Year, Month, Monthly_MSL, Linear_Trend, High_Conf., Low_Conf.

1935,5,-0.263,-0.228,-0.215,-0.242
1935,6,-0.237,-0.228,-0.215,-0.242
1935,7,-0.26,-0.228,-0.214,-0.241
1935,8,-0.205,-0.228,-0.214,-0.241
1935,9,-0.226,-0.227,-0.214,-0.241
1935,10,-0.289,-0.227,-0.214,-0.24
1935,11,-0.046,-0.227,-0.213,-0.24
1935,12,-0.194,-0.226,-0.213,-0.239
1936,1,-0.255,-0.226,-0.213,-0.239
1936,2,-0.18,-0.226,-0.213,-0.239
1936,3,-0.203,-0.225,-0.212,-0.238
1936,4,-0.269,-0.225,-0.212,-0.238
1936,5,-0.291,-0.225,-0.212,-0.238
1936,6,-0.234,-0.224,-0.211,-0.237
1936,7,-0.181,-0.224,-0.211,-0.237
1936,8,-0.281,-0.224,-0.211,-0.237
1936,9,-0.232,-0.223,-0.211,-0.236
1936,10,-0.246,-0.223,-0.21,-0.236
1936,11,-0.339,-0.223,-0.21,-0.236
1936,12,-0.191,-0.223,-0.21,-0.235
1937,1,-0.103,-0.222,-0.209,-0.235
1937,2,-0.076,-0.222,-0.209,-0.235
1937,3,-0.27,-0.222,-0.209,-0.234
1937,4,-0.15,-0.221,-0.209,-0.234
1937,5,-0.224,-0.221,-0.208,-0.234
1937,6,-0.237,-0.221,-0.208,-0.233
1937,7,-0.151,-0.22,-0.208,-0.233
1937,8,-0.309,-0.22,-0.207,-0.233
1937,9,-0.196,-0.22,-0.207,-0.232
1937,10,-0.243,-0.219,-0.207,-0.232
1937,11,-0.238,-0.219,-0.207,-0.232
1937,12,-0.185,-0.219,-0.206,-0.231
1938,1,-0.17,-0.218,-0.206,-0.231
1938,2,-0.168,-0.218,-0.206,-0.231
1938,3,-0.224,-0.218,-0.205,-0.23
1938,4,-0.211,-0.218,-0.205,-0.23
1938,5,-0.184,-0.217,-0.205,-0.229
1938,6,-0.225,-0.217,-0.205,-0.229
1938,7,-0.285,-0.217,-0.204,-0.229
1938,8,-0.266,-0.216,-0.204,-0.228
1938,9,-0.266,-0.216,-0.204,-0.228
1938,10,-0.14,-0.216,-0.203,-0.228
1938,11,-0.226,-0.215,-0.203,-0.227
1938,12,-0.206,-0.215,-0.203,-0.227
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1937,5,-0.224,-0.221,-0.208,-0.234
1937,6,-0.237,-0.221,-0.208,-0.233
1937,7,-0.151,-0.22,-0.208,-0.233
1937,8,-0.309,-0.22,-0.207,-0.233
1937,9,-0.196,-0.22,-0.207,-0.232
1937,10,-0.243,-0.219,-0.207,-0.232
1937,11,-0.238,-0.219,-0.207,-0.232
1937,12,-0.185,-0.219,-0.206,-0.231
1938,1,-0.17,-0.218,-0.206,-0.231
1938,2,-0.168,-0.218,-0.206,-0.231
1938,3,-0.224,-0.218,-0.205,-0.23
1938,4,-0.211,-0.218,-0.205,-0.23
1938,5,-0.184,-0.217,-0.205,-0.229
1938,6,-0.225,-0.217,-0.205,-0.229
1938,7,-0.285,-0.217,-0.204,-0.229
1938,8,-0.266,-0.216,-0.204,-0.228
1938,9,-0.266,-0.216,-0.204,-0.228
1938,10,-0.14,-0.216,-0.203,-0.228
1938,11,-0.226,-0.215,-0.203,-0.227
1938,12,-0.206,-0.215,-0.203,-0.227
1939,1,-0.249,-0.215,-0.203,-0.227
1939,2,-0.238,-0.214,-0.202,-0.226

What is sonification?



Can you name these sonification tools? Listen



https://www.youtube.com/watch?v=upPiJ9vOYiY

206 Dg Morisus PLANETARUM

helijs verd Jovis, Veneris, & feré Sacurni ; quadameenus veroetiam
Telluris; & proculdubic etiam Mercurij. Namefto,ucjam nonaphe-
lius Veneris,fed perihelius 3 pr.; féc, locum ¢ capiat; ei proxime accedic
eciam perihelios Mercurij 3 pr. o fc. per Difdiapafon , per finem capiris
1V.Hujus vero perihelij £, 7 pr. ; fe.pars decima, 18 fec. ablata, relinquic
2pr. 45 fec. perihelium Jowis, obunentem locum d: & pars quindecima
12 pr, addica , camulac 3pr. 15 féc, aphelium Maris feré,, obtinentem
Jocum {: & ficin b, fequentur eandem feré cenfionem eciam perihelius
Sacurni & aphelius Jovis.  Acparsoltaya 23 fec. umpraquinquics, dac
1pr, 55 fec. quiclt perihelius Telluris; quieeli in eandem cum pram:
i am non quadrat;ut qua non ordinac incervallum s.g.infrae,nec
iupraG. tamen fijam perihclius Veneris, & ficetiam aphelius
Mercurij, excraordinem pro e, capiant locumde, tunc hic perihelius
apiet locum G 5 & confentier eciam aphelius Mercurij; quia
de3pr. 3 fec npea quinguics, fic s fec, cujus

hi omnesinter {e quidem tenfionis ejufdem : altiter camen Scalam
vidic Veneris perihclius; cum cribus ( vel quinque ) prioribus, eod
fc. genere Harmonico, g, apheli® ejuldem,in tenfione fud, puta gene
alicer ctiam cjufdem Venerisg

ribus, eandem dividic; puta, non in Concirnaaha, f¢d [3
fum Concinnorum ordinem ;qui fcilicec propriuseft ge

Sufficic aucem , hoccapite ; quid in cau averferur , oboc
fnifle: quare verdunumquodquc fic fueric fadtum, & quzcau
tantiim confpiracionum, fed eciam diffidenciz per minima ; id lucuy
lentiffimis dcmonitracionibus patefice Cap; IX.

CoA PNt

In Extremitatibus motuum Plane-

tariorum exprefsos efse quodammodo Mo-
dos fcu Tonos Muficos.

chultur hoc ex antedidis, nec opus eft mulcis verbis,
finguli cnim plancez fingula quodammodad fignane loca fyftemacis,
motu perihelio, quatenusdatum eftfingulis , percurrere certum ali-
quod incervallum in Scala Mufica,cerasejus Clavibus, feu locts Syfte-
matis comprehenfum; cujufqueab illa Clave feuloco inceptum , qui
capite precedenti contigie illius morui aphelio , Sarurno quidem &
Terrz G, acJovi h.quain G aldius craniponi poreft, Marti fe, Vene-
ri e; Mercurio 4, mnaltiori Syftemare.  Vide fingulosin Noris ufica-
tis. Non formantquidem intermedios locos, quos hic vides notisim-
plecos; articulace , ficurexcremos : quiaab uno extremo, non falabug
& incervallis, (cd concinud renfione nicunowr ad oppofisum; mediao-
maia

Johannes Kepler, Harmonices Mundi (1619

HarmonrcrsLis. § 307

mnia (infinicain potentid ) permeantesactu : id quod aliter dme non
potuic exprimi, quam per continuam feriem Notarum intermedia.
o e
_gﬂﬁ';

daturnus Jupiter

Mercurius Hicloeum habee enan:d

ram.  Venus feré maner in unifono 'non zquans tenfionis amplicu-
dlﬂc VCI minimum ¢x concinnis ln(Cf\'.ll]lS,

Arqui fignacura duarum incommuni Syflemate Clavium , & for-
matio [celers Oftava, per comprehenfionem certiinzervalli concinni,
cftrudimentum quoddam diftinctionis Tonorum {eu Modorum:func
ergd Modi Muficiincer Planecasdifpertiti, — Scio equidem, ad forma-
donem & definitionem diftinétorum Modorum requiri plura , quz
cantus humani, quippe incervallati, funt propriazicaque voce quodam-
modo fumufis.

Liberum autem eric Harmoniftz , fencentiam depromere fuam »
quem quifjue planeca Modum exprimac propilis , excremis hicipfi af*
fignacis, Ego Sacurno darem ex ufitans Seprimum vel O&tavum ,
quia firadicalem ejus clavem ponas G, perihelius mocus alcendicad
Jovi Primum vel Secundum ;quiaaphelio ¢jus motuad G accomm
dato, periheliusad & pervenic; Marti Quincum vel Sextum ; fion ¢
tantiim,quia feré Diapence affequicur,qtiod incervallum communie eft
omnibus modis : fedided ponflimiim . quia redaftus cum cacerisad
commune fyltema, peribelio motu ¢ affequitur, aphelioad £ allud;
quz radix eft Toni feu Modi Quind vel Sexui: Telluri darem TertiumTel eanie
vel Quartum : quiainera femitonium ejus motus vertuncur ; & verdM! FA M
primnm illorum Tonorum incervallum eft femiconium & Mcrcuriof',‘.,':"::gi‘:
verd ob amplitudinem intervalli , promiftué omnes Modi vel Tonijetss, inboe
convenient : Veneriob anguftiam incervalli, planénullus sacob com..2ofe de.

S E : = mscilio MI
mune Syflema, etiam Teroius & Quarcus; quia ipfarefpe@tu c@iero-eam &
FAm

fumobtmer e, em ol
CAPVT VIL

tiuae

Harmoniasuniverfalesomnium
fex Planetarum , veluti communia Contra-
punlta, quadiiformiadari.

IN Vncopus, Vranie, fonitu‘majore: dum'per fedlam
Harmoaicam ceeleftiom motuum, ad alsiora gonftendo ; qui ge-
(awinus

EBook


https://archive.org/details/ioanniskepplerih00kepl/page/204/mode/2up

Laurie Spiegel, Kepler’'s Harmony of the Worlds (1977)



https://lauriespiegel.bandcamp.com/album/the-expanding-universe
https://www.youtube.com/watch?v=fKX21xp6hhA

Atlas of stars by Antonin Becvar (1958) which inspired...




John Cage, Atlas Eclipticalis (1961) Watch



https://vimeo.com/53533884

NASA's Chandra X-Ray Observatory: Bullet Cluster Sonification Link

Bullet Cluster Sonification
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https://www.youtube.com/watch?v=J7STY_H0BEk

Scientists using sonification in their work

What scientists can learnby = X +

25 latimes.com/science/story/2023-02-03/the-sounds-of-science

S Los Angeles Times
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(Scott Gelber / For The Times)

By Sumeet Kulkarni


https://www.latimes.com/science/story/2023-02-03/the-sounds-of-science

Scientists using sonification in their work Link

(O Scientists are turning data X e

& x O

25 theconversation.com/scientists-are-turning-data-into-sound-to-listen-to-the-whispers-of-the-universe-and-more-1886.
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https://theconversation.com/scientists-are-turning-data-into-sound-to-listen-to-the-whispers-of-the-universe-and-more-188699

Artists using sonification in their work

Chris Chafe

® @ wWork- Chris Chafe

C % chrischafe.net/work/

‘ ()

Home About Chris Chafe

Current Projects Music

All Music Sonification

Tomato Music

Brian Foo

@ Data-Driven DJ / Homepage

s datadrivendj.com

Table of Contents

Sonification of Income Inequality on
the NYC Subway

Rhapsody in Grey
Using Brain Wave Data to Convert a
Seizure to Song

Air Play
Smog Music Created With Beijing
Air Quality Data

N d Attraction
A Song Mixed Using Data On Race
And Attraction

Lee and Jackson
The Rhythm and Sounds of Two
Painters and Their Work

Distance From Home
lating Global Refugee
ment to Son,

Google Lens ¥ o

DATA-DRIVEN D

by Brian Foo

Data-Driven D] is a series of music experiments that combine
data, algorithms,and borrowed sounds.

My goal is to explore new experiences around data consumption beyond the written and
visual forms by taking advantage of music's temporal nature and capacity to alter one's mood.

Topics will range from social and cultural to health and environmental.

Each song will be made out in the open: the creative process will be documented and
published online, and all custom software written will be open-source. Stealing, extending,
and remixing are inevitable, welcome, and encouraged. Check out the FAQs for more

information.


https://chrischafe.net/work/
https://datadrivendj.com/

My work

My interest in sonification arose from “seeing sound” in the
environment around me - lifting melody from the landscape.



NGNS

o
_ Weather Box, 2014



https://www.sarabouchard.com/works/weather-box

U.S. Department of Commerce QUAL'TY CONTROLLED LOCAL National Climatic Data Center

National Oceanic & Atmospheric Administration Federal Building
CLIMATOLOGICAL DATA 151 Patton Avenue
(ﬁnal) Asheville, North Carolina 28801
HOURLY OBSERVATIONS TABLE
CENTRAL PARK (94728)
NEW YORK, NY
(03/2014)

Elevation: 130 ft. above sea level
Latitude: 40.778

Longitude: -73.969

Data Version: VER3

: Sea
. e Station
Station Sky Visibility Weather Pressure Level

Type Conditions (SM) Type Pressure T(‘?‘a'
5 in)
(in. hg)

3 6 17 22

Precip.
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| originally sourced and analyzed data by hand! Data fr




o000 M A v~ U il 2014 CHART Qv Search Sheet

Home Insert Page Layout Formulas Data Review View

il u

MAR C D
TEMP o
PREC 0.5
WIND 3

1 12an 0
6am
12pm
6pm
12am
6am
12pn
6pm

3 12am
6am
12pm
6pm
12am
6am
12pn.
6pm
12am
6am
12pn
6pm

6 12am
6am
12pn
6pm
12am
6am
12pm
6pm
8 12am
6am
12pm
6pm
12an
6am
12pm
6pm
12am
6am
12pm
6pm
11 12am
6am
12pm

0 6pm___ 0

3 12 12an 3

6am
12pn0.4/0
6pm

13 12am
6am
12pm
6pm
12am
6am
12pm

44 6pm

44 12am 6

48 6am 3 48

58 12pm

Sheet4 Sheetb Sheet6 Sheet7 Sheet9 Sheet8 Sheet10 Sheet11 Sheet12 +




My early sonifications were low-tech, rooted in folk music and
conveyed intimacy.



Catskills Songline, 2016

Listen



https://www.sarabouchard.com/works/catskills-songline

LT

Breathe, River (2019) incorporated a year’s worth of water quality data from the James River
in Richmond, VA (obtained from VCU Rice Rivers Center)


https://www.sarabouchard.com/works/breathe-river

o 8 - B 2017 Rice Pier Jan-Dec with gagqc pivot 2 (Autosaved)

Home Insert Page Layout Formulas EIE] Review View
fx Sondel_pH_mv

: G 1 J K L M N R Y AC AD AE AF AG AH Al

| ; Sonde1_Ti R

_volt X el 0 . . |sonde1_oal Sonde1 wilsonde1_ca Sonde1_Tu|Sonde1_ch|Sonde1_ch|Sonde1_BG|Sonde1_8G|Sonde1_BG|Sonde1 BG| Sonde1 0 | Sonde1

TIMESTAM AirTey R B8P Rai me_hl per =2
Jr oloboloroso o oo ol O Sl e =
2 1/1/17 0:00, 12.65 8.13 0.006 8.66 2234 46.74 4288 30.02 0 120216 73354 5.56. 0 12.08 0 6.021 42.84 7.74 0 21.29 1281 32 0.92 ) ) 99.9 124
3 1/117 0:15| 12.64 8.08 0.015 9.07 218.1 46.7 4281 30.01 o 120216 73354 5.56. 0 12.08 0 6.014 42.83 172 0 2131 12.62 3.15 0.93. 0 0 99.7 12
4 1/1/17 0:30 12.63 8.05 0.006 10.95 228 46.81 42.55 30.01 0 120216 73354 5.56 0 12.08 0 6.024 4284 .77 0 16.99 11.6 289 0.87 0 0 100.3 12.
5 1/1/17 0:45‘ 1263 8.05 0.015 124 236.4 47.04 42.56 30.02 0 120216 73354 5.56 0 12.08 0 6.002 42.80 775 0 17.83 11.8 2.94 0.88 0 0 100.1 12.
6 1/1/17 1:00, 12.63 8.09 0.028 11.02 230.9 47.29 42.64 30.02 0 120216 73354 5.56. 0 12.08 0 5.992 42.79 7.52 0 26.45 1173 293 09 0 0 98.5 12,
7 1/1/17 1:15| 12.63 8.15 0.034 10.76 2294 4731 4242 30.01 0 120216 73354 5.56. 0 12.08 0 6.045 42.88 7.69 0 25.58 1244 31 0.93. 0 0 993 12
8 1/1/17 1:30| 12.62 82 0.028 12.29 234 47.47 42.46 30.01 o 120216 73354 5.56. o 12.08 0 6.017 42.83 7.62 0 3284 12.96 323 0.98. () ) 988 12.
9 1/1/17 1:45| 12.62 8.27 0.019 1245 241.6 47.69 42.98 30.01 0 120216 73354 5.56 0 12.08 0 6.099 42.98 .72 0 199 12.36 3.08 0.92 0 0 995 12
10 1/1/17 2:00| 12.61 8.36 0.059 12.99 246.9 47.88 4294 30.02 0 120216 73354 5.56. 0 12.08 0 6.119 43,01 7.74 0 16.56 12.25 3.06 09 0 0 99.8 12
1 1/1/17 2:15| 12.61 8.44 0.062 12.79 243.1 47.85 4412 30.02 0 120216 73354 5.56. 0 12.08 0 6.213 43.18 .77 0 13.02 119 297 0.87 0 0 100 12
12 1/1/17 2:30] 12.61 8.47 0.022 11.66 2412 478 4417 30.02 o 120216 73354 5.56. o 12.08 0 6.283 4331 78 0 1193 11.72 292 0.85. 0 0 100 12.
13 1/1/172:45 126 85 0.012 10.71 237.6 47.77 44.44 30.02 0 120216 73354 5.56 0 12.08 0 6.324 4338 78 0 1163 12.09 3.02 0.87 0 0 100.1 12
14 1117 3:00, 12.6 85 0.019 828 2475 476 45.26 30.03 o 120216 73354 5.56. o 12.08 0 6.329 4339 7.79 0 196.2 11.48 12.45 in 0.86. 0 0 100.1 12.
15 1/1/17 3:15| 12.59 85 0.012 10.28 236.2 47.6 45.65 30.04 0 120216 73354 5.56. 0 12.08 0 6.317 4337 7.79 0 196.5 1139 125 312 091 0 0 100 12
16 1/1/17 3:30, 12.59 85 0.025 9.29 227.5 47.6 459 30.04 o 120216 73354 5.56. o 12.08 o 6.305 4335 .17 0 196.4 1151 12.73 318 091 0 0 100.1 12.
17 1/1/17 3:45 12.58 8.49 0.006 9.47 219.5 476 46.18 30.04 o 120216 73354 5.56. 0 12.08 o 6.293 4333 7.76 0 196.8 1134 12.65 3.16 09 0 [ 100.1 12.
18 1/1/1711:00‘ 12.57 8.47 0.009 7.491 2289 47.6 46.26 30.05 0 120216 73354 5.56. 0 12.08 0 6.281 4331 7.76 0 196.7 114 123 3.07 0.88 0 0 100.1 12
19 1/1/17 4:15| 12.57 8.44 0.006 9.7 247.6 47.74 47.41 30.05 o 120216 73354 5.56. 0 12.08 0 6.267 43.28 7.76 0 196.9 11.82 12.74 3.18 09 0 0 100.1 12.
20 1/1/17 4:30, 12.57 8.38 0.006 9.84 244.1 47.8 48.77 30.05 0 120216 73354 5.56. o 12.08 0 6.224 43.20 775 0 1958 1155 1297 324 091 0 0 100.2 12
21 1/1/17 4:45 12.56 8.38 0.006 9.35 246.1 47.88 49.76 30.05 o 120216 73354 5.56. o 12.08 o 6.203 43.17 775 0 196.3 11.62 13.59 339 0.94 0 0 100.2 12
22 1/1/17 5:00| 12.56 8.44 0.015 9.68 2413 48.1 50.09 30.05 0 120216 73354 5.56. 0 12.08 0 6.161 43.09 7.69 0 194.6 15.24 12.74 3.18 0.92 0 0 99.3 12|
23 1/1/175:15| 12.55 851 0012 847 2422 482 4953 3005 0 120216 73354 5.56 o 1208 0 6179 4312 77 [ 1935 1389 1282 32 093 0 0 9.4 12.
2 1/1/175:30| 12.55 857 0015 819 2467 4821 4983  30.04 0 120216 73354 5.56 o 1208 0 618 4312 7.76 [ 196.2 1195 1249 3.12 088 0 0 999 12
25 1/1/17 5:45| 12.53 8.59 0.012 9.55 250.9 48.27 51.05 30.05 0 120216 73354 5.56. 0 12.08 0 6.123 43.02 7.7 0 195.9 139 12 299 0.86 ) 0 99.4 12..
26 1/1/17 6:00| 12.53 863 0.022 1111 242 48.28 50.27 30.05 0 120216 73354 5.56. 0 12.08 0 6.199 43.16 775 0 196.7 12.12 12.09 3.02 0.83 0 0 998 12
27 1/1/17 6:15| 12.52 8.68 0.015 10.34 242.3 4834 50.09 30.05 0 120216 73354 5.56. 0 12.08 0 6.227 4321 7.76 0 197.1 11.54 12.09 3.02 0.85. [ 0 99.8 12.
28 1/1/17 6:30| 12.52 873 0.009 801 2465 483 5073 3005 0 120216 73354 5.56 0 1208 0 625 4325 7.74 [ 195.6 17 1168 291 083 0 0 96 12
29 1/1/17 6:45| 12.51 875 0012 856 2491 4847 5021 30.06 0 120216 73354 5.56 o 1208 0 618 4312 77 [ 195.8 1357 1183 2.95 084 0 0 994 12
30 1/1/17 7:00 12.51 8.77 0.012 7.657 2484 48.48 50.8 30.06 0 120216 73354 5.56 0 12.08 0 6.118 43.01 767 0 196 14.32 11.86 2.96 0.85 0 0 99.1 12.
31 1/1/17 7:15| 125 8.77 0.015 9.32 242.9 48.72 5035 30.07 0 120216 73354 5.56. 0 12.08 0 6.116 43,01 7.67 0 196.2 1391 11.95 298 0.86. 0 0 98.9 12
32 1/1/177:30, 125 8.82 0.015 12.26 244.8 49.04 49.54 30.07 0 120216 73354 5.56. 0 12.08 0 6.091 4296 7.67 0 196.8 14.16 11.72 2.92 0.83. ) 0 9.9 12.2
33 1/1/17 7:45| 125 89 0.025 9.28 251.4 48.96 49.61 30.08 0 120216 73354 5.56. 0 12.08 0 6.056 42.90 7.68 0 197 1423 11.88 2.96 0.83. ) 0 98.8 12.;
34 1/1/17 8:00, 12.49 8.92 0.068 103 252.6 48.87 49.59 30.09 0 120216 73354 5.56. 0 12.08 0 6.003 42.81 7.68 0 197.1 15 1198 299 0.83. 0 0 9.7 12
35 1/1/17 S‘ISj 12.49 893 0.536 11.36 250.4 49.07 49.41 30.09 0 120216 73354 5.56 0 12.08 0 5.954 42.72 768 0 197.1 17.05 12.22 3.05 0.85 0 0 98.6 12
36 1/1/17 8:30: 12.48 89 5.776 12.18 250.7 49.09 49.62 30.1 0 120216 73354 5.56. 0 12.08 0 5.918 42,65 7.68 0 197.7 17.84 1231 3.07 0.87 0 0 98.6 12
37 1/1/17 8:45| 12.49 8.87 22.26 11.27 242.5 48.84 49.94 30.11 0 120216 73354 5.56. 0 12.08 0 5.904 42.63 7.68 0 197.9 17.88 12.45 31 0.87 0 0 98.7 12,
38 1/1/17 9:00, 12.51 8.81 44.54 8.73 234.7 4834 50.12 30.12 o 120216 73354 5.56. [ 12.08 0 5.927 42.67 7.69 0 198.7 18.76 1231 3.07 0.86. 0 [ 9.7 12,
39 1/1/17 9:15‘ 12.52 8.72 68.7 8.54 237.1 47.85 50.49 30.13 0 120216 73354 5.56 0 12.08 0 5.958 42.72 768 0 198.7 18.56 12.55 313 0.88 0 0 98.8 12
40 1/1/17 9:30, 12.56 8.68 1159 893 2408 47.56 51.17 30.13 0 120216 73354 5.56. 0 12.08 0 6.034 42.86 769 0 198 17.43 12.26 3.06 0.86. 0 0 98.8 12
a1 1/1/17 9:45 12.78 8.74 146.3 7.691 233.9 474 51.78 30.13 0 120216 73354 5.56. 0 12.08 0 6.096 4297 77 0 198.6 17.43 1231 3.07 0.86. 0 0 98.8 12,
42 1/1/17 10:00| 13.14 8.95 207.2 6.217 226 474 5239 30.14 o 120216 73354 5.56. 0 12.08 0 6.181 43.13 172 0 198.3 16.44 11.95 298 0.85. [ 0 99 12,
a3 1/1/17 10: 1358 9.41 3417 7.05 252 47.74 53.18 30.15 0 120216 73354 5.56. o 12.08 0 6.233 43.22 172 0 198.4 15.61 12 299 0.86. 0 0 99.4 12
A 1/1/17 10:30 13.68 10.29 457.9 6.981 257.4 48.18 54.76 30.15 0 120216 73354 5.56 0 12.08 0 6.33 43.39 773 0 198.4 15.8 11.7 2.92 0.84 0 0 100 12
45 1/1/17 10:45| 14.64 11.45 481.8 5.987 265.9 48.7 55.07 30.16 0 120216 73354 5.56. 0 12.08 0 6.39 4350 7.74 0 197.8 1491 10.81 2.69 0.82 0 0 100.7 12
46 1/1/17 11:00 14.49 12.46 438.2 5321 262.5 49.06 553 30.16 o 120216 73354 5.56. 0 12.08 0 6.471 43.65 775 0 198.2 14.96 12.67 3.16 0.86. 0 0 100.7 12,
47 1/1/17 11:15| 14.43 12.83 395.2 6.667 265.7 49.13 55.05 3017 o 120216 73354 5.56. o 12.08 o 6.492 43.69 775 0 197.6 14.82 11.79 294 0.87. 0 0 101.6 12
48 1/1/17 ll:!Dl 1441 12.74 407.4 6.772 272.9 49.27 54.85 30.17 0 120216 73354 5.56 0 12.08 0 6.828 44.29 778 L 197.9 15.01 9.4 2.34 0.79 0 0 102.1 12
49 1/1/17 11:45| 14.64 12.82 801 6.516 265.2 50.46 53.17. 30.18 0 120216 73354 5.56 0 12.08 0 6.919 44.45 7.66 0 194.7 17.03 9.57 2.39 081 0 0 102.4 12
50 1/1/17 12:00| 14.62 13.59 923 6.154 256.9 50.78 54.05 3017 0 120216 73354 5.56. 0 12.08 0 7.042 4468 .77 0 196.6 15.49 8.92 2.22 0.77 0 0 103.6 12,
51 1/1/17 12:15| 146 14.41 863 6.222 262.8 50.71 55.09 3018 o 120216 73354 5.56. o 12.08 o 7.216 4499 7.78 0 195.6 13.66 84 2.09 0.74 0 0 104 12,
52 1/1/17 12:30 14.58 14.98 954 5.462 260.6 5131 54.91 30.17 o 120216 73354 5.56. o 12.08 0 7.233 45.02 775 0 195.6 14.03 857 2.14 0.75. 0 0 1043 12
s3 1/1/17 lZ:dS‘ 1455 15.56 960 3.892 260.1 51.65 54.98 3017 0 120216 73354 5.56. 0 12.08 0 7.134 4484 .77 0 195.4 143 8.82 22 0.76 0 0 1043 12
54 1/1/17 13:00| 14.53 16.31 860 3.671 257.9 52.79 53.24 30.17 0 120216 73354 5.56. 0 12.08 0 7.024 44,64 78 0 196.9 1253 8.86 221 0.75. 0 0 103.5 12
55 17135l 14510 16930 6729 303 . 5344 5198 3017 o 102160 73354/ 556/ o 1208 o TGS 33 7.79 0 197.4 1247 9.86 246 078 0 [ 102.9 124
4 gures Overlap Data Jan pivot Jan Feb Mar Apr May June July Aug Sep Nov Dec +
Ready Count: 4 HH | e —" - S— 75%




@ @ J musicalgorithms.org/4.1/app/# X +

< (& A Not Secure | musicalgorithms.org/4.1/app/#/pitch

> Duration

Select Number of Voices:

Voice 1 3

Note count: 623 Range 20 To 60 e [m
Select set for pitch: Select algorithm for pitch:  Division vi @

Pitch input: Pitch Mapping :

-0.263,
-0.237,
-0.26,

-0.205,

£+ Modify Input

26,28,26,31,29,24,44,32,27,33,31,26,24,29,33,25,29,28,20,32,39,41,26,35,29,28
,35,22,32,28,28,32,34,34,29,30,33,29,24,26,26,36,29,31,27,28,32,29,33,31,33,3
4,32,28,33,26,29,37,31,30,36,32,32,40,34,32,26,33,40,29,25,34,28,30,31,28,27,
20,21,30,29,28,29,32,28,36,33,33,35,36,30,29,32,24,28,28,26,28,31,31,32,32,26 y

Duration —

The website Musicalgorithms.org aided me in mapping the data to MIDI values



http://musicalgorithms.org

-
A
N
o
)
%
1
>
o
=)
L

| then pulled the MIDI into
a music scoring program
before recording the piece
with a tenor saxophonist.

(Repeated values are
expressed in longer
durations or rests.)



Sonic Pi software... Listen to this sonification sketch

e e Sonic Pi

T ETNC) N BTN BEN Lo e Lo el Talls Tallo
##### SEA LEVEL RISE, PORTSMOUTH, VA, 1935-1987 Log
## The rate of playback of a bell sample is derived
## from sea level measurements. Measurements below 0 {run: 1, time: 19.75}
## result in backwards playback. Higher measurements
## result in higher pitches.

sample "/Applications/Sonic Pi.app/Contents/Resources/etc/samples"”,
"perc_bell.flac", {rate: -0.56, pan: 0.6877}

1, time: 20.0}
songfile= ; ;

_ . . = sample "/Applications/Sonic Pi.app/Contents/Resources/etc/samples"”,
table = CSV.parse(File.read(songfile), headers: “perc_bell.flac", {rate: -0.655, pan: 0.0344}

y = table.by_col[0] ## year r ime: 20.25}
m table.by_col[1] ## month 42"

s = table.by_col[2] ## monthly median sea level
Applications/Sonic Pi.app/Contents/Resources/etc/samples"”,

. "perc_bell.flac", {rate: -0.69, pan: 0.7134
in_thread per { p 34}

623.times |1
r = (s[i].to_f)*x5+0.5
puts m[i],y[1]
puts s[i]
sample :perc_bell, rate: r, pan: rrand(-1,1)
sleep 0.25

Line: 21, Position: 14

101 11 12] |3] |41 15| I6] 171 18] 9]

3.3.10on Mac

In 2021, | started incorporating Sonic Pi, a live coding software, into my work.
Sonic Pi is built in Ruby and can easily read spreadsheets with a specialized line of code.


https://vimeo.com/760444973/52c944e18c?share=copy

Forest for the Trees (2023) mcorporated accelerometer data frof O ollers placed
in trees outside the gallery. | used Sonic Pi to trigger sound samples in different ways
depending on the data streaming in through OSC (Open Sound Control).


https://www.sarabouchard.com/works/forest-for-the-trees

| discovered in Sonic Pi a
powerful, open-ended tool
for creative sonification and
developed a VCUarts class
to share my techniques.

Intro

Community Examples News Tutorial

Sonic Pi

Experience the sound of code.
Sonic Pi is your free code-based music creation and performance tool.
Powerful for p

Expressive for compositio

Accessible

Simple for

Learn to code creat 0S performing music in an
incredible r S Jazz to Hip hop & EDM



My art students worked with FLUXNET data! Link

veu The sound of science: VCU X et

Cc °5 news.vcu.edu/article/2024/04/vcu-students-compose-electronic-music-that-incorporates-environmental-... ¥

VIRGINIA COMMONWEALTH UNIVERSITY WE ARE THE UNCOMNMON. @TD
= SECTIONS Search...

APRIL 5, 2024

The sound of science: VCU
students compose electronic
music that incorporates
environmental data

gathered at VCU Rice Rivers
Center

The ear, not just the eye, is a powerful route for - » : 3 4
Max Biscarr, a sophomaere kinetic imaging major, performs an electronic music

experienCing and intel’PYEting data; anda composition that'incorporates air temperature data and soil temperature data
course that unites VCUarts and VCU Life collected at the VCU Rice Rivers Center. (Photo by Allen Jones, Enterprise

. o e : Marketing and Communicati
Sciences is finding the harmony in nature. T SRS )

By Brian McNeill

SHARE THIS STORY


https://news.vcu.edu/article/2024/04/vcu-students-compose-electronic-music-that-incorporates-environmental-datagathered

Students took a field trip
to the flux tower at VCU
Rice Rivers Center,
hosted by Chris Gough




run

u stop D rec n save load m

require 'csv'

size .

datafile= "/Users/sara/Documents/art:music/Fluxnet/Ameriflux meeting/Sonification presenta

table = CSV.parse(File.read(datafile), true)

table.by_col[4]
table.by_col[5]

(o
m
r = table.by_col[11]

live_loop do
stop

use_synth
1487 .times do |1i|

puts 1 + 2
puts c[i]
set , 1

rad = ((r[i].to_f-(-92))*(1-0)/(810-(-92))+0)
carbon = ((c[i].to_f-(-293))*(27-0)/(220-(-293))+0)

with_fx s

I nlawv cralafl

rad do

AT rarhan +a i1 rrand/lf 2 1)

Line: 18, Position: 1

101 111 121 3] |41 5] |61 171 18] |9]

My contribution to the class “algorave”

rran

size . scope  wW-

info

Scope

help ﬂ prefs m

Log
Stopping thread :live_loop_data_methane
Stopping thread :live_loop_beat
Stopping all runs...
Completed run 2

A1l runs completed

UeEe NN

Pausing SuperCollider Audio Server
Cues

/live_loop/bass []
/1live_loop/data_C02 []
/live_loop/beat_hihat []
/1live_loop/data_methane []
/1live_loop/beat [1

Link Metronome & Global Time Warp

[ Link ] [ 60.00 bpm ] 0Oms

Sonic Piv4.5 on Mac

(link to come)



Learn Sonic Pi + listen to your own data!



run u stop n Fec: n save H load n size . size . scope W~ info help u prefs m

Scope
require 'csv'
datafile= "/Users/sara/Documents/Sonification presentation/RRC subset - JULY 2023.csv"
table = CSV.parse(File.read(datafile), true) E S
4.237929821
synth :pluck, {note: 64.7647, amp: 0.9107, pan: -0.84

c = table.by_col[4]
=> Completed run 6

in_thread do => All runs completed
use_synth k
1487 .t1 mes do |1i] => Pausing SuperCollider Audio Server
| puts i+ 2
‘ puts c[i] => Saving recording to /Users/sara/Desktop/sonification t
i
‘ carbon = ((c[i].to_f-(-293))*(90-30)/(220-(-293))+30) Cues
‘ play carbon.to_f, rrand(0.3,1), rrand(-1,1) /live_loop/bass [
S et /'Live:loop/data_coz El
sleep 0.125 /live_loop/beat_hihat []
end /live_loop/data_methane []
end /live_loop/beat [l

47 Link Metronome & Global Time Warp

101 11 121 131 141 I5] 16| 17| 18] |9| [t ][60-0“""‘] Oms

Sonic Pi v4.5 on Mac

Line: 20, Position:

Basic sonification template for mapping parameters to pitch.
(Can also map to volume or amount of an effect. Output range would be 0-1.)



run u stop n rec u save load m size . size - scope W~ info “ heltp A prefs m

Scope

Log

require 'csv' E_ —

datafile= "/Users/sara/Documents/Sonification presentation/RRC subset - JULY synth :plﬁék, {note: 64.7647, amp: 0.9107, pan: -0.84

. ’ => Completed run 6
table = CSV.parse(File.read(datafile), true) r

Cues
c = table.by_col[4]

/live_loop/bass [1
/live_loop/data_C02 []

in_thread do r /live_loop/beat_hihat []
/Miva 1ann/data mathana 1
Line: 20, Position: 47 Link Metronome & Global Time Warp
101 111 121 [31 141 151 161 |71 18] 9] [ 6000 bpm Oms
Help

1 Welcome to Sonic Pi =

11 Live Coding Welcome friend :-)

1.2 Exploring the Interface

1.3 Learning through Play Welcome to Sonic Pi. Hopefully you're as excited to get started making your own sounds as | am to show you. It's
2 Synths going to be a really fun ride where you’ll learn all about music, synthesis, programming, composition, performance and

2.1 Your First Beeps
2.2 Synth Options
2.3 Switching Synths But wait, how rude of me! Let me introduce myself - I'm Sam Aaron - the chap that created Sonic Pi. You can find me
2.4 Duration with Envelopes at @samaaron on Twitter and I’d be more than happy to say hello to you. You might also be interested in finding out

s Samples . more about my Live Coding Performances where | code with Sonic Pi live in front of audiences.
3.1 Triggering Samples

more.

Docs

32 Sample_ Parameters If you have any thoughts, or ideas for improving Sonic Pi - please pass them on - feedback is so helpful. You never
5:3 Strstching Samples know, your idea might be the next big feature!

5 This tutorial is divided 1n inta sections arauned bv cateaory. Whilst I've written it to have an easv learnina proaression
Tutorial Examples Synths Fx Samples Lang

Sonic Piv4.5 on Mac

Sonic Pi has a fantastic built-in tutorial. But it doesn’t cover
sonification, so take a look and email me for Ruby templates!



Why sonify?

What can be gained from experiencing data with our ears?



Why sonify?

Data processing perspective:

- Our ears are better than our eyes at
identifying patterns within large data sets

- Accessibility for the blind

- Real-time feedback

Communications perspective:
- Creates a novel, immersive experience
- Music carries emotional resonance

- Grabs people’s attention and helps them
remember the story behind the data

- Community-building and support around
climate change anxiety + action



Considerations

Who is the audience? (Scientists or general public?)
How can the presentation best serve the story behind the data?

How closely does the presentation need to adhere to the data? (Depends on
audience)

What role can sonification play within the FLUXNET community?



Resources

Podcast & Sonification Community Additional Articles
Loud Numbers

Making Numbers Louder: Telling Data Stories
with Sound
Duncan Geere, Miriam Quick, Datajournalism.com

Website for creating sonifications

Two Tone
How a Blind Astronomer Found a \Way to Hear
Live Coding Software the Stars
(Platform built in Ruby, can be used for sonification with Wanda Diaz Merced, TED 2016
Sara’s template)
Sonic Pi Sound the Alarm: Data Sonification as a Tool for

Climate Action
Ableton.com



https://datajournalism.com/read/longreads/data-sonification
https://datajournalism.com/read/longreads/data-sonification
https://www.ted.com/talks/wanda_diaz_merced_how_a_blind_astronomer_found_a_way_to_hear_the_stars?subtitle=en
https://www.ted.com/talks/wanda_diaz_merced_how_a_blind_astronomer_found_a_way_to_hear_the_stars?subtitle=en
https://www.ableton.com/en/blog/sound-the-alarm-data-sonification-as-a-tool-for-climate-action/
https://www.ableton.com/en/blog/sound-the-alarm-data-sonification-as-a-tool-for-climate-action/
https://www.loudnumbers.net/
https://www.sonify.io/twotone/
https://sonic-pi.net/

Thank youl!

sarabouchard.com
bouchardse@vcu.edu*
Insta: @seventh_sara



mailto:bouchardse@vcu.edu

