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Hearing is Believing: Interactive Sonification of 
Weather Data from South-East Asia 1960-2099.
PerMagnus Lindborg, Nanyang Technological University
Shie-Yui Liong, National University of Singapore
Email: permagnus@ntu.edu.sg, pm@permagnus.net

Webpages: http://www.permagnus.net, http://www.permagnus.tk

Abstract
The Locust Wrath is a multimedia dance performance (Liong A., Koh, & 
Lindborg 2013) with interactive sonifications of climate data. A software 
for interactive sonification was programmed (Lindborg 2013) using Max 
(Cycling 74) allowing an open-ended approach to mapping strategies. The 
Tropical Marine Science Institute at NUS (Liong S-Y et al.) provided 
meteorological records for 1961-2000 and predictions for 2081-2099 
covering a large region of South-East Asia. This talk gives a brief overview 
of current research themes in sonification, a presentation of the software, 
and plans for future work.
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Sonification - example [‘pop’]

http://www.youtube.com/watch?v=M9xMuPWAZW8
http://www.youtube.com/watch?v=M9xMuPWAZW8
http://www.youtube.com/watch?v=M9xMuPWAZW8
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Sonification - definitions
Auditory system: excellent temporal resolution + pattern detection acuity 
(cf. Ballora 2000; Schnupp, Nelken & King 2011)

“Auditory Display [Pollack & Ficks 1954] encompasses all aspects of a 
human-machine interaction system, including the setup, speakers or 
headphones, modes of interaction with the display system, and any technical 
solution for the gathering, processing, and computing necessary to obtain 
sound in response to the data. […] Sonification is a core component of an 
auditory display…” (Hermann, Hunt & Neuhoff 2011 [TSH p. 21])

Audification = rendering sound from data which produce time-ordered 
sequential streams
- Geiger meter, heart beat monitoring, seismography etc.

“Perceptualization of scientific data” (Grinstein & Smith 1990; Ferguson, Martens, 
& Cabrera 2011 [TSH p. 176]): more general concept (than visualisation)

“Sonification is the data-dependent generation of sound, if the 
transformation is systematic, objective and reproducible, so that it can be 
used as scientific method.” (Hermann 2008)

“Sonification is the use of nonspeech audio to convey information.… the 
transformation of data relations into perceived relations in an acoustic signal 
for the purposes of facilitating communication or interpretation.” (Kramer 
1994) 
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Sonification - example [‘politics’]
Guillaume Potard’s sonification of the Iraq Body Count… sonification as political medium 
(cf. Polli 2012)

https://soundcloud.com/somatic-sounds/iraq-body-count-guillaume-potard
https://soundcloud.com/somatic-sounds/iraq-body-count-guillaume-potard
https://soundcloud.com/somatic-sounds/iraq-body-count-guillaume-potard
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Sonification - theory
Function of auditory displays (Walker & Nees, TSH p. 11-15)

1. alarms, alerts, and warnings; (e.g. categorization of seismic events)
2. status, process, and monitoring messages; (e.g. earcons, Brazil & Fernström 2011, McGookin & Brewster 2011)
3. (scientific) data exploration (see below, from Walker & Nees, TSH p. 20-22, p. 27-31)
4. art, entertainment, sports (Bresin 2011)

Aims with [scientific] sonification

Point estimation
- analytic listening extracting information regarding a single datum (visualisation more effective?)

Trend identification
- holistic listening task (cf. Tuuri & Eerola 2011) to identify overall patterns in quantitative data

Identification of structure 
- model-based sonifications --> overall structure of the data and complex relationships among multiple variables 
(cf. interactive sonification)

Exploratory inspection 
- examination of data with “no a priori questions in mind” (Kramer 1994) 

Dual task performance
- user can detect changes in auditory events with “their eyes free for other tasks” (Kramer et al., 1999 p. 3).

UX considerations:
- user individual differences (cognitive, impairment), training (perceptual, musical) and aims
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162 Barrass, Vickers

promise an easy-to-read graph or a usable web site. However, it has been observed that often
many codified aesthetics are contradictory and so cannot all be achieved in one piece of
work [71]. Furthermore, sonification is not a discrete singular discipline, it occupies space in
perceptual psychology, computer science, engineering, sound design, and sonic art drawing
to varying extents upon skills in all those fields (and others besides, no doubt). Sonification
comes in many different styles using different sonic techniques each of which may have its
own set of specific aesthetics. Take the case of musical renderings. If we draw on music
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Figure 7.3: The Ars Musica — Ars Informatica Aesthetic Perspective Space (from Vickers
and Hogg [100]).

practice for inspiration we see many different genres each with its own aesthetic rules. For
example, Vickers and Hogg [100] suggested an aesthetic perspective space (see Figure 7.3)
which associates sonifications with their closest analog in the musical world, the idea being
that if a sonification is organized, say, along the lines of a piece of tonal music then it could
draw upon the aesthetics of tonal musical composition (assuming an appropriate sub genre
can be identified); likewise, a sonification that is organized like a piece of musique concrète
could draw upon electroacoustic aesthetics. But each musical style has its own, quite distinct,
aesthetic.

Sound design, arguably the field of sonic practice most closely related to sonification, is
filled with practitioners who develop their own personal aesthetic rather than adhering to
some definitive ‘red book’ of sound design. Sonification aesthetics is still in its infancy as far
as detailed research goes and so we are not yet at a point where we can offer a definitive set
of aesthetic guidelines. It is not even known whether any such set of guidelines is possible
or, for that matter, even desirable. In reference to their work on aesthetic interaction design,
Wright, Wallace, and McCarthy [108] said “nor does it seem sensible to talk of principles or

Sonification - æsthetics
“Questions of aesthetics and musicality remain open in the field of sonification.” (Barrass & Vickers 2011)

“more attention to aesthetics would facilitate ease of listening with sonifications, which would in turn 
promote comprehension of the intended message of the displays” (Vickers & Hogg 2006; cf. Gresham-
Lancaster 2012, Supper 2014)

Historically, music + mathematics = TRUE:
- Pythagoras (~550 BC, geometrical ratios)
- Josquin (~1450, combinatorics)
- Mozart (~1770, probability) 
- Schillinger (~1920, “scientification of music”)
- Hiller (~1950, heuristic rules [‘AI’])
- Xenakis (~1960, stochastics)

Vickers & Hogg 2006, p. 214
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Sonification - weather data

Andrea Polli: interactive interface for Atmospherics/Weather Works - 
sonification describing the temperature, pressure, wind, and moisture of 
Hurricane Bob August 18, 1991 at various geographical points (Polli 2012).

Childs & Pulkki (2003): multi-channel 
spatialisation using VBAP (Max, Pd)

Cunningham (2013): concurrent audio-visual 
perceptualisations (time compression) with 
Max (Cycling 74)

Flowers et al. (2001): consideration to 
meaning (ergonomics, traffic safety) of data 
in mapping strategies (musical timbre)
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Sonic Design project: to create surround soundscapes for The Locust Wrath, a multimedia 
dance performance (Liong, Koh, & Lindborg 2013) using interactive sonifications of climate 
data (38.5 million values). The meteorological records express the weather for 1961-2000 
and predictions for 2081-2099 in South-East Asia. Sonification compresses time; weeks of 
data can pass by every second. The climate is rendered as a music, whose form - gesture, 
timbre, intensity, harmony, spatiality - is determined by the data.

Liong, Angela, Koh, Joyce Beetuan, Lindborg, PerMagnus, ArtsFission Dance Company. The Locust 

Wrath, multimedia dance performance. HeloTrans gallery, Singapore (September 2013).

Webpages: http://permagnus.net/pm/artwork/sonifications/LocustWrath/index.html

SI13 Symposium on Sound and Interactivity 2013. Excerpt presented in Gallery Exhibition (www.si13.tk)

Binaural sound clip (use headphones): http://youtu.be/QHf1RjylfPY 

The Locust Wrath - multimedia dance performance

http://permagnus.net/pm/artwork/sonifications/LocustWrath/index.html
http://permagnus.net/pm/artwork/sonifications/LocustWrath/index.html
http://www.si13.tk
http://www.si13.tk
http://youtu.be/QHf1RjylfPY
http://youtu.be/QHf1RjylfPY
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The Locust Wrath - multimedia dance performance

Liong, Angela, Koh, Joyce Beetuan, Lindborg, PerMagnus, ArtsFission Dance Company. The Locust 

Wrath, multimedia dance performance. HeloTrans gallery, Singapore (September 2013).
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Locust Wrath - weather data
Tropical Marine Science Institute at NUS (Liong S-Y et al.) provided meteorological records for 
1961-2000 and predictions for 2081-2099 covering a large region of South-East Asia.

Histograms 1961-2000

Pre-processing and analysis in R (CRAN)
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2070 1923 1789 1669 1568 1488 1433 1407 1411 1445 1506 1592 1699 1823 1960 2109 2267 2432 2603 2779 2959 3141

1938 1780 1633 1500 1386 1294 1231 1200 1205 1244 1315 1413 1533 1670 1820 1980 2149 2323 2503 2686 2872 3061

1820 1650 1490 1342 1212 1106 1030 993 999 1046 1130 1244 1379 1530 1693 1865 2044 2227 2415 2605 2798 2992

1719 1537 1362 1198 1050 925 833 787 794 853 954 1087 1240 1407 1583 1767 1955 2147 2341 2538 2736 2936

1637 1444 1256 1076 907 758 642 581 590 668 794 949 1122 1304 1494 1688 1884 2083 2284 2486 2688 2892

1578 1376 1177 982 792 616 466 376 391 501 660 840 1032 1228 1428 1630 1834 2038 2243 2449 2655 2861

1544 1337 1130 925 720 519 328 178 207 376 571 773 978 1184 1391 1598 1805 2013 2220 2428 2636 2844

1537 1329 1120 912 704 496 289 90 139 343 550 758 966 1174 1383 1591 1799 2008 2216 2425 2633 2841

1557 1352 1148 946 747 556 382 266 286 424 604 798 998 1201 1405 1611 1817 2024 2230 2438 2645 2853

1604 1406 1211 1021 841 676 543 468 480 573 716 886 1070 1261 1457 1656 1857 2059 2263 2467 2672 2878

1675 1486 1303 1130 970 831 727 673 682 750 865 1009 1174 1350 1534 1724 1918 2114 2313 2513 2714 2917

1767 1589 1420 1263 1122 1006 922 880 886 940 1033 1157 1302 1463 1634 1814 1998 2187 2379 2574 2771 2969

1876 1711 1556 1414 1290 1190 1120 1086 1092 1135 1214 1320 1449 1595 1753 1921 2096 2276 2461 2649 2840 3033

2001 1848 1705 1578 1468 1382 1322 1293 1298 1335 1402 1495 1609 1741 1887 2043 2207 2379 2556 2737 2921 3109

2139 1996 1866 1751 1653 1577 1525 1500 1504 1536 1594 1676 1779 1899 2032 2177 2332 2494 2663 2836 3014 3195

2287 2155 2035 1930 1843 1775 1729 1708 1711 1739 1790 1863 1956 2065 2188 2322 2467 2620 2780 2946 3117 3292

Locust Wrath - spatialisation
performance space is specific (room acoustic considerations)
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Locust Wrath - mapping

Pre-processing and analysis in R (CRAN) Interface and synthesis in Max (Cycling 74)
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1719 1537 1362 1198 1050 925 833 787 794 853 954 1087 1240 1407 1583 1767 1955 2147 2341 2538 2736 2936

1637 1444 1256 1076 907 758 642 581 590 668 794 949 1122 1304 1494 1688 1884 2083 2284 2486 2688 2892

1578 1376 1177 982 792 616 466 376 391 501 660 840 1032 1228 1428 1630 1834 2038 2243 2449 2655 2861

1544 1337 1130 925 720 519 328 178 207 376 571 773 978 1184 1391 1598 1805 2013 2220 2428 2636 2844

1537 1329 1120 912 704 496 289 90 139 343 550 758 966 1174 1383 1591 1799 2008 2216 2425 2633 2841

1557 1352 1148 946 747 556 382 266 286 424 604 798 998 1201 1405 1611 1817 2024 2230 2438 2645 2853

1604 1406 1211 1021 841 676 543 468 480 573 716 886 1070 1261 1457 1656 1857 2059 2263 2467 2672 2878

1675 1486 1303 1130 970 831 727 673 682 750 865 1009 1174 1350 1534 1724 1918 2114 2313 2513 2714 2917

1767 1589 1420 1263 1122 1006 922 880 886 940 1033 1157 1302 1463 1634 1814 1998 2187 2379 2574 2771 2969
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2287 2155 2035 1930 1843 1775 1729 1708 1711 1739 1790 1863 1956 2065 2188 2322 2467 2620 2780 2946 3117 3292

- interactive parameter mapping
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226 Cook

pickup output(s), while a purely acoustic guitar would have no pickup output, but possibly a
family of directional filters to model body radiation in different directions [41].

Figure 9.28: Fairly complete digital filter simulation of plucked string system.

9.10.2 Adding Stiffness

In an ideal string or membrane, the only restoring force is assumed to be the tension under
which it is stretched. We can further refine solid systems such as strings and membranes
to model more rigid objects, such as bars and plates, by noting that the more rigid objects
exhibit internal restoring forces due to their stiffness. We know that if we bend a stiff string,
it wants to return back to straightness even when there is no tension on the string. Cloth
string or thread has almost no stiffness. Nylon and gut strings have some stiffness, but not
as much as steel strings. Larger diameter strings have more stiffness than thin ones. In the
musical world, piano strings exhibit the most stiffness. Stiffness results in the restoring force
being higher (thus the speed of sound propagation as well) for high frequencies than for
low. So the traveling wave solution is still true in stiff systems, but a frequency-dependent
propagation speed is needed:

y(x, t) = yl(t + x/c(f)) + yr(t− x/c(f)) (23)

and the waveguide filter must be modified to simulate frequency-dependent delay, as shown
in Figure 9.29.

Figure 9.29: Stiffness-modified waveguide string filter.

For basic stiff strings, a function that predicts the frequencies of the partials has the form:

fn = nf0(1 + Bn2) (24)

where B is a number slightly greater than 0, equal to zero for perfect harmonicity (no
stiffness), and increasing for increasing stiffness. This means that P (f) should follow

Locust Wrath - synthesis
- plucked-string synthesis model
- 18 banks of virtual strings (352 units)
- shaped click excites a tunable comb filter
- vibrato
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Locust Wrath - software
Graphical User Interface for rendering audio
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Locust Wrath - future work
Aim: to develop the LW-sonification patcher into tool for scientific & pedagogic discovery of 
patterns in the TMSI data

GUI development
- simplify interactive top-level timbre controls
- interactive spatialisation, i.e. “walk the space”

code optimisation
- parametric mapping (instead of hash tables)
- distributed synthesis (352 units)
- resolve dropout/ ‘hard timing’ issues

UX evaluation
- perceptual tests to evaluate “discovery efficiency” (Neuhoff, Kramer, 
Gregory & Wayand 2010; Flowers & Grafel 2002)
- design feedback
- compare with [concurrent] visualisation



Pe
rM

ag
nu

s 
Li

nd
bo

rg
He

ar
in

g 
is

 B
el

ie
vi

ng
…

 L
oc

us
t 

W
ra

th
 S

on
if

ic
at

io
ns

En
vi

ro
nm

en
ta

l 
Vi

si
on

s 
20

14
, 

AD
M

/N
TU

, 
Si

ng
ap

or
e90 100 110 120 130

-1
5

-1
0

-5
0

5
1
0

1
5

Measuring stations, distance (km) from Singapore

long

la
t

2070 1923 1789 1669 1568 1488 1433 1407 1411 1445 1506 1592 1699 1823 1960 2109 2267 2432 2603 2779 2959 3141

1938 1780 1633 1500 1386 1294 1231 1200 1205 1244 1315 1413 1533 1670 1820 1980 2149 2323 2503 2686 2872 3061

1820 1650 1490 1342 1212 1106 1030 993 999 1046 1130 1244 1379 1530 1693 1865 2044 2227 2415 2605 2798 2992

1719 1537 1362 1198 1050 925 833 787 794 853 954 1087 1240 1407 1583 1767 1955 2147 2341 2538 2736 2936

1637 1444 1256 1076 907 758 642 581 590 668 794 949 1122 1304 1494 1688 1884 2083 2284 2486 2688 2892

1578 1376 1177 982 792 616 466 376 391 501 660 840 1032 1228 1428 1630 1834 2038 2243 2449 2655 2861

1544 1337 1130 925 720 519 328 178 207 376 571 773 978 1184 1391 1598 1805 2013 2220 2428 2636 2844

1537 1329 1120 912 704 496 289 90 139 343 550 758 966 1174 1383 1591 1799 2008 2216 2425 2633 2841

1557 1352 1148 946 747 556 382 266 286 424 604 798 998 1201 1405 1611 1817 2024 2230 2438 2645 2853

1604 1406 1211 1021 841 676 543 468 480 573 716 886 1070 1261 1457 1656 1857 2059 2263 2467 2672 2878

1675 1486 1303 1130 970 831 727 673 682 750 865 1009 1174 1350 1534 1724 1918 2114 2313 2513 2714 2917

1767 1589 1420 1263 1122 1006 922 880 886 940 1033 1157 1302 1463 1634 1814 1998 2187 2379 2574 2771 2969

1876 1711 1556 1414 1290 1190 1120 1086 1092 1135 1214 1320 1449 1595 1753 1921 2096 2276 2461 2649 2840 3033

2001 1848 1705 1578 1468 1382 1322 1293 1298 1335 1402 1495 1609 1741 1887 2043 2207 2379 2556 2737 2921 3109

2139 1996 1866 1751 1653 1577 1525 1500 1504 1536 1594 1676 1779 1899 2032 2177 2332 2494 2663 2836 3014 3195

2287 2155 2035 1930 1843 1775 1729 1708 1711 1739 1790 1863 1956 2065 2188 2322 2467 2620 2780 2946 3117 3292

Pressure

D
e
n
s
it
y

99000 101000

0
.0
0
0
0

0
.0
0
0
5

0
.0
0
1
0

0
.0
0
1
5

Precipitation

D
e
n
s
it
y

0 50 100 150

0
.0
0

0
.0
2

0
.0
4

0
.0
6

0
.0
8

0
.1
0

0
.1
2

Humidity

D
e
n
s
it
y

0.005 0.015

0
1
0
0

2
0
0

3
0
0

4
0
0

Temperature

D
e
n
s
it
y

10 15 20 25 30 35

0
.0
0

0
.0
5

0
.1
0

0
.1
5

0
.2
0

0
.2
5

Windspeed

D
e
n
s
it
y

0 5 10 15 20 25

0
.0
0

0
.0
2

0
.0
4

0
.0
6

0
.0
8

0
.1
0

0
.1
2

2 Hermann, Hunt, Neuhoff

Perceptual Research, Sound Engineering, Computer Science are certainly core disciplines
that contribute to the research process. Yet Psychology, Musicology, Cognitive Science,
Linguistics, Pedagogies, Social Sciences and Philosophy are also needed for a fully faceted
view of the description, technical implementation, use, training, understanding, acceptance,
evaluation and ergonomics of Auditory Displays and Sonification in particular. Figure 1.1
depicts an interdisciplinarity map for the research field.

It is clear that in such an interdisciplinary field, too narrow a focus on any of the above
isolated disciplines could quickly lead to “seeing the trees instead of understanding the
forest”. As with all interdisciplinary research efforts, there are significant hurdles to interdis-
ciplinary research in Auditory Display and Sonification. Difficulties range from differences
in theoretical orientations among disciplines to even the very words we use to describe our
work. Interdisciplinary dialogue is crucial to the advancement of Auditory Display and
Sonification. However, the field faces the challenge of developing and using a common
language in order to integrate many divergent “disciplinary” ways of talking, thinking and
tackling problems. On the other hand this obstacle often offers great potential for discovery
because these divergent ways of thinking and talking can trigger creative potential and new
ideas.

Sonification

Implications for 

Science & Society

Practical

Application

Sensations

Perceived Patterns

Evaluation

Theory 

Psychoacoustics

Cognitive Sciences

Psychology

Linguistics

Music
Philosophy

Social
Sciences

Product Design

Data

Signal

Rendering

Sound Synthesis

Audio Projection

Sound Signals

Domain
Expertise

Computer Science

Acoustics
Computer Music       

Audio Engineering

Audiology

Data Mining
Statistics

Task Analysis

Discourse
on Sound

Figure 1.1: The interdisciplinary circle of sonification and auditory display: the outer perime-
ter depicts the transformations of information during the use cycle, the inner
circle lists associated scientific disciplines. This diagram is surely incomplete
and merely illustrates the enormous interdisciplinarity of the field.

Sonification - an interdisciplinary field

Hermann, Hunt & Neuhoff, TSH p. 2
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Forthcoming
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Locust Wrath - binaural version at EV2014!


