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INTRODUCTION

In the contemporary mobility landscape, two-wheeled vehicles play a fundamental
role for millions of people worldwide. From emerging economies, where they repre-
sent an essential means of daily transportation, to industrialized countries, where
they are increasingly associated with lifestyle and leisure, motorcycles, scooters, and
mopeds occupy a central position in modern transportation systems.
Within this context, the primary objective of this thesis is to analyze the motor-
cycle market with a specific focus on the used segment. The work aims not only
to describe the main products and statistics that characterize the sector but also
to empirically identify the key factors that determine the price of a second-hand
vehicle, assessing whether predictive tools can effectively estimate it and to what
degree of reliability. To achieve this, the analysis is grounded in a structured under-
standing of the market: descriptive and statistical evidence is not presented merely
as background information, but rather serves to frame the dataset, motivate the
choice of variables, and support the interpretation of the observed price patterns.
Building on this foundation, the empirical component of the thesis develops data-
driven models capable of predicting and explaining price variations across hundreds
of online listings. The models evaluate the impact of variables such as segment,
mileage, seller type, registration year, and other features commonly considered by
buyers and sellers. From a methodological standpoint, this work aligns with a
broader body of literature that applies hedonic pricing models and machine learning
techniques to vehicle markets. Several studies focus on used cars, employing econo-
metric models to quantify how specific attributes shape second-hand prices, while
more recent contributions increasingly rely on supervised learning algorithms, such
as Random Forests, to enhance predictive accuracy using large datasets collected
from online platforms. Drawing on this literature, the thesis extends approaches
used in the automotive field to the motorcycle domain, adapting them to the pecu-
liarities of the two-wheeler market and to the structure of the Italian used segment.
The outcomes are significant not only on an academic point of view, but intend to
offer real meaningful insights for multiple stakeholders. For consumers, the predic-
tive models provide a valuable reference for evaluating whether a listed price is fair
(particularly on digital platforms), thus enabling more informed purchasing deci-
sions. For manufacturers and retailers, the findings highlight which models tend to
retain their value more effectively, supporting sales strategies, product positioning,
and marketing activities. Moreover, the study offers potential benefits for online
marketplaces, suggesting the integration of similar predictive tools to automatically
identify and flag advantageous listings, improving transparency and helping users
navigate large volumes of announcements more efficiently.
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Chapter 1

MOTORCYCLE and
TWO-WHEELED VEHICLES

To better understand the analysis involved in the thesis, it is essential to provide a
detailed and comprehensive overview regarding the world of motorcycles and, more
in general, two-wheeled vehicles. This preliminary study will allow us to obtain a
much clearer vision related to the product characteristics, its development, and the
differences with other two wheelers, both from a structural point of view and in the
way they fulfill needs and tastes of customers around the world.
The first chapter has this purpose: exploring the past and the present of motorcycles,
from their history, to construction and key components. In addition to this, before
shifting to the market analysis, the final part of this section will include a short brief
regarding trends and innovations that are impacting on the future of the industry.

1.1 HISTORY AND EVOLUTION OF THE MOTORCYCLE

The Second Industrial Revolution of the 19th century led to a massive concentration
of population from the rural areas to the cities, in search of new job opportunities.
Industries and services were evolving driven by the introduction of electricity, petrol
and supported by mass production. The substantial and increasing need for move-
ment within those areas and the income growth for individuals, led to the birth
and evolution of public transport such as trams, but not only. In parallel to these
solutions, a new type of mobility was emerging, the one of personal transportation.
Two-wheeled vehicles are part of this category, expressing the need for a new agile,
flexible, and autonomous way of moving into the city.
Although someone could think that the birth of the motorcycle industry has a simple
and linear course, from the advent of bicycles to modern bikes, the reality is more
complex and involved a simultaneous evolution of various technologies and systems,
which have also brought to the definition of different productsa.

(a) To know more about them go to 1.2 Modern Two Wheelers Classification
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1.1.1 Bicycle’s history

Despite the complex evolution of motorcycles, the starting point from which all be-
gun is certainly the advent of the bicycle. Differing from other two wheelers for
the absence of an engine, it generate forward movement transferring energy from a
person’s legs to one wheel (generally the rear, but in origin the front one).
The discussion about which invention represent the fist ancestor of the bicycle
presents a curiosity. Some sort of myth sustain that in 1791 the French count
Mede de Sirvac create a prototype that was similar to a wooden bar ending in two
forks holding two carriage wheels, but with no means of steering. It was baptized
’cheval de bois’ and later ’celerifere’ (from the Latin celer, fast, and fero, meaning
to carry), but its real existence and the one of Sirvac himself, is strongly in doubt.
The fist testimony of it, in fact, is founded nearly a century after its presumed ap-
pearance, in the late 19th century, from Louis Baudry de Saunier, a french populizer
who probably just wanted, as others historians, to claim France and not Germany
as the motherland of this invention.
It was in Germany in fact, that Karl Friedrich von Drais, a forester and inven-
tor, build in 1815 the first steerable bicycle-like device, similar to the one shown
in Fig.1.1. He fixed the front wheel to a vertical shaft, allowing the rider to turn,
and added a stomach rest to help in the use of the device, which, like the cheval
de bois, was based on pushing forward with the feet against the ground. Called for
this reason the ’laufmaschine’ (running machine), and subsequently the ‘draisine’,
it was patented on the 5th of January 1818(1).
Starting from this date, different vehicles were modeled on its design, becoming
more generally known as velocipede (from velox pedis, fast foot). Although the
drasine could be considered the first reported precursor of the bicycle, the veloci-
pedes still lacked of any means of independent propulsion. The next step in the
evolution of the bicycle was taken by a pair of Frenchmen who solved this problem.

Figure 1.1: An early evolution of
the drasine, the hobby horse

In 1855 the team of Pierre and Ernest
Michaux tried to fit a arms powered lever to
the wheel, but the design failed due to bal-
ance problems and structural weakness. To
solve this they tried a new path, attaching
two connecting cranks to the front wheel fas-
tening them with large nails (later replaced
by a piece of bent tube) forming a foot rest,
and creating the first pedal. In 1861 they
produced the vehicle shown in Fig.1.2, the
‘michaudine’, on which the rider could em-
ploy feet on pedals of the front wheel to move
forward. Their design was so successful that
they established the first real bicycle industry,
the ‘Michaux et Cie’.

(1) Herlihy David V. , Bicycle: The history, Yale University Press, 2004
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Figure 1.2: The michaudine

Figure 1.3: The penny farthing

Figure 1.4: The safety bicycle

The pedaling was a revolution, but the iron-
tired wooden wheels did not make driving com-
fortable, as demonstrated by the vehicle nick-
name ”bone-shaker”. In the late 19th century,
the velocipede started to obtain more atten-
tion, and various prototype appeared, differing
in shape and dimension. Journals and dedi-
cated events document the widespread of the in-
vention, while the run for innovation was at its
peak. The objective was to increase the speed
and the comfort of these devices.
In the 1870 James Starley from Coventry,
started to produce the ’penny farthing’ shown
in Fig. 1.3. Despite its strange appearance, the
bigger front wheel allow riders to reach higher
speed than its predecessors, with a better shock
absorption. The more elevated position of the
seat however, comported a significant increase
in dangerousness. It was difficult to get on and
off, complex to maneuver, and could case some
major injuries in case of falling.
The most significant improvement arrives in
the 1885, when Starley’s nephew presented
the ’Rover safety bicycle’ shown in Fig. 1.4.
John Kemp Starley’s model had two equal size
wheels, a diamond shape metal frame and a
chain drive connected to the rear wheel, en-
suring greater stability and safety. It was a
real revolution, it eliminated the risks associ-
ated with the height of the penny farthing and
made the vehicle more accessible to a wider seg-
ment of the population, including women. Its
design represents the basis of the modern bicy-
cle and allowed a mass diffusion of the vehicle,
transforming it into a practical tool for daily
mobility.
The last problem so solve were the complaints
about the ‘bone shaking’ experience of riding.
While most bicycle manufacturers relied on
rubberized strips of cloth nailed to the wheels,
in the 1888 John Dunlop produced the first air-
filled tires. Later on others contributed to im-
proving his technology, including Giovanni Bat-
tista Pirelli (1892) and André Michelin (1895).

7



1.1.2 Motorcycle’s history

Figure 1.5: Daimler’s motorcy-
cle prototype

Figure 1.6: Millet’s motorcycle

Figure 1.7: Hildebrand and
Wolfmüller motorcycle

By the end of the 19th century the bicycle was
already an established means of transport. At
this point all the necessary conditions for the
development of the motorcycle were present,
with one fundamental exception, the engine.
Already in the 1867-1868(3) Sylvester Howard
Roper in the US, and Louis Guillaume in
France, developed and patented models char-
acterized by a steam engine mounted on the
bicycle built by Pierre and Ernest Michaux,
but, despite the similarity with a motorcycle,
historians define the German engineer Gottlieb
Daimler, as the father of two wheeled powered
vehicles.
In 1885 in fact, he took the gasoline, four-
stroke, one cylinder engine, created by his boss
Nicholas August Otto in 1876, and built the
”Daimler Einspur” shown in Fig.1.5, which is
considered to be the first motorcycle of the his-
tory. Named ‘bone crusher’, for its discomfort
(a direct reference to early bicycles’ nickname
‘bone shakers’), it consisted in a wooden frame
and wheels, with the engine positioned verti-
cally in the center of the machine. Ironically,
Daimler never rode his creation, his interest was
in testing the engine, not creating a vehicle, this
because he wasn’t a motorcycle enthusiast, see-
ing this prototype as a mere precursor to the
more stable automobile.
The next step was taken by the French engi-
neer Felix Millet in 1892. He built the proto-
type shown in Fig.1.6, an extension of the safety
bicycles with pneumatic tires. Millet’s motor-
cycle featured a highly original design: it was
equipped with a 5-cylinder rotary engine, di-
rectly coupled with the rear wheel, eliminating
the need for external chains or gears. Despite
its cleverness, it still presented pedals to start
the engine and its complexity represented an is-
sue in pursuing mass production, causing these
vehicles to be used by very few riders.

(3) Khatri A., Motorbike History, Publifye, 2025

(4) Panchal D. U., Two and Three Wheeler Technology, PHI Learning, 2015
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The first successful motorcycle series-production arrived in 1894, introduced by
Heinrich andWilhelm Hildebrand, two German steam-engine engineers. They started
to produce and sell the ”Hildebrand and Wolfmüller motorcycle” shown in Fig.1.7,
which unlike earlier experimental motorized bicycles, was designed from the ground
up to be powered by an internal combustion engine. Made of metal tubing, simi-
lar in shape to a reinforced bicycle frame, it mounted a two-cylinder, four-stroke,
water-cooled engine, which powered the vehicle up to 45 km/h(4). The pedals were
not present anymore, signing an important distinction between what would have
become motorcycles, and instead mopeds, each with a separate evolution and mar-
ket. Around 1,000 units of this vehicle were built, mainly in Germany and France,
showing how motorcycles were starting to be accepted by people.
Despite this they still faces major problems such as unreliable ignition, carburation
and weight of the engines, which were producing less power with higher fuel con-
sumption. (For other information see the degression below).
The solution arrived in 1895, when Albert de Dion and Georges Bouton, designed
in France a tricycle with a 125cc engine that, licensed in various European coun-
tries and America, became the standard for motorcycle engines. It was accepted
by almost all manufactures, because of its power output, fuel consumption and
weight. This evolution permitted to sustain the increasing demand for motorcycles,
improving mass production, and helping to the widespread of different machines.

”Major early motorcycles problems: The mechanism of in-
ternal combustion engines is complicated and frequently changing
in relation to different models. In early motorcycle design, three
elements were causing major issues: ignition,carburation and lu-
brication. To achieve the rotational force necessary to move the
motorcycle forward, the engine’s piston(s) need to be propelled up-
ward and downward inside the cylinder through a controlled ex-
plosion. To make the engine crank, an exploding substance (most
commonly a mixture of air and petrol), and an ignition source are
needed. In early engines both the mixing of fuel–air and igniting
were tricky and often dangerous, and lubrication inefficient.
Ignition designs went through three iterations: flame, hot tube and
magneto ignition. In flame ignition, a portion of the cylinder was
opened and literally exposed to an open flame, prompting the ex-
plosion. This method was dangerous and difficult to control. In
hot tube ignition, rather than exposing the fuel–air mixture directly
to a flame, a flame heated a tube mounted on the cylinder head,
which then ignited the fuel–air mixture. Daimler’s motorcycle pre-
sented this type of ignition, which, like the previous flame method,
created problems with timing and shortened the life of the engine.
Developed by Robert Bosh in 1887, Millet introduced the magneto
system on his motorcycle, allowed a controlled spark that ignites
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the mixture. Dion-Bouton engine evolve this with a battery-and-
coil ignition, which, like in the magneto system, used a spark to
ignite the mixture, but it employs an external power source (the
battery) rather than an internal flywheel magnet. Both these par-
allel technologies that lasted at least until the early 1960s.
Second major issue was the quality of the carburation , the mixing
of air and fuel. Ideally, the ratio should be 14.7:1, a ratio known
as the Stoichiometric air–fuel ratio, but of course, this was un-
known to early engine designers. The original means to mix air
and fuel was done drawing air across an open reservoir of fuel,
but the motion of the engine disturbed the fuel, making the mix-
ture unreliable. The spray carburetor, which atomized the fuel as
it was drawn into the cylinder, was invented by Wilhelm Maybach,
a colleague of Gottlieb Daimler. However, Maybach’s design did
not allow the air–fuel mixture to be easily varied, a necessity for
engines that ran at more than one speed. Carl Benz solved this
problem introducing the butterfly valve in 1893, and allowing for
variations in the mixture.
Last major problem was represented by the lubrication process. Early
motorcycles, including the de Dion-Bouton, featured a ”total loss”
lubrication system. Oil was fed into the engine through a valve ac-
tuated by a hand pump, exiting at the bottom throughout a breather,
and not reused. Next evolutional steps were the ”splash lubri-
cation”, which used engine motion to distribute oil and later,the
”pressurized systems”, with oil pumps and filters, offering greater
efficiency and protection. In modern engines, reliable lubrication
is obtained by wet or dry sump systems, which refers to whether
the oil reservoir is part of the engine crankcase or sits outside it.”

By the turn of the century, the concept of the motorcycle as a vehicle distinguished
from both the bicycle and the automobile was in place, as was the concept of pro-
ducing machines for sale. As production volumes grew, innovations multiplied and
the first motorcycle companies were founded, many of which still exist today.
In the early 1900s, two iconic American motorcycle manufacturers emerged almost
simultaneously. In 1900, Carl Oscar Hedstrom and George M. Hendee started a mo-
torcycle manufacturing company known as the ”Hendee Manufacturing”. Coming
up with a tiny single cylinder engine for their first motorcycle, the company imposed
itself on the market with the name of ”Indian”.
Meanwhile in 1902 William Harley and Arthur Davidson originated the ”Harley–
Davidson Motor Company”. Initially, starting with the elementary De Dion layouts,
before earning renown for their robust, handcrafted machines and superior quality.
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Figure 1.8: Hendee Manufacturing first motorcycle with a poster from 1916

Figure 1.9: Harley Davidson first motorcycle with a poster from the 20’s
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Figure 1.10: Ducati ”Cucciolo”
from 1950

Figure 1.11: Yamaha ”YA-1”
from 1955

Figure 1.12: Honda ”CB750”
from 1969

World War I marked a pivotal moment for
Harley-Davidson and the motorcycle industry
in general. When it started in 1914, the mo-
torcycles were already accepted, but considered
as alternative reliable vehicles. During the war,
their effective nature was utilized to accomplish
different tasks, from exploration, to medical
support, postal service and gunship; increasing
the familiarity and the appreciation of people
towards two wheelers.
After the conflict, the motorcycle began to
consolidate itself as a practical and economi-
cal means of transport, finding a central role
in commuting, leisure, and sport. The large
manufacturers, such as Harley-Davidson, In-
dian, Norton, Triumph and Guzzi, leveraged
military-grade durability to launch more pow-
erful and reliable models, while in parallel, Eu-
rope witnessed the birth of a new category of
two-wheeled vehicles: scooters. Lighter, more
agile and easier to ride than traditional motor-
cycles, these vehicles found a large urban public
thanks to their ease of handling.
Second World War restored the war-utility of
motorcycles, but after the end of the conflict
customers benefit of wartime advancements, es-
pecially in standardization. In the late 1940s
and 1950s, new manufacturers emerged, Ital-
ian Ducati (in 1946)(6) and Japanese Honda,
Yamaha, and Suzuki, further diversifying the
range of two-wheel transport and shaping once
more what can be considered from that point
the modern motorcycle industry.
The detailed description of the incremental ad-
vancement in motorcycle technologies and lay-
out from the 60’s to the present, could lead to
unnecessary degression. Understood the major
steps that have brought to the foundation of
modern two-wheeled vehicle, is better to shift
the attention to the modern classification uti-
lized in the market.

(6) Richetti C., Il comparto motociclistico nel secondo dopoguerra, Thesis, UniTo, 2019
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1.2 MODERN TWO WHEELERS CLASSIFICATION

Excluding bicycles, which, although being an historical starting point, are not con-
sidered in the next analysis; there are multiple ways to classify two wheelers, each
referring to different aspects or characteristics.

1.2.1 Cubic capacity classification

– 50cc

– 100cc

– 150cc...

Cubic capacity, also known as engine displacement, refers to the volume of space
inside an engine’s cylinders where the fuel-air mixture is combusted to produce
power. It is one of the key indicators of an engine’s size and, by extension, its
potential power output. Cubic capacity is typically measured in cubic centimeters
(cc) and is calculated using the following formula:

(8) Cubic Capacity(cc) =
(π
4
×D2 × S

)
×N

where:

D is the bore (the diameter of the cylinder),
S is the stroke (the distance the piston travels within the cylinder),
N is the number of cylinders.

This definition represents a primary metric used to classify two-wheelers for regu-
latory, licensing, insurance, and segmentation purposes, while in market terms, cc
also serves as a proxy for expected performance, fuel consumption, and pricing tier.

1.2.2 Fuel classification

– Petrol

– Diesel

– Electric

Two-wheelers can be categorized based on the type of fuel they use. Petrol-powered
are the most common and utilize engines running on gasoline. Diesel, while less com-
mon, offer higher fuel efficiency and are often used for long-distance or commercial
purposes. Electric two-wheelers are gaining popularity, using electric motors and
batteries to provide an environmentally friendly and low-maintenance alternative.

(8) Heywood J. B., Internal Combustion Engine Fundamentals, McGraw-Hill Education, 2018
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1.2.3 ”Type of use” classification

Figure 1.13: Motorcycle by Triumph

Figure 1.14: Vespa scooter by Piaggio

Figure 1.15: Ciao moped by Piaggio

As already introduced in the previous his-
torical paragraph, the development of the
motorcycles took multiple steps, defining
different prototypes and machines, some of
which generated two-wheeled vehicles still
in use nowadays. These vehicles, despite
being similar to motorcycles present dis-
tinct mechanical and usage characteristics.
Motorcycles typically feature engines with
a displacement greater than 125cc and are
equipped with manual transmissions and
larger wheels. These characteristics make
them suitable for high-speed travel, long-
distance riding, and varied terrain (in re-
spect also to their segment). Scooters in-
stead, are only designed for urban mo-
bility, characterized by smaller engine ca-
pacities—usually between 50cc and 250cc,
with automatic transmissions, and a step-
through frame that often includes built-in
storage compartments. One famous exam-
ple is the ”Vespa”, legendary scooter re-
leased by Piaggio in the 1946, wich easily
became a cultural icon across Europe and
in particular in Italy. Mopeds share with
scooters the limited engine sizes (50cc or
less) and the simple usability, but with a
big difference. Originally conceived as mo-
torized bicycles, they still present pedals,
used to start the engine or as alternative,
utilize them as bicycles. All these charac-
teristics define a clear distinction between
motorcycle, scooter and mopeds, and un-
derstanding it is fundamental for analyz-
ing user preferences and regulatory frame-
works within the industry.

To better describe the market, it is also
useful to discuss the segmentation com-
monly used to group motorcycles with de-
termined characteristics, as it allows for a
clearer understanding of product position-
ing, and competitive dynamics.
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1.2.4 Segment classification (only motorcycle)

In the motorcycle market, a segment refers to a group of motorcycles that share
similar characteristics, intended use, and target consumers. Segmentation helps
manufacturers and analysts to better categorize products and understand market
dynamics more effectively. The most common motorcycle segments include Sport,
Touring, Cruiser, Adventure, Naked, and Off-road.

1. Sport - Built for high speed and strong performance. They have aerodynamic
shapes, light frames, and powerful engines that allow fast riding. The riding
position is forward-leaning to help reduce wind resistance. These bikes are often
used on race tracks or for fast rides on the road. Examples include the Yamaha
YZF-R1 and the Ducati Panigale.

2. Touring - Made for long journeys. They focus on comfort, with large seats,
windshields, and big fuel tanks for traveling long distances. Many touring bikes
also have extra features like luggage storage, heated grips, and cruise control.
Well-known examples are the BMW R 1250 RT and the Honda Gold Wing.

3. Cruisers - Designed for relaxed riding, especially at lower speeds. They have low
seats, forward footrests, and classic styling. Their engines give strong power at
low speeds, making them easy and smooth to ride. Brands like Harley-Davidson
and Indian Motorcycle are famous for making cruisers.

4. Adventure (also called ”ADV bikes”) - Can be used on both paved roads and
dirt roads. They are strong and durable, with a tall seat and long suspension
travel to absorb bumps. Adventure bikes are great for long trips across different
terrains, with large fuel tanks and protective equipment. Examples include the
BMW GS series and KTM Adventure bikes.

5. Naked - Simple and practical. They do not have a lot of bodywork or fairings.
Their upright seating position makes them comfortable for daily riding. Naked
bikes usually offer a good mix of performance and comfort. Examples are the
Yamaha MT-07 and the Triumph Street Twin.

6. Enduro/Offroad - Made for riding on dirt, mud, and rough terrain. They are
lightweight and have knobby tires for better grip. Their suspension systems are
long to handle jumps and bumps. Some off-road bikes are only for racing, while
others can also be used on roads. Popular models include the Honda CRF series
and KTM EXC bikes.
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Figure 1.16: Motorcycle’s market segmentation
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1.3 MOTORCYCLE COMPONENTS and MANUFACTURING

A motorcycle is a complex machine made of many interconnected components, each
playing a specific role in performance, safety, and comfort. This section describes
the most important parts of a motorcycle and the manufacturing processes behind
the two-wheel industry.

1. Headlamp

2. Instrument panel

3. Fuel tank

4. Engine and drive line

5. Seat

6. Wheels, tires and suspension

7. Turn indicator

8. Exhaust system

9. Rearview mirrors

Figure 1.17: Layout of a motorcycle

Figure 1.17 above represents a simplified view of a motorcycle’s layout. It is useful
to have a first overview on the general structure and position of the main parts.
Although this layout looks simple, the actual complexity of these machines is much
higher, relying on many different technologies.
For the purposes of this thesis, this paragraph will group motorcycle components
into a few basic systems that are essential to its function. These systems include
the frame, wheels and brakes, suspensions, engine, drive line, fuel system, ignition
system, electrical system. In the following sections, each of them will be described,
focusing on how they are built and how they work inside the motorcycle.
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1.3.1 Frame

Figure 1.18: Tubular frame with
seat and fuel tank positioning

Figure 1.19: Aluminum alloy
monocoque frame

The frame represents the skeleton of the mo-
torcycle, connecting all other parts and keep-
ing them in position. Made up from steel
(strong and cheap) or aluminum (lighter but
more expensive), several configurations exist,
each suited to different motorcycle types and
purposes. Examples of them are the tubular,
trellis and monocoque frames. The tubular is
made from welded metal tubes, offering sim-
plicity, strength, and cost-effectiveness. It’s
commonly used in various motorcycle types,
from cruisers to off-road bikes. The trellis
frame uses a grid of small, triangulated tubes
for better rigidity and stress distribution, pro-
viding an excellent balance between flexibil-
ity and stiffness. The monocoque frame is a
single, unified structure that integrates vari-
ous components like the fuel tank, providing
aerodynamic and structural efficiency. It’s of-
ten found in premium motorcycles, especially
racing and high-performance models. Frame
also includes the mounting brackets to attach
other components such as seats, suspensions,
foot pegs etc.

1.3.2 Wheels and Brakes

The wheel and braking system plays a critical role in ensuring safety, performance,
and rider comfort. While some off-road and retro-style motorcycles still mount
spoke wheels, modern motorcycle wheels are typically made from cast aluminum
alloys, valued for their strength and lightweight characteristics. Tires are composed
of rubber compounds tailored to different applications, such as street, racing, or off-
road use. The internal structure of a tire consists of multiple layers, including the
carcass, which maintains the shape and load-bearing capability; the tread, which
contacts the road; and reinforcing belts that resist deformation under stress.
Motorcycle braking systems use hydraulic disc brakes, which offer effective and
reliable stopping power. These systems include brake discs, usually made of steel(b),
which are clamped by calipers that press the brake pads against the disc surface to
create friction. It’s important to underline that modern motorcycles are equipped
with ABS (Anti-lock Braking System), which prevents wheel lock-up during sudden
braking or on slippery surfaces, enhancing safety and stability.

(b) In high performance motorcycle discs are made of carbon fiber reinforced carbon matrix (C/C).

18



Figure 1.20: Mono shock suspen-
sion

1.3.3 Suspensions

Front and rear suspensions keeps the ride sta-
ble, absorbing bumps. On motorcycles, the
most common front suspension system is the
telescopic forks that use a combination of
sliding tubes, internal springs, and hydraulic
damping to provide a smooth ride. The rear
suspension consists of swing arm that attach
the frame to the rear wheels. Coil spring
shock absorber combination are attached near
the axle on the swing arm and fixed to a solid
frame point. Nowadays, higher capacity mo-
torcycles make use of either double-sided or
single sided swing arm with mono shock sus-
pension as the one shown in Figure 1.20.

Figure 1.21: Four cylinder inline
engine

1.3.4 Engine

The engine can be considered the heart of
the motorcycle, as it converts fuel into mo-
tion through the process of internal combus-
tion. This process involves the ignition of a
mixture of air and fuel inside enclosed spaces
called cylinders, where controlled explosions
generate the force needed to move the pistons.
The pistons, in turn, transfer this motion to
the crankshaft, converting the up-and-down
movement into rotational energy that powers
the motorcycle(c). The number of cylinders
varies depending on the performance and ca-
pacity required, typically ranging from one to
six, and they can be arranged in different con-
figurations such as single-cylinder, inline, or
V-twin. In an inline engine, the cylinders are

arranged in a straight line, either vertically or horizontally, which helps keep the
engine compact and smooth in operation. In contrast, a V-twin engine arranges its
two cylinders in a V-shape, usually at an angle between 45 and 90 degrees, allow-
ing for a narrower engine design and a distinctive power delivery and sound. The
creation of the engine pass through the casting and machining of the engine block,
typically from aluminum alloys, followed by the assembly of components like the
crankshaft, pistons, and camshaft, which are made of steel to ensure durability.

(c) Cooling and lubrication systems manage heat and reduce friction between moving parts.
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1.3.5 Transmission

In motorcycles, engine power is trans-
ferred to the rear wheel through a sys-
tem known as transmission or drive line.
Typically, this begins with a gear or
chain reduction between the engine’s
crankshaft and the clutch, which lowers
rotational speed while increasing torque.
Most motorcycles use a wet multi-plate
clutch, operated by a hand lever and
cable. Power then flows through the
gearbox to the final drive system—most
commonly a chain drive with a small
sprocket on the gearbox output shaft
and a larger sprocket on the rear wheel.

1.3.6 Fuel System

The fuel system of a motorcycle is re-
sponsible for delivering to the engine the
correct mixture of fuel and air, which
is essential to burn gasoline effectively.
Achieving the right ratio is critical for
engine performance and emission con-
trol. At the start of this system there
is the fuel tank, which stores the gaso-
line and is usually positioned above the
engine to allow gravity or a fuel pump
to assist in delivery. Traditionally, the
air-fuel mixture was managed by a car-
buretor, a mechanical device that com-
bines air and fuel using vacuum pressure
generated by the engine. While carbu-
retors are simple and cost-effective, they
offer limited precision and are sensitive
to altitude and temperature changes. In
modern motorcycles, fuel injection sys-
tems have largely replaced carburetors,
using electronic control units and sen-
sors to adjust the fuel delivery with high
accuracy based on factors such as engine
speed and temperature.

1.3.7 Ignition

Once the air-fuel mixture reaches the en-
gine’s combustion chamber, it must be
ignited to produce power. This is the
role of the ignition system. Currently,
there are three main types of ignition
systems in use. The magneto ignition
system, commonly found in small mo-
torcycles and competition bikes, gener-
ates its own electricity without relying
on a battery. The battery and coil ig-
nition system, on the other hand, uses
electrical power from the battery to en-
ergize a coil, which then produces the
high voltage required to create a spark.
The third type is the electronic ignition
system, which uses electronic controls to
precisely manage spark timing and im-
prove overall efficiency. Today, most mo-
torcycles and two-wheelers rely on either
battery ignition, electronic ignition, or a
combination of both systems.

1.3.8 Electrical System

Besides the electrical parts needed to op-
erate the ignition system, the modern
two-wheeler has many electrical compo-
nents to increase a rider’s safety, ease
and comfort. These include sensors,
head and tail lights, brake lights, turn
lights, buzzers and horns, radios, engine
malfunction, gear indicators, etc. All
the indicators are generally mounted on
the single console above the headlight.

Figure 1.22: Motorcycle’s speedometer
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1.3.9 Manufacturing process

Figure 1.23: Production stages

Motorcycle manufacturing is a detailed and
multi-step process aimed at producing safe
and reliable vehicles. It begins with design
and engineering, where advanced 3D model-
ing and simulations help develop detailed mo-
torcycle plans. After the design phase, manu-
facturers select materials based on important
factors like strength, weight, cost, and envi-
ronmental impact. These choices affect the
durability and overall performance of the mo-
torcycle.
Production then focuses on frame and engine
manufacturing. Using advanced computer-
aided design (CAD) software, the design of
these components is created through tech-
niques like welding, forging, and CNC ma-
chining. While this is happening, other es-
sential components, including suspension and
braking systems, wheels, exhausts, and elec-
trical units, are manufactured either in-house
or by specialized suppliers. If needed, once
completed, components enter the painting
and finishing stage. Part as the frame, body
panels, and fuel tank is cleaned, primed,
painted using electrostatic spraying, and fin-
ished with a clear coat for to protect against
scratches and UV.
After painting, the components move into the
assembly phase. The layout of this stage
varies by manufacturer. Large companies like
Honda, Yamaha, and Harley-Davidson typi-
cally use an assembly line layout, where mo-
torcycles move through sequential worksta-
tions, allowing for fast production, cost ef-
ficiency, and easy automation. In contrast,
brands like Ducati, MV Agusta, and Triumph
adopt a cellular layout, which offers more flexibility, better quality control, and the
ability to accommodate customizations, although it tends to result in lower output
and higher production costs. Some manufacturers, like BMW, combine both ap-
proaches with a hybrid system, which balances flexibility and efficiency.
Once assembly is completed, each motorcycle undergoes rigorous quality testing.
Performance tests assess key factors such as acceleration, braking, handling, and
fuel efficiency, ensuring the motorcycle meets safety standards and performs reliably
under real-world conditions.
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1.4 INNOVATION and FUTURE TRENDS

The motorcycle industry has always been a dynamic sector, influenced by tech-
nological advancements, consumer preferences, and broader economic factors. As
environmental regulations tighten and consumer demand for performance and fuel
efficiency increases, manufacturers and aftermarket suppliers are innovating rapidly,
reshaping what the concept of motorcycle will be in the future.

1.4.1 Electrification and Sustainability

Figure 1.24: Sustainability inno-
vation trends

As environmental concerns and regulatory
pressures continue to mount, manufacturers
are increasingly investing in sustainable tech-
nologies. The most significant one is the elec-
trification of two-wheelers, which following
the example of automotive market, refers to
the transition from internal combustion en-
gine (ICE) motorcycles to those powered by
electric motors and batteries (BEV). Benefits
include the reduction of gas emissions, noise
pollution, and reliance on non-renewable en-
ergy sources, making them especially well-
suited for urban environments where air qual-
ity and noise are major concerns.
Despite this during past years the rate of elec-
trification has been under 5 percent(12 across
all major markets because of several obsta-
cles. These include higher acquisition costs,
lower performance in comparison with ICE
variants, limited product options from incum-
bents, and the lack of charging ecosystems.
However, most of these issues are being ad-
dressed, thank to significant battery improve-
ments, leading to an increasing optimism for
this technology, especially in Asia. The cur-
rent energy density of lithium iron phosphate
(LFP) and nickel manganese cobalt (NMC)
batteries is already between 180 and 250
Wh/kg, respectively, which is capable of giv-
ing 80 to 120 kms per charge. Additionally
to this battery costs, which have tradition-
ally comprised about 35 percent of the two-
wheeler’s bill of materials (BOM) value, are
falling significantly as manufacturers attain
economies of scale and production efficiencies.
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Companies like Zero Motorcycles and Energica are leading the charge with im-
pressive electric models that boast long ranges, high performance, quick charging
capabilities, and also established brands such as Harley-Davidson and Honda are
entering the electric space, reflecting a growing acceptance of this technology.
While full electrification could represents the long-term direction of the industry, hy-
brid motorcycles and biofuels are emerging as viable transitional solutions, especially
in segments where electric technology still faces limitations. Hybrid powertrains,
which combine an internal combustion engine with an electric motor, offer a balance
between performance, efficiency, and reduced emissions. This configuration enables
motorcycles to operate in electric mode at low speeds and rely on the combustion
engine for higher power demands, extending range while lowering fuel consumption.
In parallel, bio/renewable fuels derived from biological sources such as plants or
agricultural waste present another path toward decarbonization. Bioethanol and
biodiesel can often be used with minimal modifications to existing ICE motorcycles,
providing a drop-in solution that reduces carbon emissions without requiring major
infrastructure changes. In markets like Brazil and India, where biofuel availability is
increasing, several manufacturers are exploring or already offering flex-fuel models
capable of running on high bioethanol blends. These complementary technologies,
hybridization and biofuels allow the industry to progress toward sustainability even
in contexts where full electrification may not yet be feasible or economically viable.
Beside this, sustainability does not translate only into fuel replacement, it also
include a broader shift toward a circular economy. This involves practices like refur-
bishing, recycling, and reselling motorcycles and components to minimize waste and
extend products lifecycle. To support this transition, manufacturers are increas-
ingly adopting eco-friendly materials and designing bikes for durability and ease of
disassembly at the end of life. Additionally, modular motorcycle design is gaining
attention, allowing key components such as batteries, motors, and body panels to be
replaced or upgraded individually. This not only reduces material waste and simpli-
fies maintenance but also enhances customization and extends the overall usability
of the vehicle. Together, these strategies contribute to lowering the motorcycle’s
total environmental footprint while aligning with evolving consumer expectations
for sustainability, efficiency, and long-term value.

1.4.2 Safety and Smart Assistance

Because of the risk associated to riding a motorcycle, safety remains a top priority
in the industry, driven by both regulatory requirements and consumer demand for
more secure experiences. Recent years have seen significant advancements in safety
technologies, especially on Advanced Rider Assistance Systems (ARAS), which are
an emerging technology in the motorcycle industry, aimed at enhancing rider safety,
comfort, and overall riding experience.

(12)Gupta R. et al., The real global EV buzz comes on two wheels, McKinsey and Company, 2023

23



Inspired by similar systems in the automotive sector, ARAS includes features such as
adaptive cruise control, blind-spot detection, collision warning systems, lane-keeping
assistance, and automatic braking. These technologies rely on sensors, cameras,
and radar systems to monitor the surrounding environment and provide real-time
feedback or intervention to prevent accidents. While still in the early stages of
adoption compared to cars, ARAS are gaining momentum, particularly in high-end
touring and adventure motorcycles.
In addition to this, motorcycle manufacturers are investing in rider protection gear
with enhanced safety features, like Modern helmets with integrated communication
systems, smart airbag vests, and high-visibility clothing.

1.4.3 Connectivity and Artificial Intelligence

Connected technology and artificial intelligence (AI) are and will transform motorcy-
cles into smart machines. Thank to the integration of Internet of Things (IoT) riders
will be able to update their motorcycle’s tuning software without visiting a service
center, and technicians will diagnose issues remotely, saving time and improving
convenience. Furthermore, wireless connectivity will enable continuous performance
monitoring and data collection, providing valuable insights into the motorcycle’s
operation and facilitating proactive maintenance and optimization.
Future systems are also expected to incorporate machine learning algorithms that
will enable them to continuously learn and adapt motorcycle’s performance to the
rider’s behavior, riding conditions, and needs. As a result, motorcycles will become
more intuitive and personalized, offering a riding experience tailored to the rider’s
individual preferences and requirements.
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Chapter 2

THE MOTORCYCLE MARKET

In recent years the global motorcycle market has undergone significant transfor-
mations, influenced by a complex set of economic, technological, social, and envi-
ronmental factors. This chapter aims to provide a comprehensive overview of the
current state of motorcycle industry by examining its composition of supply and
demand, both from an international and national point of view. The goal is to un-
derstand not only how the market functions today, but also its evolution in response
to broader combination of trends and challenges.
The first part of the chapter will explore the structure of the global motorcycle
market, outlining the major players involved, including key manufacturers and lead-
ing nations in terms of production and sales. The analysis of supply will take into
account the segmentation of the market and the degree of concentration among pro-
ducers, while on the demand side, factors such as urbanization, consumer preferences
and policy incentives will be discussed to better understand what drives consumers’
choices across different geographical areas. Special attention will be given to the
Italian market, which plays an important role in the global motorcycle landscape
due to its rich industrial heritage, world-renowned brands (such as Ducati and Piag-
gio), and significant domestic demand. Using Statista, Eurostat and ANCMA data
this section will analyze current sales and consumer behavior, including thoughts
about Covid-19 pandemic, new electrification trend and environmental regulations.
To sum up, this chapter serves as a key foundation for the thesis, outlining the
economic and structural context in which the motorcycle industry currently oper-
ates. It lays the base for a deeper understanding of the second-hand market and,
consequently, for a more comprehensive interpretation of the econometric model
presented in the final chapter.

2.1 GLOBAL OVERVIEW

The motorcycle market refers to the global industry involved in the design, manufac-
turing, distribution, and sale of two-wheeled motor vehicles, including motorcycles,
scooters and mopeds. It encompasses all the categories already introduced in the
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engine size or fuel type (gasoline, diesel or electric). To deliver a complete and ex-
haustive study of it and its dynamics, multiple data have been collected, belonging
to multiple sources, each time indicated in the text or in graphics’ captions. Per-
sonal re-elaboration has been conducted to present a more effective sight of the topic.

2.1.1 Global sales and revenue

Graphics 2.1 contain information regarding international sales related to the motor-
cycle market. The data behind these representations were collected from ”Statista
Market Insight 2024 (Motorcycle Market)” which covers over 150 countries and ter-
ritories. Are excluded from the analysis only mopeds under 50cc. This source was
selected due to its accessibility, clarity, and the free availability of aggregated data
categorized by continent. While data are considered reliable for an aggregated high-
level comparative analysis it is acknowledged that some figures may vary slightly
due to differences in definitions (e.g., sales vs. registrations) and regional reporting
practices. Focusing on temporal covering, data provide not only historical infor-
mation starting from 2014 but also future forecasting. These predictions are based
on a combination of statistical models and industry analysis. For mature markets,
such as motorcycles one, traditional forecasting methods like exponential smooth-
ing,ARIMA, and Holt-Winters seasonal smoothing are applied to large historical
datasets(a) considering also macroeconomic indicators, such as internet penetration,
consumer spending, infrastructure, and urbanization rates, as well as trend scouting
to identify future growth drivers.
Explained the scope and data characteristics its time to deep down into numbers.
From an aggregate point of view, the global motorcycle industry sales have shown
an increasing trend over the past decade, which will continue in the upcoming years
(+1,4% CAGR 2014-2029)(b). Despite a significant dip in 2020 likely due to the
COVID-19 pandemic, which made sales drop to 47.68 million units, the market had
grown from 50.84 million units in 2014 to a peak of 53.40 million in 2019. After
the 2020 decline, the industry quickly recovered, reaching 56.84 million units by
2024. Future projections indicate steady growth, with sales expected to reach 58.43
million in 2025 and continue rising to 62.28 million units by 2029.
Dissecting numbers into two category, as in Graph 2.1B, it is clear how motorcycle
consistently makes up a larger share of total two-wheeler sales compared to scooters
and mopeds. In 2014, motorcycles accounted for approximately 59% of global sales
(29.91 million out of 50.84 million units), while scooters and mopeds represented
around 41% (20.94 million units). This proportion changed during the years, whin
an increase in motorcycles’ share. While scooter and mopeds sales remained sta-
ble, motorcycles shown a +25% highlighting a sustained preference, possibly due to
higher performance and broader utility.

(a)To know more about the forecasting model go www.statista.com
(b)CAGR: Compound Annual Growth Rate / average growth rate per year
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Graphics 2.1: International sales by year, type of vehicle and fuel
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It is important to underline that outer from this initial overview both sales and
preferences could vary shifting the scope to national markets, including the one on
electric trend, which has signed a 12% of overall total sales in 2023 (Graph 2.1C).
Moving on into the analysis of the economic trajectory of the global motorcycle
industry, the data collected from Statista could be used to describe historical and
future revenues of this sector. Revenues represented in Graphics 2.2A-B consist of
total yearly market earnings, which have been calculated as the product of average
prices per unit (Graph 2.2C) and the number of units sold. As shown by the figures,
annual revenues rose from $104.5 billion in 2014 to $147.9 billion in 2024, with a
singular drop in 2020 ($115.63 billion), rapidly followed by recovery. This suggests
an apparent stable growth which can be described by a +3,5% CAGR.
However, these preliminary results should be assisted by major considerations.
Statista’s data, and in particular prices, are provided in nominal terms reflecting
the currency value at the time of measurement and including for this reason the
effect of inflation. To obtain a more accurate view of real economic growth, all
nominal prices were adjusted using the U.S. Consumer Price Index (CPI), setting
2024 as base year. This deflation process allowed to express prices and revenues
in constant 2024 dollars, removing the inflationary effects and providing a more re-
alistic picture of the market’s evolution After applying this adjustment, some key
information emerged. While nominal revenue suggested a market growth of +3,5%
from 2014 to 2029, real data indicates a more modest increase moving from $138.8
billion to just $147.9 billion in 2024. This shows that a substantial part of the rev-
enue growth in nominal terms was actually due to inflation rather than increased
market size or real consumer spending.
Disaggregating the data by vehicle type offers deeper insights into the market’s dy-
namics. Scooters and mopeds experienced a nominal increase in average unit price,
rising from $1.24 in 2014 to $1.67 in 2024. However, once adjusted for inflation,
their real prices remained remarkably stable, fluctuating only slightly between $1.64
and $1.67 over the entire period. This could suggests that manufacturers may have
prioritized affordability and accessibility in this segment, possibly due to its role as
an entry-level or utilitarian transport option in many emerging economies. More-
over, the consistency in unit sales implies that demand has been relatively inelastic
to price changes, possibly reflecting a customer base driven by necessity rather than
discretionary spending. As a result, revenues in this segment showed little real
growth over time.
The motorcycle segment, on the other hand, tells a more complex story. Nominal
average prices increased from $3.64 in 2014 to $4.15 in 2024, yet inflation-adjusted
prices actually declined significantly, from $4.19 to $3.17, a real drop of almost 25%.
This suggests that while consumers paid more in nominal terms, the actual eco-
nomic value of these transactions decreased over time. Several factors could explain
this trend: increased competition, especially from emerging Asian manufacturers,
may have driven prices down; technological advancements and improved production
efficiency could have reduced costs; and shifting consumer preferences may have
favored lower-priced or mid-range models over premium ones.
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Graphics 2.2: International revenue and average prices
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Interestingly, this real price decline coincided with a rise in unit sales, indicating
growing market penetration. However, this volume driven growth did not translate
into a proportional increase in real revenues, underlining the challenge of sustaining
profitability in a price-sensitive and competitive market.

2.1.2 Producers

The global motorcycle industry is shaped by a wide network of producers located
in different parts of the world, with Asia being the most dominant region in terms
of both production and revenue share. Japan is the clear leader, home to some of
the most important motorcycle companies in the world: Honda, Yamaha, Suzuki,
and Kawasaki, known for their advanced engineering and reliability. Among them,
Honda stands out as the top player worldwide, generating according to Statista
29.3% of global motorcycle revenues. Yamaha follows with a significant share of
11.1%, confirming Japan’s central role in the global motorcycle economy.
India is another major production center. Manufacturers such as Hero MotoCorp,
TVS Motor Company, and Royal Enfield focus mostly on low-cost and fuel-efficient
motorcycles. TVS accounts for 3.9% of global motorcycle revenues, while Hero fol-
lows closely at 3.8%. Royal Enfield, known for its classic and mid-size bikes, holds
2.9%, showing that India is not only a volume producer but also capable of building
a strong brand identity.
The United States is home to iconic brands like Harley-Davidson, Indian and newer
electric-focused companies such as Zero Motorcycles. Harley-Davidson, despite be-
ing one of the most recognized motorcycle brands in the world, currently represents
a smaller portion of the global market, with 2.5% of total revenues. Its premium
positioning and focus on heavyweight touring bikes target a specific segment of cus-
tomers, especially in North America and Europe.
Europe also hosts several important motorcycle manufacturers. In Germany and
Austria, we find companies like BMWMotorrad and KTM. BMW is known for high-
performance and touring motorcycles, while KTM specializes in sport and off-road
models. Italy, with its long tradition in design and motorsport, is home to Ducati
and Moto Guzzi. These brands are known for their stylish and powerful motorcy-
cles and maintain strong reputations, especially in Europe. The United Kingdom
adds to the European scene with historical brands like Triumph and Norton, which
continue to produce motorcycles with classic design and modern performance.
Last major producer country is China, which is becoming an increasingly important
player in the motorcycle sector, mainly through companies like CF Moto and Zontes
offering affordable models with competitive pricing and growing quality.
It is important to note that 37.8% of global motorcycle revenues are generated by a
large number of smaller companies grouped under the category ”Other”. This high
percentage shows that, beyond the major global players, many small or regional
producers contribute to innovation and variety, fragmenting the market and leaving
space for growth and competition.
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Graphics 2.3: Biggest global manufacturers and revenue share
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2.2 NATIONAL MARKETS

While global statistics help us in the understanding of the overall importance and
evolution of the motorcycle industry, a closer look to national markets reveals signif-
icant differences between countries in terms of vehicle volume, consumer behavior,
and economic value. These differences are shaped by a variety of factors including
population density, urban infrastructure, income levels, local regulations, and cul-
tural attitudes toward mobility, all playing a key role in shaping how the motorcycle
market functions, and the trajectory it will follow during the next years.
Analyzing the data on motorcycle ownership by World Population Review (Graph
2.4) we see a first striking contrasts between countries. While globally we can es-
timate a total 600 million motorcycles, the concentration of them it’s very clear,
addressing Asia as the region with the highest number of riders. Between all Asian
countries India stands out as the largest motorcycle market by volume, with over 221
million motorcycles in circulation. Indonesia shows 112 million, followed by China
at 85 million. These numbers reflect not only population size but also a widespread
reliance on two-wheelers for commuting in congested urban centers or areas with less
developed public transportation. Other Southeast Asian countries like Vietnam (58
million), Thailand (21.5 million), and Malaysia (14.8 million) also show very high
rates of motorcycle use, confirming the region’s dependence on this type of mobility.
In contrast to this, countries in Europe and North America have significantly fewer
motorcycles in absolute terms. For instance, the United States has around 8.6 mil-
lion motorcycles, and Italy—despite its strong motorcycle culture and heritage, has
about 5.2 million. Germany, another major European economy, records just under

Graphic 2.4: Number of motorcycles for each country
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3.8 million motorcycles. These lower figures suggest a different positioning of mo-
torcycles in these societies: rather than being a necessity, motorcycles often serve
as a secondary mode of transport, used for leisure or lifestyle purposes. This will be
better supported later, analyzing segments, prices and major producers for each ter-
ritories, highlighting how the means of having a motorcycle changes across regions.
Shifting the focus from the number of motorcycles to revenue, the picture becomes
more nuanced. India again leads with arounf $30 billion USD in revenue in 2024,
confirming its dominance not only in volume but also in market value. China follows
with $22 billion, while Thailand reaches $9.8 billion, showing that mass market sales
can produce significant revenues.
Interestingly, countries with lower motorcycle numbers still generate substantial rev-
enue. The United States, with far fewer motorcycles than India or China, ranks sixth
globally in revenue with around $7 billion, reflecting a strong preference for more
expensive models. Similarly, Germany and Italy, with smaller volumes, generate
respectively $2.8 billion and $2.84 billion. This pattern suggests that in wealthier
economies, the average price per unit is higher, often due to consumer interest in
premium models, higher safety standards, or stronger brand preferences.
These observations lead us to conclude that the motorcycle market cannot be under-
stood solely through a global lens. While some markets are driven by affordability
and practicality, others are shaped by lifestyle, income levels, and technological pref-
erences. These differences highlight the importance of context-specific strategies for
manufacturers and policymakers. In the next sections, we will explore regional mar-
kets more in details to identify the main drivers of growth and future development.

Graphic 2.5: Motorcycle sales revenues by Country
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2.2.1 Asia

In the following paragraphs the global
market will be divided into five main re-
gions: Asia, Americas, Africa, Australia
& Oceania and Europe. Each regions
will be analyzed separately to highlight
specific characteristics and carry out a
comparison to identify key differences and
similarities.
The first territory that will be analyzed
is Asia, which, as shown previously, rep-
resents the largest motorcycle market in
the world. As illustrated in Graph 2.6A
the region is led by India and China,
which together account for over 30 mil-
lion units sold in 2023. India alone
reached 15.5 million units, generating
approximately 27.5 billion USD in rev-
enue, the highest among the listed coun-
tries. China follows closely with 14.7 mil-
lion and over 20 billion USD in revenue.
Other key players include Indonesia (5.7
million units), Vietnam (2.7 million), and
Thailand (1.75 million), all contributing
significantly to the regional market.
Shifting attention to aggregates numbers
in Graph 2.6B, total motorcycle revenue
in the continent reached 93.3 billion USD
in 2023, with around 45.9 million units
sold. The market shows stable growth,
with a Compound Annual Growth Rate
(CAGR) of +3.4% in revenue and +1.0%
in unit sales between 2014 and 2029 (in-
cluding inflationary effect). In addition
to this, the shift toward electric mobility
is significant, with 13.7% of motorcycles
sold in 2023 being electric, indicating that
electrification in the Asian market is ex-
panding.
To better understand consumers prefer-
ences Graph 2.6B breaks down sales into
types of motorcycles sold. On-road mo-
torcycles represent the largest share of the
market (60.0%), followed by scooters and
mopeds (39,6%), particularly popular in
urban areas, while Off-road motorcycles
account for only a minimal portion of unit
sales (0,4%). This could be explained also
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Graphics 2.6: Asian sales and revenue
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Graphics 2.7: Producers’ revenues and average prices

by the differences in prices among vehicle types, as shown in Graphic 2.7 F. In
2024, the average price of scooters was around 1,600$, on-road motorcycles aver-
aged 2,380$, while off-road motorcycles were considerably more expensive (4,890$).
The data highlights how the cost represent a key selling factor for the region, with
Asian riders preferring vehicles for commuting and urban mobility.
In terms of market leaders, Honda Motorcycles leads the market with a 33.6% share,
followed by Yamaha at 10.2%, and several other manufacturers such as TVS (5.5%),
Hero (5.4%), and Royal Enfield (4.3%). In summary, Asia’s motorcycle market is
characterized by high volume, strong revenue generation, and strong movement to-
ward electrification. The dominance of on-road vehicles and scooters reflects the
importance of motorcycles in daily transportation, probably as result of high popu-
lation density and traffic congestion. Japanese and Indian companies dominate the
revenues of the region, with still significant segmentation of minor local producers.
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2.2.2 Americas

Although there are significant economical
and structural differences between North
and South America, for simplicity these
regions have been grouped together un-
der in this section. As shown in Graph
2.8A, Brazil represents the largest mar-
ket both in terms of unit sales and to-
tal revenue, with approximately 1.44 mil-
lion motorcycles sold in 2023 and 7.1 bil-
lion USD in revenues. Mexico with about
1.25 million units positioned as second,
followed by Colombia and the United
States, which, while showing lower unit
sales with 547,400 motorcycles sold, gen-
erated a substantial revenue of 6.5 billion
USD, reflecting the higher average price
of motorcycles in its market.
Overall, the region generated approxi-
mately 24.2 billion USD in 2023, with a
total of 4.8 million sales (Graph 2.8B).
The predicted CAGR between 2014 and
2029 is 3.4% and 3.1% for unit sold and
revenue. Despite the ongoing growth,
the transition to electric vehicles remains
very limited (Graph 2.8C) with only 3%
of motorcycles sold in 2023 being electric,
highlighting a market still largely depen-
dent on IC engines.
In terms of vehicle categories, the mar-
ket is dominated by on-road motorcy-
cles, which account for roughly 60 to
70 percent of unit sales, as shown in
Grap 2.8D. Scooters and mopeds are also
widely used, particularly in urban areas
of Latin America, where affordability and
ease of use are major advantages. Off-
road motorcycles, while a smaller seg-
ment overall, maintain a notable presence
in certain markets like the United States
and Mexico, often used for recreational or
rural purposes.
The brand landscape across the Ameri-
cas is led by Honda, holding a 25.1% rev-
enue share, followed by Yamaha at 15.1%
and Harley-Davidson at 10.2%. Other
key players include Italika (6.6%), mainly
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Graphics 2.8: Americans sales and
revenue
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Graphics 2.9: Producers’ revenues and average prices

active in Mexico, as well as Kawasaki and Suzuki, each with 3.7%. Shifting the focus
to US the data differs considerably, with Honda still leading at a lower 20%, closely
followed by Harley-Davidson at 19.9%, reflecting the strong local brand loyalty and
interest in premium and performance segments. Price data further illustrates this
distinction between sub-regions. According to Graph 2.8F, the average motorcycle
price in the Americas in 2024 was around 2,180$ for scooters and mopeds, 5,930$ for
on-road motorcycles, and 4,730$ for off-road motorcycles. In contrast, the United
States shows significantly higher average prices, with scooters, on-road and off-road
motorcycles respectively positioned at 6,050$, 13,930$ and 6,410$.
Overall, while the region shares common trends like Honda’s dominance and the
persistence of combustion engine, strong internal differences are present: the U.S.
market focuses on high-value, premium motorcycles , while Latin American countries
drive the region’s high volume through affordable, utility-oriented models.
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2.2.3 Africa

The motorcycle market in Africa is an
expanding sector, essential to addressing
the continent’s transportation challenges.
The market is highly uneven across
nations, as shown by Graph 2.10A.
Nigeria dominates the region recording
644.3 thousand motorcycle sales and 1.28
billion in revenue, followed by Ethiopia
and Egypt, with 342.2 thousand and
256.8 thousand units sold respectively.
Other countries such as Tanzania, Kenya,
Uganda, and Sudan also present sig-
nificant, though comparatively smaller,
markets. These variations point out
deep differences in purchasing power,
infrastructure, and mobility needs across
the continent, in which overall, 2.2
million motorcycles were sold during
2023, with total revenues reaching 4.6
billions (Graph 2.10B).
Electric motorcycles remain a really
small part of sales. In 2023 only 3.8%
of motorcycles sold in 2023 were electric,
highlighting the dominance of combus-
tion engines and major challenges such
as inadequate charging infrastructure,
higher acquisition costs, and limited pub-
lic policy support for electric mobility.
Regarding vehicle type preferences,
Graph 2.10D shows that on-road motor-
cycles account for the largest share of
unit sales (51.6%), followed by scooters
and mopeds (35.3%), with off-road
motorcycles comprising a smaller but
concrete segment (13,1%). This distri-
bution reflects the utilitarian function
of motorcycles in Africa, where they are
primarily used for commuting, delivery
services, and even public transport.
Scooters and mopeds are particularly
relevant in urban settings, given their
affordability and fuel efficiency, while
off-road bikes are generally less accessible
due to their higher costs and limited
application in daily transport.
The market is led by Honda with 17.4%
of revenue, followed by KTM with 11.2%,
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Graphics 2.10: African sales and
revenue
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Graphics 2.11: Producers’ revenues and average prices

and Yamaha at 7.4% (Graph 2.11E). However, a significant majority of the market
(49.4%) is made up of smaller manufacturers, delineating a fragmented market. This
fragmentation offers both challenges and opportunities: while it complicates brand
consolidation and supply chain efficiency, it also allows for adaptability to specific
local needs and price points. Prices remain low compared to other regions: in 2024,
the average price was around 1,160$ for scooters, 2,380$ for on-road motorcycles,
and 3,750$ for off-road models.
Overall, Africa’s motorcycle market is characterized by strong internal combustion
engine dominance, modest prices, and fragmented producer landscape, with only
few major players commanding a significant share. Yet, the low electric adoption
rate and price sensitivity suggest that the path to modernization and sustainability
will require targeted policy interventions, improved infrastructure, and continued
innovation from manufacturers to meet the continent’s evolving mobility needs.
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2.2.4 Australia and Oceania

The motorcycle market in Australia and
Oceania presents a unique and region-
ally concentrated dynamic, with Aus-
tralia clearly leading in both unit sales
and revenue with 94.3 thousand motor-
cycles sold in 2023, generating nearly
993.3 million USD in revenue. In con-
trast, other countries such as Papua New
Guinea, New Zealand, and Fiji represent
much smaller markets, with 7.9, 7.4 and
0.3 thousand units sold.
Overall, the motorcycle market in Aus-
tralia and Oceania reached a total value
of 1.1 billion USD in 2023, with 0.1 mil-
lion units sold. Growth indicators show
modest progress : the CAGR for rev-
enue between 2014 and 2029 is estimated
at +1.9%, while unit sales are expected
to grow at +1.5% over the same pe-
riod. These figures suggest a mature mar-
ket, with slow expansion likely due to
economic stability, limited new consumer
base, and a gradual pace of technological
transformation.
One clear example of this slow evolution
is in the adoption of electric motorcycles.
In 2023, only 3.8% of motorcycles sold in
the region were electric, while the vast
majority (96.2%) were still non-electric.
This minimal penetration of electric ve-
hicles indicates several underlying barri-
ers, such as limited charging infrastruc-
ture, consumer hesitation, and possibly a
lack of government incentives compared
to other regions. The cultural preference
for internal combustion engine motorcy-
cles, especially for off-road or recreational
use, also plays a significant role in main-
taining the status quo.
Looking at consumers preferences on-
road motorcycles represent the largest
share of the market at 52.5%, followed by
off-road motorcycles at 39.3%, and scoot-
ers and mopeds at just 8.2%. This distri-
bution reflects the lifestyle patterns com-
mon in the region. The strong presence
of on-road motorcycles suggests a market
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Graphics 2.12: Australia and Oceania’s
sales and revenue
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Graphics 2.13: Producers’ revenues and average prices

oriented toward performance, touring, and commuting over longer distances. Off-
road motorcycles also play a significant role, likely due to the popularity of recre-
ational riding and the practicality of these vehicles in rural areas. In contrast, the
limited share of scooters indicates that urban friendly two wheelers are less in de-
mand, which corresponds to the region’s lower urban density and reduced need for
compact city transport compared to more densely populated areas like Asia.
From a competitive standpoint, the market is shared among several global brands,
with no single player holding an overwhelming majority. Honda leads with 17.8%
market share, followed closely by Yamaha at 16.3%, and Harley with 13.7%.
In summary, the motorcycle market in Australia and Oceania is marked by a modest
but mature market with a strong preference for ICE, on and off-road motorcycles.
The transition to electric motorcycles remains limited, while pricing data suggests
consumer willingness to invest in performance and quality.
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2.2.5 Europe

The European motorcycle market is one
of the most significant and diversified,
both in terms of sales and revenue. In
2023, total revenue in reached 16.3 bil-
lion USD, with approximately 1.57 mil-
lion units sold. These figures signal a ro-
bust and steadily growing market, as il-
lustrated by a CAGR of +4.8% for rev-
enue and +4.1% for unit sales, calculated
on 2014 - 2029 period. This solid perfor-
mance is underpinned by both high con-
sumer demand and a strong manufactur-
ing presence across the continent.
A closer look at individual country shows
that Italy leads the market with 290.3
thousand motorcycles sold, generating
2.86 billion in revenue. It is followed
by Germany, which also report high sales
and revenue figures. France, Spain, and
the United Kingdom follow closely be-
hind, reinforcing the notion that Western
and Southern European countries are cen-
tral hubs for motorcycle activity. These
countries benefit from strong local pro-
duction, established consumer bases, and
favorable cultural attitudes toward two-
wheeled transportation.
Despite the growing interest in sustain-
able mobility, the transition to electric
motorcycles remains limited in Europe.
Non-electric motorcycles dominate the
market, representing 96.2% of total vehi-
cles sold in 2023. As in other countries,
barriers such as cost, infrastructure, and
performance limitations likely contribute
to the slow adoption of electrification.
In terms of vehicle types, on-road mo-
torcycles(59.3%) constitute the majority
of unit sales in Europe, reflecting the
continent’s extensive road networks, well
developed urban and interurban trans-
port infrastructure, and lifestyle prefer-
ences. Scooters and mopeds also have a
meaningful presence (24.1%), especially
in Southern European cities like Rome,
Barcelona, and Athens, where compact
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Graphics 2.14: European sales and
revenue
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Graphics 2.15: Producers’ revenues and average prices

and fuel-efficient vehicles are ideal for dense urban environments. Off-road makes up
a smaller but still significant portion (16.6%), appealing to sport and leisure riders.
From a manufacturer perspective, the European market is highly competitive. Honda
and Yamaha lead, holding 15.5% and 11.3% of the market share respectively, but
different brands have significant shares too. BMW Motorrad holds a strong position
with 10.6%, reflecting the success of European made motorcycles in both domes-
tic and international markets. Other notable producers include Harley-Davidson,
KTM, Ducati and Piaggio, which is particularly influential in the scooter segment.
Overall, Europe’s motorcycle market is characterized by high volume, broad product
diversity, strong brand competition, and low transition toward electric mobility. Its
long established culture of motorcycling and robust manufacturing base make it a
central player in the global motorcycle industry, with European consumers preferring
high level motorcycles for leisure, and scooters when dealing with utility.
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2.2.6 The Italian market

After having analyzed all geographical macro-areas it is time to focus on the cen-
tral subject of this thesis, the Italian market. Data contained in this study were
sourced from ANCMA (Associazione Nazionale Ciclo Motociclo Accessori), the of-
ficial body representing the two-wheeler industry in Italy, which provides monthly
and annual reports on registrations of motorcycles, scooters, and mopeds (includ-
ing under 50cc), offering detailed insights by vehicle type, engine displacement, and
powertrain. These data are considered highly reliable, as they are based on official
vehicle registration records and are widely used by manufacturers, analysts, and
policymakers. Unlike global aggregated data, the ANCMA database enables a more
accurate and granular examination of national trends, including the performance of
specific segments (e.g., electric vehicles).
Starting with volumes analysis as already seen previously, Italy stands out as the
major European player in motorcycle market. Graph 2.16 shows national registra-
tions during the last decade. The term registrations refers to the official recording of
a vehicle with governmental authorities, which allows it to circulate legally on pub-
lic roads. They differ from sales, which instead refer to the commercial transaction
between a manufacturer or dealer and the final customer. While the two metrics are
related, they do not always align due to factors such as delays between the sale and
the registration, dealer stock accumulation, pre-registrations, or exports. As a re-
sult, registration figures are generally considered a more accurate reflection of actual
market demand within a country. Looking into data a positive picture emerges.

Graphic 2.16: Two wheels vehicle registration in Italy by year
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Graphics 2.17: Two wheels vehicle registration in Italy by type and segment
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The data show a consistent upward trend in two-wheeled vehicle registrations in
Italy over the past decade, with the number of newly registered vehicles growing
from approximately 183,000 units in 2014 to over 373,000 in 2024. This reflects not
only a rebound from the pandemic dip, but also a structural growth in demand.
Graph 2.17A highlights the breakdown by vehicle type, showing that scooters remain
the most registered category, followed by motorcycles and then mopeds. Interest-
ingly, motorcycles have experienced the most significant growth in recent years,
particularly from 2021 onward. Graph 2.17B provides further detail on the motor-
cycle market by segment, revealing that the ADV & Offroad and Naked categories
have driven much of this growth. These two segments, which combine functionality
and style, reflect a consumer preference for versatile and visually distinctive mod-
els, especially suited to both urban environments and leisure use. Other segments
have shown more moderate but still noteworthy trends. The Touring segment, while
smaller in absolute numbers, has seen steady growth, suggesting a loyal customer
base interested in long distance travel and comfort. The Sport segment has main-
tained relatively low volumes, though it has shown slight increases in recent years,
likely driven by a niche of performance oriented enthusiasts. Meanwhile, the Cruiser
segment remains the least registered, indicating a limited but stable market, often
linked to lifestyle branding and older demographics.

Graphic 2.18: Two wheels vehicle registration in Italy by region
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Graph.2.18 shows geographical internal differences, with significant regional dispari-
ties. In 2024 Lombardia led the market with over 60,000 new registrations, followed
by Campania, Lazio, and Sicilia, each exceeding 30,000 units. These figures high-
light a strong concentration of demand in populous and economically active regions,
in contrast with Valle d’Aosta, Molise, and Basilicata, which recorded the lowest
numbers, reflecting their smaller populations and potentially lower mobility needs.
Shifting the attention to market and money, the overall national revenues amounted
to approximately €2,879.87 million in 2024 (Statista). These revenues were shared
according to Graph 2.19A. ”Others”, which includes also local brand like Benelli
and Aprilia, collectively represent 25.5% of the market, indicating a competitive
landscape. Among major players, Honda as always leads with 19.7% , followed by
Piaggio Group (13.6%), which holds brands like Vespa and Moto Guzzi. Notably,
premium brands like BMW Motorrad and Ducati maintain smaller but significant
shares, suggesting as the previous analysis on registrations a consumer base with
varying preferences for brand identity, performance, and price points, aligned with
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Graphics 2.19: Producers’ revenues and average prices
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Graphic 2.20: Italian imports and exports

Graphic 2.21: Italian EV production
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European regional characteristics. This can be seen also by price analysis. In 2024,
average prices reached approximately $4,280 for Scooters, $14,750 for on-road Mo-
torcycles, and $9,390 for off-road, highlighting the segmentation of the market based
on product type and consumer purchasing power. These figures reflect a diverse de-
mand structure: scooters and mopeds cater to urban commuters and price-sensitive
consumers, while on-road and off-road motorcycles appeal to enthusiasts seeking
higher performance and specialized use. Italian trends align with European con-
sumption patterns, where quality, brand heritage, and riding experience often justify
premium prices, contrasting with the affordability preferences in Asian markets and
the larger, high-displacement preference typical of the American market.
This dynamic is further reflected in Italy’s international trade structure. As shown
in Graph.2.20, imports are heavily skewed toward Asian countries, with China alone
accounting for over 43% of the total, followed by Japan and Thailand. These im-
ports typically consist of low/mid range models, related to affordability and mass
production. On the export side, however, Italy’s motorcycles are mainly destined
for European neighbors such as France, Germany, Spain, and Austria, with a com-
bined share that illustrates the regional demand for the Italian made, high quality
vehicles. This supports the notion that Italy plays a dual role in the global motor-
cycle market: a major importer of budget oriented products and a strong exporter
of premium, brand driven models.
While brand identity remains fundamental to the market, trends like the adoption
of electric motorcycles is still limited. As shown in Graph 2.21, production in Italy
started from only 710 units in 2016 and, despite consistent growth, reached just
8,820 units by 2023. Although this upward trend demonstrates some domestic in-
terest and increased capability in sustainable mobility, the overall volumes remain
marginal when compared to the broader two wheeler market. This suggests that,
despite alignment with European environmental objectives, electrification in the Ital-
ian motorcycle sector is still in an early stage and far from becoming mainstream.
In this context, regulatory developments such as Euro 5 and the more recent Euro
5 bis play a pivotal role. These stringent emissions standards, which apply to all
newly registered motorcycles in the EU, aim to reduce pollutants such as NOx, CO,
and hydrocarbons, indirectly pushing manufacturers toward cleaner technologies,
including electrification. However, rather than causing an immediate transition to
electric, these regulations have so far encouraged optimization of internal combus-
tion engines and hybrid solutions. As a result, while EV production is gradually
increasing, much of the industry’s effort is still focused on meeting regulatory com-
pliance with conventional technologies, slightly delaying full electrification.
Notably, the enforcement of Euro 5 bis by 2025 has led many dealers and man-
ufacturers to pre-register non-compliant vehicles in 2024 in order to avoid stricter
homologation constraints. This phenomenon of pre-registration has caused a tempo-
rary inflation of 2024 figures and is resulting in a drop in new registrations in 2025,
as the market absorbs the excess inventory. This regulatory anticipation distorts
annual comparisons and highlights the industry’s sensitivity to legislative changes,
influencing not only production strategies but also short-term market dynamics.
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2.3 MARKET ANALYSIS RECAP and CONCLUSIONS

In recent years, the motorcycle market has shown steady global growth, shaped
by factors such as rising urbanization, shifting mobility needs, and evolving con-
sumer preferences. From 2014 to 2024, unit sales increased from about 51 million
to nearly 57 million, with projections pointing toward over 62 million units by 2029
(Statista). Revenues has followed a similar trend, increasing from approximately
$104.5 billion in 2014 to nearly $148 billion in 2024 with a significant part of this
increase due to inflation. When adjusted to constant 2024 dollars, the growth ap-
pears more modest, and in some segments, such as motorcycles, real prices have
even decreased. This suggests that manufacturers have focused more on increasing
volume than on expanding profit margins, often through competitive pricing and
cost reduction strategies, especially in mass production countries.
The market experienced a notable dip in 2020 due to the COVID-19 pandemic,
which caused widespread economic disruption, supply chain delays, and reduced
consumer spending. However, the recovery was swift, driven by renewed interest
in individual mobility, avoidance of crowded public transport, and increased use of
motorcycles for delivery and urban logistics. These factors, along with government
incentives in some regions and improvements in production capacity, helped restore
and accelerate market growth in the years that followed.
Asia remains the heart of the global motorcycle market in both volume and value.
Japan and India lead the supply side with major companies like Honda, Yamaha,
Hero, and TVS, while Southeast Asian countries show extremely high ownership
rates. In contrast North American markets are shaped by lifestyle oriented demand
and even though unit sales are lower, revenue remains high due to the popularity
of premium brands and large displacement motorcycles. Latin America and Africa
shows a preference for affordable, utility focused models, while Australia and Ocea-
nia present a small but mature market, with consumer preferences leaning toward
on-road and off-road models rather than urban scooters. Europe is one of the most
structured and diversified motorcycle markets. High competition, strong domestic
brands, and significant regional differences define its landscape. On-road motor-
cycles lead in sales, but scooters and mopeds maintain relevance in urban settings.
Italy stands out as Europe’s largest motorcycle market, both in terms of registrations
and revenue. In 2024, over 373,000 new two-wheeled vehicles were registered, mark-
ing a significant increase compared to previous years (also due to pre-registrations).
While scooters remain dominant, motorcycles, especially in Naked and ADV/Of-
froad categories, have experienced substantial growth. These trends reflect a de-
mand for vehicles that combine style and versatility, suitable for both commuting
and leisure. Geographically, the market is strongest in Lombardy, Lazio, Campania,
and Sicily, mirroring broader demographic and economic patterns.
The adoption of two wheeler EV has grown at different paces across various conti-
nental regions, driven by distinct economic, regulatory, and infrastructural factors.
In Asia, especially in countries like China and India, electric vehicles have gained
significant traction due to government subsidies, rising fuel prices, and high urban
population density. China leads globally in production and sales, while India is
rapidly expanding its infrastructure. In other regions electrification remain moder-
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ate and at early stages with stagnation caused by a combination of limited charg-
ing infrastructure, higher initial purchase costs, and consumer skepticism regarding
range and performance. In Europe and North America, despite strong environmen-
tal policies, electric two wheelers still represent a small share of total production.
Efforts to promote electrification are often hindered by the high cost of electric
models compared to their combustion engine counterparts and the relatively low
perceived value among traditional riders. Africa and parts of Latin America face
even greater challenges, where limited grid reliability, low purchasing power, and
lack of policy support slow down the transition. Overall, while electrification in the
market is progressing, it remains uneven and dependent on region specific condi-
tions.
To conclude, this analysis reveals a global motorcycle industry in transformation.
Growth is consistent, but uneven, and often driven by necessity in developing coun-
tries or by lifestyle and brand appeal in wealthier ones. The path toward electrifica-
tion is advancing slowly and differently across regions. Italy, with its rich industrial
tradition and evolving consumer trends, reflects many of these dynamics on a na-
tional scale making it an ideal case for studying how various factors affect not only
new vehicle sales but also the overall motorcycle market. In particular, analyzing
the second-hand market is crucial because it reveals important information about
the real world performance, durability, and user preferences of different models over
time. This approach helps identify key characteristics of motorcycles that influence
their long term value and popularity, providing deeper insights into market behavior
and future mobility trends.
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Chapter 3

ITALIAN SECOND-HAND MARKET

The used motorcycle market plays a key role in the overall two-wheeled industry.
In recent years, it has become an essential part of mobility, allowing a large number
of riders to access vehicles at more affordable prices. It is not only a space for pri-
vate exchanges but also a dynamic segment that reflects broader economic trends,
consumer preferences, and technological changes. For this reasons, before dealing
with data modeling in the last chapter, this part describes the reality and charac-
teristics this Italian sector, bringing a better comprehension to the study, especially
regarding selling/buying modalities, volumes and preferences among costumers.

3.1 MARKET DIMENSION

While the thesis previously focused on the market for ”new” motorcycles, under-
standing volumes, trends and differences between continents and countries, it will
now shift the attention to the ”used” ones, using data collected from different sources
to create a more clear picture of this world. To do so information has been gath-
ered from different articles, sites and public organizations archives, defining a strong
structural base on which possible thoughts have been developed.

3.1.1 Volumes, trends and possible external correlations

Starting from volumes, while sales represent a key indicator to understand the mar-
ket of ”new”, what can describe the dimension of the Italian second-hand sector
are ownership transfers. An ownership transfer refers to the process through which
the legal ownership of a vehicle is officially moved from one person (the seller) to
another (the buyer). In the context of the motorcycle market, this means that a
used motorcycle changes hands and is registered under a new owner in the national
vehicle registry. In Italy, ownership transfers are recorded by the Public Vehicle Re-
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Figure 3.1: New Immatricolation vs Ownership Transfers in Italy

gister (Pubblico Registro Automobilistico – PRA) and represent one of the main
indicators used to measure the activity of the second-hand market. Each transfer
corresponds to a completed sale or change of ownership, and therefore it provides a
direct estimate of the volume of the used vehicle sector.
Ownership transfers data have been collected from ACI (Automobile Club d’Italia)
and later used to generate Graph.3.1 and 3.2, useful to understand how big the
second-hand motorcycle market is and how it has changed over time. The green line
shows new registrations, while the blue line represents transfers. To be precise, these
data also include “minivolture”, which are temporary transfers made by dealerships
before a vehicle is sold to the final customer. This means that the total number of
transfers shown in the graph is slightly higher than the actual number of final sales
between private owners, since each motorcycle passing through a dealer may generate
more than one registration movement. Although this, the difference between the two
trends is clear. Around the year 2000, the two lines were relatively close, with about
315,000 ownership transfers and 486,000 new registrations. In the following years,
however, the situation reversed: ownership transfers started to increase steadily,
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Graphics 3.2: N° of Ownership transfers divided by region and cubic capacity

while new registrations began to decline. Between 2005 and 2010, ownership trans-
fers peaked at around 660,000 units, while new registrations dropped sharply, reach-
ing a minimum of about 150,000 units in 2013. After this point, the number of new
registrations slowly recovered, while ownership transfers remained consistently high,
with a clear rise again after 2020.
This trend shows that, over the last two decades, the used motorcycle market has
become much larger and more stable than the new one. Even during years of eco-
nomic slowdown or uncertainty, the second-hand market maintained high volumes,
suggesting that consumers increasingly turn to used motorcycles as a more afford-
able and flexible option, confirming that the sector not only as a residual market,
but a fundamental part of the entire motorcycle ecosystem.
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More details can be gathered observing how transfers are distributed across Italian
regions and different engine sizes. Graph 3.2 illustrates this division, highlighting
both geographical distribution and technical dimensions of the market.
From a regional perspective, the used motorcycle markets display a similar geograph-
ical pattern to the new one. Lombardia clearly stands out as the leading region, with
almost 95,000 transfers registered in 2023, followed by Sicilia, Campania, and Lazio.
As previously said, these regions are characterized by high population density and
extensive urban areas, which naturally generate greater mobility needs. However,
is important to notice that while the Northern area dominate both new and used
markets in absolute terms, the South plays now a more prominent role in respect to
previous analysis. This difference suggests that used motorcycles represent a more
accessible and economically convenient option in areas with lower average income
levels, where affordability strongly influences purchasing decisions.
The second part of the graph shows the distribution of ownership transfers by cubic
capacity. The data confirm that smaller motorcycles dominate the this market. Ve-
hicles with an engine capacity up to 125 cc represent the largest share, with more
than 120,000 transfers during 2023, followed by 126–250 cc and 251–400 cc. This
suggests that lightweight and mid range motorcycles are the most traded, probably
because they are affordable, which is likely to be the first motivation an used vehicle
purchasing. Although this, higher cubic capacities (above 600 cc) account for still
relevant portion of the market, mainly linked to enthusiasts and long distance riders,
who are generally more experienced and willing to invest in performance oriented
models. These motorcycles are often used for leisure rather than daily commuting
and tend to maintain a stronger emotional and brand driven appeal. As a result,
their resale market remains stable and supported by a passionate community.

3.1.2 Selling modalities

The Italian second-hand motorcycle market is composed of a wide range of sellers,
each contributing to the overall structure and efficiency of the sector. The two main
typologies are private sellers and professional dealers, differing in size, transaction
methods, and target customers.
Private sales represent a large portion of the market. These transactions typically
occur through online classified platforms, specialized forums, or social media groups,
allowing direct interaction and price negotiation between individuals. This modality
offers flexibility and competitive prices, although it may involve higher risks due to
the absence of warranties. Dealerships and professional resellers, instead, provide
a more structured and reliable service. They manage trade-ins and resales of used
motorcycles, often including inspection and after-sale support.
In recent years, the growth of digital platforms and certified marketplaces has re-
duced geographical barriers and improved transparency, making users able to com-
pare offers and complete much of the buying process remotely. Overall, the co-
existence of traditional dealers and digital channels has created a hybrid market
structure where convenience, reliability, and accessibility coexist, confirming the
growing maturity and modernization of the Italian second-hand motorcycle sector.
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3.2 ONLINE PLATFORMS

Figure 3.3: Platforms’ logos

The rise of digital platforms has profoundly
transformed the dynamics of the reselling
market. Websites such as Moto.it, Subito,
AutoScout24, and DueRuote have become the
main reference points for buyers, offering ac-
cessible and user friendly environments for
trading used vehicles. These platforms com-
bine large databases with advanced search
filters, allowing users to compare prices,
mileage, and seller reputation in real time.
From an operational point of view, their func-
tioning is relatively straightforward: sellers
create advertisements by uploading photos,
technical specifications, and pricing details,
while buyers can browse available offers, con-
tact sellers directly, and often use integrated
tools to estimate the market value or verify a
vehicle’s history.
Among them, Moto.it and DueRuote are spe-
cialized in the two-wheeler sector, often inte-
grating editorial content, reviews, and techni-
cal insights that support users during the pur-
chasing process. Subito, instead, operates as a
general marketplace, where motorcycles rep-
resent one of the most active categories due
to the high number of private listings. Au-
toScout24 maintains a more professional ap-
proach, focusing on verified ads and dealer
collaborations, which contributes to greater
trust and transparency in transactions.
The diffusion of these digital tools has not
only increased market visibility but also
enhanced competitiveness and accessibility.
Buyers can reach offers from all over the coun-
try, while sellers benefit from a broader audi-
ence and quicker transactions.
In the following section, the analysis will focus
specifically on Moto.it, which between these
sources is the most ”easy to use” and reliable.
By exploiting its online search filters and pub-
licly available data, descriptive statistics will
be developed to outline the main distribution
and characteristics of motorcycles currently
offered on the platform.
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3.2.1 Moto.it descriptive analysis

Graphic 3.4: Number of advertisements divided by brand

Graphic 3.5: Number of advertisements divided by segment
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Graphic 3.6: Number of advertisements divided by type of seller

Graphic 3.7: Number of advertisements divided by cubic capacity
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The data gathered from Moto.it provide a detailed overview of the composition
and dynamics of the Italian second-hand motorcycle market. By exploiting the
platform’s filtering tools, it was possible to extract descriptive statistics regarding
the distribution of advertisements by brand, segment, cubic capacity, and type of
seller. These indicators allow for a better understanding especially of supply, giving
some hints regarding also consumers preferences.
Starting from brand segmentation, the advertisements collected show a clear preva-
lence of established manufacturers such as BMW Motorrad, Honda, and Yamaha,
which together account for a large share of total listings. These brands are tra-
ditionally associated with reliability and wide model ranges, elements that sustain
their value even in the second-hand market. Ducati and Triumph also maintain a
relevant presence, reflecting the appeal of premium and performance oriented mo-
torcycles. The consistent representation of brands like KTM, Harley-Davidson, and
Moto Guzzi indicates that niche markets and brand loyalty play a considerable role,
as many users seek specific models or distinctive styles.
When analyzing the type of motorcycle in Graph 3.3, the data reveal that naked
and adventure models dominate the listings, followed by scooters and touring bikes.
These categories represent versatile and practical solutions, suitable for both ur-
ban mobility and leisure medium distance travels. The lower share of cruisers,
sport, and off-road motorcycles suggests that these segments address more special-
ized audiences. This distribution aligns with the general composition of the Italian
motorcycle fleet, confirming that the market is largely driven by everyday usability.
Regarding engine displacement, advertisements are concentrated in the medium /
high cubic capacity range, particularly between 500 and 1000 cc. This indicates that
most used motorcycles offered online are not entry level models, but rather medium
sized bikes with balanced performance and comfort, appealing to experienced riders.
Although this, smaller displacements still represent a consistent portion of listings,
mainly targeted at commuters and new riders looking for affordable options.
The analysis of seller typology (Graph 3.6) highlights that about 70% of advertise-
ments come from authorized dealers, while 30% are published by private individuals.
This predominance of professional sellers shows the increasing role of dealerships and
intermediaries in structuring the online second-hand market. Their presence ensures
higher levels of reliability, vehicle inspection, and post sale support, contributing to
the professionalization of what was once a mostly informal exchange network.
Overall, the descriptive results obtained from Moto.it highlight the main features
of the Italian second-hand motorcycle offer and while the data are not a direct re-
flection of demand, they remains strongly correlated with it. The predominance
of well known brands such as Honda, BMW Motorrad, and Yamaha indicates that
reputation and reliability continue to drive both offering and purchasing behaviours.
The focus on medium and large displacements suggests that most available motor-
cycles target experienced riders, while smaller models likely circulate faster or have
lower resale margins. The strong presence of professional dealers further shows the
increasing organization and transparency of the online offer, where inspections and
warranties strengthen buyer trust. Altogether, Moto.it provides a realistic represen-
tation of the market’s structure, capturing the interaction between supply, perceived
demand, and the growing role of digital platforms in shaping this balance.
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3.3 MARKET ANALYSIS RECAP and CONCLUSIONS

The analysis developed throughout this chapter provides a comprehensive overview
of the Italian second-hand motorcycle market, highlighting its structure, evolution,
and connection with the broader mobility context. Data from official sources and
digital platforms together outline a sector that has become a vital component of the
two-wheeled industry and a strategic complement to the new vehicle market.
Ownership transfer statistics confirm the growth and stability of the used market
over the last two decades. Even during periods of economic uncertainty, the number
of transactions has remained consistently high, showing that consumers perceive
used motorcycles as a flexible and affordable solution. From a regional perspective,
Lombardia clearly stands out as the leading area in terms of transfers, followed
by Sicilia, Campania, and Lazio. Northern regions, with higher population density
and purchasing power, dominate the market in absolute terms; however, the South
shows a stronger relative weight in the used segment. This indicates that second-
hand motorcycles represent a more accessible and cost effective alternative in areas
with lower income levels, where affordability significantly influences mobility choices.
At the same time, the analysis of Moto.it data provides a complementary view
focused on the supply side of the market. The listings available on the platform
reveal a predominance of medium and high displacement models (between 500 and
1000 cc), often associated with experienced riders and leisure oriented usage. Most
advertisements are published by professional dealers, confirming the growing role
of intermediaries in structuring the online market and ensuring higher levels of
reliability and post sale support. The presence of renowned brands such as Honda,
BMW Motorrad, and Yamaha further emphasizes the importance of reputation and
perceived quality in shaping the online offer.
A comparison between ownership transfer data and online advertisements highlights
an interesting contrast: while low displacement motorcycles dominate real world
transactions, the online supply tends to focus on more advanced and higher value
models. This divergence reflects the dual nature of the market: on one side, a mass
demand driven by practicality and cost efficiency; on the other, a professionalized
online offer aimed at riders seeking performance, prestige, or specialization.
In conclusion, the Italian second-hand motorcycle market appears mature, hetero-
geneous, and increasingly digitalized. It combines accessibility for everyday users
with a structured and transparent environment for enthusiasts and experienced rid-
ers. Regional variations, together with the coexistence of private and professional
sellers, demonstrate the adaptability and resilience of this sector, which continues
to evolve as a fundamental component of Italy’s mobility ecosystem. Building on
these findings, the next chapter will focus on the development of a predictive model
designed to analyze and quantify market dynamics, offering a data driven approach
to better understand the factors influencing motorcycle prices.
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Chapter 4

DATA ANALYSIS and MODELING

Following the descriptive analysis of the Italian second-hand motorcycle market pre-
sented in the previous chapter, this section aims to develop a model capable of esti-
mating the price of used motorcycles based on their main technical and commercial
characteristics. The objective is to identify how specific features like mileage, en-
gine displacement, brand and type of seller contribute to determining market prices,
assessing also how accurately these relationships can be captured through different
analytical approaches.

To achieve this goal, two complementary methodologies were applied. The first
adopts an econometric perspective, implemented in Stata, which allows the estima-
tion of a non-linear regression model to quantify the relationship between explana-
tory variables and price while preserving interpretability. The second employs a
machine learning approach, developed in Orange, based on the Gradient Boosting
algorithm, which focuses on maximizing predictive accuracy by capturing complex
and non-linear dependencies within the data.

By comparing the results of these two models, it becomes possible to integrate the
interpretive strength of econometrics with the predictive power of machine learning.

4.1 DATA COLLECTION and PREPARATION

The dataset used for this analysis was manually compiled using advertisements pub-
lished on Moto.it, one of the main Italian platforms previously introduced in Chapter
3. This website was selected as the primary source due to its extensive coverage of
the national motorcycle market and the reliability of its listings, which often in-
clude verified technical and commercial information. Data collection was carried
out progressively over several weeks, with the support of ChatGPT for informa-
tion retrieval, validation, and consistency checks where applicable. This approach
allowed to streamline repetitive searches, cross-check details such as original retail
prices, ensuring that all entries were standardized before inclusion in the dataset.
To guarantee the quality and representativeness of the data, only featured adver-
tisements were selected. A total of 1,000 observations were compiled. Among them,
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approximately 700 were intentionally chosen to maintain a balanced representation
across brands, models, engine displacements, and registration years. This delib-
erate selection focused on the most iconic and widely represented motorcycles on
the Italian market, ensuring that the dataset captured the structure of the sector’s
most active segments. The remaining 300 records were instead collected through
random sampling, incorporating a broader range of less common models and mi-
nor brands. This mixed sampling strategy aimed to enhance diversity within the
dataset, allowing the predictive models to generalize effectively not only for main-
stream motorcycles but also for those less frequently represented in the market.
Each record included detailed information describing both technical and commercial
characteristics of the motorcycle, integrating aspects related to performance, con-
figuration, and transaction conditions. In this way, the dataset mirrors the actual
composition of the Italian second-hand market while providing a solid empirical base
for statistical and predictive analysis. Specifically, the variables collected were:

Brand – manufacturer of the motorcycle (e.g., Honda, Ducati, Yamaha...).

Model – specific commercial model name.

Trim – version or configuration of the model, when available.

Segment – motorcycle category (e.g., Naked, Sport, Adventure, Touring...).

Price of new – retail price at the time of launch, retrieved through online sources.

Actual price – price reported in the second-hand listing.

Year of immatricolation – year the motorcycle was first registered.

Lifespan – motorcycle’s age, calculated.

Mileage (Km) – total kilometers reported by the seller.

Color – main color of the motorcycle as stated in the listing.

Engine displacement (Cc) – engine size in cubic centimeters.

Horsepower (Hp) – nominal engine power output.

Fuel – type of fuel used (e.g., petrol, electric).

Seller type – whether the listing was published by a private, reseller or official dealer.

Optional features – additional equipment, encoded as a binary “yes/no” variable.

Damages – declared presence defects, also encoded as a “yes/no” variable.

Number of previous owners – total number of past proprietors.

Region – geographical area in Italy where the motorcycle was listed for sale.
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Graphics 4.1: Variables distribution

Before modeling, the dataset under-
went a careful cleaning process. Dupli-
cates, incomplete listings, and implau-
sible values, such as unrealistic mileage
and prices, were replaced with coher-
ent estimates derived from comparable
motorcycles of the same brand. Out-
liers, on the other hand, were pre-
served whenever they represented gen-
uine cases, including premium motor-
cycles or limited editions. This choice
ensured that the dataset retained its
natural heterogeneity, accurately re-
flecting the diversity and complexity of
the market rather than imposing arti-
ficial uniformity.
The resulting distributions of year,
mileage, cubic capacity, and price
(shown in Graphic 4.1) confirm the co-
herence and realism of the collected
data. The histogram of registra-
tion years shows a major presence
of newer motorcycles, reflecting the
higher turnover of recent models. The
mileage distribution is, as expected,
right-skewed: most motorcycles record
moderate usage, while only a few ex-
ceed 50,000 km, probably correspond-
ing to long distance models.
Price follows a similar pattern, with
most listings concentrated between
€3,000 and €10,000, and a smaller
share above €30,000 representing pre-
mium motorcycles. Engine displace-
ment, instead, shows distinct peaks
around 125cc, 600cc, and 1,000cc,
highlighting how demand clusters
around standard licensing categories
and performance ranges.
Overall, these patterns confirm that
the sample is both representative and
diversified, an essential foundation for
the predictive models developed in the
following sections, as it allows them to
learn from real market variability and
generate valid estimates.
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4.2 REGRESSION MODEL

Regression analysis is a statistical technique used to examine the relationship be-
tween a dependent variable and one or more independent variables. It allows re-
searchers to identify how changes in explanatory variables are associated with vari-
ations in the outcome variable and to quantify the strength and direction of these
relationships. In this particular study, the dependent variable is the Actual price,
representing the selling price of used products.
Starting from a linear regression model, the analysis aims to provide an interpretable
and explanatory framework capable of highlighting the main factors that influence
the resale price. However, since real world relationships between variables are often
complex and non linear, additional model specifications with higher complexity will
be considered to improve explanatory power and causal interpretation.
All regression analyses were conducted using Stata, a statistical software widely
employed in academic and professional research for data management, econometric
modeling, and hypothesis testing. Stata provides a comprehensive suite of tools
for performing regression analysis, evaluating model assumptions, and generating
robust statistical inferences. Its flexibility and command-based interface make it
particularly suitable for reproducible and transparent empirical research.

4.2.1 Data entry, checking, cleaning and modifications

Figure 4.2: Stata variables visualisation

The dataset used for the regression
analysis was imported into Stata from
the Excel file where the data collec-
tion was performed. After loading the
dataset, additional modifications were
applied to improve consistency.
Variables such asModel and Trim were
excluded, as they introduced excessive
granularity without adding meaningful
explanatory power. Categorical vari-
ables like the Segment, Color, Region,
and Brand were recoded: several mi-
nor category levels were grouped to
mitigate sparsity and improve coeffi-
cient stability. Furthermore, variables
such as Fuel, Optional and Damages
were transformed into binary indica-
tors to simplify interpretation while
preserving informational content. Fi-
nally Year was transformed into Age
for better interpretation.
After these transformations, variables
were ready for the regression analysis.
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4.2.2 Primary regression and correlation problems

Starting from a multiple linear regression, all the previously selected variables (with-
out expanding the categorical ones into their dummy components) were included in
the first trial model to predict the dependent variable Actual price. The purpose of
this initial specification was to obtain a preliminary understanding of the underlying
relationships within the dataset and to identify potential structural issues before re-
fining the model. However, the first estimation revealed several important problems
affecting the model’s validity, interpretability, and statistical reliability.

Graphic 4.3: First regression and correlation results

The initial output, whose main results are reported in Graph 4.3, showed excessively
high values for the Adjusted R-squared (0.9181) and related fit statistics. Although
a high R-squared is often interpreted as a sign of good explanatory power, such
an extreme value in the context of used vehicle pricing, raised clear concerns of
overfitting. This suggests that the model might have been capturing noise rather
than genuine structural relationships.
A second issue emerged regarding the final sample size. The number of valid ob-
servations was drastically reduced (391 compared to the initial 1000) due to the
presence of missing values in the Owners variable. Since Stata performs listwise
deletion by default, each row with a missing entry in any variable is excluded from
the estimation. As a result, the inclusion of Owners restricted the usable dataset,
potentially introducing bias and compromising the generalizability of the model.
Further analysis identified additional sources of instability, particularly related to
correlation among independent variables. Stata automatically dropped the variable
Fuel because it was mutually exclusive with Cc: electric vehicles, by definition, do
not possess an engine displacement, leading to perfect separation between the two
categories. Moreover, the correlation matrix confirmed a very strong linear associ-
ation between Hp and Cc (corr = 0.8182). This was expected, as horsepower and
engine displacement are closely related technical attributes, yet such high correlation
introduces significant multicollinearity, making coefficient interpretation unreliable.
Overall, these findings clearly indicated that the initial model specification was not
suitable for drawing meaningful conclusions. The combination of overfitting, reduced
sample size, variable redundancy, and multicollinearity necessitated a systematic
refinement of the model to ensure statistical robustness and interpretability.
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To address these issues and develop a more reliable specification, several corrective
actions were implemented. The first intervention concerned the removal of the vari-
able Cc. Given its very strong correlation with Hp, retaining both variables would
have perpetuated the multicollinearity problem and compromised the stability of the
regression coefficients. Removing Cc allowed the model to retain the more informa-
tive and commonly used performance indicator, Hp, while mitigating the inflation
of variance associated with redundant predictors.
A second modification involved the exclusion of the variable Owners. As previously
noted, this variable contained a substantial number of missing values, which sig-
nificantly reduced the sample size available for estimation. Since the inclusion of
Owners did not provide essential explanatory contribution and had the undesirable
effect of discarding more than half of the dataset, removing it enabled the restora-
tion of the full sample of nearly 1000 observations. This step improved both the
representativeness of the data and the robustness of the statistical analyses.

Graphic 4.4: Second regression and multicollinearity test results

After applying the initial corrections, a second run of the regression model was per-
formed. Although the new estimation produced more consistent and stable values
compared to the first attempt, signs of overfitting still appeared to persist. To un-
derstand the source, a closer inspection of the correlation structure was carried out.
The first observation concerned the strong linear relationship between Actualprice
and Priceofnew. Such a high correlation suggested that the model was relying exces-
sively on Priceofnew to explain the variation in the dependent variable, thus limiting
the contribution of the other predictors. In addition to this, the expected correlation
between this variable and Hp introduced a second issue. The multicollinearity test,
based on the Variance Inflation Factor (VIF), confirmed this dependency: Price-
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ofnew showed an inflated VIF value above conventional thresholds, indicating that
its information overlapped with that of other vehicle characteristics, especially Hp.
For these reasons, and despite being aware of the substantial reduction in predictive
power that would follow, the variable Priceofnew was removed from the model. This
choice made it possible to better evaluate the causal contribution of the remaining
variables and to obtain a more interpretable and statistically balanced specification.

Graphic 4.5: Third regression and multicollinearity test results

A third regression was run. As expected, the predictive power of the model decreased
compared to the previous specifications, with The Adjusted R-squared, previously
above 0.87, dropping to a noticeably lower level (0.66). However, this reduction is
not of concern for the primary objective of the analysis, which wants to focus on
the identification of an econometric model, majorly capable of explaining the rela-
tionships between the dependent variable and its determinants.
The definition of a more accurate predictive model is intentionally postponed to the
next subchapter, 4.3, where Machine Learning algorithms will be employed. These
methods are better suited for prediction, as they can capture more complex patterns
in the data than a linear econometric model.
In the following subsection, before moving to model presentation and results, robust-
ness and significance diagnostics will be implemented. This includes the assessment
of residual normality, tests for heteroskedasticity, and additional specification tests
aimed at verifying the validity of the underlying assumptions. These analyses ensure
that the final regression model is statistically suitable for causal interpretation.
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4.2.3 Robustness tests and model developing

Graphic 4.6: Residuals distribution

Graphic 4.7: Scatterplot residuals–fitted values
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Graphics 4.8: Variables correlation

In order to assess the reliability of the ini-
tial regression model, a series of robust-
ness checks were performed. The analysis
of residuals (Graph.4.6) showed a clear vi-
olation of the normality assumption: the
distribution exhibited a pronounced right
tail driven by the presence of outliers, cor-
responding to premium motorcycles with
exceptionally high prices. Graph.4.7 con-
firmed substantial heteroskedasticity, fur-
ther amplified by the model’s difficulty in
handling high price values. The Lowess
curve provided additional evidence of
model misspecification: the curvature of
the fitted residual trend suggested that
the linear structure of the model was in-
adequate for capturing the true relation-
ship between the variables.
To better understand the source of these
issues, the correlations between the con-
tinuous regressors and the dependent
variable were explored. The analysis re-
vealed that Km and Hp exhibited rea-
sonably linear relationships with price,
whereas Age displayed a distinctly non-
linear pattern, characterized by a strong
price decline during the first years, fol-
lowed by a progressively flatter slope.
This behavior indicated that a simple lin-
ear term for age is insufficient.
Based on these findings, corrective mea-
sures were implemented. First, the ex-
treme outlier underlined in the graphs
was removed due to its disproportion-
ate influence on the model’s error struc-
ture. Second, a quadratic term for age
was introduced to properly capture the
observed parabolic relationship between
Age and Actualprice. Finally, the de-
pendent variable was transformed using
the natural logarithm. The log transfor-
mation improved the model by reducing
heteroskedasticity, mitigating deviations
from normality, and stabilizing the vari-
ance of the residuals, producing a more
robust and interpretable specification.
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4.2.4 Final model overview

Graphics 4.9: OLS - Regression model results
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The final regression model reflects the cumulative set of adjustments introduced
throughout the diagnostic and refinement phase and represents the specification
used for the conclusive analysis. These steps significantly enhanced the model ca-
pability, both in terms of fit and compliance with regression assumptions.
From a global perspective, the regression output shows that the model achieves a
satisfactory level of explanatory power. The R-squared value (0.7930) indicate that
a substantial share of the variation in motorcycle prices is explained by the included
predictors, with a Root MSE at 0.34592. The diagnostic assessment of residuals
in Graph.4.10 provides additional evidence of the improved model adequacy. The
histogram reveals that residuals now approximate a normal distribution, with no ex-
cessive skewness or heavy tails. The log transformation of price played a crucial role
in correcting this imbalance, compressing extreme values and yielding more symmet-
rical errors. Complementary insights arise from the residuals–fitted scatterplot. The
dots pattern exhibits a broadly homogeneous cloud around zero, with no marked
curvature or systematic deviation that would suggest functional misspecification. A
slight increase in the spread of residuals at higher fitted values remains visible. The
strong heteroscedasticity detected in the preliminary model has been reduced; the
more uniform distribution of points confirms that the combination of transformation
and model respecification successfully corrected the primary weaknesses highlighted
during the robustness checks.
Overall, the final regression model integrates all necessary refinements and demon-
strates consistent improvement across fit metrics, statistical significance, and diag-
nostic indicators. The outcome is a more reliable and interpretable specification,
suitable for drawing considerations across the determinants of motorcycle prices.

Graphics 4.10: Residual distribution and residual-fitted scatter
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4.2.5 Results and considerations

Regression model formula

The final regression model provides a comprehensive explanation of the determinants
of motorcycle prices, or in other terms, describes how the variables in examination
compound into determining the price of a motorcycle in the used market. All the
necessary considerations could be done observing the Graph.4.9 in the previous page.
Starting from continuous variables, these show coherent patterns supported by
strong statistical significance. Age has a negative linear coefficient (–0.0662, p <
0.001) and a positive quadratic term (0.001422, p < 0.001). In a log-linear model,
this means that each additional year initially reduces the predicted price by about
6.4%, but the quadratic term progressively attenuates this effect as the motorcycle
becomes older. In practical terms, depreciation is steep in the first years, reflecting
rapid loss of value for nearly new motorcycles, but gradually stabilizes for older.
Km have a small but statistically strong effect ( p < 0.001). Every additional 1,000
km reduces the predicted price by approximately 0.46%. Thus, a motorcycle with
20,000 km more than another comparable model would be priced roughly 9% lower,
illustrating the economic relevance of usage even when the marginal coefficient ap-
pears numerically small.
Hp shows a strong and highly significant positive coefficient (0.00842, p < 0.001). In-
terpreting this value implies that each additional horsepower increases the predicted
price by about 0.84%. This effect accumulates rapidly across engine classes: a 30
horsepower difference between two models corresponds to an approximate 28–30%
higher predicted price, confirming that performance oriented motorcycles are priced
higher that the others segments.
Shifting to the binary variables, also these translate into clear and significant effects.
The coefficient for Damages (–0.4847, p < 0.001) implies that motorcycles reporting
defects or repairs experience a 38% lower predicted price on average . This is one of
the largest effects and highlights how buyers heavily penalize uncertainty.
Optional equipment instead increases predicted value by 10.6%, confirming the mar-
ket relevance of accessories, enhanced features, and added comfort.
Seller dummy is also significant: motorcycles sold by private individuals have a pre-
dicted price approximately 5.4% lower than those sold by professionals, consistent
with differences in guarantees, reliability, and negotiation power.
Fuel type shows an unpredicted negative coefficient (–0.26065, p < 0.001), which
corresponds to a 23.4% lower predicted price for electric vehicles. This unexpected
negative effect is likely driven by the composition of the sample. Most electric mo-
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torcycles in the dataset belong to entry level or low performance categories, which
naturally have lower prices compared to the petrol models included in the analysis.
The categorical variables coefficients support the market analysis done in previous
chapters. Using Naked as the baseline segment and Honda as the baseline brand, the
results confirm the expected price hierarchy: premium segments and brands display
positive and significant coefficients, while lower categories show minor valuations.
When examining regional effects using Lombardia as the baseline category, only two
regions show statistically significant differences. Lazio exhibits a sizeable premium,
with predicted prices approximately 17.6% higher, while Piemonte shows a smaller
and borderline significant increase of around 9.2%. All other regions display p-values
above 0.05, indicating no statistically detectable difference from Lombardia. This
could be caused by the fact that most regions are represented by a relatively small
number of observations in the dataset, which reduces statistical power and makes it
harder to detect significant price differences compared to the baseline.
Finally, color categories exhibit no explanatory power. Most color dummies are sta-
tistically insignificant, indicating that this characteristic probably has no impact.
More interesting considerations can be drawn by introducing interaction terms as in
Graphics 4.11-12 showed in the next page. The interactions between age and motor-
cycle segments for example, allow a more precise evaluation of how the relationship
between age and price varies across different categories. In the current specification,
the baseline age effect corresponds to the Naked segment, which acts as the omitted
category. Its coefficient indicates that, within the cross-section of used motorcycles
listed on the market, an additional year of age is associated with an average price
reduction of approximately 8% (coefficient = –0.07994, p < 0.001).
When comparing other segments to this reference, clear heterogeneity in the age–
price gradient emerges. Cruiser motorcycles display a substantially weaker sensitiv-
ity of price to age, with an interaction effect of +0.04327, which reduces the magni-
tude of the baseline slope to approximately –3.67% per additional year (p < 0.001).
This suggests that, in the current used market, the price difference between newer
and older Cruisers is smaller than for Naked motorcycles, likely reflecting greater
durability, more stable demand, and a customer base less influenced by model-year
differences. Adventure models also show a milder age effect relative to Naked mo-
torcycles. Their interaction term (+0.02012, p = 0.025) yields an effective slope of
roughly –6% per additional year, rather than –8%. This attenuated gradient may
reflect stronger market demand, broader usability, and higher initial prices, which
tend to stabilise valuations even for older units. Scooters, despite exhibiting a sta-
tistically significant interaction effect (+0.00895, p = 0.041), remain close to the
baseline, with an implied age effect of approximately –7.1%. This is coherent with
their utilitarian nature, where price variation is driven predominantly by age and
usage rather than segment-specific attributes.
Other segments, such as Offroad, Sport, Touring and Moped, do not present statis-
tically significant interaction effects (all p > 0.10). This implies that their age–price
relationship is statistically indistinguishable from that of the Naked segment.
Same thing could be done for segments. The interaction analysis between brand
and age reveals in fact differences in how price varies with age across manufacturers.
The baseline category is Honda, meaning that all coefficients are interpreted relative
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Graphic 4.11: Differences in price reduction between segments

Graphic 4.12: Differences in price reduction between brand
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to Honda’s age slope (approximately –0.073 per year). Other brands ?
Yamaha exhibits the strongest age sensitivity (interaction = –0.0123, p = 0.041),
producing an effective slope of –0.0852. This indicates that the price gap between
newer and older Yamaha motorcycles widens more rapidly than for Honda. Piaggio
shows an even steeper decline (interaction = –0.0189, p ¡ 0.001), yielding the highest
age sensitivity in the sample (–0.0918). This pattern is consistent with scooter-
oriented brands, where older age tends to strongly depress used-market valuations.
KTM also shows a relatively steep effective slope, although its interaction coefficient
is not statistically significant. In contrast, BMW exhibits a much milder decline
with age (interaction = +0.0174, p = 0.008), corresponding to an effective slope of
–0.0555. Kawasaki also shows a flatter profile (interaction = +0.0184, p = 0.010),
with an effective slope of –0.0545. Moto Guzzi presents an interaction coefficient
close to zero (+0.0020, p = 0.730), indicating an age–price relationship broadly
comparable to Honda’s. It’s important to note that these effects do not represent
depreciation from new vehicle retail prices, but rather differences in how used-market
valuations respond to ageing. The interaction terms capture relative age sensitivity
across brands: Yamaha and Piaggio display the strongest age effects, whereas BMW
and the “Other” group maintain more stable used-market valuations over time.

4.2.6 Regression conclusions

The regression model provides a coherent and economically meaningful explanation
of the determinants of second-hand motorcycle prices. Continuous variables behave
as expected: age represents the strongest driver of price differences, with an average
reduction of approximately 8% per additional year, while mileage shows a weaker
but still significant negative effect. Power contributes positively and consistently,
confirming the premium associated with higher-performance engines.
Categorical variables further refine this picture. Damage history leads to substantial
price discounts, optional equipment increases valuations, and professional sellers are
associated with slightly higher prices than private ones. Colour has no significant
impact, while some regional markets exhibit mild differences relative to Lombardia.
Introducing interaction terms reveals a clearer structure in how prices are formed.
Segments and brands do not simply differ in their average price levels, they differ in
how sensitive their prices are to age. Cruiser and Adventure models show a notably
flatter age–price gradient, meaning that the price gap between newer and older units
is smaller. Conversely, Naked and Scooter follow steeper profiles. A similar pattern
emerges among brands: manufacturers associated with premium positioning, her-
itage identity or strong reputation (such as BMW) show weaker age sensitivity, while
brands serving the commuter (such as Piaggio) exhibit faster price declines.
These findings highlight how both functional characteristics and perceived brand
positioning jointly shape market valuations in the second-hand motorcycle sector.
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4.3 MACHINE LEARNING MODEL

The use of machine learning techniques, thanks to their ability to detect nonlinear
relationships, has become one of the most widespread and effective approaches for
tackling complex prediction problems. Broadly speaking, machine learning can be
defined as a collection of algorithms and methods that enable a computer system
to “learn” from data, gradually improving its predictive accuracy without being
explicitly programmed with fixed rules. This makes machine learning particularly
suitable for forecasting tasks, where the main objective is to maximise predictive
performance rather than interpret the contribution of each individual variable.
However, this characteristic also represents one of the major limitations of machine
learning when the goal is to understand the underlying relationships among vari-
ables. Unlike linear regression, they often behave as black boxes: they generate
highly accurate predictions but do not provide a transparent explanation of how
each predictor influences the outcome. For this is the reason why this thesis used
both, the regression model to underline major causal effects, and this machine-
learning model to optimize prediction capacity.
The platform used to build the model was Orange, a visual data-mining and machine-
learning platform built in Python. Orange allows the construction of analytical
workflows through an intuitive graphical interface, enabling the combination of al-
gorithms, data transformations, and diagnostic tools without writing code. This
flexibility makes it especially useful for rapidly comparing different models, evalu-
ating performance metrics, and optimising training and testing procedures.
In the following section, the selected models will be presented, along with the struc-
ture of the workflow, the evaluation metrics adopted, and the results obtained.

4.3.1 Model developing

Figure 4.13: Orange’s graphic interface

86



As already said, the analysis was carried out using Orange’s graphical interface,
following the workflow illustrated in Figure 4.13. First, the dataset was imported
and all variables were inspected to ensure their format (continuous, categorical or
meta) and that the target variable, Actual Price, was properly defined.
After this stage, some predictors were excluded from the modelling phase. In partic-
ular, Trim was removed because it generated an extremely high number of categories
with very few observations each, introducing instability and limited interpretative
value. Moreover, Cc and Price of new were discarded due to their very high Pear-
son correlations with Actual Price, which would have led the model to rely heavily
on information that is either conceptually redundant or not easily available in real
world prediction scenarios. In contrast, the variable Number of owners was retained
even though it contained missing values, since the selected learners in Orange are
able to handle incomplete entries without eliminating the corresponding rows.
Subsequently, a Data Sampler widget was used to split the original dataset into two
subsets: an 80% sample employed for model training and internal testing, and the
remaining 20% reserved as an external validation set. This procedure makes it pos-
sible to train and tune the models on one portion of the data while assessing their
predictive performance on observations that were not used in the learning phase.
Two machine-learning models were selected: Random Forest and Gradient Boost-
ing. These algorithms are among the most widely used ensemble methods for re-
gression tasks, and they were chosen due to their ability to capture complex non-
linear relationships between predictors and target variable. Random Forest works
by constructing a large number of de-correlated decision trees and averaging their
predictions, which reduces variance and increases robustness against noise and over-
fitting. Gradient Boosting, in contrast, builds trees sequentially, each one correcting
the errors of the previous one, allowing the model to approximate complex functions
and achieve strong predictive performance even with relatively simple base learners.
Both models were tuned using Orange’s interface, following the settings shown in
Figure 4.14. For Random Forest, the number of trees was set to 100, a value high
enough to ensure stable predictions without excessively increasing computation time.
Tree growth was controlled by preventing splits on subsets smaller than 5 observa-
tions, which helps reduce overfitting by avoiding branches created from very small
groups of data. No limit was imposed on tree depth, allowing the model to fully
exploit the available structure in the dataset. For Gradient Boosting, the ensemble
was also trained with 100 trees, combined with a learning rate of 0.10, a standard
compromise that balances model flexibility and generalisation. The depth of indi-
vidual trees was limited to 3, encouraging the model to learn small, incremental
improvements rather than overly complex splits. Additionally, minimum leaf size
was set to 2, and the full training sample (100% of instances) was used at each
boosting iteration, ensuring consistent optimisation.
Once both models were trained, their predictive performance was evaluated through
the ”Test and Score” widget, applying a 5 cross-validation procedure. This method
provides a reliable assessment of how the models generalise to unseen data by re-
peatedly training on different subsets and testing on the remaining folds.
To conclude validation has been performed on the relative subset using the ”Predic-
tions” widget. Both testing and validation will be discussed in the next paragraph.
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4.3.2 Model results

Figure 4.14: Testing results

Figure 4.15: Validation results

The results from the testing are shown in figure 4.14. Both algorithms achieve
comparable accuracy, with Random Forest providing slightly better average error
metrics. Specifically, Random Forest reached an RMSE of approximately 2,418 and
an MAE of 1,291, while Gradient Boosting reported an RMSE of 2,447 and an MAE
of 1,442. The corresponding coefficients of determination were 0.808 and 0.804, re-
spectively. These values indicate that both methods explain around 80% of the
variability in used-motorcycle prices and achieve error magnitudes that align with
the inherent heterogeneity of the second-hand market.
To better understand the comparative behaviour of the models, Orange’s Com-
pare Models tool was used to analyse their performance fold-by-fold. Interestingly,
despite Random Forest having slightly lower average errors, Gradient Boosting out-
performed it in the vast majority of cross-validation folds. For example, when com-
paring Mean Absolute Error, Gradient Boosting achieved a relative score of 0.957,
meaning that it produced lower MAE in almost 96% of the folds, whereas Ran-
dom Forest outperformed it in only 4%. This result reflects a difference in model
behaviour: Gradient Boosting is more stable, providing consistently good perfor-
mance across folds, whereas Random Forest is more variable, occasionally achieving
very low error but also performing less accurately in most iterations.
As already said an independent evaluation was conducted using the 20% external
validation set that had been kept aside during sampling. Given its more stable be-
haviour in cross-validation, only the Gradient Boosting model was subjected to this
final prediction test. The results confirm the model’s ability to generalise to unseen
data: Gradient Boosting achieved an RMSE of approximately 2,747, an MAE of
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1,662, and an R² of 0.797. Although the metrics are slightly weaker than those
obtained before, as expected when evaluating on new observations, the performance
remains solid and coherent with the model’s behaviour during testing.
Filtering by segment, predictive accuracy varies substantially across motorcycle cat-
egories. Scooters achieve the best performance, with the lowest RMSE and the
highest R2 (0.808), indicating that their market prices follow more regular and
homogeneous patterns. In contrast, Adventure, Cruiser, and especially Touring mo-
torcycles exhibit higher errors and lower explanatory power, reflecting greater vari-
ability in price drivers such as engine size, equipment, and customisation. Naked,
Offroad, and Sport segments show intermediate performance, with moderate R2 but
relatively high MAPE, suggesting notable dispersion in actual prices. Overall, the
results confirm that some segments, particularly premium or highly customisable
ones, are intrinsically harder to predict, while more standardised categories yield
more reliable estimates.

4.3.3 Machine-learning conclusions

The results obtained from the machine-learning analysis clearly show that ensem-
ble methods, and Gradient Boosting in particular, offer superior predictive perfor-
mance compared to the regression model developed in the previous section. While
the econometric approach provides interpretability and allows the identification of
causal relationships, its predictive accuracy is limited by the linear structure of the
model and by the assumptions required for inference.
In contrast, the machine-learning models demonstrated a strong ability to capture
nonlinear patterns and complex interactions among variables, achieving substan-
tially lower prediction errors and higher explanatory power. Gradient Boosting
proved especially effective, showing remarkable stability across cross-validation folds
and maintaining solid performance even when applied to the external validation set.
This consistency confirms its robustness and suitability for real world prediction
scenarios, where the priority is the accuracy of the estimated price rather than the
interpretability of individual coefficients.
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Conclusions

This thesis examined the motorcycle market with the aim of describing it and iden-
tify the main economic determinants that shape used motorcycle prices, assessing
the reliability of predictive tools based on statistical and machine-learning models.
The work combined a structured descriptive analysis of the market with an empiri-
cal investigation built on a dataset of listings collected from the platform Moto.it.
The results of Chapters 2 and 3 provide a clear and structured picture of the motor-
cycle sector and its second-hand market, forming the foundation for the empirical
work that follows. Chapter 2 shows that the global motorcycle market is highly
heterogeneous: in Asian countries, two-wheelers remain essential for daily mobility,
while in Europe, and particularly in Italy, they increasingly represent leisure ori-
ented products. Italy stands out as one of the largest and most dynamic European
markets, with steady growth in registrations over the last decade and strong demand
for medium and large displacement motorcycles, especially in the Naked and Adven-
ture segments. At the same time, the adoption of electric models remains limited,
constrained by high prices, infrastructure gaps and the continued optimization of
internal combustion vehicles under Euro 5bis regulations.
Chapter 3 confirms the centrality of the used motorcycle market in Italy. ACI data
show that ownership transfers consistently exceed new registrations, demonstrating
the resilience of the second-hand segment even in periods of economic uncertainty.
Regional differences are pronounced: Northern regions dominate in absolute volumes
thanks to higher purchasing power, while Southern regions show a higher relative
dependence on used vehicles. Smaller and mid-sized motorcycles (up to 400 cc)
are the most frequently transferred, reflecting affordability and practicality, whereas
online listings—particularly on Moto.it—are dominated by medium and large dis-
placement models from brands such as Honda, BMW Motorrad and Yamaha. The
strong presence of professional sellers, accounting for around 70% of listings, high-
lights the increasing professionalization and transparency of the digital market.
Building on this foundation, Chapter 4 introduced the empirical core of the the-
sis through the development of two complementary methodological approaches: a
non-linear regression model, designed to identify and interpret the main drivers of
price formation, and a machine-learning model, aimed at maximizing predictive ac-
curacy. The results highlight that age, mileage, and horsepower are among the most
influential variables in determining second-hand prices. Regression analysis also
revealed significant differences across segments and brands in terms of age depen-
dency: Cruiser and Adventure motorcycles, as well as brands with strong heritage or
premium positioning, tend to lose value more slowly increasing the age of the vehi-
cle, whereas scooters and commuter-oriented manufacturers display steeper declines.
Additional factors such as optional equipment, seller type, and reported damages
showed effects consistent with economic intuition and with the descriptive findings.
While regression provide effective causal explanation on price variables, the Gradi-
ent Boosting model achieve substantially higher predictive performance compared
to the first one, thanks to its ability to capture non-linear relationships and complex
variable interactions. With an R² close to 0.80 on the external validation set, the
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model demonstrates that, despite the intrinsic heterogeneity of the used motorcycle
market, it is possible to build predictive tools that deliver reliable and actionable es-
timates. This opens the door to potential applications such as automated valuation
tools, support systems for private buyers and retailers, and algorithms for online
marketplaces capable of identifying anomalies or highlighting advantageous listings.
Despite the encouraging results, some limitations must be acknowledged. The man-
ually collected dataset, although carefully constructed, may suffer from selection
biases, particularly in the representation of brands and models. The market’s inher-
ent variability also makes it difficult to fully account for subjective or non-observable
factors such as actual maintenance conditions or the presence of non declared mod-
ifications. In addition to this, the parabolic relation imposed on the Age variable,
doesn’t fit perfectly, supposing an increase in prices when the age of a motorcycle
exceeds a certain amount. But the more important limitation is the fact that the
analysis conducted in this thesis focuses on price levels rather than on true depreci-
ation trajectories. Since reliable and complete “price of new” information was not
consistently available for all models, the study could only infer relative depreciation
patterns by comparing price differences across segments and brands while controlling
for age and mileage. This approach is useful for identifying systematic differences
in value retention, but it does not allow the estimation of an absolute depreciation
curve. Obtaining accurate and comprehensive data on the original retail price would
make it possible to compute absolute depreciation, which could be more informa-
tive from an economic and managerial perspective. Future research could improve
upon these aspects by automating the data collection process through web scrap-
ing. Extending the analysis to other platforms, comparing international markets,
or tracking price changes over time could also provide valuable longitudinal insights.




