ly

?icould thus be ranked in order of need those airports with the lowest score.,.f{d.fhf'fw:

operatlons ratios. being in the greatest apparent need The Michigan ratios:rbd.ﬂ
‘could also be compared with those of contlguous stateS' one would expect that
”this_exerc1se would demonstrate Michigan' S_airport superiority. © This subject
.1was discussed in our Working Memorandum written in Lansing on October 14, 1965.
'_Another useful exercise would be to identify those counties which have fewer
‘aircraft than the norm on the basis of disposable income or the adult college d
'lpOpulation. This information could be used as an argument that, perhaps these

”-eountles should be doing more to provide facillties for aircraft.__'

We should like to repeat here that the forecasts and the score ratios can—

_n0t prove that a certain 1mprovement or .addition 1s needed in a given county or_ﬂ-"

_at a spec1f1c alrport. All the statlstics w1ll do is 1ndicate whlch a1rports or__:rf"

':]acounties, either now or at some forecast year, appear to be deflcient by today s. e

Standards. ThlS is as far as the figures can take you._ Once a county or ‘an .

:”ﬂ-airport is identified by the statistics as requiring attention, your own knowledge ﬂ.s]j

._or a local 1nspect10n should 1ndicate what needs to be done.:-

One final note' “The research program commenced by the Department of Aero—

nautics is a valuable step forward. However, it 1s most important that continurty

-'.he maintalned 1f the work does not continue under ‘the direction of those who ;ugﬁ;j'""

”*.are famillar w1th it, then 1t might as Well not have been begun.
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. APPENDIX ‘A

DISCARDED REGRESSIONS —~ MICHIGAN COUNTIES

Ttinerant operation vs population, retail sales, % households

with incomes over $10,000(-), population over 25 years

. with some college, disposable income (j).

letto,_exoluding counties served by airlines == =

7Itinerant operations vs population, retail sales, % of houseé

- holds with incomes over $10,000(~), professional employw

ment( ) (countles served by alrlines only)

Itlnerant operations vs pOpulation retall sales and % of

households with 1ncome5 over $10 000( ) (countles served

by airlines only, but excluding ?ellston)

‘Itinerant operatioms vs. population, population of 25 years

old with some college, households with incomes over :
$10,000, retail sales, diversification index, disposable

income(-), (excluding counties served by airlines).

Ditto, but alse excluding tourist counties.

Itinerant operations vs. population, population over 25 years-
~0ld with some college, and % of households with incomes: .

~{0.501

greater, than $10,000.

" All operations vs. populatlon retall sales, and . dlsposable e B I TR RIS

1ncome ( )

10.317 -

0.166

10.845

0.636

0.570

10.365
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APPENDIX B
TABLE 1 fi}fw'f

MICHIGAN AERONAUTICS COMMISSION S

gresszon Results L

'Based_Aircfaft VS. Time and County Soc10—Economic

Féctprs_in Michigan

I - ”All 83 Counties

_Regression .

7.53 + 0.588 "X(1) + 0.0000858 X(4)

X(3) = _ :
C 0 (2.23) (0.283) - (0.0000355)

r? = 0.8501 T = 1401 S RO -
X(3) = 13.8 + 0 516 X(l) 0 00000191 x(4) + 0.

©(2.47) (0.318) (0.0000394) . (0.
Crf-0.8108 Fa=1413 -  .. B x(3) -
X(3) = - 9.78 + 0.404 X(1) - 0.0000759 X(5) +

(2.03)  (0.273) (0.0000112)

r? = 0.8492 F = 1856 X(3) =

X(3) = 11.6 + 0.0000661 X(4) - '0.000109 X(5) + 0.00982
(1.11)  (0.0000342) (0.0000205)

r? = 0.8494 T = 1860 R (O
X(3) = 12.7_ + 0.241 X(1) - 0. 0000842 X(4) + '0.00759
S @aon) (0.281)__ - (0.0000192)

r? = 0.8452 = 1800 N x(a) = 35.51. o-x(s)
X(3) = 8.37 + 0.9% X(1) + 0. 000221 x(a)_;'

S (2,30 (0.310) (. 00000346) -

% = 0.8049 __-r:;zoaz - fh-:;q @ =
X(3) = 13.8 + 0.512 X(1) + 0.000101 x(s) :

T (2.26) . (0.306) (. 00000155)

, | .

%= 0.8108 T 2122 13;* .}- x(a)

X(3) = 11.3 + 0.441 X(1) + 0.00555 x(e)
O @.06)  (0.279) | (0.0000764) -
2
r =

0.8422 = F = 2642 = ;_';*-" x(3)

B-l

0.00984  X(6)

-0.000119 - X(5) _
(0.000612) -

' (0. 0000210)
35 51 a-x(s)

0000998 X(S)

(0.000606)
35.51 &X(3) =

(0.000613)
35.51 o X(3) =

(0, 000473)

3551 ex(3)

35 51 o-x(3)

[]

= 35.51 ch(B) = 30.




T 'APPENDiX_ R

' MICHIGAN AERONAUTICS COMMISSION

_Regression Resﬁl§s __

_-Basgd Aricraft vs. Time and County Socio-Economic Factors in Michigan . .-

I - "All 83_Countieé" '

"5Reg:éssioﬁ o

. _Number -
17.3 - 0.0000153 X(4) + 0.000108 -~ X(5)

: o (1.17) (0.0000380) - - - (0.0000173) .

r” = 0.8103 T = 2115 . E(3) = 35.51 oX(3)

tI'{  }f9: -'X(3)

i
H

CI. 100 X(3) = 14.2 - .0.0000868 X(4) + 0.00765 - X(6)
L (1.000) C(0.0000190) - (0.000466)
% = 0.8451 F = 2700 - R(3)

1 -
[l

35/5; O°X(3) =30.13.

L. 11 X(3) = 12.4 - 0.0000763 X(5) + 0.00964 X(6)
AR _ (1.02) (0.0000112) (0.000607)

r° = 0.8489 F = 2780 X(3)

35.51 <oX(3)

29.76

I. 12 X(3) = 14.8 + 0.000221 X(%)
S (1.13)  (0.00000347)

i
7

r” = 0.8029  F = 4036 £(3) = 35.51  X(3) = 33.97 e

~I, 13 X(3) = 17.1 © + 0.,000101  X(5)
I S (1.0%) (0.00000155) -

r” = 0.8103 F = 4233 | 3'2(3)

]
1l

35.51 <"X(3) = 33.33 .

ST, 14 X(3) = 14,2 '+ 0.00555 X(6)
S .01 (0.0000764)
x©=0,848 F=5274 . CR®)

sl ex@ =043

aii{ C15 0 (3) = 27.0 + 1.31  X(1) RS
(516 (0.701) e
CxPao003s  F=3 0 R

35.51 TX(3) =76.38 .

B2




. APPENDIX B
'ﬁﬁ .'_ [ S RO ”3fﬁ-a- TA3LE'I1._-;g.‘

MICHIGAN AERONAUTICS COMMISSION

Regres51on Results.

'7LB§éed;Airpréft vs. Time and County Socio-Economic Factors in Michigaﬁ_ .
- I - "All 83 Counties Minus Wayne" - ' -

7RegressiOh
_ Number : : .. :
426 - 0.00293 X(1) + 0.000112  X(4) + 0.000131 X(5) + 0.00138 X(6) |
(1.69)  (0.203) (0.0000392) .  (0.0000269) (0.000800)
0.8450 = 1330 'f:_ir_' x(s) 29.29  o=X(3) = 20.46 |
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NOTES TO APPENDix B

1. Code: X(1) Time (1954 = 1)

X(2) ‘County - _ 3 |

“X(3) Registered aircraft )

LX(L) Population (Thousands) |

“X(5) Disposable income (Millions) §!

X(6) Population over 25 years old with some college !

2, ' Groups :

~a)  ‘In five instances an airport in one county is

primarily for the use of .2 town or towns in another

county of other cgunties_e.g,, Capitgl City:Airpqrt
‘in Ingham County is primarily for the use of Lansing,_-.”'
and Lansing is in both Clinton and Eaton counties.

‘In these instances the ailrport and county statistics

have to be summed for the overlapping counties.

The five groups are:

i) Ingham, Clinton, Eaton

ii) Bay, Midland, Saginaw
1ii)  Muskegon, Ottawa

iv) Emmett;_Chebqygap:.

v) Iron, Dickinson

.b) Tpgrist counties, by_AerOnautics Commission deﬁinition_;'

Clare

'Lake:

S B-17.

‘Oceana

- are 47: -
Alcona Crawford " Leelanau Ogemaw . &
 Alger Dickinson = = =~ Luce . - . ‘Ontonagan
- Allegan -~ Emmett . . ‘Mackinac . . Osceola . .
‘Alpena ' Gladwin . - . . Marquette - . Oscoda
~ Antrim Gogebic Manistee = Otsego
_Arenac . - Grand Traverse . Mason -~ ‘Ottawa
Baraga - Houghton ‘Mecosta . . Presque Isle
' Benzie Iosco . Menominee = -Roscommon .Ul
Charlevoix Iron ‘Missaukee .. Schoolcraft . . i
Cheboygan Kalkaska - - - - Montcalm :Van Buren
Chippewa = Keweenaw - - Newaygo ‘Wexford




NOTES TO APPENDIX B, Cont'd

c) Tourist counties, by Arthur D. Little, Inc.

:.definition, are 15:

Alcona .Kalkaska Montmorency

Antrim o Lake T Ogemaw -
Benzie B Keweenaw - " Oscoda
Clare - . Leelanau . Otsego

-Gladwin ~ Mackinac Roscommon -

Based on seasonal residential units in the tounty

as a fraction df tgtal residential units.

Note: It was believed that ownership of ‘aircraft in resort or tourist

counties might relate differently to socioc—economic factors
than in non-resort counties. Therefore, experimental regres-
sions were run separately for tourist and for non-tourist
counties. However, the best results actually came in Series IV

where tourist and non—tourist counties were not differentiated._
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APPENDIX G ..

* MICHIGAN AFRONAUTICS COMMISSION =~

'T__'The TeChnique'of:Multiple-LinearﬁRegression.d_h;;

A regre531on seeks to establlsh relationships between a- numn.f:

' “-ber of causal factors (1ndependent variables) and one result of thesed;

'-f]factors (the dependent variable) The regres51on equation explains -the:3:5"

ﬂfbehav1or of one varlable in terms of the factors that . influence 1t.: Thus

"3f1n thls report we explained the number of based alrcraft in, a county by _7: y

the level of personal 1ncome or the numbers of people with some college'n=f

_heducation._ The use of the regre551on technique is particularly useful
'hgwhen controlled experiments are not p0531b1e.3 For example, We are not _
“able to alter the 1eve1 of income in a Michigan county and observe its_””

:”effect on based aircraft

The simplest form of regression relates one variable to one'3
'other variable linearly in. the form y =a + bx. The formula f1ts a;'*

'ostraight line through a number. of observed values of y for glven values-

~of x, so that the sum of the squares of the deviations of the observa—-ﬂ--bz“'

3t10ns from the line are minimized CIf there are “two 1ndependent varl—'

_ables, one. can v1sua11ze how one. dimension (the dependent variable) can '

“ be measured agalnst ‘the. other two dimensions (the 1ndependent variables)lfh;hTf””""'

gand a line drawn An space to mlnimlze the sum of the squares of the

ldeviations of the observations from the line.u It there are more than fiﬂfﬁ--:FTﬂ'j;-?rﬁ

ftwo independent variables, the ability to visualize the process breaks fffj:ﬁ'ff~$'ﬁf -

o fdown and we can only refer to ‘the . formula.;'gf"f"

Regression methods not only flt a 11ne or a: curve to a serleszlh-v,jhfﬂf

. of. observatlons,_thus permitting forecasting, but they also prov1de:;f”ffgp]:ff~f-wff'

-':numerical measures of confidence or reliability

The reliability of the fit of the line is measured by the B

Vfounction rz.; In terms. of the sums generated from n values of X, and yi P

'h'C;lju-}fh"”'

| AR



APPENDIX C

The Technique'of Multiple Linear Regression - Cont'd

Z [(X.—_)(y -ﬂ]

1—1 .

)MASLEED DS

=1 =
2

If r° = 0.92, then 92% of the variation of y (about mean, y)

':15 accounted for by the straight line fit (the other 8% is residual =
. "varla_tlon about the line o_f-flt). It is also poss:.ble to calculate the .
confidence limits of the equation. 1If, from the regression equatlon, we

find a value for y of y = 10, then we can say, for example, that we

can be 957 sure that the true value of y lies between 8 and 12. Or, we
might be able to say that we can be 80% sure that the true value of y lies
between 9 and 11.
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