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TOPIC ESSENTIAL CONTENT

Evaluate the techniques
Involved in airline
planning o optimise fleet
assignments and
maximise capabilities

» Fleet planning to meet
demand levels and
operating costs



FLEET PLANNING

A THOROUGH UNDERSTANDING OF AIRCRAFT PERFORMANCE, AIRCRAFT
ECONOMICS AND THE LEASE/FINANCE SECTOR THAT IS ESSENTIAL TO THE
FLEET PLANNING DECISION.

THE CORE REVENUE/PROFIT CONTRIBUTOR FOR ANY AIRLINE IS DELIVERED BY
OPERATING ITS AIRCRAFT FLEET. THEREFORE, EVALUATING, SELECTING AND
MANAGING THE OPTIMUM FLEET, MATCHING CAPACITY TO DEMAND AND
MAKING SMART PURCHASE/LEASE DECISIONS ARE CENTRAL TO AN AIRLINE’S
SUCCESS.

(AVIA SOLUTIONS, 2006)



FLEET PLANNING

FLEET PLANNING IS CARRIED OUT BY AIRLINES TO DETERMINE THE QUANTITY
AND TYPE OF AIRCRAFT TO BE PURCHASED OR LEASED IN ORDER TO
PROVIDE A PROFITABLE SERVICE THROUGHOUT THE LONG-TERM PLANNING

HORIZON.

A STRATEGIC FLEET PLANNING IS VITAL AS IT HAS A GREAT IMPACT ON THE
ECONOMIC EFFICIENCY OF AIRLINES.

(TEOH AND KHOO, 2016)



FLEET PLANNING

TRAVEL DEMAND AND SERVICE FREQUENCY ARE FOUND TO BE TWO
INFLUENTIAL FACTORS IN FLEET PLANNING. IN OTHER WORDS, THERE IS A
CLOSE RELATIONSHIP BETWEEN THE TYPE OF AIRCRAFT, AIRCRAFT QUANTITY,

TRAVEL DEMAND OF PASSENGERS, AND THE SERVICE FREQUENCY IN FLEET
PLANNING.

PAST RESEARCH HAD SHOWN THAT IF TRAVEL DEMAND IS ESTIMATED

STOCHASTICALLY TO ACCOUNT FOR UNCERTAINTY, THE OPTIMAL SOLUTIONS
ARE MORE ACCURATE AND RELIABLE.

(TEOH AND KHOO, 2016)



OPERATORS MUST CONSIDER MANY FACTORS WHEN
SELECTING A NEW OR REPLACEMENT FLEET:

Match capacity to  Relative revenue Aircraft

demand driven by seat pricing/lease rates
, count ,
Optimum number Aircraft buy versus
of fleet types Maintenance cost lease trade-offs
and support

Fleet commonality capability

Aircraft payload
range capability

The value of
passenger comfort

Aircraft take-off
performance

Cargo capacity

Old versus new

Relative fuel trade-offs

consumption




FLEET PLANNING; RESEARCH

IT IS SUGGESTED THAT THE FACTORS THAT HAVE AN INFLUENCE ON AIRLINE
FLIGHT FREQUENCIES AND AIRCRAFT SIZE FOR US AIRLINE ROUTES BY TAKING
INTO CONSIDERATION MARKET DEMOGRAPHICS, AND THE AIRPORT, AIRLINE
AND ROUTE CHARACTERISTICS.

USING THE REGRESSION ANALYSIS, IT IS FOUND FIND THAT ROUTE
CHARACTERISTICS, SUCH AS DISTANCE, LEVEL OF DEMAND AND
COMPETITION, STRONGLY INFLUENCE THE SELECTION OF AIRCRAFT SIZE,
WHILE AIRPORT CHARACTERISTICS DO NOT INFLUENCE AIRCRAFT SELECTION.

(DOZIC AND KALIC, 2015)



FLEET PLANNING; RESEARCH

ONE STUDY DEVELOPED A NESTED LOGIT MODEL TO INVESTIGATE THE
INFLUENCE OF AIRCRAFT SIZE, FREQUENCIES, SEAT AVAILABILITY AND AIRFARE
ON DEMAND FOR AIR TRAVEL AND AIRLINE MARKET SHARE IN DUOPOLY
MARKETS.

THEY DEMONSTRATE THAT AN AIRLINE ACHIEVES GREATER MARKET SHARE BY
INCREASING FREQUENCIES RATHER THAN INCREASING SEAT AVAILABILITY PER
FLIGHT.

(DoZIC AND KALIC, 2015)



FLEET PLANNING; RESEARCH

A STUDY COMPARED THE ENVIRONMENTAL IMPACTS OF OPERATING LARGE
VERSUS SMALL AIRCRAFT ON SHORT HAUL ROUTES.

THEY POINT OUT THE IMPORTANCE OF FREQUENCY FOR PRESERVING THE
AIRLINE POSITION ON THE MARKET AND THE FACT THAT AIRLINES PREFER
INCREASING FREQUENCY TO INCREASING AIRCRAFT SIZE, ESPECIALLY ON
SHORT ROUTES.

(DOZIC AND KALIC, 2015)



FLEET PLANNING; RESEARCH

A STUDY FOCUS ON THE EFFECTS OF AIRCRAFT LEASING ON AIRLINE
OPERATION RATHER THAN ON THE FINANCIAL IMPLICATIONS.

THEY INDICATE THAT AN AIRLINE WHICH NEEDS ADDITIONAL CAPACITY IN
SHORT TIME PERIODS MAY NOT REACH ADVANTAGEOUS AGREEMENTS WITH
MANUFACTURERS, WHILE LARGE LEASING COMPANY CAN PROVIDE
AIRCRAFT IN SHORT TIME PERIODS AND AT LOWER PRICES.

(DOZIC AND KALIC, 2015)
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STOCHASTIC DEMAND

GLOBALLY, THE AIRLINES FORECAST THE FUTURE GROWTH OF TRAVELERS
ANNUALLY TO OBTAIN THE LATEST TREND IN TRAVEL DEMAND. TYPICALLY, THE
FORECASTING OF THE GROWTH OF DEMAND IS FOUND TO BE POSITIVE IN
ACCORDANCE WITH THE INCREASE IN POPULATION SIZE AND INCOME LEVEL.

HOWEVER, WHEN THERE IS AN OCCURRENCE OF AN UNPREDICTED EVENT
THAT COULD AFFECT THE TRAVELER'S DECISION, THERE WOULD BE A
REDUCTION IN DEMAND DURING THE PERIOD. THIS IS REFERRED TO AS A
NEGATIVE EFFECT.

(TEOH AND KHOO, 2013)



STOCHASTIC DEMAND:; STEPS

DETERMINE THE POSSIBLE EVENT'S OCCURRENCE

DETERMINE THE PROBABILITY OF THE EVENT'S OCCURRENCE (NEGATIVE
EFFECT)

DETERMINE THE POSSIBLE INCREMENT OF THE FORECASTED DEMAND Df(inc)

DETERMINE THE PROBABILITY OF THE INCREMENT OF THE FORECASTED DEMAND
D¢ (inc)
DETERMINE THE VALUE OF SDI FOR EACH OPERATING PERIOD

(TEOH AND KHOO, 2013)



FLEET MANAGEMENT

FLEET MANAGEMENT DETERMINES THE OPTIMAL NUMBER OF AIRCRAFT NEEDED BY

AN AIRLINE TO MAINTAIN A TARGETED LEVEL OF SERVICE WHILE MAXIMIZING ITS
PROFIT.

TWO MAJOR DECISIONS ARE TO BE MADE, THAT IS, TO DETERMINE THE NUMBER OF

AIRCRAFT TO BE PURCHASED AND LEASED AT ANY POINT IN TIME TO MEET THE
DEMAND.

PROPER FLEET MANAGEMENT IS IMPORTANT AS IT WOULD AFFECT THE

ECONOMICAL EFFICIENCY OF THE AIRLINE AND IT HAS AN INFLUENTIAL IMPACT ON
CUSTOMER SATISFACTION.

(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL

THE FLEET MANAGEMENT DECISION MODEL IS FORMULATED AS A
PROBABILISTIC DYNAMIC PROGRAMMING MODEL.

FOR A SET OF THE ORIGIN—DESTINATION PAIRS, ASSUME THAT THERE IS A
SELECTION OF N TYPES OF AIRCRAFT THAT COULD BE PURCHASED OR
LEASED. THE DECISION VARIABLES OF THE MODEL ARE THE NUMBER AND
TYPES OF AIRCRAFT TO BE PURCHASED OR LEASED TO MAXIMIZE THE
OPERATIONAL PROFIT OF THE AIRLINES.

(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL

THE STAGE OF THE MODEL IS THE PLANNING HORIZON OF THE FLEET
MANAGEMENT DECISION MODEL. THE OPERATING PERIOD, T, IN TERMS OF
YEARS IS THE STAGE VARIABLE OF THE MODEL.

THE STATE VARIABLE AT EACH STAGE T CONSISTS OF VARIOUS
INTERCORRELATED VARIABLES, NAMELY THE NUMBER OF AIRCRAFT TO BE
PURCHASED OR LEASED, TOTAL OPERATED AIRCRAFT, NUMBER OF AIRCRAFT
TO BE SOLD, NUMBER OF AIRCRAFT TO BE ORDERED, AND NUMBER OF
AIRCRAFT TO BE RELEASED FOR SALES.

(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

THE PRACTICAL CONSTRAINTS CONSIDERED FOR THE FLEET MANAGEMENT DECISION
MODEL ARE AS FOLLOWS:

BUDGET CONSTRAINT

DEMAND CONSTRAINT

PARKING CONSTRAINT

SALES OF AIRCRAFT CONSTRAINT
ORDER DELIVERY CONSTRAINT
LEAD TIME CONSTRAINT

SELLING TIME CONSTRAINT

(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

BUDGET CONSTRAINT;:

THE BUDGET CONSTRAINT ASCERTAINS WHETHER OR NOT THE SOLUTION IS FINANCIALLY
FEASIBLE FOR THE AIRLINES. FOR THIS CONSTRAINT, THE SUM OF THE PURCHASE AND LEASE
COST OF THE AIRCRAFT SHOULD NOT BE MORE THAN THE ALLOCATED BUDGET, WHICH

COULD BE EXPRESSED AS FOLLOWS:

n n
z purcy X;; + Z lease i X < MAXpuaget (o
i=1 1=1

fort=1,2,..,T
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

DEMAND CONSTRAINT;

THE STOCHASTIC DEMAND IS USED TO FORM THE DEMAND CONSTRAINT. TO
ENSURE THAT TRAVELERS' DEMAND COULD BE MET SATISFACTORILY, THE DEMAND

CONSTRAINT COULD BE EXPRESSED AS:

Zn:(SEATi) (f(D,f,Ag)) > (1—a)D}
=

fort+12,..,T,S= 5,5, ..,5
WHERE 1 - A IS THE CONFIDENCE LEVEL (SERVICE LEVEL) TO MEET THE STOCHASTIC DEMAND.
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

PARKING CONSTRAINT:

WHEN AN AIRCRAFT IS NOT IN OPERATION, IT HAS TO BE PARKED AT THE HANGAR AT THE
AIRPORT. IN SUCH A CASE, THE CHOICE OF AIRCRAFT WOULD SOMETIMES BE CONSTRAINED BY
THE GEOMETRY LAYOUT OF THE HANGAR AT THE AIRPORT. AS SUCH, THE PARKING CONSTRAINT IS
OUGHT TO BE CONSIDERED FEASIBLY. THIS CONSTRAINT IS SHOWN AS FOLLOWS:

n
Z (Ing, + Ing, + X4, + X;;) (SIZE;) < PARK,
y=0
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fort=1,2,..,T
(TEOH AND KHOO, 201 3)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

SALES OF AIRCRAFT CONSTRAINT:

FOR SOME AIRLINES, THE AGING AIRCRAFT, WHICH IS LESS COST-EFFECTIVE, MIGHT BE
SOLD AT THE BEGINNING OF A CERTAIN OPERATING PERIOD WHEN THE AIRLINES MAKE THE
DECISION TO PURCHASE A NEW AIRCRAFT. HOWEVER, THE NUMBER OF AIRCRAFT SOLD

SHOULD NOT BE MORE THAN THE AIRCRAFT OWNED BY THE AIRLINES. IT IS EXPRESSED AS
FOLLOWS:

SOldtiy S Inft_l)i(y_l)
fort=1,2,...,T,i=1,2,...,n,y=1,2,....m
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

LEAD TIME CONSTRAINT:

IN PRACTICE, THE AIRLINES WOULD GET AN AGREEABLE LEAD TIME (THE PERIOD BETWEEN
PLACING AND RECEIVING AN ORDER) FROM THE AIRCRAFT MANUFACTURER WHEN THEY
PLACE AN ORDER FOR NEW AIRCRAFT. THIS CONSTRAINT SHOULD BE CONSIDERED AS IT
INDICATES WHEN THE AIRLINES ARE SUPPOSED TO ORDER NEW AIRCRAFT. FOR N TYPES OF
AIRCRAFT, THIS CONSTRAINT CAN BE EXPRESSED AS FOLLOWS:

P(RTL,; < DLT;;) < B
fort=1,2,.., T,i=1,2,..,n,
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

LEAD TIME CONSTRAINT:

BECAUSE IN REAL LIFE, THERE ARE CHANCES THAT THE TARGETED LEAD TIME WOULD
CHANGE (SAY, BECAUSE OF THE TECHNICAL PROBLEMS OF THE MANUFACTURER), THE
LEAD TIME SHOULD BE A RANDOM VALUE THAT COULD BE REPRESENTED BY A CERTAIN
DISTRIBUTION. IN THIS STUDY, THE LEAD TIME IS ASSUMED TO BE NORMALLY DISTRIBUTED
WITH MEAN u; 7 AND STANDARD DEVIATION a7 THE CONSTRAINT COULD BE STATED BY:

DLTy; = F~*(1 — B)oyr + pirr
fort=1,2,..,T,i=1,2,..,n,
WHERE F~1(1 — B) IS THE INVERSE CUMULATIVE PROBABILITY OF 1-8.
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

SELLING TIME CONSTRAINT:

AN AGING AIRCRAFT, WHICH IS CONSIDERED AS LESS ECONOMICAL, MIGHT BE SOLD BY THE
AIRLINES AT A CERTAIN OPERATING PERIOD. IN SUCH A CASE, THE AIRLINES NEED TO KNOW THE
MOST SUITABLE TIME TO RELEASE THEIR AGING AIRCRAFT FOR SALES PARTICULARLY TO LOOK FOR
PROSPECTIVE BUYERS IN ADVANCE. IN REAL PRACTICE, THE REAL SELLING TIME MIGHT BE LONGER
THAN THE DESIRED SELLING TIME. THEREFORE, THIS CONSTRAINT IS FORMED WITH THE AIM TO

REDUCE THE POSSIBILITY OF THIS INCIDENT AS MUCH AS POSSIBLE. THIS CONSTRAINT COULD BE
DEFINED AS FOLLOWS::

P(RST;; = DST;)) <y
O i Bt Loty e e R L A 1)
(TEOH AND KHOO, 2013)



FLEET MANAGEMENT OPTIMIZATION MODEL; CONSTRAINTS

SELLING TIME CONSTRAINT:

IT IS ASSUMED THAT THE SELLING TIME HAS A NORMAL DISTRIBUTION WITH
MEAN g AND STANDARD DEVIATION o¢7.

DSTy; = F~*(1 — y)usr + sy
D o s B e s e e e A
WHERE F_l(l e y) IMPLIES THE INVERSE CUMULATIVE PROBABILITY OF 1-Y
(TEOH AND KHOO, 2013)
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