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Data visualisation
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What I1s data visualisation?

* “The main goal of data visualisation is to communicate information clearly
and effectively through graphical means” (Friedman)

* “Important stories live in our data and data visualisation is a powerful means to
discover and understand these stories, and then to present them to others”
(Few)

» "Data visualisation gives you answers to questions you didn’t know you
had” (Shneiderman)
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Florence Nightingale (1855)

(Coxcomb chart - source: https://commons.Wikimedia.org/)
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for area the deaths from-FPreveniible or Mitrgable Zymoltee diseases, the
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o the deaihs Trom all other causes during the monil.

Ir October 1854, & April 1855, the black area covvides wrthy the red,

5 wdanuary & February 7858 the blice coincides with the black:
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"‘Beast from the East” — BBC (2018)

Snow warnings for the UK
Severe weather possible

B Risk to life likely

B Potential risk to life and property

A

Wednesday Thursday Friday
28 February 1 March 2 March
Source: Met Office B|B|C

6 Data visualisation - Aidan Smith - 18 September 2019




UK electricity generation (2018)

Source: https://www.mygridgb.co.uk/last-48-hours

GB electricity generation over 48 hours from Sat 15 September 2018 to Mon 17 September 2018

Gas, 27.0% Onshore Wind, Offshore |Biomass,
13.9% Wind, 7.2%
8.1%

Nuclear, 25.3%
Coal, 5.4%

Solar, 4.2%
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Cricket World Cup run worms (2019)

Source: BBC website / Opta

29.1 overs
SA 160-5
England's flurry of wickets has stalled the South African charge and put them (red)
behind the curve now.

&0

» 3

Overs
Opta
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Data visualisation

IFOA data visualisation working party




Who are we”?

* Rob Black (Chair) Standard Life

« Aidan Smith Government Actuary’s Department
* Anees Aslam BUPA

* Florian Gomez Partner Re

 Julian Ellacott Just Group

* Lloyd Richards Crowe (crowe.com)

* Martin Cairns Aviva

« Paul Teggin Bank of England/PRA

* Will Mirams EY

* https://www.actuaries.org.uk/practice-areas/risk-management/risk-management-
research-working-parties/data-visualisation
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Our vision

We have in mind a picture of an actuary at their desk with some data and asking
themselves how best to summarise and present It.

Our vision is that, through the work of the working party, the actuary should have:
A modern library of different visualisation techniques

* An understanding of which visualisations work well for different purposes (eg, data
Investigation vs reporting to management)

» Domain-specific examples of helpful practice (eg, pensions, investment, life or general
Insurance)

* An understanding of how to produce the visualisations, including tools and techniques
(not just Excel)

* An understanding of the principles of developing and improving data visualisations
 Awareness of caveats that should be associated with data visualisations
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Background to the working party

Institute Data Visualisation
and Faculty

of Actuarig

» Builds on SIAS paper, “A Practical .
GUIde to Data Vlsuallsatlon” Home Ahuutmishlog Resources that helped us Hintsanutips
(E”aCOtt and Teggin, 2014) Resources that helped us

o Further examples in “Data Isted below are a number of usetul links in the field of Data Visuahsation
Visualisation for Business Insight”
(Ellacott and Teggin, 2013)

Presentations by members of this working party
A Practical Guide to Data Visualisation (SIAS paper, Feb 2014)

Data Visualisation for Business Insight (slide presentation, Oct 2013)

Websites and links

Gapminder

Visual ly

Both available on the Resources that
helped us page of our blog

Effective Data Visualization - author Jeffrey Heer, University of Washington, Seattle, USA

Books

Picturing the Uncertain World - How to Understand, Communicate and Control Uncertainty throug
Graphical Display - Howard Wainer

Show Me the Numbers - Stephen Few
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Data visualisation

Examples of data visualisation
from our blog

dataviz-wp.blogspot.com
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General approach

For each data visualisation example:

* Problem statement

» Suggested approach

« Rationale and commentary
* Applicability and alternatives
* Implementation

* Resources

* + Comments from others

Plus helpful resources, hints & tips,
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Institute Data Visualisation
and Faculty

of Actuaries

Home About this blog Resources that helped us Hints and tips

Wednesday, 25 July 2018

Display a Matrix of Correlation Assumptions

1. Problem Statement

Correlation matrices are often large, complex and visually off-putting. The objectives of the
visualisation are to:

* Present a cormrelation matrix in a way which is straightforward to engage with
+ Make it easy to locate the material assumptions

+ Make it easy to identify possible inconsistencies between correlation assumptions

2. Suggested Approach

We suggest a hybrid of the following techniques — see example below:

A_ Bar charts to illustrate the materiality of individual risks, measured by undiversified capital
requirements. Colour is used to collate risks into categories.

B. Shading of alternate rows and columns to lead the eye to the row and column headings, anc
borders around correlations within each category that align to the bar charts.

C. Atable of values to show the correlation assumptions — this can be triangular because the

matrix is symmetric, and the values of 1.0 on the diagonal are omitted. The typography is
designed to emphasise visual differences between zero, positive and negative values.

D. Ellipses to visualise the sign and magnitude of each correlation, in the space created by
restricting the numerical assumptions to a friangle. These help with seeing pattems.

etc.

|II =




Graphic In a news article (July 2019)

How Brexit would suit Boris Johnson

Respondents were asked: how would you vote if?

B No leaders named
# Johnson v Corbyn, UK still in EU
¥ Johnson v Corbyn, UK has left the EU

Conservative [N
Labour 1
LbDem |
Brexitparty [

Green B

https://www.theguardian.com/comment
St . isfree/2019/jul/04/post-brexit-election-
boris-johnson-polls-jeremy-corbyn

GUaian graphuc | Source: YouGow

15 Data visualisation - Aidan Smith - 18 September 2019



https://www.theguardian.com/commentisfree/2019/jul/04/post-brexit-election-boris-johnson-polls-jeremy-corbyn

Graphic In a news article (July 2019)

How Brexit would suit Boris Johnson

Respondents were asked: how would you vote if?

# No leaders named
# Johnson v Corbyn, UK still in EU
Johnson v Corbyn, UK has left the EU

Conservative _
Labour L [,
LibDem [
Brexit party |
Green -

Others -

| L l.L' 3 L& TN )
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v Good use of title and subtitle
(gives key message upfront)

v" Bar chart rather than columns
v Good placement of the legend

X The sums of the bars are
meaningless

X The colour scheme is unhelpful

https://www.theguardian.com/commentisire

e/2019/jul/04/post-brexit-election-boris-

johnson-polls-jeremy-corbyn



https://www.theguardian.com/commentisfree/2019/jul/04/post-brexit-election-boris-johnson-polls-jeremy-corbyn

lteration 1 — unstack the bars

How Brexit would suit Boris Johnson

B No leaders named B lchnson v Corbyn, UK still in EU John=on v Corbyn, UK has keft the EL

v Can now see the results of three different polls
X Too many bars (and colour scheme is still unhelpful)
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lteration 2 — flip rows/columns & recolour

How Brexit would suit Boris Johnson

m Conservative @ Labour LibDem mBrextpaty mGreen mOthers

MNo leaders named

Jokinson v Corbyn, UK has eft the ELU

10% 20% 20% A0% 50% B0% 0% 80r% 0% 102

v More intuitive colours; each poll adds to 100%; clearer message
X Can we provide greater insight?
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lteration 3 — reorder the parties

How Brexit would suit Boris Johnson
m Conservative m Brexitpaty mlabour LibDem mGreen mOthers

Mo leaders named

Johnson v Corbyn, LIK STl in EU

lokinson v Corbyn, UK has left the EU

105 20% 30% 0% 50%% b0

Bk

]
- |
(K]
o

i
= |
- |
[E]
"

v' Can see interaction between Conservative and Brexit Party votes

x Danger of reader implying causation when not proven?
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Principles of data visualisation (July 2019)

Step 1 - Context

 Who Is your audience? What message or story are you conveying? What data
do you need to tell that story?

(a) Does the information within the visualisation answer the question posed
by your audience?
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Principles of data visualisation (July 2019)

Step 2 — Choose your chart carefully
 What Is the best chart for your audience and story?

(b) Have you chosen the right type of visualisation? There Is nothing wrong
with a simple bar chart.
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Principles of data visualisation (July 2019)

Step 3 — Test It out and experiment

» Can you improve the visualisation? Reduce clutter to make it easier for your
audience to understand the story. Does it help to add any emphasis of boxed
text to tell the story? Seek feedback from your audience.

(c) Can your audience understand and interpret the visualisation quickly?
(d) Will the user ask a subsequent question after viewing your visualisation?
(e) Would your visualisation benefit from any form of data grouping?

(f) Does the visualisation make due consideration to all your users?

(g) Is the style and design of your visualisation sufficiently future-proof or
may It change next time?
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Correlation matrix (Jul

y 2018)
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Credit spreads -0.73| 100 0.50] -0.25| 0,00] -0.50y 0.20| 02> 0.00 0.00| 050
Market rick Interest rates — parallel shifts -0.25| 0.50| 1.00| 0.10| 0.10| -0.25 0.50| 0.50| 0.00( 0.00| -0.25
Interest rates — twists 0.25| -0.253| 0.10f 1.00| 0.10( 0.25 0.25( 025 0.00| 0.00| 010
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* Bar charts show materiality of individual risks -
(measured by undiversified capital requirements). - g B
» Collate risks into categories (use colour). 2 2 5| LB E 2
 Table of values formatted appropriately (triangular, | 3 £ < 2| £ 5. | 2| .
to remove duplication). g £ & B § %leE| 5| §| B g
. . . . gl § = 2| £E| &gE| 8| 2| 2§
 Heat map In opposite triangle shows sign (colour) 50 |60 | 10| 5 |20] 10 5 |30 5 |4
and magnitude (shading) of correlations. I B .
- | |1
Fquity returns
Credit spreads (0.75)
Market risk Interest rates — parallel shifts (0.25)| 0.50
Interest rates — twists 0.25((0.25)| 0.10
Interest rates — curvature 0 | I'.: f.‘-'.lﬂl 0.10
Property returns 0.50((0.50) | (0.25}| 0.25 0
Credit risk Corporate bond default / migration 10 |(0.50)| 0.50 0.50 0.25 0|(0.50)
Other counterparty 5 1(0.25)] 0.25| 0.50| 0.25 0 (0.25)] 0.25
o _ |Martality/longevity 30 0 0 0 0 0 0 0 0
::EI”WH”LE Maorbidity 5 0 0| 0| 0 0 0 0| 0 0 _
' lapse 40 |(0.50)| 0.50 (0.25) 0.10 0|{0.50)|(0.50) 0 0 0
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Mortality improvements (November 2018)

Mortality improvements for Russian Females
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Mortality improvements (November 2018)

Mortality rates and improvements for females, age 60

2014 Country

-+ England & Wales
France

Japan

Russia

.
.
-
2000

2014

0 2000

Annual mortality improvement in %

Decreasing mortality rates

-2 4 —

1.5 1 0.7 0.5 0.35
Mortality rate in %, on log-scale
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Mortality improvements (November 2018)

Mortality rates and improvements for Japan
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Client recommendations (August 2018)
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Client recommendations (August 2018)
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Waterfall chart in Excel (April 2019)

4 :_L__: =
& -‘.;3 = | Institute Data Visualisation
[ft. S\ | and Faculty
LB | of Actuaries
Home About this hlog Resources that I'IEIPEH us Hints and 'I.ipS Give us feedback Get involved
Monday, 22 April 2019 Search This Blog
Create a Waterfall Chart in Excel

1. Problem Statement

Waterfall charts are an extremely useful tool in an actuarial context, for example to visualise an Previous blog posts
analysis of change in insurance reserves over a year. In Excel 2013 and earlier, there is no inbuilt
way to create a waterfall chart. This exists in Excel 2016, however the inbuilt graphing options

currently lack much of the functionality that is desirable in a waterfall chart. = Aug 2019 (1)

> Jul 2019 (2)

¥ 2019 (5)

In this post we show how to achieve the same waterfall functionality that exists in Excel 2016, but
using a stacked column chart and Excel's regular charting functionality. This should allow waterfall = Jun 2019 (1)
charts to be created in all versions of Excel, and also allows for some additional functionality over that ¥ Apr2019 (1)

offered in Excel 2016°s in-built waterfall chart.
Create a Waterfall Chart in

Excel
2. Suggested Approach
We show how a waterfall chart can be built as a clustered bar or column chart, which allows for > 2018 (5)
additional functionality in the graphing (such as more flexibility over celouring, detailed analysis of
largest changes, more control over end poeints) with only a little added complexity.
Firstly, some data manipulation is required. The table below shows the data for a typical analysis of Contributors

change needed to use Excel 2016’ inbuilt waterfall chart, and the additional columns needed to

create this as a stacked column chart. E Donna Meldrum

) JulianEllacott

To use Excel 2016 Waterfall To use stacked column approach (any version of Excel) _
Factor Amount |Blank Space Col Up  ColDown |Col label @ Paul Teggin
Opening Reserves 100 100 0 20
Longevity Assumption 10 100 10 0 20 [ Rob Black
Interest Rate Assumptio -20 90 ] 20 20
Expenses Assumption 10 90 10 ] 20 @ Unknown
Equity Return Assumptio 30 100 30 0 20
Disability Assumption 5 130 5 0 20 @ Unknown
MNew Business 50 135 50 0 20
Mortality Assumption -30 155 0 30 20 .
One-Off Adjustment 10 145 0 10 20 @ Unknown
| anses =10 13A 0 10 20 -
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Waterfall chart in Excel (April 2019)

Stacked Bar Waterfall - reversed

Opening Reserves [N 100

Longevity Assumption B 10
Interest Rate Assumption . - 20
Expenses Assumption M 10
Equity Return Assumption B 30
Disability A i
SRy Asumpion s Term Assurance
New Business D T
Mortality Assumption B -30 B Annuities
One-Off Adjustment M-10 B Health Cover
Lapses -0
Unexpl ained - ElL
Closing Reserves | 1 65
L1 a0 10x0) 150 200 250

Reserves (Em)
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Model dependencies (due shortly)

. 308738:End of Reckonable Senvice

. AalE7T48:MPASD Host Data Date

. 205503:CAT
. ST 515 MPASD Pre Data Date

o/

. 808724:D0L

'ﬁ/’f. 808760-NPABD Final
747 M
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. 210544-MPASD
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a0TE2T-MPASD Post Data Date
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\ 306110:Part Time Ratio
. 5014:FTE Salary / \
: 0

. 808104:FTE Salary at Data Date ololiHaAch

<
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Data visualisation

Getting Involved




Getting Involved

* Please visit our blog — https://dataviz-wp.blogspot.com

» Please talk to your colleagues about data visualisation and our blog
* Registered users can submit visualisations (blog posts) of your own

* Or, If you have ideas for blog posts you would like to write (or read), please get
In touch with one of us (aidan.smith@agad.gov.uk)

* Anyone can add comments via the blog

34 Data visualisation - Aidan Smith - 18 September 2019



https://dataviz-wp.blogspot.com/
mailto:aidan.smith@gad.gov.uk

Data visualisation

Discussion




Institute ®
and Faculty
of Actuaries

-Any material or information in this document is based on sources believed to be reliable, however we cannot warrant accuracy,
completeness or otherwise, or accept responsibility for any error, omission or other inaccuracy, or for any consequences arising
from any reliance upon such information. The facts and data contained are not intended to be a substitute for commercial
judgement or professional or legal advice, and you should not act in reliance upon any of the facts and data contained, without
first obtaining professional advice relevant to your circumstances. Expressions of opinion do not necessarily represent the views
of other government departments and may be subject to change without notice.
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