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NATIONAL AVIATION FUEL SCENARIO ANALYSIS PROGRAM
(NAFSAP)

VOLUME I: MODEL DESCRIPTION

BY

STEVE VAHOVICH, AEE-200
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I. INTRODUCTION

NAFSAP is a computer simulation program which forecasts U.S. domestic
fleet fuel burned from user supplied scenario inputs. The outputs from

NAFSAP are presented using both tables and graphs.

The computer model and data are stored on the Computer Science Corporation
(CSC) computers. The procedures to access NAFSAP and execute the computer
program are described in "Volume II: USER MANUAL." The computer program

is written in Fortran computer language.

NAFSAP 1is a quick and easy way to conduct scenario analysis, focusing on
differences in fuel consumed given alternative user inputs. The user

describes the following inputs to the program:*

(1) The market (types of aircraft and their associated typical
utilization, seats, speed, load factor, and fuel consumption

rates);

(2) The target revenue passenger miles (RPM) for the forecast

years; and

(3) Options determining how the program will create and fly aircraft

to meet the target PRMs.

*Default historical data bases and default forecasts RPM data (see User's
Manual), utilizing the most recent data, are available to the user.
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Variations in any or all of these input parameters form the input scenario.
Results, obtained by executing NAFSAP across different input scenarios,

may be compared to determine the fuel impact of changes in the input set.

In brief, NAFSAP operates in the following manner. The program cumulates
the number of aircraft purchased over the most recent 16 years of history
to form the base year fleet (curremtly, the last historical year is set
at 1978). Then it extends the base year fleet to future years retiring
each aircraft after say 16 years (user specified option) of service
(e.g., an aircraft purchased in 1978 is retired in 1994). This extended
base year fleet, net of future retirements, forms the "basic core fleet."
NAFSAP then computes the RPMs that are possible when this basic core
fleet is flown according to the user specified input parameters (see

Item 1, above). It then compares the possible against the target RPMs,
and proceeds to create additional aircraft to exactly satisfy the deficit
of target over possible RPMs. The selection of aircraft type(s) for new
additions to the fleet is a user option. Fuel consumption is computed

from the derived fleet and the fuel consumption characteristics of each

type of aircraft.

NAFSAP is a product derived from work originally performed at NASA's
AMES Regearch Center in California. The Office of Enviroament and
Energy, Divisfon of Energy (AEE-200), performed significant program and

data modifications and provided additional capabilities to the original

e .
NASA program to obtain NAFSAP. In additionm, ' ‘ﬂ
e
| o
1o
S e
] o ~ L8
4 PRI
o Le) e O e T ow
] 4 Q & ] S I <
gl o ol o9
o2 g o =) I
3 - |® ga:!-ﬂ il e
w ©Q Ge Lol B
5 [ q ot [P
D i 5 o2 0-" [ ey
sl 2% @
O Mee 3 vty
JEB8S | a ai ‘ a




NAFSAP has been subjected to a thorough series of debug test runs.

Hence, NAFSAP is a fully tested product.

too numerous to discuss, only the additions to the original program are

noted in the following:

(¢))

(2)

3)

(4)

(5)

Graphics capability using the fairly widely available DISSPLA

package.

Capability to easily specify the beginning and ending year for

the forecast period.

User option to specify any target revenue passenger mile
(RPM), by year, for the forecast period. NAFSAP will then
compute the required number of aircraft (according to user
options set as per Item 4, below) and fuel burned to meet

these RPM requirements.

User option to select among serveral pre-programmed future
fleet control criterion, or alternatively, options for the
user to design his own future fleet to meet the target RPM

requirements.

User option to select among alternative preprogrammed data

bases, according to the scenario he wishes to analyze. In

addition, the user may create his own specialized data input.

Since the program changes are




II. MODEL DESCRIPTION

A. INPUTS
NAFSAP uses a three markets concept to disaggregate the total U.S.
domestic fleet air carrier transportation system. The three markets
are the long, short and medium range markets. There is nothing
inherent in the computer program that prevents the user from defining
these markets in any fashion desired. That is, the definition of
each market is determined by the user supplied values for the

following parameters:

PARAMETERS DESCRIPTION

TYPE Body type of aircraft

YRINTR Year first introduced

SEATS Average available seats per available
aircraft mile (all revenue service)

SFC Fuel consumed in lbs per seat-mile

SPEED Average block-to-block speed (all

revenue services; in MPR)

UTILIZ Average number of airborne hours (all
revenue service)

LIFTIM Nominal retirement age in years for
each type of aircraft

PRPM* Proportion of total RPMs for that
market attributable to each aircraft
type

*This input is used by NAFSAP only if the user elects to comstruct his
own future fleet (see OPTIONS section below)
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In NAFSAP, the above parameters are defined for the base year, i.e., the

most recent year of historical data (currently, the base year for the program
and all default data sets is 1978). A sample input data list is presented

in Table 1. The values presented in Table 1 represent the markets

defined as follows:

-- long range market : statute miles greater than or equal to

2500 (SM > 2500)

-- short range market : statute miles less than 1500 (SM < 1500)

-=- medium range market : statute miles greater than or equal to

1500 and less than or equal to 2499 (1500 £ SM < 2499) ;

R oy

By substituting a different set of values in Table 1, the user can
define the three markets at his discretion.* The first row in Table 1
reads: for the long range market, the first four—engine narrow body
turbofan (4 ENGNBTF) aircraft was introduced in 1960; in the base year,

the typical aircraft of this body type has 150 seats, consumes .153 lbs

T A T D e A TP T

of fuel per seat-mile, flew 405 MPH, flying 2,759 hours, was retired 16
years from date of purchase (see following paragraph for data of purchase),
and its proportional share of total RPMs for that market is .158 (i.e.,

15.82).

*A11 of the information required to construct, update, or alter Table 1
can be obtained from The Computer Company by contacting Tom Morrison
or Rob Durbin. See Appendix A for sample Technical Assistance Request
used ro obtain such information.
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The second major class of inputs to NAFSAP is the current fleet by year
of purchase. That is, once the most recent year (base year) of available
historical information has been determined, the preceeding 16 years

(including the base year) of the number of aircraft purchases, is input.**

Similarly, if the historical data shows that some aircraft are retired
prior to the user specified general retirement age (LIFTIM), this in-
formation directly follows the aircraft purchase data in the data base.
In the following chapter, the vector of aircraft purchases is denoted by

NOBUYS, and the aircraft retirements vector is denoted by NORETIR.

The third major class of inputs to NAFSAP is load factor. The load
factor is specified once for each market. Within each market, the load
factor is specified by year, for the base year and once for each forecast
year. The load factor may be different for each market (and year within
each market); however, once it is specified for a market, it applies to

each aircraft within that market.

The final class of inputs is the target RPM values. U.S. fleet domestic
RPMs are specified (in billions) for the base year and once for each fore-
cast year. As will be detailed below, fuel burn and the future fleet

size forecasts, generated by NAFSAP, are driven by the user specified

target RPMs for forecast years.

**This information is available from The Computer Company by accessing the
B-43 schedule information.
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I1I. COMPUTATIONS IN NAFSAP

The procedure described below highlights the key working relationships in
NAFSAP. It does not detail all of the data or computation cross-checks,

counters, subroutine calls, or intermediate computations performed in

the computer program. It does present a consistent beginning to end

explanations of how NAFSAP works.

A. Compute representative figures per aircraft type (I) per year

(YR) for:

1. Seat-miles as the product of speed, utilization and

seats,
SEATMI (I,YR) = SPEED (I) * UTILIZ (I) * SEATS (I)

2. RPMs as the product of seat-miles and load factor (LF)
RPM (I,YR) = SEATMI (I,YR) * LF (YR)

3. Fuel burn as the product of seat-miles and lbs., of fuel

consumed per seat-mile

l FUELBR (I,YR) = SEATMI (I,YR) * SFC (I)

dsidion i




As a result of these computations representative figures for seat-miles,
RPMs, and fuel burn are available for each body type (and within each
market) for the base year and the forecast years. Note, at this point

these representative figures are identical across all years (YR).

B. Compute the basic core fleet.

1. Compute the base year fleet (1) by aircraft type (I)

from the last 16 years (J).

POPUL (I,1) = FOPUL (I,1) + NOBUYS (I,J) - NORETIR (I,J)

That is, the net of the number of buys less the number of retirements are
accumulated, over the most recent 16 years, to arrive at the current or
base year fleet. The current base year is set in the computer program
at 1978 and all default data bases are keyed to that base. (The "USER
MANUAL" describes the procedure to change the base year in the program

and the user must update the data bases accordingly).

2. Establish the basic core fleet for the forecast years

(J + 16) for each aircraft type (I). To simplify the ex-

position, 16 years is used as the useful life of an aircraft.

The first step in establishing this future core fleet is to
move the number of historical aircraft purchases, by year,

to retirement after 16 years useful life.

NORETIR (I, J + 16) = NOBUYS (I,J)

10
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In the next step, the basic core fleet (POPUL) for years J + 1 (the

forecast years) is computed, year by year, and updated each year on the

basis of each preceeding year's results.

POPUL (I, J + 1) = POPUL (I, J) - NORETIR (I, J + 16)

For example, the 1979 core fleet is the 1978 core fleet less purchases

made in 1963 (i.e., retirements in 1979).

C. Compute total RPMs pogsible across aircraft types (I) for the

core fleet for each forecast year (YR).

TOTAL = TOTAL + RPM (I,YR, * POPUL (I,YR)

That is, for each forecast year, the product of representative RPMs and
the number of aircraft, by aircraft type, is aggregated across all types
of aircraft. This calculation is repeated each forecast year; however,
once the result for any given year is obtained, the computation described
in section D, below, is performed prior to the TOTAL compute for a subse-

quent year.

D. For each forecast year, check the user input target RPMs

(MARKET) against possible RPMs (TOTAL)

RPMDIF = MARKET - TOTAL

11




1f RPMDIF is greater than zero, additional aircraft are created

according to user specified fleet control options (see "FUTURE
FLEET CONTROL OPTIONS" chapter below). All options utilize

some form of the following computation to determine the number

of additional purchases required to satisfy RPMDIF.
NOBUYS (I,YR) = RPMDIF/RPM (I,YR)

That is, the number of new buys by type (I) per year (YR) is
determined by the defi;it (of target over possible) RPMs for
that year divided by the representative RPM figure for that
type of aircraft. For example, if RPMDIF = 100 and RPM (1,2)
= 5, then 100/5 = 20 aircraft of type 1 are purchased in year

2.

Finally, these new number of aircraft purchases are used to
augment and update the core fleet for the forecast years as

follows:
POPUL (I,YR) = POPUL (I,YR) + NOBUYS (I,YR)

That is, the sum of the core fleet and new purchases, by

alrcraft type for each forecast year, forms the future fleet

consistent with the target RPMs.

12
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Note that the two immediately preceeding computations update

NOBUYS and POPUL for one forecast year at a time. The program
then returns to the first computation shown in section B,
subpart 2, and the entire procedure is iterated for each

subsequent year.

Compute the final outputs by using the representative figures
per aircraft type (I) per year (YR), and applying them to the

updated fleet which satisfies the target RPMs.

SMILES (I,YR) = SEATMI (I,YR) * POPUL (I,YR)

FBRNED (I,YR) = FUELBR (I,YR) * POPUL (I,YR)

RPMS (I.YR) = RPM (I,YR) * POPUL (I,YR)

Thus, given the target RPMs, the associated fleet (POPUL),
seat-miles (SEATMI), fuel burn (FBRNED) and RPMS are computed
as outputs. Upon completing each of the equations shown in
sections A through E for a single market, the identical com-
putations are performed using each subsequent market's data.
As may be noted, the input target RPM forecast is for the
entire domestic market. The program disaggregates this forecast
across markets using base year data on each market's RPM share
of the total domestic market (see "USER MANUAL" for procedure
to alter these factors). This establishes the RPM target
within each market, totals across markets are thus consitent
with the user input.

13




The following chapter addresses the future fleet control

options available to the user. As noted in section D, above,
selection of this option determines the specific form of the

number of new purchases (NOBUYS) computation.

14
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IV. FUTURE FLEET CONTROL OPTIONS

The future fleet control options control the future fleet mix and hence the
forecasts of fuel burned by type of aircraft. Three alternative options

are available to the user:

- Basic Option

- Fuel Efficient Option

- Design Your Fleet Option

Each of these options are discussed below.

A. Basic option--when this option is selected the last aircraft type

on the input data set (within each market) is assigned all deficit

(difference betwwen target and possible RPMs = RPMDIF) RPMs. Since

the default data sets are arranged chronolcgically within each market

(for example, see the YRINTR column in Table 1), exercising this option

on a default data set would attribute RPMDIF to the most recent vintage
aircraft. Under the basic option, the NOBUYS equation as shown in
section D above is used; however, the subscript 1 for RPM variable
is set equal to the index counter for the last aircraft considered

within each market.

15
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Fuel efficient option--when this option is selected all deficit

RPMs are assigned to the most fuel efficient aircraft. That

is, the program conducts a search across all aircraft within

one market and identifies the aircraft type with the lowest
SFC value (e.g., in Table 1 this represents lbs. of fuel
consumed per seat-mile). Under the fuel efficient option, the
NOBUYS equation as shown in section D, above, is used; however,
the subscript 1 for the RPM variable is set equal to the index

associated with most fuel efficient aircraftc.

Design Your Fleet Option~-when this option is selected all
deficit RPMs are assigned to a fleet which is constructed

according to the following user specified parameters:

1. The annual percentage increase the user wishes to apply
to the basic input RPM share factor for existing (year
of introduction--YRINTR column in Table l--less than or
equal to the base year) aircraft. The input RPM share
factors, for a sample data set, are shown in the PRPM
column in Table 1. The user specified percentage increase
is then applied to these PRPM values. As the computer pro-
gram is currently written, the percentage increase for each

market is specified separately.

16




The value indicator for the existing (YRINTR less than or

equal to the base year) aircraft types in each market to
which item 1 is applied. Acceptable values for the vector
indicating the user's preference as to the disposition of
the existing aircraft types are: 0, 1, or 2. Any other
values will lead to spurious results. Setting the value
indicator equal to 1 for a particular aircraft type will
result in the percentage PRPM increase specified in item 1
being applied to that aircraft type. Since the sum of the
PRPM factors must equal 1, a comparable percentage de-
crease must occur to other aircraft types. If the user
desires this decrease to be applied to a specific aircraft
type(s), a value indicator of 2 should be assigned to that
type. All of the remaining types should be assigned a
value indicator of zero, their PRPM factor share would
remain constant. If the user does not wish to concentrate
the decrease in particular aircraft types, the value indi-
cator "2" should not be used. That is, the remaining
types should be assigned a value indicator of zero. In
the latter case, (i.e., the value indicator "2" is not
used) the percentage decrease is distributed equally

among all types having the value indicator zero.

The above description is applicable to all years prior to
the introduction of a new type aircraft into a market

(YRINTR greater than the base year).

17
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For the year a new type aircraft enters a market and for

all subsequent years, the percentage increase/decrease
scheme changes slightly. That is, the percentage increase
described in item 3 below becomes effective, and that for
existing types (aﬁ per item 1 above) ceases to be effective.
Thus, all of the PRPM percentage increase is applied to the
new type aircraft. The comparable decrease will be con-
centrated in those aircraft types having a value indicator
equal to 2. Since NAFSAP assumes all of the PRPM percentage
increase is to be applied to the new type aircraft, the
existing types with value indicators equal to 0 or 1 will
retain their PRPM factor share effective at the time of
introduction of the new type. If the user does not wish

to concentrate, the percentage decrease (i.e., the value
indicator "2" is not used), the percentage decrease is
distributed equally among all types having the value in-

dicators equal to 0 or 1.

In an effort to simplify the above discussion, the rela-

tionship between the value indicator, its associated PRPM

factor share, is restated as follows:

18




Years Prior to Introduction of a New Type Aircraft

1. Case where at least one existing aircraft type has a value indicator

equal to 2.

Value Indicator

1 PRPM factor share increases
2 PRPM factor share decreases
0 PRPM factor share constant

2. Case where no value indicator equals 2.

Value Indicator

1 PRPM factor share increases

0 PRPM factor share decreases

Years During and Subsequent to Introduction of a New

Type Aircraft

1. Case where at least one existing aircraft type has a value indicator

equal to 2.

Value Indicator for Existing Type*

1l PRPM factor share constant
2 PRPM factor share decreases
0 PRPM factor share constant

*All of the PRPM factor share increase is assigned to the new aircraft type.

19




2, Case where no value indicator equals 2.

Value Inidcator for Existing Type*

1 PRPM factor share decreases

0 PRPM factor share decreases

*All of the PRPM factor share increase is assigned to the new aircraft type.

The annual percentage increase the user wishes to apply
to the basic input RPM share factor for new type (YRINTR
greater than base year) aircraft. The percentaﬁe increase
for each market 1s specified separately. 1If more than
one new type aircraft appears in any one market, the
percentage increase specified for new types in that mar-
ket is applied to each new type aircraft. Finally, it
should be noted that should new type aircraft be included
in the data input set (and assuming the associated annual
percentage increase is not zero), the program will dis-
regard the percentage increase specified for the existing
type aircraft once the new aircraft type is introduced

into the market.

When the design your fleet option is selected the numerator

of the equation to compute NOBUYS (as presented in sectiom D,
above) is modified. That is, RPMDIF is disaggregated by the
aircraft type RPM share factor (using the user input PRPM values

for the base year and then the compound increments, as

20
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explained in items 2 and 3 above, for the forecast years).

Then the disaggregated RPMDIF is divided by the representa-
tive RPM value for the corresponding aircraft type to
arrive at NOBUYS. Thus under this option, NOBUYS of each
aircraft type and for each forecast year is closely con-

trolled by the user.

Further, it should be noted that the computer program incor-
porates checks to ensure that the sum of the share factors
across aircraft types is exactly 1.0. Only "relevant" air-
craft are included in this check. Since NAFSAP computes
estimates year-by-year, aircraft not yet introduced into
the fleet by the current computation year are irrelevant
and are excluded from the check. For example, for years
prior to the introduction of a new type, if one aircraft

in a market is incremented by 10 percent and their are

five aircraft in that market, three of which are selected
to be decreased (value indicator equal 2) and one type

held constant (value indicator equal to 0), then the

factor shares for the three selected for decrease are
decreased by 3.3 (10/3) percent each. If two aircraft
types were increased by 10 percent each, then the three
types selected for decrease are decreased by 6.7 (10/3 x 2)
percent each. Similarly, checks are incorporated in the

program to ensure that no factor share becomes negative.

21




Should any factor share become negative, that factor
share is set to zero for that year, and the aircraft type
having the maximum factor share is reduced by the nega-

tive amount.

For any of the above options, if new type aircraft

are in the market, the option will not be effective for the
new type aircraft for any year prior to the introduction

of that aircraft type. For example, using the first market
in Table 1, for the basic option this means that additional
aircraft of the existing type will be created (i.e., next
most recent ventage) to satisfy RPMDIF until 1987, at
which time RPMDIF will be attributed to 3EWB77. Similarly,
for the fuel efficient option, using the medium range mar-
ket in Table 1, the additional purchases to satisfy RPMDIF
will go to the most fuel efficient existing type prior to
1984. Only for 1984 and subsequent years will the 2EWB767
be assigned the RPIDIF. For the design your own fleet
option, the percentage increase specified for the new type
will only be effective after they are introduced into the
market. Prior to that only the existing types will be

incremented.

22




V. TYPES OF QUTPUT

Both tables and graphic output are available from NAFSAP. The output begins
with the last historical year and ends with the last forecast year. Currently

outputs go from 1978 through 2005.

A, TABLES - Tabular outputs are available as follows:

- SEAT MILES

- FUEL BURNED

- RPMs

- # OF AIRCRAFT

- # OF NEW PURCHASES

- # RETIRED

ABOVE ITEMS ARE AVAILABLE:

A) FOR EACH AIRCRAFT TYPE WITHIN EACH MARKET (YEAR-BY-YEAR AND

e

ACCUMULATED ACROSS YEARS)

B) MARKET TOTALS FOR EACH MARKET ACROSS AIRCRAFT TYPES WITHIN

EACH MARKET (YEAR-BY-YEAR AND ACCUMULATED ACROSS YEAR)

C) ACCUMULATIVE TOTALS ACROSS ALL MARKETS (YEAR-BY-YEAR AND

ACCUMULATED ACROSS YEAR)

D) FRACTIONAL COMPONENT THAT EACH ITEM'S MARKET TOTAL REPRESENTS

OF THE TOTAL ACROSS ALL MARKETS
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Tables 2 through 4 present sample tabular outputs. Table 2
shows the output for a three-engine wide body turbo-fan aircraft
(3ENGWBTF) in the medium range market. Specifically, this

table shows that, given the fuel efficiency input scenario, in
1979 there were 118 of these aircraft (see "POPULATION" column),
consuming 15,810,000 barrels of fuel, flying 21.6 billion

RPMs. The "# buys/yr" and "# retired/yr" columns show that

the ten 3ENGWBTF aircraft purchased in 1978 were retired 16

years later in 1994.

Table 3 shows information similar to that presented in Table
2, except that Table 3 presents the results aggregated across
all types of aircraft within one market. Specifically, Table
3 shows the results of a user specified fuel efficiency scenario

for the medium range market.

Table 4 presents similar results at a higher level of aggregation.
In particular, the fuel efficiency scenario results are pre-

gsented across all markets.
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GRPAHICS - FUEL BURNED BY YEAR PLOTS ARE AVAILABLE AS FOLLOWS:

A) SEPARATE PLOT FOR EACH MARKET SHOWING FUEL BURNED BY EACH

AIRCRAFT TYPE IN THAT MARKET

B) A PLOT SHOWING THE TOTAL FUEL BURNED FOR EACH OF THE

MARKETS, TOGETHER WITH THE TOAL ACROSS ALL MARKETS

C) A PLOT OF ACCUMULATIVE FUEL BURNED, I.E., FUEL BURNED BY
1ST AIRCRAFT TYPE IN 1ST MARKET IS PLOTTED, THEN FUEL
BURNED BY 2ND AIRCRAFT TYPE IN 1ST MARKET PLUS THE PRECEEDING
IS PLOTTED, AND SO ON ACROSS ALL AIRCRAFT TYPES AND

MARKETS.

Exhibits 1 through 3 present sample graphics output. Exhibit

1 shows the results of a fuel efficiency scenario for the
medium range market for each aircraft within that market.

This graph is consistent with the Table 1 sample input data

set. Exhibit 1 shows that barrels of fuel burned increases

for 3 ENGWBTF until 1984. 1In 1984, when 2 EWB767 are introduced,
RPMDIF is assigned to the latter relatively more fuel efficiency
aircraft, resulting in a rapid rise in fuel burned for this

type of aircraft. As shown in Table 2, the last 3 ENGWBTF was
purchased in 1983, under this scenario. Exhibit 1 reflects

the 16 year useful life assumption for 3 ENGWBTF and shows

this aircraft type to go to zero in 1999,




e v LN

Exhibit 2 shows fuel burned by year, for each market total.
Total fuel burned across all market is also shown. The close
proximity of the long and medium range market is due to market
definition for this sample "run.”" That is, the market definitions
presented in Chapter II and consistent with Table 1 were used.
Since for the base year the long range market accounts for

21.4 percent of the total RPMs and the medium range market
accounts for 24.6 percent, the close proximity of the curves
representing these two markets is understandable. The uppermost
curve in Exhibit 2 shows total fuel burned across all markets,
corresponding to Table 4 output. It shows, for this scenario,
fuel burned increasing from approximately 179 million barrels

in 1978 to about 524 million barrels in 2005.

Finally, Exhiﬁit 3 shows cumulative fuel burned as each aircraft
type enters each market. That is, the lowest curve shows fuel
consumed by 4ENGNBTF in the first market considered. The next
highest line shows fuel consumed by 4ENGNBTF plus fuel consumed
by 4ENGWBTF in the first market considered. After all aircraft
in the first market are cumulated, the aircraft in the second
market are added to these results one-at-a-time. Finally,
aircraft in the third market are considered in the same manner.

The uppermost curve corresponds to the total across all markets.

| 8




[ &4

STANYVE @INUNE TANd
—

LOUAIMIZ = »

JLAMDNIAE = X

ALAMIONA Y = +

OIOVNDIS :aM3121443 TN JLOANDNAE = v
JLENONIP = ¢ !

ANTDAT |, W

JAMHVIN dINVH NIAN

1SEIBI0, 9ses[) 1oNd 19014 SN
T LIGTHYH




wr

L]

53

L
L
i
L

SLANUVAN TIV SSOHDIV TVIOL = x
JANUVN ADNVYH NNIgAN =+
JANUYN AONYH JHOHS = v
JANUYN AONVYH INOI =0

anada
SIUWIIXS AN W}
JANYVA HOVE HOd ZLVDAUIOV

}S033I0] ades] 19Ny 19/d ‘SN
Z LMY

' |




dA08V AHL +
dAOHlY dHL +
dA00V AHL +
JAOHV JHL +
AAOHY AHL +
4A08V AHL +
. dA00V 3HL +
dA00V AN, +
JdAOUV dHL +
JdAO8Y JHL +
dAO8YV -dHL, +
A0V 3AHL +
dA08V JHL +
daodav amul +

oINS :AMIINIAI TN
SIAMYVA SSOHIV GILVIINIDV

LAMIZ2 =0
JLAMDNIE=1w
4d1LAMONIV=n
4LONDNIE=»
dLEUNDNAY=1n

LSLANIZ =@
JIAMDNAZ = o
JIAMDNIC = w
ALANDNIZ = »
JLEANDNIC = »
JdLONDNIP = o

LLLAMIC = x
JLEMDNIC = »

JIEMDNIY= v’

JLONONIY = 0
XH]

WONNAIAYST( 99%S)) 19N 39914 SN 15630703

T LIGTRXA

T
"

STINYVE ‘qINUNG Tand

T
L J

-6

o




VI. SCENARIO ANALYSIS

The type of scenario analysis that may be generated using NAFSAP is
illustrated in Table 5. This table presents information derived from

five different scenario "runs" of NAFSAP. The column headings indicate

the scenario options chosen by the user. As explained in Chapter V,

above, in the fuel efficiency scenario all deficit (target less possible

= RPMDIF). RPMs are attributed to the most fuel efficient aircraft.

For the basic option, all deficit RPMs go to the most recent vintage
aircraft. The inputs presented in Table 1 are used for the fuel efficiency
and basic options. The third column heading indicates the "design your

fleet option."

Table 1 data is also used as the input when exercising
this option. Specifically, a 1% increase is applied to the last existing
type of aircraft in the long and medium range markets (i.e., 3 ENGWBTF

in both markets, see Table 1), and to the last two existing types (2ENGWBTF
and 2ENGWBTF, see Table 1) in the short range market. One new type of
aircraft is entered in each market (see Table 1), and their RPM market
share is increased at 2% per year. That is, each of the new types

enters with a 5% factor share (3% PRPM factor as specified in Table 1,
plus 2% increase) of RPMDIF and receives a 2% annual increase. As
explained in Chapter V, the PRM factor share and associated increments
for new type aircraft is effective only for, and subsequent to, the

year it is introduced (YRINIR in Table 1) in the fleet. 1In additionm,
once the new type aircraft are introduced into the fleet, the factor
share increments (17 in this example) are no longer applied to the

existing type aircraft.
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The two right-most columns in Table 5 show results for two additional design

your fleet scenarios. Both of these scenarios are very similar to the pre-
ceeding scenario. However, in the latter two scenarios, two new aircraft
are included in the long range market. Specifically, 2EWB767 aircraft are

entered in the long range market along with the 3EWB777. As indicated in

. the footnotes to Table 5, for the column labeled "AT 2%,'" the 2EWB767

enters with a 10%Z share and the 3 EWB777 enters with a 5% market share,

both receive 2% annual increases. To illustrate differences between the

two scenarios where two new types of aircraft are introduced, the market

share factors are altered for the new aircraft types. The footnote associated
with the column label "AT 10%" defines the relevant market shares for the
final scenario. For the two scenarios utilizing two new types of aircraft

in the long range market, the scenario options related to the existing types
of aircraft are identical to that presented in the immediately preceeding

paragraph.

Table 5 shows that under the fuel efficiency scenario 8,426 million barrels
are consumed at a cost of approximately $177 billion dollars. Results for
the other scenarios may be compared to those for the fuel efficiency
scenario to determine fuel consumption and costs in excess of the fuel
efficiency case. For example, the third right-most column, where one new
aircraft type is introduced in each market, shows the most extreme results.

Under this scenario 10,120 million barrels fo fuel are consumed at a cost

of approximately $212.5 billion dollars. Comparing these results to com-

parable figures fo the fuel efficiency scenario shows that over the fore-
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cast period almost 2 billion barrels of fuel are consumed in excess of

the fuel efficiency results at an "extra" cost of about $36 billion dollars.

Obviously, Table 5 is only one example of the manner in which NAFSAP can be
used to conduct scenario analysis. Scenarios can be tailored by the user
of NAFSAP to suit his/her own needs, and the results may be compare
accordingly. In addition, results similar to Table 5 could be obtained

for fleet composition comparisons, or seat-miles comparisons. Similarly,
such tables can be generated for each market described by the user to
NAFSAP. The wide range of options available to the user provides NAFSAP
with great flexibility, thus making it a useful tool to analyze a wide

variety of problems.
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. THE COMPUTER COMPANY

121 CONNECTICUT AVENUE O SUITE 708 O WASHINGTON. D.C 20036 O (202) 467-6340

August 24, 1979

Charles J. Hoch )
Federal A dation Administration
800 Independence Ave., S.W.
Washington, D.C. 20590

Subject: Technical assistance in retrieval of C.A.B. data ;e
for various mileage breakdowns by aircraft type.

Reference: Discussion between Steve Vahovich of F.A.2. and
Thomas Morrison of The Computer Company on
August 22, 1979.

Dear Mr. Hoch:

Per your request, The Computer Company is pleased to
present this task description to provide data for your
forecasting purposes.

Background

The Computer Company provides ER 586 data online to the
F.A.A. but the reguest in this particular case is best
suited to a batch run. This project will modify existing
F.A.A. software developed by T.C.C. to include additional
data items and then provide the report.

Task Description

(1) The Computer Company will develop the software
necessary to provide a report with four components. The
first three components will be aircraft data for three
specified mileage markets. The fourth will be totals for
aircraft without regard to milegage.

(2) Each component will contain calculated RPMS, Passengers,
4 Load Factor, Average Passenger Trip Length, the percent

of an aircrafts RPM's, the average available seats per
aircraft mile, average block to block speeds and block hours.

(3) The aircraft types will be broken out individually as

types (ie. 727, 737, 747) ard accumulaggg:;ézgzpupss{ie.
narrow body 2 engine, wide body 2 engine; 8tc.).
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August 24, 1979
Mr. Cnarles Hoch
page 2

(4) The report will be provided for the most current 12
months.

(5) The report will be output as a printed report and
as a tape.

Deliverables

(1) A printed report.
(2) A data Tape.

Staffing

The Cohputer Company will have available senior programmers/
analysts to perform the described tasks.

Cost Estimate

The estimated level of expenditures is as follows:

Senior Programmer/Analyst 16 hours $480.00
The maximum estimated computer cost is $1500.00.

The computer cost can not he exceeded without an explicit
approval by the F.A.A. contracting officer.
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August 24, 1979
Mr. Charles Hoch

page 3

Schedule

Work on this task will be completed within 5 full working
days after written authorization to proceed.

Sincerely,

The Computer Company
APL Division

T s L Whoiaen. /0

Thomas G. Morrison
Manager, Aireast

TGM/d1lb \

Hoch Date

Charles J.

_é‘__a.&‘%m&/u _£hal79
Approved: Arthur Dahmer . Date/ r
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NATIONAL AVIATION FUEL SCENARIO

ANALYSIS PROGRAM
(NAFSAP)

VOLUME II: USER MANUAL

STEVE VAHOVICH, AEE-200

SEPTEMBER 1979
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I. INTRODUCTION

STEP 1:
To access NAFSAP, sign-on the Compu&‘r Science Corp. (CSC) computer

system using the following procedure:

Dial: 937-0530 (access phone number will be different outside of

the Washington, D.C. Metropolitan Area)

when green light on copuler lights, type: E (cr)* System will respond

"CENTER," and user types NN (cr). Then type:

GPS, user computer number, password, project code (cr).
You are now on the CSC computer system.
STEP 2:

The user must now set the options for the scenario he wishes to input to

NAFSAP. Three general categories of options may be set by the user:

o aircraft specific options
o target RPM's options

o future fleet control options

*cr means depress carriage return button
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Since the aircraft specific and target RPM's options contain the most recent
historical and forecast information as their default values, these options
will generally be exercised only when these data bases require update or for
special (variations on history or alternative forecasts) analysis rums.
Thus, a description of these options is presented later in the "Data Base
Update" chapter. The following chapter describes the procedure to

exercise the future fleet control options.

Appendix B-1 provides a copy of the FORTRAN code of the computer program
comprising NAFSAP input data base and Appendix B-2 provides a sample input
data base. Since all changes in options and data bases are accomplished

via the REVISE command, and since the content of this REVISE command is
specific to the particular values the user wishes to specify (the combinations
are almost infinite), it is not practical to list the exact REVISE

command for each option. However, all changes in options and data bases

do follow the general form of the REVISE command as given in Guide to General

Programming Subsystem (GPS), pages 23-32. The user is referred to that

document for further detail. Appendix B-3 presents the computer code

for the three separate programs that generate the graphics results.

STEP 3:

Having set all desired options and completed all modifications the user

types in the following commands:

SWITCH INS: specify input data set name

(this statement identifies the input data set to NAFSAP)
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SWITCH OUT$: specify any unique output data set name

(all tabular output from NAFSAP will reside on this file for user

retrevial)

*EQUATE 4 BET3IN

*EQUATE 8 BET4IN

EQUATE 3 specify the "target RPM" in our

file name

(this statement identifies the target RPM input file)

EQUATE 16 specify any unique output data

set name for graphs

(identifies the file to which outputs are written and which are

used as inputs by the DISPL2 graphics program)

EQUATE 18 specify any unique output data

set name for graphs

(identifies the file to which outputs are written and which are

used as inputs by the DISPL3 graphics program)

EQUATE 17 specify any unique output data

set name for graphs

(identifies the file to which outputs are written and which are

used as inputs to the DISPLA4 graphics program)

*These files are utilized by subroutine UNITO4 as presented in Appendix B-l.
This subroutine simply reads and writes the data presented in lines 1

through 35, Appendix B-2Z. This data relates
characteristics for new type aircraft, which
NAFSAP. Allowances are made for these files
NAFSAP to provide space for future expansion
problems. Alternatively, these files may be
special problems he/she wishes to consider.
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FR5 BET2PR

(compiles the Fortran code in NAFSAP)

LINK BET2PR

(creates an executable module for the computer to process)

BET2PR

(executies NAFSAP, writing all tabular and graphics related output
to specified files)

SWITCH IN$:, CLOSE OUT$:, CLOSE

(releases all files from the current computer job stream run)

SAVE specify the same data set name used in SWITCH OUT command

(saves the results of the current run; outputs for graphics programs

are automatically saved)

Either of the following two commands may now be used to "claim" the
tabular output:

LIST specify same data set name used in SAVE command

(1ists the results at the terminal)




OUTPUT file name used in save high speed printer number

(causes the output to be printed at the high speed terminal)
STEP 4:

To obtain graphic output from a pen plotter the following additional

statements are required:*

EQUATE 28 specify any unique file name for graphics output

(1dentifies file to which output of graphics program is written)

LINK, HIER, MORE gpecicy desired graphics program name

(creates an executable module and allows for special graph control

statements)

USE $DISS1l, $DISS2

(allows use of DISSPLA graphics control statements)

QUIT

(attach the DISSPLA statements to the executable module)

specify desired graphics program name

(executes the specified graphics program; same name as specified in

LINK)

*Alternative graphics programs; DISPL2, DISPL3, DISPL4, are discussed in
Chapter IV, All these programs utilize DISSPLA, a commonly aveilable
graphics pagkage. See the DISPLA Reference Manual for further detail.
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SAVE specify same data set name used in EQUATE 28

(saves the results of the graphics program)

DISSPOP, ZET specifv same name used in SAVE

(executes post processor which translates results of the graphics

program to machine readable code used by the pen plotter)

cr
(depressing the carriage return button will cause the plot to begin

on the pen plotter)

STEP 5:

ﬁ Upon completion of the desired output the us~r "signs-off'" the system

with the following command:

OFF
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TABLE M-1: FUTURE FLEET CONTROL OPTIONS

USER FLEET
FUEL 1 New Long = 2 New,
EFFICIENCY BASIC Each Market Others = 1 New
At 27 At 102
* * * * *
Indicate Fleet Design (INDIC=) 2 0 1 1 1
# of MRKT = 1 Exising NA NA 0,0,1,1 0ql,1,1 Same as 2%
Types Incremented (NOLD1=)
# of MARKT = 2 Exising NA NA 0,0,0,1,1,1 Same as 1 New
Types Incremented (NOLD2=)
# of MRKT = 3 Exising NA NA 0,0,0,1,1 Same as 1 New
Types Incremented (NOLD3=)
* * *
%2 Increase Applied to NOLD (POLDTP=) NA NA .01 .01 .01
* * *
% Increase Applied to New Types (PNEWTP=) NA NA .02 .02 .10

* A vector of 3 elements, each element is equal to the value shown.
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II. FUTURE FLEET CONTROL OPTIONS

Table M-1 shows the three categories of future fleet control optioms:
(1) fuel efficiency; (2) basic; and (3) user fleet. These options are
described in Volunm I of the documentation of the NAFSAP mode. Volume
I also presents the results of exercising the options for the exact
values specified in Table M-1.

Each of the row labels in Table M-1 contains a variable name in the
parenthesis. These variable names correspond to those used in the
¢omputer program code presented in Appendix B-1 (see subroutine Buys 2).
Each variable name identifies a vector. The elements of the INDIC,
POLDTP AND PNEWTP vector relate to the markets. For example, assuming
the data input file (see discussion in Chapter III) is ordered long,
short, and then medium market, the first element in each of these
vectors relates to the long range market, the second element relates to

the short range market, and the last relates to the medium range market.

The specific values presented in the first row for Table M-1 are the possible
alternatives that may be specified in the computer code for the INDIC = 2
to use the fuel efficiencyoption; set INDIC = O to exercise the basic

option; or set INDIC = 1 to use the user fleet option.

As illustrated in Table M-1, the "NA" for the remaining rows of the fuel
efficiency and basic options means that no matter what value the user
specifies for the associated variables (named in parenthesis), these
values will be ignored by the computer program. That is, for these two
options the computer program automatically determins, once it "sees" a
value of "2" or "0" specified for INDIC, that it has all the information
it needs to satisfy the user's desired option. To repeat, the "NA" in
Table M-1 does not mean that the user sets the values for the associated

variables equal to "NA" (this may result in a computer program error),vector
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but rather that these variables may take on any arbitrary numerical integer

value (i.e., does not contain a decimal point). However, the user must
specify meaningful values for the variables listed in rows 2 through 6 of
Table M-1 of the user fleet option is exercised. Thirc is discussed in the
following paragraph.

As shown in Table M-1l, user supplied values to the variables listed in rows 2
through 6 describe to NAFSAP the particulars of the user fleet option. There
are an infinite number of combinations of values the user may specify

under this option. Assuming the input data is ordered long, short and

then medium range market, NOLD1l relates to the long range market, NOLD2 to
the short, and NOLD3 to the medium range market. The value of each of

the elements of these NOLD vectors indicate whether the PRPM factor for

a particular aircraft rype is to be increased, decreased or held constant.
The order of the elements in these vectors must correspond to the order

of the aircraft types in the input data set for each market. For example,
assume the above market order, and assume within the long range market that
data for aircraft types and entered as follows: 4ENGNBTF, 4ENGWBTF, 3ENGWBTF,
3EWB777 (see Table 1, Volume I). Then the particular value indicators shown
in the case where one new aircraft type is introduced in each market, would
result in an increase (by the value specified in POLDTP) in the RPM factor
share for 3ENGWBTF (i.e., third element of the NOLD1 vector has a value of

1) for all years prior to the introduction of the new type of aircraft. A
corresponding decrease would occur to the RPM factor share for 4ENGNBTF

and 4ENGWBTF (both having a value indicator equal to zero). Finally, when
the new type of aircraft (3EWB777) 1is introduced into the market, say 1987,
its RPM factor share would be increased (by the value specified in PNEWTP)
and the corresponding decrease would be equally distributed across all
existing aircraft types. The meaning and use of the value indicators in

the NOLD vectors are discussed in detail in Volume I, Chapter IV, Section C.2.

These values are set via the "data statements' in subroutine Buys (see
Appendix B-1).
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The remaining vectors listed in Table M-1 (POLDTP and PNEWTP) must
be expressed in real terms ( i.e., with decimal). The value of the

elements in these vectors indicate the percentage increase applied to
aircraft types as indicated by the NOLD vectors. The first value of

the POLDTP vector existing aircraft types in the NOLD1l vector, the second
element applies to the NOLD 2 vector, the third element applies to the

NOLD 3 vector. A similar statement holds for the PNEWTP vector except

that the specified increase applies to new aircraft types only. As

shown in Table M-1 these vectors are used only for "user fleet' optionm.

As specified increase applies to new aircraft types only. As

shown in Table M-1, under the "1 NEW EACH MARKET" column for existing
aircraft (as specified by user set values for NOLD1l, NOLD2, NOLD3) are
incremented by 1% (POLDTP = .0l) per year. Simarily, this same colunm in
Table M-1 shows that the PRPM value for each new type aircraft is incremented
at 2% ( PNEWTIP = .02) per year.

Although Table M-1 shows the INDIC, POLDTY, and PNEWTP values to be the
same for each market, these values may vary across markets. For example,
the fuel efficiency option may be chosen for the first market, the basic
option for the second market, and the user fleet option for the third
market. The latter is achieved by specifying the following values for
the INDIC vector: 2, 0, 1. Simarily the rates of increase applied to
the RPM factor shares within each market, for both POLDTP and PNEWTP
vectors, may be varied by market. The remaining paragraphs of this

chapter present some additional notes of information.
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As noted in Volume I, Chapter IV, Section C, PNEWIP is effecitve only

for years during and after the new type aircraft is introduced into the
market, and values for POLDTP are ignored for this period. Similarly, if the
computer program is processing any year prior to the year of introduction

of a new aircraft type (YRINTR variable in Table, Volume I), the value

specified for POLDIP is used as the increment for éxisting types, and

PNEWTP (and its associate PRPM value) for new type aircraft are ignored.

The user should note that setting POLDTP or PNEWIP equal to zero will
not negate the option of utilizing the basic input data (i.e., PRPM
values) for either existing or new type aircraft, but will only negate

the increments. If the user desires to include only existing types of

aircraft, then the data base must be modified to exclude aircraft types
whose YRINIR value (see Volume I, Table 1) is greater than the default
(1978) or user set base year value. The following chapter describes

this procedure.

Finally, it should be noted that POLDTP and PNEWTP may take on any real
values from 0.0 to 1.0. The values specified are applied as percentage !

increases to the base year PRPM values, resulting in new PRM factor

shares for the first relevant forecast year. As pointed out in Volume
I, Chapter IV, Section C, the computer program has a series of built in
checks to ensure that the relevant RPM factor shares alway sum to 1007
(i.e., 1.0) and will balance the PRPM factors on each iteration (year)

to achieve this result.
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III. DATA BASE UPDATE

AIRCRAFT SPECIFIC DATA

Appendix B-2 presents a "sample data base" input to NAFSAP. The

input is read by the "main" program BET2PR beginning with line 48

in the computer code‘presented in Appendix B-l. The following
paragraphs present a item-by-items description of the input parameters,

as presented in Appendix B-2%,

As noted in Chapter II, data lines 1 through 35 (Appendix B-2) are
production cost characteristics to be used in future expansion of the
application of NAFSAP. These data items are read by the subroutine

UNIT04 (see Appendix B-1), but are not currently utilized by NAFSAP.

The first required line of input data (line 36 in Appendix B-2)
specifies the name of the market that is to be associated with the

data items to follow.

The next item of data (lines 37 through 41, Appendix B-2) are
reserved for future data base and program expansion-~-any values may
be entered here, they are read by the program (line 53, Appendix

B-1) but are not utilized.

*This data set may be modified, as explained in this volume, Chapter I.
Alternatively, the user may create a completely new data set by tyring

in his desired values, matching input columns and type (real/integer)

data to the read format statements. For FAA in-house users, the data

set listed in Appendix B-2 resides in their system under the name BETDAS;
alternative available on-line data sets include BETDA4 (containing only
existing aircraft types) and BETDA7 (containing 2 new aircraft in the

long range market, and 1 new aircraft type in other markets), as presented
in Appendix B-4.
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The next data item are load factors (lines 41 through 44, Appendix B-2).

One load factor value is entered per year. The first entry is for the
base year and the remainder are for the forecast years. These load
factor apply to the market, i.e., to each aircraft type within the

market. As with all the following data items, they may be specified

differently in each market. The read statement for load factors appears

on line 61 of the computer program code.

The next data item (line 45, Appendix B-2) specifies the number of
existing aircraft types in the market., The real statement for this

data item appears on line 69 of the compter program code.

The next data item (line 46, Appendix B-2) itemizes the aircraft type
characteristics for one aircraft type in the market. These eight
characteristics, corresponding to the eight variables listed in the
read statement (line 76, Appendix B-2), define the simulation para-
meters for an aircraft type. Using the values specified in line 46
of the sample data base in Appendix B-2, these characteristics may be
defined as follows. For the long range market, the first four-engine
narrow body turbo-fan (4ENGNBTF) aircraft was introduced in 1960; in
the base year, the typical aircraft of this body type has 150 seats,
consumes .153 lbs. of fuel per seat-mile, flew 405mph, flying 2,759
hours, has a useful life of 16 years from date of purchase, and its
share of total PRMs for that market is .158. The user should note
that values entered for these items should relate to the way the

user wishes to define the three market. That is, the data values cited

in this example are for the long range market defined as 2,500 statute
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miles or more. If, for example, the user wished to define the long
range market as 1,500 statutue miles or more, these values would

be different.*

The next data item (lines 47 through 48, Appendix B-2) lists the number

of aircraft purchases (for the aircraft type described in the immediately
preceding data item) for each of the 16 years of historical data re-
quired by the program. These 16 years of data are accumulated (after
retirements--see following paragraph--are substracted out) to form the
base year fleet*., The read statement for this item appears on line

87 of the computer program code.

The next data item (lines 49 through 50, Appendix B-2) lists the number
of aircraft retired (for the aircraft type described above) for each

of the 16 years of historical data. These retirement are substracted
form the number of historical purchases, and the net result is
accumulated to arrive at the base year fleet.** The read statement

for this item appears on line 91 of the computer program code.

*With one exception, all cf the information required to define these charac-
teristics can be obtained from the Computer Company by contacting Tom
Morrison or Rob Durbin. See Appendix A, Volume I, for sample Technical
Assistance Request used to obtain such information. Fuel intensity figures
are available in the literature, e.g., page 191 of Transportation Energy
Congervation Data Book: Edition 2.

**Data for aircraft purchases and retirements are available from The
Computer Company. See immediately preceding footnote.
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Beginning with line 51 of the sample data base presented in Appendix
B-2, the aircraft characteristics, number of buys, and number of
retires data are repeated for each type of aircraft the user wishes
to introduce into the first market. The number of such data sets
must be exactly equal to the value specified for the number of
existing aircraft types. As show in the sample data base (line 45,
Appendix B-2), there are three existing aircraft types, and the

related data inputs are presented on lines 46 through 60.

The next data item specifies the number of aircraft types the user
wishes to modify (line 61, Appendix B-2). If modifications of any
of the aircraft type characteristics are desired, an integer values
should be entered, followed by a separate input data line describing
the aircraft modification characteristics values in exactly the

same format as described for line 46 above. Modification input

data is read in line 105 of the computer code. The model assumes
that a modification occurs over a two-year period. In the year a
modific;tion begins (comparable to the year of introduction parameter
described for line 46 input), the aircraft characteristics are
assumed to be the average of the old and the new values. In sub-
sequent years the new (modification) values are used. As shown in

line 61 of the sample data set (Appendix B-2), the no modification

case is indicated by a zero entry.
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The next data item (line 62, Appendix B-2) specifies the number of
new aircraft types to enter the first market. This item is read in
line 132 of the computer program code. As shown in the sample data
set, one new aircraft type is entered into the long range market.
The aircraft characteristics describing the new aircraft type(s)
are listed on the following input line(s). In the sample data base
presented in Appendix B-2, line 62,01 presents the aircraft characteristics
for the new type. These characteristics are defined identical to
those presented for existing aircraft types (see definitions given
above for data input line 46). If the user does not wish to enter
new ailrcraft types, a zero is entered for line 62, and, of course,

no data would be entered to describe the new type aircraft.

All of the input data ;equired to executed NAFSAP for one market

has now been considered. The entire process is now repeated for

the second market. In the sample data base presented in Appendix

B-2, data input for the second market begins in line 63 and extends
through line 99.01. Finally, input for the third market is presented.
Current computer program dimension statements limit market disaggregation

to the conventional three market breakdown.

Before leaving the aircraft specific data, the user should note that
the RPM factor share charateristics (i.e., as presented in the sample
data base, Appendix B-2) for exising aircraft types should sum to

1.0 within each market.* Otherwise, NAFSAP will balance the RPM factor
shares to sum to 1.0 "automatically," however, the exact proportions
specified by the user will be altered. When new types enter, their
RPM factor share is included in the check on the sum and exising types
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receive the corresponding decrease according to the user determined

values in the NOLD vectors (see Volume I, Chapter IV, Section C. 2).
B. TARGET RPMs

Appendix B-2 presents a default data set, labeled DOMRPM, specifying the
forecasted target RPMs for the U.S. domestic fleet. The entry in line 1
is for the base year, subsequent entries are for each forecast year. The
read statement for this data item appears on line 74.003 of the computer
program code (Appendix bB-1). The user may substitute any target RPM
values he wishes to analyze. The FAA RPM forecasts are published and
updated annually in "Aviation Forecasts" (Office of Aviation Policy).

The user should be aware that NAFSAP disaggregates the forecasted total
U.S. fleet domestic RPM input across the three markets using the most
recent historical distribution available (base year data). This
establishes a target RPM for each market. The disaggregation factors
appear on lines 46.02 through 46.04 of the computer program code presented
in Appendix B-1. The value of these factors are, of course, dependent on
the user's definition of the markets. The factors presented in the
computer program code relate to the long range market defined as 2,500
statute miles or more, a 1,500 - 2,499 mile medium range market, and a
short run market of less than 1,500 miles. The user may alter these factors
to comply with any desired market definition, ensuring that the factors
sum to 1.0.. For example, for the most recent update of the NAFSAP data
base, the short range market is defined as 400 miles or less, the medium
as 401 to 1,000 miles, and the long as 1,001 miles or more. In this case,
the factors are FSHORT =.104, FMED = .267, and FLONG = .629, respectively.
The input data set correspnding to this market definition is presented

in Appendix B~4, and is labeled "BETDBl".

*This dicussion relates only to the case where the user elects to use
the "design your own fleet option." The RPM factor share are ignored

for the other options.
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IV. GRAPHICS

Appendix B-3 presents the computer programming code for the three graphics
programs associated with NAFSAP. Each of these programs are discussed
below. All of the graphics programs 'automatically" accept the output
generated by the execution of the computer code specified in Appendix B-

1l as their input. That is, no itermediate data base building step is
required, All of the graphics programs utilize the DISSPLA graphic
package.* Detailed information on the DISSPLA graph control statements

utilized is presented in the DISSPLA Reference Manual.

A. DISSPL2 PROGRAM

Exhibits B-1, B-2 and B-3 present samples of graphics displays that
are generated by the DISSPL2 program. Fuel burned, in millions of

barrels, is presented along the vertical axis, and years are given

on the horizontal axis. Exhibit B-1l shown values for these coordinates

plotted by type of aircraft for the long range market. Similar
displays are shown for the short range market (Exhibit B-2) and the
medium range market (Exhibit B-3). All three of these graphs are
generated in a single execution of the DISSPL2 program. Current
computer program ''dimension" limits allow space for up to (and

including) ten aircraft types in each market.

*DISSPLA is a proprietary software product of Integrated Software Systems
Corporation, San Diego, California, and is available on many computer
systems.
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DISSPL3 PROGRAM

Exhibit B-4 presents a sample output from the DISSPL3 program. This
graph shows millions of barrels of fuel burned, by year, for each
market. In addition, it presents total fuel burned across all

markets.

DISSPL4 PROGRAM

Exhibit B-~5 presents a sample output from the DISSPL4 program.
This graph shows millions of barrels of cumulative fuel burned

as each aircraft enters each market. That is, the lowest curve
shows fuel consumed by 4ENGNBTF aircraft in the first market con-
sidered. The next highest line shows fuel consumed by 4ENGNBTF
plus fuel consumed by 4ENGWBTF in the first market. After all
aircraft in the first market are cumulated, the aircraft in the
second market are added to these results one-at-a-time. Finally,
aircraft in the third market are considered in the same manner.

The uppermost curve corresponds to the total across all markets.

GRAPHICS PROGRAM EXECUTION

As shown in the Introduction to Volume II, each of the graphics
programs are executed using the appropriate EQUATE, LINK, execute,
and DISSPOP statements. The relevant input data sets/files for the
graphics programs are specified via the EQUATE command. The user
defined file name associated with the EQUATE 16 command is used by

DISSPL2; EQUATE 18 is used by DISSPL3; and EQUTE 17 serves as the
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input to DISSPL4. All of these files are generated by a single
execution of the computer program code presented in Appendix B-1,

and are "automatically" saved by the computer for future use.

Thus, the user may generate any (or all) of the three types of
graphics outputs desired. To generate any one of the three types

of graphics results the user beg./ns with the EQUATE 28 statement,

as shown in the Introduction, and types in each of the remaining
statements shown there. For example, assume the user wished to
declare the output file name "PLTPL2" for the results of exercising
the graphics program DISSPL2. In this case, the following statements

would generate the graphics shown in Exhibits B-1, B-2 and B-3.

EQUATE 28 PLTPL2

LINK, HIER, MORE DISPL2

USE $DISS1, $DISS2

QUIT

DISPL2

SAVE PLTPL2

DISSPOP, ZET PLTPL2

cr
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(the graphs are now being drawn on the pen plotter)

OFF

Note that by using the command '"'SAVE PLTPL2" the user saves the
preprocessed plot file. Should the user ever wish to duplicate
this graphic result in the future, only the following two commands

would be necessary:

EQUATE 28 PLTPL2

DISSPOP, ZET PLTPL2

cr

In order to obtain the graphics results generated by DISSPL3 and/or

DISSPL4 the user would repeat the above procedure instead of typing

the OFF command. That is, a user declared file name would be

substituted for PLTPL2 and tlhe desired program name (DISSPL3 or

DISSPL4) would be substituted for DISSPL2.
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V. MODIFICATIONS

The NAFSAP computer program code presented in Appendix B-l1 may be easily
altered in three areas to tailor the output to user needs. These areas
are: dates for the base year and the forecast ; units in which fuel
burned is expressed; and factors used to diiisgregate total U.S. domestic
RPMs across each of the three markets. The iatter area is discussed in

Chapter III, Section B, the other areas are discussed below.

A. Modifications to Dates

The base year date and the date for the last forecast year are
specified in the computer program code listed in Appendix B-1 and
Appendix B-3. The program name and the line numbers associated

with these dates are shown below:

Program Name Line Number for Date
Base Year Last Forecast Year

Appendix B-~1

BET2PR 34.01 34.02
MODS2 399.01 399.02
BUYS2 460 461
CURVES 516.001 516.002

Appendix B-3:

DISPL2 106.012 106.013
DISPL3 4,01 4.02
DISPL4 5.01 5.02
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As shown in the computer program code, the base year is always associated
with the variable name "NBYR," and the last forecast year is always
associated with the variable name "NEYR." Using the REVISE statement
(see Introduction for further detail) for the appropriate line numbers

as listed above, the values of the beginning and end dates for the

output can be easily changed. The current program dimension limits
allow for 31 years of output, thus the difference between the
beginning and end dates plus one (i.e., (NEYR - NBYR) + 1) must be
less than or equal to 31. When alterning these dates the user

must ensure that the input data bases (e.g., Appendix B-2) are con-

sistent with these dates.

B. Modification to Units

The typical unit fuel consumption input required for each aircraft
type (see Chapter III disucssion) is in lbs per seat-mile. As

shown in the computer program code, Appendix B-1l, lines 83, 121 and
146, this measure is converted to barrels per seat-mile via division
by 281.4. The user may alter these statements, substituting appro-
priate consersion formula, to convert the input units (lbs per seat-
mile) to such measures as gal. per seat-mile or BTUs per seat-mile.
So long as seat-miles remain in the denominator, the results of
changing units will be consistent with other equations used in the

program.
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APPENDIX B-1l
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