NUMERACY IN GLOBAL
CITIES: LONDON,
BARCELONA, PARIS,
KYOTO, TAIPEI
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Have you ever wondered how major international cities became

the glamorous tourist destinations that they are today? This book
combines mathematics and history to take readers on a journey
through the fascinating stories and context behind city planning.

Today, the ancient Japanese city of Kyoto is a favorite destination for
tourists from all over the world, but did it really used to be a jumbled
mass of tall buildings and shop signs? Is it possible that London,
which is known for its abundance of green parks and trees, was once
a hotbed of pollution and disease? And was transit-oriented Taipei
previously a pedestrian nightmare? Perhaps what’s most surprising
is that the secret behind the transformation of these amazing global

cities is something that many people find boring: mathematics!

This book introduces five cities, each with their own chapter:
London, Barcelona, Paris, Kyoto, and Taipei. Each chapter starts by
presenting the city as it is today and highlighting its famous
landmarks, then describing the city’s history and culture. This is
followed by an explanation of the reasons the government has
embarked on its process of urban planning and regeneration, as well
as how the designers of these cities have used interesting math to
create friendly, convenient, people-oriented living environments.
Analogies are also used throughout the book to explain complex
numbers with simple concepts. The chapters conclude with
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mathematical stories and discussion questions to review and
supplement the knowledge of both the city and the math covered in
that section.

The authors take a thematic approach to the writing and goes into
depth on the historical and cultural context behind each city, using
fun, simple math to combine interdisciplinary topics and knowledge
to demonstrate the creative thought that goes into city planning and
design. They hope to encourage readers to explore how mathematics
solves life’s problems and shapes the world around us.

Text by Lai I-Wei $8 DL

Lai [-Wei is an assistant professor of Electrical Engineering at National
Taiwan Normal University, and is the co-founder of the popular
mathematics literacy platform Numeracy Lab. He is also the author of
several works of fiction including the romance novel Ring of the Day
which was adapted for television and aired on HBO in 2020.

Text by Benson Lee =X

Benson Lee graduated from the Department of Japanese Language
and Literature at National Taiwan University. With some help from
Numeracy Lab’s mascot NumNum, he’s out there spreading the word
on just how much fun math can be. He also runs a YouTube channel
called “Purpnight” where he reviews Japanese books, music, and

television.

Illustrated by Chen Wan-Yun [ %EH5

Originally from Kaohsiung, Chen Wan-Yun graduated from School of
Visual Arts Illustration (SVA) in New York. She is a freelance
illustrator and graphic designer, and her work has been featured in
books and magazines, as well as design projects for businesses. She
has a diverse range of styles and enjoys using different materials in

her creative work.
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A Green ond Open Mathematical
Capital

London

London used to have suffocating air
and disgusting water, but now it is one
of the greenest cities in the world.
See how London set the standard for
greening with mathematical ratios and
created a financial centre that coexists
with forest parks.
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LONDON

When it comes to world-famous metropolises,
London, the capital of the United Kingdom, will
definitely be near the top of your list. Imagine
going for a walk in central London: there’s the
liveliness of Soho, the shop-till-you-drop of Oxford \
Street, and literary attractions like the platform

at King’s Cross Station where Harry Potter caught

the train to Hogwarts, and Baker Street, where
Sherlock Holmes lived. Then there’s Big Ben, /
Westminster Abbey, the British Museum, the
London Eye, and other famous sights.

When you’re tired and want a break, London has
a number of royal parks that are several times
bigger than Taipei’s Daan Forest Park. It would take
a few hours to walk around some of the parks,
some of which have free-roaming deer or boating
lakes. This is what Londoners love about London:
they can be in the middle of the city one
minute, and stepping into nature to

relax and clear their minds the next.

The reason why London is ranked as one of the
world’s metropolises is not only because of its
historical, economic or political status, but also -
because of its greening. It’s expected that London
will become a “National Park City”, where the urban
centre is like a national park supporting a rich variety
of plants and animals. In order to provide

an environment that can sustain these

plants and animals, the amount of
green space must be increased.
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Harry Potter
boarded the train
to Hogwarts on
Platform 9% at
King’s Cross.
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Sherlock Holmes lived
at 221B Baker Street.
There are so many
images of him in the
neighbourhood that you
feel sure you’ll meet him
as you pass through. @*
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But, did you know that
London wasn’t such a
green city in the past?

In fact, the opposite was = =

true. It used to be a filthy S
city, lost in a fog of smoke, I—

.
and black with dirt. _g@ﬁff?’fj‘g?'f AR

The London Eye is
135 metres high, and
one rotation takes 30
minutes.

Big Ben rings every

15 minutes, and the
Changing of the
Guards takes
place every day at
11 o’clock.




Once Upon a Time

London Was +he Cit
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Starting with the steam engine in the 18th century, the Industrial Revolution
caused many jobs that required a lot of manpower and manual work to be
replaced by machines. People no longer had to toil endlessly, but many lost
their jobs completely. They were forced to leave the countryside to come
and look for new work in the cities. By the end of the 19th century, the time
of Sherlock Holmes’s books, the population was growing faster and faster
thanks to improved healthcare and a more developed economy, but the
urban infrastructure could not keep up with the population growth, and the
whale environment became worse and worse.

People who migrated from the fresh air of the countryside to the dirty cities
naturally couldn’t stand such a terrible environment. Londoners wanted to
see beautiful country scenes in the city, and to improve their quality of life. So,
starting with residents’ squares, London began to green. These green spaces
were originally designed for public use, but as the economy transformed,
the green spaces in the city became less and less accessible. Gradually they
became the privilege of the aristocracy and the bourgeoisie, and the
green spaces filled with trees and bushes became private gardens, in
stark contrast to the squalor on the streets.

e City of Fog. But,
serious pollution

d it the nam
i that pervades London earne
e e p and the name dates back to the

as, in fact, smMOog, enerate
t:fetr‘f ‘WndUStrial' Revolution. Pef}p\e MOSiVW‘*i‘:::h?;'ttz‘fmld air, ‘/ But that wasn’t fair! And under great social pressure,
electricity, but as soon as it came into u:con‘t«'-:ismnous smoke so thick that = =) the royal gardens became the first public park in
the pollutants merged and produced a [:\(:nd London. Gradually, many green spaces ceased to
you couldn’t see the fingers on your Own ' _ _ BN " be privately owned, and the masses began
to enjoy the right to relax in parks and
green spaces. It was not until the 20th
century that the concept of public
ownership of green spaces
was finally established.

Back then, London’s sewage system was not ideal, and
most of the waste water accumulated in underground
cesspools. When there was too much, it would
overflow into the Thames, turning the Thames into a
foul-smelling waterway. To make matters worse, the
Thames was the source of drinking water at the time.
Many people got diarrhoea and died.




The Value of Green,
and the Greening of London

Compared with a dense concrete jungle, the
“greening” of a city brings many benefits to the
economy, the environment, and the quality of
life. For example, if there is greening near a store,
consumers will be willing to stay longer, and
employees will be more productive. It has been
calculated that every $1 invested in trees and
woodland can generate $9 for the local area.

Greening also solves the problem of hotter
cities and more polluted air. You only have to
think how comfortable it would be to stand
at an intersection in the summer waiting for
the lights to change if there was tree

shade overhead. Research shows

that tree shade can reduce

the surrounding temperature

by 2 to 8 degrees —it’s a

natural air conditioner.

How Big Is One Hectare?

We don’t often talk about hectares
~in everyday life, so it’s hard to

imagine how big a hectare is. Let’s
do some calculations: one hectare

is 10,000m?, and one classroom
including the corridor is about
© 100m’, so one hectare is the size of

100 classrooms with corridors.

With comparisons like this, it’s easy to imagine that London is
very green indeed. However, if you think about it carefully, you'll
find there some things need clarification. For example, although
London has a lot of mega-parks, it is a super metropolis, and Taipei
is @ much smaller city. Is it fair to compare them like this?
Also, if you've been to London, you’ll probably know that
Richmond Park is on the outskirts of the city, and if we were

to include the green spaces in the outskirts of Taipei, there is

Yangmingshan National Park at the northern end of the city!

To illustrate clearly how green a city is, we can’t just rely on

‘mega-parks; we have to look for real figures and do the maths.

1 Richmond Patk = U x Daan Forest Park

= 1OO ’OOO classtooms + cotridots




i Th.ﬂ?; In order to become even greener, London continues . Let’s imagine that the mayor of London comes
Grgein . e ls the Biggest to visit Taipei. He sees Daan Forest Park and
to work towards three goals: bigger, closer hose Pork 1S ) : I
o who immediately assumes that Taipei isn’t very
and greener. These are the usual indicators for X
Greenet . 1 - green. So the two mayors make an on-the-spot
Bidger, Closet, measuring how green a city is. As the words suggest,

4 G,reenesi'? ' comparison to see whose park scores highest on

| the three criteria. From the following conversation,
can you see a way to judge the three criteria? If
not, don’t you find that strange?

bigger refers to the size of the parks and grassy areas, Closests on

closer to how easily citizens can get to a green space,
and greener to the level of green (grassy areas and forests
being completely different). In other words, a forest park
in the city centre has a higher greening value than a grassy
area of the same size in the suburbs because the city
centre is more accessible to the public and trees are more
greening than grass.

So, let’s see which figures or calculations we should use
to calculate the indicators of bigger, closer, greener more
accurately, and see how London scores this time!
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" Whose Park
Is Closer?

Whose Park
Is Greener?




the Bigger the GrEEn Spact, of Population”
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“See who's greenest.” The most intuitive way to 4 Green Spact
assess greening is like colouring in the squares

on squared paper —the more squares you fill in,

Urban Atea o7

the greener you are. But even with an intuitive e ) G:’;“E;“;.‘::‘

comparison like that, there are still some Green space coverage and

factors to consider. For example, if there are 12 green space per capita are / GEB:;‘IEIE,E‘:E
green squares in a 25-square grid and 21 green o both significant. From the '

squares in a 100-square grid, we should not just figure, we can also see

look at the number of green squares, but also 12 21 the relationship between

co_nsider the number of squares in_ th’(’a whole ? > W three important. numerical

grid and then calculate the “relative” result. : values: population, urban

Urben Population

That'’s the only fair comparison. area, and green space. Density

""" Green Space
Coverage

Now;, think about why the following equation is correct.
Green space per capita x urban population density = green space coverage

Green space per capita means “how much green space one person
can have”. Urban population density means “how many people
there are per square metre”. If we multiply these together, the
answer will give us “how much green space there is per m*”. It's
easier to understand with real numbers. For example, if 1 person
has 3 green spaces, and there are 3 people per m?, then there will
be 9 green spaces per m”.

Green Spoce
per Cc'.pf-l"d\
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According to a news report in 2018, the green space coverage in Taipei is about
4.8%. Taipei covers an area of about 270 km” and has a population of about 2.6
million. Please give the equation for the green space per capita in Taipei, and use
a calculator to work out your answer.

m 4.8% x 270 <+ 2600000 = 0.000005 (km? per capita)





