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Figure 10 Alternative Degrees of Smoothing for DFW Traffic
Demand schedule at DFW for March, 1989
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These results suggest an immediate strategic role for
the Markov model and algorithm: evaluation of a car-
rier’s arrival schedules in terms of predicted congestion
delays. Of course, one can take that a step higher to
look at the overall arrival schedule for the airport, as
the next section relates.

5.3. Demand Smoothing

The issue of schedule interference is related to the larger
question of how demand “peaking” at Dallas affects
delay. During recent years, congestion-related pricing
of capacity has been proposed as a potential way to
reduce delays by smoothing the demand pattern over
the day. What effects would such smoothing produce
at DFW? To explore this question, consider a smoothing
policy in which there is a maximum limit L on the num-
ber of arrivals for any 15-minute period. For periods
which would otherwise violate the limit, extra flights
are shifted to the nearest period in which there is room.
The resulting schedule is a smoothed version of the
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original, with the parameter L determining the degree
of smoothing. Naturally, we expect that for lower values
of L there will be greater reductions in delay at increasing
inconvenience cost (displaced flights).

Smoothing policies for L = 28 and L = 20 arrivals per
15-minute period are illustrated in Figure 10, which also
reproduces the actual demand schedule for March 1989.
The case L = 28 reduces traffic so that it never exceeds
the estimate for highest capacity state “F”. This level
of smoothing is termed “moderate”’—to the extent that
112 aircraft per hour is a hard upper bound on landing
capacity, it represents a rationalization of the schedule
to reflect capacity realities. The L = 20 policy ("‘severe
smoothing’’) goes much further, introducing excess ca-
pacity approximately 85% of the time at Dallas.

Figure 11 reproduces the average case congestion
profile for March 1989, as well as the hypothetical pro-
files of what delay would look like under the smoothed
schedules. Improvement is dramatic during peak peri-
ods—well over a 50% reduction in waiting time. Similar
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reductions are not achieved for the nonpeak periods,
but waiting times during these periods are already fairly
small. Weighted average aircraft delays are shown in
the second column of Table 4. In moving from no
smoothing to severe smoothing, there is a reduction in
weighted average delay of about 60%. This represents
about three minutes on average, but of course much
more than that during the peaks. More than two-thirds
of this reduction is achieved in moving from the normal
schedule to moderate smoothing; reduction beyond this
level of smoothing is relatively modest. This is a con-
sequence of the fact that high capacity prevails most of
the time.

The cost of the smoothing policies is difficult to assess.
Banks with very high scheduled traffic are smoothed
significantly and become much longer. Table 4 lists the
percentages of flights shifted from their original periods
under the two smoothing schemes: around 7% in the
moderate case and around 17% in the more severe case.
One important observation is immediate: smoothing
policies exhibit diminishing returns and increasing costs.
From the policy standpoint, therefore, it seems that
moderate strategies of demand smoothing are much
more effective at the margin than more drastic ones.
Our model suggests that a sensible strategy for dealing
with congestion should make this distinction.

6. Conclusion

In this paper we have developed a nontraditional
queueing model in response to an important problem
in practice: congestion at hub airports. Our approach
explicitly models variation in airport capacity dependent
on weather conditions and exploits the structure of that
model to obtain an efficient algorithm. Analyses based
on the model highlight a number of interesting features
of the problem, especially the large amount of variability
due to large differences between alternative sample

Table 4 Costs and Benefits of Smoothing Policies

Smoothing Policy Percent of Flights Shifted Average Delay (mins)

None — 6.05

Moderate 7.23% 3.29

Severe 17.37% 2.43
1294
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paths and to the serial correlation in the capacity process.
In the realm of strategy and policy, the model points
out the reality of interaction between carriers at a hub
and suggests that in the case of DFW, schedule position
can affect queueing delay. Our analysis also suggests
that the high degree of schedule peaking at DFW is
responsible for many of the day-to-day delays. Traffic
smoothing policies can reduce these delays and ratio-
nalize airlines’ schedules, but smoothing beyond a cer-
tain level is likely to create a degree of excess capacity
with high opportunity cost for the carriers.’
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