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Waves

An Anthropology
of Scientific Things

Stefan Helmreich
MIT

The Texture of a Great Wave
Willard Newell Bascom, photo, 1971
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Biosphere: Microorganisms
Alexis Rockman, 18” x 24", oil on wood panel, 1993
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P WAVE

atrial
depolarization and
contraction

| ST SEGMENT
beginning of
ventricular
repolarization
to prepare for
next beat

QRS COMPLEX
ventricular
depolarization and
contraction

ELECTRICAL POTENTIAL in millivolts

TIME in seconds

steam engine railway electrical engineering petrochemicals information
cotton steel chemistry automobiles technology

1. Kondratieff 2. Kondratieff 3. Kondratieff
1 1850 1900

P: prosperity

R: recession

D: depression
E: improvement
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The Honourable East India Company's Iron War
Steamer, the ship Nemesis. London: Colnaghi &
Gustave Dore, 1870 engraving of Puckle, October 26, 1841. Engraved by R. G.

scene from The Rime of the Ancient Reeve after a painting by H. J. Leathern
Mariner

Photo from
StokeReport |
Surf Reports

for Ocean Beach,
Linda Mar and the
San Francisco

Bay Area
y Wave schematic, ug.edu.au
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from Donna Haraway. 2014. “SF: String Figures, Multispecies Muddles, Staying with
the Trouble,” Keynote Lecture, Knowings and Knots: Methodologies and Ecologies
in Research-Creation, University of Alberta, Canada, March 24.
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www.gfdl.noaa.gov/ocean_mesoscale_eddies

www.nature.com/nature/journal/v472/n7344/full/nature09983.htmI?WT.ec_id=NATURE-20110428
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H.M.S. Agamemnon Completing First Atlantic Cable, near Ireland, August 1858,
1898 engraving after original painting by Henry Clifford
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Wave measurements, 1940s, Willard Newell Bascom Papers, 1945-2000, Collection
2008-21, BOX 3, Scripps Institution of Oceanography Archives
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Left: “Effect of Bottom Slope on Breaker Characteristics as Observed along the Scripps
Institution Pier,” Walter Heinrich Munk Papers, 1944-2002, Collection 87-035, BOX 23,
Scripps Institution of Oceanography Archives (note wartime confidentiality label)

Right: World War ll-era aerial photo by John Issacs,
www.coastalwatch.com/surfing/6916/where-the-swell-begins-from-the-surfers-journal

SLIDE 23



Sheehan
Typewritten Text
SLIDE 23


First Atomic bomb test at Bikini Lagoon, 1 July 1946, Willard Newell Bascom
Papers, 1945-2000, Collection 2008-21, BOX 3, Scripps Institution of
Oceanography Archives
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“The Gulf of Mexico offshore oil and gas industry was born off the coast of
Louisiana in the 1940's, and from there the people, companies, and techno-
logies spread across the globe.” Bureau of Ocean Energy Management,
Regulation and Enforcement, www.eoearth.org/view/article/164883/
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Qualitative wave power spectrum,
adapted from Blair Kinsman. 1965.

Wind Waves: Their Generation and
Propagation on the Ocean Surface.
Englewood Cliffs, NJ: Prentice-Hall, p 23
tidesandcurrents.noaa.gov/levelhow.html

The Texture of a Great Wave, ~ 1971
Willard Newell Bascom Papers,
1945-2000, Collection 2008-21,

BOX 3, Scripps Institution of
Oceanography Archives
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The Texture of a Great Wave, ~ 1971
Willard Newell Bascom Papers,
1945-2000, Collection 2008-21,

BOX 3, Scripps Institution of
Oceanography Archives

Elias Canetti. 1962. Crowds and Power.
London: Gollancz.

Qualitative wave power spectrum,
adapted from Blair Kinsman. 1965.

Wind Waves: Their Generation and
Propagation on the Ocean Surface.
Englewood Cliffs, NJ: Prentice-Hall, p 23
tidesandcurrents.noaa.gov/levelhow.html
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waves and wind

maximum

www.seafriends.org.nz/oceano/waves.htm

ec.gc.ca/meteo-weather/default.asp?lang=En&n=279AC7ED-1&offset=3&toc=show

SLIDE 28



Sheehan
Typewritten Text
SLIDE 28


SLIDE 29



Sheehan
Typewritten Text
SLIDE 29


SLIDE 30



Sheehan
Typewritten Text
SLIDE 30


SLIDE 31



Sheehan
Typewritten Text
SLIDE 31


SLIDE 32



Sheehan
Typewritten Text
SLIDE 32


SLIDE 33



Sheehan
Typewritten Text
SLIDE 33


SLIDE 34



Sheehan
Typewritten Text
SLIDE 34


from R.E. Jensen et al. 2013. “Are Wave Measurements Actually Ground
Truth?” Forecasting Dangerous Sea States, Banff, Alberta, Canada,
October 27-November 1.
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from R.E. Jensen et al. 2013. “Are Wave Measurements Actually Ground
Truth?” Forecasting Dangerous Sea States, Banff, Alberta, Canada,
October 27-November 1.
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SAAB/Rosemount WaveRadar,
widely used by oil industry
“This was photographed in
tranquil seas off the coast of
Borneo,” from Kevin Ewans et
NOMAD buoy, by AXYS al. 2013. “What Does a Wave
Radar Actually Measure?”
Forecasting Dangerous Sea
States, Banff, Alberta, Canada,
October 27-November 1.

SLIDE 38



Sheehan
Typewritten Text
SLIDE 38


from Elzbieta Bitner-Gregersen et al. 2013. “Intrinsic Variability in Wave
Parameters and Effect on Wave Statistics,” Forecasting Dangerous Sea
States, Banff, Alberta, Canada, October 27-November 1.
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from Alexander Babanin et al.
2014. “Third Generation
Wave Models Based on
Observational Physics,”
KOZWaves: Kiwi-Oz \Waves
Conference: First
International Australasian
Conference on Wave
Science, Newcastle,
Australia, February 17-19.

the wave equation
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from Fabien Montiel. 2014.
“Propagation of a Directional Wave
Spectrum through Random Arrays of
Scatterers,” KOZWaves: Kiwi-Oz
Waves Conference: First International
Australasian Conference on Wave
Science, Newcastle, Australia,
February 17-19.

from Benjamin French et al.
2014. “Motions of a Scale
Model Ice Floe in Regular
Waves,” KOZWaves: Kiwi-Oz
Waves Conference: First
International Australasian
Conference on \Wave
Science, Newcastle,
Australia, February 17-19.
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from Nadao Kohno. 2013. “An
Approach for Tough
Navigation Sea Information,”
Forecasting Dangerous Sea
States, Banff, Alberta,
Canada, October 27-
November 1.
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“theft of sensors and solar panel from a
Weather /Ocean buoy,”

www.vos.noaa.gov/MWL/apr_10/vandalism.shtml
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“An IBM supercomputer at the National Weather Service runs numerical
weather models that create guidance for weather forecasters. This
supercomputer can make more than 450 billion calculations per second,”

photo, NOAA, on www.e-education.psu.edu/worldofweather/node/2029
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from Frank Melger. 2013. “Dangerous Hardly Visible Seas from an
Installation Contractor Perspective,” Forecasting Dangerous Sea States,
Banff, Alberta, Canada, October 27-November 1.

SLIDE 46



Sheehan
Typewritten Text
SLIDE 46


“A kite surfer enjoys the stormy seas at
Fistral Beach, in Newquay, Cornwall,

yesterday ahead of the storm,”
www.dailymail.co.uk

“Waves: A search was
launched for a 14-year-old boy
who was swept out to sea while swimming

near the shore in Newhaven, East Sussex,”
www.dailymail.co.uk
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from Matt Lewis et al. 2013. “Modelling Coastal Flood Risk in the Data
Poor Bay of Bengal Region,” Forecasting Dangerous Sea States, Banff,
Alberta, Canada, October 27-November 1.
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Projected annual mean changes in significant wave height for the years
2069-2100 — Fig 7a from Alvaro Semedo et al. 2013. “Projection of Global
Wave Climate Change toward the End of the Twenty-First Century,” Journal of

Climate 26(21): 8269-8288.
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History 1: normative, secular,
Enlightenment history, as told by the West

History 2: subaltern, postcolonial,
sometimes supernatural accounts

— Dipesh Chakrabarty. 2000.

Provincializing Europe: Postcolonial
Thought and Historical Difference.
Princeton NJ: Princeton University Press.

History 3: naturalhistorical

History 4°C: historiography — but also future-
fashioning — demanded by the Anthropocene

— lan Baucom. 2014.
“Postcolonial Method and Anthropocene Time,’
Center for 21st Century
Studies, University of Wisconsin,
Milwaukee, February 7

SLIDE 51



Sheehan
Typewritten Text
SLIDE 51


from Elzbieta Bitner-Gregersen et al. 2013. “Probability of Occurrence of
Rogue Sea States and Consequences for Design,” Forecasting
Dangerous Sea States, Banff, Alberta, Canada, October 27-November 1.

SLIDE 52



Sheehan
Typewritten Text
SLIDE 52


SLIDE 53



Sheehan
Typewritten Text
SLIDE 53


from Elzbieta Bitner-Gregersen et al. 2013. “Probability of Occurrence of
Rogue Sea States and Consequences for Design,” Forecasting
Dangerous Sea States, Banff, Alberta, Canada, October 27-November 1.
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Image from The Hexaemeron, Homily IV, St. Basil the Great (AD 329-379)

when the sea meets the land, it “withdraws out of respect, bowing its waves,
as if to worship the Lord who has appointed its limits.”
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“How greedily this wave
approaches, as if it were after
something! How it crawls with
terrifying haste into the inmost
nooks of this labyrinthine cliff! But
already another wave is
approaching, still more greedily
and savagely than the first, and its
soul, too, seems to be full of
secrets and the lust to dig up
treasures” — Nietzsche. 1882.
The Gay Science.

Nietzsche, by Edvard Munch, oil on canvas, 1906
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“The chief engineer of the Stolt Surf took photographs as the tanker met a
rogue wave in 1977. The deck, nearly 75 feet above sea level, was
submerged,” William Broad. 2006. “Rogue Giants at Sea,” New York
Times, July 11 www.nytimes.com/2006/07/11/science/11wave.html|?
pagewanted=all
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nature
climate change

LETTERS

PUBLISHED ONLINE: 23 FEBRUARY 2014 | DOI: 10.1038/NCLIMATE2118

A global perspective on CMIP5 climate

model biases

Chunzai Wang'*, Liping Zhang "2, Sang-Ki Lee?, Lixin Wu? and Carlos R. Mechoso?

The Intergovernmental Panel on Climate Change's Fifth
Assessment Report largely depends on simulation
predictions and projections by climate models'. Most
models, however, have deficiencies and biases that raise large
uncertainties in their products. Over the past several decades,
a tremendous effort has been made to improve model perfor-
mance in the simulation of special regions and aspects of the
climate system?*. Here we show that biases or errors in special
regions can be linked with others at far away locations. We find
in 22 cli dels that regional sea surface temperature
(SST) biases are commonly linked with the Atlantic meridional
overturning circulation (AMOC), which is characterized by the
northward flow in the upper ocean and returning southward
flow in the deep ocean. A simulated weak AMOC is associated
with cold biases in the entire Northern Hemisphere with an
atmospheric pattern that resembles the Northern Hemisphere
annular mode. The AMOC weakening is also associated with a
strengthening of Antarctic Bottom Water formation and warm
SST biases in the Southern Ocean. It is also shown that cold
biases in the tropical North Atlantic and West African/Indian
monsoon regions during the warm season in the Northern
Hemisphere have interh heric links with warm SST biases
in the tropical southeastern Pacific and Atlantic, respectively.
The results suggest that improving the simulation of regional
processes may not suffice for overall better model perfor-
mance, as the effects of remote biases may override them.

The United Nations Intergovernmental Panel on Climate
Change’s Fifth Assessment Report updates the knowledge and
understanding of the scientific, technical and socio-economic
aspects of climate change. The report relies heavily on the products
of climate models. These, however, have serious systematic errors
that challenge the reliability of climate predictions. Hence, climate
model bias identification and reduction are topics of great im-
portance. One major reason for such biases is the misrepre-
sentations of physical processes, which can be amplified by feed-
backs among climate components especially in the tropics. Much
effort, therefore, is dedicated to the better representation of physical
processes in coordination with intense process studies®. This paper
focuses on the SST simulations by 22 participants in the Coupled
Model Intercomparison Project phase 5 (CMIP5; Supplementary
Information). We target the global connections among regional
SST biases. The existence of such connections means that efforts
to improve model performance cannot be narrowly focused on
particular regions.

SSTs simulated by CMIP5 models generally show too low values
in the Northern Hemisphere and too high values in the Southern

Hemisphere. Annual-mean SST error (that is, mean SST bias
for the period from 1900 to 2005) magnitudes can be several
degrees Celsius (Fig. 1a). SSTs are clearly too high in the tropical
southeastern Pacific and Atlantic and too low in the equatorial and
tropical southwestern Pacific. In general, these biases have patterns
that are largely independent of season, but amplitudes can vary with
season (Supplementary Fig. 1). For example, the warm SST bias
in the Southern Ocean is present throughout the year but is much
stronger during the austral summer and autumn. It is noted that the
SST biases in these models are quite stable during the 1900-2005
period and the models do not show a significant SST bias trend.

The misrepresentation of local processes and/or ocean—
atmosphere interactions has caused some of the biases. The too
warm SSTs in the tropical southeastern Pacific and Atlantic, for
example, have been linked to excessive heat flux into the ocean
under insufficient coverage by stratocumulus clouds®” combined
with insufficient cooling by ocean transients from the upwelling
regions along the eastern coasts’. The cold SST bias in the
equatorial and tropical southwestern Pacific has been associated
with an excessive westward extension of the cold tongue from the
eastern equatorial Pacific in association with difficulties in the
representation of surface winds and ocean mixing processes®’. A
recent study has argued that model biases even far away from the
tropics can be linked to those in the tropics'. According to the
study, cloud errors over the Southern Ocean may be responsible for
the generation of a spurious intertropical convergence zone south
of the Equator in most CMIP5 models.

We start by investigating the relationships in the global domain
between biases in simulated SST and in other features of atmosphere
and ocean circulations. For this we take the mean AMOC as
reference. The AMOG, which is characterized by warmer and saltier
water flowing northward in the upper Atlantic Ocean and by cooler
and fresher water flowing southward in the deep ocean'"', is crucial
to the northward heat transport by the ocean circulation*'. As
the first step in our analysis, we perform an inter-model singular
value decomposition (SVD) analysis of the SST biases and AMOC
streamfunction. The spatial pattern of the first SVD mode of the SST
biases in Fig. 1b closely resembles the mean model biases in Fig. 1a.
The corresponding AMOC mode is weakened, as indicated by the
negative values of the AMOC streamfunction in the upper 3,000 m
(Fig. 1c). The time series of the first SVD coefficients are highly
and positively correlated (correlation coefficient 0.70). Global SST
biases, therefore, strengthen as the AMOC circulation weakens.

We next turn to the SST biases in the North Atlantic and Pacific
oceans. It has been shown that a weakening of the AMOC is
accompanied by a cooling of the North Atlantic Ocean, whereas a

"NOAA Atlantic Oceanographic and Meteorological Laboratory, Miami, Florida 33149, USA, 2Cooperative Institute for Marine and Atmospheric Studies,
University of Miami, Miami, Florida 33149, USA, 3Physical Oceanography Laboratory/Qingdao Collaborative Innovation Center for Marine Science and
Technology, Ocean University of China, Qingdao 266100, China, “University of California, Los Angeles, California 90095, USA.

*e-mail: Chunzai.Wang@noaa.gov; ocean.climate.ping@gmail.com

NATURE CLIMATE CHANGE | VOL 4 | MARCH 2014 | www.nature.com/natureclimatech:

201

© 2014 Macmillan Publishers Limited. All rights reserved.
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Brett Whiteley, Wategoes Beach Il, watercolor
gouache, collage on white wove paper, 1989

Brett Whiteley,
Waves on the Harbour
screenprint, 1974

Gerry Wedd, Small wave, ceramic, 2009
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from Arvin Saket. 2014. “Evaluation of ECMWF Wind Data for \Wave
Hindcast in Chabahar Zone,” KOZWaves: Kiwi-Oz Waves Conference:
First International Australasian Conference on Wave Science, Newcastle,
Australia, February 17-19.
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from Kenneth Golden. 2014. “Homogenization for Sea Ice,” and Vernon
Squire, “Why Ocean Waves Propagating in Ice-Covered Seas Have
Suddenly Become Fashionable,” KOZWaves: Kiwi-Oz Waves Conference:

First International Australasian Conference on Wave Science, Newcastle,
Australia, February 17-19.
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from Ravina Pethiyagoda et
al. 2014. “Linear and
Nonlinear Kelvin Ship
Waves,” KOZWaves: Kiwi-Oz
Waves Conference: First
International Australasian
Conference on Wave
Science, Newcastle,
Australia, February 17-19.
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Polynesian navigator Tupaia’s
map of the Pacific, rendered
on board Captain James
Cook’s Endeavour, 1769.
This map uses current and
winds to mark distance.

Micronesian wave navigation charts from Marshall Islands:

REBBELIB: “general wave navigational chart
mapping an entire chain, showing relationships
between islands and major ocean swells.”

MEDO: “covers a few
Islands; useful for

MATTANG: “shows wave specific voyages.”
patterns around single island”

via thenonist.com/index.php/thenonist/permalink/stick_charts/, from various sources
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NOAA/NCEP WAVEWATCH Ill Ocean Waves in Marinexplore Data Studio

SLIDE 72



Sheehan
Typewritten Text
SLIDE 72




