THE ECONOMICS OF DIRECT FLIGHTS

By Edwin Fujii, Eric Im and James Mak*

Many travel destinations in the US are reached by air only through connecting flights
at major hubs such as Chicago, Denver, and Atlanta. The benefits of a hub and spoke
system are well known. They permit indirect connections between city pairs that, by
themselves, cannot generate enough traffic to justify direct flights. Moreover, by
channelling flights through the hub, airlines can offer a service to a given number of
destinations with fewer flights.! These feeder flights to the spokes of the system can
utilise smaller aircraft with greater schedule frequency. Maintenance can also be
centralised and more economically provided in the hub city. On the other hand, the
airline in control of the hub has market power.?

The need to make transfers at these hubs, however, imposes additional uncertainty,
time, and inconvenience costs on travellers, such as an increased probability of lost
luggage and the need to make a second set of connections. Resort destinations that can
be reached only through a hub become less attractive. For this reason, tourist industry
officials often lobby their local governments to invest in airport infrastructure to
accommodate direct flights better.

This paper explores the desirability of expanding airport capacity to accommodate
direct flights. We evaluate the recent initiation of direct flights from the US mainland
to Hawaii's neighbour islands (NI) (that is, Maui, Hawaii and Kauai)?, bypassing the
major hub, Honolulu (Honolulu International Airport is the tenth busiest airport in the
US) on the island of Oahu. We use a quasi-experimental approach to test to what extent
direct flights to final travel destinations from major points of origin affect the level and
pattern of travel demand among the Hawaiian islands. We then compare the value of the
additional flow of visitors with the costs of airport expansion.*

* Department of Economics, University of Hawaii, Honolulu.

I To offer a daily service to z cities, a carrier without a hub must make a minimum of n*(n—1)/2 round
trips per day, while a carrier with a hub would have to make only n-1 round trips.

2 Borenstein (1989) argues that the airline controlling the hub can exercise market power without
creating an umbrella effect which also benefits competitors. It can inhibit the ability of competitors to
obtain gates and other facilities and cement customer attachment to itself via frequent flier programmes
and reward systems for ticket agents who book with its own carrier to the exclusion of others.

3 The reader is reminded that the State of Hawaii includes the island of Hawaii, as well as the islands
of Oahu, Maui and Kauai.

4 At aminimum, this involves extending runways on neighbour islands from 6,500 feet to 10,000 feet
in order to accommodate wide-bodied jets. Heavier aircraft need longer runways. Jet fuel makes up a
substantial proportion of the weight of a wide-bodied jet. Thus, while wide-bodied jets can land (with
most of their fuel expended) on shorter (6,500 feet) runways, fully loaded wide-bodied jets require 10,000
feet of runway in order to take off. Currently, wide-bodied jets leaving the neighbour islands must take
on additional fuel on Oahu before taking off to their final destination. Additional costs include more

extensive terminal facilities and parking. Immigration facilities are also necessary if visitors from places
other than the US and Canada are to be accommodated.
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FIGURE 1
Westbound Visitors to Oahu as a Percentage of Total Westbound Visitors

HISTORICAL PERSPECTIVE ON THE HAWAII TRAVEL MARKET

Mass tourist travel to the State of Hawaii began in the post World War II period, spurred
by the introduction of air travel from the US mainland. During its initial development,
Oahu was the primary destination of travellers. Few visitors were aware of the
neighbour islands until travel wholesalers began including them in their Hawaii tour
packages. By the 1970s, while about 95 per cent of westbound (primarily US and
Canadian) visitors to the State of Hawaii visited Oahu, over 60 per cent visited at least
one neighbour island. In the early years, the percentage of westbound visitors travelling
only to the neighbour islands was small (less than 4 per cent) compared with approxi-
mately one-third of all westbound visitors who chose to visit Oahu only. With the
increased volume of repeat visitors to the State of Hawaii and industry promotion of the
neighbour islands, visits to Maui, Hawaii, and Kauai increased more rapidly than travel
to Oahu.

Figure 1 displays annual westbound visitor travel to Oahu as a percentage of total
westbound visitors to Hawaii between 1973 and 1988. The share of westbound Hawaii
travellers visiting Oahu declined from over 94 per cent in 1973 to about 68 per cent in
1988. This can be attributed to the decline of trips which included both Oahu and the
neighbour islands. Note that the proportion of travellers who visited Oahu only has
remained steady since the mid 1970s.

Figure 2 displays annual westbound visitor travel to the neighbour islands as a
percentage of total westbound visitors to Hawaii between 1973 and 1988. Interestingly,
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FIGURE 2
Westbound Visitors to NI as a Percentage of Total Westbound Visitors

the share of visitors travelling to the neighbour islands has remained relatively steady
at around 70 per cent since the mid 1970s. Thus the decline in the share of westbound
travellers visiting both Oahu and the neighbour islands has been offset by the increase
in the proportion of visitors who visit only the neighbour islands.

In sum, Figures 1 and 2 indicate that the relative decline in westbound visitor travel
to Oahu is explained by the proportion of visitors who bypass Oahu and vacation
entirely in the neighbour islands. Thus, Hawaii's visitor industry shows increasing
segmentation with travellers visiting fewer islands during their stay.

Beginning in January 1983, United Airlines initiated direct flights from the west
coast of the US (bypassing the hub at Honolulu) to Maui. Direct flights to the island of
Hawaii followed in June 1983. Direct flights to Kauai began in August 1984, were
terminated in September 1985, and were replaced by a one-stop service via Honolulu.

Under joint fare agreements with inter-island air carriers, travellers pay the same air
fare to any of the three neighbour islands whether they fly there directly or via Honolulu.
Thus direct flights did not change the money cost of travel to the neighbour islands. They
did, however, reduce the disutility and time cost of travel by eliminating a connection
at Oahu's Honolulu International Airport.’

5 Before direct flights were initiated, westbound visitors to Hawaii's neighbour islands had to

disembark at Oahu's Honolulu International Airport after a lengthy flight of at least five hours (often 10
to 12 hours for travellers from the east coast), then either walk or take a shuttle bus service to the inter-
island terminal and board a local air carrier that flew them to their final destination.
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THE EFFECT OF DIRECT FLIGHTS ON VISITOR FLOWS

The model

The effect of direct flights on visitor flows is examined using the model of Quandt and
Baumol (1966). They argue that the volume of travel between any two cities is a function
of origin and destination characteristics as well as the money and time costs of travel
between them. To the extent that the islands of Oahu, Maui, Hawaii , and Kauai are good
substitutes for each other as tropical resort destinations, the model predicts that the
reduction in the time costs of travel to the neighbour islands should increase both the
absolute number and proportion of visitors to the neighbour islands. Theory would
further suggest that the primary beneficiaries of direct flights are travellers who place
a high value on their time (for example, high income and business travellers).

Our empirical analysis treats the advent of direct flights as a quasi-experiment along
lines described in Campbell and Stanley (1966) and measures its effect using an
interrupted time-series model.® Time-series intervention analysis as proposed in Cook
and Campbell (1979) is employed to assess the impact of a discrete intervention in a
social process.” We then test whether or not the intervention (that is, the advent of direct
flights) has a significant effect on the time series.

The intervention model can be written as:

S;=N,+2f;)t=1,2,....T;i=1,2,3) ¢))
where
S, = x,/X,=share of visitors in month t travelling to a particular island or set of
islands (that is, x, = number of visitors to a specific destination and X, = the
corresponding total for the State)
N, = the “noise” component of the ARIMA structure
f; = the transfer function capturing the effect of direct flights (i =1, 2, 3)
I, = 1 when direct flights were in operation, 0 otherwise.
The pre-intervention series is driven entirely by N,. This series captures changes in
origin and destination characteristics over time and is assumed to take the form of the
following ARIMA model:

N = 8,(B)0,(B°) . @
0,B)D,B*) (1 -BM(1 - B*
where
q)p(B) = I—Zq),-Bi (i=12,...,p)
®,B%) = 1-I®,B* (i=1,2,...P)
Oq(B) = I—ZG,-B" (i=12,...,9
©yB%) = 1-%0,B* (i=1,2,...,0)

are the autoregressive, seasonal autoregressive, moving average, and seasonal moving
average polynomials in the backshift operator B of order p, P, ¢, and Q, respectively.

6 Note that the effects of direct flights are not easily visible from inspection of Figures 1and 2. No well-

defined breaks in the trends are discernible beginning in 1983.
7 The methodology is described discursively in McDowell et al. (1980). See Box and Tiao (1975) for
a formal analysis.
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(1 - B) and (1 — B®) are the reverse difference and seasonal difference operators,
respectively. The parameters A, and A, are binary variables. If the series S, is first order
integrated A, = 1 and 0 otherwise; if the series is seasonally integrated, A, = 1 and 0
otherwise. The innovation series e, is independently and identically distributed.

The transfer function for a given time series and for each direct flight, f(1)), is
specified as:

fd)=-—2(1-BYB"l, 3)
3,B)
where:
3, B)= 1-X3B'(i=1,...,m)
D = 0 if the impact is permanent, 1 if the impact is transitory
®, = the magnitude of the initial impact
k = number of periods by which the initial impact lags behind the interven-

tion point.

The path of f{Z,) is determined by §,,(B). The permanent impact converges to ®y/8,,(1).
The model is initially fitted over the pre-intervention series to identify the ARIMA
structure underlying the time series. A series of diagnostic checks is performed using
the estimated autocorrelation and partial autocorrelation functions. The appropriate
ARIMA structure is selected using the rule of parsimony. The transfer functions are then
identified and the model is re-estimated with the previously identified ARIMA structure

imposed on the entire series.
The estimated transfer functions can then be used to estimate the number of visitors
attributable to a direct flight (z,). Since f(/,) in equation (1) measures the impact of a

_direct flight on S, ( = x,/X)) at time ¢, f(I,) = z/X, or

z,=X,fd) “)
Then the total number of additional visitors between two sample points r and s [Z(r,s)]

can be written as:
Z(rs)=Xz,=XX,f)

=3X,- %0 (1-BPB*I, &)
3,.(B)

Since X, is observable, equation (5) can be used to estimate the aggregate impact in terms
of visitors over an arbitrarily chosen time span within the sample once f(/,) for each flight
is identified and estimated.

Data

The model is fitted to a monthly data (January 1973 to November 1988) on the shares
of westbound visitors travelling to the islands of Oahu, Maui, Hawaii, and Kauai.
Separate analyses were also carried out for visitors who went to Oahu only and to the
neighbour islands only.

We chose to analyse shares of visitors in order to avoid potential estimation problems
stemming from common factors such as the pilots' strike against United Airlines (17
May to 14 June, 1985) and a surge in terrorist activities in western Europe in 1986 which
may have affected the total volume of tourist travel to Hawaii but not the relative shares
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of total visitors to each island.® Since visitors can visit more than one island, the sum of
the shares of visitors to the four island destinations exceeds 1.

Empirical results

Table 1 reports the estimated interrupted time-series model for each of the four island
destinations, for Oahu only, and for the neighbour islands only. To test the appropriate-
ness of each pre-identified ARIMA structure imposed on the entire sample period, we
used the Box-Pierce Q statistic. Under the null hypothesis that the residuals are white
noise, the Q statistic is distributed as ¥*(K — p' — §) where K = the number of lag
autocorrelations of the estimated residuals, p’ = the number of autoregressive and
seasonal autoregressive parameters, and §=the number of moving average and seasonal
moving average parameters. For a sufficiently large K (= 24), the Q statistic for each
model is less than the corresponding critical values of x*(K — ' ) for the 99 per cent
confidence level. Therefore, we fail to reject the null hypothesis, which confirms that
the pre-identified ARIMA structures imposed on the respective entire series are all
appropriate.

Table 2 summarises the impacts of direct flights. They are generated by equation (5)
using the actual observations on X, and the estimated transfer functions reported in Table
1. Our results indicate that direct flights to the neighbour islands decreased the volume
of westbound visitors travelling to Oahu by 1 to 3 per cent annually between 1983 and
1988. Maui's volume increased annually by 3 to 9 per cent, while Kauai showed annual
growth of less than 2 per cent during the period that direct flights were in operation.
Hawaii's volume increased by approximately 3 per cent.’

As expected, direct flights to the neighbour islands had no significant impact on
visitors who wanted to visit Oahu only, but did have significant positive impacts on
visitor flows to the neighbour islands only.

Overall, however, the net gain in visitor travel to individual islands (88,482 in 1988)
is modest — less than 2 per cent as a proportion of total westbound visitors (4,793,580)
in 1988. While direct flights increased the overall level of demand for travel to the
neighbour islands, their primary impact was to accommodate (and facilitate) existing
travel demand.!”

Table 3 suggests additional cross effects. Direct flights to Maui appear to have
increased travel to the island of Hawaii and decreased travel to Kauai. Similarly, direct
flights to Kauai appear to have stimulated travel to the island of Hawaii. These results
suggest that Maui and Kauai are substitute destinations, while Hawaii is a complement

8  The data on the volume of visitors to each destination were estimated by the Research Department

of the Hawaii Visitors Bureau (HVB). On each westbound flight to the State of Hawaii from the US
mainland, the HVB obtains the exact number of disembarking passengers from the airlines. Disembark-
ing passengers include visitors as well as returning residents. To separate the number of visitors from
residents, the HVB relies on data from a separate self-administered in-flight survey which is attached to
the State Agricultural Declaration Form (see HVB, 1989, p. 25).

Consistent with theory, the initiation of direct flights benefited travellers who placed a high value on
their time. Mak (1985) reported that in 1984 more than 70 per cent of Maui port of entry visitors were in
professional, technical, or managerial occupations. By contrast less than 60 per cent of Oahu port of entry
visitors were in these high income and high status occupations.

10" While about 25 per cent of travellers to Maui arrived on direct flights, the net increase in travel volume
was 9 per cent. Comparable figures are 13 per cent and 3.5 per cent for Hawaii and 4 per cent and 0.6
per cent for Kauai.
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TABLE 1

Estimates of the Interrupted Time-Series Models

. E. Fujii et al.

Parameters Oahu Maui Hawaii Kauai Oahu Only NI Only
Underlying ARIMA Structure:
0, 0.475(5.14)  0.617(6.66) 0.537(5.66)  0.518(4.86) 0.396(4.22) 0.608(7.22)
0, 0.207(2.20)
0, -0.139(1.73)
0, 0.626(6.66) 0.777(6.09) 0.478(4.37)  0.668(6.19)  0.728(7.35)
o, -0.613(6.48) -0.306(3.02)  0.270(2.92)
D 0.332(1.91)
Transfer Function for Direct Flight to Maui:
, -0.017(2.03) 0.012(2.24) 0.022(2.37) -0.029(2.37) 0.027(2.75)
o, -0.472(5.01) 0.658(2.45)
5, 0.318(2.59)
0y —-0.789(4.00) 0.830(7.23)
o, —0.570(2.40)
D 0 0 1 1 0
k 0 3 0 1 0
~ Transfer Function for Direct F light to Hawaii:
, —0.007(1.87) 0.014(2.64)  0.016(2.62) 0.018(1.88)
N -0.962(22.36)
S, —0.943(12.65)
O 0.932(7.14)
D 0 0 1 0
k 3 0 0 0
Transfer Function for Direct Flight to Kauai:
, —-0.069(2.34) 0.011(2.24)  0.005(2.00) 0.012(2.49)
d, —0.951(18.17)
o3 0.900(9.19)
0, —0.744(4.37)
O —0.908(5.95)
D 0 0 1 0 0
k 0 0 5 0 1
Q statistic 10.26 18.81 10.71 20.32 15.06 11.60
K-p-§ 21 19 22 21 20 23

Absolute t-statistics are reported within the parentheses.
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TABLE 2

The Impact of Direct Flights: 1983-1988*

Actual Number Number of Visitors Effect of Percentage Effect
of Visitors Without Direct Direct Flights of Direct Flights
Flights
Oahu
1983 2,591,575 2,622,779 -31,204 -1.19
1984 2,901,320 2,958,812 -57,492 -1.94
1985 2,828,640 2,913,812 -85,172 -2.92
1986 2,926,030 3,022,199 -96,169 -3.18
1987 3,078,500 3,173,509 -95,009 -2.99
1988 2,784,710 2,872,604 -87,894 -3.06
Maui
1983 1,644,605 1,601,304 43,301 2.70
1984 1,730,760 1,619,081 112,679 6.96
1985 1,831,110 1,698,957 132,153 7.78
1986 2,003,870 1,846,447 157,423 8.53
1987 1,776,840 1,618,812 158,028 9.76
1988 1,749,980 1,603,304 146,676 9.15
Hawaii
1983 712,380 701,507 10,873 1.55
1984 760,940 737,584 23,356 3.17
1985 697,380 661,426 35,954 5.44
1986 786,930 762,524 24,406 3.20
1987 782,550 757,926 24,624 3.25
1988 711,210 687,193 24,017 3.49
Kauai
1983 691,940 711,733 -19,793 -2.78
1984 814,590 801,397 13,193 1.65
1985 832,580 820,334 12,246 1.49
1986 1,014,650 1,007,192 7,458 0.74
1987 1,032,830 1,026,527 6,303 0.61
1988 969,530 963,847 5,683 0.59
Oahu Only
No impact
Neighbour Islands Only '
1983 735,740 644,745 90,955 14.11
1984 807,030 660,436 146,594 22.20
1985 873,730 699,613 174,117 24.89
1986 1,101,970 933,843 168,127 18.00
1987 1,152,140 986,082 166,058 16.84
1988 n.a. n.a. n.a. n.a.

* The data span January 1983 to November 1988.
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TABLE 3

The Impact of Direct Flights to Maui, Hawaii, and Kauai
on Visitor Flows to Other Destinations

Oahu Maui Hawaii Kauai Oahu only NI only
Maui P-) P(+) T(+) T-) none P(+)
Hawaii P-) none P(+) T(+) none P(+)
Kauai P(-) none T(+) P(+) none P(+)

P = permanent
T = temporary

to both Maui and Kauai. Indeed, they are broadly consistent with how these destinations
are marketed. Maui and Kauai are advertised as sun and surf destinations. Hawaii, the
largest of the islands, by contrast, boasts live volcanoes and spectacular scenic vistas
(for example, the island of Hawaii was considered by astronomers to be the best site in
the world to view the total solar eclipse in 1991), but few beaches appropriate for
swimming. Oahu is the premier urban destination with a variety of attractions and
nightlife; beaches, however, are congested.

IMPLICATIONS FOR PUBLIC POLICY

The costs of airport expansion in order to accommodate direct flights are large. The
current Hawaii State Airport Master Plan estimates that $280 million is required for
airport expansion on Maui, $250 million for Hawaii, and $70 million for Kauai,
excluding the opportunity cost of state-owned land (see Dawson, 1990). Much of this
expenditure is necessary just to accommodate existing growth in travel demand
independent of direct flights. Nonetheless, alower bound to the costs of accommodating
direct flights are the costs of extending runways from the current 6,500 feet to 10,000
feet in order to accommodate both landings and take-offs of fully loaded wide-bodied
jets — $30 million each for Maui, Hawaii, and Kauai.

Do direct flights pay? It is clear in the case of Kauai that direct flights were not
financially profitable to the airlines as they were terminated 13 months after their
inauguration.

On Maui, by contrast, the increase in visitor flows per year is large (about 150,000
additional visitors) and the issue is less clear. Current direct flights (with an added stop
of about an hour on Oahu to take on additional fuel on return trips) have been
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accommodated with no additional investment in infrastructure. Would these time-
sensitive travellers be willing to pay a hypothetical surcharge large enough to justify
expansion of runways from 6,500 feet to 10,000 feet, in order further to reduce travel
time by one hour? The $30 million cost of runway expansion would require annual
amortisation charges of roughly $3 million, implying a $20 surcharge per passenger.
Morrison and Winston (1989) estimate the value of transit time at approximately $34
per hour per air passenger in 1983 dollars, a sum clearly sufficient to Justify runway
expansion on Maui. For the island of Hawaii, by contrast, the gains in visitor flows are
modest (about 25,000 per year) and unlikely to cover a hypothetical $120 per person
surcharge to amortise the $30 million runway extension.

A more fundamental question, though, is whether or not additional direct flights
make good social policy.!! Increases in the flow of visitors benefit the visitor industry.
Landowners also benefit as land value bids increase.

The negative effects of additional tourism, though, are less tangible and susceptible
of measurement but nonetheless important for the formulation of public policy. One
consequence of the rise in land values that accompanies additional resort development
is that residents are priced out of the housing market. For example, housing costs are
higher in Honolulu than in any other major city in the nation.!? Further, residents face
increased congestion at beaches and scenic places, reducing economic rents derived
from their consumption of the same environmental amenities.

Crime rates also increase (see Fujii and Mak, 1979) as tourists, who are likely to carry
large amounts of cash and easily “fenced” items such as cameras and jewellery, provide
lucrative targets, and accentuate already existent disparities in the distribution of
income. They increase the proportion of strangers in the destination, decrease the sense
of community felt by residents, and produce an isolation effect which reduces perceived
social responsibility to look out for each other and help maintain order in their
community. (See Newman, 1974, who first described this phenomenon, and Clotfelter,
1978, who provides empirical evidence.)

Clearly, some residents will gain while others will be worse off as a consequence of
the initiation of direct flights. Hence, it is hardly surprising that the desirability of direct
flights remains a controversial social issue. The potential effects of direct flights on
visitor flows is greatest on Maui. The Maui county council recently rejected the State's
plan to extend the airport runway on Maui to accommodate direct overseas flights.

Date of receipt of final typescript: September 1991

1 This very issue recently separated the two major contenders in a hotly contested race for Mayor of

Kauai. Incumbent JoAnn Yukimura sided with environmentalists who complained that the influx of
tourists would ruin the island's rural beauty. Opponent Eduardo Malapit, the former mayor, who was
supported by the business community, backed the runway extension as necessary in order to make Kauai
competitive with other visitor destinations. See Chang (1990). These sentiments are not limited to
Hawaii. Consider the anti-development attitude of residents of northern California, Oregon, and
Washington.

12 About 40 per cent of Hawaii residents own their own homes; 60 per cent rent. The proportions are
reversed in the US as a whole. Of course, resort development is not the only explanation for high housing
costs. The State's restrictive land use policy is another major factor.
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