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I INTRODUCTION 

Among the currently accepted assumptions in planning future air 
carrier airports in the United States are the rapid growth of air passen
ger travel; the emergence of second, third, and fourth generations of 
wide-bodied aircraft; and the use of very large airports fo serve major 
metropolitan areas. While recent year8 have seen a considerable reduc
tion in passenger travel growth rates and appreciable financial distress 
on the part of air carriers, the long~ range outlook for aviation progress 
is still bright. One can visualize many 1980 and 1990 major bub airports 
serving from 50 million to 150 million passengers annually with high 
efficiency and superior service. 

Although heavy emphasis must be placed on providing air service to 
major metropolitan areas, it is clear that air service needs of cities of 
100,000 to 500,000 population also must be considered. In recent years, 
airport operators at some of these cities, while experiencing growth in 
air traffic, have also seen a reduction in service provided by certifi
cated airlines. As aircraft sizey payload, and speed have increased, air 
carriers have discovered that providing service to many of the smaller 
airports is economically marginal. Numerous cases can be cited in the 
recent past in which air carriers have reduced schedule frequency or dis
continued service to specific cities. Thereforep the airport operator in 
these cities considers one of his problems to be maintaining service 
rather than planning for gigantic growth. 

Another factor that has changed the competitive position of air 
service to small-to-medium sized metropolitan areas is the vast improve
ment in the nation's interstate highway network. This system is nearing 
completion, and intercity travel at average speeds of 60 miles per hour 
are now common, with a significant competitive impact on_ airlines, par
ticularly at distances up to 300 or 400 miles. 

The success of connnuter airlines ("third-~evel" carriers) in provid
ing service also has substantial impact on the small-to-medium sized city 
airport operator. Over the years~ the history of financial and customer 
service performance of these carriers has been spotty. Some operators 
have achieved considerable success, while others have ceased operation. 
As larger aircraft become more prevalent in the fleets of first- and 
second-level carriers, however, future potentials for commuter airline 
service could increase significantly. 
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In many areas, less than desired air service at small-to-medium 
size cities is related to their proximity to neighboring cities of simi
lar (or larger) size. Although civic pride is associated with having 
airline service at each of such cities, their combined traffic (at a 
regional airport) might generate better airline service. 

Recognition of the merits of regional aj.r carrier airports is not 
new. In 1961, the administrator of the Federal Aviation Agency (FAA) 
and the Chairman of the Civil Aeronautics Board (CAB) jointly issued a 
statement of policy with respect to the development and use of air carrier 
airports. The statement is quoted in part below. 

The Federal Aviation Agency and the Civil Aeronautics Board 
agree that the use of a single airport serving adjacent commu
nities, where such action may result in a savings both to the 
federal government and the localities served, as well as im
proving the air service to the area, should be an increasingly 
important factor in considering applications for federal funds 
for airport construction purposes and applications for certi
fied airline service.* 

Airport Planning in Michigan 

The need for considering regional airports has been recognized in 
Michigan for some time. Legislation in 1957 and 1958 permitted two or 
more governmental jurisdictions to incorporate into an airport authority 
for the planning, construction, acquisition, and operation of one or more 
airports. However, with this permissive legislation, regional airport 
authorities have not been popular. This has been attributable in part 
to weaknesses in the financial aspects of the legislation; it also can 
be traced to the fact that the required impetus for forming the reg.ional 
authorities has not come from local levels. 

Recognizing that many of its urban areas face the situation described 
above, the Michigan Aeronautics Commission (MAC) decided to undertake an 
analysis of the merits of providing increased air carrier service to 
Michigan residents through a system of regional airports. As a comple
ment to the effort, legislation now before the Michigan State Legislature 
would provide specific incentive for counties to form regional air carrier 
airport districts by enabling them to generate tax revenue to support 
airport planning and development. 

* FAA advisory circular 150/5090-1, February 2, 1967. 
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To many local airport plannerst the need for state planning assis
tance is questionable. However, it appears clear that state-level plan
ning can provide two advantages not attainable through independent 
metropolitan or regional level planning. First, state-level planning 
permits an anlaysis of the interaction of a given airport with other 
airports. An analysis of this kind can provide insights that are helpful 
in resolving important problems, such as whether two regional airports 
located within 100 miles of each other may be feasible or whether a 
regional airport will divert enough traffic from nearby local airports 
to make service to the latter airports unattractive to commuter airlines. 
A second advantage of state-level planning is that it permits consistency 
and economy in data collection and analysis. In particular, analytical 
methods can be developed more compreQensively. The statewide results then 
provide coordinated framework for more detailed regional and local studies. 

For these reasons, the Michigan Aeronautics Commission, in coopera

tion with Michigan's Interagency Transportation Council, applied for and 
received an FAA Airport Development and Planning grant in the summer of 
1971, The resulting 20-month airport planning study, which commenced in 
October 1971, will analyze the feasibility of regional air carrier service 
and will also address itself to the provision of adequate airport capacity 
for general aviation operations. 

Objectives of the Study 

The objectives of this study are substantially in accord with guide
lines provided by the FAA and the National Association of State Aviation 
Officials (NASAO).* 

The fundamental question that will be addressed in the study relates 
to the role that the state will play in the development of improved air 
service to its residents and visitors. Included in this basic question 
are the following issues: 

• Is the present system of air carrier airports the best that 
can be provided--in light of traveler, community, and air 
carrier interests, or could a regionalized system of air

ports provide better service by offering more frequent 
flights, or more nonstop flights. 

* FAA and NASAO, Planning and State Airport System, published by the 
FAA, December 1968 (under revision), 

I-3 

TRANSPORTATION UB~A~Y 
MICHIGAN vEPi )'ihTE HiGHNA'lS & 
TRANSPORTAT\Ol\( LANSit~G. MICli. 



• If regional airports are justified: What is the hest 
system of regional airports? How many regions should there 
be? Should all air carrier airports in th~~ ~Lnt.t· be placed 

witttin thi~ re~iot\al ~l'tltt·st·.· 

o For· areas in which regionnl airports are nnt ,ju5t i.fied, what 

improvements to the present airports would enhance their 

performance? What priorities should be associated with each 
project? 

• What are the trade-offs between developing improved feeder 
service from individual airports to major hubs such as 
Chicago and Detroit and regionalizing the system? What is 
the role of computer airline~ in the overall system? 

• Would the optimal airport system for air carrier operations 
have an adverse effect on general aviation operations, or 
vice versa? How should the system be designed to take 
general aviation needs into account? 

Study Approach 

The study is planned as a comprehensive investigation. This compre
hensiveness will be achieved by evaluating alternative plans against a 
wide range of criteria, including effects on the air traveler, travel by 
other modes, the community, the air carrier, the shipper and the state as 
a whole in terms of economic, financial, environmental, and institutional 
factors. Both quantitative and qualitative criteria will be used. 

The study is being conducted as a joint effect of the Michigan 
Aeronautics Commission, other appropriate state agencies, and a contractor 
team of Stanford Research Institute; Howard, Needles, Tammen & Bergendoff; 
Howard W. Bevis; and Peat, Marwick, Mitchell & Co. 

The approach that has been designed for the development of a state
wide airport system plan for the state of Michigan entails 30 individual 
tasks that will be completed in a 20-month period. The 30 tasks are 
organized into five task groups: 

• Task Group 1: Conduct liaison with advisory committee 

• Task Group 2: Collect data and develop analysis methods 

• Task Group 3: Describe and evaluate alternatives 
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• Task Group 4· Develop system plan 

0 'l'ask Group 5: Forcco.~t v;onornl nv'lut.lon nct1vit:y nne! 

system t•cqu ircmunt s. 

The general 
Figure I-1. 

relationships between these five task groups are shown in 
Task Group 1 extends across the entire study period and 

interacts strongly with the other task groups. Task Group 5 interacts 
with Task Group 2 and 3, whereas Task Groups 2, 3, and 4 are conducted 
sequentially, ending with a final report that describes the Michigan 
airport system plan. 

Objectives of the Interim Report 

This interim report describes the results of Task Group 2 for the 
air carrier portion of Michigan's aviation system and documents corre
sponding results of Task Group 5 for general aviation. The principal 
purpose of the report is to apprise the Advisory Committee of progress 
so that its members can offer necessary guidance before subsequent por
tions of the study are undertaken. 

Because the report describes a wide range of analysis methods neces
sary for the study and because the members of the Advisory Committee may 
wish to direct their attention to certain of these methods, the report is 
organized into essentially independent sections. 

Section II outlines features of Michigan's 1970 aviation system. For 
study purposes, 1970 is the base year from which plans will be developed 
for the period from 1975 to 1990 and beyond. 

Section III presents the method that has been followed to identify 
alternatives to the base year air carrier aviation system. It is ex
pected that the alternatives presented in this section will be of general 
interest to the Advisory Committee. Section III also provides an overview 
of the analytical methods that will be used to evaluate and compare alter
natives. These analysis methods are presented in greater detail in 
subsequent sections as follows: 
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IV 

v 

VI 

VII 

VIII 

IX 

Air Passenger Demand 

Air Cargo Demand 

Aircraft, Airwny, and Airport Technology 

Institutional, Financial, and Environmental Considerations 

Economic Impact Analysis 

System Operation and Evaluation Methodology 

Sections IV through IX are written in a manner that presumes some tech
nical expertise on the part of the reader. 

Section X describes the planning' methods to be used for general 
aviation during the portion of Task Group 5 that will parallel Task 
Group 3. General aviation and air carrier planning will be integrated 
during Task Group 4 of the study. 

In spite of its length, this report does not fully document all of 
the study activities completed to date. Supplementary reports, on file 
with the MAC, include: 

"Bibliography, Michigan Airport System Plan," completed in 
January 1972 by HNTB. 

"Michigan Air Freight Data Collection Program," completed in 
May 1972 by the American Academy of Transportation. 

"Airline Passenger Survey at Selected Michigan Airports," 
published in June 1972 by the MAC. (Distributed to the 
Advisory Committee.) 

"Technological Trends: Aircraft, Airways, and Airports." 
now in preparation. 

Nevertheless, we believe that this report is sufficiently complete to sup
port Task 1.3 of the study: 

At the completion of Task Group 2, ... the Advisory Committee 
members will be asked to comment on the appropriateness of the 
work to date. Suggestions will be offered by the members as 
to possible additional system alternatives that should be 
considered in the balance of the study, or toward changes in 
emphasis or content of the work to be done. 
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II DESCRIPTION OF EXISTING SYSTh'M 

This section outlines briefly key features of Michigan's 1970 
aviation system and provides information on Michigan's airports and the 
nature of air services in the state. The purpose is to document facil
ities and activities of the study base year. Moreover, the description 
provides a perspective for the study planning methods that are described 
in subsequent sections of the report. Because it serves·as the basic 
accounting structure f?r the study, the study zonal system is described 
first, 

Zonal System 

For purposes of analysis, the State of Michigan has been divided into 
subareas or travel zones. The foundations for this division are the plan
ning and development regions established by the Michigan ·Bureau of Planning 
and Program Development, Office of Planning Coordination. These thirteen 
regions are outlined in the map of Figure II-1. During prior SRI work 
for Michigan's Interagency Transportation Council, it was found that a 
further subdivision of the state was desirable to account appropriately 
for travel patterns. Thus, the 27 zone system shown in the map of Fig-
ure II-2 has been established, These zones permit aggregating travel and 
demographic data into a small number of groups, thus simplifying the ana
lytical burden. The Michigan zones are named and 1970 population data 
are provided in Table II-1. 

Travel zones also have been established for the remainder of the 
country. The principal bases for the subdivision are air travel patterns 
to and from Michigan. The boundaries of the out-of-state zones are shown 
in the map of Figure II-3. In each of these zones, one city has been 
chosen as repreSentative and is the basis for measurement of travel times 
and costs. Generally, the representative city within each zone is the 
one with maximum traffic levels to and from Michigan. The representative 
cities selected for the zones outside Michigan and their population are 
provided in Table II-2, 
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Table II-1 

POPULATION OF MICHIGAN ZONES, 1970 

1970 
Population 

Zone Number Major City (thousands) 

1 Detroit 2,667 
2 Jackson 262 
3 Kalamazoo 287 
4 Benton Harbor 263 
5 Flint 559 
6 Lansing 378 
7 Saginaw 368 
8 Grand Rapids 692 
9 Alpena 94 

10 Traverse City 124 
11 Sault Sainte Marie 49 
l2 Escanaba 44 
13 Marquette 73 
14 Houghton 45 
15 Port Huron 745 
16 Pontiac 967 
17 Ann Arbor 234 
18 Monroe 118 
19 Battle Creek 180 
20 Caro 118 
21 Muskegon 231 
22 Bay City 205 
23 Ludington 43 
24 Pellston 35 
25 Menominee 25 
26 Iron Mountain 38 
27 Ironwood 31 ---

State Total 8,875 
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Zone 
Number 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 

40 
41 
42 

43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 

56 

Table II-2 

REPRESENTATIVE CITIES AND POPULATIONS 
FOR ZONES OUTSIDE MICHIGAN 

Zone Population -
Representative City (thousands) 

Green Bay 1,004 

Milwaukee 2,748 

Chicago 10,328 

South Bend 1,137 

Toledo 997 

Cleveland 4,815 

Pittsburgh 6,357 

Buffalo 2,854 
Minneapolis 5,755 

Des Moines 2,625 

St. Louis 4,168 

Indianapolis 3,189 
Louisville 2,215 

Cincinnati 3, 340 

Columbus 2,504 

Billings 1,739 

Denver 6,542 

Kansas City 5,857 

Dallas 19,320 

Birmingham 10,080 

Atlanta 13,304 

Washington, D.C. 9,327 

Philadelphia 9,214 

New York 23,550 

Seattle 5,500 

San Francisco 7,168 

Los Angeles 12,785 

Miami 5,253 

Boston 8,810 
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General Aviation 

An inventory of Michigan's general aviation aircraft fleet by study 
zone is shown in Table II-3. Also provided is a count by zone of the 
airports that are open to tho general aviation public.* In most Michigan 
zones, thoro is an airport served by air carriers. These airports are 
capable of serving essentially all general aviation aircraft, including 
those most demanding in terms of runway requirements. Relatively few other 
airports in the state have this capability--only 11 nonair carrier air
ports have paved runways more than 4,00 feet long. The bulk of Michigan's 
general aviation airports have shorter paved runways or turf runways. 
Of the 261 airports in this category, 173 are privately owned. 

Air Carrier Airports 

The 21 airports in Michigan that were served by certificated airlines 
in 1970 are located in the map of Figure II-4. Selected data on air car
rier activity at these airports are provided in Table II-4. The air car
rier activities at Detroit Metropolitan Airport clearly dominate those 
at all other airports in the state--for example, about So percent of 1970 
passenger enplanements took place at Detroit "Metro." 

Also, Table II-4 indicates that air carrier activities are dominant 
at only 11 of the 21 airports listed. As established by the FAA, an air
port's airline service role is termed dominant to the genoral aviation role 
when its air carrier passenger enplanements exceed general aviation en
planements, 

Table II-5 gives an inventory of selected airport facilities. These 
data represent only a very brief summary of information collected during 
Task Group 2 by the study subcontractor: Howard, Needles, Tammen and 
Bergendoff (HNTB) .t To complete the inventory, HNTB used FAA data and 
MAC data. Much valuable information was also obtained from a questionnaire 
completed by airport managers during Task Group 2 of the study. The ques
tionnaire was administered by HNTB and MAC staff. 

When the runway lengths given in Table II-5 are compared with FAA 
planning guidance on required runway lengths by airline service operational 
role, the preliminary indication is that few Michigan airports could upgrade 

* Licensed airports and approved noncommercial (Class D) airports. 

t Detroit Metropolitan Airport information was collected by MAC staff. 
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Table II-3 

GENERAL AVIATION AIRCRAFT AND AIRPORTS, 1970 

Airports Open to the General Aviation Public 
Other Paved Other Paved and Turf 

Zone Michi.gan Regi.stcrod General Air Runway Over Publicly Privately 
Number Zone Aviation Aircraft Carrier 4,000 ft Owned Owned Total 

1* * 1 Detroit 819 2 3 6 

2 Jackson 240 1' 2 9 12 

3 Kalamazoo 26<1 1' 1 2 5 9 

4 Benton Harbor 195 1 4 8 13 

5 Flint ·162 I* 1 12 1'1 
6 La.ns ing 328 1* 2 12 15 

7 Saginaw 223 1' 1 4 8 14 

8 Grand Rapids 499 1' 9 15 25 

9 Alpena 83 1 2 7 10 20 

10 Traverse City 102 2 2 5 16 25 

11 Sault Sainte 
Marie 50 1 7 6 14 

12 Escanaba 24 1 1 2 4 

13 Marquette 40 1 2 3 

14 Houghton 18 1 2 3 

15 Port Huron 259 1 10 11 

16 Pontiac 871 1* 2 10 13 

17 Ann Arbor 272 1 4 5 

18 Monroe 159 1 8 9 

19 Bottle Creek 169 ,. 2 1 <1 

20 Caro 116 4 11 15 

21 Muskegon 124 1' 7 6 H 

22 Buy City 138 11 11 22 

23 Ludinglon 32 1 3 4 

24 Pellston 51 1 6 3 10 

25 ~lcnomi nee 18 1 1 

26 Iron Mountl1ln 30 1 3 1 5 

27 Ironwood 19 1 2 3 

State Total 5,605 21 11 88 173 293 

* FAA Control Tower. i-

Source: MAC Rucords. 
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City 

Alpena 
Battle Creek 
Benton Harbor 

Detrr:dt 

Escanaba 
Flint 
Grand Rapids 
Houghton 
Iron Mountain 
Ironll!'-ood 
.Jackson 
Kalamazoo 
Lansing 
Manistee 
Marquette 
Menominee 
Muskegon 
Pellston 
Saginaw 
Sault Sainte Marie 
Traverse City 

Zone 

9 

19 
4 

1 

12 
5 

8 

H 

26 
27 

2 

3 

6 

10 
13 
25 
21 
24 

7 

11 

10 

Airport Name 

Phelps-Collins 
W. K. Kellog Airfield 
Ross Field 
Detroit ;.,tetropol i tan 
Escanaba Municipal 
Bishop 
Kent County 
Houghton Co. Memorial 
Ford 

Gogebic Co. 
Reynolds Municipal 
Kalamazoo Municipal 
Capital City 
~iani stce-Blacker 
~Iarquette Co. 
Menominee Co, 
~Iuskegon 

Emmet County 
Tri-City 
Sault Sainte :Marie ~tun. 
Cherry Capital 

Table II-4 

AIR CARRIER AIRPORT ACTIVITY, 1970 

CAB/DOT Hub 

Designati·on 

Large 

Small 

Small 

Small 

Small 

Annual Enplanements 
Air Carrier Cargo 
Passengers 
(thousands) 

6 

27 
23 

3,640 

H 

80 
216 

17 
13 

9 

6 

60 
118 

3 
26 

8 

63 
15 

139 
9 

37 

Tons 
(thousands) 

101 

1 

3 

1 

1 

1 

1 

Annual 
Air Carrier 

ftinerant 
Operations 
(hundreds) 

21 
64 

50 
1,937 

40 
118 

246 
20 
.lQ 

30 
27 
88 

180 
10 
23 
42 
90 
37 

147 
14 
63 

* Aircraft types typical of Group A: B-707, DC-8; of Group B: B-727, DC-9; of Group C: CV-580. 

Current 
Airline Service 
Operational Role 

Aircraft Length 
Group* of Hault 

B 3 

c 3 
c 3 
A 1 

B 3 
B 3 

B 3 
c 3 
B 3 

c 3 
c 3 
B 3 

B 3 

c 3 
B 3 

c 3 

B 3 
B 3 

B 3 
c 3 

B 3 

t Lengtb of haul for Code 1: More than 1,500 miles; for code 3: 500 miles or less (for Code 2: 500 to 1,500 miles). 

Airline 
Service Role 

Dominates 
General 

Aviation Role 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 
Yes 

Yes 



Table II-5 

AIR CARRIER AIRPORT FACILITIES 

Public 

Longest Runway Instrument Vehicular Air Air Carrier Auto 
(feet) Control Landing Fire and Rescue Carrier Terminal Area Parking 

Airport Length Width Tower System Equipment Gates (1,000 ft2) Spaces 

Alpena 9,000 150 Yes* Yes 2 3 277 

Battle Creek 7,000 150 Yes Yes Yes 3 10 112 

Benton Harbor 5,100 100 Yes 2 11 300 

Detroit Metro 10,500 200 Yes Yes Yes 51 570 6,417 

Escanaba 6,500 100 1 8 92 
Flint 7,200 150 Yes Yes Yes 3 64 520 

Grand Rapids 8,600 150 Yes Yes Yes 7 81 973 

Houghton 5,200 150 2 13 342 
~ 

~ Iron Mountain 6,500 100 2 4 142 

' .... Ironwood 5,400 100 1 5 115 
..... 

Jackson 5,300 150 Yes Yes Yes 2 10 85 

Kalamazoo 5,300 150 Yes Yes Yes 4 14 200 

Lansing 6,500 150 Yes Yes Yes 4 54 340 

Manistee 5,500 100 1 2 30 

Marquette 6,500 100 3 4 200 

Menominee 5,100 100 Yes 2 6 104 

Muskegon 6,500 150 Yes Yes Yes 3 12 -170 

Pellston 6,500 150 Yes 2 13 600 

Tri-City 6,500 150 Yes Yes Yes 3 39 570 

Sault Sainte Marie 5,000 100 1 1 10 

Traverse City 6,500 150 Yes 1 33 100 

* Operated by military. Remainder of control towers listed are operated by the FA.4.. 

Sources: HNTB data and MAC data. 



their present airline service role (see Table II-4) without runway 

improvements. The FAA lists runway planning lengths of more than 7,000 
feet for jet aircraft service in lengths of haul of over 500 miles.* 

Airline Service 

Figure II-5 is a graphic rendering of scheduled airline service 
within Michigan and between Michigan and out-of-state points. The Michigan 

zones containing air carrier airports are listed as both rows and columns 

of the figure. Zones outside Michigan appear only as columns and are iden

tified by their "representative city" name. For each zone pair (row/column 

intersection) the symbol for nonstop or direct (same plane) service appears 

when: 

( 1) Such flights were published in the last "Official Airline 
Guide" of 1970, and 

( 2) The Origin-Destination Passenger sample by the Civil Aero
nautics Board indicates that more than 200 passengers flew 
between the zones during 1970'1" 

The symbols entered in the table represent a judgment as to the "predom
inant" service between zones. Thus, for example, no symbol appears for 

a zone pair where several connecting (change of planes) flights are listed 
but only one direct flight is available. 

As indicated by Figure II-5, there are an abundance of nonstop flights 
for Detroit. However, the predominant air service for most Michigan/ 
out-of-state zone pairs entails connections. For Michigan cities other 
than Detroit, nonstop and direct service is generally limited to the 
following: 

Intr~state points 
Detroit 
Chicago 

Cleveland 
Milwaukee 
Green Bay 

* FAA, "Form(llation of the 1972 National Airport System Plan" Order 5090.3. 

t Since commuter airline ( e, g., Trans-Michigan Airlines) passenger traf
fic volumes are not collected in the CAB sample, this volume "cutoff" 
was not applied for commuter airlines. 
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I I 1 
I I I I I 

I I 
I, I I I 

I I 

I I I 
I I I I I I I 
I I I 

I I 

I'' 

Jackson 2 
Kalamazoo 3 
Benton Harbor 4 
Flint 5 
Lansing 6 
Sag·inaw 7 

'V Grand Rapids 8 
Alpena 9 ~ Traverse CitY* 10 
Sault Ste. Marie 11 .... 
Escanaba 12 N 
Marquette 13 
Houghton 14 

, 
Battle Creek 19 2 
Muskegon 21 ""1'1 -· 
Pellston 24 0 c.c 

c 
Menominee 25 "'Il ~ Iron Mountain 26 
Ironwood 27 • Green Bay 28 - 171 Milwaukee 29 

,. 
Chicago 30 • tn 
South Bend 31 
Tol.!!do 32 nD 
Cleveland 33 "" Pittsburgh 34 < -Buffalo 35 n 
Minneapolis 36 8111 
Des Molnes 37 

... 
St. Loui.s 38 -Indianapolis 39 ..0 
Louisville 40 ~ 
Cincinnati 41 0 
Columbus 42 
Billings 43 
Denver 44 
Kansas City 45 
Dallas 46 
Birmingham 47 
Atlanta 48 
Washington, D.C. 49 
Philadelphia 50 
New York 51 
Seattle 52 ,, 

53 San Franc hco 
Los1 Angeles 54 
Miamt 55 
Boston 56 



------------ ---------- ---- ------------------------ ---------------------- --, 

A partial explanation for this is given in Table II-6. Here, the 1970 
CAn Origin-Destination air passenger statistics pertaining to Michigan 
hav~ been grouped into 11 passengcrs per day" levels. As indicated by the 

table, relatively few city pairs have high traffic donslt:y--for the major
ity of pairs, in fact, fewer than ten passengers travel in oach direction 
during an average day. 

The fragmentation (diversity) of air passenger demand suggested by 
Table II-6 (for Michigan airports other than Detroit) is a basic concern 
in the present study. The potential means by which these demands might 
be consolidated are discussed in the next section. 

Table II-6 

CITY PAIR AIR PASSENGER VOLUMES 

All City Pairs Except 
Average Those from Detroit to 

Originating All City Pairs Out-of-State Points 

Passengers Perc en ta ge Percent of 
Per Duy of Air Passenger 

(one-way) City Pairs Originations 

0 12 0 
Less than 1 55 2 
1 to 9 24 9 
10 to 49 6 10 
50 to 99 1 7 
100 to 199 1 20 
200 or more 1 52 

100 100 

Note: A city pair is defined here as either a 
a Michigan airport/external zone pair. 
study encompasses 819 city pairs. 

Percentage Percentage of 
of Air Pas.senge r 

city Pairs Originations 

12 0 
57 7 

25 37 

5 41 

1 15 
0 0 
0 0 

100 100 

Michigan airport pair, or 
By this definition, the 

Source: 1970 Origin-Destination passenger sample, CAB. 
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III AIRPORT ALTERNATIVES: FORMULATION AND ANALYSIS METHODS 

This section presents the method that has been follO\':'ed to identify, 
the airport system alternatives that will be examined in the study, to
gether with a basis for reducing the potential alternatives to a manage
able number. This section also presents an overview of the analytical 
methods that will be used to evaluate and compare airport system alter
natives. 

Throughout this report, the term "airport system al terna ti ve" is 
used to describe a combination of existing and postulated airports that 
together serve all of Michigan's commercial passenger and air cargo needs.* 
The description includes size and location of air carrier airports and 
the type and frequency of service at each airport. Thus, the present 
system of air carrier airports that was described in Section II constitutes 
one airport system alternative. Other alternatives can be described by 
postulating entirely new locations and services for all Michigan communi
ties. However, such alternatives would require wholesale abandonment of 
existing airport facilities and therefore are not very likely possibili
ties. More plausible airport system alternatives are variations in the 
present system in which some of the existing airports are replaced by one 
or more regional airports or in which types of service and service levels 
among existing airports are modified to give some airports a regional 
character. 

Characteristics of Airport System Alternatives 

Table III-1 presents a general description of the characteristics 
that specify an airport system alternative, The characteristics are 
grouped into airport, air carrier service, and airport access character

istics. 

* Although general aviation is an important part of the aviation system, 
for simplicity, airports that serve only general aviation will not be 
included in the formal descriptions of airport system alternatives 
during Task Group 3~ Integration of air carrier and general aviation 
planning will be emphasized in Task Group 4. 
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Table II I-1 

CHARACTERISTICS THAT SPECIFY AN AIRPORT SYSTEM ALTEHNATIVE 

Characteristic 

Airport locations 

Air carrier service 

Airport access 

Description 

Expressed in terms of distance from 
zonal centroids and from other air

ports. Specific geographic locations 
are used for existing airports; gen
eral locations are used for potential 

new 8:irports. 

Number of flights offered per day; 
travel time and air fare between 
each airport and all other airports 
serving both internal and external 
zones. Types of service (nonstop, 
direct, and connecting) are also 
specified. 

Travel time and travel cost from each 
zone to specified airports (there may 
be more than one airport that can be 
used), and from a destination airport 
to the destination zone. Access 
travel time includes an allowance for 
airport wai ti11g times, both at the 
origin and destination airports. Ac
cess travel costs include fares, 
operating costs, and parking costs. 

New airport system alternatives are postulated by modifying one or 
more of the three major system characteristics. Thus we may begin by 
postulating one or more new airport locations. New types of intensities 
of service can then be postulated for each location. Finally, alterna
tive means of access between zones and airports are specified .. 
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A specific set of airport system alternatives has been developed 
in terms of the characteristics of Table I I I-1 and arc summarized in 
Table III-2. These altcrnal1vcs, subject to nmcndnwnt by tho Adv1Hol'y 

Committee, will be analyzed and evaluated in Tasl< Groltp 3~ 

Airport Locations 

The airport locations of interest are restricted to those of existing 
airports plus postulated new regional airports. Each airport system al
ternative can include all or most of the existing airports, together with 
such new regional airports as may appear advantageous. 

Tho term "regional airport" is intended to identify an airport that 
would take the place of two or more existing airports, Thus, a regional 
airport may be a new location between two existing airports, or it may be 
located at an existing airport site. The individual airports that were 
shown in the right-hand column of Table III-2 are the airports now being 

considered for regional service. These regional airport sites and the 
existing air carrier airport sites are shown in Figure III-1. Together, 

these 31 sites constitute the scope of air carrier airport locations for 
the study, 

Air Carrier Service 

The description of an airport system alternative requires specifica
tion of the airline service provided between most pairs of airports in 
the system.* In the analysis, this service is defined by a value for 
each of the following: 

G Travel time 

• Frequency (number of flights per day) 

• Cost (fare) 

* Between pairs of Michigan airports and between 1\Uchigan and external 
airports. Except for those external airports that serve as connecting 

points for Michigan travel, service between external pairs of airports 
is not considered. 
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Table II I-2 

SUMMARY OF AIRPORT ALTERNATIVES 

Alternative 
Number 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

Reduce Service at: 

Muskegon 

Battle Creek 
Tri-Ci ties 

Flint 
Muskegon, Battle Creek 
Muskegon, Battle Creek, 

Flint 
Muskegon, Battle Creek, 
Tri-Ci ties 

Muskegon, Battle Creek, 
Kalamazoo 

Muskegon, Battle Creek, 
Kalamazoo, Tri-Cities 

Muskegon, Battle Creek, 
Kalamazoo, Flint 

Menominee, Iron Mountain 

Marquette 
Muskegon, Grand Rapids, 
Muskegon, Grand Rapids, 

Kalamazoo, Battle Creek 

Muskegon, Grand Rapids 
Kalamazoo, Battle Creek, 
Lansing 

Kalamazoo, Battle Creek 
16 Tri-Ci ties, Flint 
17 Tri-Ci ties, Flint, Lansing 
18 Tri-Ci ties, Flint 
19 Flint 
20 Escanaba, Menominee, Iron 

21 

22 

23 

Mountain 
Escanaba, Menominee, Iron 

Mountain, Marquette 
Muskegon, Grand Rapids, 

Kalamazoo, Battle Creek, 

Tri-Cities, Flint, Lansing 
Muskegon, Grand Rapids, 

Kalamazoo, J3uttlo Crook, 
Tri-Cities, Flint, Lansing 

III-4 

Introduce Regional Service at: 

Grand Rapids 
Kalamazoo 

Flint 
Tri-Ci ties 
Grand Rapids, Kalamazoo 

Grand Rapids, Kalamazoo 

Tri-Ci ties 
Grand Rapids, Kalamazoo, Flint 

Grand Rapids 

Grand Rapids, Flint 

Grand Rapids, Tri-Cities 

Escanaba 

New airport, Ottawa County 
New airport, Allegan County 

New airport, Barry County 

New airport, Kalamazoo County 
New airport, Saginaw County 
New airport,Shiawassee County 

New airport, Oakland County 
New airport, Oakland County 
New airport, Menominee County 

New airport, Delta County 

New airport, Allegan County and 
new airport, Shiawassee 
County 

New airport, Barry County and 
new uirport, Saginaw County 
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Some underlying attributes of actual service af feet these values directly. 
!<'or cxmuplc, aircraft types will have some cff"ucl on Lrav<..·l time bceaus<J 

of differences in operating speeds. Thus, the travel Umcn-: used in the 
analysis will reflect not only existing aircraft but also any new aircraft 
that are projected in the technology analyses (section VI) to provide 
higher speeds. Also, while fares generally will be those in effect today, 
adjustments for future technological changes will be considered, 

The type of airline service offered between airports has a significant 
influence _on time, frequency, and cost values although it is less direct 
than that of type of aircraft. The types of airline service to be con
sidered in the analysis are categorized for ease of reference as: 

0 NOns_top--single plane service with no stops en route between 
airports 

• Direct--single plane service with intermediate stops between 
origin and destination airports 

• Connecting--an intermediate stop and change of planes during 
the traveler's trip 

Specification of one of these types for an airport pair is intended to 
reflect the predominant service offered. In practice, a traveler will 
generally find a combination of types of service offered--he may be able 
to choose among a number of nonstop flights, direct flights, and connect
ing flights, To account for such combinations, a means of translating 
their differing costs, timos, or frequencies into an equivalent single 
set of values is used. This technique is described in Section IV. Thus, 
the single reference made to type of service should not be interpreted 
to mean that only one type is offered for an airport pair. 

Specification of the level (type and frequency) of air carrier 
service will not be made arbitrarily, because a feasible level of air 
service depends on the amount of air passenger demand, Also, passenger 
demand depends on the level of service offered. This interaction of 
level of service and passenger demand requires an iterative approach, 
as follows: a level of service will be postulated and then passenger 
demand will be estimated. This is followed by a comparsion of service 
level and demand. If occupancy rates are unusually high or low, a new 
service level will be postulated, 
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Airport Access 

Travelers currently ga1n access to airports by a number of surface 
modes of transportation, 1ncluding privntc automobile, rental automobile, 
taxi, limousine, and bus. Howovcr 1 in the analysis, surface access be
tween a zone and an airport is defined by a single value for (1) travel 
time and (2) travel cost. Access cost will include allowances for parking 
costs, and access times will include waiting times at the airports. The 
passenger access times and costs will be eStimated for each zone to indi
vidual airports. The detailed method of arriving at these values for each 
Michigan zone/airport pair is described in Section IV. In summary, data 
collected during the airline passenger survey of this study have allowed 
for appropriate weighting of the cost and time values for the various sur
face modes. These cost and time values will be used for most alternatives. 

Later in the study, the possibility of new modes of surface trans
portation to provide airport access will be considered, such as a lligh
speed rail service. This analysis will consider access systems in two 
roles-- in providing local service, such us l'rom down town Grand llapids to 
Grand llapids Airport, and ln long·cr haul service, such as from Flint to 
Detroit Metropolitan Airport, 

Air Feeder Service 

Another means of airport "access" is via air transportation. This 
concept applies to a zone whose airport's air carrier service (to most 
destinations) will have been assumed by a new regional airport. Airport 
location alternative 1 is representative of the situation. He~e, it is 
postulated that Grand Rapids assumes a regional airport role--and that 
its air services would eclipse those at Muskegon. In such case, the 
means by which Muskegon residents travel to airports must be considered. 
For the analysis,· their choice will not be limited to surface access to 
Grand Rapids, Chicago, and Detroit. Rather, in some variations of the 
alternative, air service also will be provided from Muskegon's airport 
to the regional airport at Grand Rapids and to Chicago and Detroit. To 
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distinguish this type of transportation from aj_r carrier service and 
surface access, the term air "feeder" service will be used.* 

Development of a Set of Alternatives 

The concept of total statewide service is vital to the evaluation of 
each alternative. For example, in the discussion above on location al
ternative 1, interest centered on the effect that regional airport service 
at Grand Rapids would have on Muskegon. However, because of its· ithproved 
services, Grand Rapids would also tend to draw some passengers from the 
Lansing area, The extent to which Lansing traffic is affected also would 
be reflected by the quality of service offered at other airports, If 

Flint, for example, were also a regional airport offering improved ser
vice, it would affect the number of Lansing passengers using the Grand 
Rapids Airport. 

In _considering statewide combinations of regional airport locations, 
variations in types of service, and service levels, it is necessary to 
progress through the spectrum of alternatives in a logical and efficient 
manner. The method chosen progresses through variations in the following 
characteristics: 

e Airport location alternative 

• Assumed air feeder service for a lrport( s) whose services had 
otherwise been replaced by a regional airport 

• Type of service at the regional airport(s) 

111 Frequency of service at the regional airport(s). 

Table III-3 presents an example of the way in which variations in these 
characteristics can be assembled into a spectrum of alternatives for one 
regional airport 
for the example, 
code: the first 

location set. Location alternative 1 is again the basis 
Table III-3 also presents an alternative designation 

symbol in the designation (a number) specifies the airport 

* This term has been chosen in preference to the terms "local service," 
or "commuter airline s'orvice, '' to avoid implication that any airport 
alternative entails tho provision of service by a particular CAB
defined class of carrier. If, in the analysis, a particular type of 
service appears attractive, it will be assumed that a carrier could 
be found to provide the service. The validity of such assumptions 
will be tested later, in the implementation and institutional analyses 
of Task Groups 3 and 4, 
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Table III-3 

EXAMPLE OF VARIATIONS IN AIR FEEDER SERVICE AND 
TYPE AND FREQUENCY OF SERVICE 

FOR ALTERNATIVE 1 

Alternative Description 

1 Reduce air carrier service at Muskegon 

lA Provide no air feeder service from Muskegon 

lB 

lC 

1D 

1-1 

1-2 

1-3 

1--a 

1--b 

1--c 

Provide air feeder service between Muskegon and Grand 
Rapids 

Provide air feeder service between Muskegon and Chicago 

Provide air feeder service between Muskegon and Grand 
Rapids and Muskegon and Chicago 

Provide no higher type of service at Grand Rapids 

Provide higher type of service to Grand Rapids: 
Increase nonstops from 10 to 14; provide direct service 
to 3 additional cities 

Provide higher type of service to Grand Rapids: 
Increase nonstops from 9 to 15: Increase direct ser
vice from 6 to 12 

Provide no increase in frequency of service at Grand 
Rapids 

Increase frequency of service at Grand Rapids by 20% 
or 2 flights for all nonstops and direct flights 

Increase frequency of service at Grand Rapids by 40% 
or 4 flights for all nonstops and direct flights. 
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location al ternati vc, the second symbol (a capital let tcr) specifies air 
feeder services relationships with one or more nearby airports, the third 

symbol (a number) specifies the level of service at the regional airport, 

and the fourth symbol (a lower case letter) specifies the steps in fre

quency of service. A dash indicates that all variations in that symbol 

apply to the other features (symbols) describing the alternative. In 

other words, the table indicates that there are 36 variations (4 X 3 X 3) 
in airport location alternative 1. 

For each of the location variations shown in Table III-2, a set of 
types of service variations, and frequency of service variations will be 
postulated in a manner similar to that shown in Table III-3. Combination 

of the Table III-2 airport location variations and the Table Ill-3 service 

variations provide the complete se't o'f alternatives~ Thus, the number of 
alternatives that can be examined in the study totals in the hundreds. 

Available time and funds will not permit evaluating all possible 

alternatives. Therefore, a means must be developed to search efficiently 

among the possible alternatives and "narrow in" to those that appear to 
have attractive potentials. 

The method used will be to first select a number of system alternatives 
for a first analysis that are substantially different from one another. 

The alternatives need to be substantially different in terms of the type 

of service and the frequency of service, as well as the size of city or 
cities served. Second, these alternatives will be 'evaluated and attractive 
possibilities will be identified based en the evaluation. Third, another 

set of alternatives will be specified that represent minor variations from 
the survivors of the first screening, These alternatives will then be 

evaluated. This process will be continued until the anticipated improve
ment from proceeding to another step is judged to be minor. 

To further explain how a system alternative is structured, consider 
Alternative lD, which provides frequent short- haul service from Muskegon 

to Grand Rapids and Chicago in addition to offering expanded service at 

a regional airport at Grand Rapids. Under this alternative, a passenger 

wishing to travel from Muskegon to Washington, D.C., for example, has a 

number of ch~iccs among access travel to airports, air travel, and bus 
or raU transportation, Figure II I-2 displays the methods of travel 

available. The model system being used in the study will take account of 
these possible choices and will estimate the number of travelers choosing 
each possibility, 
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Another example of the way in which alternatives will be structured 
is presented in Table III-4. This shows more detail of the base case and 
alternative 1D2b of Table III-3, In alternative 1D2b, both higher types 
of service (more nonstop an(J direct flights) an<! higher JrequenciL'H of 

service are offerect compare<l witl1 the base case. 

Analytical Method 

Passergers and freight movements are analyzed separately, Despite 
the fact that air cargo traffic is growing nationally at a rate faster 
than passenger traffic, the present and expected future levels of air 
cargo demand at Michigan local and. potential regional airports are not 
likely to exceed the "belly space" that will be available in passenger 
aircraft. Therefore, it is possible to analyze passengers and freight 
separately, Passenger service is analyzed first to establish service 
levels, and then freight service is analyzed to assure that available 
cargo space is not exceeded, 

Passenger Analypis 

The analytical method focuses on quantitative comparisons between 
pairs of airport system alternatives, Figure III-3 illustrates the 
general framework for passenger analysis by showing the relationships 
among the different major activities, The circled activities represent 
the preparation for the data inputs that are needed to perform the analysis. 
The activities in rectangular boxes entail use of specific analytical 
models. The last and key step is evaluation, which is performed with the 
evaluation model that determines service, economic, and financial impacts 

and prepares measures of performance. 

Three classes of input data are required to perform a complete pas
senger analysis; (1) airport system data, (2) alternative mode data, 
and (3) geographic/demographic data, Airport systems data consist of a 
complete description of the airport sys tern alternative under study. Each 
analysis will be based on a different airport system alternative. Alter
native mode data were assembled and organized in Task Group 2, but they 
are not described in this report,* For the most part, the nature, quality 

* Alternative mode data have been thoroughly reviewed with MAC, Because 
of their volume and complexity, a display here would merely detract 
from the value of this report. 
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Table III-4 

DETAILED DESCRIPTION OF SUBALTERNATIVES FOR 

THE GRAND RAPIDS REGIONAL AIRPORT ALTERNATIVE 

Daily Service Provided At 

Muskegon Grand Rapids 

City Frequency City Frequency 

Base Case 

Nonstop service 

Direct service 

Allernutive 1D2b 

Milwaukee 4 
Chicago 3 

Lansing 2 

Grand Rapids 2 

Cleveland 

Detroit 
2 
4 

Nons top serv ic<:.• Chicago 4 * 
Grand Rapids 6 * 

Direct service 

* Ail' feeoer serv lee 
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Traverse ~city · 1 

Muskegon 2 

Green Bay 3 

Chicago 8 

South Bend 1 

Octroi t 4 

Benton Harbor 4 

Flint 1. 

Lansing 5 

Saginaw 2 

Escanaba 2 

Marquette 3 

Iron 1\lountain 1 
Milwaukee 3 

Cleveland 4 

Indianapolis 1 

Washington, D.C. 1 

New York 1 

Traverse City 3 
Muskegon 6 

Green Bay 5 

Chicago 10 
South Bend 3 

Detroit 6 
Benton Harbor 6 

Flint 3 
Lansing 6 

Saginaw 4 

Milwaukee 5 

Cleveland 6 

Indianapolis 3 

New York 4 

Escanaba 4 

Marquette 5 

Iron l\Iountain 3 

Minneapolis 6 

Washington, DuC. 4 

Miami 7 

:~:: 
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and cost of competitive surface modes will not change for different air
port system alternatives, The geographic/demographic data have also been 
assembled and organized as part of Task Group 2, Some of these data are 
summarized in Section IIo 

The passenger demand model, which is described in Section IV, provides 
estimates of air passenger travel between pairs of zones (both internal and 
external) in response to a particular airport system alternative. In this 
model, travel demands are estimated and assigned to air travel and compet
ing modes on the basis of mode selection criteria that include travel time 
and perceived cost, The model considers complete trips from origin to 
destination, including, in the case of air travel, access. and egress time 
and cost to and from the originating and terminating airports, waiting time 
and other service characteristics. The passenger demand model also con
siders airport selection (airport-split analysis) by individual travelers, 
Thus, the analysis will assess how many travelers choose surface trans
portation, how many use a local or regional airport, and how many choose 
to travel by auto to Chicago or Detroit and fly to their destination from 
there, 

The economic impact analysis, with the aid of the economic impact 
model, will estimate future population, economic activity and income for 
the different Michigan zones. This analysis will provide a major input 
to the passenger demand model. Future economic activity will also be in
fluenced by the nature and extent of transportation service, the division 
of traffic among modes and the division of air traffic among airports. 
These procedures are described in Section VIII. 

Tho institutional and financial analysis will measure tho impact of 
different airport system alternatives on state <md local governments, in
dividual and c~rporate taxes, bonding requirements, airline operations 
and other airport-related commercial activities. This analysis is de
scribed in Section VII, 

All the steps of the passenger analysis focus on evaluating· the 
airport system alternatives with the evaluation model. This step provides 
the measure of "goodness" of each airport system alternative studied .. 
The evaluation model provides both quantitative and qualitative data on: 

• Traveler impacts 

• Air carrier impacts 

• Airport operator impacts 

• Economic impacts 

• Institutional, financial and environmental impacts, 
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The evaluat.ion model, which is described in Section IX, reflects the over
all Michigan aviation goals and objectives as set forth in the National 
Transportation Planning Study.* 

Cargo Analysis 

The approach used to analyze air cargo is illustrated in Figure III-4. 
The general nature of the method is similar to that described for passenger 
analysisp However, there are two important differenc·es.. One difference 
is that no modal split analysis is performed, Air cargo is a sufficiently 
small fraction of all cargo movements that a quantitative modal split 
analysis would not be meaningful--even small modal split errors would 
result in enormous air cargo differences. The other difference is that 
cargo analysis is treated in less detail than passenger analysis for four 
principal reasons: (1) cargo activities at local· and regional airports 
are not likely to be large in comparison to passenger. activities, (2) no 
reliable. air cargo traffic data exist that give present origins and desti
nations by airport and that give true origins and destinations, (3) no 
reliable air cargo traffic data are broken down by commodity so that spe
cific industry growth can be examined,and (4) the volume of air cargo 
moving through a particular airport will be heavily influenced by the 
decisions of airlines and operating agencies to build cargo facilities 
and promote their use. 

The approach that has been adopted is based on factoring national 
statistics and applying them to Michigan operations. However, the tech
nique doos reflect circumstances at local airports and the choice that 
shippers have between shipping by air from a local airport and shipping 
by surface to a large hub airport, The use of national statistics merely 
suggests t~at future air cargo operations in Michigan are likely to be 
neither more nor less important relative to other modes than they are for 
the nation as a whole, Although general in nature, this approach still 
recognizes air cargo growth that will result from diversion from surface 
modes, changes in shipper attitudes, and new product movements. 

* National Transportation Planning Study: Phase One--Aviation Goals for 
the State of Michigan, prepared by Michigan Department of Commerce, 
Avtnlinn CommiHHion, Fobt'lllU'Y 1971, 
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IV AIR PASSENGER DEMAND 

This section presents the final formulation and calibration of the 

multimode intercity passenger demand that will be used in the study to 
predict air passenger demand. The model is basically the one that SRI 
developed and applied in prior studies for the Michigan Interagency 
Transportation Council.* However, the model has been modified (to extend 
its capabilities) and recalibrated for use in this study. 

Demand Model Formulation 

The 
zones by 

as: 

demand model is a system of equations. For travel between two 

mode m, a measure Of travel "conduct.ance,
11 

w , is calculated 
m 

where 

t = m 

c = m 

f = m 

0! (1) 0! (2) 
m m 

w = a t c 
m m m m 

the trave 1 time between 

cost of travel 

1 - exp (-0.12 f ) 
m 

zones by mode m 

daily frequency of service. 

0! (3) 
m 

( 1) 

These thr~e measures--time, cost, and frequency--are termed trave 1 im

pedance measures and reflect a sum for the access, line-haul, and egress 

portions of the traveler's trip. 

* Billheimer, John W., The Michigan Intercity PD.ssenger Demand Model, 

Final Report No. 2, project MSH-8476, Stanford Research Institute, 
June 1971. 

IV-1 



The remaining terms in equation 1 are calibra1 ion parameters, The 
0! V::1lues are weig-htin~s ror the impedance mensures lo nccount for· the 

traveler's pe r·cei ved impor•tnncc of each measure. 'l'ilc ct values do no I 
vary among zone pairs and do not vnry npprecinbly among modes,* The a 

Ill 
values do not vary by zone pair, hut. do vary by mode, such that t.he 

model's predicted allocation of traffic among modes properly replicates 
observed (actual) allocations. 

A measure of total travel conductance between two zones, W, is ob

tained by summation of the w values for all possible models of travel 
m 

w = "i\' w 6' m 
all m 

The modes ·considered are auto, bus, rail, and air. 
several different air modes (routings) are treated, 

traveler's available choice among airports. 

(2) 

As discussed later, 

depending on a 

Total predicted passenger travel, D, between two zones is treated 

as a function of theW value calculated in equation 2. 

0.9 
D = i3.(3.(P.P.)W 

1 J 1 J 
(3) 

where 

P = the population of zone i 
i 

P. =the population of zone j. 
J 

The S <si and Sj) coefficients are zone specific constants. They 
are included to compensate for factors that affect the amount of passenger 
travel originating and tcrminnting in n zone--factors that are not. ex

plicitly included in the model. Thus, the S values help to correct for 

* The exception is the a value that applies to frequency of service by 
automobile. Here, the formulation is such that infinite frequency of 

service is assumed. 
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unexplained differences in t:cavc 1 for two seemingly simi lnr zones. For 

the external zones, and especially for those larger zones located far

thest from Michigan, the zone specific constants also ad,-iust travel to 
allow for the use of a sin14·le airport: in ench such :~:one to l'cpresent 

several major airpor1s at different locutions (cities) within thai zona. 

In addition, the B coefficients serve as scale factors for the demand 

equation. 

Equation 3 represents Lhe only significant change in for·mulation of 

the demand model.. Instead of total zone population, the model previously 

used a variable "nurilber of families with annual incomes exceeding $10,000." 
The modification was made to improve the interface between the demand 

model and the economic impact model (flee Section VIII). The economic 

impact model is able to provide more accurate estimat~s of the "popula

tion" variable than of the "families" variable. 

The final equation of the demand model allocates total passenger 

demand for a zone pair (as calculated in equation 3) among the available 

modes of travel. The travel "conductance" measureS calculated in equa

tions 1 and 2 are used: 

D ( 4) 

As is clear from the formulation of the passenger demand model, the 

predictions of air passeng·er travel to be made in this study will depend 

on a number of factors. 

The competitive position of the air modes, versus other 

modes 1 as measured by travel timeJ cost, and frequency. 
To the extent that air service improves, passengers will 

be diverted from surface to air transportation (i.e., 

different w values in equation 1). 
m 

• Zone population changes--as they influence total passen
ger demand (equation 3). 

• Induced traffic as air service improves (i.e., air ser

vice effects on the W value in equations 2 and 3). 

There is another it1fluence on air passenger growth that requires treatment. 
Demand for air service has exhibited a "natural'~ growth in the past--a 

growth in excess of that accounted for by service improvements and 
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population inc!eases. The approach to be taken in t.his study will be to 
estimate this added incremental growth rate over time on the basis of 

nominal growth projections for air travel within the United States during 

the time period of interest. The a values for air travel in equation 1 
m 

will then be modified to reflect this growth estimate. 

During Task Group 2, demand model work has concentrated on develop

ment of values for model variables and parameters for the 1970 base year. 

The remainder of this section describes how these values have been estab

lished. The methods used to obtain modal time, cost, and frequency values 

are described followed by a description of the development of values for 
the several calibration parameters. 

Modal Impedance Values 

Required data include network and system operating characteristic 

data (e .. g., times, costs, distances, speeds, frequencies of service, 

fares) for each of the four basic modes of intercity travel and access 

data (mode of access, times, costs, distances). 

Highway System 

The first step was to identify a highway network for the study 

zonal structure. The auto network was coded i.n terms of ljnks and nodes-

the linl<s representing highway routes and the nodes representing the 

junction of two or more highways. This network, closely following the 

major structure of the Michigan highway system, consisted of 272 one-way 

links and 93 nodes and provided extensive highway service between all 

pairs of Michigan zones and between Michigan zones and external zones. 

Centroids were determined for each zone, and access links were specified 

from these centroids to appropriate nodes on the auto network. 

Distances were assigned to each link representing the lengths of the 

corresponding segments in the highway network. These highway (nonaccess) 

links were then coded as either (1) two-lane highway, (2) four-lane divided 
highway with free access, or (3) four-lane freeway, depending on the pre

dominant facility type as existed in 1970 for each link. Speeds, operating 

costs, and capacities were nssumed for each of thes~. three types of links, 

as shmvn in TFtble IV-1, as well as for access links in Michigan and ex

ternal zones. The operating costs consist of the costs that can be 

directly related to mileage such as gas, oil, times, maintenance, and a 

small amount of deprecintion. The value of 5 cents per mile represents 

the mosl r·ecent estimate nvnilnble nnd varies less_thnn 5 percent (on the 
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Table IV-1 

ACCESS Al'W HIGmVAY LINK CliARACTllRIS'I'ICS 

Distnnce Speed Cost 

Facility Type (miles) (mph) (cents per mile) 

Access link 
Michigan zone Variable 20-30 5<; 

External zone 20 30 5 

2-Lane highway Variable 50 5 

4-Lane divided--
Variable 55 5 

free access 

4-Lane freeway Variable 60 5 

average) for the most intercity auto travel.* Travel times were determined 

for the individual links based on the assigned distances and speeds. 

On the basis of these auto time and cost values for individual net

work links, zone-to-zone auto times and costs were g·enern.ted by summation 

along the minimum time path between oach zone pnir. 

Bus System 

The bus network was generally assumed to contain the same links as 
those in the auto network. Times, costs, distances, and frequencies of 
service were developed for all zone pairs. t All major zone-to-zone bus 
routes were considered in arriving at these average time, cost 1 distance, 
and total frequency values. Access times and costs were determined from 
each zone centroid to the nearest appropriate bus terminal and added to 

* 

t 

Curry, David A. and Dudley G. Andersen, Procedures for Estimating 
Highway User Costs, Air Pollution, and Noise Effects, NCHRP Project 7-8, 
Stanford Research Institute, Apri 1 1972 . 

The major data collection effects for both the bus and rail networks 
were conducted by the 1\hchigan Aeronautics Commission staff. Data 

collected under Contract 1-1970 to the Michigan Interagency Transpor
tation Council were also used. 
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the fare and time mntrices to get the necessary totnl 7.0ne-to-zone time 

and cost matrices. The access costs were assumed to include all direct 
"out-of-pocket" costs (fares, running, parking costs) associated with 
access to the nearest bus terminal. Delay times of 30 minutes and 15 
minutes were assumed at the origin and destination bus terminals, re
spectively. 

Rail System 

Matrices of time, cost, distances, and frequency of service were 
developed defining approximate 1970 rail service between zone pairs. 
Instead of determining all individua~ terminal-to-terminal fares for 
Michigan--external zone pairs, relationships were established between 
fare rates (fare-per-mile) and the different rail carriers servicing each 
region of the United States. An approximate fare matrix was then readily 
obtained. Access times and costs were determined as for the bus system-
from the zone centroid to the nearest appropriate rai 1 terminal--and de
lay times of 30 and 15 minutes were assumed at the origin and destination 
rai 1 terminals., respectively. 

Air System 

The air system consisted of 21 airports within Michigan providing 
scheduled airline service during the 1970 base year. Only the major air
ports associated with the centroid cities were considered for the external 
zones, a total of 29 external airports. Thus, for example, only the 
Denver airport in zone 44 was included in the analysis. To have inclt1ded 

all major airports within each zone in the analysis, such as Phoenix, 
Las Vegas, Salt Lake City, and Albuquerque for zone 44, would have unduly 
expanded the data and computational requirements of the study. 

Airport-to-airport flight times, fares (tourist or standard), and 
daily frequencies were coded for nonstop, direct, and connecting flights 
from data in the Official Airline Guide.* The flig·ht times coded for 
each flight category--nonstop, direct, connect--were generally taken to 
be the average times for all flights within that category. Special flights 
operating on a nondai ly basis (normally one day per week) were omitted 
from the analysis. 

* The November 1, 1970 Domestic Quick Ref. Ed. of the Official Airline 
Guide. 
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Appropriate consideration and development of air times~ costs, and 
frequencies required converting the nonstop, direct, and connecting flight 
impedance measures to a single set of measures when the several flight 
categories are offered for an airport-to-airport pair. The problem of 
converting these multiple times, costs, and frequencies to a single set 
of values was resolved through the use of what might be termed the 
II f! 
equivalent value principle (see Appendix). The procedure changes 

one or more of three parameters (travel time, out-of-pocket cost, and 
frequency of service) so that the sum for various flight category values 
yields a proper w value for the demand model. 

m 

F'or several airport pairs, thet·e is no published flight information. 
In these cases, it was necessary to fashion impedance measures by speci
fying an intermediate connecting airport. Connections between airlines 
flights were allowed at all airports within Michigan and at the Green 
Bay and Chicago airports. The total cost of the air portion of the jour
ney was assumed to be the sum of the individual flight segments for con
necting flights, and the air travel time was considered to be the sum of 
the individual flight times plus a transfer delay time for changing planes. 
This transfer deiay time was calculated as roughly equivalent to assuming 
that the arriving flights arrive uniformly over a 12-hour period of the 
day and that departing flights leave uniformly over the same 12-hour 
period. Finally, the frequency of service for these airport pairs en~ 
tailing unpublished connects was assumed to be the smaller of the fre
quencies for the separate flights constituting the airport-to-airport 
trip. 

After the airport-to-airport impedance measures were obtained, as 
described above, the remaining steps in establishing zone-to-zone air 
travel impedance measures were to: 

Establish impedance measures to surface travel between 
zone centroids and airports 

Establish alternative air modes (routings) in recog
nition of the potential competition for a zone's 
travelers that exists among the zone's own airport, 
and airports in Chicago and Detroit. 

These developments are described in the paragraphs that follow. 

At the outset of the study, it was observed that a separate mode 
split model might be required to account for a traveler's choice among 
alternative surface modes of airport access (e.g., private auto, taxi, 
bus). However, analysis of the data collected during the passenger 
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survey of Task Group 2 indicated that a simplified approach would yield 
access impedance measures of adequate precision. The passenger survey 

data indicated that a minimum of 80 percent of airport access trips to 

the four airports surveyed were by private auto. The remaining trips 
were made largely by rental auto and taxi. As a result of this dominance 
by the private auto in accessing Michigan airports, it was decided to 

forego development of formal access modal split model. Instead, a fixed 

modal split was assumed to all airports in the follO\ving percentages: 

Private auto--parked at airport 25% 
Private auto--driven away by others 60 

Rental auto 7 
Taxi 

Other (e.g., bus, courtesy car) 

5 

3 

The direct effect of this assumption is on access costs and parking costs-

access times are assumed to be roughly the same for all modes and are 

based on those of the private auto. An average access cost is determined 
by assuming that the cost of access by rental auto is roughly twice that 

of the private auto (assuming that the primary reason for renting the 
auto was not solely for access to the airport, hence only marginal costs 
are relevant), the cost of a taxi is roughly four times that of private 

auto, and the cost of the other modes are about the same as the private 

auto. Then, the total access cost will be about 1.22 times that of the 

private auto. Assuming a private auto cost of 5 ceitts per mile results 
in a total access cost of 6.1 cents per mile. Average parking cost per 

trip is also calculated from the fixed modal split percentages. Assuming 

an average parking cost of $0.40 per auto parked results in an average 

cost for all autos of $0.10 per auto trip. 

Zone-to-airport distance and time measures were calculated in a 
manner similar to that described above for highway network access, but 

the investigation was more detailed. First, access times and costs were 
calculated directly for trips from many individual Michigan counties to 

nearby airports.* These times and costs were then weighted by county 

populations to obtain average times and costs for access to an airport 

from a zone. In cases not covered by county data, access times and 
costs were either estimated directly from the zone. to the airport (e.g., 

based on distances, speeds, population distributions) or by calculating 

auto access times and costs via the auto network. These· procedures yielded 
access times that agree closely with actual access time data, as obtained 
in the passenger survey. 

* These access data for each county were generated by staff of the 

Michigan Aeronautics Commission and Interag·ency Transportation Council. 
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Adcl.ilimud valw~H :inc·!udod in air·porl access imfu~dance nteiHnn·os 

were dc'lay times of :H) m.inut.cs :tt. Uw oJ•ig:in :lirpot·t.--t'ol'' pnrldn,_.;, tick

eting·, and check-in--and 1!> mitnltP:1 nt the dcstinntion airport--l'ot• 
baggage pickup. 

The competitive interrelationships of relatively close airports were 
included in the analysis by treating airport-to-airport pairs as separate 
air modes. For intra-Michigan air travel, each traveler is allowed the 
opportunity to depart from either of the two airports nearest his origin 
zone arid to arrive at either of the two airpo:rts nearest his destination 
zone--a total of four separate air mode possibilities. Figure IV-1 in
dicates the four possible air modes for travel within Michigan. All 
flights between departure and arriv~l airports are allowed that include 
one or no connections (i.e., at an intermediate airport not shown in 
Figure IV-1). 

Air trips including a zone external to Michigan a_re forced to use 
the airport designated for the external zone, thus reducing the number 
of basic air modes to two, However, an additional air mode concerning 
auto access (egress) to the nearest of the Chicago or Detroit airports 
was allowed for trips between Michigan and external zones, thus adding 
a third air mode to the Michigan-external zone analysis. Figure IV-2 
depicts these three air modes. 

Demand Model Calibration 

The process of model calibration deals with the specification of 
values for the model's calibration parameters--a, a, and S· The intended 

. m 
result is that the model's predictions of 1970 air passengers agree 
closely with actual 1970 air passenger data. 

While the model predicts zone-to-zone air passengers (and travelers 
by other modes as well), the most comprehensive actual data available 
are airport-to-airport statistics.* These statistics served as the pri
mary benchmark for calibration. Other data used for calibration included: 

* 

• 1970 modal impedance values (the development of which 
is described above) 

Population Census data for 1970 

Civil Aeronautics Board, Domestic Origin-Destination Survey of Airline 
Passenger Traffic, 1970 year, W~shington, D.C., 1971. 
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~ Data from the passenger survey conducted during Tnsk 
Group 2 of this study 

National data on traveler behavior from the 1967 Census of 

Transportation 

An origin-destination cordon sUrvey of Michigan travelers.* 

Data from a variety of individual airport surveys, con
ducted in various years (e.g., Detroit Metropolitan, 
Chicago-O'Hare, Kalamazoo/Battle Creek). 

Because the demand model was previously calibrated (and yielded good 

results) in applications for Michigan's Interagency Transportation Council, 
many of the 

this study. 

calibration parameter values have beeri used without change in 
Thus, the a and a values for the air, bus, and rail modes 

m 
are those determined in the original calibration efforts. The a and a 

m 
values for the auto mode were changed, however, to provide for better 
agreement between the model's prediction of auto travel and actual data 
from the most recent (1967) Census of Transportation. The calibrated 

values for all the "mode specific" parameters are given in Table IV-2. 

* 

Table IV-2 

VALUES FOR MODE SPECIFIC CALIBRATION PAHAI\1ETEHS 

Mode m 
a Cl (1) Cl (2) Cl (3) 

m m m m 

Auto 13.76 -1.6 -1.6 0 

Bus 1.50 -1.5 -1.5 0.3247 

Rail 1.50 -1.5 -1.5 0.3247 

Air--except Detroit-Chicago 1.50 -1.5 -1.5 0.3247 

Air--Detroit-Chicago 0.75 -1.5 -1.5 0. 3247 

The data collected by Michigan at·e reported on in Final Report No. 2 
of the ITC Study referenced previously. 
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, I 

The procedure for cst.1mating the (3 values used an iterative method 

that compared total predicted trip arrivals and departures at each air

port with the values obtained from the CAB airport-to-airport data. Air 

trips were first predicted on a zone pair basis using initial estimates 
0 

for the coefficients, \3., These trips were loaded on the 
1 

and arrivals and departures were totaled at each airport; 
air network, 

The 13-value 
estimates were then updated using the ratios of actual to predicted ar

rivals and departures at each airport, the distributions by origin (des

tination) zone. of total actual trip departures (arrivals) at each airport, 

and the distributions of actual trips between competing airports for each 

zone. Although the exact method is complex, it need not be described in 
further detail. 

Table IV-3 liHtH the "zone specific" (B) calibration coefficients 
obtained through the i terativc procedure described above. These coef
ficients resulted in 82 percent of tho predicted airport departures and 
arrivals differing by less than 10 percent from tho actual values and 
62 percent differing by less than 5 percent. Comparison of total daily 
predicted arrivals and departures with n.etual trips are presented in 

II II 
Figure IV-3 for the 21 Michigan airports and indicate the close fit of 
the demand model to the actual data. 

While the results portrayed in Figure IV-3 satisfy the basic ob
jective of demand model calibration~ other measures of the model's pre

dictive ability are also noteworthy. These relate to predictions of 

traveler choice among airports (i.e., "airport split
11

). The mode's air

port split results in the Detroit and Chicago airports (access by nonair 
modes) drawing roughly from 2 to 10 percent of the total Michigan-external 
zone pair air trips between 200 and 500 miles and from roughly 10 to 40 
percent of the trips exceeding 500 miles. (These nrc average figures 
for all Michigan zones except those considering Detroit or Chicago to be 

their nearest airport.) These values compare favorably with Detroit 
Metropolitan's observed 35 percent share of regional air traffic origi

nating in the Tri-City area of Saginaw, Bay City, and Midland.* The 
competition between the nearest and next-nearest airports results in 

values of from less than 1 percent to greater than 20 percent of all 
travel bypassing the nearer airport for the better service provided from 
the farther airport. These values are averages based on distances and 
do not reflect individual zone pair values, which varied even more widely. 

The average of all trips bypassing the nearer airport was about 4 percent, 

quite close to the 2. 3 percent value observed in the airport passenger 
survey conducted in connection with this study. 

* Reported on in Final Report No. 2 of the ITC Study referenced pre
viously. 
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Table IV-3 

VALUES FOR ZONE SPECIFIC CONSTANTS 

Michigan 
Zone Specific 

External 
Zone Specific 

Constant Bi Constant si Zone Zone 

1 11.2781 28 5.1724 

2 .9797 29 7.8693 

3 3.8043 30 9.4486 

4 2.5926 31 6.0086 

5 5.8987 32 1.1157 

6 10.6473 33 2.2891 

7 7.1548 34 3.0938 

8 8.5056 35 5.1966 

9 4.8737 36 10.0470 

10 14.8787 37 4.6111 

11 20.4432 38 11.0010 

12 11.3413 39 5.3399 

13 23.9605 40 11.1527 

14 32.0010 41 4.4724 
15 11.2774 42 2.9447 
16 11.2777 43 5.8133 
17 11.2794 44 36.2354 
18 2.6553 45 8.7830 
l9 7.1882 46 9.9018 
20 7.4348 47 1.9353 
21 7.5060 48 3.7557 
22 6.9481 49 9.4470 

23 4. 0425 50 9.1171 

24 36.1346 51 13.6945 
25 75.1983 52 49.8675 

26 30.5706 53 69.7623 

27 31.8079 54 74.6702 

55 120.976 

56 11.7483 
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V AIR CARGO DEMAND 

Considerable effort has been expended during Task Group 2 to gain 

an understanding of current air cargo flows. On the basis of the data 
collected, it was determined that the methods used to predict air cargo 

demand must differ substantially from the methods used for predicting 
air passenger demand, Moreover, it is clear that regardless of the 
method adopted, predictions of future air cargo flows will be subject to 

rather large forecasting errors, Tho outlooks and actions of individ
ual airport managements, air carriers,· freight forwarders, and cargo in

terests (shippers and consignees) will have strong influences on the 

amounts of air cargo handled at each of the Michigan airports. Methods 
arc described below for predicting demand for the two classes of air 

cargo: the first class is air freight (including air express), the 

second class is mail--air mail and other classes of mail that move by air, 

Air Freight 

In past work for the Michigan Interagency Transportation Council, 
SRI demonstrated the use of an air freight model that generates air 

freight demand in essentially the same manner that passenger demands will 
be developed in the current study. This air freight model requires that 

the origin-destination flows of "air potential" freight be specified-
including flows that now move entirely by surface modes (truck or rail), 

On the basis of the cost and time performance of the competing modes, 

the model developed a "mode split," that is, n prediction of the per
centage of "air-potential" traffic that actually would be transported 
by air. This percentage WOlild vary as alternative improvements to the 
air system are postulated (e.g., new regional airports). The freight 
model's cababilities suggested its application in the current study; 
however, analaysis of the freight data collected in this task group 
suggested that another approach would be more meaningful. The principal 

shortcoming to use of the freight model is lack of "air potential" and 
other data at tbe statewide level that are sufficiently complete to 

calibrate the model. Origin-destination statistics on flows are not 
available for air freight as they are for air passengers. The effort 
to collect adequate information of this kind would far exceed project 
resources. Moreover, use of the freight model would require projections 
of origin-destination data by commodity for selected surface movements. 
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Ovcl'all, it wns ,judg-ed that likely errors in freight flow input~ would 
se_riously degrade the validity of Uw model's air freight predictions. 

The approach tlwt is adopted for predicting total Michigan air 
freight demand through the study planning horizon will be based on a 
consensus of national predictions of air freight growth (e.g., ATA Air
line Airport Demand Forecasts; FAA's Ten Year Plan, 1973-82). Michigan's 
share of this growth will be assumed to correspond to its past partici
pation, modified as appropriate by outputs of the economic input model 
that relate Michigan economic growth to that of the nation (see Section 
VIII). By this approach, three significant factors in air freight growth 
will be taken into account. They are: 

., Diversions among modes because of changes relative to service 
quality. 

e Diversions among modes because of changes in the way that 
shippers and consignees perceive transportation costs as 
a part of total distribution costs 

., Future demands placed on the air system by new product 
movements. 

It remains to establish the method for allocating total Michigan 
air freight traffic among the airports constituting the State system 
(those of the existing system or those specified in the alternative 
system as described in Section III). In the Michigan context, this is 
a topic of some complexity. At the outset, it was recognized that air 
freight shipments originating or terminating in a Michigan community 
frequently are not routed through that community's local airport. In
stead, surface movement to or from a more distant large airport is used. 
An understanding of this "local airport diversion" was ,judged critical 
to the cargo demand task. 

The American Academy of Transportation (AAT) was retained by the MAC 
to gather ·data on the nature and extent of local airport diversion. This 
work was completed during Task Group 2. It is documented in AAT's report 
11J\1ichjgan Air Freight Data Collection Program" and summarized here. The 
AAT sent mail questionnaires to a careftllly selected sample of Michigan 
companies. In addition, numerous field interviews were conducted with: 

o Airport managements 

., Airlines 

• Air freip;ht forwnrders 
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111 Motor carriers handling air freight shipments 

• Postal officials. 

The principal results of AAT 's work are portrayed in Table V-1 and 

V-2. Table V-1 deals with air freight originating in Michigan during 

the study base year (1970) and Table V-2 deals with terminations. The 

unit of measure is millions of pounds. The columns of the tables rep

resent Michigan'~ existing air carrier airports plus Willow Run and 
Detroit City airports. One additional column is provided for Chicago's 

O'Hare Airport. The rows of the tables list all Michigan study zones. 

An additional row, "other," portrays air freight volumes that move by 
surface between their ultimate orl.gin or destination outside the state 
nnd a Michigan airport. Entries wltlrin the tables represent sut•fncc 

movements of air freight between zones and airports. For example, 
Table V-1 shows that an estimated 11.24 million pounds of air freight 

originated in the Lansing zone in 1970. Of this, 1. 22 million pounds 
was enplaned at the Lansing (Capital City) Airport. The substantial 

remainder moved by truck to Detroit Metro and Willow Run for subsequent" 
air movement. 

The format of Tables V-1 and V-2 facilitates discussion of the steps 
to be followed in the air freight demand analysis. The total Michigan 

air freight volume that will be derived from national forecasts corresponds 
to the entry in the lower right-band cell of each table. The state total 

will be allocated among Michigan zones (i.e., among the cells of the right

most column) in accordance with zonal income and population data that are 
taken from the economic impact model.* The final step is to allocate each 

zone's total air freight among airports. For reasons discussed below, 
this final step of estimut lng future "local airport diversion" will be 

largely subjectiv<l. 

To predict future "local airport diversion," the extent and causes 
of present diversion must be identified. In this, the AAT work has been 
largely successful. The results in Tables V-1 and V-2 clearly portray 

significant diversions of air freight from local Michigan airports to 
Chicago and Detroit facilities, notably for the following zones: 

* An alternative method would be to allocate the state total directly 

to airports--along the bottom row of the table. This method would 

not account for differing rates of economic growth among Michigan 
zones. Moreover, the alternative method is not appropriate in the 
case of the system alternatives that include postulated new regional 
airports. 
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Jackson Lansing 

Kalamazoo Saginaw 

Benton Harbor Grand Rapids 

Flint Battle Creek 

Bay City 

Smaller diversions, in terms of absolute volume and percentage of zone 
air freight, are shown for three Upper Peninsula zones--Escanaba, 
Marquette, and Menominee. 

Diversions from the Upper Peninsula to Chicago result primarily 
from shipments that cannot be loaded into the types of aircraft currently 
serving the local airports. Such diversions will be directly influenced 
by the aircraft types used in future service to the Upper Peninsula, 
For study purposes, the specification of future aircraft will be based 
on results of the technology assessment, described in Section VI. 

A significant cause of local airport diversion in the lower one-third 
of the Lower Peninsula is the routing of air freight through Willow Run 
Airport, This is a specialized "all-freight" activity that does not 
rely on scheduled air carriers. The AAT has found that use of Willow Run 
is dictatod primarily by corporate policies that focus on this airport 
as a consolidation point for geographically diverse manufacturing and 
distribution activities in Michigan. In view of the large-volume trans
port economies achieved in this manner and the private investments already 
made for facilities at Willow Run, this diversion can be expected to con
tinue through the study planning horizon. Moreover, it will be assumed 
that the Willow Run diversions will remain a constant sbare of the af
fected zones' future air freight volumes. 

It is the remaining Lower Peninsula diversions through Detroit Metro 
and Chicago-O'Hare that will prove most difficult to treat in the study. 
These diversions represent about 10 percent of total Michigan air freight 
(outbound and inbound), Contrary to expectations, the choice between a 
local airport and these large hub airports does not result from different 
shipment tran~it times or costs. Instead, shipper responses to the AAT 
mail questionnaire disclose that origin-destination shipment transit 
times differ very lit tlc bet ween local airport nnd large hub airport 
routings. Although truck pickup and delivery times are a few hours 
longer to the hub airports than to the local Michigan airports, it appears 
that this disadvantage is compensated for by better flight frequencies at 
the large hub airports. Similarly, there is little difference in the 
rate structures for local airport versus large hub airport routings. 
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Figure V-1 displays a typical comparison of rates for shipment from a 
mid-Michigan city (e.g-., Lansing). The solid line, representing the 

rate structure for a local airport routing, is the sum of the local 
trucl< piclwp charge and the air 1 i.ne-llnul rate. The dnshod l inc, for a 

hub airport routing (e.g., Octroi l) includes hi.ghor t l'uc\t. plc..:1<:up chnrges 

but, as is typical, somewhat lowor nir lino-hnul rates. For shipmon1H 
of fewer than about 120 pounds, rates are strongly influenced by minimum 
charges' (for both drayage and air movement) and the local airport enjoys 
a noticeable advantage in the cents-per-pound shipment cost. However, 
this translates to only a few dollars--at most--in charges for the ship
ment. For shipments of more than about 200 pounds, the rate structures 
are quite close, with the large huh airport generally enjoying a very 
slight advantage, 

All available evidence suggests that diversion from Lower Peninsula 
local airports to Detroit Metro and Chicago-O'Hare is based on a greater 
capability to consolidate shipments at these airports. Through consol i
dation, for example, three individual shipments of 80 pounds each would 
be merged for their airport-to-airport trip, such that the shipment cost 
for each would approximate the cost per pound at the ·point labeled "s" 
in Figure V-1.* Thus, the desirability of consolidation is based on 

the difference in shipment cost between the points "A" and "s" rather than 

the inherent differences in the local and large hub airport rate structures. 
If it were as easy to consolidate at the local airports as at the large 
huh airports, it is likoly that diversion from local airports would be 
minimizedG t Unfortunately, the information required to make such an 

assessment--either for the present or as part of a future prediction of 
diversion--depe-nds on many factors. These include: 

* The precise rate per pound paid by the shipper would depend on the 
extent of consolidation available for drayage to the airport and the 
share of the consolidated savings accruing to a freight forwarder 
if he performs the surface and air consolidation. 

t It appears that the converse is also true: when it is as difficult 
to consolidate via a large hub airport routing as via a local airport 
routing, the local airport's share of its zone's freight is high. 
Comparison of Table V-1 and V-2 shows higher local airport shares for 
inbound freight than for outbound. The AAT work suggests that ship
ment sizes and diversity of origins for the inbound freight often 
preclude its consoli.dation. 
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41 The volume of originating· and terminating; traffic 

e The number of shipments by size distribution--this is de
termined primarily by nontransportution related consider
ations 

s The ability to match origins and destinations of shipments 

111 The outlook of companies and freight forwarders as to the 
"best point of consolidation." 

If all else were equal, one might hypothesize that total zone air freight 
volume would be a good index of consolidation potential at a local Lower 
Peninsula airport--the greater the volume, the higher the likelihood of 

local consolidation, As a test of this concept, Table V:-3 summarizes 
some of the data from Tablos V-1 and V-2. Selected Michigan zones are 
listed in ascending order by the percentage of their outbound air freight* 

Corresponding pc,rcentagcs for in-tl1nt is routed via a local airport. 

bound air freight nrc also listed. As evident from the lack of a pattern 
in zone cargo amounts from row to row in the table, the hypothesis that 
total zone cargo is a good index of consolidation potential must be re
jected. A better correlation is obtained, although it explains little, 
using the distance between the local airport and the nearest large hub 
airport as an index,t 

As a result of this analysis, the basic study approach to local air
port versus hub airport routing of air freight in the Lower Peninsula 
will be to assume the same diversion percentages in the future as were 
found by AAT for the base year. That is, in allocating a. zone's total 
air freight between local and hub airports, the percent ago figures in 

Table V-3 will be used. For alternatives where a new regional airport 
is postulated--which thereby becomes the "local" airport for more than 

one zone--each of these ?.one's diversion percentages will be used without 
change. 

A significant implication of the overall approach- toward air freigl1t 
is that the cost and time of shipments will not vary in any measurable 
way among alternative airport systems. Thus, as described in Section IX, 
shipper and receiver benefits will be treated only qualitatively in the 
evaluation of alternatives. 

* Because it represents a special case, air freight routed via Willow 
Run Airport is not included in Table V-3. 

t If, in fact, distance does explain the phenomenon, then the assumption 

of constant future diversion percentages is strengthened. 
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Zone 

Jackson 

Flint 

Lansing 

Saginaw and 

Bay City 

Kalamazoo and 

Battle Creek 

Benton Harbor 

Grand Rapids 

Table V-3 

AlH FHE!GIIT SIIAimS FOR LOCAL AlltPOHTS 

IN THE LOWEH PENINSULA 

Outbound Inbound 

Air Freight Air Freight 

Percent Percent 

via via 
Local Zone Local ·zone 

Airport Volume Airport Volume 

6 2.1 26 1.8 

14 12.0 31 9.6 

21 5.8 39 5.1 

21 9.8 34 5.1 

23 6.3 47 3.1 

45 1.1 40 1.6 

86 7.3 89 6.8 

Approximate 

Highway 

Mileage 

to Nearest 

Large Hub 

Airport* 

55 

75 

90 

110 

110 
115 

150 

Note: Zorie volumes 
Run Airport. 

and percentages do not include shipments via Willow 
Zone volumes are millions of annual pounds (1970). 

* Chicago-O'Hare or Detroit Metropolitan. 

Mail by Air 

The AAT survey efforts for mail--both air mail and "first-class 

airlift" mail--disclose that routing patterns were changing during the 
1970 base year. In addition to the long established method of using the 

services of certificated air lines ns common carriers, the U.S. Postal 
SerVice (USPS) was implementing "Ai.r Taxi Servicett in Michigan--companies 

operating under contract to the USPS and restricted exclusively to haul

ing mail. 

Although it was not possible to obtain sufficient data for prepara

tion of tables on mailing routings like those for air freight (Tables 

V-1 and V-2), the AAT work di.d provide some significant insights: 
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Mail transported by ail' lends to be cnp.L11wd ;1t. tlw ~li.rpol't 

closcRt to true origin <llld deplaned nt lhc ;tirpot·l cloS('Sl 

to ultimate destination. Very l1ttlu "1nc:1l nirpnrt dl

version" occurs, 

For planning purposes, it can be assumed that the. predom

inant use of Air Taxi Service in Michigan will be to and 

from the following nine postal Section Centers: Detroit, 

Flint, Grand Rapids, Iron Mountain, Jackson, Kalamazoo, 
Lansing, Saginaw, and Traverse City. 

These insights, together with MAC data on airport mail volumes for various 

years, were used to develop the adjusted estimate of base year mail- traf
fic in Table V-4.* 

A relatively simple approach for predicting future mail volumes has 
been judged adequate for purposes of this study. In general, national 
projections of growtl1 in mail trnnsportated by air will be applied 

directly to the total airport volume of Table V-1. In instances where 
the system alternatives call for discontinuance of air carrier services 
at a Sectional Center city, .it will be assumed that air taxi services 
are expanded to handle the total projected volume. That is, the mail 
service would not be transferred in such cases to a new regional airport. 
In instances where it is postulated that air carrier service would be 
discontinued at a non-Sectional Center city, transfer of the affected 
volume to the new regional airport will be assumed. 

* Although 1970 was a year of transition, large fluctuations have oc

curred in the volumes of mail transported by air in more "normal" 
years. This results from differing allocations of first-class mail 
between surface and air transport. 
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Table V-4 

ESTIMATED BASE YEAR MAIL TRAFf'IC 

(Thousands of Pounds) 

Airport Inbound Outbound 

Alpena 10 15 
Battle Creek 100 500 
Benton Harbor 50 210 
Detroit Metro 25,000 25,000 
Excanaba 30 40 

Flint 250 380 
Grand Rapids 820 820 
Houghton 30 30 
Iron Mountain 125 20 
Ironwood 3 15 

Jackson 250 100 
Kalamazoo 520 500 
Lansing 700 600 

Manistee 3 15 

Marquette 95 80 

Menominee 15 25 

Muskegon 140 300 
Pellston 15 15 

Saginaw 700 600 

Sault: Sainte Mitrie 60 10 

Traverse City 120 50 

Total 29,036 29,355 
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Vl TECHNOLOGY* 

The purpose of the studies described in this section was twofold: 

to review technological trends in transport aircraft, aircraft engines, 

airspace, and airports; and to determine the impacts of these trends on 
the planning parameters to be used in Task Groups 3 and 4. The task 
effort was limited to a review and analysis of existing information; no 
new basic research was undertaken. 

In each of the four parts of the analysis (aircraft, engines, air
space, and airports), the focus was placed on factors likely to have a 
bearing on airport planning. Particular emphasis was placed on the im
pacts of engine technology on the environmental/community-relations prob
lems of aviation noise and atmospheric pollution in areas adjacent to 
airports. 

Because of space limitations in this report, the content of Sec
tion VI is limited to highlights and general conclusions from a more 
detailed supplementary report now being prepared for the MAC. 

Aircraft 

An examination of present and future aircraft types provides a con
text for the assessment of trends affecting airport planning and the 
assessment of possible voids in Michigan service patterns, 

Aircraft Types 

Today's domestic airline fleet can be classified in seven broad 
aircraft categories, each containing types that are well known to the 
experienced traveler: 

* In the preparation of this section, the author relied heavily on com
mentary on airspace prepared by Dr, R. S. Ratner of SRI and on com
mentary on airports prepared by Mr. Saul Jacobs of Howard, Needles, 
Tammen and Bergendoff, 
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• Widebody jets (B-747, DC-10, L-1011) 

• Conventional four-engine jets (B-707, ll-720, DC-8, 
CV-880, CV-990) 

• Conventional three-engine jets (B-727) 

• Conventional two-engine jets (B-737, DC-9) 

• Turboprop-powered aircraft (CV-580 and 640, Viscount, 
F-27, FH-227B, Electra, Swearengen Metro) 

• Piston-powered aircraft--older types 
DC-3, Lockheed Constellation series, 

(DC-7 DC-6 DC-4 
' ' ' 

CV-440, M-404) 

• Piston-powered aircraft--other (Beech 99, DeHaviland 
Otter), 

Future trends in the number and kinds of aircraft types in the U.S. 
commercial fleet are indicated in the 10-year FAA forecast shown in 
Table VI-1 below. 

Table VI-1 

FORECAST AIR CARRIER AIRCRAFT 

Number 
1971 

Type (actual) 1976 1981 

Jet 2,096 2,504 3,268 
Turboprop 325 261 161 
Piston 142 59 39 

Totals 2,563 2,824 3,468 

Supersonic and Hypersonic Transports 

There is little likelihood that, following the much publicized 
discontinuance in 1971 of the U.S, SST program \featuring the Boeing 
2707), there will be another u.s. entry in the SST field that is ready 
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for service before Lhc middle oJ' 1aLc 19HOs. Two ot.!l<.~r· SH'l' LypPs arc 

expected to be placed in commcrc:ial usc in the next few years: the 

British-French Concorde and the Hussian 'l\toplcv-114 ('1'!1-111). Interior 

airports in the United States will probably sec li ttlc if any service from 

these or any other SST types in the next decade. No known solution to the 

sonic boom problem exists. Operation of the aircraft at subsonic speeds 

over land areas (to prevent the sonic boom) generates substantially higher 

aircraft costs per airplane mile and reduces competitive speed advantages 

over conventional jets. Fare differentials over existing jets are high 
(estimated at 50 percent at comparable seating configurations). Risks of 

harmful environmenta~ impacts other than sonic boom effects have not been 

evaluated to the satisfaction of many leading environmentalists. 

From time to time, dramatic' descriptions of future hypersonic 

air travel at speeds of Mach 3 to Mach 7 are published in the trade press, 

Sunday supplements, and other media. While it is technically possible to 

develop aircraft capable of achieving such speeds, the economic costs of 

the program would be very high. Whether such transports will be developed 

for commercial use during the time span covered in this study ( 1972-2000) 

cannot be determined. Present evidence suggests, however, that if such use 

occurs it will not be on a large scale. 

High-Subsonic and Transsonic Transports 

Probably the principal performance improvement in the next 

generation of conventional jet transports will be the capability to cruise 

at speeds up to and slightly exceeding Mach 1 without creating a sonic 

boom. The new designs, sometimes called high-technology designs, will 

have a silhouette noticeably different from that of the present jets, the 

differences being caused principally by the supercritical wing and the 

"coke bottle" fuselage. These aircraft will not have enough speed advan

tage over present jets to permit substantial reductions iri passenger and 

cargo trip times on most flights. However, if seat-mile operating costs 

of the aircraft design can be maintained at levels not greatly higher 

than those of present jets, airlines will probably begin ordering them 

to accommodate market growth beginning in the 1980s. Pre.sent evidence 

suggests that the initial design will call for a range of from 250 to 

500 passenger seats. 

Additions to Present Generation of Jets 

A number of "new 11 jet transports are currently being developed 

or planned that will not represent technological breakthroughs of great 

significance. These transports therefore can be looked upon, in a sense, 
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as additions to the present generation of jets. In some cases, manufac

turers' goals will be to provide greater size, which will be accomplished 

by "stretching" and "doubledecking" widebody jets when structural and 

cost considerations permit. In other cases, manufacturers' goals will be 

to fill capacity/range/performance voids that exist in the present genera

tion of transports; forthcoming examples include the McDonnell-Douglas 

"Twin DC-10," the European twin-engine A-300 (Airbus), the Boeing 747-200SR 

(short range), the long-range L-1011, and the Dassault Mercure twin-jet. In 
some cases, the decision to manufacture a new aircraft type seems to have 

been prompted by the manufacturer's desire to gain competitive strength in 

the air transport market, since some entries largely duplicate the func

tional performance of other aircraft. 

No firm plans presently exist to produce a new very-high-capacity 
jet, although a number of preliminary studies have been made of aircraft 

havinp; gross weights in excess of one million pounds and seat capacities 

up to 1, 000. Serious at tempts to design and manufacture StlCh an aircraft 

will probably occur only after the alternative of enlarging existing de

signs has been fully exploited. The next such design may be an all-cargo 

aircraft having a payload capacity of 300 to 500 thousand pounds. If 

produced, this aircraft will be treated as one element in a fully inte

grated ground-air cargo transportation system that features modernized 
all-cargo terminals with a high degree of mechanization and containeriza

tion. 

Until the next generation of all-cargo aircraft is put into 

service at some indefinite time in the future, air cargo will be carried 
in all-cargo versions of existing transports and the belly pits of com

bination passenger/cargo aircraft. [The belly pits of the B-747 are 

capable of carrying 40,000 pounds of baggage and cargo--more than the 

capacity of the largest all-cargo aircraft of the pre-jet era (the DC-7C). J 

STOL and VTOL Aircraft 

Problems of noise, economics, air traffic control, and systems 

integration--among others--will prevent STOL type aircraft from being 

operated on short runways in highly developed urban areas for the fore

seeable future. Future technology may make STOL applications in an 

environment of this type feasible in eight to 12 years. The most immi

nent future STOL development is basically a simple aircraft featuring 

mechanical high-lift devices and capable of operating on runways up to 
4,000 feet in length, instead of a more exotic STOL or VTOL design. 
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Trends Affecting Airport Planning 

Number of Aircraft to be Handled 

Although substantial future growlh is rort~east in the ait• 

travel market, the capacity of tile average aiJ·crurt will nlso coni inuo 
to grow due to the greater use of large aircraft in the fleet mix. 

Therefore, the number of airline flights to bo handled at airports will 

not increase nearly as much in proportion to increases in passenger and 
lf 

cargo traffic. 

Runway Lengths 

Despite increased emphasis on larger aircraft, the trend toward 

longer runways has leveled off because aircraft designers have been able 

to counteract higher gross weights with improvements in technology such 
as increased bypass-ratio engines, better flaps, and other high-lift de

vices. For the most part 1 the trend in runway lengths will remain stable 

for the foreseeable future. However, smaller airports that grow into a 

need for larger aircraft may require runway length adjustment, depending 

on the types of aircraft involved. 

Runway Strengths 

Although aircraft wheel loadings have been increasing through 

the years, these i ncreascs in the past f'ew years have been attained with

out exceeding prior runway strength requirements through the use of wide 

lateral and longitudinal wheel spacings, and large tires. The industry 

will make strong attempts to keep future wheel loadings within the bounds 

of pavement strengths required by existing aircraft. 

In the 1972-81 National Aviation System Plan, the FAA forecast that 

scheduled domestic air revenue passenger miles will treble and that 

revenue cargo ton miles will more than quadruple in the period 
1971-81. For the same time span, the number of aircraft in the 

U.S. air carrier fleet was forecast to increase by only 36,percent. 
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Ramp Area Requirements 

As medium and small airports continue to grow and require 
larger planes, the ramp and gate area needed per plane wi 11 increase 
dramatically. This tendency can be partially offset by assigning 
specific gate and parking positions exclusively to larger aircraft. 

Passenger Terminal Size and Accommodations 

Passenger terminal size and accommodationp are influenced 

strongly by the number of passengers handled during peak periods; and 
there is reason to believe that peaking patterns will become more pro

nounced rather than less pronounced in the future. This will be due to 
the strong competitive pressure on airlines to accommodate passenger 

time-of-day pressures and the obvious impacts of the "bunching" of num

bers of large aircraft. (The same influences will apply to parking lots, 
access routes, etc.) 

Availability of Aircraft Types Needed for Michigan Service 

A recent analysis of trip lengths of air travelers to and from 
Michigan indicated that 50 percent traveled· distances of 400 miles (one 
way) or less, 30 percent traveled distances from 401 to 1,000 miles, and 
20 percent traveled distances over 1,000 miles. Aircraft types will be 
available to cover the major needs of those air travelers, with one major 
exception: a strong need wi.ll exist for a good aircraft type or types to 
servo the low-density, short-haul markets that constitute an important 
component of air travel into, within, and out of t-he state. 

Present versions of commuter aircraft do not represent the optimum 
solution to this problem. Two new aircraft sizes in this category may 

be required to give proper levels of service and schedule frequency to 
a number of Michigan airports: a 20-to-30-seat aircraft and a 40-to-50-
seat aircraft. One of the goals of Task Group III of the Study should be 
to develop more specific information on the functional specifications of 

aircraft needed in this category. 

Engines 

The principal purpose of a review of engine technology in an airport 
systems planning study is to provide insights into trends in aviation
generated noise and atmospheric pollution in the vicinity of airports. 
Aircraft noise (most of which is pro<luced by engines) and pollution from 
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engine emissions consti tutc the two most scri.ous onvi. ronmcntal/community 
relations issues Jnthc industry. 'fltc disctission of technology in tltis 

sect ion provides an information base support .i ng- subncqucnt commentary on 

environmental factors in Section VII of the report. 

Engine Types 

As previously indicated, most of the commercial transport aircraft 

, ,, of the future will be jet powered, Table VI-2 presents in summary form 
the major types of jet engines associated with today' s major commercial 

transport aircraft. Table VI-3 gives further details on these engines 
and the aircraft with which they are associated. 

Table VI-2 

AIRCRAFT AND ASSOCIATED ENGINES 

Aircraft 

B-707 and DC-8 (earlier versions) 

B-707 and DC-8 (later versions) 

"stretched" DC-8 \60 seri~s) 

Boeing Trijets and Boeing and Douglas 
Twinjets (B-727, B-737, DC-9) 

L-500 (proposed commercial version 
of C-5A) 

Widebody jets (B-747, DC-10, L-1011) 

" P&w: Pratt and Whitney 
GE: General Electric 
RR: Rolls Royce. 

Enginelf 

P&l/V JT3C series 

P&!/1 JT4A series 

P&W JT3D series 

P&!/1 JT8D series 

GE GF39-GE-1 

P&W JT9D series, GE CF6-6 
series and RR RB-211 series 

Sources: Aircraft manufacturers, Jane's All the World's Aircraft, 

and SRI. 
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Table \·l-3 

SELECTED DATA ON AIRCR~T ENGINES 

ra yp Airc ft T e 
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GE CF6-6 40,000 ..; 
CF6-50A -49,000 J 
1"}"39-GE-1 41,000 .; 

RR RB-211-56 53,000 -1 
PW -JT3C-6 13,500 " -1 

-IT3D-1 17,000 J 
-JT3D-3 18,000 " J 
JT3D-7 19,000 .; 

RR Conway . 17,000 J 
PW JT4..-\-3 15,8GO .; 

-JT4A-9 16,800 I 
JT4A-11 17,500 
JTSD-1 14,000 
JTSD-5 12,250 
JDSD-7 14,000 
JTSD-9 14,500 

Sources: Engine manufacturers, Jane's All the World's Aircraft, and SRI. 
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Noise 

Although measurements of the impacts of airport-related noise are 
as yet crudey they point forcefully to the conclusion that the noise 
problem is a serious one that can affect up to hundreds of thousands of 
people in a single urban area. One of the problems associated with the 
assessment of noise impacts is that given levels and kinds of noise do 
not produce the same effects among different people. The principal noise 
impact measurements used thus far are the Composite Noise Rating (CNR) 
and the Noise Exposure Forecast (NEF). The latter measurement attempts 
to reflect not only absolute noise levels 9 but also maximum tone 1 noise 
duration, and position in the noise spectrum--to result in an "Effective 
Perceived Noise Level'' (EPNL), for which one expression is perceived 
decibels (EPNdB). When EPNL is combined with other factors, including 
time of day, the result is an NEF reading. For purposes of background, 
rough comparisons of CNR and NEF ratings required to produce different 
levels of annoyance are given below. 

Percent of Those 
Equivalent Exposed Who Report 

· CNR Rating NEF Rating "High Annoyance " 

95 and under 20 and under 11 

115 and over 40 and over 67 

The complexity of the noise reduction problem is indicated by some 
basic but not-well-known facts. A reduction in noJse level by 10-dB is 
sensed by most people as reducing noise by about half (a characteristic 
of the rating system). Less than one-half of one percent of the total 
energy of the jet engine is radiated as noise, The reduction of engine 
energy output in relation to the reduction in noise output is very high: 
a 10-dB reduction in noise in a typical engine requires a reduction of 
engine· power output by 90 percent; and a 20-dB reduction in noise re -
quires a power reduction of 99 percent. Some types of noise are more 
responsive than others to remedial acoustical treatments in engine nacelles 
and to changes in the size and shape of the nacelles themselves. 

Under the authority of Congressional legislation, the FAA has pro
mulgated Part 36 of Federal Aviation Regulations (FAR-36). FAR-36 pro
vides noise level standards for use in type certification of subsonic 
transports. The regulation requires no retrofitting of any existing 
aircraft, but the FAA has indicated that further noise reduction will 
be required in these aircraft as technology progresses. 
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Selected noise data for Boeing and Douglas narrowbody turbofan 

aircraft are compared with that of widebody jets in Table VI-4. The 
data in the table reflect the fact that widebody jets are noticeably 
quieter than their predecessors, even though engines of the former gen

erate from two to three times as much power per unit. A primary reason 
for the improvement is that major emphasis was given to noise reduct ion 

at the design stages of widebody jet engine development. 

The extent to which noise reduction can be accomplished in pre

widebody jet engines through retrofit modifications is limited at the 
present state of the art. The problem is compounded by the fact that 
the cost of such modifications is relatively high. The airlines have 
taken the position that benefits asso,ciated with noise reduction in these 
aircraft may not be worth the economic costs. 

Table VI-4 

NOISE DATA IN EPNdB 

Flyover Lateral 
Aircraft (takeoff) (sideline) Approach 

B-707-100B 108 108 110 

B-707-300C 114 108 121 

B-727-100 103 105 109 

DC-8-61 116 106 112 

DC-9-30 ( JTSD-7) 97 105 110 

B-747 108 97 109 

DC-10 99,6 96 105 

L-1011 97.1 107 102,3 

Sources: First five listings from report on first 
meeting of the ICAO Committee on Aircraft 
Noise; last three listings from data sup
plied by manufacturers--as reported in 
March 1972 issue of Airline Management. 
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The widebody jets have domonstrntod t.hnt tlw sovu~~ity of nircrn!'i.h

gencratoct noise can be roduccct substantially hy tho appllent.ion or L<_~eh

nology at the design stage. Under expected conditions of public prcssut•c, 

there is little doubt that future jet engine designs will be much quieter, 

permitting substantial future noise reduction over time. 

At most commercial airports, however, the problem of narrowbody jet 

noise must be resolved before there is significant relief from the over-
all noise problem in areas within airport noise contour patterns. (A 
typical noise contour pattern based on NEF calculation methodology is 

shown in Figure VI-1.) Whether narrowbody noise reductions possible 
with present technology are worth the required economic cost is a ques-

t ion now being seriously debated in industry and government circles. The 
outcome cannot be predicted at this time. 

Emissions 

The following conunontary on emissions will deal with the quantities 

and kinds of emitted pollutants, their harmful effects, the relationships 
between engine speeds and pollution 1 and trends in pollution reduction. 

Quantities and Kinds of Emissions 

Studies of a number of large metropolitan areas indicate that 
aircraft generate from one to two percent of the overall pollution in 
these areas. A Los Angeles study further indicated that, since aviation 
generated pollution is more concentrated in areas adjacent to airports, 

it may account for as much as 10 percent of the total pollution in the 
immediate airport environment. 

The relative importance of the major types of pollutants emitted 
by aircraft engines is shown in Table VI-5. 

Harmful Effects of Emissions 

Although a considerable amount of research has been done in 

recent years on air quality, the state of the art in this field is still 

at a primitive stage, There is sufficient clinical evidence, however, 
to indicate that the kinds of emissions produced by aircraft engines 

(which are similar to those produced by other types of internal combus
t ion engines) can produce adverse effects on humans. These effects in
clude eye irritation, respiratory disease, impairment of visual acuity, 
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Table VJ.-5 

AIRCRAFT ENGINE EMISSIONS COMPARED WITH EMISSIONS 

FROM OTHER SOURCES 

AVERAGE ANNUAL EMISSIONS, 1967 

(Thousands of Tons) 

(A) 

All Sources (B) 
in U.s. All Civil 

(c) 
Col. B 

Excl, Civil Aircraft Percentage 

Type Aircraft in u.s. of Col. A 

Carbon Mono xi de 66,125 924 1.2 

Hydrocarbons 19,016 152 0.7 

Nitrogen Oxides 13,007 16 0.1 

Part i cu l at es 12,004 11 0,1 

Total 110,052 1,103 1,0 

Source: 1968 Study by Northern Research and Engineering 

Corporation for the u.s. Department of Health, 

Education and Welfare. 

and impairment of time interval discriminations. In addition, pollutants 
from aircraft engines may adversely affect plants, animals, soils, water, 
and man-made materials. 

Relationships Between Engine Speeds and Emissions 

The chemistry of jet engine operation is such that the concen

trations of carbon monoxide and hydrocarbons are relatively high at idle 
and taxi power settings of the engines, and are reduced rapidly as the 

power is increased toward takeoff setting. The patterns for nitrous 
oxides are the reverse, with quantities increasing as the power setting 

is increased. Because of the importance of carbon monoxide and hydro

carbons in the total pollution mix, it has been estimated that idle and 
taxiing emissionS may produce in the order of 80 percent of the total 

aviation generated pollutants. This evidence has very long implications 
in tenns of airport taxiway design and idle/taxiing procedures. 
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Trends in Pollution Reduction 

Advancing technology has made possible a gratifying trend of 
improvement in emission generation characteristics of aircraft engines 
during the past 15 years. This trend is related to the introduction of 

aircraft engine types in Table VI-6. 

Table VI-6 

EMISSIONS BY ENGINE TYPES DURING 
TAKEOFF AND LANDING 

Pounds of Emission 
Per Per Psgr. 

Engine Carried lf 

Piston engines 111.6 14.88 

Jet engines ( 1958) 55.2 3,56 

Turbofan engines (1961) 49,1 3,16 

JT9D engines ( 1970) 33,5 .6979 

Assumes 50 percent load factor for each air
craft type. 

Notes: Emissions are for the landing-takeoff 
(LTO) cycle, including all operations 
below 3,000 feet. Known engine emtssions 
during each phase were multiplied by the 
average number of minutes during each 
operation; idle, 13,0 minutes; takeoff, 
1,4 minutes; and approach, 5.8 minutes. 

Source: Report by G, P.Sallee at SAE/DOT Con
ference on Aircraft and the Environment, 
Society of Automotive Engineers, 1971. 

Another type of improvement, which may have psychological sig
nificance equal to or greater than its physiological significance, is 
the trend toward the almost complete elimination of visible particulates, 
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with resulting "smoke-free 11 engines. Retrofit modifications for this 

purpose are being made on older type jot enginest and it is estimated 

that by the end of 1972 tho Hmoko t.rnils provtouKly tHlH<H'intod wl lh low

flyln{~ ;jot utr•ernft wlll h11vo huon oHHont.lnlly ullmlllllt<,<i, 

As a result of the indicated improvements in technology, the 

aggregate pounds of pollutants emitted by all aircraft in the commercial 
fleet are estimated to have been reduced by more than 50 percent between 
the year 1958 (when commercial jets were introduced) and the year 1970, 
The trend is expected to continue into the future as more wide body air

craft with high-bypass engines are brought into the commercial fleet mix. 
Further application of technology in subsequent engine designs will prob
ably result in still further increases in aggregate volumes. 

Airspace 

As with other subtasks reported on in Section VI, the assessments 

relating to airspace were made prior to tho development of any projec

tions of the quantities and characteristics of aircraft movements in 

and over Michigan in future years. The purpose of the brief review of 
airspace considerations at this time was to determine whether any 

already-foreseeable airspace constraints exist that should be considered 

in the evaluation of specific statewide airport systems alternatives in 

Task Group 3. 

The analysis consisted of a review of current and prospective tech

nology in navigation and air traffic control, an examination of general 

airspace problem areas, and the development of general conclusions. 

Current and Prospective Techno logyl' 

Navigation 

At present, extensive VOR eoverage is provided in Miehigan by 
a combination of federal and state-owned facilities. Coverage is ade

quate over essentially all the state at reasonable altitudes. Associated 
DME facilities (VOR/DME or VORTAC) are less extensive but cover the most 
heavily trafficked air routes in the state. 
frequency homers) are provided by state and 
navigational coverage. 

Non-directional beacons (low 

counties for supplemental 

~r A glossary of air navigation terms used in this section is presented 

at the end of the report. 
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As IFR operations increase, in particular areas and on particular 
route segments, additional DME facilities collo'cated·with VORs will become 
desirable. These will enable more precise navigation and more flexibility 
in defining waypoints, and are also necessary for implementation of area 
navigation capabilities as they arc presently developing, 

Instrument landing systems are not treated here since they are 
usually considered to be part of the airport system, but it is well to 
point out that area navigation capabilities will permit a greater flexi
bility in the selection of approach paths to airports not served by in
strument landing systems. 

As for airborne navigational equipment, VOR is the predominant 
radio navigation system in use by U.S. civil aircraft at this time. 
Additionally, DME receivers are a part of the avionics of essentially all 
air carriers and many air taxi and business aircraft, and some general 
aviation aircraft. Area navigation systems that allow one to navigate 
with respect to any chosen paths, rather than only on paths from one VOR 
to another, are coming into being. These airborne equipments range in 
sophistication from (1) simple devices that provide guidance to and from 
fictitious or "ghost" VOR facilities (offset by a given amount from an 
actual VOR), to (2) sophisticated equipment that includes pictorial map 
displays, time-to-go computation, and so forth. 

The trend toward area navigation equipment can be expected to 
gain momentum as FAA establishes area navigation airways 
convenient and economical to use than conventional oneso 
expected to occur post-1975 in the high-altitude airspace 
elsewhere. 

that are more 
This can be 
and post-1980 

In addition to the operational flexi bil it ies gained from the 
use of area navigation, a greater flexibility in siting navigation facil
ities is gained; this flexibility may have substantial implications for 
better navigational coverage (e.g., more flexibility in developing over
lake routes) • 

Air Traffic Control 

Current air traffic control procedures in most areas in the 
U.S. rely on the use of surveillance radar. Precise information on radar 
coverage in the state of Michigan was not available for this survey, but 
it is readily obtainable. Flight service stations supplement ATC route 
traffic control centers in the provisional control services in some areas 
and at many airports where traffic control towers are not installed. 
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In the future we can. expect to sec additional air traffic con

trol towers installed where orwt·at inns war1·nnt, enabl in~ u greater volume 
o-r IFR operations into nnd out of t.ho.so airpol'ts. Ilaclnr Rurvoillnncu 

Hysiems will be upg-raded and supplem<~ntod to n g·rcater extent wi t.h sec

ondary radar beacon Hystem (ATCHDS). This latter trend requires t.hc use 

of airborne radar beacon transponders on each aircraft ( IFH) and permits 

a more precise and sure identification and radar surveillance function. 
All air carrier operators and most taxi and business aircraft operators 
that conduct IFR operations have radar beacon transponders at present, 
or will have them within: the next few years. 

Sophisticated collision avoidance systems (CAS) and less 
sophisticated proximity warning indicators (PWI) are currently under 
development. The purpose of these devices would be to reduce collision 
hazards in the air, principally in the heavy traffic airspace of certain 
terminal areas. These system concepts are cooperative in nature, in that 
all aircraft operating in an area of airspace to be protected must be 
equipped to participate in the CAS or PWI system, A natural time lag 
between development and wide usage of avionics equipment makes it likely 
that no such system will be in wide use within 10 years. A possible 
exception would be the use by airlines of a collision avoidance system 
among themselves. To be useful, other aircraft would have to be ex
cluded from certain airspace within which the airlines were to use their 
CAS. 

More automated ATC equipment, including better information dis
plays and information processing, is being installed at major terminal 
areas throughout the country. Automated information processing for the 
enroute environment is similarly being installed. These automation 
measures will be installed where warranted over the next few years~ 
They are expected to reduce the load on air traffic controllers and 
hence increase air safety. Some minor benefits in terms of air traffic 
control capacity may be attained in certain cases. 

General Airspace Problem Areas 

Inter-Airport Air Traffic Control Coordination 
for IFR Operations 

Where IFR operations are conducted into and out ·of airports 
that are relatively close together, coordination of operations by ATC 
becomes necessary. The Detroit Metro-Willow Run airpo!-t pair is an 
example, As the numbers of operations increase, more flexibility for 
approaches and departures is needed. Where airspace is shared by opera
tions into and out of these two airports, coordination becomes increasingly 
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necessary. 
needs tend 

Depending on the orientation of runways, active coordination 
to develop when IFR airports are closer than 6 to 15 miles apa:rt, 

when more than 10 to 20 operations per hour are conducted into each air
port. In all but extreme cases, ATC procedures can be wor'ked out to en
sure and maintain compatibility of operations. Whether or not capacity 
constraints become sigfiificant can only be assessed on a case-by-case 

basis, but this cursory analysis has uncovered no severe existing con
straints. A more thorough analysis should investigate existing airspace 

procedures for·various wind conditions for the Detroit Metro-Willow Run 
area mentioned above, and for the Niles-South Bend (Indiana) pair if IFR 
operations there are expected to increase substantially in the future. 

IFR Approach and Departure Flight Paths Crossing 
Heavy VFR Operational Areas 

Where VFR and IFR airports are closer than approximately 10 miles 
and the VFR airport underlies an IFR airport approach path, airspace pro
cedures and geometry must be looked at to assess the possibility of a 
safety hazard. Such hazard would be associated with the possibility of 
airborne collision between VFR traffic in or near tho VFR traffic pattern 
and IFR operations down tho approach path, under condition of high cock
pit workload. As mentioned previously, approach procedures were not 
analyzed, but a first examination of the navigation and airport charts 
for Michigan indicates that the following airport pairs should be looked 
at to ensure no IFR/VFR conflicts, should traffic levels there increase 
substantially in the near future: Iron Mountain (Ford)-Niagara, separated 
by 7 or 8 miles if IFR operations into Ford are conducted; and Muskegon
Grand Haven, separated by about 12 miles. (There is probably no problem 
here, since approach paths do not appear to cross.) 

A VFR airport within about 5 miles of an IFR airport, under one 
of its departure paths, presents a similar possibility of conflict. Pro
cedures can in general be developed to alleviate any possibility of con
flict where it appears necessary. Operational penal ties incurred are 
generally not substantial. Area navigation capability will further 
reduce any operational penal ties sustained. 

Areas of Heavy Mixed VFR and IFR Activity Within 
Approximately 30 miles of a Reasonably Busy 
IFR Airport 

In the airspace below 8 to 10 thousand feet, the hazard of 
airborne collision between air carrier aircraft and VFR general aviation 
aircraft is greatest. The operational effectiveness of the see-and-avoid 
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concept appears to be insuffici·ent in these areas because of cockpit 
workloads, visibi-lity problems, and other factors. The use of so-call(J<\ 

"positive contrOl airspace" has begun to proliferate to minimize this 

hazard. This concept requires all traffic within a given area to be 
under the active control of ATC, and in radio communication. The concept 
has the operational disadvantage of increasing the load on the air 
traffic control facility substantially. A workable and economically 
feasible CASIPWI system would likely reduce the needs for positive control 
airspace while minimizing the hazard of collision, but full implementation 
of such a system is at least 10 years away. For the present, one relies 
on design ·of airspace procedures, pilot education and training programs, 
and the use of positive control airspace when necessary, in high density 
mixed traffic environments. In addition to the Detroit Metropolitan area, 
tho Kalamazoo-Battle Creek area could develop problems of this sort if 
traffic levels increase substantially. 

Further studies of these areas would need to be made to deter
mine at what level.s of activity the problem would begin to manifest itself. 

Other Potential but Minor Airspace Problem Areas 

Flight service stations generally provide additional services 
to general aviation aircraft while flying over bodies of water. These 
services consist of maintaining periodic radio communications to facil
itate immediate rescue activity if a water ditching becomes necessary. 
While this sort of activity increases the workload of FAA personnel, no 
constraints on IFR operations are likely. 

Air traffic control procedures associated with traffic crossing 

the U,S./Canada border were not investigated. A cursory eXamination of 
these procedures should reveal whether any significant airspace con
straints exist or are prospective. 

Military training requirements in some part of the country 
account for a substantial part of the traffic load on ATC facilities. 
This does not appear to be the case in Michigan where only in the rela
tively sparse upper peninsula does there appear to be any substantial 
military activity (Sawyer Air Force Base, and several low level naviga
tional training routes). This military activity in Michigan does not 
appear to create any current operational constraints on air traffic 
control and airspace usage. 
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Airspace Conclusion 

On the basis of this preliminary review, no constraints on the 
development of airports in Michigan are apparent that cannot readily be 

alleviated with existing technology or with technology likely to be 

available within the next 10 years. This conclusion will be further 

tested and verified as air traffic projections are developed in sub
sequent stages of the study. 

Airports 

The basic function of an airport is to serve as a point for the 
efficient transfer of passengers, baggage, and shipments between ground 
vehicles (access and egress) and air vehicles. That many of today's 
airports are not performing this function efficiently is a fact that is 
well known to air travelers. Points of congestion and delay include 
access roadways, parking lots, passenger terminals, departure and arrival 
gates, aircraft runways and taxiways, and air .traffic patterns in the 
airport area. Walking distances up to one mile between auto parking lots 
and departure gates (and between gates themselves) are not uncommon. 
Experienced observers are generally agreed that airport development has 

failed by a wide margin to keep pace with the demand for air travel and 

with technological development in aircraft design and size. 

Numerous concepts for the improvement of airport design and effi
ciency are being developed, particularly for larger airports. The tech
nology of tho major airport complex of tho future may include doubledecked 

aircraft parking ramps, circular runways, advanced "people movers" and 
drift.-oH runway egress--coupled with automated navuids, and V/STOL and 
STOL. The ground link between various urban centers and the airport may 
be by high-speed tracked air-cushion vehicles, or other advanced surface 
means. It is possible that by the year 2000, both passengers and their 

baggage will be 11 containerized" at a downtown location and loaded into 
a vehicle that becomes a part of the aircraft fuselage at the airport. 

Advanced concepts such as these must of course be recognized in a 
long range airport systems planning study. However, some very important 

qualifying factors should also be recognized: 

• Many of the concepts now under discussion will reach a stage 
of practical application only in the latter half of the 30-

year time 
if then. 

span included in the Michigan airport systems study, 

Some may be substantially modified. 
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• The concepts apply lar[!;'cly to a size category t"11at few 
Michigan airports other than Detroit (and possibly 

other regiona 1 airports) will reach in the next one to 
two decades, Indeed, desig-n and opernt ion a 1 problems 
affecting most Michigan airportH within th(~ f'ot·esecnblc 

future will probably bo solved more by lhe .Judicious use 

of existing technology than by reliance on "new" tech
nology. 

Generally, discussions of state-of-the-art advancements in airport 
technology are more applicable to master planning and specific project 
planning at individual airports than to a statewide systems planning 
study, However, a broader-level commentary on technology can be of benefit 
at the systems planning stage by providing background that is helpful in 
the treatment of capacity, cost, and airport/airway interface considera
tions that arise in the analysis of statewide airport system alternatives 
(Task Group 3 of the present study), 

The commentary in this portion of the report will be presented in 
three parts that are patterned after the major airport components: 
airside (runways, taxiways, aprons, and lighting systems); terminal 
(passenger and baggage handling); and land side (access and parking). 

Airside Considerations 

The productivity of airside facilities at an airport is indicated 
by the number and kinds of aircraft that can be accommodated in a given 
period of time, In the future, progressively greater emphasis will be 
placed on meeting traffic and schedule growth by improving the produc
tivity of existing airside facilities as opposed to simple expansion of 
the facilities on a "more of same" basis. This is due to the growing 
1 imitations on the availability of adjacent land for airport expansion 
and, in many cases where land is available, to the greater cost of 
achieving expansion under a "more of same" approach. 

Future productivity increases are expected to result from a combina
tion of the following factors: more efficient lateral separation of 
parallel runways; computer aided approach systems ( CASS) ; more effective 
use of dual-lane runways; high-speed runway access and egress; more ef
ficient taxiway use; and microwave landing systems. 

It is reasonable to expect that, as a result of advances in tech
nology in these areas, the capacity of some types of runways can be in
creased significantly during the period included in the Michigan study 
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(possibly 25 to 50 percent), without any lowering of safety standards. 
A corollary to greater runway productivity will be lower unit airport 
investment and operating costs per aircraft operation handled. In

creased runway capacities will be compatible with increased airspace 
capacities as discussed in the preceding commentary. 

Terminals 

The terminals at Michigan air carrier airports (other than Detroit 
Metro) range from simple terminals with one gate and manual baggage 
handling, to multiple frontal gates at Lansing with some mechanical bag

gage handling, to two short fingers and baggage carousels at Grand Rapids. 
Passenger convenience of parking an automobile immediately adjacent to 

the airport:, and walking no more than a few hundred feet through the 
terminal to the airport gate is still maintained. In the next few years, 
howcvor, the larger airports such as Grand Rapids will have to consider 
the effects of extending fingers versus satellite terminal or remote 

aircraft parking. Airports such as Lansing will have to consider the 
limitations of continuing its frontal gate positions. The smaller air 

carrier airports prior to any expansion must consider whether the expan

sion will be compatible with the requirements of the 1980s and 1990s, 

The decision on the type of terminal appropriate for each airport 
should come from detailed master planning and economic studies for that 

airport~ For information, some major types of basic terminal configura
tion are discussed in the following: 

(1) Simple Linear Terminal. Additions to this type of facility 
are achieved merely by a linear addition to the terminal, 
with correspond tng addi t ionEr to cu rbspacc on the lands ide. 
The concept docs not lend itself to common-use waiting 

:;;treas, conccss ions or hold rooms. 'l'hc cost of such expan

sions where gate positions are dependent on terminal size 

can soon become prohibitive. 

(2) Finger Terminal. In this concept, fingers are extended from 
the central terminal, with gates and holding areas at appro
priate intervals. Installations of this kind can become 
large and complex, as at the Miami International and Atlanta 
airports, Multiple terminals, each with its own configuration 
of fingers, are found at Chicago's O'Hare Airport and at the 

San Francisco International Airport. 
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(3) Unit Terminal with Bo:J.r~l!:J~· ~atcl~lltes. 11Pcople~-mover 11 

conveyances for transport j ng passengers betWeen the central 

terminal and satellites can contribute greatly to the success 

of this type of configuration. An example .is the use of 

horizontal elevators at the Tampa International Airport. 

(4) Central Terminal with Remote Satellites, The best known 
application of this concept is at Dulles International Air
port, where mobile lounges are used for transportation be

tween central terminal and satelliteso 

(5) Airline Unit Terminal. Under this concept, each airline has 

its own terminal building and aircraft loading area. This 
concept, while appropriate at some very large airpOrts, is 

not suitable for most of Michigan's air carrier airports. 

At airports of their planned size~ serious diseconomies 

would result from the inherent duplication of airline 
facilities, 

Figure VI-2 presents a matrix showi. ng the degree to which different 

ternlinal configuration concepts meet selected functional requirements. 

Trends 

The trend toward automation in both passenger and cargo handling 
is expected to continue. Technology is now available to perinit self

service ticketing, self-service check-in~ and self-service baggage 

checking by passengers at terminals--all through automated facilities. 
Traveler education on the use of automated facilities must proceed at a 
gradual rather than rapid pace. The extent to which passengers are both 
willing and qualified to deal with automation at terminals will have to 
be determined by experimentation. 

Another important trend is the 1··t·end toward functional and modular 

terminal design. More widespread nduption of functional and modular 
design concepts offers about the only hope of offsetting or partially 
offsetting highly escalated labor and material costs in construction. 
The economies possible with modular prefabricated units were dramatically 
brought into focus recently by the experience of one airline in preparing 

interim terminal facilities. A series of prefabricated mobile homes 
16 feet wide and 40 feet long were placed on concrete block foundations 
alongside a passenger concourse. An opening was prepared between the 

concourse and each mobile home; and the latter was used temporarily as 

a passenger holding area for a loading/unloading gate. Within a. week, 
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Terminal 
Ratings* 

Concept 

Simple L L L L H H L L L 1 

Linear Lt Lt L L H H M M L 1 

Finger H H M M H M H H M 2 

Satellite H H H H M L L H H 2 

Mobile Lounge L H H H L L L L H 2 

Unit L If L H H M H H L 1 

* H- High 
M- Medium 
L - Low 

t Low with limited gate positions~ 

"' Except for intra-line connections. 

FIGURE VI-2 

FUNCTIONAL CHARACTERISTICS AND RATINGS OF SELECTED TERMINAL CONFIGURATIONS 



six gate positions were created at about one-sixth of standard building 

costs. While the mobile home structures did not contain all the facili

ties and amenities desirable in a holding area, the esthetic and functional 

quality of these modules was sufficiently high to convin.ce management that 

greater use of modular concepts at terminals has considerable potential 
payoff. 

In the parametric airport cost estimates to be developed in Task 
Group 3 1 the impacts of the above factors on unit cost ·trends will be 
recognized. 

Landside Considerations 

For the foreseeable future, most airports in Michigan will not be 

la:rge enough to require access systemS other than conventional highway/ 

street systems. Since highway/street systems are usually built and 
operated by governmental jurisdictions other than airport authorities, 

a coordinated approach will be necessary in new airport construction to 

see that the airport itself and its access system are properly interfaced, 
If future ai:t'port size levels should be sufficiently high to warrant con
sideration of rapid transit or other specialized access systems, each 

case should be analyzed on an individual basis, 

The parametric cost estimates to be developed in Task Group 3 will 
separately identify access costs and include them as an earmarked com

ponent of total airport system costs. Cost allocations may be necessary 
if specific roadways serve airport access and other purposesQ 
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VII INSTITUTIONAL, FINANCIAL, AND 

ENVIllONMENTAL CONSIDERATIONS 

This section reports on Task 2.11, the purpose of' which was to 

identify and describe at an early stage any constraints of an institu

tional, financial, or environmental nature that might limit the develop

ment or successful implementation of a prospective statewide airport 

system plan. As in other parts of Task Group 2, primary emphasis is on 

air carrier airports. 

Institutional Considerations 

The term "institutions" as used in the study refers to all public 

and private agencies having an interest in the statewide plan. A stated 

obje.ctive of Task 2.11 was to assess "any app::1rent deficiencies in the 

authority, organization structure, internal policies, staffing, or commu

nications procedures of agencies at different levels of government thnt 

might seriously impnir airport development." Another objective was to 

examine the interaction of governmental ugencics "with a variety of non

governmental parties having an interest in the plan, including airlines, 

general aviation interests, chambers of commerce, property holders asso

ciations, the financial community, and conservation and environmental 

groups." The study team's assessments represent a planning-oriented 

rather than a legally-oriented analysis of these factors. As indicated 

later, subsequent legal review of some aspects of the subject may be 

desirable. 

Figure VI I-1 .shows in matrix form the major agencies and organiza

tions affected by the airport systems study and their principal areas of 

interest. In a study such as this, where many groups have an interest in 

one or more aspects of the planning process and where different points of 

view exist, the coordination and communications processes are highly 

complex. 

As coordinator of the study effort, the Michigan Aeronautics Commis

sion communicates directly with all interested parties. In addition, the 

Commission has established a formal Advisory Committee consisting of 

representatives of major organizations having an interest in the study. 

The Committee's periodic meetings provide a forum for discussion. In 
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addition, committee members may communicate directly with one another on 
either a formal or informal basis. Organizations not represented on the 
committee may have a voice in planning either through an existing com

mittee member or through direct communication with the MAC. (The MAC will, 
if necessary, add to tho formal membership of tho committee.) '!'he approach 
taken by the MAC appears to be functioning successfully. (Credit for this 
goes in part to the sensitivity of the MAC staff to the communications 
needs that are inherent in a broad, diverse study effort.) 

'!'he study team found evidence suggesting that a future need may exist 
for realignment of responsibilities of some existing agencies and the cre
ation of new agencies having responsibilities in airport planning. 

* 

• It would appear appropriate for the MAC to review the ques
tion of whether a larger share of responsibility for land 
use and zoning near airport areas should be assumed at the 

regional (area) or state level. Visual inspection of air 
carrier airports in the state reveals instances where local 
land use and zoning authorities have allowed the encroach
ment of residential and other urban development into areas 
too close to airports. Further encroachment by real estate 
developers may occur. Furthermore, the frequency of expo
sure to aircraft noise will increase with traffic and 
schedule growth (see Section VI). Thus, although new 
policies at the federal level will provide help,* the noise 
problem will probably become more serious in Michigan 
unless corrective action is taken. (As background, Exhibit 
VII-1 presents comments by a well known legal authority on 
institutional problems associated with airport-related 
zoning and land use. It will be noted that this commentator 
is pessimistic about the prospect of achieving effective 
control through local sources.) 

e The need for certain regional (area) agencies will be par
allel to any need that exists for regional airports. 

Areawide Planning Agencies. '!'he areawide planning agency 
concept is strongly endorsed by the federal government. 

As an example, the U.S. Department of Housing and Urban Development 
has adopted a policy of withholding financial assistance and guar
antees for proposed housing developments where airport noise levels 
will be excessive. 
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Exhibit VII-1 

EXCERPT FROM "LEGAL ASPECTS OF AIRCRAFT NOISE AND SONIC BOOM 
IN THE UNITED STATES"* 

Where a new airport is being built in a_ relatively undeveloped 
area or where property under an approach pattern at an existing air

port is undeveloped, it would seem the part of common sense to 
ensure that such property remains in uses compatible with airport 

operations. This is especially true where, as is frequently the 

case, the compatible use of the land would be beneficial (preserva
tion of a "green" area) or profitable (i.e., airport-related indus

trial and commercial activities). 

Nevertheless, compatible land use has not been accomplished very 
often. The reasons for this include: (1) deep-seated local disagree
ments as to whether practical steps to limit the use of the land are 
locally desirable; (2) confusion of projections as to where, and how 

great, the noise will be; (3) fragmented local government units in 
the near vicinity of airports; (4) the lack of overriding state power 
to achieve desirable planning; and (5) questions as to the extent of 
the local government's power to zone or acquire property for noise 

abatement purposes. 

The ne_ed for overriding state power arises because, in many 
cases, two, or even many, local government units have jurisdiction 

over the airport and surrounding areas. Since a local government's 
jurisdiction is usually limited to its own territory, the city that 
owns and operates an airport may not have power to condemn, purchase 
or zone property in a neighboring community even if the latter touches 
the border of the airport. Neighboring local government units, even 
though each has adequate powers to act within its own boundaries, may 

refuse to cooperate with the airport or with each other even to the 
extent of having coordinate laws. 

Such legal complexities when added to, or used as excuses by, 
competing· local political, social and business interests, may doom any 
effort to achieve effective land use planning--unless help is received 
from above (i.e., from the State). While a few states have finally 
begun to address themselves to this problem, such vital efforts are 
only beginning. 

* A paper presented by Warren Christopher of the firm of O'Melveny 
and Myers before the SAE-DOT Conference on Aircraft and the 
Environment, February 8-10, 1971. 
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Such an agency "should be ublc to sponl< for the mqn~ poli t-· 
ical jurisdictions insofar <W all areawide planning is con
cerned. This agency should he able to serve as an effective 

forum for discussion of airport related issues, presenting 

an acceptable majority position .•.. "* 

Regional (Area) Airport Authorities. A pending bill before 

the Michigan legislature (House Bill No. 5708) contains 

enabling legislation permitting two or more counties to 

create a regional airport authority having full power to 

own and operate ~n airport, including the power to borrow 

money for self-liquidating capital improvements. Although 

some of the bill's specific provisions may be questioned 

in some quarters, the broad need for enabling authority of 

this kind appears obvious. The study team has been infor

mally advised that. the chances for the passage of the bill 

appear good .. 

Financial Considerations 

To establish background for the financial assessments called for in 

the study, a review was made of airport cash flow channels, historical 

sources of funds for airport capital outlays and current outlays, and the 

historical capability of airports for financial self sufficiency. Exami

nation was made of factors affecting need and availability of capital 

funds and also of possible "new" sources of funds. The general financial 

outlook for Michigan airports was assessed. 

Airport Cash Flow Channels 

In general, airports require funds for two broad pl.lrposes: capital 

outlays and current outlays. Capital outlays are defined as all outlays 

for the acquisit'ion of land; for the construction or improvement of run

ways, taxiways, buildings, and other long term additions; and the acquisi

tion of vehicles and other capital equipment. Current outlays are made up 

* From a paper given in February 1971 by Robert F. Bacon of the FAA, 

Further description of the role of the areawide planning agency is 

contained in two federal publications: the Office of Management and 

Budget Circular No. 95; and the FAA's Planning Grant Handbook. Exten

sive additional literature on the subject is available. 
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of two components: operating outlays, as required for salaries, mainte
nance, utility services received, and the like; and debt-service outlays, 
as required to meet principal and interest payments on previously incurred 
long term debt. 

Funds for capital outlays are typically obtained from two primary 
sources: grants from federal,· state, regional, and local governmental 
units; and long term borrowing, usually requiring repayment in annual in
stallments covering principal and interest under an amortization schedule. 
Funds required for current outlays are typically derived from current air
port revenues, consisting of landing fees and other user charges, together 
with revenues derived from concession- and service-related activities. 
Sometimes~ deficiency appropriations or operational grants are made by 
parental governmental 
deficits of airports. 

units, such as counties or cities, to meet current 
Sometimes a parental government unit, particularly 

in the case of smaller airports, will provide assistance not shown in the 
airport's financial records. This assistance is in the form of "free" or 
"recluced rate" services such as pol ice protect ion, fire protection, snow 
removal, and ground maintenance. Practices vary according to local policy. 

The practice of financing airport improvement through the issuing of 
general obligation bonds by the parental governmental unit has been greatly 
reduced in the past two decades, as has the related -practice of supporting 
airport operations partly through local taxation. Future use of these 
approaches in the financing of Michigan airports is expected to be limited. 

Federal, state, and regional airport development grants are made under 
the following guidelines. 

• The FAA may make grants under the Airport Development Aid 
Program, subject to availability of funds, equal to one-half 
the cost of land acquisition and "airside" (e.g,, runway, 
taxiway, ramp) development. The Agency may also fund a 
higher percentage of cert<tin expenditures for lighting and 
navigation aids. It has no authority to make grants for 
the financing of terminal and other buildings (except those 
required for safety purposes). At larger airports, where 
terminal and related costs are heavy, FAA grants account for 
less than 25 percent of funds required for many capital im
provement programs. At smaller air carrier airports, the 
ratio of federal funding to total need may be closer to 
50 percent. 

• In Michigan, state airport development grants are typically 
awarded to local governments on a matching (50-50) basis, 
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subject to the availability of state monies 3lld compliance 
with state requiremetJ.ts. Funds used by the state for this 
purpose historicnlly hnve been derived l'rom the aviation 
ftlel tnx nncl aircraft registration fees. 

e Tn s~ome cusct~, regional commiHsions HUGh os the Upper Grcnl 
Lukes Hegional Commission will underwrite portions of the 
cost of airport development when such development is deemed 
essential to the region's economic development. 

The remaining funds to be provided by local agencies (through borrow
ing or other sources) may range from substantially more than half of total 
requirements in the case of larger airports to a considerably lower ratio 
in the case of smaller airports. 

Airport Capability for Financial Self-Sufficiency 

Numerous studies have indicated that larger airports tend to have an 
inherently greater capability for financial self-sufficiency than do 
smaller airports. The larger airports have a much stronger revenue base 
in the form of airline user charges and concession- and service-related 
revenues derived directly or indirectly from airline passengers and 
shippers. The stronger revenue base strengthens not only the larger air
port's ability to meet current operating expenses but also its ability to 
borrow by issuing revenue bonds. Its financial strength thus tends to be 
self-reinforcing. 

As a correlary, smaller airports tend to be more subsidy-dependent 
than larger ones. This factor is recognized by the MAC in the formulation 
of state airport development assistance policies. 

Need and Availability of Capital Funds 

The total capital funds required to implement the prospective state
wide airport systems plan will be estimated in a later stage of the current 
study. Therefore, expected needs cannot be compared with expected sources 
of funds at the present time. In a study by the Michigan Aeronautics 
Commission in 1970, forecast need for airport development funds exceeded 
forecast funds available under existing policies by a significant margin. 
This margin may be substantially lessened in the new estimates from the 
present study as the result of liberalization of federal grant policies 
and/or the emergence of new sources of funds. 
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Possible Sources of Acldi tional Funds 

A recent court decision upheld the legality of a local "head tax," 
(sometimes called "ticket tax," or ''service charge") on airline passen
gers, and some airports are now imposing this charge. The question of 
whether such a charge ought to be collected and, if so, by whom is cur
rently the subject of vigorous debate among federal, state, and local 
governmental units and the airlines,* It is argued in some quarters 
that a tax of this kind, if imposed, ought to be collected and adminis
tered at the state or federal level to ensure greater uniformity in its 
impact on air passengers. However, this concept is opposed by some local 
airport authorities. The Michigan Aeronautics Commission is prepared to 
collect and administer revenues from this type of tax, if responsibility 
for its collection and administration falls to the Commission. If the 
new source of funds materializes, it could lead to a substantial increase 
in state money available for airport development. 

In addition, there is some indication that federal policy may be 
changed to permit FAA funding of a portion of airport terminal develop
ment costs under the Airport Development Aid Program. Proponents of this 
change maintain that it would be in keeping with the amounts intended by 
Congress to be spent under the Airport and Airways Act of 1970, The pro
posed change is endorsed by the Air Transport Association among others. 
If it is effected, state and local airport authorities in Michigan--as 
well as in other states--will be relieved of some of the burden of fi
nancing terminal development. 

General Financial Outlook 

When the known sources of airport development funds are considered 
on the basis of the ratio of each to total need, the prospects appear 
good that a substantial portion of the total development to be called for 
in the forthcoming Michigan airport systems plan can be successfully 
funded. If new sources of funds materialize, a still larger share of 
total need can be funded. 

During the analyses of airport system alternatives in Task Group 3, 
an assessment 
alternative. 

will be made of two financial factors associated with each 
The first is the extent to which development funds probably 

* The legality of this type of tax may be subject to further court 
lest s. 
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will be available to meet foreseen system need (this will be an order-of
magnitude comparison), The other factor is the extent to which financial 
hardships might be imposed on existing airports because of the reduction 
or cessation of airline operations, Means of dealing with any financial 
problems discovered in the analysis will be examined, and appropriate 
recommendations will be made. 

Environmental Considerations 

Until a few years ago, airport development was planned and accom
plished largely on tho basis of technical and economic criteria, with 
little regard to possible environmental consequences. Today, in contrast, 
both federal and state policy recognize environmental criteria as being 
highly important in airport planning in Michigan. Indeed, it is virtually 
certain that all major future analyses relating to airport development in 
the state will include some version of the c-ritical question, "What envi
ronmental costs, as well as economic costs, are required to provide the 
indicated benefits to travelers, shippers and others?". It is also highly 
likely that both federal and state funds will be withheld from any airport 
development projects that are in clear violation of environmental and 
related social goals.* 

Environmental/Community Relations Impacts 

Table VII-1 shows the major adverse environmental and community 
relations impacts of airport related activity. The two most serious 
impacts are noise and atmospheric pollution attributable to aircraft. 
(See technical discussion in Section VI.) The ground pollution problem 
at airports is similar in a number of respects to that of other large 
plant complexes having pollution-generating facilities and equipment. 
Expected future trends in the kinds and quantities of noise and pollution 
generated are highlighted below. 

(1) Aircraft Noise--As discussed in Section VI, the widebody 
jets now being introduced generate substantially less 
noise than do their predecessors--a factor that should 
result in some relief at very large airports as the newer 

* Aviation generated noise, often viewed in a medical or community 
relations context, is included under ttenvironmental" considerations 
for the sake of convenience. 
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Table VII-1 

MAJOR ENVIRONMENTAL AND COMMUNITY RELATIONS IMPACTS 

Impacts 
Atmospheric 

Pollution Ground and/ 
(exhaust or Water Solid 

Source Noise emissions) Pollution Waste ---
Aircraft in flight X X x* 

Ground sources 

Aircraft (taxiing 
and idling) X X 

Airport service 
vehicles X X X 

Auto traffic (access 
and parking areas) X X X 

Mass transit (where 
applicable) X X 

Aircraft service and 
maintenance areas X X X X 

Passenger and cargo 
terminals X X 

Fuel storage and 
transfer areas xt X 

* Operating procedures for earlier jet engines called for dumping 
up to one quart of raw fuel from each engine during climb out 
for the purpose of reducing fire risk and maintenance problems. 
This practice is not necessary with newer jet engines, and it 
is being eliminated. 

t Atmospheric pollution in fuel storage and transfer areas results 
from venting requirements. 
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aircraft become more important in the schedule mix. As a 

practical matter, however, noif?e-reduction benefits of 

wide body aircraft are not likely to be realized at any 
Michigan airports except Detroit for at least another 
five to ten years; aircraft of this Si:l;e cannot be sup
ported by traffic volumes at other airports during that 
period.* 

Heavy offenders in noise generation include the four
engine, three-engine, and twin-engine airline transports 

of prewide body design, some of which are likely to remain 
in service for one or two decades. It is possible to 
install sound-reduction retrofit modifications to the 
engines of these aircraft, but the cost of doing so 
appears high in relation to expected reduction in noise 
levels. It is also possible to redesign nacelles and to 
design and install quieter engines in the aircraft. How
ever, the costs in some cases, would probably exceed the 
present value of the aircraft. The question of What to 
do about the noise problems of the aircraft is now being 
vigorously debated in government and industry. The out
come cannot be predicted at the present time. 

Unless noise reduction modifications of some kind are made 

in present and future aircraft of these types, the noise 
problem at Michigan airports will become progressively 
worse during the next decade because of increased sched
ules and accompanying exposure to noise. 

Some alleviation may be possible in the form of a change 
in flight approach procedures (as distinct from changes 
in airport or aircraft design). The prospective procedures 
require a steeper approach to the runway, which reduces 
ground noise by keeping aircraft higher longer. The pro
cedures are being tried experimentally at a number of loca
tions. It is too early to determine whether they will 
prove workable on a large scale. 

* Minor exceptions to this generalization may occur particularly in 

the latter part of the period. If new regional airports are built, 
they are likely to support schedules in wide body aircraft. 
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(2) Aircraft Emissions--Widcbody jets are also nn "improvement 
over their predecessors in pollution generation character
istics (as evidenced by lower pounds-per-passeng-er emission 
rates per landing/taxi/takeoff cycle). As in the case of 
noise, these benefits will not be significantly felt at 
airports other than Detroit for the next decade. 

As indicated in Section VI, pre-widebody jets are under
going a program of retrofit modification that will greatly 
reduce particulate emissions, with the result that "smoke
free" operation of virtually all these types will be an 
accomplished fact by the beginning of 1973. (Widebody 
jet engines were initially designed to be 

11

smoke-free.") 

There is considerable promise that 
11

narrowbody" jets to 

be manufactured in the future can have the benefits of 
improved engine design that will reduce the output of 
carbon monoxide and hydrocarbons at taxi and idle speeds. 
(These are the speeds at which a large portion of the two 

pollutants are emitted.) It appears likely that the result
ing unit reductions in emissions will more than offset 
additions to schedule frequency and will therefore result in a 

lower aggregate volume of the emissions. 

The emissions can be further reduced through any changes 
in airport design and taxi/id.ling operating procedures 

that will encourage the minimizing of engine operation 

at taxi and idle speeds. 

(3) Airport Ground Facilities--The goal of m1n1mizing noise 
and pollution by airport ground facilities and equipment 
is an important one, but it can be more appropriately 
dealt with through channels other than the present state

wide systems planning study. A considerable share of 
responsibility should fall on area and local authorities 

at the time when area plans, individual airport master 
plans, and specific project plans are subsequently 
developed. At the latter stages, environmental impact 

statements satisfactory to federal and state authorities 
will be a prcrequisi tc to federal und state funding 

assistance. 
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Relationship to Airport Size 

There is an obvious relationship between an airport's size and the 

magnitude of its environmental/community relations problems. At larger 
airports, higher volumes of aviation-produced atmospheric pollution are 
mixed with higher volumes produced by other urban sources to result in a 
compounded effect. Also, the frequency of noise exposure is much greater 
than at smaller airports. 

In-depth analyses of noise and pollution factors at specific airports 
were not planned as a part of the systems study. In the absence of specific 
analyses, the study team has adopted an important tentative planning assump
tion: outside the Greater Detroit area, serious aviation-generated atmo

spheric pollution problems will exist in the foreseeable future at few if 
any Michigan air carrier airports, The atmosphere in the vicinity of the 
smaller airports is cleaner to begin with, and not enough aviation activ
ity is foreseen to cause a serious problem. (See technical discussions 
in Section VI.) This tentative assumption should be reviewed by Advisory 
Committee membership representing environmental inter,ests. 

The airport noise problem, which will be escalated by further sched
ules resulting from traffic growth, may be serious at a number of airports. 
The problem, which is closely associated with land use and zoning prac
tices, was discussed earlier in the report.* 

STOL Aircraft 

Recent experience at Eustern seaboard locations indicates that any 
STOL aircraft design that fails to meet rigid standards relating to 
noise, pollution and operational factors will not 
on a scheduled basis into highly populated areas. 

be allowed to operate 
It appears that the 

burden of responsibility will rest primarily with aircraft designers and 
manufacturers: if they can produce aircraft meetin~ the standards, the 
aircraft will be allowed to operate; if they eannot, no STOL types will 
operate from short runways in the areas. 

* See Section VI a·nct commentary on "Institutions" earlier in 
Section VII. 
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Governmental Agencies Concerned 

The responsibility of federal and state agencies in developing a.nd 

enforcing airport-related environmental standards stems from n. number of 
legislative acts. Among the most important of these acts at the federal 
level are the Environmental Policy Act of 1969, the Airport and Airway 
Development Act of 1970, the Clean Air Amendments Act of 1970,* and Sec
tion 4(f) of the Department of Transportation Organic Act. The state has 
separate water pollution control and air pollution control statutes; in 

addition, the "Anderson-Sachs" Bill (P.L. 127) gives private citizens the 
right to sue polluters without showing personal injury, so long as sig
nif"ican,t potential harm to the environment is at issue~ 

The principal federal agencies concerned arc: 

• The Environmental Protection Agency, which provides direc

tion and coordination of environmental activity under the 

Environmental Policy Act of 1969. 

e The Department of Housing and Urban Development, which has 

limited responsibility under the 1969 Act for enforcement of 
noise criteria. 

• The Federal Aviation Administration, which now has a sig
nificantly broadened environmental responsibility in addi
tion to its responsibility in the areas of aeronautics and 
cost/benefit applications. 

The state agencies primarily concerned wl.th environmental matters 
are the Water Pollution Commission, the Air Pollution Commission, and 

the Advisory Council for Environmental Quality, The latter organization 
performs a number of functions, including serving in an advisory capacity 
to the Governor on environmental matters, conducting study of new con

c_epts and methods for improving environmental quality, and conducting 

review of environmental statements associated with prospective major 
construction and related undertakings that could have significant environ
mental impacts. 

* The Clear Air Amendments Act of 1970 gave the Environmental Protection 
Agency the authority to set emission standards for aircraft engines. 
The Air Transport Association and the Airport Operators Council Inter
national hnvo ttslwd tho Sonnte Public Works Commi t:t:oo on Air and Water 
to allow tho FAA to reh\in authority ovor aircraft noise regulation. 
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State Level Actions 

It would appear appropriate for the Michigan Aeronautics Commission 

to delineate environmental actions to be associated with the present state
wide airport planning effort, as distinct from those to be associated with 
subsequent stages of airport planning and development. Much of the re
sponsibility for the latter should rest with those who perform area airport 
planning and master .and specific project planning at individual airports. 

By contrast, actions of the types incUcatcd below uppeur appropriate 
to Tusk Group 3 of the statewide systems planning study. 

• 

• 

• 

Identify environmental problems of a major nature as state
wide systems alternatives are analyzed.* 

If nonenvi.ronmental considerations favor creating a new 
airport in any area where nOne now exists, screen the 

area to determine whether environmentally suited sub
areas are available from which a specific site can 
later be selected. 

If nonenvironmental considerations fa·vor creating any 
regional airport by expansion of an existing airport, 
screen to learn whether environmental constraints may 
cause serious problems. 

If forecast long range growth will require substantial 
expansion of some existing airports, screen to learn 
whether environmental constraints may cause problems 
when the expansion occurs. 

Maintain a sensitivity to the environmental public relations 
aspects of the current study program. 

Consider whether responsibility for development and enforce
ment of land use and zoning regulations should be shared at 
the state level. (See also commentary in "Institutions" 
portion of this section.) 

* As previously indicated, noise is expected to constitute the most se
rious environmental_. problem at airports, except in a few areas charac
terized by high levels of atmospheric pollution. 
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VIII THE ECONOMIC IMPACT MODEL 

Two principal objectives must be met in the development and applica
tion of the economic impact model. One objective is the projection of 
population and economic data for use in predictions of air pas~enger and 

air cargo demand. The other objective is making the econOmic projections 

sensitive to changes in air service levels so that projections of the 
Michigan economy will reflect appropriately the economic impact of alter
native airport development programs. 

The air passenger demand model requires projection of population 
data for zones within and without the state of Michigan for the years 
1975, 1980, 1990, and 2000. The manner in which these data are used in 
the model for projecting air passenger travel is described in Section IV 
of this report. The method to be used for air cargo predictions necessi
tates the enumeration of regional income, particularly for the manufac

turing sectors, for the various planning regions within the state of 
Michigan for 1970 and projection of these levels for the years 1975, 

· 1980, 1990, and 2000. The use of these income figures to factor air 
cargo demand projections is discussed in Section V. 

These population and economic projections used for projecting air 

passenger and air cargo demand are called "normative" projections. They 
are sometimes called "trends continue" projections and, as such, assume 

that neither an active airport development program is adopted to improve 
' Michigan's competitive position vis-a-vis the rest of the United States 

nor is airport development completely discarded so that Michigan's com
petitive position is worsened. In other words, it is assumed that air
port development programs continue in a manner similar to the past so 
that Michigan's competitive economic position remains stable over time. 

On the other hand, it is to be expected that a change in airport 
development from this normative position would have an impact on the 
economic growth patterns of Michigan. If a strong airport development 
program is adopted and implemented, the various economic regions within 

the state will be more accessible to their markets, thus providing an 
inducement for more people and more industry to locate in these regions. 
Conversely, a weak or nonexistent airport development program would re

duce accessibility and discourage economic development. 
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The measurement of regional accessibility is defined by a generalized 

cost or utility function that includes both direct travel cost and travel 
time costso Its form is described in the formulation of the passenger 

demand model (the w value for air). Its effect for any two cities, say 
Flint and St. Louis, is to describe how a reduction in generalized travel 
cost between these two cities, brought about by airport development at 
Flint, will increase travel between the two cities4 For passenger travel, 
this is likely to make Flint a more desirable place for the businessman 
to locate (or visit). Hence, Flint's relative competi ti.ve position for 
attracting new industries (and "doing more business") is improved. 

The economic impact model meets its objectives in the following 
manner. First, both the state of Michigan and the rest of the United 
States is divided into a set of zones. Outside Michigan the zones cor
respond to the travel zones described in Section II. Inside Michigan, 

two different sizes of zones are used. For population data the 27 
travel zones are used. However, the 13 state planning regions are used 
to descdbe the level and structure of the economy. The state planning 
regions are used because they provide a more reliable basis for detailed 
description and analysis of the various industrial sectors constituting 
the Michigan economy. 

Next, the Michigan economy is accurately described for the base year 
1970 according to well-defined accounting rules. 111is description pro
vides the basis from which projections of population and the level and 
structure of the economy can be made. It also provides much of the nec
essary data input for the development and calibration of the economic 
impact model itself. 

Finally, the impact model, which is of the econometric type, uses 
these data and accessibility measures in developing a. set of equations 
relating economic and population growth to population and economic levels 
already existing and to the effects that transport accessibility have had 
in determining these existing levels. These equations are then used to 

provide the necessary projections. 

Description of the Michigan Economy 

For this study, the 1970 Michigan economy is divided into 30 indus
trial sectors. The initial description for each sector includes figures 
on employment, payroll, and value added. It should be remembered that 
value added represents the regional component of national income. Summary 
figur~s for the entire state are shown in Table VIII-1. 
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Table VIII-I (Concluded) 

Nntes to '!'able VIII-1: 

( 1) The payroll for ag!'icul ture, forestry and fisheries sector includes that for 
both farm employees and proprietors. It is comparatively low considering the 
level of employment in the~t sector, because no estimates of income in kind are 
included nor do employees OI' proprietors in this sector receive as many monetary 

fringe benefits .as those in other sectors. 

( 2) No split was made in the mining sector between liquj,d and gas mining and solid 

ore mining, because the size of the sector was too small to permit reliability 
in allocating the two different cypes of mining activities among the various 

regions within the state of Michigan. 

(3) Tobacco manufacturing (SIC code 21) is included ill the food and kindred products 

manufacturing sector. 

(4) Motor vehicle parts and accessories is the only sector not compatible with two

digit SIC codes. To reestablish comparability, it is necessary only to add the 

figures given to those of the prior sector, transportation equipment, to obtain 

total figures for the two-digit sector titled "transportation equipment." 

(5) The government sector includes members of the armed forces, as well as civiliun 

employees of the federal and local governments. 
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Dnto from several sout·cef:> were used in devolopin~; thi.s description. 

These inelude: 

(1) The Censi of Manufacturing:, Retail 'l'l'u.dc, Wholesale 'rl·nclc, and 

Selected St-:rvices for 1967 to provide basic relationships be
tween employment, payroll, and value ndded. 

(2) County Business Patterns to provide a basis for 1970 employment 
and payroll from which the relationships developed can be used 
for verification and provide estimates of 1970 value added. 

( 3) National income statistics, including both the supplement to 
the Survey of Current Business and more recent issues o:f the 

Survey of Current Business to (a) verify estimates in changes 
in worker productivity, (b) verify rel utionships between value 
added and gross output <">r sales so that value added can be re

ported f(H' all soctors, and (c) prov:i.de a basis for which 

Michigan's share of the national economy may be determined. 

( 4) Price indices from Bureau of Labor Statistics publications to 
ensure that the transformation from 1967 to 1970 is measured 
accurately in constant dollars rather than current dollars. 

TI1ese data provide the control totals for allocation of economic 
activity levels by sector among the state planning regions within Michigan. 
The initial estimates for allocation are obtained from the Censi of Man
ufacturing, Retail Trade, Wholesale Trade and Selected Services and County 
Business Patterns described above. Since these data are incomplete on a 
regional level, primarily because of disclosure problems, an iterative 
procedure is used to ensure compatibility within the various regions and 
the state control totals. A similar procedure is used for the zones out
side the state of Michigan. 

r'innlly, additional dnta are generated f()r ench region to describe 
consumption demand, investment demand, and government demand by industry 
source within the -region. These relationships have been developed using 

data from the National Planning Association and the Input-Output Structure 
of' the American Economy developed by the Department of Commerce. Net 
trade figures for each region are then defined by simple comparison of 
the demand for products within the region and its value added. 
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Economic Im~act Model Structure 

The impact model uses many of the accounting features and relation

ships developed in preparing the description of the economy. In equation 

form, the model takes the following structure for each industry sector: 

Value Added Consumption Demand + Investment Demand 

+ Government Demand + Net Trade. 

All values are positive with the possible exception of net trade. If net 

trade is positive for some sector, the region exports the goods of that 

sector; if negative, the region is an importer. 

Sum (all sectors) Net Trade ~ Zero. 

This holds for each region, and it states that, in total, for any outflow 

(inflow) of goods there is a corresponding inflow (outflow) of either 

goods or capital. Thus, over all sectors, if a region is a net importer 

of goods, for example, there must be a corresponding outflow of capital. 

Consumption demand is estimated in a two-step process. First, total 

consumption is estimated on a per capita basis as follows: 

Total consumption ~ u proportion of value added per capita 

which accounts for the long term stability of consumption as a proportion 

of total income. Consumption by industry source is then estimated from 

a set of equations as follows: 

Consumption. 
l 

a total consumption bi 
i 

where: a and b are parameters; the subscript i denotes the 1 th industry. 
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To keep the model purely linear for computational efficiency, two things 

are done.in estimating consumption. First. the consumption by industry 

source equations is substituted in the total consumptio11 equation so 

that: 

Consumption a function of value added 

Second, a scalar incroaBe in pet• capi tn consumption is precomputed for 

each i 1orecast year, and these constants, which change from foreCast year 
to forecast year, are coded in matrix format and substituted as required 

when making projections, 

Both government and investment demand are estimated as a constant 

proportion of value added. 1bus: 

Government demand = A * value added 

Investment demand B * value added, 

where A und B are parameters that vary from sector to seCtor so that, 

for the ith industrial sector, by simple addition, we have: 

Government demand + investment demand ·- (A + i3 . I value added 
1 1 1 

Given these relations, net trade is readily determined by adding the 

various demand comPonents (consumption, investment, and government) and 

subtracting that total from the value added for the sector. 

Net trade becomes the primary measure of a region's competitive 

position. If the ·sector is an exporting industry, i.e. , net trade is 

positive, that region has a favorable competitive position for that in

dustry. If the sector is an importing industry, the region has an un

favorable competitive position. Several factors determine this competi

tive position as follows: 
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,., The presence of other industries supplying the industry being 

analyzed 

m The cost of labor 

• The accessibility of markets to the industry. 

For this analysis, cost of capital is not considered because ( 1) data 

are insufficient or not sufficiently accurate to permit this variable to 

be included on a regional basis for each of the sectors analyzed and (2) 
it is assumed that capital is sufficiently mobile that its effect on 

locational decisions, particularly for larger companies, that its effect 

on locational choices will be small. Thus, for each sector, an estimating 

equation is developed and parameters estimated so that net trade may be 

predicted as a function of the three variables cited above. The quanti~ 

tative measure of the presence of industrial suppliers is measured by 

the value added of these suppliers i.n the region itself. Cost of labor 

is measured by dividing total payroll by total employment in a class of 

industries. For each manufacturing industry 9 for example, total manufac

turing payroll is dl.vided by total manufacturing employment and, simi~ 

larly, for the trade and service industries. Market accessibility is 
measured using the travel conductance (wm) values described elsewhere in 

this report with population in a destination zone being a surrogate mea·

sure of market size in that zone. 

Given these sets of individual estimating equations for different 
sectors and different components of value added, what remains is to tie 

them together. This is accomplished by sets of equations describing the 

following: 

(1) Value added per employee rises over time as productivity in

creases in the various sectors constituting the regional econ

omy. Hence, for each sector an equation describes the change 

in real income per employee over time. A weighted average of 

these equations describes the change in real income for regional 

residents over time. We note in actual application that some

times u small statistlca.l discrepancy exists in applying this 

procedure that tends to increase the further one projects'into 

the future. 

( 2) A preliminary population estimate is made and provides a basis 
for an initial estimate labor ~orce participation and employ

ment for each region. 
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( 3) The employment estimates so derived are multiplied by the value 

added per employee to obtain an initial estimate of regional 

income. 

( 4) 'fhe consumption, g·overnment demand, and investment demand equa
tions are them applied for each sector of the regional economy 

and the corresponding net trade estimates added to determine 
the level and structure of the economy corresponding to the 

preliminary population estimate. 

(5) The sum of total value added for the region obtained from step 

(4) may not agree with the initial estimate implied in step 
(3). If it is larger, the region will grow more than implied 

by the population estimates; if smaller the region will grow 

less. 1bus, an iterative procedure is implied to bring the 

two estimates into balance. 

( 6) In balancing the two estimates, a "reduced-form" set of equa
tions is developed to obviate the need for an iterative solu

tion. What this "reduced-form" set of equations does, in simple 

if imprecise terminology, is to treat the entire system of equa

tions as an interdependent set of equations and, by substitution 

of terms among the various equations, derive. a new set of equa
tions providing the same type of results but doing this in one 
step rather than iterating. 

Model Application 

Application of the model will entail use of a computer program that 

has as inputs the various population and economic data described above. 
The initial application develops the "normative" forecasts described to 

provide a benchmark from which economic impacts may be compared. Sub
sequent applications require the description of a proposed airport devel

opment plan, the calculation of new accessibility measures determined by 

this plan in context of the national airport development, insertion of 

these accessibility measures into the model data set, and processing the 
model. 

Economic impact is appraised by comparing certain economic mea
sures with those obtained from the normative forecast. These include: 
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0 Population change in each region and statewide 

!li Income or value added change for each region and statewide 

• Net trade change by sector for each region and statewide, 

Alternatively, these same comparisons could be made between some postulated 

airport improvement program and one where nothing is done to improve air

port accessibility in Michigan. Such a comparison could identify the 

economic loss if a do-nothing program were implemented. 
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IX ANALYSIS AND J,:VALUA'I'ION OF AL'mltNA'I'IVES 

The methodology to be used in Task Group 3 for identifying, model
ing, and evaluating alternative airport systems is discussed in this 
section. This includes consideration of (1) the variables that need to 
be specified to define each airport syst~m alternative, (2) the modeiing 
procedure used in the analysis of an alternative, and (3) the evaluation 
procedures to be followed and associated evaluation measures to be ob
tained for each alternative, 

Analysis of Alternatives 

A number of variables serve to identify alternative airport systems 
for Michigan. These include: 

• Airport locations 

• Service levels (type and number of flights) between 
airport pairs 

• Surface and air access characteristics between each 
airport and the zones it serves. 

Because of this large number of variables, a systematic procedure is 
necessary to analyze a given alternative and use the results of the 

analysis to suggest new alternatives. 

The steps to be followed in analysis of alternatives are outlined 
in Figure IX-1. As indicated by the rectangles in the figure, the 
analysis will consist of four basic components: 

• Data preparation--airport analysis 

• Air network analysis 

• Demand analysis and network loading 

• Evaluation~ 
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The points at which input variables enter the analysis arc indi.ca.ted by 

the ~onnections of the ·circles in the figure to the basic analysis com

ponents 0 

' ' !I , II Tho dashed lines in F1gure lX-1 1llustratc the fcodback or J.tora-
tive nature of the analysis, wherein the analysis results are usod to 
modify the input variables. Moreover 1 an ''improved" alternative will be 
specified, based on evaluation measures and other relevant considerations. 

Although this procedure relies quite heavily on the analysts' direct par
ticipation in translating evaluation measures for each alternative into 

improvements in those alternatives, it is felt that this procedure will 
provide the most thorough understanding of the decision variables and, 
hence, result in a more comprehensive final airport system plano 

The analysis of an alternative begins by specification of a set of 
airport locations within Michigan. This selection is limited to combina

tions of the 31 airport sites identified during Task Gt·oup 2. (Airport 
location alternatives are described in Section II I. ) 

Closely related to the selection of airport locations is the speci
fication of zone to airport access (times and costs). For most alterna

tives these times and costs will be generated by the procedures outlined 
in Section IV. · (Namely, access limes will be based on automobile travel, 
and access costs will be based on the assumption of a fixed percentage 

of access trips by au to, taxi, and other surface modes 0) In a few spe

cific alternatives, new modes of access (e.g,, high-speed rail service) 
will also be considered. 

The "air netwo.d< analysis" step combines the zone-to-airport access 

data with airport-to-airport service measures (time, cost,and frequency) 
to arrive at zone-to-zone air service measures. The specification of 

airport-to-airport service is a critical step in the analysis because it 
influences subsequent predictions of demand, As indicated by Figure IX-1, 
the specification is arrived at in ani terative manner \feedback loop @). 
At the outset, time and cost of travel for each of three flight categories 
are catalogued for each airport pair. (The flight categories are non

stop, direct, arid connecting.) From this master list, a single flight 
category and frequency of service are initially chosen for each airport 

pair in a subjective manner so as to anticipate the op_timal service fre

quency. Later, after demand predictions are made, the choice of flight 
level service is reexamined. Frequency, or flight category, or both are 

then modified in successive steps until demand and flight service are 
compatible. 

Results of the 
11 
air network analysis" are used in the "demand analysis 

and network loading" step, The methods for predicting passenger and cargo 
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demands are as described in Sections IV and V. Once a final set of air 
service measures has been determined, the "network loading 11 portion of 
this step yields activity levels for each Michigan airport: 

, Passenger traffic levels 

o Air cargo volumes 

• Flight operationso 

These activity levels serve as the primary measures for determining the 
facility requirements at eaeh airport.* Directly related to this deter

mination are estimates of airport capital costs. 'l'he activity levels 
also serve as the basis for estimates of airport operating costs and 
revenues.t 

In the ''evaluation" step of the analysis, discussed in detail below, 
it is noted that the evaluation results for one alternative will be used 

to: 

(1) Modify input data for that alternative 

(2) Seleet the next alternative for examination, 

'!'his iterative process is indicated in Figure IX-1 by the branches of 

the feedback loop labeled (2.). 1'ho use of this systematic analysis pro-

cedure wi.ll lead to identification of a limited set of alternatives for 

detailed and comprehensive examination during Task Group 4 of this study. 

Evaluatl.on Procedure 

The purpose of the evaluation procedure is to provide useful infor

mation to the Advisory Cotmni ttee and MAC staff for comparison of al terna
tive airport systems. As a guide to the kinds of information that might 

be most useful:!: the recent statement of Michigan's overall aviation goals 
and objectives was carefully reviewed. This review suggested tbe 

* The method for translating activity levels to facility requirements 

is now being developed by I!N'fB. 

t This method, employing parametric estimating techniques, is also 
under development by HN1'B. 

* National 'J'ransportation Plannin~ Study: Plutse One--Aviation Goals 

for the State of Michigan, prepared by Michigan Department of Com

merce, Aviation Commission, February 1971. 
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following five categories of evaluation criteria: 

( 1) Traveler and shipper impacts 

( 2) Air carrier impacts 

( 3) Airport. opera tor impacts 

( 4) Economic impacts 

( 5) Institutional, financial, and environmental impacts. 

During Task Group 2, work has focusnd on the types of quantitatl.vc data 

and qualitative information that can be generated in the analysis :for 
those criteria. 

Traveler Impacts 

As the airport system is improved, the following beneh ts to air 
travelers can' be expected: 

o Some travelers who currently travel by air (or, more 
precisely, who are predicted to travel by air under the 

case case alternative) will bEmefit by using an airport 

that provides better service, 

• 

• 

Some travelers who travel by other modes of transportation 

will switch to air travel. because of the improved service, 

Some persons who do not travel (or who make i'ewe.r trips) 

will travel rather· than spend their time and money on some

thing else and thereby benefit because of the improved air 

service. 

Tbe number of travelers in each of the three groups will be deter

~ined in the analysis and the following benefits will be developed: 

travel cost benefits, including reductions in access cost and airli.ne 

fare costs; travel time benefits, including reductions in airport access 
times and ci ty-to·-ci ty travel times; and frequency of service benefi tso 
'l'he travel time benefits will be measured in minutes and in dollar 

eqnivalent values; and the frequency of service benefits wil1 be mea

sured in terms of dollar equivalent values. 

The mathematics of obtaining the dollar equivalent values is de
scribed in the Appendix. As indicated there, the dollar equivalent values 

will be derived directly from the model that will be used to estimate 
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traveler demand and modal choice. Since the model represents the best 
estimates of travelers' behavior and values, it should provide reason
ably accurate assessments of the beuefits~ 

The benefits to air travelers in the first group, i.e., those cur
rently traveling by air, are calculated directly from the ti1ne, cost, and 
frequency improvements and are equal to the time and dollar equivalent 
values of the improvements. Benefits to air travelers transferring from 
other modes of travel and to those induced to travel under the improved 
alternative are calculated according to the economic theory of consumer 
surplus. An estimate of these benefits can be obtained from the simpli-' 
fied equation: 

Benefits = 1/2(C - C )(D - D ) 
0 1 1 0 

where Co and c1 are the total dollar equivalent costs of the base case 
and improvement alternatives, respectively, and Do and n1 are the demands 
under the two alternatives. 

Benefits are calculated for each of the three air traveler groups 
for every zone pair Ltnd then sununed to obtain an estimate of total air 
tl'avclcr bcnefi ts under the improved ctl terrmti ve, 

Shipper ctnd Receiver Ben?tits 

As explained in Section V, the study method for air cargo will not 
explicitly consider the causes for diversion of shipments between ctir 
and surface line-haul modes.* This approach limits consideration of 
potential cargo benefits to cases where shipments are routed through a 
different airport (than the base case) and the shippers or receivers 
profit thereby, As further explained in Section V, data collected dur
ing the study indicate that (1) differences in total shipment time via 
altern ate Michigctn ail•por ts are very small and ( 2) differences in total 
shipment cost depend on factors that the study is not equipped to mea
sure (i.e., potential for shipment consolidation), Consequently, there 
is no basis for calculation of quantitative shipper and receiver benefits. 

+ lnstcttel, reliance will be placed on ncttional projections of the 
perccmt~otge of such diversion. 
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For some altet~nativcs, e:fL ... -ct:s on shippers and t'eceivers will be 

assessed qualitu.tivel;Y. For example, in the altor1w.tivex that call for• 
discon·tiiluance of:ai1· c:trrier ~crvice ut an oxistin~ Miclligurt airport 
(and no air feeder service is provided), extra costs of pickup and 
deli very drayage to the next closest airportl s) will be weighted against 

the likelihood of better cargo service there. 

Air Carrier Impacts 

Changes in the Michigan airport system may impact on air carriers 
in a number of ways, affecting both revenues and expenses. As airport 
locations, air carrier service, and airport access are improved, more 
traffic will be drawn to the air carriers and their revenues will increase. 
To handle increased traffic and to meet the assumptions of routing, tech
nology, and frequencies of service specified by each airport system al
Lerna ti ve, changes in operations wi 11 be required, and as a result, air
craft operations costs will change. F'inally, if substantial increases 

in traffic volumes at existing airports are forecast or if new airports 
are postulated for an airport system alternative, the air carriers may 

have to rent more space at airports or make additional capital investments 

in terminal facili tles. 

To assess these impacts, work during Task Group 2 was directed to 
methods for estimating the following comprehensive measures of air 

carrier impact: 

• Air carrier revenues 

• Aircraft operating costs 

• Air carrier terminal costs . 

As discussed below, the work indicates that these comprehensive measures 
cannot be quantified with sufficient accuracy to ,justify their calcula

tion .in the study. Instead, assessment of air carrier impacts will rest 

primarily with the judgments of the Advisory Committee members repre
senting air carrier interests. For example, in the comparison of two 
alternatives, the study team will rely on such judgments in assessing 
which alternative is "more attractive" from an air carrier viewpoint. 
Some data will be developed in the analysis to assist in such judgments. 

With regard to the first desired measure, air carrier revenues, 

passenger revenues can and will be obtained by summing traveler fare 
expenditures. (These fares are calculated as a part of the traveler 
benefit analysis.) However, cargo will not be examined on an origin
destination basis in the study--and this is a necessary prerequisite 
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for determining cargo revenues. Predictions of cargo amounts at each 

Michigan airport will be determined in the study and may serve as a basis 

for estimating future cargo revenues from current cargo revenues and 
amounts. 

The difficulties encountered in fashioning a method for accurately 
estimating aircraft operating costs are related to the scope of the air 

traffic considered in the study. The study appropriately focuses on air 

traffic to, from, and within Michigan. However, aircraft costs are 
related to their operation on a systemwide basis--including service 

between points that are outside Michigan. F'or example, increasing the 

frequency of service between a Michigan airport and an external zone 

airport by one flight per day may have a wide range in variation of ef

fects on aircraft operating costs. Aircraft utilization might increase 

or decrease, depending on whether the carrier, in effect, had to purchase 

another aircraft to provide the assumed service. Systemwide routing 
changes might have to he made. Flight crews might or might not be used 

tnore efficiently. Thus, the problem of accurately determining aircraft 

operating cost for each airport system alternative, in terms of actual 
practice, is extremely complex and impractical within the scope of the 
current study efforts. 

Since aircraft operating cost data are ul timatcly directed toward 
. ' " 11 Lho issue of whether postulated air carrier service is reasonable in 

view of predicted traffic levels, less direct methods will he used to 

aid in such assessments: For each al terna ti ve that survives other 

screening procedures, a table will be prepared listing the predominant 

type of service, frequency of service, and passenger traffic volume by 
airport pair. (The format will roughly correspond to that of Figure Il-5 

in Section II. ) Advisory Corruni t tee members will he asked to comment on 

the reasonableness of the service levels postulated. 

For air feeder se:rvice*--a small but important segment of total air 

service--the treatment will be more detailed. Here the air service is 
assumed to be a point-to-point operation, and estimates of aircraft 

operating costs will be compared with revenues to assess feasibility. 

W:i,.th regard to.the last of the comprehensive measures, 
11
air carrier 

terminal costs," estimates will be developed as a part of method for 

assessing ·airport operator impacts \as discussed below). These will be 

* As defined in Section III, this term is applied to a service between 

existing Michigan airports and postulated regional airport sites, 

Detroit, and Chicago. 
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generalized estimates ·and are likely to vary from observed costs at 
specific airports.* Because these costs represent transfers between 
two parties to the study (carriers and airport operators), the general

ized approach appears adequate. 

Airport Operator Impacts 

Costs and revenues for each airport system will be prepared by in

dividual airports. The cost and revenue data will not necessarily agree 
in detail with actual cost and revenue experience at specific airports, 
since the method used will not be airport-specific. 

To enable cost and revenue estimates to be prepared quickly for a 

large number of alternatives, an approach called parametric estimating 
will be used. This approach uses cost data collected from a number of 

airports and relates those costs to significant factors that affect 

costs. Trend or regression lines are prepared in graphical form to re
late cost to one or more of the factors. For example 1 passenger terminal 
building capital costs might be related to number of annual passengers, 
number of aircraft operations, or both. 

A number Of ·relationships will be used to estimate components of 

• Airport capital costs 

• Airport operating costs 

• Airport revenues . 

The estimating meti10d is curren Lly under development by HNTB. As planned, 

it is an early stage component of Task Group 3. 

It should be noted that the estimating method is not intended for 
application to Detroit Metropolitan Airport. As indicated in Section II, 

the present activities and facilities at this airport are of vastly dif

ferent scale than those of other Michigan air carrier airports. Also 1 

while it is appropriately within the scope of the statewide study to 
estimate Michigan-related activity levels (e.g., passenger and cargo 
volumes) at Detroit Metropolitan and study its interaction with other 

airports in the state, Detroit Metro's present and future role in serving 

* Air carrier terminal costs at a specific airport depend on the ter
minal configuration, carrier and airport operator negotiations 1 and 
other factors, Such detail \.and speculation) is beyond the scope of 
this study. 
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national air travel pattcr11S must be considerecl in its facilities plan
nin~ \e.g., as a transfer point for traffic whose origin and destination 
is outside Michigan). Thus, the MAC staff will make separate estimates 

of costs and revenues at Detroit Metropolitan, with heavy reliance placed 
on data provided by Detroit.Metro's planners. 

EcOnomic Impact 

The economic impact model that will be used in the study is dis
cussed in Section VIII, That portion of the model that provides an 

assessment of the degree to which changes·in air carrier services affect 
economic and demographic growth is used in the evaluation phase of the 
study. Specifically, the following projections will be compared between 

alternatives to assess economic impact by state planning region: 

• Employment 

• Va1ue added 

• Net trade by industrial sector • 

Institutional, Financial, and Environmental Imp~cts 

This assessment will be largely qualitative and is discussed in 

greater detail in Section VII. Institutional impacts on existing govern

mental units will be considered for each alternative. lnsti tutional 

problems that impede formation of regional airports, as well as insti tu

tional actions that might be taken to facilitate such formation, will be 

considered. Possible state legi$lation, taxing powers or organizational 
authority, will be suggested if appropriate. 

With regard to financial impacts, it will not be possible to con
duct financial feasibility studies such as might be done at the airport 

master planning level. Instead, this task will entail comparison of 

airport costs and revenues, evaluation of airport funding requirements 
and constraints, and preliminary analysis of the financial problems 
associated with each airport system alternative. 

Studies regarding environmental impacts will be addressed princi

pally toward aircraft noise and air pollution effects. 
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Overall Evaluation 

At the conclusion of Task Group 3, evaluation data and descriptive 

material will be assembled into a condensed summary Jorm and supporting 
text for the better alternatives identified durin~ the analysis, Searches 
will have been made to fin<! altot·nutives that are clearly dominated by 
others, i.e., that are inferior in all respects, and to find other alter
natives that are nearly dominated by others, so that MAC staff and the 
Advisory Commi tteo can proceed to eliminate alternatives on the basis of 
comparisons by pairs. 

Evaluation results will be summarized in tabular form, tentatively 
employing the evaluation measures shown in Table IX-1. Such measures 

allow for the direct comparison of alternative airport systems. They 
will be presented in the most meaningful units--which in many instances 
will be dollars. However, some measures--particularly those associated 

with institutional and environmental impacts--will be presented qualita
tively rather than. quantitatively. 

In some instances, the evaluation measures will be further stratified 
to reflect the impacts on individual subgroups, such as specific group

ings of zones or airports. For example, passenger traffic might be 
stratified into two categories: 

• Trips between Michi~an zonos, 

• Trips between Michigan and external zones . 

After the report on the evaluation results is published and dis
tributed, a meeting between MAC staff, the Advisory Committee, and con
tractor staff will be held to discuss study results and to take appro
priate steps toward choosing the most attractive alternatives for 
detailed investigation--including general aviation impacts--during Task 
Group 4. 
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EVALUATION MEASURES 

Air Traveler Impacts 

• Access times and costs 

• Line-haul times and costs 

• Number of transfers and transfer delay times 

• Total estimated benefits 

Shipper and Receiver Impacts 

• Qualitative assessment of major service changes 

Air Carrier Impacts 

• Passenger revenues, cargo volumes 

• Service level and traffic by airport pair 

• Revenues and operating costs for air feeder service 

• Air carrier terminal costs \estimated) 

Airport Operator Impacts 

• Airport capital costs 

• Airport operating costs 

• Airport revenues 

Economic Impacts 

• Emp 1 oymen t 

o Economic value added 

• Net trade bY industrial sector 

Institutional, Financial, and Environmental Impacts 
(largely qualitative) 

• Institutional impacts on government units, legislative 
requirements 

• Airpol't funding requirements 

• .-\ll'<'l'nl't 1111\>lO 1111<1 al•· pollution oJfects 
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X GENERAL AV rATION ANALYSIS 

The MAC has undertal<en res pons ibi 1 i ty for planning· general aviation 

airport development in the current statewide study.* This development 
is to be planned for the years 1975, 1980, and 1990, 

For each study year, a four-step approach will be used as follows: 

(1) Define and describe existing airports 

(2) Forecast number of based aircraft 

(3) Forecast number of aircraft operations 

(4) Identify deficiencies of existing airport facilities and plan 
improven1ents. 

In applying the planning method, emphasis will be placed on refining 

and expanding the plan for general aviation facility improvements that 

was developed in the 1970-75 Michigan State Airport Plan. Central to the 

method is the concept of treating the Michigan study zones in the state

wide study as planning units. The steps of the planning method are dis

cussed below. 

Step 1. Define and Describe Existing·Airports 

The principal purpose of this step is to document the basis for plan

ning. For the 1975 planning year, the existing airports will be those of 

1970, Similarly, the "existing" airports for 1980 will be those of 1970 

plus those for which development is justified by 1975, 

Descriptions of existing airports for 1970 will be based on informa

tion maintained by the MAC. This includes facilities information, data 
on aircraft operations from the Traffic Counter Program, and data from 
past surveys (e.g., the Michigan Aviation Fact Finder). The airport de

scriptions will be updated for 1975, 1980, and 1990 by incorporating re

sults of the planning for prior periods. 

* As MAC's contrac~or, SRI has provided consulting assistance on the 
planning method, 
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Step 2, Forecast Number of Based Aircraft 

The method to be used for forecasting the number of based general 
aviation aircraft at the zone level is relatively simple; namely, based 
aircraft will be treated as a function of zone population. 

For forecasting purposes, the state has been divided into four re

gions as shown in Figure X-1. For each region, 1970 per capita aircraft 
factors have been calculated. These factors are displayed in Table X-1. 
The table also displays factors for 1975, 1980, and 1990. The growth in 
per capita ownership reflected by these data is a consensus of several 

predicted growth rates (net of population effects) for the United States. 
This approach has been adopted because the past growth in Michigan's gen
eral aviation aircraft fleet parallels that of the United States. 

State 
Region 

I 
II 

III 
IV 

Table X-1 

PLANNING FACTORS FOR FORECASTING BASED 
GENERAL AVIATION AIRCRAFT 

Based Aircraft Factor 
(to be multiplied by zone 
population in thousands) 

Study Zones 1970 1975 1980 1990 

l, 15, 16, 17, 18 0.47 0,59 0.70 o. 94 

2, 3, 4, 5, 6, 7, 0.77 0.96 1.16 1.54 

8, 19, 20, 21, 22 

9, lO, 23, 24 0.88 1.10 1.32 1. 76 

11, 12, 13, 14, 25, 0,60 0.75 0,90 1.20 

26, 27 

As an example of the use of the Table X-1 factors, the Lansing zone 
(Zone 6) population in 1970 was 378,000. On this basis, predicted air
craft would be: 

(378) (0.77) ~ 291 based aircraft. 
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This compnrcs with nn nctual number of 1970 based aircraft o-r 328, nc

* cording to MAC· records. Clearly, the method is imprecise but is judged 
of sufficient accttracy for planning purposes. 

The next task of Step 2 is to calculate the mix of aircraft types 
for each zone. As a guide, the projections of Table X-2 will be used. 
These trends (e.g., a reduction in the proportion of small, single engine 
aircraft in the fleet) will be applied to each zone's 1970 mix of aircraft 
types. 

* 

Table X-2 

A NATIONAL PROJECTION OF GENERAL AVIATION FLEET MIX 

Percentage of General 
Aviation Fleet 

Type of Aircraft 1970 1975 1980 1990 

Single engine, reciprocating 34% 29% 24% 19% 

1 - 3 Place 
Single engine, reciprocating 48 51 55 59 

4+ Places 
Multiengine, reciprocating 13 1.1 12 12 
Single and multiengine, turbopl'op 1 2 3 3 

Multiengine, turbojet 1 1 2 2 

Other (e. g.' Rotorcraft) 3 4 4 5 

Total 100% 100% 100% 100% 

Source: R. Dixon Speas Associates. Extrapolated to 1990 by Stan
ford Research Institute. 

It hnppens that tho Rtnl.lsticnl "nt" for Lnnsing is among the worst 

enses. 
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The final task of Step 2 is to allocate the predicted based aircraft 

for a zone among the zone's existing airports (as established in Step 1). 

Past experience of the MAC staff indicates that it will be necessary to 

·exercise subjective ·judgment in accomplishing the task,· guided by: 

• 

• 

Step 3. 

The present distribution of aircraft among: airports in the z;one 

The present and projected distributions of population within the 

zone 

The size mix of projected aircraft additions . 

Forecast Number of Aircraf~ Operations 

Forecasts of general aviation aircraft operations* are required in 

analyses of the adequacy of airport facilities and are also of value in 

analyses in airport access trips by general aviation users (as described 

in Step 4, below). Numerous approaches to forecasting aircraft operations 

are suggested in aviation literature. 

One broad approach is to forecast operations on the basis of total 

based aircraft, with different planning factors used depending on type 

of airport (e.g., whether the airport is in a metropolitan area, whether 

the airport serves air carriers). T•:xamples of this "r~irport features" 

method include: 

• 

• 

Tho FAA plnnnlng nppronch--ns dcscribccl in "li'ormulution of tho 1H72 

National Airport System Plnn" 

The approach described in 
11
Transportation Predictive Procedures, 

Technical Report 9A" by the MAC. 

An analysis has been conducted to develop revised factors for this 

approach in Michigan. Source data on airport operations included those 

from the Michigan Traffic Counter Program, FAA 5010-l forms (for air car

rier airports) and FAA control tower counts for 1970, The planning fac

tors resulting from the analysis are displayed in Table X-3. As shown in· 

the table, the state is again divided into four regions and two types of 

airports are distinguished, 

* An aircraft operation is a takeoff or landing. 
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Tnblc X-3 

PLANNING FACTORS FOR GENERAL AVIATION OPERATIONS 

Annual Operations 
State per Based Aircraft 

Region* Airport Type Itinerant Local Total 

I Air carrier and/or tower 350 350 700 
General aviation only 9 no tower 275 550 825 

II Air carrier and/or tower 450 450 900 
General aviation only, no tower 250 500 750 

III Air carrier and/or tower 450 550 1,100 

General aviation only, no tower 500 500 1, 000 
IV Air carrier and/or tower 300 475 775 

General aviation only, no tower 450 900 1,350 

* Sec Figure X-1. 

When the planning factors of Table X-3 are applied to individual 
airports, in an attempt to replicate 1970 operations, rather poor results 

are often obtained. The Kalamazoo Airport (in Zone 3, Regi"on II) is an 

example of one of the worst cases as shown below. 

Actual General Predicted Operations 
Aviation Operations (195 based General 

(1970 Tower Count) Aviation Aircraft) 

Local 63,000 88,000 (450 X 195) 
Itinerant 6:1,000 _88,00_2. (4 50 X 195) 

rrotn l 126,000 176,000 

Although predictions of general aviation operations need not be extremely 
accurate for planning necessary airfield capacity (because capacity is 
added in large increments relative to aircraft operations), errors of 
this magnitude suggested that other forecasting approaches be examined. 
However, the examination sug·gested no alternative· to the "airport features" 
approach that yielded consistently better results in replicating 1970 

X-6 



operations. The discrepancies <lppcnr to nrise because of unique n irport. 

operating patterns--patterns that. c~m be expected to continue in the fu

turo. Therefore, forocnsts of opcraLions will be m.:Hle on nn incremental 

basis for ai.rports whose 1970 npc~rations nro known. The Michignn Traffic 

Counter Progrn.m is n [H•lmnry sout·ce of this informnti.on for genurnl tlViu··· 

tion airports. 

In the incremental approach, the input is the increase (decrease) in 

based general aviation aircraft calculated in Step 2 of the planning 

method. The appropriate "airport features'' planning factor will then be 

applied to determine the increase (decrease) in operations. This calcu

lated number of operations l.s added to (or subtracted from) 1970 opera

tions. As a hypothetical example, consider a general aviation non-tower 

airport (Zone 6, Region II) for which 1970 operations are known: 

Predicted 1975 aircraft 100 

Less actual 1970 aircraft -50 

Increase in based aircraft 50 

Predicted increase in total annual operations: 50 aircraft times 750 

* operations per aircraft = 37,500. 

Actual 1970 operations 55,500 

Plus predicted increase +37,500 

Predicted 1975 operations 93,000 

For airports where 1970 operations are not known, future operations will 

be predicted by applying the planning factors to the total predicted 

based aircraft. Thus, in the hypothetical example posed above, predicted 

operations would be calculated as: 

* From Table X-3. 

Predicted 1975 aircraft 

At 750 operations per aircraft* 

Predicted 1975 operations 
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100 

X750 

75,000 



The second task within Step 3 is to estimate the "critical aircraft" 
--that is, the type of ·aircraft most demanding in terms of runway require
ments. For some airports, this assessment can be made directly from the 
airport's based aircraft mix. However, it will be necessary to consider 
the nature of transient (nonbased) aircraft operations for many Michigan 

airports, particularly those in the proximity of recreational areas. 

Step 4, Identify Deficiencies of Existing Airport Facilities and Plan 

Improvements 

In this step, the aviation demands placed on each airport--as calcu
lated in Steps 2 and 3--are compared with the airport's capability. A 

likely result of this examination is that demand will exceed capability 

at some airports. In this instance, the question is whether to improve 
the existing fac-ility or plan for a new airport. Even if the comparison 
of future demand and existing capabilities suggest that existing airports 
would be adequate, the potential benefits of new airport facilities may 
outweigh their costs, 

The wide range of potential improvements to the existing general 
aviation system was developed by tho MAC in preparation of the 1970-75 

State Airport Plan. Similarly, estimates of capital costs for these air

port improvements have been made. There remains the need to assess the 
benefits of such improvements relative to the exiSting system. 

The research organization MATHEMATICA has developed a methodology 

for estimating general aviatiop airport user benefits, published in its 
report "Public Investment in General Aviation Airports: An Application 

of Cost Benefit Economics. 11 The approach is referred to as the "map 
method," It derives the public benefit for a new airport* on the basis 

of several key assumptions, 

* 
t 

• 

• 

The principal source of public benefit that can be quantifiedt 

is the savings in ground access to the new facility. This time 

savings is valued at the median wage rate of the airport user. 

Airport users patroni~e the closest airport that offers the ser

vices. in which they are interested. 

Or expanded capabilities of an existing airport. 

Nonquantifiable benefits include potential increases in community em
ployment, and an ability to obtain supplies quickly in an emergency. 
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• Airport users ure distributed geogrnphicnlly in rixactly the same 
way as population is distributed. 

By means of these assumptions, estimates can be developed on the 

amount of general aviation activity (based aircraft, operations) that 
would be transferred from an existing· airport to a proposed new facility. 

Moreover, a dollar value is obtained for the resulting public benefit. 
This amount can then be compared with costs of the proposed development 
as a partial test of its worthiness. 

The map method will be used selectively in the present study to as
sess the feasibility and timing of general aviation airport developments 

that were proposed in the 1970-75 State Airport Plan. Other means of 
justification, such as those described in the 1970 MAC report "Aviation 

and Economic Development," will also be used (e.g., effects on a commu

nity's industries). 
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Appendix 

PASSENGER DEMAND MODEL EQUIVALENCE MEASURES 

Equivalent Types of Service 

Consider the following general formulation of the demand model for 
a specific zone pair (i,j) and mode m: 

0' 
m(l) 0' ( 2) [ -O.l2f 

mJ 
0' ( 3) 

a t c m l m 
w ~ - e 

m mm m 

w ~ z w 
all m 
m 

D = S 1B j (P p ) wo.9 
i .J 

D " (.:"/) D 
In 

where 

t = total (i-,~;>j) travel time, 
m 

c = total (i+j) travel cost (dollars), 
m 

f = frequency of 
m 

(i;-)-j) service (trips per day), 

P. = total population of zone i. 
l 

The a , a~ and ~ values are calibration parameters, D and D are 
m m 

daily one-way (i""j) modal demand and total demand, respectively. 

As·sume now that the conductE~nce values for the auto, busp and rail 
modes are not affected by -variations in air service and let (t

1
,c

1
Pf

1
) 

and (t
2

,c
2
,f

2
) represent two different categories of air service (e.g., 

(1) nonstop service and (2) direct flight service consisting of one inter
medi-ate stopover) for a specific airport pair. These levels of service 
will be "equivalent 11 to one another if they produce the same demand 
between the airports, which is the same as requiring that w

1 
= w

2
» or 
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t 
a(l) C\'(2) ( -O,l2f1 )a(3) 

1 c
1 

1-e = a(l) a(2) (l- -0,12f2)a(3) 
t

2 
c 

2 
e (1) 

where w. = w. (t.,c
1
,f.). 

~ a1r 1 1 

This result defines the equ_ivalence relationShips between- tWo equivalent 
levels of service. It indicates how changes in one variable can be off
set by changes in another variable, e.g., how an increase -in frequency of 
service is equivalent to (i.e., yields equivalent air demand) a specific 
reduction in travel time or cost. 

Equation l can be used to co~vert any service level (t,c,f) into an 
equivalent service level (t* ,c* f ) 

1 
where the "equivalent time and cost" 

variables t* and c*, respectively, are specified. The resulting 
"equivalent frequency, 11 f*, is then determined by solving 

yielding 

* * * w(t,c,f) = w(t ,c ,f ) 

f = -- ln * ( -1 ) 0,12 

II II where ln is the natural 1o1;arithm function. 'rhus, several different 
types of service (nonstop, direct, connect) for a specific airport pair 
can be converted to their equivalent times, coSts, and frequenciesG 
Furthermore, .if the equivalent times and costs are all chosen equal to 
one another, then the equivalent frequencies can be added directly to 
obtain the desired single service level (t * ,c * ,f *) for the specified 

e e e 
airport pairo 

if 

then 

and 

* f 
e 

That is: 

~ t 
e 
* and ci * * for all service levels i. 

* ; E f
1
. 

i 
is the equivalent total frequency of service, 

* * * (te ,c
8 

,f
8 

) defines the single service level that is equiv-

alent to the totality of serviee levels between 
the specified airports. 

'rhe basis for equivalent times and costs has been chosen as the 
minimum airport-to-airport time and cost (e.g,, nonstop basis if one such 
flight available, direct flight basis if available and no nonstops avail
able). 'rhis basis avoids some potential computational problems associated 
with the solution of equation (2) and provides a consistent approach,to 
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the analysis. A modificat~on made to this analysis procedure, also to 
ensure added consistency, was to convert each individual flight 
(frequency of l) to an equivalent frequency rather than lumping flights 
together and converting the total lumped frequency to an equivalent value, 

The decision to use airport-to-airport rather than zone-to-zone times 
and costs in equivalence calculations was made for purposes of computa
tional e'fficiency. Otherwise, a vast 'numbor of zone-pair, service levels 
would have to be calculated for oach airport pair considered, The result 
of such is to produce a small error in the equivalent frequencies for 
trips consisting of high access times and costs and relatively low flight 
times and costs.* 

Dollar Equivalent Values for Travel Time and Frequency 

The procedure t~ be employed in finding equivalent values is des
cribed above, Applying it directly to the solution of the equation 

* * * w(t,c,f) = w(t ,c ,f ) , 

as was done to obtain equation 2 above, yields the following expression 
for converting travei times and frequencies of service to equivalent 
dollar values: 

* _ (t ) a(l)/a( 2)( l-exp(-0,12f) ~ a( 3)/a( 2) 
c - c -*·'* t l - exp(-O,l2f; 

(3) 

where the variables t, c, and f are the observed time, cost, and frequency, 
* * * respectively, and the variables t , c , and f are the equivalent values 

of time, cost, and frequency, respectively, 

Equation 3 is used to obtain the total dollar equivalent cost of a 
particular service level (t,c,f) with respect to preselected equivalent 

* * . time (t ) and frequency (f ) vanablos that represent a basis for com-
parison. (In most instances it will be desirable to select these 
equivalent time and frequency variables to be the minimum values found in 
the alternatives being compared,) By subtracting out the total (direct) 
travel costs, c, the total dollar equivalent time and frequency value 
becomes 

* _ !J(t) a(l)/a(Z) (l-exp(-0,12f) ) a(
3
)/a(

2
)- 1]. 

c - c - ell t* l-exp(-0,12f""*Y 

A positive value indicates a net time-frequency benefit to be realized 
over the servtce level provided by t* and f* whereas a negative value 

* ' for c - c indicates a net time-frequency disbenefit. 

* It can be argued that air travelers make their tradeoffs between flights 
providing different levels of service based solely on the air portion 
of the trip, i.e., that the tradeoffs between different service levels 
is independent of the access and egress portion of the trip, 



GLOSSARY OF AIR NAVIGATION TERMS 

VFR (Visual Flight Rules) - Rules for flight when collision avoidance 
is possible by visual reference to other aircraft on a "see and be 
seen" basis. 

IFR (Instrument Flight Rules) - Rules for flight when weather conditions 
are below the minimums prescribed for VFR rules. 

ATC (Air Traffic Control) - A service operated by appropriate 
authority to promote the safe, orderly and expeditious flow of 
air traffic. 

PWI (Proximity Warning Indicator) - Equipment which indicates to the 
aircraft pilot the direction and distance of other aircraft in the 
proximity. 

CAS (Collision Avoidance System) - A system for avoiding aircraft 
collision by use of PWI or related equipment. 

VOR (Very High Frequency Radio Range) - As in a VOR transmitter, used 
to send signals for directional air navigation. 

DME (Distance Measuring Equipment) - Airborne equipment for measuring 
the distance between an aircraft in flight and a designated land 
point. 

VOR/DME - Combination VOR and DME for providing indications of both 
bearing and distance. 

TACAN - Military version of VOR/DME. 

VORTAC - Commercial VOR and military TACAN co-located at a given 
point. 
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