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Abstract Internet sales channels, especially e-brokers that compare prices in the
market, have a major impact on car rentals. As costs are heavily correlated with un-
occupied fleet, occupation considerations should be integrated with swift responses
to the market prices. This work was developed alongside Guerin, a Portuguese car
rental, to build a tool that quickly updates prices on e-brokers websites to increase
total value. This paper describes the specificities of the problem and their implica-
tion on the solution, and presents an adaptative heuristic to update prices and the
system’s architecture.

Introduction

Similarly to other tourism-related sectors, the car rental business has been deeply
impacted in the past years by internet sales, namely by the development of a new
sales channel: broker websites that compare the offers of different competitors. The
impact of this channel is especially relevant for car rentals due to the lack of differ-
entiation of their product, if compared, for example, with the hotel business. As the
vehicles and pick-up stations are the same and the clients are able to compare all the
offers in the market with full transparency, the price takes an even more determinant
role in their decision.

The ultimate goal of every company is to maximize its revenue. For car rental com-
panies, the main slice of the costs is related with unoccupied fleet. Therefore, the
“revenue challenge” deals not only with uncertain demand (highly dependent on the
companies’ positioning versus the other prices on the market); it also deals with the
need to maximize the occupation of the fleet for each day, ensuring the cars were
booked at the highest possible price. Moreover, for the e-brokers channel, it is of the
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utmost importance to be watchful and agile in order to respond to changes on the
market prices. This requires processing a massive amount of data in an extremely
short time-frame.

This paper presents the work developed in Guerin Car Rental Solutions, a Portu-
guese car rental company, to build a tool that allows for a swift, systematic, regular
and profitable update of all the company’s pricing positions in the market. This tool
is based in an heuristic procedure that is adaptative in the way it continuously cor-
rects the prices responding to the changes in the market conditions (demand and
competitors’ prices), in order to attract the right (number of) customers at each point
in time and thus increasing the value collected for the fleet each day.

The Problem

Brief description

The main decision of this problem is setting the price to charge for a specific search
that a customer makes online a certain number of days in advance (e.g. 30 days be-
forehand). In fact, this problem is highly dependent on the antecedence of the search
versus the start of the reservation. The e-brokers channel is typically used by the lei-
sure segment, allowing prices to vary over time (this is not true for the corporate
segment, for example, where other reservation formats, such as pre-established con-
tracts, may limit the price variation). Therefore, there is a need to balance the goal of
occupying the fleet and the goal to do so at the highest possible price.

A search is characterized by the e-broker website where it is made, the starting date
(vehicle pick-up) of the reservation, the rental length (in days), the pick-up station,
and the type of vehicle required. The number of days in advance is calculated based
on the starting date of the reservation (see Figure 1).

E-BROKER: example.com At15/07/2015 15:32

Region LISBON
Searched 15

days in advance

From 01/08/2015 +————

j 10 days
To 10/08/2015 +——— & | rentallength

Vehicle COMPACT

Search @

Fig. 1. Example of a seach

The goal is to develop a tool that is able to calculate, in short intervals (e.g. every
two hours) the prices to set for each search the customers can make.



Important characteristics

One of the characteristics of this problem that influences the most the pricing deci-
sion-process is the transparency between competitors. When searching online on the
e-brokers website, the customers search for a specific vehicle, location and dates and
the results are retrieved for all competitors with an offer in the market, usually orga-
nized by price. This leads to a best deal effect, in which the competitor offering the
lowest price gets the most attention, even if the price difference to the others is mar-
ginal. This can only be surpassed by some competitors, whose considerable market
share and customer awareness can trigger customer preference even if their price is
not the lowest in the market.

However, one can note that although the customers have full transparency between
competitors, their searches are usually focused on specific dates and locations, hin-
dering the transparency between prices of the same company. For example, if a cus-
tomer wishes to rent a car for a leisure trip, he/she is not likely to change the trip
dates (or the region of the car pick-up) in order to get a cheaper deal (this is not nec-
essarily true for other businesses such as airline). Therefore, there is a flexibility for
the car rental to set the prices of different searches independently of each other.
Nevertheless, it is important to bear in mind that the prices of the different searches
are not completely independent: 1) the main slice of the costs of car rental compa-
nies derives from unoccupied fleet; 2) fleet occupation and price influence each oth-
er; low prices increase the pace at which new reservations are made, increasing the
pace of fleet occupation (and high prices have the opposite effect) - it is thus possi-
ble to use the prices to accelerate/decelerate occupation rate; 3) a fleet can be occu-
pied by a myriad of different searches (and thus prices) - in fact, the fleet of a certain
vehicle type in a certain region is, in a certain day, occupied by reservations made in
different e-brokers that started in different days and stations and will have different
durations. The main challenge faced was thus related to the amount of data to pro-
cess in order to calculate the price for every search, in a short period of time (two
hours), including processing the current prices in the market for each competitor for
each search, and the occupation of the fleet(s) affected. For the company considered
in this paper, the amount of different searches for which updated prices must be cal-
culated at each iteration is in the range of the tens of thousands.

Literature Review

This problem is herein regarded as a revenue management problem. In [1], revenue
management is related with three different types of ““demand-management deci-
sions": structural decisions (related with the configuration of the sale -- e.g. auction),
price decisions (related with the price to set for different products, customers, prod-
uct life-cycle, ...) and quantity decisions (e.g., related with the allocation of resources
to segments). The authors state the importance of recognizing the business context
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so as to understand the relevance of price and quantity flexibility, which will have a
deep impact on revenue management strategies. For example, in the hotel business,
it may difficult to increase capacity of rooms whilst prices are significantly easier to
change. In fact, in the problem tackled in this paper, the main focus is on price deci-
sions, as the flexibility to change prices is significantly superior to the one to change
capacity. In [2], business characteristics that justify why companies adopt revenue
management programs are reviewed. It is possible to verify that the problem herein
described presents these characteristics. Firstly, as in most service-oriented prob-
lems, excess resources are impossible to store (in this case, if a car is not used some
day, the capacity is lost). Also, pricing decisions are made with uncertain demand,
and different customers with different willingness to pay have different demand
curves while sharing the same resources. Moreover, the company is profit-oriented
and able to freely implement the decisions.

The fact that this problem is related with a web-based sales channel has a deep im-
pact on the problem definition. Already in 1998, it is argued that internet-based mar-
ketplaces decrease the customer cost to obtain information and compare offers,
which promotes price competition; moreover, they increase the ability of the seller
to charge different prices to different customers (or to charge different prices over
time), which reduces customer surplus and increases company's profit ([3]).
Revenue management is historically linked with the airline business. In [4], the im-
plementation of a revenue management system at Western Airlines is described,
with a seat inventory control based on the Expected Marginal Seat Revenue (EMSR)
decision model, which sets and revises booking limits to the number of seats availa-
ble at different prices. This model takes into account the uncertainty of demand and
is based on the value of the expected revenue per seat per class or segment, thus de-
fining their protection levels (number of seats hold for sale for certain segments)
and, consequently, booking limits. Over the time, revenue management has been ap-
plied to different sectors and situations. In [5], the maximization of revenue in a
network environment is tackled by defining dynamic policies for the allocation of
shared resources to different types of uncertain demand. The authors propose a solu-
tion based on approximate dynamic programming, which may have applications on
airlines, hotels, car rentals, amongst other businesses.

Revenue management on car rental business was early on tackled by [6], who de-
scribed the implementation process of the Yield Management System (YMS) in
Hertz, designed to help decisions related with pricing, fleet planning and fleet de-
ployment between stations. Hertz's YMS segmented the market with different-
valued offers and helped decide when to make these offers. It also protected fleet for
higher-value reservations when supply was short. Also in [7] the revenue manage-
ment program of a different company is described - National Car Rental. This sys-
tem was designed to manage capacity, tackling fleet planning issues, planned up-
grades (with inventory protected using the above-mentioned EMSR model),
overbooking, and creating a Reservations Inventory Control procedure for selection
of the most profitable reservations amongst similar ones with different lengths of
rent. It also tackled pricing issues: for different segments, the model recommended
prices to maximize occupation based on a target utilization. This model for pricing,
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which inspired the heuristic proposed, is composed of two parts. Firstly, an elasticity
model is created relating historic rates with variations in demand. Then, the compar-
ison between occupation (or demand) forecast and target leads to the required
change in booking pace. From the elasticity model it is thus possible to retrieve the
rate that will induce the required change in the pace of demand.

More recently, a revenue management problem in a car rental network is tackled in
[8]. The authors propose a stochastic programming approach to optimize fleet de-
ployment between locations and capacity controls to protect fleet for higher revenue
reservations, under a demand of probabilistic nature; in this context, the prices are
not considered as decisions. Other works apply revenue management techniques to
the car rental context, such as [9]. Here, the authors aim to allocate vehicles of dif-
ferent categories to different customer segments, following a framework on which
the company must decide if it is more profitable to accept a rental request or not and
thus define acceptance policies. A parallel can also be found with pricing problems.
For example, in [10] dynamic pricing strategies are studied, which might be applied
to the car rental context. In this work, a common formulation for allocation of capac-
ity and dynamic pricing is presented.

The Proposed Solution

The proposed solution to set the prices for the e-brokers sales channel is a heuristic
designed to be swift, adaptative to the market and fleet conditions, and fast to im-
plement. Research on revenue management and pricing in car rental is growing sig-
nificantly on the stream of optimal policies and controls for allocating the right cus-
tomers to the right-priced offers. However, to the best of the authors’ knowledge,
there is still a gap on the development of methods that address the link between the
need to protect fleet and the need to take in consideration competitors' prices and the
company's competitive position. This was a specific requirement of the work herein
developed.

This heuristic is based on the concept of goal occupation, which is described in this
chapter. A full decision tool / system was also designed and implemented and is also
described in this chapter, representing the functioning conditions surrounding the
heuristic procedure. This tool allows the car rental company to parametrize the heu-
ristic procedure based on its business sensitivity, as well as to monitor key fleets and
seasons of the year, providing useful indicators related to regional fleet balancing,
real margins applied by e-brokers and market price fluctuations.

Heuristic procedure based on goal occupation

The main objective of this problem is to set the prices to charge for each search, at
each time distance to the reservation, so that the revenue of the car rental company is
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maximized. For that, one needs only to ensure that the capacity of each fleet is only
booked to the maximum of its capacity by the different types of searches that influ-
ence it. However, the relation between the price to charge, the minimum price in the
market for the same search, and the amount of reservations that one is able to get
from it is intrinsically hard to define realistically. Therefore, the concept of goal oc-
cupation curve is introduced: the percentage of vehicles from a fleet that the compa-
ny aims to have occupied with reservations for a certain date, at a certain time dis-
tance. For example, the company wants to have enough reservations to occupy 60%
of fleet F on day D, 30 days before day D (see Figure 2).

Fleet F occupation 4
(%)

-
Real
occupation

+ “Today” 0
Number of days until day D

Fig. 2. Representation of the evolution of goal and real occupation of a fleet for a specific day

Following this goal occupation curve allows the company to increase the value at-
tained for the fleet sold. That is to say that the company is able to define how much
vehicles to hold for the “late” clients that are willing to pay more for them. This
concept is parallel to the farget utilization [7]. The heuristic proposed is thus based
on the concept introduced in [7] that states that changes in the rates influence the dif-
ference between target and forecast occupation, which should be minimized. In our
problem, as this procedure is designed to be run progressively and frequently (every
two hours) and to be adaptive, actual occupation is used (not forecast). Therefore, in
this heuristic, the prices charged are a mean to minimize the distance between the
observable fleet occupation and the goal occupation, for a certain time distance to
the reservation. Based on the discussion regarding the problem characteristics, it is
assumed that companies are only able to get clients if their price is the lowest in the
market. Therefore, if the real occupation is lower than the goal, the price should be
set to be the lowest in the market (although never allowing for the price to fall below
a certain minimum price). Conversely, when real occupation is higher than the goal,
the company should increase the price in order to reduce occupation rate, yet striv-
ing to achieve the desired pricing position versus competitors. If the occupation be-
comes extremely high, however, the increase should become independent of the
competitors' prices, so as to hinder more (undesired) occupation.

Real occupation is calculated based on the concept of most constrained day. In fact,
a certain search whose price is being settled will be translated in a reservation that
may last for more than one day. In order to be conservative, all calculations consider
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the most occupied day in the reservation. Also, to calculate the new price is critical
to “see” the prices the customer “sees” for each player. Therefore, when deciding the
price to settle, the margin the e-broker is applying on the company's price should al-
so be added.

This procedure settles the price for each search independently of the other searches,
although several searches influence the same fleet occupation, as seen in the discus-
sion above. The only searches that are linked are the ones that share all characteris-
tics except for the group, and whose hierarchy of the groups was previously set (e.g.
the price of a compact car should always be lower than the price of a luxury model).
The searches are thus mostly considered independent in order to agilize the proce-
dure since its main consequence is a higher degree of conservatism. For example, if
a certain fleet in under-occupied, this heuristic will decrease the price for all search-
es that influence this fleet (as if they were the only ones affecting it). The effect may
be higher than expected due to this “over-kill”. However, as this procedure is adap-
tative, if this happens, in the next run the fleet will be slightly over-occupied and the
prices will be adapted to this new context. In fact, this easiness to adapt is one of the
most important characteristics of this procedure.

Full System Overview

Figure 3 aims to describe the working flows of the full system designed. The system
is divided in two areas: a User Area and a Work Area. The first is where the heuris-
tic is parametrized, as well as the frequency to run each search. It also allows the us-
er to choose which key groups to monitor. The second is where the connection with
the main input and output systems is established and the procedure itself is based.
There are four main types of inputs to this system. The first two types of inputs are
provided by external systems while the latter are user-defined:

* The prices currently available for the customers on each e-broker website, for the
company and all its competitors;

* The occupation of the fleets for each day in this horizon;

* The main parameters of the system;

* The key groups to monitor.

Every pre-defined interval of time (hourly or every two hours), the system follows
three steps. Previously, the user has defined the schedule of each search, based on its
characteristics. For this, the user may define several command lines, such as “recal-
culate prices for all searches/reservations starting next month” or “for all that take
place on 2015 High Season”. From this, the first step of the system is to list all the
searches for whom to recalculate prices at this moment. Secondly, the heuristic pro-
cedure recalculates prices for all the listed searches and sends them to the e-brokers.
Finally, for the key monitoring groups, the main indicators are made available to the
user.
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Fig. 3 . System overview

It is important to note that companies do not have much control over the margins
applied by e-brokers and thus a potential margin is computed and used in step 2: this
margin is equal to the last company's price retrieved from the e-brokers’ website di-
vided by the recalculated price sent to the e-broker on the last iteration.

For some pre-selected key groups, the evolution of the occupation and price/margins
is also monitored. For example, the user may follow the evolution of a certain fleet's
occupation for a specific week and compare different regions through interactive
graphic displays.



Conclusions and Future Work

This system, currently being implemented on Guerin, will enable the company to
adapt its prices to the occupation of the fleet and the fluctuations of the market, seiz-
ing significantly more value from the customer willingness to pay. Moreover, it will
be possible to monitor key periods of the year or key vehicle groups, as well as the
margins added to the prices by the e-brokers.

The future work lays ahead in two different dimensions. On the business side of the
problem, there is a need to measure the actual impact of this system and, based on
that, refine key parameters of the problem such as the goal objective curve. This is
possible since this system is designed to save all the data for future research.

On the academic side of the problem, since this is, at the best of the authors
knowledge, yet to be fully explored by the academic community, future work is
needed to build models that are able to bring even more value to the company by
maximizing the revenue and tackling all the prices that relate to the same fleet occu-
pation in an integrated way. Moreover, as these models will lead to (realistic) large
instances, solution methods to solve them will be required. In a second stage, it will
also be interesting to include fleet sizing and deployment issues in the problem, inte-
grating decisions of vehicle transfer between regions when occupations are unbal-
anced.
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