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What is different about 
scientific graphics?

LAZY

BIASED

Wednesday, 30 September 15



What worked in the past?

[A very short history of statistical graphics]
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1643 First graphical representation of statistical data by 
Flemish cartographer Michaël Florent van Langren (Langrenus) 
- longitudinal distances from Toledo in Spain to Rome in Italy.

1643 - First statistical graphic
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Late 18th Century - William Playfair 
(1759-1823) invents Microsoft Excel

http://en.wikipedia.org/wiki/File:Playfair_TimeSeries-2.png

Bar Chart

Time series

Pie chart
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Mid 19th Century - Charles Joseph Minard (1781-1870) maps the 
disaster of Napoleon’s Russian campaign

Source: http://en.wikipedia.org/wiki/File:Minard.png

[later, Sankey diagram]
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1854 - Statistical graphics does epidemiology. 
John Snow & the Broad Street cholera outbreak

http://en.wikipedia.org/wiki/File:John_Snow.jpg

http://en.wikipedia.org/wiki/File:Snow-cholera-map-1.jpg
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Mid 19th Century - Florence Nightingale campaigns to 
improve sanitation for soldiers.

http://understandinguncertainty.org/coxcombs

http://en.wikipedia.org/wiki/File:Florence_Nightingale_CDV_by_H_Lenthall.jpg
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Tukey, John Wilder. (1962). The future of data analysis. Annals of 
Mathematical Statistics. 33. 1-67 and 81. 

Late 20th Century - computing power 
enables high dimensional analysis, fast 
exploration
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Tukey, John Wilder. (1962). The future of data analysis. Annals of 
Mathematical Statistics. 33. 1-67 and 81. 

Late 20th Century - computing power 
enables high dimensional analysis, fast 
exploration

Wednesday, 30 September 15



Mike Bostock d3.js

Hans Rosling, Gapminder
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March 1861 March 1875

Robert FitzRoy and the first 
public weather forecasts
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G.S. Callendar measures the changing 
temperature of Earth,1938
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Some principles
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“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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show the data,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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show the data,

induce the viewer to think about the substance, 
rather than about methodology, graphic design, the 
technology of graphic production, or something else,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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show the data,

induce the viewer to think about the substance, 
rather than about methodology, graphic design, the 
technology of graphic production, or something else,

avoid distorting what the data have to say,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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show the data,

induce the viewer to think about the substance, 
rather than about methodology, graphic design, the 
technology of graphic production, or something else,

avoid distorting what the data have to say,

Present many numbers in a small space,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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encourage the eye to compare different pieces of 
data,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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encourage the eye to compare different pieces of 
data,

reveal the data at several levels of detail, from a 
broad overview to the fine structure,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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encourage the eye to compare different pieces of 
data,

reveal the data at several levels of detail, from a 
broad overview to the fine structure,

serve a reasonably clear purpose: description, 
exploration, tabulation, or decoration,

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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encourage the eye to compare different pieces of 
data,

reveal the data at several levels of detail, from a 
broad overview to the fine structure,

serve a reasonably clear purpose: description, 
exploration, tabulation, or decoration,

be closely integrated with the statistical and verbal 
descriptions of a data set.”

“Graphical displays should;

Quotes from Edward Tufte: The Visual Display of 
Quantitative Information

See also Tufte’s rules http://www.sealthreinhold.com/
tuftes-rules/rule_one.php
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 All these data sets have the same:
 Means, Variances, 

Correlation, Regression line

Show the data
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Beyond Bar and Line Graphs: Time for a New Data 
Presentation Paradigm

1 Tracey L. Weissgerber, 
2 Natasa M. Milic, 
3 Stacey J. Winham, 
4 Vesna D. Garovic

• Published: April 22, 2015
• DOI: 10.1371/journal.pbio.1002128
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such that it takes decades for temperature to fall into equilibrium
with an increased GHG concentration. A rapid rise in atmospheric
CO2 will therefore result in an instantaneous physiological forcing
but a delayed climatic response.

Climate change can affect regional water availability due to
warming impacts on circulation patterns (hence affecting precipi-
tation patterns), the ability of the atmosphere to hold water, and
evaporative demand. In our models, as the climate warms,
increases in terrestrial mean precipitation are not balanced by
equivalent increases in evaporation which results in a projected
increase in global mean river discharge (Fig. 4). However, regional
patterns vary with some areas showing decreased river-flow and
others increased river-flow relative to present day discharge
(Fig. 6). The regional patterns are uncertain due to the complex
response of atmospheric circulation to warming. The areas of large
uncertainty in precipitation projections within our ensemble (and
the AR4 models) are generally those which are currently

experiencing stress or approaching water stress. This uncertainty
can be seen in Fig. 6, which shows that for the majority of the
world’s major rivers the uncertainty in future river-flow by the
2080s under the A1B scenario spans zero. There are some regions
where there is model consensus on the sign of change. These are for
increases in river discharge across the high latitudes, East Asia,
Ethiopian highlands and decreases in the Mediterranean, North
Africa, southern Africa and Amazonia. In most catchments the
largest changes in river-flow are under the high-end emission
scenarios and vice versa. Deviations from this pattern are due to
the uncertainty described above but also the different regional
effects of the forcing scenarios.

On average, the RADPHYS sub-ensemble, which includes
physiological forcing, simulates a higher future river discharge
in North-East Africa, parts of East Asia and Eastern Australia
compared to the RAD ensemble (Fig. 7). Conversely, the RADPHYS
ensemble is drier in North Africa, parts of central Asia, Western

Fig. 6. Projected bias corrected river-flow for the major rivers for a 30-year mean centred on the 2080s for the A1B ensemble: (a) shows the absolute change in river discharge
as well as the 1960–1990 baseline discharge, (b) shows the percentage change in discharge. The box refers to the inter-quartile range around the median, and the whiskers to
the extremes of the ensemble.

A. Wiltshire et al. / Global Environmental Change xxx (2013) xxx–xxx8

G Model

JGEC-1131; No. of Pages 15

Please cite this article in press as: Wiltshire, A., et al., The importance of population, climate change and CO2 plant physiological forcing
in determining future global water stress. Global Environ. Change (2013), http://dx.doi.org/10.1016/j.gloenvcha.2013.06.005

Wiltshire et al. (2013), Global 
Environmental Change

River discharge

Absolute and 
relative change, 
compared to 
observations
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plot the data

Uses Micro/Macro

Shows up biases

Encourages 
comparison

Many numbers in
a small space
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http://www.thegwpf.org/content/uploads/2012/10/
Warming6.jpg

3D perspective masks trends

Unnecessary drop 
shadow

Tiny or missing 
labelling

3D bars add no information

Minimize chartjunk
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Why 3d pie charts are bad

Avoid distorting what the data have to say
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Why 3d pie charts are bad

Avoid distorting what the data have to say

Being plain wrong
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Cherry picking
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By Russell Christopher @russch
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Source: Christopher Booker, The Telegraph 

Creative y-axis selection
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Source: Christopher Booker, The Telegraph 
58 metres of sea level rise.
Source: betterfigures.org 

Creative y-axis selection
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Even the Met Office can get it wrong sometimes...

"Our four day forecasts today are as accurate as our one-
day forecasts in 1980."

Source: Barometer Magazine
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• Choose a message

• Minimise work for the reader

• Don’t trust defaults

• Remove non-data ink (pixels) where possible

Wednesday, 30 September 15



Time

ld
ea
th
s

1974 1975 1976 1977 1978 1979 1980

0
10
00

20
00

30
00

40
00

Fig 1. Monthly deaths due to lung disease in the UK. The dotted line shows 
number of female deaths, the dashed line shows male deaths, with the total shown 
by the solid line.

R
> plot(ldeaths)
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Aspect ratio changes slope
Added legend

Heavier line

Removed figure caption
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De-emphasised axes

Added title

Direct label 

Axis labels rotated

Removed bounding box
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Emphasised an aspect of the data 
(layering)

Tied in labelling colour
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Culturally appropriate colour scheme

Contrasting direct labelling

Emphasised total & proportion at 
cost of absolute value for males
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Old Skool Bar
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Middl Skool
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Michel Jarraud at Copenhagen

L8 Middl Skool
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Nu Skool

Wednesday, 30 September 15



Nu Nu Skool
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Colour
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Amazonian forest dieback under climate-carbon cycle projections for the 21st century
PM Cox, RA Betts, M Collins, PP Harris… - Theoretical and Applied …, 2004 - Springer
... to derive the equilibrium vegetation state consistent with the model's pre- industrial climate (Cox
et al ... et al., 1999), which has implications for the timing of Amazonian dieback (Huntingford et
al., 2004). ... 2). The modelled mean air tem- perature over the Amazon box (25.90 C) is ...
Cited by 582 Related articles All 16 versions Cite Save More
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Amazonian forest dieback under climate-carbon cycle projections for the 21st century
PM Cox, RA Betts, M Collins, PP Harris… - Theoretical and Applied …, 2004 - Springer
... to derive the equilibrium vegetation state consistent with the model's pre- industrial climate (Cox
et al ... et al., 1999), which has implications for the timing of Amazonian dieback (Huntingford et
al., 2004). ... 2). The modelled mean air tem- perature over the Amazon box (25.90 C) is ...
Cited by 582 Related articles All 16 versions Cite Save More
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• Ensure a perceptual relationship between the 
colour scale and the data. (e.g. equal steps in data 
are perceived as equal steps in colour space)

• Understand audience cultural expectations

• Make it accessible

How to choose a palette?
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In general, darker = ‘more’
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Net Primary Production, NASA

Matches cultural expectation 
(plant growth = green)
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From K. Moreland http://www.sandia.gov/~kmorel/documents/ColorMaps/ColorMapsExpanded.pdf

We need to talk about Rainbow
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#endrainbow
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https://twitter.com/hashtag/endrainbow
https://twitter.com/hashtag/endrainbow


Borland & Taylor (2007) Rainbow Colormap (still) considered harmful

1. Rainbow palette 
misses features where 

they exist, and 
introduces them where 

they do not.

https://mycarta.wordpress.com/2012/05/12/the-rainbow-is-dead-long-live-the-rainbow-part-1/

Wednesday, 30 September 15

http://people.renci.org/~borland/pdfs/RainbowColorMap_VisViewpoints.pdf
http://people.renci.org/~borland/pdfs/RainbowColorMap_VisViewpoints.pdf


2.Yellow is special

http://old.provizsports.com/media/catalog/category/cycling_13.jpg
http://blog.visual.ly/the-use-of-yellow-in-data-design/
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https://eagereyes.org/basics/rainbow-color-map
Sanford, Ward E. and David L. Selnick, 2012. Estimation of Evapotranspiration Across the 
Conterminous United States Using a Regression with Climate and Land-Cover Data. 
Journal of the American Water Resources Association (JAWRA) 1-14. DOI: 10.1111/jawr.
12010
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Borland & Taylor (2007) Rainbow Colormap (still) considered harmful

3. There is no unique 
intuitive perceptual 

ordering

4.Surprisingly, they can 
mask fine detail
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http://blog.visual.ly/rainbow-color-scales/

5.They are difficult or 
impossible to read if 
you are colourblind 

(8% males 0.5% 
females)
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http://blog.visual.ly/rainbow-color-scales/

5.They are difficult or 
impossible to read if 
you are colourblind 

(8% males 0.5% 
females)

Pic from Julia Hargreaves @julesberry
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Met Office rain radar
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Protanope colourblindness simulation with CVsimulator
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Alternative Rainbows

Dave Green’s cubehelix
https://www.mrao.cam.ac.uk/~dag/CUBEHELIX/ CIE Lab Linear L [Kindelmann]
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Parula (Matlab)
http://www.larkwire.com/library/bird-sounds/

1616/Northern-Parula-songs-and-calls

http://www.lilibirds.com/
gallery2/v/warblers/

northern_parula/northern
+parula+male+1.jpg.html
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Parula figure courtesy of Kaustubh Thirumalai @holy_kau
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Viridis (matplotlib)
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Figure by Ed Hawkins
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Crowdsourcing Graphical Perception: Using Mechanical Turk to Assess Visualization Design

Jeffrey Heer and Michael Bostock

There is a science of visualisation
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Bryant et al (2014) 
“Useage of color scales 

on radar maps”

Bryant, B., M. Holiner, R. Kroot, K. Sherman-Morris, W. B. Smylie, L. Stryjewski, M. Thomas, and C. I. Williams, 
2014: Usage of color scales on radar maps. J. Operational Meteor., 2 (14), 169179, doi: http://dx.doi.org/
10.15191/nwajom.2014.0214.
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Visualisation of AMOC driven cooling by @JenniferMecking
Wednesday, 30 September 15

http://link.springer.com/article/10.1007%252Fs00382-015-2540-2
http://link.springer.com/article/10.1007%252Fs00382-015-2540-2


Picture credit (and cake eating) by @WillHomoky
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Visualisation of TAMSAT rainfall by @dunning_cm 
(Caroline Dunning)
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Doug’s meta-principles of 
scientific data visualisation
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1. Know your audience, and your message

Doug’s meta-principles of 
scientific data visualisation
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1. Know your audience, and your message

2. Don’t lie

Doug’s meta-principles of 
scientific data visualisation
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1. Know your audience, and your message

2. Don’t lie

[3. Keep it as simple as you can get away with]

Doug’s meta-principles of 
scientific data visualisation
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“...better to violate any principle than to 
put graceless or inelegant marks on paper.”

cf. Orwell “6. Break any of these rules sooner than 
saying something outright barbarous.”

Quotes from Edward Tufte: The Visual Display of Quantitative Information
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Tools, links and resources at 
betterfigures.org

Thanks for listening!
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• Hadley Whickham - R - ggplot2 http://had.co.nz

• R - googleviz http://code.google.com/p/google-motion-charts-with-r/

• Bostock http://bost.ocks.org/mike/ D3 http://d3js.org 

• Ben Fry - Processing http://benfry.com

• Rob Simmon http://earthobservatory.nasa.gov/blogs/elegantfigures/

• Hans Rosling - gapminder http://www.gapminder.org 

• Cynthia Brewer for good palettes http://colorbrewer2.org

• Milestones on data viz http://www.datavis.ca/milestones/index.php?page=home

Favourites
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