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What will you learn from this lesson?

e Characteristics of time-series data
e Classic ways of graphing time

e Time-series patterns

e Time-series data visualization

e nteractive techniques for time-series data visualisation



Characteristics of time-series data
A typical time-series data table

07/2016

World

1258176

145088

Month/Year Country Air Sea Land |
01/2015 | World 948689 154708 149211
02/2015 | World 900198 151618 137002
03/2015 | World 940077 133632 127939
04/2015 | World 939370 118120 151134
05/2015 | World 945080 123136 154620
06/2015 | World 930642 115631 138474
07/2015 | World 1184753 139088 195392
08/2015 | World 1136524 117490 191048 |
09/2015 | World 925233 95408 111335 |
10/2015 | World 991913 119491 135543 |
11/2015 | World 930209 138730 135053 |
12/2015 | World 1058414 195431 171133
01/2016 | World 1073904 175961 162257
02/2016 | World 1015346 160700 158983
03/2016 | World 1072456 148638 183044
04/2016 | World 1074475 131579 187293
05/2016 | World 1029812 131450 194292
06/2016 | World 989191 114080 166275

218392



Characteristics of time-series data

Not so friendly time-series data

Monthly and Annually Inflation Rate History Singapore from 1993 to 2016

Annual
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Characteristics of time-series data
Not so friendly time-series data
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Characteristics of time-series data
Not so friendly time-series data

S PER S§ PER | S§ PER | S$ PER 100

UNIT OF | UNIT OF | 'UNITS OF
UNITOF | "ooUND |~ US| AUSTRALIAN

EURO" | ereRUNG | DOLLAR | DOLLAR

END OF
PERIOD

15%3 20415 13382 10710
EIE 19940 20366  1.3347 106.47
07 15861 2022  1.3353 107.91
06 15623 20194 13375 106.51
09 15780 20175  1.3366 106.60
12 157% 20201 1.3318 109.62
13 15806 20247 1337 109.22
14 1573 20244 1.3360 106.06
1 1576 20323 13340 109.24
16 15418 20119 1346 109.16
19 153 20106 1.3260 109.03
0 15494 20163 1.3379 109.28



A short visual history of time-series graphs
Playfair’s Commercial and Political Atlas (1786)

Exports and Imports to and from DENMARK &% NORWAY from 100 to 1780
| N |

190

e e e 1130
_FAVOUR of |,
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The Bottom lowe 15 divided irite Years, the Right hand line wnto L.1Q0OOO each.

Prublished as the Act directs, 19 Mav 1786, By W™ Playrair Neede werdpt 352 Strand, Lovedon .

Reference: William Playfair’s trade-balance time-series chart, Commercial and Political Atlas, 1786.


https://en.wikipedia.org/wiki/William_Playfair

A short visual history of time-series graphs
Playfair’s Chewing at One View Chart (1821)
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Reference: William Playfair’s Price of Wheat


https://wam.fandom.com/wiki/William_Playfair%27s_Price_of_Wheat

A short visual history of time-series graphs

Bump Chart shows rank of the most populous cities at each census:
1790-1890



A short visual history of time-series graphs

Multiple charts showing records of the Weather in New York City for
December, 1912.
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Time-series graph that change public understading
The Hockey Stick Chart
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Reference: Michael E. Mann, Raymond S. Bradley, Malcolm K. Hughes (1999) “Northern hemisphere temperatures during the past millennium: Inferences,
uncertainties, and limitations”. Geophysical Research Letters,Vol. 26, No. pp. 759-762.


https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/1999GL900070

Time-series data patterns

e Trend

e Variability

e Rate of change
e Co-variation

e Cycles

e Exceptions



Time-series Patterns: Trend

e The overall or general
direction of changein a
series of time-series
values is called the trend.

Monthly visitor arrivals from Vietnam, 2007-2018

Visitor arrivals
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Time-series Patterns: Trend

e An upward trend.

Monthly visitor arrivals from Vietnam, 2007-2018
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Time-series Patterns: Trend

* Amixed trends. Monthly visitor arrivals from Malaysia, 2007-2018
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Time-series Patterns: Variability

e The average degree of change from one point of time to the next throughout a particular span
of time.

Monthly visitor arrivals from Indonesia, 2007-2018 Monthly visitor arrivals from Indonesia, 2007-2018
200K
High variability
1500K Low variabilitv 150K L/\]J m
I
WY
1000K “

100K

Visitor arrivals
Visitor arrivals
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Time-series Patterns: Cycles
* Cycles are patterns that repeat at regular Monthly visitor arrivals from United Kingdom,
intervals. 2007-2018

e From the line graph, we can see that visitor
arrivals from United Kingdom reach its peak - ]

on January and lowest on May every year. o N/ M/ ﬂ\
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Time-series Patterns: Rate of change

e The percentage difference between
one value to the next value.
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Time-series Patterns: Exceptions

e Values that fall outside the norm.

Tourist arrival January 2000 - December 2014

S000K

4500K yj\~
4000K

3300K

3000K
> 2500K
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1500K

1000k d

500K
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Year

This line graph show the significant impact of SAR on
the visitor arrivals pattern to Singapore.
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Line graph design tips

Not all line graphs should start at zero!

Average annual global temperature in degrees Fahrenheit

100 =

15—
56.8 Civilization: at line 58.2
_—_—_—_—M
oy —
25 =
0 =
| | | | | | | | | | | | | |
1880 1900 1920 1940 1960 1980 2000 2012

Average annual global temperature in degrees Fahrenheit

1880 1900 1920 1940 1960 1980 2000 2012
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Line graph design tips

Multiple lines in a single graph is less effective than trellis line graph

Fertility rate in European countries

Children per woman. Each grey line is a country. (Source: World Bank Data)

30 —
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——————————————————————————————————————————————————————————— 2.1 (Replacement rate)
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w European Union average
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Fertility rate in European countries, 1990-2016

Compared to the replacement rate: 2.1 children per woman
Note: not all these countries belong to the European Union

European
Union

0.0

1990 2016

Czech Rep.

Hungary

Macedonia

Albania

Denmark

Iceland

M

Malta

Austria

Estonia

Ireland

Montenegro

Romania

Slovakia

Slovenia

Belgium

Finland

Netherlands

Bulgaria

France

Latvia

Croatia

Germany

Lithuania

Sweden

Switzerland

Cyprus

Greece

Luxembourg

Portugal

U. Kingdom



21



Line graph design tips
Not all time-series graphs have time on the x-axis

GDP per head vs share of industry in employment, 1801 to 2010

The vertical axis shows historical estimates of the share of industry in employment. The horizontal axis shows GDP per
head after adjusting for inflation and price differences across countries (figures are in 2011 international-$).

X:LINEAR | X:LOG # Select countries O Average annual change [ Hide countries < 1 million people
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GDP per capita

Source: Our World In Data based on Herrendorf et al. (2014) and GGDC-10 (2015), Maddison Project Database 2020 (Bolt and van Zanden (2020))
CC.BY
’ 1800 C_) 2015

CHART TABLE SOURCES & DOWNLOAD <

Source: Are emerging economies deindustrializing too quickly?.


https://ourworldindata.org/growth-and-structural-transformation-are-emerging-economies-industrializing-too-quickly

Line graph design tips
Label line graph instead of using legend

Monthly sales by product category, January 2016-December 2019 Monthly sales by product category, January 2016-December 2019

!
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Line graph design tips
e In order to support comparison over time effectively, reference line should be used.

Line chart without reference line Line chart with reference line

Monthly sales 2019-2022 Monthly sales 2019-2022
. 027 201

RRRRRR
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Line graph design tips
Line chart with reference band

The reference used don’t have to Monthly sales 2019-2022
confine a single line. A confidence

Y]

022
interval or quantile range can be
used too.  Blay o A Tt
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Beyond Line Graph
Control Chart: An analytical line chart

Control charts, also known as Shewhart charts

. - Upper Control
(after Walter A. Shewhart) or process-behavior | Limit (UCL)
charts. They are a statistical process control AN
tool used to determine if a manufacturing or e N . T . Y P

g —0—¢

business process is in a state of control. Beside
the average line, there are two additional lines
namely the upper control limit (UCL) and I V. B (e
lower control limit (LCL). Any data points
located beyond UCL or LCL will be flag out as
anomalies.

Outside the control limits
@ 9ormoreinarow either above or below average
end 6 0rmore in a row either ascending or descending

26



Control chartin real world

Big News!
MH370 is missing!

1000K
March 9, 2014
total visits: 970,796
900K
800K
Lok South Kore_.'a Ferry Disastei
April 17, 2014
total visits: 321,933
600K
2 500K

400K
300K .lip.aeriquarii'ﬁ.

Median

bl ) s

Lower Quartile
UK R

July 18, 2014
total visits: 1,006,776

April 24, 2014
total visits: 475,813
"Which passportis are most
accepted around the
world?" got 175262 visits. 311969 visits

Maybe Server Problem

100K
(30th Jun 16:00~ 2nd Jul 16:00)
total visits: 18,193 August 17, 2014

Jan 1,14 Feb 1, 14 Mar 1, 14 Apr1, 14

MH17 Crash!

August 14, 2014
total visits: 470,495
"UPDATE: Nigerian
woman sent to Tan
Tock Seng Hospital

does not have Ebola,
says hospital " got

June 8, 2014
total visits: 521,504
"$1m gone in one
year: Widow of killed
Changi Airport worker 96685 visits

iIs now broke " got

World Cu_p Peri_nd

National Day Rally
total visits: 243,627

May 1, 14 Jun1, 14 Jul 1,14 Aug1, 14 Sep1,14

Day of Days
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Challenge I: Visualising Change between Two Points in
Time
Bar chart method



Slopegraphs come to rescue!

Slopegraphs compare changes
usually over time for a list of nouns
located on an ordinal or interval

scale.

Reference: Slopegraphs for comparing gradients: Slopegraph

theory and practice

Select Year for row

Asian Rice Yield

1961 ¥ | Select Year for row2 1380

Comapre

Asian Rice YieLD

Japan 43793 —

e 43,078 HKorea

Korea 41481 —
# 41,435 China

rd IV 32 5328 Indonesia

Pl /- 23524 Malaysia

o S~ ZI.733 Myanmar
.:-"/ _.-'"" o - ?

/" . 25837 SriLanka

Malaysia 21,088 7 / .f’/f

China 20,787 'd

St el
[ - 2002 India
Vietllam 18388 — 7 : ~
P / A~ - 18878 Thailand
SriLanka 18626 -/ Py
Indonesia 17823 < _-/“t
: e
Thailand 16 585 ;/"_ -
Myanmar 15,085 _____--" .,r"
India 15413 - oo
i 14,335 Lao
__.-’""-' -'____.

Philippines 12,288 <

Lao 8710 —

~ 22,105 Philippines

S =7~ 20798 VietNam
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http://www.edwardtufte.com/bboard/q-and-a-fetch-msg?msg_id=0003nk

Learning from the Master

Visit Tableau Public to try out the interactive version and visit this link to learn more.

Barclay's Premier League Tables: Comparing 2012/2013 Starts to 2013/2014 Starts

Select

2012/2013 Points 2013/2014 B Beccer

(played 15) W
Clubs to include: (played 15) - orse
Manchester United, 36 (All) v
Arsenal, 35
Manchester City, 33 ==c
Liverpool, 30

=== Fverton, 28
Tottenham Hotspur, 27
Newecastle United, 26

West Bromwich Albion, 26

Everton, 23
West Ham United, 22

Southampton, 23

Manchester United, 22

Arsenal, 21

Aston Villa, 19

Liverpool, 19 _—
Fulham, 17 " . Stoke City, 17
/ . West Bromwich Albion, 15

West Ham United, |3

Newecastle United, 14

Southampton, 12

“=== Sunderland, 8


https://public.tableau.com/views/Slopegraphs/Slopegraphs?%3Aembed=y&%3AshowVizHome=no&%3Adisplay_count=y&%3Adisplay_static_image=y&%3AbootstrapWhenNotified=true&%3Alanguage=en&%3Amobile=true&:embed=y&:showVizHome=n&:apiID=host0
https://dataremixed.com/2013/12/slopegraphs-in-tableau/

Challenge Il: Visualising cyclical patterns
Classic line graph method

Line graph showing visitor arrivals by month and by year, 2004-2013
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Challenge Il: Visualising cyclical patterns

Solution: Cycle plot

Cycle plot showing visitor arrivals by month and by year, 2004-2013
Maonth Year
July

November December

January February March April May June August September  October

2
-

0K
=
W
= 23K _2_3.-_9_?‘15_53\7
22 997
B
20K
15K
10K
5K
0K
05 0% 11 |05 08 11 |05 08 11 |05 08 11 05 0% 11 |05 08 11 |05 08 11 05 08 11 (05 08 11 (05 08 11 05 08 11

05 08 M

Reference: Intro to Cycle Plot


http://www.perceptualedge.com/articles/guests/intro_to_cycle_plots.pdf

Challenge Il: Visualising cyclical patterns
Solution: Sunburst diagram method

Poultry - ish Other Seafooc fegetables - Dairy Products

Dec Jan

2010
2009
2008
2007
2006

Mar

2005
2004

2003
2002
2001

200

Apr

Each concentric ring represents a year, beginning from year 1998 for the innermost ring, to year 2012 for the outermost ring.
Click on any of the 12 sections of the circle to view the numerical prices of the food item.
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Challenge Ill: Massive Time-series Data
Classic line graph method
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Challenge Ill: Massive Time-series Data
Solution: Horizon graph

By dividing an area chart into
consecutive layers, horizon graphs
present time-series data in a

compact space while preserving

resolution.

Reference: Time on the Horizon
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https://www.perceptualedge.com/articles/visual_business_intelligence/time_on_the_horizon.pdf

The basic construct of a horizon graph

Figure on the right shows the process of
constructing an horizon graph.

Reference: The Developmentof the Horizon Graph
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(a) Standard line graph centered around a baseline.

4 ,

e

(b) Color (blue is positive, red is negative) and layering.

(c) Mirroring around the baseline.

ol . ™

i .

(d) Wrapping bands into a single space.
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http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=3556C47AD33B1577060EEA3F409ECD32?doi=10.1.1.363.5396&rep=rep1&type=pdf

Horizon graph in Tableau

Unemployment Rate: Difference from Average
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Source: Unemployment Horizon Chart.

This video provides step-by-step explanation on how to create a horizon graph using Tableau.


https://public.tableau.com/en-us/gallery/unemployment-horizon-chart
https://www.tableau.com/learn/tutorials/on-demand/horizon-charts

Challenge IV: Distribution over time
Line graph method Boxplot method
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Alternative Time-series Data Visualisation methods:
Calendar Heatmap

It is a 2-dimensional calendar view
that shows a value over time through
color coding it, often with warmer
colors indicating higher values
(hence heatmap).

Source: Calender heatmap


http://mbostock.github.io/d3/talk/20111018/calendar.html

Alternative Time-series Data Visualisation methods
Stream Graph (also know as ThemeRiver)

A streamgraph, or stream graph, is a
type of stacked area graph which is
displaced around a central axis,
resulting in a flowing, organic shape.

Stacked Graph of Unemployed U.S. Workers by Industry View: | Counts (Centered) v

| Self-em ployed
Transpomation and WHilities

I i I ] I ) ] 1 ] ]
2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010

Taotal counts of unemployed persons per industry, 2000-2010.

Source: LLS. Bureau of Labor Statistics

Reference: Steam graph

Whalasale and Retall Trade
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https://datavizcatalogue.com/methods/stream_graph.html

Visualising Change Over Time
Animated bubble plot (or motion chart)

A motion chart displays changes Animated buble plot - 2050
. . 100 Population
over time by showing movement p ;
. . . . 20 500,000
within the two-dimensional Space 1,000,000
. . 80 . 1,500,000
and changes in the size and color of e
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