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ABSTRACT

This paper reports on the development of a heuris-
tic aid to nisking marketing planning decisions
that is dabe based and explicitly congiders the
uncertainty of competitive behavior., An applica-
tion of the model to an airline market provides
conclusions sbout the nature of the market and
how to assess competitive response. Normabive
simlation appears to have good potential as a
decision-meking aid for markebing managers.

I. BACKGROUND

The use of simulation falls into three general
areas of application: research, instruction, and
decision-meking [2]. Research and instructional
uses of simulation are most common, ranging from
similations that serve as vehicles for theory
building to simulations theat are designed as
teaching or training devices Simulation's use as
an aid to decision-meking, however, is less devel-
oped despite its attractiveness as & method for
structuring problems (i.e., modeling decision
situa:l:i‘ons% and exploring optimal solutions to
them, The domain of problems to which this use
of simulation can be applied includes not only
problems of business firms but also problems of
non-business organizabions and public agencies.
This paper demonstrates how simulation can be use-
ful. to aid marketing managers in solving the mar-
keting mix planning problem in an airline setting.
The extension of this work to other decision situ-
ahions can lead to greater realization of the
potential of normative simiation. - ’

The Airline Marketing Mix Planning Problem

An airline's merketing mix, or set of markebing -
decision (conbrol) varisbles, includes flight .
scheduling, advertising, and other prowotional
efforts, The two primary influences on an air-
1ine's market share in a city-palr market for
passenger travel have been found to be muber of
flights and dollars of advertising [47. . The air-
1ine marketing mix plamning problem concerns how

* to adjust these variables over time so as to maxi-
mize some objective, say city-pair profit. Alr-
lines currently deal with this problem by relying
on decision heuristics and rules-of-thumb, bub
these informal procedures do not provide a rigorous
means for controlling the situation. One of the

most inberesbing aspects of the problem is how to
assess the nature of competitive response to the air-
line's own marketing actions. Thus, the planning
problem involves four major steps: (1) forecasting
total market demand, (2) planning the marketing mix,
(3) estimating the reactions of competition, and (4)
forecasting company sales or market share and profit.

This paper focuses on the third step: predicting the
effects of compebitive behavior. We assume here
that the airline has acceptable models for forecas- .
ting total market demend and market shave and use
empirical results from previous research [31. We
also assume that the airline has estimated linear
decision rules that its competitors may be using to
make their own decisions and; again, employ empiri-
cal findings from a prior study [57. The task,
then, is to develop & normative opbimization model .
—-g simulstion of competitive behavior--and (a) to
determine optimel policies for the airline assuming
that one decision rule iB8 being used and do this for
the set of empirical decision rules, and (b) to
determine an optimal strategy for assessing compe-
titive behavior that considers the uncertainty of
competitive response. ) -

II. THE SIMULATION

There are two major aspec:s to the normative simu-
lation. First, it is a conditional opbimization.
The firm, airline X, makes en assumpbion about the
decision process of its competitors, airlines L and
M, and then it optimizes ifs nunber of flights as
if the competition will react in ope of several ways
with certainty. The optimization is conditional
because it depends upon whether or not the assumed
competitive response actually occurs. The payoffs
(in profit) to the -firm thus result from scme com-
binebion of assuped and actual behavior. Second,
it is an opbtimization under uncertainby since the
payoff matrix can be examined for opbimal assump-
tions about competibive behavior. In this case,
optimal assumptions are equivalent to opbimal stra-
tegles since they dictate the nature of competitive
interaction and consequent market performance.

Simlation Model. The simlation is built around a
marketing model consisting of (1) a market share
response function, (2) a firm objective functlion,
and (3) competitive flight decision rules.

Consider the following eguation chosen from empiri-
cal research £3] to represent the process genera-
ting the firm's market share behavior.

(1) me = ofy * Bag, o, * T,

where:

mK:t: is airline K's market sheare in city
palr R-S in period t,
f-l'{t' is airline X's frequency share of non~

stop flights in period %,

' is airline K's advertising shave in
Z%ila in period t-1, and
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AIRLINE MARKETING PLANNING ... Continued

¢, 1is the population share or ratio of
airline K's passengers to total passen-
gers in city R in period t. ‘

In words, the model says that the firm's market
share is related to its current frequency share,
lagged advertising share in city R and to its
population share in city R.

For purposes of optimization, it is necessary to
express the "decision" variables explicitly. The
firm sets the mumber of flights and the level of
advertising expenditures, not flight shares and
advertising shares. The "constants" can be
omitted in this step since they do not affect the
optinmization. .

&, N
® L F, +F " T
Kt O, 10 )
where: . ) )
F + F is the competitors' number

= F
b ani1 tron b
of "daily non-stop flights in period t and

A = A + is the competitors'
0, _ Iy _ 1 g N
legelt of a&v&rtis g expenditure in city
R in period t-1.
The firm's goal i$ assumed ‘to be profit maximiza-
tion. Since the market share model is dynamic,
the optimization must cover multiple time periods.

The objective function for the firm can be written
as

n n
(3) n= z m, = ZPRtDtht(FKt,FO e

. t M1 Opay
-c R -
Ky AKt
where:
- m, 1s city-pair profit in period t,

PR_l= is price in period %,

D, is market demand in period t,

¢ is the cost of one flight in city pair
RS ‘per period, and

n is the planning horizon.

Differentiating equation (3) with respect to firm
flights and firm advertising produces a set of
homogenous equations which can be solved to deter-
mine optimel flights and advertising The solu~
tion, however, depends upon knowledge of PRt’ D,

Fo , and A0 for each period. Price in the“indds-

tr}f is easiiy predicted since it is fixed and can
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only be changed with the approval of the Civil Aero-
nautics Boerd, Demand is a variable which is
assumed to be outside the control of the firm.
Demand, however, is related to price, seasonality,
and national personal income and can be accurately..
predicted [3]. Competitors' flight scheduling and
advertising expenditures are less easily explained
or predicted.

To explain or predict competitors' flight scheduling
and advertising requires knowledge of the decision
rules used to set flights and advertising expendi-
tures, On the basis of interviews with management
we formed the premise that scheduling decisions are
interdependent and that advertising deeisions are
independent. This dichotomy stems not only from the
fact that flights are the primary markebing tool in
airline markets, but also because scheduling is a
much more "visible" marketing policy, at least in
terms of measurement and expected impact. Adver-
tlsing is thought to play a lesser role and cer-
tainly one where the influence is more difficult to. .
assess. Airlines are thus more likely to coupete
through scheduling than advertising and so competi-
tors are more likely to react to flight changes
than advertising changes. From this basic premise,
we conclude that empirical decision rules must
reflect this kind of behavior to be considered in
agreement with the real market.

Another premise, derived from the manegement inter-
views, is that the firms' decision rules are neither
deterministic nor random. The imprecision of this
premise results from ménagement's owm inability to
articulate the exact decision rules employed and,
more importently, the comnsistency with which they
are used,

After collecting and examining the data, we were
able to develop a set of plausible decision rule
functions for flights based on both management's
view of the process and some theoretical guidelines
due to Kotler [1]. Advertising decision rules are
not considered in the similation. The following set
of decislon rules has been suggested by Kotler and
differ according o envivrommental factors considered,
complexity of response, and dbjectives of the firm:

1. Non-adaptive

« Time-dependent

» Competltively adaptive

. Sales responsive

Profit responsive
Completely-adaptive

. Diagnostic

. Adaptive profit-meximizing
9. Joint profit-maximizing.

.

-3 O\}"I-F‘UJ \*)

These decision rules, when operationalized in the air-
line setting, provide the basis for Investigating

the nature of competitive behavior. .
The next step was to find Yinear equations that
approximate these decision rules. The normative

. planning model does not require that one rule be

selected as the truth, but rather recognizes the un-
certainty of competitive response and proceeds with
& conditional optimization of profit based on a
variety of plausible rules.




Tt is assumed in the simulation that the firm
Pollows an adapbive profit-meximizing strategy.
Optimal flights are calculeted in response to the
marketing mix moves of the firm's competitors.
The first type of strategy considered is a non-
adaptive strategy where the marketing mix remains
unchanged throughout the plamning period. This
strategy is identified in the tables and in Figure
2 as (6b) (6c).l A time-dependent strategy
adjusts & firm's marketing mix on the basis of
trend, seasonality and/or past marketing mixes;
decision rules (7b) (7ec) adjust flights to the
growth trend in the market; decision rules (8b)
(8¢) adjust flights to trend and seasonality;
decision rules (9b) (9c) adjust flights to last
period's flights; and decision rules (10b) (10c)
adjust flights to last period's (quarter's) flights
and last year's flights. The compebitively adap-
tive decision rules (11b) (1lc) adjust flights on
the basis of competitors' flights. The use of
sales responsive, profit responsive, diagnostic
or joint profit-meximizing decision rules require
a sales response function for the fim's competbi-
tors' and are not considered in the simulation.
Coupletely adaptive decision rules (17b) (17c)
were used which adjust flights to changes in com-
petitors' flights and time dependent market
changes.

Simulation Program. The simulabion proceeds as
Jdisgrammed in Figure 1. The simulation is initial-~
ized at time t = 0. The simulation operates as if
the firm would not change its goal, adaptive pro-
fib-maximization, over the 28 periocds to be simu-
lated, although the plemming model only assumes &
four-period (quarter) horizon. Hisborleal adver-
tising expenditures for the airlines are used in
the simulation. Other inpubts include price,
demand, and populstion share. Thus, the only
control variable for each airline is flights.
Given the inputs and an estimate of competitors'
flights for the next period (which comes from one
of the empirical decision rules), airline X can
compute the number of flights that will maximize
its profit. .

Now, as the flow chart shows, there may be some
competitive response to thls tentative "optimal"
level of flights for airline X and so the sima-
lation reestimabes competitors' flights on the
basis of the decision rules under consideration.
If compebitors' decision rules adjust flights
independently of the firm's flights no competitive
response occurs. If the assumed competitors’
decision rules involve a compebitive reaction tae
firm's opbimal level of flights is recalculated
to produce a new tentative "optimal" level of
flights. When bthere is no further expected com-
petitive reaction, airline X's marketing mix is
set as the (conditionally) optimal numbexr of
flights and the historical dollars of advertising.
The simulation then inputs airline K's markebing
mix and actusl competitors' markebing mixes into
the firm's market share model. The oubpub each
period includes airline K's market share, unit
sales, reveaue, profit and load factor. The pro-
gram reiterates this process over the full 28
periods, i.e,, mtil t=N, to complete one simula-
tion rum.

The competitors' marketing mix used in the simu-
lation consists of competitors’' historical adver-

tising expenditures and competitors' flight levels
derived from empirical decision rules. Thus, the
output generated for each run is based on an assumed
and an actual. set of decision rules for airlines L
and M. Both sets of rules remain unchanged through-
oub a simmlation mun. Since there are six possible
types of reasonsble actual decision rules and seven
possible types of assumed decision rules, the simu-
1ation is run for each possible pairing of assumed
and acbusl rules to produce a seven by six payoff
mabrix which summarizes the possible results of the
dynamic market process. '

Simulation Results, We start the analysis with a
similation run pased on historical flights. In
this run no optimization tekes place. Historical
flights are used for airlines XK, L and M, The
resulte are shown in the first column of Table 1,
"Actual" tobtal profit for the firm, airline K, 1s
$51,379,060, average market share is 17.3% and the
average load factor is 21.8%.

Table 1 also conteins the -results of runs which
optimize flights for the firm based on estimates of
competitors' flights from each possible type of
assumed decision rule. In each of these cases the
flights of competitors are from historical data.
This amounts to the restrictive assumption that the
implementation of optimal flights by the firm does
not stimulate competitors to react or depart from
historical observéd behavior. The last column in
Taple 1 is based on an optimization with perfect
predictions of competibtors' flights.

An importent considerabion is whether or not the
optimal flights implemented by the firm would stim~-
uylate a competitive rveachtion. T4 can be seen from
Tgble 2 that the firm's optimal flights frequently
depart frem historical flights, sometimes by as
many as eight. Such drastic adjustments to alr-
1ine K's scheduling would undoubtedly create
changes in market conditions which wowld cause com-
petitors to react by also adjusting their flight
schedules.?

The value of the simlation approach lies in its
ability to capbure the competitive reaction mecha-
nism. Given an actual set of competitive decision
rules and an assumed set of decision rules it is
possible to generate a matrix of simulated narket
results, Table 3. Each cell of the metrix con-
tains profit in millions of dollars, average mer-
ket share in percent and average loed factor in
percent for the firm over the simulation run. The
assumed decision rules provide estimates of com-
petitors' flights which are input to the firm's
profit-maximizing flight equation. Actusl com-
petitors' decision rules generate flight schedules
which when conbined with the firm's opbimel flight
schedule, produce the firm's market share, profit
and load factor. Each simulation run produces a .
history of market activity which is swmarized in
a cell of the matrix. For example, if the firm
assumes competitors are using decision rules (6b)
and (6c) and calculates 1ts optimal flights based
on estimates from these equations bubt in fact com-
petitors use decision rules (7b) and (7e), then
the firm's simlabed market profit is $56,990,000,
i%s average market share is 17,64 and its average
losd factor is 39.8%.
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Figure 1
Sirmletion Tiow Chart
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Market Profit for Airline X vs. Accuracy of Estimated Decision Rules

Simulated with Actual Competitors' Decision Rules (7b) and (7c)

Profit
{000,000)

$57.1

57,0
' 56.9

56.8

56.7
56.6

56.5

56.4
56.3

56.2

56.1
56.0

(11b)(1lc)

Figure 2

(70)(7e)
* (6p)(6e) .
+ (90)(9¢)

(10b)(20¢c)

.70

75
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AIRLINE MARKETING PLANNING ... Continued
© Teble 1

Optiriizetion with Estimates of Competitors® Flights

: } i | 1 | Perfect
| actumz | (ev)t6e Jemdtze) J(Bo)(80) [ om)50) | Ca0m)(a00) { Caab)(ated | (270 (a7e) | worecasts
Total Profits (§000) | 51379 | ssos | sshse | ss.eo | 55320 f s | oss.on8 | 5533 | 55835
“Ave, Merket Shere & | 173 | 173 | 1r.2 | 171 |86 fara- |93 84 | ar3
AvE. losd Fector & | 218 | W05 | o | 307 | 6.8 | o6 | %2 | 32 | 1.8
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Table 2

Comparison of Actual and Optimal Settings
of Flights Using Historical Competitors' Flights

Number of Flights

Optimal Flights based on Estimates of Competitors"®
Flights Using Decision Rules

Perfect

- Actual (6b)(6c)‘ (To)(7c) (8b)(8c) (9b)(Se) (100)(10c) (11b)(1ic) (12b)(12e) (17b)(17c) Forecasts
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* 5 4
* L 3
* 6 5
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* 5 i
* 5 i
* 7 6
* 7 6
* 6 L
* 5 2
* 9 8
* 9 9
* 7 i
R 6 3
* ] 6
* 10 7
* 7 b
* 7 5
* 10 8
* 13 11
* 9 8
* 8 8
* 12 12
* 15 15
* 11 10
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AIRLINE MARKETING PLANNING ... Continped

Table 3

Similated Profit , Average Market Share, and
“ Average Load Factor for Airline K.

Actual Competitors Strategy

c{égg:-;s (T6)(7e) (Bb)(Ba) (Sb)(9e) (10b)(10¢) (1b)(1lc) (170)(170)
(6v) $56.990] 55.012 | 76,150 | 58.765 66.871 68.814
(6c) 17.6% | 17.3 211 17.6 210 21.5

39.86 | 39.5 0.3 40.1 39.8 39.9
() 57.046 | 55.187 | Th.767 | 58.713 72,709 | 283.874
(7¢) 17.3 17.1 19.3 17.4 19.8 64.3
ko | 40,3 W7 ko.s | W77 6.7
(6v) 56,8791 55.344 | 7h.6u7 | 58.578 73.592 | 117.795
(8c) 17.2 17:1 19.2 17.3 19.9 26,2
39.7 | 39.5 k.0 39.7 46.7 61.9
(9v) 56.879.1 54.873 | 76,161 58,738 65.529 66.764
(9e) 8.1 | 17.8 21.0 17.9 20.9 21.5
8.2 | 385 | kos | 387 394 39.0
(200) 57.002 | 55,208 | 76.040 | 58.83% | 67.150 83.250
(10¢) - b | ara 20.3 17.3 20.7 ok.7
ho.1 39.4 h2,0 | k0.6 ko,2 h3,1
(12v) 56,179 | 54,589 | 75.534 | s8.21 | 68.286 | 69.764
(11c) 19.2 19.2 21.2 19.1 20.9 21.5
36.0 [ 35.7 ko.2 36.3 ko.o ho.2
(1) 56.503 | sh.oh | 75.683 | 58.332 67.194 69.3%2
(17¢) 18,5 | 18.4 19.7 18.3 20.9 21.6.
37.1 36.8 42,6 37.7 39.6 39.9
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Exemination of the matrix yields the following
conclusions:

1. If competitors set their flights based on time-
dependent decision rules (7b) and (7e), (8b) and
(8c), (9b) and (9e) or (10b) and (10c), which are
independent of airline X's decisions, the best the
firm can do is to have as good an estimate of com-
petitors' flights as can be obtained That is,
the correct assumption about rival's decision
rules produces maximum profit in the first four
colums of the matrix. The relationship between
predictive ability and profit is. shown in Figure
2, which plots the profit from column one against
the correlation between assumed and actual com-
pebitors' flight Jlevels.

2. It is important to polnt out that competitors'
decision rules are set in the simulstion, not their
quarberly flight levels. For rules (11b) and (1lc)
apd (17b) and (17c), the distinction is critical.
When competitors use compebitively adaptive or com-
pletely adaptive decision rules, their flight
levels depend on the flights scheduled by bheir
rivals. An aggressive market strategy on the part
of any one of ‘the airlines may lead to fierce com-
petition and high flight levels for all airlines.

A passive market strategy on the part of any of the
firms can lead to lower levels of compebition,
higher load factors and increased indusbry profit.

3. If the firm is pessimistic or if management
places high value on securiby, they might seek to
guarantee the greatest profit in the most adverse
circumstances and use s maximin criterion., By
assuming competitors use decision rules (8b) and
(8¢), airline K can guarantee itself a payoff of
no less than $55.344 million. Such a conservative
decision criterion ignores sll information in the
matrix except the worst outcomes for each strategy.

4. At the opposite extreme is the optimistic maxi-
mex decision criterion. Assuming that competitors

use decision rules (7b) and (7¢) can lead to profit
of $283.874 million for the firm. This criterion,

however, allows the best payoff to blind the

decision maker to potential dangers in the strategy.

5. The most frequently suggested criterion for
such decision problems is a Bayesian criterion.
Without sufficient information to ascribe proba-
bilities to the likelihood of each of the conm-
petitors' strategies, each move should be con-
sidered equally likely. In the present case
assuming decision rules (7b) and (Te) offers the
greatest expected profits for airline K. This
result is primerily due to the high payoff in the
last colum of the second row. Considering the
unlikelihood of compebitors following such a
strategy shifts the Bayesien decision to (8b) and
(8c) which offers expected profits of $53.169
million. This strategy for the firm becomes even
more appealing when it is recognized that decision
rules (8b) and (8c) dominate any obher strategies
for competitors.

The generation of the matrix ignored consideration
of optimal competitive strategies which might be
employed by a rational competitor. The conclusions

reached above yield useful insights into appropriate
strategies when the firm is able to meke certain
assumptions about how competitors view the market
situation. ’

III. CONCLUSION

Empirical decision rules for competitive behavior
provide the basis for simulating the consequences
of a firm's marketing decisions. Results show
that an "optimal" strategy for assessing competi-
tive response in the model is to act as if the
competition is following a time-dependent strategy,
thus promoting a lower level of competition and
higher profit for the firm, This paper shows that
simlation as a decision aid has considerable
promise in airline and other management setibings.

FOOTNOTES

Irhis follows similsr notdtion used in an earlier
paper [57] which includes the empirical estimates
of the decision rules.

2The effect of the timing of flight schedules has

not been considered. Such an effect may be cribi-
cal where optimal flights approach three daily.

In addibion, minimal. flight constraints may be
imposed by the C.A.B.
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