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Airport Demand Analysis Model (ADAM)

by Dr. Salah Hamzawi*

SUMMARY

ADAM is a computerized analytical model
designed to study and analyze traffic demand peak-
ing phenomena at airport terminals. Three types of
traffic are handled by the model: enplaning and/or
deplaning passengers, departing and/or arriving air
carrier aircraft movements, and departing and/or
arriving air carrier aircraft seats. The model per-
forms certain statistical analyses on 30-minute traffic
throughputs to airport terminals and displays
graphically the seasonal and annual distributions
of traffic as well as the daily traffic profiles. In ad-
dition to its use for analysis of traffic peaking, the
modelis used in the development of various plann-
ing peak standards and determination of planning
peak volumes which are utilized in the sizing of air-
port terminals. The model is also used to synthesize
and display the traffic profiles implied by thé
forecast nominal schedules used in the planning and
design of airport facilities.

ANALYSIS TIME INTERVALS

One of the key features of ADAM is its use of a
30-minute time interval as the basic time unit for
all analyses. This capability permits the determina-
tion of the airport planning peaks and other plan-
ning parameters on a “floating” !%-hour basis in-
stead of the existing fixed 60-minute clock hour
scheme utilized within the Canadian Air Transpor-
tation Administration (CATA). Analyses conducted
using ADAM and a similar but clock hour-based
model' for various Canadian airports revealed
significant differences, in certain cases, between the
Planning peak clock hour and the planning peak
floating hour volumes.? An interval of 30 minutes
Was considered appropriate as it represents the
average aircraft turnaround time at most airports
and entails reasonable data collection and storage
Tequirements for the national airport system. An
18-hour operating day, 6:00 a.m. to midnight, is con-
S{dered throughout the model analyses. Analysis of
air traffic flows at the top 30 airports in Canada
showed that this 18-hour period contains, on
average, approximately 99% of the 24-hour enplan-
Ing passenger traffic and nearly 98% in the deplan-
Ing direction.? :

*Chief, Airport Planning Quantitative Systems,
Transport Canada

DATA BASE

A semi-hourly traffic activity data base for
ADAM has been created from the CATA Station
Activity Data System. It presently covers the top 30
airport terminals in Canada (which collectively han-
dle more the 90% of the total annual enplan-
ing/deplaning passengers in the country) over a
period of 6 years: 1977 to 1982. The Station Activi-
ty Data System comprises only scheduled (mainline
unit-toll) operations of Air Canada, CP Air, Cana-
dian regional carriers, and foreign airlines. Up to
15 combinations involving 5 traffic sectors
(domestic, transborder, other international, total in-
ternational, and total all sectors) and 3 travel direc-
tions (enplaning/departing, deplaning/arriving, and
enplaning plus deplaning/departing plus arriving)
can be analyzed in one run of the model. Semi-
hourly traffic data for only 6 of these combinations
are required as a data base. The model internally
synthesizes the data pertaining to the remaining 9
combinations. Exhibit 1 illustrates these combina-
tions for passenger traffic flow. The particular Cana-
dianairport terminals included in the data base and
the traffic sectors applicable to each appear in Ex-
hibit 2.

MODEL OUTPUTS AND USAGE

The model produces the following outputs for any
or all of the above mentioned 15 sector-direction
combinations. Computer printouts produced by
ADAM for 1982 domestic enplaning/departing traf-
fic at Lester B. Pearson International Airport—
Terminal 2 (arbitrarily coded as YZB) are presented
here to illustrate these outputs.

(a) A day-by-day listing of traffic demand
volumes throughout the year along with cer-
tain “total”and “average” traffic indicators
including: total annual traffic volume, total
number of active days in the year (an active
day means a day with traffic activity), total
number of active half-hours in the year,
average daily volume, average half-hourly
traffic throughput, average number of active
half-hours per day, and the highest half-
hourly traffic peak. Exhibits 3, 4 and §
demonstrate these outputs for passenger, air-
craft and seat traffic flows, respectively.

(b) A tabulation as well as a graphical represen-
tation of the seasonal (monthly and quarter-
ly) distribution of traffic on a total and an
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average daily basis. Exhibits 6, 7 and 8 il-
lustrate these distributions for the 3 types of
traffic analyzed by the model. In addition to
their individual uses, Exhibits 3 to 8 could
be used collectively to estimate overall ratios
of passengers to aircraft (average aircraft
load), passengers to seats (average involve-
ment ratio) and seats to aircraft (average air-
craft size) on a daily, monthly, quarterly or
annual basis.

An identification of a set of busiest traffic
seasons in the year, including: the busiest

EXHIBIT 1. Data Structure and Traffic Sector-Direction Combinations

month, the busiest 2 consecutive months, the
busiest 3 consecutive months, the busiest
quarter, and the busiest n (user specified) con-
secutive days in the year. These are utilized
in the development and application of plan-
ning peak standards for sizing of air terminal
building facilities.? Exhibits 6, 7 and 8 show
that the busiest season for domestic travel at
this particular airport (and indeed at almost -
all other Canadain airports analyzed by the
model) is the summer period. The Exhibits
also indicate that the pattern of seasonal
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TRAFFIC SECTOR-DIRECTIONS®
AIRFORT O.A.G. DOMESTIC TRANSBORDER OTHER INT'L TOTAL INT'L  ALL SECTORS
CQDE E L E#© E D EWH E D EW E D EW E L EWD
R A_R+A R A R+A R A R+A R A R+A R A HeA
Sault Ste. Marie YAM x x x
Egmonton International w6 x x X x x X x x X x x X x x x
Fredericton YFC x x x
Halifax International YHZ x x X x x X x x X x X P S T § X
Kamloops YKA x x x
Kelowna YLW x x x
Mirabel International ™X x x X X X X x x X X X X x x x
Ottuwa International YOO x  x x x x x x x x
Quebec YB x x x
Windsor YG x x X
Moncton YM x x x
Regina YR x x x
Thunder Bay YT x x x x x x X x x
Gander International X x x x
Sydney WY x x x
Sudbury YSB x x x
Saint John, N.B. YSJ x x X x x x X x x
Moatreal (Dorval) Int‘l YUL x «x X x x x x x x
Vancouver International YR x x X X X X X X X X X X X X x
¥Yinnipeg International WG x x X X x X X x X X x X x x x
Saskatooa YXE x x x
Fort St. John YXJ x x x
Prince George X8 x x x
Calgary International YYC x x X X X X X x X x X X X x x
Charlottetown W x x x
Victoria International wJ x x X x x x x x
St. John's, NFWD. T x x x
Sept-lles YZv x «x X
Pearson Int‘l (Terminal 1) YZA x x X x x X x x X x x x X x x
Pearson Int‘l (Terminal 2) YZB x x X x x x x x x x x X x x x
* E = Enplaning D = Deplaning R = Departing A = Arriving

EXHIBIT 2. Canadian Airports and Associated Traffic Sectors/Directions

variation is almost identical for passenger, air-
craft and seat traffic flows, and that the
various busiest periods of traffic activity
determined independently by ADAM for
each of the 3 types of traffic are virtually the
same in this particular example.

each day included in the user-selected design
busy season(s) as identified in (c) above or
alternatively in any user-specified date or
period of the year. Exhibit 15 is provided here
as an example of the passenger traffic flow
pattern during the busiest month of the year.

(d) Aranking of the days of the yearin a descen- The model collapses the individual daily traf-
ding order according to the daily traffic fic distributions (profiles) in the selected
volume. This is produced in a tabular form design busy season into an average (com-
as well as a graphical cumulative distribution posite) profile that represents a typical
showing the “traffic percentile” and the “Nth (average) day in that season. An ordinate of
highest day” corresponding to each daily traf- the composite profile represents the average
fic volume. Exhibits 9 and 10 present ex- traffic throughput in the selected season dur-
amples of these outputs for passenger traf- ing the half-hour corresponding to that or-
fic. Similar outputs are produced by ADAM dinate. The standard deviation of each or-
for air carrier aircraft and seat traffic flows. dinate is also determined and displayed. Days

(e) Rankings and graphical cumulative distribu- with no traffic activity during a given half-
tions similar to those produced in (d) are also hour period are excluded in calculating that
generated for the hourly and half-hourly traf- half-hour’s profile ordinate and its standard
fic throughputs throughout the entire year. deviation. The model also produces an ad-
Exhibits 11 and 14 show examples of these justed profile whose ordinates are “weighted
outputs for enplaning passenger traffic. averages”; thus including the days with zero-
Again, similar tables and graphs are produced traffic activities in determining the profile or-
by ADAM for air carrier aircraft movements dinates. Composite hourly traffic profiles
and seats. ) representing 30-minute “moving” blocks

These hourly and half-hourly rankings and (windows) of 1 to 6 hours are also produced
cumulative distributions along with those as shown in Exhibit 15. these profiles provide
produced in (d) above for the planning day certain airport planning peaks and
are utilized, inter alia, to develop and apply parameters.?
planning peak standards used by CATA for (g) Graphical representations of the composite
design of airport terminals? 30- and 60-minute daily profiles of traffic over

(f) A listing of traffic flow (at the gates) every the 18-hour operating day as determined in

30 minutes from 6:00 a.m. to midnight for

(f) above. Any of the busiest seasons deter-
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EXHIBIT 3. Daily Distribution of Annual Traffic - 1982 ‘YZB’ Enplaning Domestic
Passengers
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EXHIBIT 4. Daily Distribution of Annual Traffic - 1982 ‘YZB’ Departing Domestic Aircraft
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EXHIBIT 5. Daily Distribution of Annual Traffic - 1982 ‘YZB’ Departing Domestic A/C Seats
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EXHIBIT 6. Seasonal Distribution of Annual Traffic - 1982 ‘YZB’ Enplaning Domestic
Passengers
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EXHIBIT 7. Seasonal Distribution of Annual Traffic - 1982 ‘YZB’ Departing Domestic
Aircraft
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EXHIBIT 10. Cumulative Distribution of Ranked Daily Traffic Flows - 1982 ‘YZB’ Enplaning
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EXHIBIT 11. Ranking and Percentiles of 60-minute Traffic Flows - 1982 ‘YZB’ Enplaning
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EXHIBIT 12. Cumulative Distribution of Ranked 60-minute Traffic Flows - 1982 ‘YZB’

Enplaning Domestic Passengers
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EXHIBIT 13. Ranking and Percentiles of 30-minute Traffic Flows - 1982 ‘YZB’ Enplaning
Domestic Passengers
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mined by the model (c above) or alternative-
ly a user-selected specific date or period of
the year could be chosen by the user to pro-
duce these composite profiles. Exhibits 16 and
17 show examples of the half-hourly and
hourly composite profiles representing en-
planing domestic passengers in the busiest
month of the year. Exhibits 18 to 21 present
the corresponding profiles generated by the
model for the air carrier aircraft and seat
flows. The information presented in Exhibits
16 to 21 is used to study the diurnal peaking
characteristics of traffic at a given airport by
sector and direction of travel. Average half-
hourly and hourly ratios similar to those
described in (b) could also be estimated from
these Exhibits. The hourly profileis produced
by ADAM in two formats: a profile in which
the 60-minute time interval starts at the clock
hour and another in which it starts at the half-
hour. Such a scheme captures any “uneven”
half-hourly distributions of traffic flows
within the hour and ensures that the resulting
profile and the airport planning peaks
generated from it are realistic.

(h) A summary of planning peaks for day and
%,1,2,3,4,5, and 6 hour peak intervals. The
model determines the time of day and traf-
fic volume associated with each of these peaks
and expresses their values as percentages of
the planning day volume. The development
and application of these planning peaks can

EXHIBIT 14. Cumulative Distribution of Ranked 30-minute Traffic Flows - 1982 ‘YZB’
Enplaning Domestic Passengers

. be found elsewhere?. As an illustration, the
planning peak half-hour passengers for a
given traffic sector-direction r at a given air-
port (PPhP), is obtained from the half-hourly
conposite profile produced by ADAM for a
certain design busy period of the year (e.g.
Exhibit 16) as follows:

(PPhP), = Max; th,} i=123,..36
subject to f,, = T, V- i
where

. = i"ordinate of the half-hourly composite
profile rerpesenting the selected design

busy season for traffic sector-directionr.

f,, = traffic frequency (in days) of the ithor-
dinate of the profile—i.e. number of
days with traffic in that particular it
half-hour of the profile.

f, = minimum frequency (in days) below
which an ordinate of the above profile
is not considered “reasonably frequent”
to qualify as a candidate for PPhP.

OTHER CAPABILITIES OF THE MODEL

Inaddition toits ability to handle 3 types of traf-
fic: passengers, aircraft, and seats, and its capacity
to analyze up to 15 traffic sector-direction combina-
tions in one run, the model has other capabilities:
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EXHIBIT 15. Analysis of Daily 30-minute Traffic Flows - 1982 ‘YZB’ Enplaning Domestic
Passengers
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EXHIBIT 17. 60-minute Traffic Flow Profile & Planing Peaks - 1982 ‘YZB’ Enplaning

Domestic Passengers
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EXHIBIT 18. 30-minute Traffic Flow Profile & Planing Peaks - 1982 ‘YZB’ Departing

Domestic Aircraft
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EXHIBIT 20. 30-minute Traffic Flow Profile & Planing Peaks - 1982 ‘YZB’ Departing

Domestic A/C Seats

1. The model outputs described in (f), (g) and (h)
above are produced for any, all or a combination
of six alternative planning peak day concepts:

Concept 1: Average day in the busiest month of
the year.

Average day in the busiest 2 consecutive
months of the year.

Concept 2:

peak volumes.

3. The model contains an algorithm for synthesiz-

ing and graphically displaying the half-hourly
and floating hourly traffic profiles implied by
a given “nominal schedule? The nominal
scheduleis a prediction of the arrival/departure
pattern of air carrier flights at a given airport in
design year and the associated passenger traffic

Concept 3: Average day in the busiest 3 consecutive loads. The synthesis and graphical display of its
months of the year. traffic profiles is performed by the model for all
Concept 4: Average day in the busiest quarter of possible combinations of traffic sectors and
the year. directions. Corresponding base-year planning
Concept 5: Average of the busiest n (user-specified) traffic profiles are produced by ADAM, as
consecutive days in the year. described earlier, to which the design-year
Concept 6: Average day in any user-specified nominal schedule profiles and peaks are com-

period of the year.

The significance of these planning day concepts
can be found elsewhere.?

2. Option is provided by the model to include or
exclude the weekends from the analysis of any
of the above six concepts. Traffic patterns dur-
ing the weekends may, for some traffic sectors,
be significantly different from those pertaining
to the Monday-to-Friday portion of the week.
In such cases, inclusion of the weekends affects
the generated composite profiles and planning

pared for reasonableness.

SOME TECHNICAL DATA

ADAM was developed and coded in FORTRAN
IV computer language by the author. It requires a
total core of approximately 150K to run. The total
processing (CPU) time on Transport Canada’s IBM
System 3081 computer relating to the passenger traf-
fic sample outputs presented in this paper is only
2.7 seconds (cost: less than $1.00).
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EXHIBIT 21. 60-minute Traffic Flow Profile & Planing Peaks - 1982 ‘YZB’ Departing
Domestic A/C Seats
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