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Section I 

INTRODUCTION 
AND 

SUMMARY OF CONCLUSIONS 

This report was prepareI! pursuant to tne terms of a contract 

(FAA/BRD-309) with the Bureau of Research and Development, Federal 

Aviation Agency I under which United Research Incorporated was assigned 

the task of preparing a forecast for the period 1959-1963 of the losses 

incurred by U S I commercial air carriers due to their inability to deliver 

passengers to destlnatlon axports In all weather condltlons 

Definitions 

Under the terms of this contract I the dollar losses to be considered 

include 

1 Costs incurred because flights scheduled into certain ax- 
fields are unable to land due to weather which 1s below 
authorized mlnlmums and as a consequence are diverted to 
alternate axports. 

Costs incurred because flights are delayed at departure or 
are unable to depart because weather at destination alrflelds 
is below authorized minimums. 

Costs incurred because flights are delayed or unable to 
depart because weather at point of departure 1s below 
authorized minimums 

Costs Incurred due to the limited flow capacity and operational 
criteria associated with the present landing system, such as 
delays en route, time In stacks, cancellations due to congestion 
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Costs Incurred by commercial air carriers In these various situations 

fall into three general categories ana are so considered in this report. These 

categories are 

1 Addltlons to normal dire-+ tiircraft operatinq expense and 
passenger handling costs lnct,rred as a result of flight 
dlverjlcns delays, and cdncellatiorrs in periods when weather 
1~1 below authorized minimums. 

2 Add!t~~s to total operating expense Incurred as a result of 
loss of life personal ln]urles x and property damage 
resulting fro.n landing accidents. 

3 Losses 1n passenger revenue I-esultlng from the inability 
of airlines to complete scheduled flights In periods when 
weather 1s belcw authotlzed n~nlmums I and from a general 
lnhlbltlon In the demand for air travel In bad-weather months. 

Method- 

The basic methods of cost determlnatlon used ln this study were 

developed by Unlted Research In a previous repon to tne Bureau of Research 

and De-,elopment Federal Avlatlon AyeqLy, under Contract FAA/BRD-17 I 

“A Method for Defermunng the Economic Value of AK Traffic Control 

Improvements and .%ppllcatlon to All-Wealner Landing Systems e ” In that 

study emphasis was placed upor the development of techniques which 

could be used to measure the economic benefits to users of the Federal 

Airways System ot any given improvement in air traffic control systems. 

Methods developed were based on (1) The measure of the effects of tnese 

Improvemenrs 17~ dollar terms on the demand for and the cost of airline -- 

passen,Jez transportation, (2) tne measure of the effects of these improve- 

ments O-I the costs of general aviation transport x including value of 

passenger ilme, a.ld (3) the annual value of the accidents (loss of life 

and property) prevented by the Improvements. 
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In order to determlne the net economic benefits from any selected 

Improvement In the air traffic control system, the dollar values computed 

for each of the above measures were totaled and any associated operating 

expenses were subtracted. In applying the methods to a selected Improve- 

ment such as an all-weather landing system I two prellmlnary steps were 

considered necessary (1) determlnatlon of the physical effect of the 

improvement upon present operating restrlctlons and llmltatlons and 

(2) calculation of the reduction In the physical units of flight delay, 

cahcellation , and dlverslon Thrcugh the appllcatlon of the methods 

enumerated above to the data derived by these preliminary procedures, It 

1s possible to compute the economic benefits of any specific air traffic 

control improvement, 

In addltlon to the development of the basic methods of determining 

the economic benefits I the previous study (FAA/BRD-17) included an 

application of these methods to a measurement of the benefits accruing 

as a result of the installation of all-weather landing systems The level 

of aviation actlvlty considered was in terms of a past period, 1957 

In this report the research effort 1s directed to a measurement of 

the losses Incurred by commercial airlines as a result of a lack of all- 

weather landing systems, with most of the effort directed toward a future 

period . 

Measuring the costs or losses incurred by users of the alrways as 

a result of an existing deficiency ln the airways system 1s tantamount to 

determIning the economic benefits accruing to the same users as a result 

of an i;~~provement which ellmlnates the system deflclency. The methods 

previously developed to measure the economic benefits of all-weather 

landing systems can be utlllzed, therefore, in the present problem of 

determining the losses incurred as a result of an inability to operate with- 

out schedule lnterruptlons In bad weather 
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Essential to this study 1s a forecast of future commercial an-line 

passenger traffic providing the level of aviation actlvlty for which carrier 

losses are computed. Such a forecast of domestic passenger rrafflc 

through 1963, together with the methods used, 1s given In Section IV of 

this report 

Llmltatlons 

Commercial alrllne actlvlty considered In this study 1s limited to 

operations at airports within rhe Continental UnIted States 

As aviation activlry considered 1s llmlted to that of commercial 

airlines , it is appropriate to note that general aviation activity and the 

operations of military aircraft are excluded from conslderatlon in this 

study. Furthermore in determinlng the costs Incurred by commercial 

au-lines j louses K reven’;e from nonpaisenger sources were not considered, 

nor were the economic costs Incurred by au-line passengers. 

It 1s obvious that users and operators of general avlatlon au-craft j 

particularly executives and professional personnel transported in 

corporate aircraft, lnclir substantial economic cocits as a result of flight 

dlsruptlons in bad-weather periods I Also I the military forces incur some 

measure of economic cost as a result of their lnabillty to land aircraft at 

clvll alrports wher, weather 1s below authorized llmlts, 

At the present time I the omlsslon fron- conslderatlon of non- 

passenger traffic (represented by mall r express j and freight) results in 

only a minor understatement of the total costs incurred by airhnes as a 

result of schedcle dlsruptlons. Although substantial increases may be 

expected in the operation of cargo serVlce5 due to the recent conversion of 

piston aircraft from passenger to cargo configuration and the availability 

of new all-cargo au-craft I it appears that revenue from cargo ~11 still 
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remain a small portion of the total operating revenues of the domestic air- 

lines in the period prior to 1964. Also I the nature of cargo traffic I whxh 

makes it far less susceptible than passenger traffic to diversion to other 

modes of transportation In periods of bad operating weather ~ tends to 

minimize the losses of this class of traffic. 

Losses now incurred by au-line passengers as a result of fllgnt 

disruptions are substantial d however. The amount of productive time lost 

by alrllne passengers ds a result of flight diversions delays and canceila- 

tions represents not only a personal inconveclence to individuals but an 

actual economic loss as well 

Conclusions 

The flndlngs in this report indicate that U.S alrllnes incur losses 

of approximately $55 mllllon a ye;r du P tc flight chsrtiDtlo?s In periods 

when weather condltlons are below a ;thor:zed l:m~ts Due to -ncxcased 

traffic arid lncredses ln :he costs of oDerating all-craft c these losses will 

Increase to over $65 mill:on by 1963 The growing proportion cf let aircraft 

in the carriers’ fleets 1s one of the major factors accounting for the cost 

increases since costs of delay are far .greGter for jet air-raft than for pisto? 

aircraft hecause of the hlghe: hcllrb/ opeiatiny expense of the former. 

The losses take the form of (1) rdsh losses when axlines are forced 

to cancel ~ delay or divert their scnedules c (2) short and iong term costs 

resulting from landing acclderits E and (3) losses from redzxtlon ~1 !he demand 

for air travel due to Its present unre1la s;lity in bad--weather pprlods ~ The 

costs cozs,dered In this report we-p of an Anctementai and direct nature 

only If flight depreciation expense and all IrdLrect and overhead expense 

were aliocated to the an-c:aft time consumed in delays I diverslox and 

cancellations *he costs would have been ccn~ider3bly higher than tnose 

shown 
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The summary table below lists the estimated dollar losses for the 

above three categories. The varlatlon shown for 1960 in comparison with 

both the previous year, 1959) and subsequent years 1s accounted for 

prlmarlly by the combined effects of (1) the fact that the accident rate 

in 1959 was abnormally high, (2) the increase In au-craft capacity which 

tended to hold down growth in alrcraft movements In 1960, and (3) the 

low rate of traffic growth in 1960. A stable pattern of cost increase 1s 

establlshed for the 1961-1963 period through the Influence of normal factors. 

(Dollars ln Thousands) 

Increased Costs Due 
to Flight Delays 

Cancellations 
Year and Dlverslons 

1959 $13,104 

1960 12,450 

1961 14,259 

1962 17,157 

1963 20,519 

costs of 
Landing 

Accidents 

$27,738 

15,022 

16,434 

17,957 

19,730 

Losses in 
Passenger Revenue 

Due to Total 
Decreased Demand costs 

$17,343 $58,185 

23,340 50,812 

24,576 55,269 

25,974 61,088 

27,456 67,705 

Estimated carrier losses are presented ln Table 1 (Appendix A) for 22 

alrports selected In the previous study on the basis of traffic volume and 

Incidence of IFR weather. 
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Section II 

INCREASED OPERATING COSTS INCURRED AS A RESULT OF 
FLIGHT DELAYS, CANCELLATIONS AND DIVERSIONS 

DUE TO ADVERSE WEATHER 

Under exlstlng landing systems the scheduled operations of air 

carriers become disrupted In periods when weather condltlons are below 

authorized operating llmlts. Under these adverse weather condltlons I 

occurring at either the airport of destination or departure ~ airlines are 

forced to delay or cancel scheduled fllqhts or divert them to alternate 

au-ports ” 

In so doing , the airlines incur additional operating expenses. u 

In the case of delayed flights, direct aircraft operating expenses are 

increased as a result of aircraft holding in stacks or on the ground while 

waiting for weather condltlons to improve Flight cancellations involve 

reductions in direct an-craft operating expense but Increases in passenger 

handling costs as well as losses In passenger revenue. Flight dlverslons 

represent a comblnatlon of delays and cancellations They entall a delay 

component when the scheduled flight time is exceeded due to the necessity 

of landing at an alternate alrport. Since the dlverted alrcraft must be 

brought back Into the normal alrcraft rotation scheme, It may be necessary 

u Over the long run, these costs constitute a normal cost of 
doing business and thus are borne by the public through pay- 
ment of passenger fares or subsidy Inasmuch as the Clvll 
Aeronautics Board considers carrier profit in relation to a 
reasonable rate of returp on investment when deciding carrier 
requests for increased fares or subsidy, it may be argued that 
the added costs are transferred directly to the public In 
short run periods, however, when the fare level does not 
provide a fair and reasonable rate of return over and above 
normal operating expense, this transfer of burden to the 
public is not so obvious. 
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to operate nonrevenue ferry flights or to cancel revenue flights at other 

airports In addition, the landing of passengers at an airport other than their 

scheduled destination creates added passenger handling expense 

Set forth in this section 1s a determlnatlon of the magnitude of these 

costs in the 1959-1963 period together with an explanation of the methods 

and assumptions used. 

Measurement of Delay 

Basic to the problem of cost measurement is a determination of the 

incremental aircraft time when flights are delayed or diverted as a result 

of the lnablllty to land or to take off when weather conditions are below 

limits Actual aircraft delay data attributable to this source are not 

available Although the devlatlons of actual aircraft time from scheduled 

aircraft time can be computed from recorded data I these devlatlons would 

represent delays from all sources rather than thoseoccurring only from the 

lnablllty to land promptly in all weather conditions 

A further consideration 1s the fact that the standard of measurement, 

scheduled air and ground time, 1s itself affected in part by the incidence 

of weather delay so that its use would result in an understatement of true 

delay time Scheduled block-to-block times In current airline schedules 

are in excess of that actually required for taxi I take off, gain-to-altitude ( 

cruise d let down, landing, and taxi to terminal facilities by reason of air 

traffic control delays d of which delays in instrument weather are a part 

In the absence of recorded data it was necessary,therefore, to 

estimate the hours of aircraft time accumulated as a result of flight delays, 

dlverslons and cancellations. This had been done in the previous study 

through the use of a mathematical model, an explanation of the model, 

shown in Appendix B of this report, describes the methods used to estimate 
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hours of aircraft delay Incurred because of schedule disruptions due to 

IFR weather conditions In the previous study, these estimates were used 

as a basis for determlnlng the economic benefits of airways improvements; 

in the current study, comparable data are required in order to estimate the 

costs incurred by airlines because of flight delays. 

In the model the lncldence of flight disruptions is related to: 

1. The rate at which an airport can handle landings and take- 
offs, stated In terms of operations per hour (acceptance 
rate) With present landing systems this rate ~111 vary 
from zero in zero-vlslblllty weather to whatever the top 
capacity of the airport may be in VFR condltlons 

2 The rate at which aircraft are scheduled to land and take- 
off at the airport (arrival rate). 

3 The incidence and duration of adverse weather condltlons . 

Delays at alrports occur (1) when a restricted acceptance rate is 

higher than an arrivalrate, and (2) when the arrival rate exceeds the 

acceptance rate, the most important case being when the airport 1s closed 

and the acceptance rate IS zero. 

1. Disruotion durlnq periods when acceptance rate 1s restricted, 

but exceeds arrival rate Delays occur even when the hourly acceptance 

rate exceeds the hourly arrival rate because aircraft do not present them- 

selves for take-off and landing at perfectly spaced intervals Even if 

scheduled operations were evenly spaced, the minor deviations caused 

by differences in winds aloft, by planes departing and by excessive time 

consumed in loading passengers would cause some bunching of aircraft 

and thus create some delay in order to provide needed spacing between 

aircraft. The average delay is a function of the relationship between 

arrival rate and acceptance rate. As the effect of adverse weather is to 
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lower the acceptance rate, attributable delay can be measured as the 

difference between the delay experienced with the lower acceptance rate 

and that which would have been experienced if scheduled operations were 

possible in zero-zero ceiling and vlslblllty condltlons. 

In the previous report a computation of aircraft hours of delay from 

this source was made for each of 22 airports, for the year 1957, using 

Weather Bureau records of the number of occurrences of IFR operating 

weather for each hour of the day. An hour-by-hour arrival rate pattern for 

IFR weather periods had been constructed through the use of estimated 

acceptance rates, actual airline schedules and airport weather patterns. 

2. Disruptions during periods when arrival rate exceeds 

acceptance rate. It iq clear that disruptions will pyramid during periods 

when the airport is closed, or when more planes present themselves for 

landing or take-off than can be handled. During the early stages of such 

conditions the excess can be handled by stacks in the air and waiting lines 

on the ground. Theoretically, the effects of such periods could be expressed 

purely in terms of very extended delays. As a practical matter, decisions 

are made by airline personnel which reduce delays by flight cancellations 

and diversions, 

In determining the behavior of individual flights during periods of 

adverse weather, a decision-making framework was established, embodying 

certain physical and legal constraints on aircraft operations This frame- 

work was used to determine when flights would be cancelled and diverted 

and when flights would be held in a delayed status until landing was 

possible Through the use of this model each single period of an hour or 

more when each of the sample airports was closed due to celling and/or 

vlslblllty criteria In 1957 was separately analyzed to arrive at estimates 

of delays, dlverslons , and cancellations at that airport. 
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Airport data considered in the previous report represented 1957 

experience, whereas the current study calls for consideration of the 1959- 

1963 period. After discussion with airline operating personnel and air 

traffic controllers at selected airports, it was concluded that the relation- 

ship exlstlng between hours of delay and instrument approaches in 1957 

could be accepted for the later period Thus, average delay per instrument 

approach 1s assumed to be the same for the 1959-1963 period as that 

established in the 1957 period. The total number of aircraft delays will 

Increase, of course, as the number of Instrument approaches increases 

with the general level of commercial carrier operations. 

Cost of Flight Delay 

Determining the costs of aircraft delay for any given period 1s a 

matter of applying average aircraft operating costs per hour to the total 

hours of delay. ) 

Costs incurred by airlines as a consequence of en route delays are 

incremental costs directly associated with operating alrcraft, such as 

flight crew salaries and traveling expenses, fuel, and direct maintenance. 

Flight equipment depreciation charges and fllqh: equipment insurance 

expense have been excluded from flying operations expense, as they do 

not increase (in the short run, at least) when aircraft are forced to operate 

addItiona amounts of time due to en route traffic delays. It might be 

argued that these expenses do not apply over the long run, however, as 

the additIona aircraft time consumed In delays adds to aircraft require- 

ments and thereby constitutes a normal cost of doing business I There 1s 

merit to this argument and in the long run there is no reason why depre- 

ciation and insurance charges should not be charged against en route 

delays The inclusion of flight equipment depreclatlon as incremental 

expense would have Increased the cost estimates by approximately $2 

million a year. 
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A portlon of overhead maintenance burden has been excluded on the 

theory that a sizable proportlon of such supervlslon expense 1s flxed In 

nature and does not increase when addltlonal alrcraft time 1s expended 

because of en route delays. Again, this 1s a short-run treatment of 

burden costs for, over the long run, maintenance burden expense 1s a 

function of direct maintenance expense 

It was assumed that the average hotirly operating costs of the 

combined fleets of U.S domestlc carriers would be typlcal for those 

aircraft subjected to delay. In order to determine the average hourly 

costs for the combined fleets it was necessary to apply estimated hourly 

costs for each equipment type to the number of hours flown by each type, 

and divide the total expense for all equipment types by total hours flown. 

Annual costs experienced In 1959 and avallable 1960 monthly data 

were used as a base and it was assumed that lnflatlonary labor and material 

cost increases would account for an average annual increase of two per cent 

in the future periods Alrcraft hours data used to determine the welghted 

average cost figure were computed from 1959 and available 1960 data 

together with estimates of hours to be flown In future periods by flight 

equipment now on order and required io meet future traffic demands. In 

computing annual aircraft hours flown an average annual utilization of 

3,000 hours per aircraft was assumed, with long-range aircraft utilization 

set 20% higher than the average, and short-haul aircraft 20% lower. 

The average hourly costs used in computing aircraft delay costs 

are shown below. It should be noted that these are incremental costs 

only and carry no allocation of indirect and overhead expense. 

Year Averaqe Operating Costs per Hour 

1959 $205 
1960 245 
1961 265 
1962 285 
1963 310 
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The number of hours of aircraft delay (see Appendix A, Table 11) 

was estimated by applying the average amount of air and ground delay per 

instrument approach in 1957 (as derived in the previous study) to the 

estimated number of instrument approaches by commercial airlines for the 

1959-1963 period (see Appendix A, Table 7). The number of instrument 

approaches was consldered to be a function of the number of au-craft 

departures required to handle passenger traffic volumes in the 1959-1963 

period 

The dollar loss to commercial airlines as a result of aircraft delay 

In periods when weather condltlons are below authorized limits (shown 

for 22 selected airports and total U.S In Appendix A, Table 12) is 

summarized below 

Year Annual Cost of Delays Due to Weather 

1959 $3,926,000 
1960 4,588,OOO 
1961 4,910,000 
1962 5,253,OOO 
1963 5,695,OOO 

Costs of Flight Cancellations 

When alrlines are forced to cancel flights because of adverse 

weather condltlons they are subjected to increased expense and to 

losses In revenues. Some direct flight expense is saved as a result of 

not flying the cancelled mlleage, but, on a net basis, flight cancellations 

result In losses to airlines Normal operating expense is Increased when 

a flight 1s cancelled because (1) of a need to provide hotel facllltles , 

meals or another form of transportation to lnconvenlenced passengers, 

(2) accommodating passengers on other flights involves duplicate reserva- 

tions and ticketing costs,and the handling of ticket-refund requests 

involves additional accounting costs, and (3) posltlonlng of aircraft in 
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order to work them back into a normal rotation schedule scheme 1s often 

necessary after flights have been cancelled, lnvolvlng nonrevenue ferry 

flights and addltlonal flight operation and maintenance expense. 

1. Interrupted Trip Expense. The expense of provldlng accom- 

modatlons to passengers inconvenienced by flight cancellations 1s 

reflected in this category. Unit expenses (1 e. , interrupted trip expense 

per cancelled aircraft departure) have been analyzed for past periods in 

order to project a reasonable rate for the future. Despite increases In 

an-craft capacity, interrupted trip expense per aircraft departure showed 

some decline in the 1957-1959 period. In projecting unit costs it was 

assumed that the rate would have stablllzed by 1960 and would increase 

by two per cent annually through 1963. Estimated annual interrupted trip 

costs are shown in Appendix A, Table 13 

2. Duplicate Passenger Handling Expense. The increased 

expenses associated with duplicate handling of passengers at ticket 

counters and by reservations offlces as well as the handling of ticket 

refunds are assumed to be a function of traffic handled The incremental 

costs of ticketing and making reservations for air passengers were 

recently submitted by carriers participating in the Passenger Credit Plan 

Investigation, CAB Docket 109 17 These estimates range from one to 

four per cent of passenger revenue. A rate of two per cent has been 

selected for the purposes of this study, although it 1s recognized that 

the figure may be conservative for the experience of certain carriers The 

rate has been applied to the revenue represented by passenger bookings 

on the flights cancelled because of weather conditions Annual costs for 

duplicate reservations , tickets and accounting are shown In Appendix A, 

Table 13 
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3. Ferry Mileage Expense. Ferry mileage accounts for 

approximately 10% of total nonrevenue mileage operated by domestic 

airlines. Of this mileage E a portion 1s flown in order to relocate alrcraft 

after flight cancellations have disrupted normal aircraft distribution. 

Recorded data are not available from which to determine precisely 

the amount of nonrevenue ferry mileage flown for the purpose of relocating 

aircraft after cancellation due to weather. In the absence of actual data, 

it is assumed that 50% of total ferry mileage 1s flown for this purpose. 

In projecting ferry mileage it was assumed that a ratio of 1.6% 

would apply between nonrevenue and revenue miles and a ratio of 10% 

between ferry mlleage and total nonrevenue miles. With the assumption 

that 50% of all ferry mileage 1s generated as a result of weather cancella- 

tions , it follows that ferry mileage operated to relocate aircraft after 

weather cancellations will be equal to 08% of total revenue miles. 

Revenue miles are based upon the passenger traffic forecast shown In 

Section IV. 

The incremental flight operation and direct maintenance costs 

incurred by airlines in operating nonrevenue ferry flights are identical 

to the flight costs incurred in weather delays (see p0 12). The applica- 

tion of these hourly flight costs to the number of hours required to fly 

the estimated ferry mileage results in total costs incurred by alrllnes 

in positioning aircraft after weather cancellations. These costs (see 

Appendix A, Table 13) are given below 

Year Cost of Ferryincr Aircraft 

1959 $605,OOd 
1960 596,000 
1961 595,000 
1962 628,000 
1963 658,000 
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In addltlon to the costs involved In cancelllng flights , alrllnes are 

SubJected to losses In passenger revenue as booked passengers turn to 

other modes of transportation In order to complete journeys. Not all of the 

traffic booked on cancelled flights 1s lost to air transportation, however, 

for a shift of passengers from cancelled flights to operating flights does 

occur in some degree. The portion of traffic booked originally on a 

cancelled flight and retained on other flights varies in direct proportion 

to the length of the passenger journey involved The shorter the passenger 

trip, the less will be the shift of traffic to other flights; conversely, the 

longer the passenger trip, the higher ~111 be the percentage of traffic 

retained on other flights ~ When a short-haul flight is cancelled because 

of weather conditions, it is much simpler for a passenger to find an 

alternative mode of transport&Ion and still reach his destination within 

a reasonable length of time. In long-haul services such posslbllltles 

do not exist and the passenger 1s more likely to try to find accommodations 

on a later flight and still travel by air. 

Although this shift from cancelled flights to operating flights does 

occur, it 1s Impossible to identify the traffic involved and to measure the 

shift precisely. Theoretically, this traffic shift could be ldentlfled by 

means of a name search and a comparison of airline reservations cards 

and passenger lists The process would be a laborious and unmanageable 

task at the best, however, and the statistical findings would remain 

suspect, To account for the passengers holding reservations on a 

cancelled flight of a given airline, it would be necessary to determine 

how many of the passengers were accommodated on flights of another 

alrllne I how many were diverted to another mode of transportation, and 

how many gave up their travel plans entirely. To account for the numbers 

of passengers involved in cancelled flights by all carqers would be - 

impossible, for all practical purposes 
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It 1s necessary, therefore, to make assumptions regarding the 

percentage of booked passengers who would continue to travel by air in 

the event their filghts were cancelled due to weather condltlons After 

discussions with operating personnel at airllnes with both long-haul and 

short-haul characterlstlcs, it was decided to use the following assump- 

tions in regard to traffic retained. 

Length of Per Cent of Booked 
Passenger Journey Passenger Revenue Retained 

0- 500 miles 25% 
501-l ,000 m*les 50 
1,000 miles or over 75 

When these assumptions were applied to traffic volume by mileage 

groups in the CAB Origination-Destination Air Traffic Survey for 1958 

(latest published data available) and consideration paid to differing fare 

yields I the weighted average rate of traffic retention for all domestic air 

travel was 47%. This is the average retention rate applicable to total 

travel and not to individual carriers, however. It 1s obvious that carriers 

whose traffic 1s prlmarlly short-haul in nature will retain a much lower 

rate of traffic and will incur severe passenger revenue losses in periods 

of bad operating weather. Also, it should be noted that the assumed 

rate of traffic retention applies to trunk and local service carriers as a 

whole. The portion of an lndlvldual carrier’s own traffic that is retained 

would be lower. When a carrier cancels a flight because of bad weather, 

some of the booked passengers may transfer to later flights of another 

carrier. While this constitutes a loss to one airline J it does not represent 

a loss to air transportation as a whole. 

It was assumed that the average cancelled flight carried traffic 

with passenger-journey and load-factor characteristics of the national 

average; 1-e d if the load factor for all domestic trunk and local service 
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tamers 1s 60% for any given year, It was assumed that the average flight 

cancelled because of weather reasons would also have a load factor of 

60% Also, the assumption that the average Journey of passengers on 

cancelled flights 1s equal to that of all domestlc air travel means that 

the loss to an- transportation ~11 be 53% (In terms of the lY58 traffic 

dlstrlbution by length of passenqer journey) A slmllar assumption was 

made In regard to fare yields I the determlnatlon of which considered 

recent trends In first class/coach traffic relatlonshlps 

The appllcatlon of these assumpt~rns in regard to load factor I length 

of passenger journey, fare yield, and traffic loss to actual and proJected 

average seats per aircraft departure results in the estimates of the 

passenger revenue lost to an carriers per average flight cancellation 

shown he Low. 

Year 

1959 
1960 
1961 
1962 
1963 

Average Passenger Revenue Loss 
Per Flight Cancellation 

- Due toWeather Conchtlons -__-- 

$275 
302 
337 
372 
408 

It has been determined that the number of flights cancelled for 

weather reasons amounts to I 14% of annual fllgilt departures The 

application of this factor to the total number of an-line flight departures 

required to handle traffic volumes :n the 1959-1963 period produces the 

numbei of flights cancelled by alrllnes because of adverse weather 

condltlons (see Appendix A, Table 14) 



Passenger revenue losses (shown In Appendix A, Table 13) 

are summarized below. 

Year 

1959 
1960 
1961 
1962 
1963 

Annual Passenger 
Revenue Losses- 

$14,989,000 
18,930,000 
20,694,OOO 
22,730,OOO 
24,858,OOO 

While airlines suffer substantial losses In passenger revenues when 

flights are cancelled, they are able to save some operating expense as a 

result of not flying the cancelled mileage. Short-run cash savings occur 

primarily In the categories of flight crew salaries and expenses and In 

fuel costs. As direct maintenance expense is a function of aircraft hours 

flown, costs are saved in proportion to the reduction In flying hours: 

these savings are spread over the entlre maintenance and overhaul period, 

however, and are not realized immediately. 

Because of the Influence of fixed components in flight and maintenance 

crew scheduling, It h-as been concluded that the unit costs saved as a 

result of not flying a scheduled trip are less than the incremental Increased - 

costs of overflyins a trip. The unit flight costs derived for use in computing 

delay costs have been discounted, therefore, in determining cost savings 

from flight cancellations. 

Generally speaking, no ground and indirect cost savings are possible 

when scheduled flights are cancelled Reservations and ticketing costs 

have been incurred and are usually duplicated in attempts to accommodate 

passengers on other flights. Ticket refunds are a source of additional 

expense and no savings are possible in aircraft handling expense: the 

only expense saved therefore, is in direct aircraft operating costs and in 

the in-flight passenger service categories of hostess salaries and food. 
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Total savings accruing to airlines as a result of cancelled mileage 

are reflected in the product of the hourly unit costs described in the 

preceding paragraphs and the number of aircraft hours cancelled. The 

number of aircraft hours cancelled is derived by applying a weighted 

average speed to the number of miles cancelled for weather reasons. 

The method of estimating cancelled revenue mileage has been explained 

in the dlscusslon of revenue losses. 

The cost savings resulting from flight cancellations are shown below. 

Annual Cost Savings In 
Year Aircraft Operating Expense 

1959 $12,165,000 
1960 18,433,OOO 
1961 19,036,OOO 
1962 18,941,OOO 
1963 18,704,000 

The net losses incurred from flight cancellations, represented by 

the total addltlonal operating expense incurred plus the amount of 

passenger revenue loss less the costs saved as a result of not flying the 

cancelled mileage , are given below. 

Year 

1959 
1960 
1961 
1962 
1963 

Cost of Flight Diversions 

Net Costs of 
Flight Cancellations 

$6,524,000 
4,817,OOO 
6,122,OOO 
8,511,OOO 

11,138,OOO 

When an aircraft on a scheduled flight 1s diverted to an alternate 

alrport as the result of lnablllty to land at the scheduled destlnatlon air- 

port, alrllne operating expenses are increased because of delay and 

disruption. 
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1 Costs of Delay. Because aircraft must fly on to an alternate 

alrport, addltlonal flight costs are Incurred in proportion to the amount 

of delay Involved Such delay 1s measured by the difference between the 

amount of block-to-block time scheduled and that actually required to 

fly between the departure airport and the alternate alrport used. 

The ldentlflcatlon of alrcraft delay time due to dlverslons 1s not 

possible In recorded alrllne operating statlstlcs In order to recognize 

the addltlonal flight costs incurred as a result of dlverslons , It LS 

necessary to estimate the average delay time per diversion. After 

dlscusslons with alrllne operating personnel I it has been concluded that 

an assurnptlon of one hour delay per flight dlverslon would be reasonable. 

This average delay time recognizes the posslblllty of spending some time 

holding over the Tcheduledjdestlnatlon alrport d flying on to an alternate 

airport and the possibility of holding over that airport before landing. 

Despite the Increased speed of modern Jet aircraft, the assumption of 

one hour per dlverslon appears reasonable 

The total dollar cost to the airlines from ihis source of delay may 

be measured by applying the estimated number of flight dlverslons to the 

average cost per delay. The average hourly cost applicable to alrcraft 

delay and the methods used in rts determlnatlon have been dlscussed 

under Costs of Flight Delay. The number of flight diversions are assumed 

to be a function of instrument approaches (see Appendix A, Table 17). 

2. Costs of Disruption. Flight diversions disrupt scheduled 

aircraft dlstrlbutlon as well as passenger Journeys. Additional flight 

costs are involved as a result of aircraft disruptions and passenger 

service expense (“Interrupted Trip Expense”) 
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As in the case of cancellations , the landing of aircraft at an airport 

other than Its scheduled destlnatlon results In a disruption of the normal 

aircraft rotation used In flight scheduling. When weather clears at the 

original destination airport, the resumption of scheduled operations there 

depends upon the avallablllty of aircraft. These can be furnished through 

the use of spare aircraft (and there 1s a rigid limltatlon on the number of 

airports at which an airline can now station expensive Jet aircraft as 

spares) or the ferrying of aircraft 

The possiblllties involved In re-positioning aircraft after schedule 

dlsruptlons are such that It 1s not always necessary to ferry an au-craft 

from the alternate airport to the orlglnal destlnatlon airport. As the 

airline will take advantage of the most efficient way to re-position the 

aircraft , it 1s assumed that the time spent in ferrying the aircraft will be 

less than the delay due to the dlverslon. No recorded data are available 

upon which to base ferry mileage due to this cause, It appears, however, 

that an assumption of ferry time equal to one-half the delay time due to 

diversions would be reasonable. Accordingly, an as slgnment of one-half 

hour of block time LS assigned to each dlverslon to recognize aircraft 

dlsrupt*on costs D Dollar costs to the airlines are represented by the 

estimated number of flight dlversions times the incremental direct air- 

craft operating costs for thirty minutes. 

The expenses involved In accommodating passengers on diverted 

trips are substantial The problem of provldlng accommodations and 

surface transportation are far more severe when flights are diverted to 

alternate airports than when flights are cancelled In the event of 

cancellations, the flight may have been scheduled to originate at the 

home city of a substantial number of the passengers. In the case of a 

dlverted flight, the alternate alrport 1s neither the origination nor the 

destlnatlon city of the lnconvenlenced passengers. 
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No studies were avallable upon which to evaluate the interrupted 

trip expense for flight dlverslons with that resulting from flight cancella- 

tlons. A Judgment evaluation set the dlverslon costs at twice those of 

cancellations. The average lqterrupted trip expense Incurred per flight 

cancellation was determined In the paragraphs above relating to Costs 

of Flight Cancellations. Total dollar costs incurred In dlverslons were 

determined by doubling these unit costs per cancellation and applying 

this cost to the number of flight diversions. 

Costs per dlverslon are shown in Table 16 (Appendix A), and total 

annual costs (see Appendix A, Table 18) are summarized below. 

& Annual Costs of Fllqht Diversions 

1959 $2,661,000 
1960 3,021,OOO 
1961 3,208,OOO 
1962 3,411,ooo 
1963 3,675,OOO 
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Section III 

COSTS INCURRED AS A RESULT OF LANDING ACCIDENTS 

The Inability of aircraft to land safely In all weather condltlons 1s 

reflected ln accidents - from landings that are too short, too long or off 

the runway These accidents result in loss of life and in property damage 

to aircraft The payment of claims arlslng from these accidents results 

In increased airline costs in the form of direct payments (In the event 

the carrier 1s self-instired) or in insurance premiums which reflect both 

the accident rate and the amount of settlement 

The number of landing accidents In adverse weather bears a 

relationship to the number of instrument approaches to which the airllnes 

are exposed The number of instrument approaches at any airport 1s 

determined by the volume of aircraft operations and the time periods in 

which IFR operations are necessary. 

In determlnlng the costs to carriers of landing accidents during 

the 1959-1963 period, accident data for the years 1956 through 1959 were 

analyzed In terms of number of landing accidents I types of aircraft 

involved and the degree of alrcraft damage (whether totally or partially 

destroyed) An lnvestlgatlon was made in regard to the amount of 

awards for death and personal injury benefits After analysis of these 

data, an estimate was made of the average aircraft damages incurred 

in a landing accident and the average amount of Injury and death 

benefits paid per accident. 

In estlmatlng costs for the period, 1961-1963 d the following 

procedure was followed 
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1 The 1956-1959 rate of instrument approaches per alrcraft 

operation was applied to the forecast number of air carrier operations in 

order to estimate the number of instrument approaches to be made by air 

carriers (The number of instrument approaches 1s shown in Appendix A, 

Table 7.) 

2. The 1956-1959 rate of landing accidents per instrument 

approach, .0000145, was applied to the number of Instrument approaches 

in order to determlne an estimate of the number of air carrier landing 

accidents (See Appendix A, Table ‘8 ) 

3. Estimates of the average aircraft damage incurred per 

accident (see Appendix A, Table 9) and the average payment per accident 

for death and personal injury benefits (see Appendix A, Table 10) was 

applied to the number of landing accidents, In determlnlng the amount 

of aircraft damage per landing accident attention was paid to the 

increased value of alrcraft units in carrier fleets This ranged from 

$824,000 in 1959 to $1,963,000 In 1963 as a result of the transition to 

fleets composed prlmarlly of Jet alrcraft. The amount of aircraft damage 

per landing accident was set at 25% of the alrcraft value (carrier experience 

during the 1956-1959 period) This resulted in average aircraft damage 

of $206,000 in 1959, lncreaslng to $491,000 in 1963. 

In estlmatlng the amounts paid to satisfy claims resulting from 

loss of life and personal InJury, consideration was given to increased 

passenger loads resulting from increased alrcraft seating capacity. 

The breakdown between fatalltles and serious Injuries per landing 

accident were estimated on the basis of the ratlo between substantially 

damaged an-craft and demolished aircraft in the 1956-1959 period. The 

amount of costs for InJuries and deaths was based upon an analysis of 

claims paid In the recent past The costs per landing accident for 
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inlurles and fatalltles was estimated to be $2,134,000 in 1959, to 

decline to $1,669,000 in 1960 (reflecting the 1956-1959 rate), and 

to increase to $2,466,000 in 1963 

The estimated total costs incurred by carriers as a result of 

landing accidents are shown below. 

Year 

1959 
1960 
1961 
1962 
1963 

Annual Landing 
Accident Costs 

$27,738,000 
15,022,OOO 
16,434,OOO 
17,957,ooo 
19,730,000 

Although carriers may be reimbursed by insurance companies for 

damages resulting from landlng accidents , the face amount of these 

damages must be recognized as economic costs in the long run, as 

insurance premiums must be sufficient to cover the damages on an 

industry-wide , year-ln, year-out basis. 

The higher costs In 1959 reflect an abnormally high accident rate 

in that year. Costs in future periods have been estimated on the basis 

of the rate existing in the 1956-1959 period. 
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Section IV 

LOSSES INCURRED BY COMMERCIAL AIRLINES 
RESULTING FROM AN INHIBITION IN DEMAND 

DUE TO UNRELIABILITY OF AIR TRAVEL 

A slgnlflcant source of economrc loss Incurred by airlines 1s the 

reduction rn demand for air travel resultrng from unrelrabllrty in bad- 

weather months This reductron II-I potential passenger revenue 1s in 

addition to the losses incurred when aulines are forced to cancel 

flights on which passengers are already booked It exrsts because of 

the knowledge on the part of the traveling public that air travel 1s 

unrelrable rn bad-weather months and the fact that the public makes 

greater use of other modes of transportatron during these perrods of bad 

weather 

The seasonal varration In the alrlrnes’ performance factor 

(scheduled mrles flown as a per cent of scheduled miles) 1s an lndrca- 

tron of unreliabilrty of air travel In the bad-weather months. u The 

percentage of scheduled mileage flown 1s at a high plateau during the 

late sprrng and summer months I declrnes In the fall, and drops to a low 

point in January and February Conversely, the percentage of scheduled 

miles cancelled rises to a peak durrng the winter months and 1s at a low 

pornt throughout the sprrng and summer months. This ratlo, the 

percentage of scheduled miles that are cancelled, may be considered a 

measure of the current unrellabrllty of air travel. 

L/ Monthly performance factors for the U.S domestic trunk and 
local service arrlrnes In the perlod 1952-1960 are shown in 
Table 5 of Appendrx A. 
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It 1s recognized that this ratlo of scheduled miles cancelled 1s 

not the sole measure of unrellablllty of air travel. Other schedule 

dlsruptlons having an effect on demand, such as long delays and 

diversIons, are not consldered In this measure. Until recently, however, 

this factor has been the only public statistic available with which to 

measure schedule dlsruptlons. At the present time the domestic carriers 

are submlttlng to the CAB monthly reports of the per cent of trips 

arriving on time or within 15 minutes of scheduled arrival time While 

these data will provide a means of measuring seasonal varlatlon In 

delays, at the present time there are insufficient data with which to 

construct an adequate seasonal variation Index. 

That the public has recognized the unrellablllty of air transporta- 

tion during the bad-weather months is evident In the seasonal relatlon- 

ship between air and rail travel. An analysis of the penetration of air 

travel In the total first class air and rail market indicates a peaking in 

the spring and summer months, a decline In the fall and low point In 

January and February. (These market penetration data for the 1952- 

1960 period are shown in Appendix A, Table 6.) These seasonal fluctua- 

tlons In penetration bear a strong resemblance, of course, to the 

seasonal fluctuations of the reliablllty of air travel. 

The seasonal relatlonshlp between the market penetration of air 

travel and air reliablllty over the 1952-1960 period has been plotted and 

is shown in Chart 1, Over this period the penetration of air travel into 

total first class air and rail travel has been substantial. This growth 

has been due to many factors, lncludlng the influences of fare changes, 

the lncreaslng speed of aircraft , changes In the rellablllty of air travel, 

and the important intangible factor of a growing awareness on the part 

of the traveling public of the advantages of air travel In the conduct of 

business and social actlvlty. 
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While It 1s lmposslble to measure satlsfactorlly the discrete 

effects of each of these factors on the demand for air travel, It 1s 

possible to measure the Influence of seasonal changes XI the rellablllty 

of air travel on seasonal changes In the market penetration of air travel, 

once annual trend values have been removed. This 1s accomplished by 

determlnlng monthly devlatlons of rellablllty and market penetration data 

from their respective twelve-month moving averages and then comparing 

the two series These deviations have been plotted by month for the 

1952-1960 period and are shown in Chart 2. As the chart indicates, 

there 1s a close relationship between the monthly devlatlons for 

reliability and those for penetration. Deviations increase in the summer 

months and decrease in the winter months for both series of data. 

The establishment of this close seasonal relationship between 

reliability and penetration indicates that the monthly changes In market 

penetration have come about as a result of the monthly changes In 

reliability since none of the other factors affecting air travel - changes 

In fares, speed, volumes of service, etc - occur on a regular monthly 

seasonal pattern. 

These observations of the changing relatlonshlps over time of 

reliability and penetration data can provide a measure of the influence 

of the rellablllty of au- travel on the demand for air travel If past 

changes in reliability have brought about changes in demand, then the 

relationships between these changes can be used to predict future 

changes in demand 

In the problem at hand, that of measuring the losses in passenger 

revenue Incurred by alrllnes as a result of the present state of unrellablllty 

of air travel, the economic benefits to accrue as a result of improving 

reliability can be regarded as the economic cost of the exlstlng state of 
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unrellablllty That is, If it 1s possible to improve the reliability of air 

travel by a given amount through an improvement in the air traffic control 

system and thus increase the demand for air travel, then the economic 

cost of the existing state of unrellablllty can be measured by the dollar 

value of the change in demand. 

Measuring the dollar costs to air carriers of the effect on demand 

of the existing state of unreliability of air travel due to weather conditions 

involves the following procedure. 

1 Determining the existing degree of unreliability of air travel 
due to weather condltlons 

2. Establishing that a relationship exists between unreliability 
and demand. 

Estimating the degree of change in demand that will be brought 
about by an elimination of unreliability. 

3. Applying the estimated change in demand to the level of air 
carrier traffic (and revenue) existing in any given period. 

1 Degree of Exlstlnq Unrellabllltv The degree of existing un- 

reliability in air travel that is due to weather factors can be measured by 

the differences between the percentages of scheduled mileage cancelled 

in bad-weather months, the peak period of flight cancellations, and that 

cancelled in good weather months, when cancellations are low. The 

residual cancellations in good-weather months are assumed to be the result 

of nonweather factors, principally mechanical failures. 

This is not strictly a true measure, for it understates slightly 

the influence of weather on cancellations in the summer months and over- 

states slightly its influence in winter months The understatement arises 

from the assumption that all flight cancellations in summer months are 

due to nonweather factors While this is generally true, nevertheless it 1s 

a fact that some flight cancellations occur in summer months as a result 

of weather conditions 
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On the other hand, however, the assumption that, with an lmprove- 

ment in the existing landing system, the same percentage of flights will 

be cancelled in winter months as in summer months overlooks the fact that 

heavy snowfalls ~111 continue to cause fliqht cancellations in winter months 

because of runway snow removal problems While it LS impossible to 

measure precisely the influence of these factors , It 1s reasonable to assume 

that they will have offsetting characterlstlcs so that the difference exlstlng 

between the percentage of scheduled mileage cancelled In winter months 

and that cancelled in good-weather months may be considered an adequate 

measure of the degree of unreliability chargeable to adverse weather con- 

ditions 

The percentage of flights cancelled in peak performance months has 

been lncreaslng since 1954. 

% of Scheduled Mileage 
Cancelled in Peak 
Performance Month 

1952 0.80% 
1953 1 26 
1954 0 97 
1955 0.99 
1956 1.03 
1957 1 19 
1958 1.52 
1959 1 67 

Average 1 14% 

This increase in the degree of unreliability In peak performance 

months has been due to increased congestion at airports, to maintenance 

dlfflcultles associated with speclflc alrcraft types, and to a change In 

the statistical reporting by carriers which may distort recent performance 

factors slightly in comparison with past periods In prior periods It was 

the airlines’ procedure to continue to designate a delayed flight with the 

same flight number, at the present time, there 1s a tendency for airlines 
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to cancel a flight that 1s delayed and to reinstate it with a different flight 

number In comparison with previous periods, this change in procedure 

has the effect of lowering the performance factor and lncreaslng the number 

of miles reported as extra-sectlons to the Clvll Aeronautics Board. 

It 1s assumed that the influence of these factors will not continue 

to Increase and that the average rate of cancellation during the peak- 

performance months of 1957, 1958 and 1959 - 1 46% - 1s a reasonable 

measure of unrellablllty due to nonweather factors for the 1959-1963 

period The amount of unreliability due to weather factors is measured by 

the difference between unrellablllty due to all factors and that due to non- - - 

weather factors The average percentage of scheduled mileage cancelled 

for g reasons during the 1952-1959 period is 2 60%; annual data have 

shown little variation in that period, with the exception of 1956. 

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

% of Scheduled 
Mileage Cancelled 

(Annual) 

2.83% 
2 53 
2.18 
2,17 
3.32 
2 54 
2.61 
2.63 

Average 2 60% 

With 2 60% representing the degree of unrellablllty due to all - 

factors and 1 46% to nonweather factors, It can be concluded that a 

factor of 1 14% represents the degree of unreliability due weather factors 

alone 

2 Establishing Relationship between Unreliability and Demand. 

The existence of a relationship between the unrellablllty of air travel and 

the demand for air travel has been established previously in the dlscusslon 

of the seasonal changes in schedule reliability and the penetration of the 

total first class air and rail travel market The existence of a close 
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relatlonshlp 1s an lndlcatlon that changes in reliabllllty have had an In- 

fluence on changes In demand 

It 1s necessary to determine the deqree of change in penetration 

associated with a given change K reliability. This may be accomplished 

by relating the sum of monthly deviations from twelve-month moving 

averages for the market penetration data to the sum of reliablllty deviations. 

(See Chart 2 ) These ratios for each year in the series are shown below. 

1953 2 11 
1954 1 76 

1955 1 65 
1956 0.79 
1957 0.87 
1958 1 14 
1959 1.03 

From these data one may conclude that an increase in air travel 

rellabllity in the 1952-1955 period produced substantially more than a 

proportionate increase In market penetration In the 1956-1957 period, 

a change in rellablllty brought about a less-than proportlonate change In 

air travel’s share of the market; in 1958-1959 the change was slightly 

more than proportionate For the period as a whole, it appears that an 

assumption of a one-to-one relationship would appear to be reasonable 

Thus, it appears that a given percentage increase In rellablllty 

will bring about the same percentage In the demand for air travel As 

the change In rellablllty being considered In this study 1s the total 

elimination of unrellablllty due to weather condltlons (1 14%), one may 

conclude further that ellmlnatlon of this source of unrellablllty would 

bring about an increase of 1 14% in the demand for au- travel. This 

1 14% factor, when related to a given level of traffic, may be consldered 

as a measure of the loss being Incurred by the alrllnes as the result of an 

inhibition in demand due to unrellablllty 
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3 Applvinq the Estimated Change in Demand to a Given Level 

of Traffic. With the determination of a 1. 14% factor as a measure of the 

effect of exlstlng unrellablllty on the demand for air travel, It remains to 

apply this factor to the level of demand exlstlng In any period. This level 

of demand may be measured in terms of passenger revenue, the product of 

revenue passenger miles and the average fare yield per passenger mile. 

To determine losses to air carriers in the 1959-1963 period it is 

necessary to forecast the level of demand (passenger traffic) for the 

period 1961-1963. Methods used in forecasting passenger traffic were 

developed in the “Curtis Report. “” The basis of the forecasting method 

is the relationship between economic activity, as measured by Gross 

National Product, and first class air and rail travel. (The definftion of 

first class air travel includes one-third of coach and family fare travel, 

on the assumption that this traffic has been diverted from first class travel.) 

With the establishment of a relationship between first class travel 

and Gross National Product (this relationship was determIned to be 65 first 

class passenger miles per $1, 000 of Gross National Product in 1947 dollars), 

total first class travel may be proJected through the use of a forecast of 

Gross National Product 

The first class ax market was determined by projecting the pene- 

tration of ax travel into the total first class market for 1953-1958 by mileage 

groups A penetration limit of 90% was placed on passenger Journeys of 

100 miles or less and 95% on Journeys of 500 miles or over Coach air travel 

I/ United Research Inc., National Reauirements for Avlatlon Facilities: 
1956-1975, Volume IV, prepared for Edward P Curtis, Assistant to the 
President. 
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was predicted on the basis of its penetration of the total air travel market 

by journey length. The CAB Airline Traffic Surveys for March and September 

1953 and March and September 1958 were used to compute the percentage 

of coach travel In each mileage group The trend of this percentage between 

1953 and 1958 was proJected on semi-loganthmlc scale paper to a maxlmum 

of 75% In mileage groups under 1, 500 miles, and 80% In mileage groups of 

1,500 miles and over An exception was made in the case of the 1, lOO- 

1, 199 mileage group, which includes the predominantly coach New York- 

Miami market, where the penetration was allowed to reach 80% This 

boundary limit on coach penetration was based on the theory that such 

factors as the prestige value of first class travel would be a deterrent to 

the complete absorption of the market by coach 

Based upon the forecast of first class travel and the estimated coach 

penetration, the size of the total market was determined after making allow- 

ance for the traffic-generating effect of ]et alrcraft which were not operative 

in past periods. Data are not yet available upon which to base any conclusive 

fIndIngs as to the ablllty of Jet aircraft to generate new traffic, however, it 1s 

reasonable to assume that there will be such traffic generation as a result of 

the increased business and personal travel opportunities created by the 

greater speeds inherent in Jet aircraft As these benefits will accrue prln- 

cipally to long-haul traffic, It is assumed that the traffic-generating effect 

of let aircraft will be on the order of 10% for travel In the 1, 000-1, 499 

mileage blocks and 15% in the 1,500-and-over mileage blocks The re- 

sulting forecast of passenger miles for domestic trunk and local service 

carriers 1s shown In the following tabulation. 
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Revenue Air 
Passenger Miles 

Year (bllllons) 

1961 32 93 
1962 34 97 
1963 37 14 

First class rail travel, which 1s the other component XI the total 

market available to the alrllnes , has been decreasing steadily ever since 

World War II 

(b11110ns) 

1946 16.93 
1947 10 48 
1948 9 42 
1949 7 99 
1950 7.98 
1951 8 74 
1952 8 13 
1953 6 80 
1954 5 86 
1955 5 51 
1956 5.37 
1957 4.43 
1958 3 63 
1959 3 23 

If the steady trend downward which has been evident since the end 

of the Korean war were malntalned, there would be no first class rail travel 

after 1964 The fu-st six months of 1960 show first class rail travel running 

at 96 48% of the first SIX months of 1959 If this ratio persists, the 1960 

figure will be 3 12 bllllon passenger miles For the rest of the forecast 

period, the level of fxst class rail passenger miles 1s estimated to level off 

at 3 00 bllllon passenger miles a year The forecast of the comblnedmarket 

of total air plus first class rail follows 

Al AdJusted for 17% clrculty 

Source Assoclatlon of Amerxan Rallroads, Statistics of Railways of Class I 
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Total Air and 
First Class Rail 

Revenue Pass. Miles 
(bllllons) 

1957 29. 76 
1958 29 03 
1959 32 55 
1960 34.12 
1961 35 93 
1962 37 97 
1963 40.14 

A constant average yield of 6 0 cents per passenger mile has been 

assumed for the entlre forecast period on the basis that the influence of an 

lncreasrng proportion of coach traffic will tend to offset the effect of any 

future increases In the fare level. The appllcatlon of this average fare 

yield to the forecast volume of passenger miles results In a dollar measure 

of the existing demand for air travel 

As the influence of unrellablllty due to weather condltlons on the 

demand for air travel was determined to be 1 14%. the dollar losses In 

passenger revenue resulting from the current degree of unrellablllty can 

be measured by applying the factor of 1.14% to current and forecast levels 

of passenger revenue The resulting revenue losses are showr below. 

1959 $17,343,000 
1960 23,340, 000 
1961 24, 576, 000 
1962 25, 974, 000 
1963 27,456, 000 

It 1s recognized that the net loss to the alrllnes of reduced demand 

1s somewhat less than that lndlcated by passenger revenue losses alone 

There are some cost savings associated with mhandllng the traffic at 

the present time These are minor In comparison with the amount of revenue, 

however, and are limited to incremental costs Incurred In reservations, 

ticketing and revenue accounting and In-flight passenger servxes. The 
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volume of traffic Involved, 1.14%, 1s so small and alrllne load factors 

(approximately 60%) are sufflclently low to warrant an assumption that the 

traffic resulting from the increased demand could be carried on exlstlng 

flights. No direct aircraft operating costs are saved as a result of the 

1 14% reduction In the demand for air travel resulting from the current 

state of unrellabllity of air travel. 

An allocation to 22 selected airports 1s shown In Table 2 of 

Appendix A Total U S losses have been allocated to lndlvldual air- 

ports In the same ratlo as that existing between lndlvidual airports and 

the U S total in cost savings. 
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APPENDIX A 

Exhlblts 



Table 1 

ESTIMATED TOTAL AIRLINE LOSSES INCURRED DUE TO INABILITY TO DELIVER 

PASSENGERS TO DESTINATION AIRPORTS IN ALL WEATHER CONDITIONS 

Airport 1959 

$1,853 
4, 106 
1,461 
1,292 
1,197 

1960 

$1,240 
2,790 

736 
499 
907 

1961 

$1,323 
2, 763 

796 
529 

1, 027 

Los Angeles, Calif 
Chicago, Ill. (MDW) 
New York, N Y. (LGA) 
Washington, D C (DCA) 
San Francisco, Calif 

$1,463 $1,591 
2,703 2,665 

834 933 
569 606 

1,175 1,388 

New York, N Y (IDL) 
Pittsburgh, Pa 
Cleveland, Ohlo 
Atlanta, Ga. 
Newark, N.J. (EWR) 

1,313 
859 
842 

1, 061 
1,092 

914 1, 083 
499 494 
483 494 
868 988 
731 873 

1 

1 
1 

,284 
497 
497 

, 128 
,086 

Detroit, Mich. (YIP) 
Portland, Ore (PDX) 
Philadelphia, Pa 
Dallas, Texas 
Boston, Mass 

1, 023 
824 
822 
756 

1,114 

387 360 
616 663 
499 568 
797 950 
684 834 

303 
693 
606 

, 131 1 
1. 042 

Houston, Texas 
Mlnneapolls, Minn 
Cincinnati, Ohlo 
Chlcago, Ill. CORD) 
Fort Wayne, Ind. 

496 
522 

1,021 
525 
138 

421 494 563 
468 568 693 
387 438 497 
387 476 563 
123 136 151 

Rochester, N. Y 
Lexington, Ky 

Subtotal - Selected Airports 

1959 - 1963 

(Dollars In thousands) 

791 
527 
442 
765 
640 

431 
611 
449 
695 
582 

373 
403 
345 
316 
108 

387 
174 

$22,878 

291 
137 

$14, 078 

320 
136 

$15,158 

360 452 
153 168 

$16, 676 $18, 537 

Total U S $58, 185 $50,812 $55,269 $61, 088 $67, 705 

Note: These figures represent the sum of estimated passenger revenue losses 
(see Table 21, estimated avoidable landing accident costs (see Table 31, 
and estimated operating costs incurred due to lnablllty to operate (see Table 4) 
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Table 2 

ESTIMATED PASSENGER REVENUE LOSSES DUE TO INABILITY TO DELIVER 

PASSENGERS TO DESTINATION AIRPORTS IN ALL WEATHER CONDITIONS: 1959 - 1963 

(Dollars In thousands) 

Airport 

Los Angeles, Calif 
chmg0, 111. (MDW) 
New York, N Y. (LGA) 
Washmgton, D. Co (DCA) 
San Franctsco, Calif 

$ 65 
326 

73 
80 
49 

1960 1961 

$ 91 $ 91 
356 324 

56 56 
40 40 
68 71 

New York, N.Y. (IDL) 65 58 66 
Pittsburgh, Pa 40 42 37 
Cleveland, Ohio 38 35 52 
Atlanta, Ga 49 58 62 
Newark, N. J. (EWR) 56 49 54 

Detroit, Mlch. (YIP) 64 35 29 
Portland, Ore. (PDX) 30 46 46 
Philadelphia, Pa 42 38 37 
Dallas, Texas 31 51 56 
Boston, Mass 62 44 50 

Houston, Texas 22 30 32 
Minneapolis, Mmn 21 32 37 
Cmclnnatl, Ohlo 24 28 29 
Chicago, Ill (ORD) 26 26 29 
Fort Wayne, Ind 9 12 13 

Rochester, N Y 22 
Lexmgton, Ky 10 

Subtotal - Selected Airports $1, 204 

Total U S $17,343 

26 27 
14 15 

$1,235 $1,253 

$23,340 $24,576 

1962 1963 

$ 96 $ 98 
285 249 

57 57 
40 41 
78 85 

72 80 
37 32 
37 32 
65 68 
59 68 

26 22 
46 44 
39 41 
63 71 
57 66 

37 39 
39 44 
31 32 
33 39 
13 14 

26 30 
15 14 

$1,251 $1,266 

$25, 974 $27,456 

Note: Derivation of total U S passenger revenue losses 1s explained in Section IV. 
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Table 3 

ESTIMATED ANNUAL AVOIDABLE LANDING ACCIDENT COSTS: 1959 - 1963 

(Dollars in thousands) 

AIrport 1959 

Los Angeles, Callf. $1,302 
Chlcago, Ill. (MDW) 1,280 
New York, N.Y. (LGA) 832 
Washlngton, D C (DCA) 598 
San Francisco, Callf 790 

New York, N.Y (IDL) 747 
Pittsburgh, Pa 512 
Cleveland, Ohlo 512 
Atlanta, Ga 640 
Newark, N J (EWR) 619 

Detroit, Mlch (YIP) 469 
Portland, Ore. (PDX) 576 
Phlladelphla, Pa 469 
Dallas, Texas 491 
Boston, Mass. 576 

Houston, Texas 299 
Mlnneapolls, Mann. 341 
Cincinnati, Ohlo 299 
Chicago, Ill (ORD) 299 
Fort Wayne, Ind 64 

Rochester, N.Y 213 
Lexington, Ky 85 

Subtotal - Selected &rports $12, 013 

Total U. S $27, 738 

1960 1961 1962 1963 

$ 668 $ 698 $ 741 $ 764 
517 534 516 518 
384 411 404 444 
250 267 269 271 
484 534 584 666 

417 472 539 617 
267 246 225 222 
217 226 225 222 
401 452 494 543 
334 370 427 518 

217 185 157 123 
317 308 314 321 
217 246 269 271 
367 411 471 543 
300 349 404 493 

184 205 225 247 
200 226 269 321 
167 185 202 222 
150 185 225 247 

33 41 45 49 

134 
50 

$ 6,275 

$15,022 

144 
41 

$ 6, 736 

$16,434 

157 
45 

197 
49 

$ 7,207 $ 7,868 

$17,957 $19,730 

Note: Data were computed by applying the estimated average cost per accident 
(see Table 10) to the estimated number of landing accidents Landing 
accidents were estimated by applying the national rate of avoldable landing 
accidents per Instrument approach (see Table 8) to the estimated number of 
instrument approaches at each airport (see Table 7). 
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Table 4 

TOTAL AIRLINE OPERATING COSTS INCURRED DUE TO INABILITY TO 

DELIVER PASSENGERS TO DESTINATION AIRPORTS IN ALL WEATHER CONDITIONS 

1959 - 1963 

(Dollars in thousands) 

Airoort 1959 1960 1961 

Los Angeles, Callf $ 486 $ 481 $ 534 
Chicago, Ill. (MDW) 2,500 1,917 1,905 
New York. N Y (LGA) 556 296 329 
Washlnaton D C (DCA) 614 209 222 
San Francisco, Calif. 358 355 422 

1962 1963 

$ 626 $ 729 
1,902 1,898 

373 432 
260 294 
513 637 

New York, N. Y (IDL) 
Pittsburgh, Pa 
Cleveland, Ohio 
Atlanta, Ga. 
Newark, N J (EWR) 

Detroit, Mich (YIP) 
Portland, Ore (PDX) 
Philadelphia, Pa 
Dallas, Texas 
Boston, Mass 

501 316 376 472 587 
307 218 216 232 243 
292 190 205 232 243 
372 306 354 429 517 
417 257 307 387 500 

490 179 173 177 158 
218 248 262 303 328 
311 194 216 260 294 
234 277 330 416 517 
476 238 285 373 483 

Houston, Texas 175 159 184 232 277 
Minneapolis, Mann. 160 171 205 260 328 
Cincinnati, Ohio 176 150 173 205 243 
Chicago, Ill. (0R.D) 200 140 173 218 277 
Fort Wayne, Ind. 65 63 69 78 88 

Rochester, N.Y 
Lexington, Ky. 

Subtotal-Selected 
Airports 

Total U S 

152 131 149 177 225 
79 73 80 93 105 

$ 9,139 $ 6,568 $ 7,169 $ 8,218 $ 9,403 

$13,104 $12,450 $14,259 $17,157 $20,519 

Note: Estimated operating costs represent the sum of costs accruing from reductions 
in flight delays (see Table 12), reductions In flight diversions (see Table 18) 
and reductions in flight cancellations (see Table 15) when weather 1s below 
operational limits 
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Table 5 

RELIABILITY OF U S. DOMESTIC TRUNK AND LOCAL SERVICE AIRLINES 
(Aircraft Miles Performed as Per Cent of Au-craft Miles Scheduled) 

Month 1952 1953 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average 
for year 

94.27% 93.48% 

95.71 97 09 97.90 96.78 94.83 95 53 94 60 

94.84 96 23 97 06 97 25 93 89 98.25 97 08 

97 90 98 26 98 33 98.18 98.23 96 85 98 13 

98.11 97 80 98 39 98.83 98.39 98 44 98 09 

98.70 98 64 99.03 99 01 98 97 98 72 97 03 

99 12 98.39 98.97 98 77 98 37 98 47 97 83 

99 07 98.53 98 78 98 17 97 74 98 81 98 48 

99 20 98 73 98 43 98 82 97 93 98.51 98 06 

98 87 98 74 98.15 98 25 98.11 97 94 98 07 

95 85 97 10 97 35 96 93 96.60 97 06 97.61 

94 14 96 26 97.30 95.70 92 93 96.38 97.31 

1959 1960 

94 98% 94 53% 

94 71 95 33 

97 60 94.37 

98.20 98 54 

98.15 98 18 

98.32 95.17 

98 31 

98 33 

98 33 

97.67 

97.26 

96 05 

97.17% 97 47% 97 82% 97 83% 98 68% 97 46% 97 39% 97 37% 

1954 1955 1956 1957 1958 

94 05% 97 09% 93.80% 94 18% 96 12% 

Source: CAB, Monthly Report of Air Carrier Traffic Statistics 
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Table 6 
l/ AIR PENETRATION OF TOTAL AIR AND FIRST CLASS RAIL MARKET - 

Month 1952 

January 50 30% 

February 52 29 

March 56 50 

April 61 61 

May 60 59 

June 63 62 

July 65 07 

August 65 57 

September 65.95 

October 66 42 

November 64 77 

December 61.63 

Average 
for year 61.30% 69 00% 74.60% 78.70% 81 05% 85.62% 87 80% 90.28% 

1953 1954 1955 1956 

58.32% 66 40% 73 88% 76 23% 

62 77 70.52 75 05 76 67 

65 74 72 95 77.29 79 88 

68 86 75.65 79 38 81 42 

70 47 75 91 79.64 82 96 

71 49 76 45 80 19 82 25 

71 09 76.82 80 48 81 07 

72.80 73.57 80 14 82 09 

72 96 76.78 80 95 82 95 

71 65 76.27 80 47 82 94 

70 65 76 16 77 76 81.85 

70.89 76 59 77 92 81 38 

1957 

80.81% 

80 82 

85.07 

84 77 

86 39 

86 45 

86 48 

87.56 

87.65 

87 14 

86 60 

86 77 

* 

1958 1959 1960 

85 70% 86.64% 89 17% 

85 94 87 58 88 81 

87 79 89.74 89 46 

88 45 90.72 91 23 

88 28 91.36 91 82 

88 40 90.78 90 76 

88.27 90.46 

88 86 90.96 

89 46 91 73 

88 86 91.45 

87.54 91.27 

85.28 89.76 

L/ Total U S domestic alrllne revenue passenger miles as a per cent of combined air 
passenger miles and first class rail passenger miles (Note that the rail passenger 
mile data have been adjusted for 17% circuity ) 

Sources: CAB, Monthly Report of Ax Carrier Traffic Statistics, ICC, Passenqer Traffx 
Statistics (Other Than Commutation) of Class I Railroads in the United States, 
Statement No M-250 
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Table 7 

ESTIMATED NUMBER OF INSTRUMENT APPROACHES: 1959 - 1963 

Airport 1959 1960 

Los Angeles, Calif. 26, 876 25, 275 
Chicago, I11 (MDW) 26,718 19,658 
New York, N. Y (LGA) 17,359 14, 603 
Washlngton, D C. (DCA) 12,407 9,548 
San Francisco, Calif 16,453 17,974 

1961 1962 1963 

23, 895 22,665 21,490 
17, 782 16, 031 14, 327 
13, 893 12,714 12,122 

8,891 8, 292 7,714 
18, 338 18, 242 18, 735 

New York, N Y (IDL) 15,589 15, 727 16, 115 16, 584 17, 082 
Pittsburgh, Pa 10,835 10,110 8, 336 7,186 6, 061 
Cleveland, Ohlo 10,741 8,425 7,780 7,186 6,061 
Atlanta, Ga 13,475 15, 165 15,004 14,925 14, 878 
Newark, N J. (EWR) 12,700 12,357 12,781 13, 267 14, 327 

Detroit, Mlch. MP) 9,665 7, 863 6, 113 4,975 3, 306 
Portland, Ore. (PDX) 11,888 11,795 10, 558 9,950 8,816 
Philadelphia, Pa 9,947 8,425 8,336 8,292 7,714 
Dallas, Texas 10, 046 13,480 13, 893 14,373 14,878 
Boston, Mass. 11, 752 11, 233 11,670 12,714 13, 776 

Houston, Texas 6, 089 6, 740 6,668 7.186 7, 163 
Mlnneapolls, Mann 6,917 7, 302 7, 780 8,292 8,816 
Cincinnati, Ohio 6, 319 6, 178 6, 113 6, 081 6, 061 
Chicago, Ill (ORD) 6, 158 5,617 6,113 6,634 7,163 
Fort Wayne, Ind 1.239 1, 123 1,111 1,106 1,102 

Rochester, N.Y. 
Lexington, Ky. 

Subtotal-Selected &rports 

4,559 
1,934 

249.666 

5,055 5,001 4.975 5,510 
1,685 1,667 1,658 1,653 

235, 338 227,838 223,328 218, 755 

Total U S. 574,478 561,672 555,700 552,794 551,020 

Source: FAA, Air Traffic Actlvltv, 1959 
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Table 8 

ESTIMATED AVOIDABLE LANDING ACCIDENTS: 1959 - 1963 

1959 1960 1961 1962 1963 

Total Aircraft 
Operations 1/ 

Total Instrument 
Approaches 2/ 

Avoidable Landing 
Accidents per 
Instrument Approach 

Avoidable Landing 
Accidents 

7, 118,000 

574,478 

.0000226 

13 

6,960, 000 6,886, 000 6,850, 000 6,828,OOO 

561,672 555,700 552, 795 551,020 

.0000160 .0000144 0000145 0000145 

9 8 8 8 

J/ Data from National Repulrements for Avlatlon Facilities, 1956 - 1975. 

z/ ProJections for 1960 - 1963 are based on the 1959 ratio of instrument approaches to total 
aircraft operations. 

Sources: CAB, Resume of U S. Civil Air Carrier and General Aviation Illrcraft Accidents, 
1956-1959; CAA, Federal Ax-ways Activity Reports, 1956-1957, FAA, Activities 
at Air Traffic Control Facilities, 1958-1959, Airlift Masazine, May 1960, CAB, 
Monthly Report of Ax Carrier Traffic Statistics, December 1950-1959 
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Table 9 

ESTIMATED UNIT VALUE OF AIRCRAFT DAMAGED OR DESTROYED: 1959 - 1963 

Number of Pxcraft 
m Serwce L/ 

Depreciated Value 
of Axcraft (HI mllllons) 

Insured Value of 
Axcraft (in mllllons) 

Unit Value of Aircraft 
Destroyed (in thousands) 

Loss per Au-craft 
Damaged (in thousands) 

1959 

1,508 

$1,037 

$1,244 

$ 824 

$ 206 

1960 

1,484 

$1,623 

$1,947 

$1,313 

$ 328 

1961 1962 

1,386 1,241 

$1,815 $1, 760 

$2, 178 $2,112 

$1,571 $1,702 

$ 393 $ 426 

L/ Assumes full retirement of piston and Vxcount fleets (with the exception of 
approximately 250 DC-~‘S) accomplished on a straight line basis to 1965. 
Current and antlclpated turbine orders phased In 1961-1963 

1963 

1, 128 

$1,845 

$2,214 

$1,963 

$ 491 

Sources: American Aviation, April 21, 1958, Axlift Maqazlne, May 1959-1960, 
p 1960, Boeing Transport Dlvlslon, Axline 
Fleets of the World, January 1960, Boeing Transport Dlvlslon, Turbine 
Transport Oriainal Orders - November 1959, Axcraft Exchange, November 
24, 1960, URI, The Market for Used Axcraft, 1957. 
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Table 10 

ESTIMATED AVERAGE COST PER AVOIDABLE LANDING ACCIDENT: 1959 - 1963 

(Dollar figures In thousands) 

Number of Aircraft:” 
Substantially Damaged 
Destroyed 

Total 
2/ 

Number of Persons: - 
Seriously Injured 
Fatally Injured 

Value of Aircraft: 
Substantially Damaged 
Destroyed 

Subtotal 

Payments to Persons:3, 
Seriously Injure 
Fatally Injured ‘- 

Subtotal 

Total Cost of Accidents 

Estimated Cost per Accident 

Fatalltles per Accident 

1959 1960 1961 

9 
4 

13 

7 6 
2 
8 

1962 1963 

6 6 
2 2 

9 8 8 

10 10 11 12 12 
116 50 53 57 60 

$ 1,854 $ 2,296 $ 2,358 $ 2,556 $ 2,946 
3,296 2,626 3, 142 3,404 3,926 
5,150 4,922 5,500 5,960 6,872 

$ 200 $ 250 $ 281 
22, 388 9, 850 10,653 

22,588 10,100 10,934 

$ 312 
11,685 
11,997 

$17,957 

$ 318 
12,540 

12, 858 

$27, 738 $15,022 

$ 2,134 $ 1,669 

8 9 5 6 

$16,434 

$ 2,054 $ 2,245 

6 6 7 1 

$19,730 

$ 2,466 

7 5 

L/ Projections for 1960 - 1963 are based on the 1956 - 1959 ratlo of substantially 
damaged axcraft to total aircraft involved In avoldable landing accidents 

2/ Pro]ectlons for 1960 - 1963 are based on the 1956 - 1959 experience and a growth 
rate equal to that of the average number of seats per axcraft (see National 
Requxements for Avlatlon Facilities, 1956 - 1975). 

3/ Estimated to Increase $5,000 per year per injury between 1958 and 1960, and 
2 % per year thereafter 

A/ Estimated to increase 2% per year per fatality 

Sources: Time, Inc , Fortune hrlines Studv, Spring 1959, Port of New York Authority, 
New York’s Domestic Ax Travelers, 1956, CAB, Resume of Clvll Air Carrier 
arld General Aviation hrcraft Accidents, 1956 - 1959. 
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Table 11 

ESTIMATED HOURS OF AIRCRAFT DELAY DUE TO WEATHER: 

&rport 

Los Angeles, Callf. 
Chicago, 111 (MDW) 
New York, N.Y WA) 
Washington, D C. (DCA) 
San Francisco, Calif 

1959 1960 1961 1962 1963 

487 463 442 424 414 
8,226 6, 053 5,475 4,936 4,411 

344 303 292 275 266 
270 227 217 208 200 
331 354 359 358 365 

New York, N.Y. (IDL) 
Pittsburgh, Pa. 
Cleveland, Ohio 
Atlanta, Ga 
Newark, N J. (EWR) 

De trout, Mlch (YIP) 
Portland, Ore (PDX) 
Philadelphia, Pa. 
Dallas, Texas 
Boston, Mass 

318 320 326 333 340 
247 236 209 192 175 
245 210 201 192 175 
286 311 309 308 307 
275 269 276 283 300 

229 202 176 159 134 
262 261 242 233 216 
233 210 209 208 200 
235 286 292 300 307 
260 252 259 275 291 

Houston, Texas 175 185 184 192 191 
Minneapolis, Mann. 188 194 201 208 216 
Cincinnati, Ohio 179 177 176 175 175 
Chlcago, Ill. (ORD) 176 168 175 184 191 
Fort Wayne, Ind 103 101 101 101 101 

Rochester, N Y 152 160 159 158 167 
Lexington, Ky 113 109 109 109 109 

Subtotal - Selected hrports 13,334 11,051 10,389 9,811 9,251 

Total U S 19,153 18, 726 18,527 18,430 18,371 

1959 - 1963 

Note: Data were derived as a function of Instrument approaches (y= 84 + 015x), 
for total U S. and Chicago (MDW) the 1957 relatlonshlp to total U S 
Instrument approaches was used 
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Table 12 

ESTIMATED COST OF AIRCRAFT DELAY DUE TO WEATHER: 1959 - 1963 

(Dollars In thousands) 

Airport 

Los Angeles, Calif. 
Chicago, Ill. (MDW) 
New York, N.Y. (LGA) 
Washington, D. C (DCA) 
San Francisco, Callf. 

1959 &jgJ 1961 1962 1963 

$ 100 $ 113 $ 117 $ 121 $ 128 
1,686 1,483 1,451 1,407 1,368 

71 74 77 78 83 
55 56 58 59 62 
68 87 95 102 113 

New York, N Y (IDL) 65 78 86 95 106 
Pittsburgh, Pa 51 58 55 55 54 
Cleveland, Ohio 50 52 53 55 54 
Atlanta, Ga. 59 76 82 88 95 
Newark, N. J. (EWR) 56 66 73 81 93 

Detroit, Mlch. (YIP) 47 49 47 45 42 
Portland, Ore (PDX) 54 64 64 66 67 
Phlladelphla, Pa. 48 52 55 59 62 
Dallas, Texas 48 70 77 86 95 
Boston, Mass 53 62 69 78 90 

Houston, Texas 36 45 49 55 59 
Minneapolis, Minn. 39 48 53 59 67 
Clnclnnatl, Ohlo 37 43 47 50 54 
Chicago, 111. (ORD) 36 41 47 52 59 
Fort Wayne, Ind. 21 25 27 29 31 

Rochester, N Y. 31 39 42 45 52 
Lexington, Ky 23 27 29 31 34 

Subtotal-Selected hrports $2,734 $2,708 $2,753 $2, 796 $2,868 

Total U S $3,926 $4,588 $4,910 $5, 253 $5,695 

Note: Data are derived from the estimated hours of an-craft delay (see Table 11) 
and the estimated direct operating costs per hour of In-fhght delay (see 
Table 16). 
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Table 13 

ESTIMATED COST PER FLIGHT CANCELLATION DUE TO WEATHER: 1959 - 1963 

(Dollars in thousands) 

P”,“,:,“,:“~a,“,“~~~~o~~~/Due to 

E~;;;:e~;~r$ang Nonrevenue 

P”,s:,“ngxerezr~v~~ - Interrupted 

Duplicate Reservations, T cketlng 
4f 

and Accounting Expense - 

Gross Costs 

Less: Savings In hrcraft Operating 
Expense 

Net Costs 

Number of Flight Cancellations 

Cost per Flight Cancellation 

1959 1960 1961 1962 1963 

$14,989 $18,930 $20,694 $22, 730 $24,858 

605 596 595 628 658 

2.443 2,917 3,009 3,116 3,290 

652 807 860 978 1, 036 

$18,689 $23,250 $25, 158 $27,452 $29,842 

12. 165 18,433 19, 036 18,941 18, 704 

$ 6, 524 $ 4,817 $ 6, 122 $ 8,511 $11, 138 

54,309 62,605 61,408 61, 101 60,926 

$ 120 $ 78 $ 100 $ 139 $ 183 

Represents that portion (47%) of total passenger revenue booked on cancelled 
flights which is lost to other modes of transportation and to dlscontlnuance 
of travel 

Estimated as 5% of nonrevenue mileage, nonrevenue mileage was estimated as 
1 6% of revenue mileage proJected for U.S. domestic carriers in National 
Reauirements for Aviation Facilities, 1956 - 1975. 

Based upon 1956 - 1959 cost per flight cancellation 

Estimated as 2% of passenger revenue lost to airlines as a result of flight 
cancellations 
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Table 14 

ESTlMATED NUMBER OF FLIGHT CANCELLATIONS DUE TO WEATHER: 1959-1963 

Actual Estimated’ 

&ruort 1959 1960 1961 1962 1963 

Los Argeles, Cahf. 2,081 2,793 2,641 2,505 2,376 
Chicago, Ill (MDW) 4, 188 2,172 1,965 1, 772 1,584 
New York, N Y (LGA) 3,240 1,614 1,535 1,405 1,340 
Washington, D C (DCA) 4,046 1,055 921 917 053 
San Francisco, Calif 1,661 1,986 2,026 2,016 2,071 

New York, N.Y. (IDL) 2,906 1,738 1,781 1,833 1,889 
Pittsburgh, Pa 1,579 1,117 921 794 670 
Cleveland, Ohlo 1,466 931 860 794 670 
Atlanta, Ga. 1,957 1,676 1,658 1,650 1,645 
Newark, N.J. (EWR) 2,393 1. 365 1,412 1,466 1,584 

Detroit, Mlch. (YIP) 3,187 869 675 550 366 
Portland, Ore. (PDX) 719 1,303 1,167 1,100 975 
Philadelphia, Pa. 1,676 993 921 917 853 
Dallas, Texas 1, 024 1,490 1,535 1,589 1,645 
Boston, Mass. 2,944 1,241 1.290 1,405 1,523 

Houston, Texas 770 745 737 794 792 
Minneapolis, Mann 602 807 860 917 975 
Cincinnati, Ohio 770 683 675 672 670 
Chicago, 111. CORD) 982 621 675 733 792 
Fort Wayne, Ind 162 124 123 122 122 

Rochester, N.Y. 682 559 553 550 609 
Lexington, Ky . 218 186 184 183 183 

Subtotal-Selected Airports 39,269 26,068 25,115 24,684 24,187 

Total U. S. 54,309 62,065 61,408 61,101 60,926 

l/ Projections for 1960 - 1963 were based on the 1956 - 1959 growth rate at 
each airport. 

Source: CAB, Alruort Actlvlty Statlstlcs of Certlflcated Air Carriers. 
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Table 15 

ESTIMATED COSTS OF FLIGHT CANCELLATIONS DUE TO WEATHER: 1959 - 1963 

(Dollars In thousands) 

Auport 1959 

Los Angeles, Callf $ 250 
Chlcago, Ill (MDW) 503 
New York, N Y 
Washlnqton, D C(L%GA) 

390 
486 

San Francisco, Callf 199 

1960 1961 1962 1963 

s 218 $ 264 $ 348 $ 435 
168 196 246 290 
126 153 195 245 

82 92 127 156 
155 203 280 379 

New York, N Y (IDL) 349 136 178 255 346 
Pittsburgh, Pa 189 87 92 110 123 
Cleveland, Ohlo 176 73 86 110 123 
Atlanta, Ga 235 131 166 229 301 
Newark, N J. (EWR) 287 106 141 204 290 

Detroit, Mlch (YIP) 382 68 68 77 67 
Portland, Ore. (PDX) 86 102 117 154 178 
Phlladelphla, Pa 201 77 92 127 156 
Dallas, Texas 123 116 154 221 301 
Boston, Mass 353 97 129 195 279 

Houston, Texas 93 58 74 110 145 
Mlnneapolls, Minn 72 63 86 127 178 
Cincinnati, Ohio 92 53 68 94 123 
Chlcago, Ill. (ORD) 118 48 68 102 145 
Fort Wayne, In d 19 10 12 17 22 

Rochester, N Y 82 
Lexington, Ky 27 

44 55 
15 18 

$ 2,033 $ 2,512 

$ 4,841 $ 6, 141 

77 111 
26 33 

$ 3,431 $ 4,426 

$ 8,493 $11,149 

Subtotal-Selected Airports $ 4, 712 

Total U. S $ 6,517 

Note: Data are derived from the estimated number of weather cancellations (see 
Table 14) and the average cost per flight cancellation due to weather (see 
Table 13). 
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Table 16 

ESTIMATED COST PER FLIGHT DIVERSION: 1959 - 1963 

1959 1960 1961 1962 _1963 

Aircraft Operating F 
I/” 

pense Due to: 
In-Flight Delay- 
Nonrevenue Ferry 

2/ 
$205 $245 $265 $285 $310 

Flight 
Passenger Service - Interrupted Trip Expense g 

103 123 133 143 155 
- 90 - 94 - 98 102 108 

Total $398 $462 $496 $530 $573 

L/ Based on average operating cost per aircraft for one hour of flight time. 

2/ Based on average operating cost per aircraft for one-half hour of flight time 

J/ Assumed to be twice the passenger service expense assigned to flight cancellations 
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Table 17 

ESTIMATED NUMBER OF FLIGHT DIVERSIONS DUE TO WEATHER: 1959 - 1963 

Airport 1959 1960 1961 1962 1963 

Los Angeles, Calif 342 324 309 296 289 
Chicago, 111. (MDW) 781 575 520 469 419 
New York, N.Y (LGA) 238 208 200 L 188 181 
Washington, D. C (DCA) 184 153 146 139 133 
San Francisco, Calif 228 245 249 248 253 

New York, N.Y. (IDL) 219 220 225 230 235 
Pittsburgh, Pa. 167 159 140 127 115 
Cleveland, Ohlo 166 141 134 127 115 
Atlanta, Ga 196 214 213 212 211 
Newark, N. J (EWR) 187 184 188 194 205 

Detroit, Mich. (YIP) 154 135 116 103 85 
Portland, Ore (PDX) 196 178 164 157 145 
Philadelphia, Pa 157 141 140 139 133 
Dallas, Texas 159 196 200 206 211 
Boston, Mass. 177 171 176 188 199 

Houston, Texas 115 122 122 127 127 
Minneapolis, Minn 124 129 134 139 145 
Clnclnnatl, Ohlo 118 116 116 115 115 
Chicago, Ill. (ORD) 116 110 116 121 127 
Fort Wayne, Ind 63 61 61 61 61 

Rochester, N.Y. 99 104 104 103 109 
Lexington, Ky . 70 67 67 67 67 

Subtotal-Selected Airports 4,256 3,953 3,840 3, 756 3,680 

Total U.S. 6,687 6,530 6,468 6,435 6,414 

Note: Flight diversions were derived as a function of instrument approaches, 
(y = 49 + . 0109x), for total U.S. and Chlcago (MDW) the 1957 relation- 
ship to total U.S. Instrument approaches was used. 
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Table 18 

-“--===--- ----” -” FLIGHT DIVERSIONS DUE TO WEATHER: 

Alrwort 1959 

$ 136 
311 

95 
73 
91 

1960 1961 1962 1963 

Los Angeles, Calif 
Chicago, 111 (MDw) 
New York, N Y (LGA) 
Washington, D. C (DCA) 
San Francisco, Callf 

$ 150 $ 153 $ 157 $ 166 
266 258 249 240 

96 99 100 104 
71 72 74 76 

113 124 131 145 

New York, N Y (IDL) 87 102 112 122 135 
Pittsburgh, Pa 67 73 69 67 66 
Cleveland, Ohio 66 65 66 67 66 
Atlanta, Ga . 78 99 106 112 121 
Newark, N J. (EWR) 74 85 93 102 117’ 

Detroit, Mlch (YIP) 61 62 58 55 49 
Portland, Ore. (PDX) 78 82 81 83 83 
Phlladelphla, Pa 62 65 69 74 76 
Dallas, Texas 63 91 99 109 121 
Boston, Mass 70 79 87 100 114 

HouSton, Texas 46 56 61 67 73 
Minneapolis, Mann 49 60 66 74 83 
Clnclnnatl, Ohlo 47 54 58 61 66 
Chicago, I11 (ORD) 46 51 58 64 73 
Fort Wayne, Ind 25 28 30 32 35 

Rochester, N Y 39 48 52 55 62 
Lexington, Ky 29 31 33 36 38 

Subtotal-Selected &rports $1,693 $1,827 $1,904 $1,991 $2,109 

Total U S. $2,661 $3,021 $3, 208 $3,411 $3, 675 

(Dollars In thousands) 

1959 - 1963 

Note: Data are derived from the estimated number of flight dlverslons (see Table 17) 
and the average cost per fhght dlverslon (see Table 16). 
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APPENDIX B 

Methods of Estimating the Physical Gain 
from New Airway and Airport Facilities 

In an idealized airway system there would be no limits on the attainable 
schedule or point to point times of air operations except the speed and perform- 
ance characteristics of the aircraft employed. Under such circumstances 
flying could he properly likened to a continuous process operation. 

Unfortunately, delays exist which break the continuity of flignts. It is 
convenient to distinguish between two types of delay, those due to bottlenecks 
and those due to complete suspension of an operatmn. 

To make this distinction properly the two basic parameters of a 
discontinuous process must be defined. These are 1) the theoretical or rated 
service capacity of the system, and 2) the actual demand for services. For 
example, an an-port’s capacity would be the total possible number of landings 
and take-offs that might be handled m any designated time period while the 
demand would be the actual number of landings and take-offs. It is ccnnmon to 
call the sernce capacity per time penod the acceptance rate and to deslgnate It by 
the Greek symbol Ju. . Similarly, the demand per tnne period is usually called 
the arrival rate and labeled h . 

Obvmusly, If the arrlva.1 rate exceeds the acceptance rate (1 e X > * ) 
the system cannot handle the traffic without cancellations or &versmns In the 
lmut the acceptance rate could fall to zero and It would be necessarv for all 
servxe to be cancelled or dIverted. However, even ti ,4.l 7h, the probability 
of aircraft sometimes arriving at intervals less than the average landing or take- 
off time can cause waitmg lines to form, creating a queuing or stacking delay. 
Therefore, the following two categories of delay can be distinguished 

(a) delay observed when tiTx, which we shall call bottleneck 
delay, 

(b) and delay observed when ~>,LL which will he accompanied by 
cancellatxms or diversmns. 

Bottleneck Delay 

Bottleneck delays thus are delays that c~ccur in dlscontmuous systems 
even though there is sufficient capacity to handle all demands on the system. Of- 
course. if a properly spaced schedule could be established and rigidly enforced, 
there would be no bottleneck problem. In practice. however, such schedules 
are not readily feasible and are often impossible. Headwinds and other adverse 
weather conditions. mechamcal and equipment difficulties, and coordination 
problems arise that, with present airway equipment and organization, prevent 
the realization of perfectly synchronized schedules. In short, bottleneck delays 
occur because there are breaks in the rhythm of the operation. At crucial 
bottlenecks in the system demand spasmodically exceeds capacity and temporary 
waiting lines appear. 

The most important natural bottlenecks encountered in air operations are 
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limits on air space and landing strips. These limits are of substance because 
safety requires that modem airplanes operate with a certain minim- “cushion” 
of unoccupied air space about them and that landing strips not be utilized for 
more than a certain maximum number of landings per time unit. The size of 
the needed space cushion and the number of tolerable landings per time unit is a 
function of the control facilities available and, with present equipment, of the 
weather. Investment in airways modernization is essentially a means Of 
modifying airspace requlrements and landing limitations. 

To measure the physical effect of airway investments an analytical means is 
needed for relating the “characteristics” of the bottleneck to a performance 
standard, measured in time units. This is a problem in analyzing the sources, 
causes and extent of bottleneck delays in non-continuous systems or processes. 
Fortunately, rather extensive effort has recently been applied to the study of 
this general type of problem. The models resulting from these efforts are 
cataloged under the headmg “waiting-line” or “queuing” theory. 

It is beyond the space limitations and scope of this study to develop all the 
essential features of queuing theory. Moreover, the techniques are moderately 
difficult to understand and require some prior training in probability mathe- 
matics.l/ Thus, only an heuristic introduction end understanding of the subject 
will be developed here.y 

Using queuing theory a formula for estimating waiting time can be developed 
for the special case of “random” arrivals and service times. Randomness in 
this case means that the time intervals between arrivals end departures are 
unsystematically and independently distributed about some average or expected 
value. Clearly, this assumption may not he particularly true for airway 
operations that are rather rigzdly scheduled. The random model is useful, 
however, and the “exceptions” can be handled by adaptations discussed later in 
this report. Y 

The essentials of the simple random case can be stated as follows 4J 

Let t, = the average waiting time in the queue before entering the facility, 

?,s = the average time spent on servicing an occupant of the queue, 

T- some arbitrary txne interval to be used for purposes of measure- 
ment (for example, one hour), 

1. A good introduction to queuing theory can be found in reference (6). 

2. The crucial element in evaluattig airway investments is, of course, 
reduction in waitmg time. Queuing theory also can be used to estimate the 
optimum spacing of arrivals. service time, or other dimensions of a 
queue. assuming that waiting tnne is held constant. However, this appears 
irrelevant in an airways study in which reduction of delay is the obvious 
objective. 

3. See also references (2) end (3). 

4. The notatron used here is essentially the same as that employed by 
Churchman, et. al., in reference (6). 
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A= the average arrival rate, that is, the average ntmabar of arrivals in the 
same time interval T in which A is measured, 

,u= the acceptance rate or the average maxunum number of umta that can 
he served m the mterval T, 

and g= the average number of units in the queue, i. e. the average length of 
the waiting line, including the units being served. 

It is important to be clear on the distinction between waiting time end service 
time. Service time is the time during whmh a member of the queue absorbs the 
full attention or use of the bottleneck facility, waiting time is all the other time 
spent in the queue so that(ti +tt&otal time spent in the queue including time in 
the facility. This means, for example, that for an airport facility, service 
time in landing is simply the time that the plane being landed has exclusive use 
or control of the landing strip; it is thus the time between a plane being 
released from the stack and actually moving off the runway. Similarly. time 
spent in the stack would be the waitmg time tw. 

To analyze waiting time, we initmlly observe that the average length of the 
queue divided by the average arrival rate must equal the average total time 
spent in the queue. That is. _ _ 

The necessity of this relationship can be shown by consrdermg some 
hypothetical situations. For example, let x=1.0 (i.e. one more unit arrives at 
the queue during every interval T) 2nd suppose for simplicity that the queue is 
always about 6 units long, that IS, N IS about equal to 6. Now for the queue to 
always remain approxnnately 6 umts in length, one umt must be released from 
the queue in every interval T. If we make the usual assumption that the 
discipline of the queue IS first come, first served, any new entrant to the queue 
must wart through 6 intervals before berg able to proceed, so ttn f ts = 6. 
However, let the arrival rate rrse to 2. Now, It is obvmus that ff the queue is 
to remam 6 umts in length, the total time m the queue must decrease. In fact, 
it must now be 6/Z or 3 units of time. 

Equation (1) can. by algebraic msnipulatmns, be rewritten 
- 7 - 

tlu= L&--ts 
I‘ 

Now it can he showny that in the completely random case 
(2) 

Moreover. 

(4) 

(For example, if /u= 2, then it must, by definition, take l/2 of a time interval 

1. See reference (6). pp. 393-399 for a derivation of this equation. 
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to service each customer. ) Equation (3) and (4) can be substituted into (2) so 
that: 

which reduces to 

(5) 
Technically speakfng this-is an equation for expected OF average waitlUg time at 
a siagle station (e.g. single runway airport) I/ in the random case. 

The meaning of equation (5) can be illustrated by a table of values for tw 
constructed under various assumptions about the values of A and /CL . Table 
I is such a construction. The notable thing about the value of tw is the way it 
rises sharply as A+ M in value. The computation of the table was materially 
simplified by setting T=,U so that& always equals 1, this does not at all effect 
the generality of the table. If the delay in conventional time units is desired-- 
e.g. seconds, minutes or hours--it is only necessary to multiply tW by T/p 
as measured In such units. For example, say TX one hour and /u=30, the 
delay then would be 4/30 hours (4 x l/30) when )\ = .8 of ,u . 

TABLE I 

tw & --m-c- ------ h ------ 

.25 1 .2 
1 1 .5 
4 1 .a 
Minity 1 1.0 

The ratio, therefore, of A to ,U is crucial in determining the amount of 
delay. This ratio is normally called the “traffic density. ” 

Several questions immediately arise with regard to the applicability of this 
analysis to e real situation and specifically its applicability in evaluating an 
all-weather landmg metallatmn 

(a) How realistic is this model, in view of its prediction of infinite 
waiting time as A/& approaches 1.07 Experience has shown 
instances of achieved arrival rates very close to theoretical maximum 
acceptance rates, without major delays. There is little doubt that 

the human beings who operate the present system can adapt to an 
increased acceptance rate for short periods of time. 

(b) How does the assumption of completely random am-ivals and take- 
offs agree wth the typical airway busy-hour situations? Do 
deviations from this random assumption markedly change the con- 
clusions 7 

1. The double station or dual runway case is discussed later. 
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(c) The model makes the assumption that the airport COnSiStS of a 
single landing strip, from which aircraft take-off and land. Are 
estimations using this model invalidated by the existence of multi- 
runway airports. or by the fact that the take-off interval is 
generally shorter than the landing Lntervel? 

These questions need to be dealt with before an analytical model for 
queuing delay can be used with some confidence. 

Adler and Fricker (references 1, 2, and 3) have studied the “bottleneck” 
delays which result when one aircraft is scheduled to land in each “service 
period, ” and when “service times” are constant. Arrivals were assumed to be 
of less than Poisson randomness, deviations from the exact scheduled arrival 
time being due to aircraft speeding up or delaying en route. These deviation 
patterns or distributions were characterized by them as being “box”, “tri- 
angular”, or “parabolic” in shape, and by the maximum “spread”, S, of this 
deviation, expressed in terms of the landing or “service” interval. Figure I 
illustrates these concepts (taken from Figure 2.2 of reference 1). 

1‘ 
Fraction 
of Planes 

Note the Shapes 
of the 

Distributions 

J 
> ~9 / Enroute Duration m Terms of 

Figure I Service Interval, & 

Using random numbers, stack delays were computed for a range of S 
and for a range of A/& (called E , or the traffic parameter, by Adler and 
Fricker, reference 1, 2 and 3 and e by Morse, reference 5). The method 
WSS to have an electronic computer “fly” each aircraft en route and through the 
landing procedure. The results are depicted in Figure II and Table LI. 
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Figure Ll Yol 

hi Random Arrival 
t. 

Average 
Stack 

Delay in 
Terms of 

Interval to 

TABLE II 

Values of tw/to Correspondmg to 

Values of >b in Figure II 

h/u tw/ to I 
Actual Poisson 

.2 .25 

.3 -210 

.4 .30 

.5 -440 1.0 

.6 .640 

.7 ,670 

.6 1 .lO 4. 0 

.9 1 .a0 

Thus, from these results we conclude 

(a) Variation of the shape of en route deviation does not seriously affect 
the results, for a given spread, S. 

(b) The “spread”, S, influences stacking delay. However. for I&<% 7. 
the average delays are all less than one unit period (for example, two 
minutes) so that for the lower values of 

b/h 
, changes in Swill 

have a slight effect. 

(c) ATC moditications affecting en route time-keeping accuracy, will in 
effect change S. Thus, a source exists here by which the savings due 
to these measures can be computed. 

(d) This bears on the “Randomness assumption” and its use in simulating 
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reality. At &i.&= 0.7 there is a difference, but a small one, between the 
“random” model and the data generated by Adler and Fricker. Thus, the 
reliability of the model need be checked only for the high values of A/’ . 

Further, Adler and Fricker’s data were generated by a sufficiently large 
number of “flinhts” to lend reliabllitv to the results, and to the method used. 
The reason for the differences between their model and the theoretical results 
may lie in the transient form of the queue build-up, and the need for a long time 
period to pass before a steady state queue results. For these reasons it IS 
concluded that the data of the form generated by Adler and Fricker can be re- 
lied upon. 

It remains to determine the effects of airport configuration. Improved 
runway configurations essentially afford a reductmn in delay due to an improved 
acceptance rate. Conceptually, there are three basic types of airport 
conftgurations. In the single runway type, arrival at the facility for landing or 
take-off is random. We have two queues feeding into the same facility without 
priorities, so that for the purposes of analysis we can consider one queue to be 
in operation. 

In the independent dual runway type of airport, one runway can be used 
exclusively for landmgs and the other for take-offs, or, alternatively. each 
can operate as a parallel facihty independent of the other, both bemg supplied 
from the same queues. In 1957, no maJo= airport in the U. S. operated this 
type of facility. 

A third type, which exists at several ma~cw alrports (e.g. Chlcago Midway), 
consists of interdependent parallel or mtersecting runways. Here, one runway 
can be used for take-off while landmg is proceedmg on the other. Schematically 
for close parallel runways, the picture might be 

1 
n 

Figure III 

An aircraft can take off, under IFR, only if the aircraft landing on the parallel 
runway has already touched down, or if a precedmg aircraft taking off has had 
sufficient time to provide the spacing requred. Similarly, an aircraft which is 
landing must allow a precedmg landing aircraft to turn off the runway, and it 
cannot land, I. e., proceed below its wave-off altitude. if an aircraft taking off 
has not crossed the far boundary. 
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If there were no interdependence between the runways. then the 
acceptance rate for the whole airport would equal the individual landing rate 
plus the individual take-off rate. Interdependence causes an extension of the 
Interval between the operatmns--to allow for the landing aircraft to get from 
its wave-off position to touch down, and to allow the aircraft taking off to Cross 
the boundary. 

AS an example, an airport which can handle 120 arcraft per hour, VFR, 
(60 per runway), may be lunited to 90 per hour IFR due to these extra “leeway” 
limitations. Under VFR, or with a “perfect control and spacing” IFR, 120 
could be attained. But this would imply exact alternatmn of take-offs and 
landings Ss well. Under random arrwal conditions, the lower or conservative 
figure is used, which assumes that a landmg aircraft c.an be preceded by 
another landing aircraft SS well as an aircraft taking off. Conceptually, the 
model is looked on as a single runway operatmn, where the acceptance Interval 
is equal to the landing or take-off interval (assumed equal), plus the leeway 
time. If there were a sermus dwproportmn between the numbers of take-offs 
and landmgs in a given period, the rate would go down. However, such serious 
disproportions do not frequently exist in busy permds. 

Cancellations, Diversions and Curtailed Services 

In the previous section It was assumed that the airport or airway facility 
always had sufficient capacity to handle the average demands made upon these 
facilities over any important period of time. Excess demands were 
experienced only spasmodically and very temporarily. More exactly, the 
average acceptance rate, 4 , exceeded the average arrival rate, X , and 
qtleumg occurred only because of temporary random deviations from these 
averages. 

Although arrangeable on the Same continuum, an obvious order of 
magnitude dlfferentmtes this case from situations m which the service facility 
must Sharply reduce its operations and the service rate 15 forced below the 
arrival rate for a signifzant period of time. Under such circumstances, the 
traffic density is forced above unity and. as noted m the last sectmn. such a 
traftic density implies an mfiuite queue under “random” assumptions. While 
there are good reaSons for doubting that m practice the situation will completely 
degenerate. a traffic density greater than unity at any facility is clearly not 
tolerable for any prolonged permd of time. There are, in fact, only three 
solutions to such a difficulty 

(a) greatly increasmg the length of the queue during the permd of 
curtailed operatmns and using exceSs capacity which becomes 
available when things revert to normal to work-off the backlog, 

(b) dwerting demand away from the overtaxed facility to a facility 
that is not fully utilized, and 

(c) outright cancellation of some operations. 

These three solutions are not mutually exclusive, all three can be and are 
used in S real situation. Usually solution (a) is preferred, and (h) and (c) are 
last “resorts”, used only after considerable deterioration m service has 
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occurred. Similarly, solution (b) normally will be preferred to (c) by both air- 
lines and passengers. 

The concepts underlying the analysis of “closed” periods perhaps can be 
understood best by considerfng first a condition where no cancellations or 
diversions occur, and where )\ , or arrival rate, is constant throughout 
the period considered. Two new concepts are here introduced, 

(1) the time the facility’s services must operate at a curtailed rate, 
wluch shall be denoted by T,, and 

(2) the percentage--let it be k notationally-- of normal capacity 
available durmg the period of curtailed services (e. g. if an IFR 
landing rate is . 6 of the VFR rate, k=. 6). 

Assuming that there was no queue when the period of curtailed operations began 
and that no cancellations or diversums are made and qnoring random bunching 
of the traffic, the length of the queue at any pomt t time units after the 
curtailment begins will be given by the following expression 

N=(X-K+ 

where, as before, N represents the number of units in the queue. The term in 
brackets, ~-KM, represents the number of new arrivals who can’t be served 
in any time interval, since t IS the number of time intervals, the product of 
the two terms indicates the length of the queue. 

To illustrate the concept, consider a hypothetical situation in which 

1*= the acceptance rate = 20 landmgs per hr. 

A= the arrival rate = 10 landings per hr. 

and K= * 25 

This means that during the period of curtailment. 5 planes per hour are added 
to the queue (10 - .25 x 20). Thus at the end of 2 hours of reduced operations, 
the queue should be 10 planes long, at the end of 3 hours, 15 planes long, etc. 

Furthermore, it 1s obvious that the queue will be longest when the 
period of curtailed services finally comes to an end. Therefore, the 
maximum queue. Nm, 1s given by the followmg expression 

N,,, = To (X-L) 

and the average queue, G , ~111 be one-half of this 

(on the assumptum that the arrwal and acceptance rates remam constant) Such 
a relatmnshlp 16 deplcted graphically III Figure 5 1 HI Adler and Frlcker, 
reference (3) 
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Similarly, the total delay for all planes during the period of curtailed 
operations will be equal to the average queue during the period multiplied by 
the number of time periods. Thus, if DC represents total delay during the 
period of curtailment, 

o,:T,N= ++A+) . (10) 

It will take some time after full operations are resumed, of course, to 
eliminate the queue built up during the “down period. ” Therefore, a 
calculation also must be made of the delay incurred during this recovery 
period. Delay during the period of curtailed services was calculated bymulti- 
plying the average queue by the period the queue was in existence. An 
analogous procedure can be used to calculate delay during the recovery period. 
Thus, letting 

D,. = delay during the recovery period 

and Tr= the time required to eliminate or recover from the queue, 

then Dr-Tv ti (11) 

Since the queue to be “worked off” during the recovery period is the queue 
existmg at the end of the permd of curtailed services, the average queue during 
the recovery period will be the same as the average durmg the period of 
curtailment--that is. one-half of the maximum queue. Thus, as before, 

It remains to calculate T, which will depend on the amount of “excess 
capacity” existing in the system under normal conditions. This will be equal 
to -u-A. 
The time required to elimmate the backlog will be the backlog divided by this 
excess capacity or 

T,= T,(x-k.4 . 

CAL.-‘)\) 
(13) 

In other words, if the backlog or queue is 50 units when the recovery period 
begins, and if 10 units normally arrive per hour and 20 units can be served per 
hour under normal conditions. it will take 5 hours to work off the backlog since 

50 
20-10 

.5. 

Putting all this 

(14) 

(15) 

Furthermore, total delay, D, wiil be e&al to. 
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However, it is usually far easier and also more meaningful to work with 
average delay per aircraft than with total delay. Average delay can be obtained 
by dividing total delay by the number of planes involved. The number of planes 
will be equal to 

ho + ?+ 

that is, to the sum of arrivals in the period of c&ailed service, At,, , and the 
arrivals in the recovery period, X t,. , If we divide total delay by this 
figure, make appropriate substitutions and simplifications, the following 
expression for average delay is obtained 

&T”C>-K&+[l-+k] . 
22 

(17) 

In practice, however, diversions and cancellations become necessary. 
Practice varies from airline to airline, and from one part of the country to 
another. No two weather instances are ldentxal, even as regards the weather 
itself, to say nothing of trafhc loads or aircraft which are alrborne at the time. 
Much of the decision-makmg about diversions and cancellations is dependent on 
uncertain weather forecasts, and relies heawly on the mdivfdual and collective 
experience of dispatchers and pilots. Hence. no specific overall rule can be 
developed. 

A study of current trunk-line, general aviation and mihtary practice, how- 
ever, permits certain general courses of action to be described. From these a 
model csn be constructed which estimates delay, diversIon and cancellatmns. 

For example, the following would appear to be a reasonably representative 
list of practices 

A. For aircraft scheduled to arrive at a closed airport 

(1) When weather conditmns first fall below current take-off and land- 
ing criteria, all aircraft whxh are airborne at that tune continue 
on their way and “hold” or “stack” in the vicinity of the airport for 
which they were orlgmally destined . 

(2) AS long as the length of time of the “close-down” period is not 
known, aircraft already in the air will continue to “hold” until such 
time as they can land at origmal destination, or until they are 
forced by the danger of exceeding safety limits to divert to an 
alternate airport. 

(3) No aircraft will wait in the air at destination more than one hour 
(i. e. after one hour in the “queue” the aircraft will leave the queue 
for an alternate airport), and flying time to the alternate airport is 
l/2 hour, so that a total maximum delay of 1.5 hours is tolerated 
in each case. 

(4) Aircraft which originate at a distance represented by more than one 
hour’s flight time from destination continue to proceed to 
destination, regardless of conditions at destination. 

(5) Aircraft one hour away or less from destination hold on the ground, 
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if destination is “closed”, until cleared, hence, begbming with the end 
of the first hour, aircraft from points one hour’s flying time away or 
less cease to arrive at destination. 

(6) General and military amcraft do not arrive after the first hour of close- 
down, I. e. all such aircraft will divert or cancel. 

B. For aircraft scheduled to depart from a closed airport 

(1) General and military aircraft cancel all take-offs after the first hour of 
close-down. 

(2) In cases of very long close-downs, air carrier aircraft will hold on the 
ground, at origination airports. for a period not longer than their 
flying time away from destination. 

(3) When an airport “reopens” after a close-down, those aircraft which have 
been waiting for a period less than them flying tnne away from 
destinatmn ~111 not have cancelled. and will be ready to take off, in the 
order of their originally scheduled departures. However, these air- 
craft which were scheduled to land durmg the closed permd, and which 
were diverted or cancelled at orlgm, will not be avaIlable for take-off. 
Hence, the number of aircraft ready for take-off IS approximately equal 
to the number which have landed or were on the ground before the 
closed period began. The net result is to reduce delay after the airport 
opens, at the expense of Increased cancellations. 

There are certain questions which this model raises. The first IS the 
validity of applying a general rule m cases where the decisions taken are so 
much a matter of judgment. This Judgment must necessarily take mto account 
the alternate surface transport available to the passenger, the number of 
passengers affected by cancellatmn of specific flights, the posltioning of aircraft 
when schedules are resumed, the need for crews and the problems of exceeding 
“legal” crew hours or maintenance flight-hours and many other conslderatmns. 
Similarly, the excess fuel carried varies among types of axcraft, as does 
dispatch policy. However, for the purposes of the present study, the 
assumptions are considered representative of the kind of decismns which would 
be made. 

One basic assumptmn used, however, deserves more critical consideration. 
No exact knowledge is assumed of the length of the close-down permd. Hence, 
aircraft tend to divert from the queue under conditmns where they might not have 
to divert if the exact conditions could be forecast. In this manner, the model will 
overstate dlversions, and by similar reasonmg, will overstate cancellatmns of 
short-duratmn flights. 

At the same time, aircraft have been assumed to arrive from more distant 
airports because of no knowledge of the duration of closedown. Such an 
assumption tends to raise the eshmate of delay, since an increase in 
cancellation ~111 reduce delay. Thus, it can be seen that the assumption that 
there is no exact foreknowledge of the weather produces effects which operate in 
opposite directions. The net effect is not known but is probably not large. A 
further question not adequately considered is that of the interaction of a number 
of airports which may be closed simultaneously. Under the present assumptions, 
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aircraft one hour’s flight time away or less are accounted for, since they receive 
“feed-back” from the destination airport. However, situations exist ln which 
departures are cancelled or delayed at more distant airports as a result of 
receipt of Mormation concerning closed conditions at the destination airport, or 
because of conditions at intermediate airports. 

Delays due to take-off conditions, for all flights, are accounted for by 
sss-ing that an aircraft will hold on the ground a length of time equal to its 
scheduled flight time to destination. However, delay at destination, and the 
number of diversions, is somewhat overstated, since in reality fewer flights 
would arrive than predicted by the model. Contrariwise, it has been assumed 
that there ~11 be no general of military arrivals after the first hour’s close- 
down. In practice some military and general arrivals will occur after the first 
hour, thus offsetting this overestimation of delay and diversion. The net effect 
is probably small. 

Appllcatmn to All-Weather Systems 

The lnstallatlon of an all-weather system should have the followng 
effects 

(a) “Closed periods” which result from ceilmg and vlslbility conditions 
alone will be elunmated . There ~111 be no effect, however, on 
closure due to obstructions, snow on runways, etc., nor will the all- 
weather system reduce delays due to commumcatmns, alrborne traffic 
clearance, or an-space arrangements and procedures 

(b) The landing acceptance rate, on a single runway equipped with the all- 
weather system, becomes approxnnately 60 movements per hour 
Assuming a take-off rate of 60 movements per hour as well, the total 
on the runway would reach 60--z compared with whatever rate is 
currently obtainable on that runway, during the different IFR 
conditmns 

(c) On two Interdependent runways, the effect of the all-weather system 1s 
to provide for sixty movements on any one runway As noted above, 
this figure 18 reduced m practice, because of interdependence between 
runways, to a figure somewhat lower than 120 The actual capacity 1s 
computed usmg “leeway” estnnates plus the known slngle-runway all- 
weather capacity of 60 At such airports an estnnated figure of 90 
total movements per hour 1s used 

Computation of Delay 

Delay was computed separately for “closed” and “open-1FR” permds. 
The following detailed procedure was used for “open-1FR” conditions. At a given 
airport, the annual distribution of IFR weather was obtained from Weather Bureau 
records, prepared by the Records Center at Asheville. N. C. Similarly, landmg 
and take-off & at an airport were obtained from tower experience at that 
airport, and from IFR flight strips. Weather Bureau annual records were 
obtaLned for the entire calendar year 1957, and flight strips and hourly weather 
records for the period August 15 to September 15, 1956. 
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Arrival rates for scheduled airline aircraft were obtained from 
schedules for domestic trunk lines. August, 1958, airline schedules were used. 
VFR military and general aviation flights were estimated from annual averages, 
and attributed litrgely to those hours of the day (primarily the daylight hours) 
when these aircrsft are most active. IFR military and general aviation flights 
were estimated from IFR flight strips. recorded at twenty-two airports, during 
the period August 15 - September 15, 1958. 

As a result, for each airport studied the following table was derived: 

At some of the major airports. IFR procedures apparently are used as 
a rule when ceilings are between 1000 and 4500 feet--not because of absolute 
technical necessity, but because of the scarcity of airspace and the long delays 
which might ensue if an aircraft not on IFR missed an approach. This is borne 
out by a study of the flight strips for August - September 1956. However, 
expressions of opinion by tower personnel tended to indicate that acceptance 
rates during such periods more nearly approximate VFR than IFR acceptance 
rates. Therefore, these periods were considered as VFR for the purposes of 
this study. 

Knowing +- 
in terms of to 2+ 

for each hour of each day, average delay per aircraft, 
, is obtained from Figure II, using a combined 

for landing and take-off. This is logical providing both landing and take-off 
>/, 

arrivals are random, that priority is given to neither and that for practical 
purposes -u. land = /u. take-off. In a given unit time period. the total 
arrivals to use a facility are given by A land •t h take-off whence, 

h total z = (hnd +Xt-0) for all types of 
& aircraft. (16) 

Total annual delay for a given airport during the IFR conditions, with 
the all-weather syctem m OperatlOn, 1s the sum of hourly delays throughout the 
year based on -cc values that would exist with the all-weather system 

1. For each hour of the day, for the 365 days of 1957, numbers given in 
this column are examples only. 
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Total annual weather delay for the permds when h < /u. 
estimated from weather conditions for calendar year 195’7. wlthout an all- 

q as 

weather system, 1s the sum of hourly delays for condltmns III and IV as they 
actually occurred The total annual savmg m delay for a given airport Is com- 
puted by subtractmg the delay which would have occurred mth an all-weather sy- 
stem durmg those same periods from the delay estxnated actually to have OccUrIEd. 

It should be noted, however, that during condition V airports are 
considered to be closed, delay during such periods is calculated by a different 
method, described in the following section. Additionally, for a single airport 
in the sample (MDW) for certain hours of the day h > U during conditions 
III and IV, delay during these hours also requred calculation by the following 
method rather than that described above. 

Delay Saved Due to Elimmation of Closing Due to Ceiling and Visibihty 

Certain assumptions have been made regarding the arrival, departure and 
cancellation of flights when weather conditions are below minima. Following 
these criteria, a typical ‘history” of a three-hour shut-down period could be as 
follows, for a given alrport 

OUF 

I 

II 

- 

OCCURRENCE 

Take-off 
1. No take-offs made from 
closed alrport. 

Landing 
2. All scheduled air 
carrier flights arrive and 
“hold”. 

3. Military and general 
aviatmn flights divert on 
arrival or notification of 
closure. 

Take-off 
4. All military and general 
aviation flights cancel 
take-offs. 

5. Scheduled departures, 
whose destination is one 
hour or less away, and 
which were supposed to 
leave in hour I, cancel 
AI1 others hold am 

RESULTS 

1. Aircraft scheduled to take off 
in this hour suffer s average 
delay of one-half hour (delay at 
gate, engines not running--delay 
not attributed to any flights 
subsequently cancelled). 

2. Average holding delay is 
assumed l/2 hr. per arrival. 

3. Average additzonal fmt time 
is one hr. /plane. 

4. All military and general flights 
intended for closed period are now 
cancelled. (At this stage this 
includes flights mtended for hour 
I and hour II.) 

5. These flights removed from 
list of flights which will take off 
once airport opens. 
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II 
on? 

III 

- 

Landing 
6a. Military and general 
flights do not arrive. 

6b. Scheduled carriers, one 
hour or less away, have held 
on ground in hour I, and do 
not arrive. If hour II is 
closed, these cancel. 

7. Flights which arrived 
during hour I divert. 

8. Scheduled carrier air- 
craft from airports greater 
than 1 hr. away, arrive. 

Take-off 
9. All military 8 general 
flights cancel take-offs. 

10. Scheduled departures, 
from hour II, whose destin- 
ation is one hour or less 
away, cancel. Scheduled 
departures from hour I, with 
destination less than 2 hours 
away. cancel. 

Landings 
11s. Military & general 
flights do not arrive. 

llb. Scheduled carriers, one 
hour or less away, and held 
on ground In hour II do not 
arrive. 

12. Scheduled carr~rs, one 
hour or less away, and held 
on ground in hour II, cancel. 

13. Flights which arrived 
in hour II divert. 

14. Carrier aircraft, from 
more than one hour away, 
arrive and enter queue. 

6. Arrival rate during second hour 
is normal arrival rate less military 
and general and less fliz sched- 
uled to take-off fihour I from one 
hour OP less away. 

7. For conservatism, assume 
additional flight time delay of l/2 
hour per hour I arrival. 

6. Assume l/2 hr. delay per arrival 

:OUR OCCURRENCE RESULTS 

9. Military & general flights intends 
for hour III are cancelled. 

11. Arrival rate during second hour 
Is normal arrival rate less military 
& general arrival rate less flights 
scheduled to take off in hour II from 
one hour or less away. 

12. Cancellations of flights directed 
k the airport. 

13. Add flight delay of l/2 hour per 
airplane arriving in hour II. 

14. Average waiting time, one half 
hour. Height of queue is arrivals 
scheduled for hour III (air carrier) 
iess scheduled arrivals from less 
ihan one hour away. 
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Take-off 
15. Hold take-offs for one 
hour or less away. 

16. Take-offs scheduled for 16. Take-offs and landings are 
SId hour I, for destinations three handled as time permits, assuminl 
Ben hours away, for hr. II, for 1.0 for period IV. 

destinations 2 hrs., and all 
b//K. < 

hour III take-offs, wait in 
queue in this order. 

Landing 
17. Arrivals in hour IV, even 17. Arrive and wait in queue 
though field has opened, are behind hour III aircraft, (see no. 
similar to hour I&i. e. only 14 above). 
scheduled carrier arrivals 
from distances greater than 
one hour. 

16. Similar to period IV, 18. Queue is increased accord- 
except that one-hour flights mgly. 

Id from period III destmed for 
m the airport arrive. Also 

normal military & general 
t. o. and arrival ensue. 

19. If any aircraft are still 
left from previous periods, 
they continue m queue and 
land. 

Each occurrence, during and after closed conditions, as obtained 
from a comprehensive survey of U. S. Weather Bureau data for 1957, is then 
” worked through” individually, in accordance with these assumptions. 

Calculation of Total Delay for the United States--1957 

At the end of 1955 there were 143 airports in the United States at 
which the CAA mamtamed approach control towers. Itinerant activity at these 
airports, for the calendar year 1956, ranged from 389,399 total movements at 
Chicago Midway Airport, to 10,276 at Pocatello, Idaho (reference 6). Not only 
does the total traffic vary greatly from airport to airport. but the types of 
traffic and the weather conditions show great differences as well. 

Obviously, considerations of time and expense preclude the taking of 
measurements at more than a small fraction of the airports involved. At the 
same time, statistical sampling theory and practice provide a method by which 
a sample of reasonable size will provide representative values of the needed 
parameters. In other words, total annual aircraft delay can be estimated from 
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the delay computed for the airports included in the experimental sample. 
provided the sample is carefully selected. This selection involves choosing 
the size of the sample, deciding upon “strata” of the airport population from 
which the sample is to be taken, allocating the sample size between the strata, 
and selecting the specific airports to be included. 

It has been noted that airports are extremely heterogeneous with 
regard to their rate of activity. One method of gaining precision in the estimates 
is to group the airports into strata of more homogeneous characteristics with 
regard to total annual delay. A sample can be taken from each stratum. and 
the delays for that particular stratum estimated from the sample. Total nation- 
wide delay is then equal to the sum of the delays measured for the strata. 

The difficulty in this approach is to develop a method of ranking the 
airports, and to stratify them properly, before any measurements of delay have 
actually been made. To meet this difficulty, some parameter which can be used 
as an indicator of the total magmtude of expected delay must be selected from 
available data for each airport. The basic q%eumg model can agaln be used to 
guide in selecting such a parameter. 

Average “bottleneck” delay, and to some extent cancellation delay, 
has been shown to be a function of 2 . In other words, 

average delay ; f & )( (2) - (19) 

Total delay is related to average delay and to .& in the follow- 
ing manner. 

total delay = k (instrument movements/year) 
average delay x &J (20) 

- (instrument movements/year) x (2) - 
Since delay is assumed to occur primarily under IFR conditmns, this reduces 
the problem to one of ranking the airports by their characteristx r/**. on an 
a priori basis. Initially it was assumed that & is constant for all airports. 
However, subsequent study showed that runway configuration had a substantial 
effect on U . In order to reduce the error of the orlglnal assumption, a 
100% sample was taken of the 14 largest alrports, which fell in the top two strata, 
and could be expected to contrlbute the mador portlon of total delay. Although 

the smaller airports might have been ranked somewhat differently If varying U 
had been used, these airports individually contrlbute so little to the total delay 
that tbe error resulting from treating/ as constant m selectmg the sample may 
be consldered small, 

Since > is dependent upon the intensity of movements under 
instrument conditions. a general expression for h would be 

h=K total IFR movements 
total time airport was under IFR conditions (a’21 

Since total IFR movements are known for each airport, It was only necessary 
to estimate the total time duration during the year that IFR conditions prevailed. 
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obviously, 

total IFR time {o;i;Ee x total timg 

IFR time =KC 1 Total time (24) 
&Ice “total time per annum” ia a constant. The ratio of IFR tlmo to total time 
has been found to be indicated almost directly by the ratio of air carrier IFR 
operations to air carrier total operations. These data show that for the 
preliminary sample design we have in mind, 

IFR weather 
Total weather 

I\, IFR movements, carrier 
Total movements, carrier ’ (25) 

The latter are available from publIshed data. Substituting in equations (24) and 

w> 

A- IFR movements 
IFR movements carrier/ total carrier movements - (26) 

From equation (21). letting the sum of IFR movements = I, and 
(IFR movements/ total movements) = F, or weather factor, 

Total delay at an airport = F (r2/F) 0 (27) 

All of the 143 airports for which pubhshed 1936 data are available 
were ranked on the basis of 12/F , so that a sample size and strata could be 
determined. 

Sample Size and Strata 

On ordering the airports accordLng to 12/F , It was found that 
the five having the largest a priori expectatmn of delay are Los Angeles, 
Chicago Midway, New York-La Guardia, Washington. D. C., and San 
Francisco. These are all mayor airports, for which we are specifically interes- 
ted in finding delay, and they were accordingly assigned to one stratum as a 100% 
sample. This left a total of 138 airports to be stratified and sampled. Here, 
the list was inspected, and seven additional strata assigned in such a manner 
that twice the value of 12/~ at the dlvlding line equals the sum of the means 
of these two adjacent strata. If 12/F-y and 7, a mean of Y for 
stratum n, 

2 x ty) at dividing line I Y1+ 52 l 
(W 

This division rule is aimed fundamentally at acbievlng a proportional allocation 
of the size of the strata m relation to the amplitudes of the variable, 12/F. 

In selecting the number of strata, as Cochrane says (reference 7), 
“the more the merrier” are desired. However, a point of diminishing returns 
is soon reached where sample costs grow faster than the rewards from 
increased accuracy. 
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Sample Size 

The larger the size of the sample, the greater the precision of 
predictions for the whole population made on the basis of that sample, The 
concept of “accuracy” here is an important one. It does not mean that for a 
&\ren sample size, the result predicted or estimated for the population will 
definitely be accurate within a given per cent of the true value. Assume, rather, 
that sampling of this same “population” of airports is carried out several times 
in succession. Each sample would result in the calculation of a different value 
of total delay. Depending, however, on the size of the sample taken, and on the 
dispersion of the data for the basuz population which is being sampled, an 
estimate can be made of the percent of the time that these samples will give a 
result withLn a desired accuracy. 

In other words, we can decide, before choosing the sample size, what 
“confidence Iunit” can be accepted for a given accuracy in sampling total delay. 
This confidence limit and desired accuracy determine the maximum acceptable 
sample variance, and hence minimum sample size. 

y-1.96 sy < Y< Yt 1.965, 

where Y=mean of 12/F. To get this m terms of total delay, multiply through by 
N, or the total number of airports at which delay can be expected to occur, 
making the necessary substitution and transposing, 

sy= 2 x total delay = .05 x< 12/F (30) 
1.96 

and sample variance, V = (. 05 x <@/F)‘. 

Using the methods outlined by Cochrane (reference 7). sample size 
is computed as follows 

Ignormg for the moment the correction for finite population (fpc), 

,,, ~ CiN,i 5~)~ IZO x 10’~ 
0 

v - 64 XIO'b = I9 

where NH = number of airports m a given stratum, and SH is the standard 
deviation in a given stratum. Correcting for the fact that ye , or sample size, 
is a fairly large fraction of N, or populatmn size. 

n= No 
19 

It+NHSHL = 
,+ 33 i 10'6 =13 - 

64X IQ’& 
(31) 

The size of the sample taken in each stratum, for minimum variance, 
will be proportional to the product of the size of the stratum and the standard 
deviation of that stratum. In symbols, 

tJ 
H 

= hNH ‘H 

< NH ‘H 
where* no = sample size for stratum H 

NH = “population”, stratum H 
SH = standard deviation, stratum H . 

Previously, it had been decided to sample the first stratum 100%. 
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Accordingly, the total sample size required is 13 f 5 or 113. Proportioning a 
sample of 18 in accordance with this principle, we obtain 

Stratum “k 3 2% 

1 5.00 5 5 

2 5.86 9 6 

3 3.44 14 4 

4 1.21 15 2 

.50 13 

1 

1 
.50 13 

.67 29 
1 

.82 46 

t&I is the first approximation. The column headed nh shows the 
sample sizes finally selected, with the aim of emphasizing the strata having 
higher variance and which will, in any case, account for most of the delay. 

Selection of Specific Airports for Inclusion 

In order to avoid biasing the sample through a priori judgments, a random 
sample was taken, I. e. . airports were selected such that every airport (except 
the five in stratum No. 1) had an equal chance of being chosen. The procedure 
was carried out for each stratum separately. The list of airports selected by 
strata is presented on a following page. After the preliminery selection of this 
sample, it was decided to sample the second stratum, consisting of the nine 
airports shown on the table, 100% as well, since additional personnel or 
activity were not required in gathering data at these airports. 

To calculate total nationwide delay, each of the strata was computed 
(fully sampled strata by simple addition, partially sampled strata by proportion) 
the total delay being the sum of all strata. 

The list of airports selected for the sample includes 

Stratum I1 (100%) 

(MDW) Chicago 
(LAX) Los Angeles 
(LGA) New York 
(SFO) San Francisco 
(DCA) Washington, D. C. 
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1 

2 

3 

4 

5. 

6. 

Stratum $52 (100%) 

(ATL) Atlanta 
(CLE) Cleveland 
(DAL) Dallas 
(YIP) Detrcnt 
(EWR) Newark 
(IDL) New York 
(PHL) Philadelphia 
(PIT) Pittsburgh 
(PD)4 Portland, Ore. 

stratum #3 (4 of 14) 

(BOS) Boston 
(CVG) Clncxmatl 
(HOU) Houston 
(MSP) Mlnneapohs 

Stratum #4 (2 of 15) 

(ORD) Chicago 

(FWA) Fort Wayne 

Stratum $5 (1 of 26) 

(ROC) Rochester 

Stratum #6 (1 of 75) 

(LEX) Lexington 
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