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"If you build 1t, he will come."

Field of Dreams, W. P. Kinsella, 1989
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Perception
of Benefit




Oceanographic data collection after
WWII

Surplus ships

Trained personnel

Acoustic methods
Moorings

Current meters

Electronic recording of data

International research campaigns




WHOI -
http://www.marine.whoi.edu/arcf
otos.nsf?OpenDatabase

UCSD -
http://www.igpp.ucsd.edu/about
igpp/doors.cfm




“Luyten lists three essential Stommel qualities:
insatiable curiosity, extraordinary intuition, and
the ability to visualize physical processes fully
in three dimensions.

Hank was also well known for his generosity
with ideas—he sparked many individuals’

research directions and initiated a number of
collaborative oceanographic programs, both
large and small.”

WHOI staff listing for Stommel,
http://www.whoi.edu/75th/gallery/week25.html
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Diffusion of the Stommel diagram

Spread within physical oceanography
Spread to other disciplines
Modifications

Became outdated?

What can the diffusion tell us about the
adoption of other new graphical techniques?




Tracing the diffusion of the diagram

e Techniques
= Innovation diffusion
« Epidemic models
= Scientific and research schools
« Information technology

e Data sources

« Archival materials - WHOI, Scripps, AIP, Library of
Congress

« Electronic and hardcopy citations - “Stommel web”
« Interviews - contacting Stommel students and colleagues
= Other studies of use of “scale” - ecologists




—All
—— Cite Stommel

—— Use Stommel
diagram

climate

m management

m limnology

Hard copy citations

geology,
paleobiology

m hydrology

m geography

ecology

oceanography

m marine biology




HOLLING CS, 1992, ECOL MONOGR ...
WEBER LH, 1986, DEEP-SEA RES ...

HUNT GL, 1930, POLAR RES
SMITH SC, 1933, CAN J200L

JAQUET N, 1996, MAMMAL REV ..

SCHNEIDER DC, 1994, QUANTITATIVE ECOLOGY ...

RICE DW, 1283, HDE MARINE MAMMALS ..
# LIKENS GE, 1983, B ECOL S0C AM _
/_/
e
BEST PR, 1984, REPORT INT WHALING C

STOMMEL H, 1963, SCIENCE ...

HAURY LR, 1978, SPATIAL.PATTERN PLAN ...

LEVIN SA, 1992, ECOLOGY ...

MACKAS DL, 1985, B MAR SClI ...

BERZIN A, 1971, SPERM WHALE _

CiteSpace representation of ISI/Web
of Science citations




Mevwe 34 -0 plots abber Stommel
Bauer et al, (1999)
4-D, ime-space
through ime
Benda ez al. {(20032)
3-D, disciplinary sequence by scale
Proshusinsla et a. (2004)
4-D gampling
Wu and Li (2006)
space-hme-orgauzation level

Climate
Orlansky (1575)
3-D, meteorology
Atlanson (198 1)
2D
Clark (1985)
3-D, climate
Schertzer et al. (1987)
3D, fractals’chaos

Gengraphy
I eetemmayer (1989)
scale in vegetation
Meyer (1997)
local-global scales
Malanzon (1999)
2-D, complesaty

T

Manne Ecology
Angel (1984)
HMW, 3-D
Ceep waber binlogy
Hunt and Schneider (1987)
HMW, 3-I zeabirds
Marquet ecal. (1995)
Storrmel 3-D, marine
and terrestna
Flaaszer (2005)
HMW, 3-D phenomenon
and sampling on one diagram

&

A

Stommel 1963

l

Terrestnd Ecology
Schopf (1972)
Stornmel, 3-D
paleshiology
Lewnn (19582)
Stommel, 3-D

Chawe and Lewn (200)
HMW, 3-D
Eisenman (2005)
HMW, 3.D0, gmundwater
ECOSYSLELN

Ocezno praphy
Monin (1574)

Stommel, 3-D
Conumission on
Geosciences (1990)
Srommel 3.0, sea-level
change
Mamayeyr (1996)
Stomemel, 2-D
Perry and Ommer (2003)
2-D, scale

2.0 Plots after Steele (1978)
Dreloourt (1983)
landscape ecology
Urban et 2. (1387
terrestrial ecalogy
Home and Schneider
(1954)
scales of processes
Hoffmann and Powell {19987
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Technological transition in oceanographic
data display

Stommel diagram
= Need

» pedagogical tool, reflected concerns about use of new tools for data collection
» simplified rendition of space-time properties of new, large datasets
= Technology
e current meters, buoys, drifters and acoustic methods
e ever increasing computer processing power but limited graphics
= Perception of benefit

» biological/ecological vs. physical scientists

Analysis/representation of multi-dimensional data
= Need
 analysis of new multidimensional datasets
» expansion of disciplines such as ecology
= Technology
* rise of computer cartography, databases, GIS, and visualization
= Perception of benefit

* uncertainty about advantages, human processing overhead
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Technological developments after
1960

Continuing improvements to oceanographic
sensors and sanplers

Biological samplers such as multiple nets and
continuous plankton recorders

Mini, personal and super computers

Graphics input and output devices
Graphics cards

Software and programming languages




Origins of GIS

Mid 1960’s - Harvard Labs, 2-D and 3-D
mapping

Mid-1960’s - Canadian Geographic
Information System (CGIS)

1971 - Military Geographic Information
Systems (MGIS)

1982 - ESRI ArclInfo
None explicitly 3-D




Multidimensional GIS

e Database development
= storage structures

= queries

e Analysis

= Voxel Analyst
= System 9
e Display
= VRML
= Interactive Volume Model (IVM)




Current “‘state of the art”

Display versus analysis
2.5-D versus 3-D

ArcGIS 3D Analyst
GRASS

Fledermaus, IVS and EVS
Vis5D




GeoModeler: a prototype multi-
dimensional GIS




Pragmatic question - potential
users/uses of GeoModeler

Integrating models with GIS

Fisheries biologists who are familiar with
GIS — especially ESRI products

Oceanographers who are familiar with
scientific analytical tools —- MATLAB etc.

Emergency managers who use GIS, but need

to do scenario testing
Testing true 3-D visualization in GIS




Analytical needs

e A graphical front end would
» make setting parameters easier
= allow non-modelers to test scenarios
e Volumetric visualization would allow the user
to see
= 1ntricate details inside a volume
= spatial trajectories of individual cohorts

= cohort attributes and conditions of the physical
environment 1n time and space.




Software components

GeoTools - Java based tools to read 1n
shapefiles

Visualization ToolKit (VTK) - to render and
visualize data

Java3D - for 3-D rendering
ArcGIS - for GIS-based analysis

ArcEngine - Java applications programming
interface (API) to ArcGIS analysis code




Application diagram

Application
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Bathymetry reader

are created for various Model output reader
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GeoModeler prototype

Analysis of oceanographic data and direct
integration of GIS with modeling tools

GIS as the front-end to set up model
parameters

Hand parameters to the model

Model runs

Results handed back to the front-end for
display and analysis




1. Oceanographic analyses

e The Java API

allows re-use of code.

e Our oceanographic
tools are embedded
in a graphical object
data model.

e ArcGIS Engine will
allow us to embed
ESRI statistical
analysis tools (or any
ArcObject tool)

File

Edit Yiew Insert

Dynamic Height

Geostrophic Velocity

i e: 160.1967 E Height: 1089.12 km




Analysis - surface interpolation

I

B OceanGiS Version 0
File Edit Yiew Insert Help

Latitude: 051.4830 N Longitude: 158.8159 E Height: 163.58 km




2. Oceanographic model integration - Regional
Ocean Modeling System (ROMS)

Three-dimensional
numerical oceanic
model intended for
simulating currents,
ecosystems,
biogeochemical
cycles, and
sediment movement
1n various coastal
regions

130w 128°W 126°W 124°W 122°%W 120°W 118°W

http://www.atmos.ucla.edu/cesr/ROMS_page.html




Setting model parameters

/home/kingfisherjcmoore/cppdefs.h

File Edit Optionz Buffers Tools C Help

#define UV_ADV

#define UV_COR

#define UV_ODRAG

#define UV_VIS2

f#define MIX_S5_UV

#define VISC_GRID
#define DI_GRADPS
#define TS_A4HADVECTION
#define TS_A4VADVECTION
Fidefine TS_DIF2

#define MIX_GED_TS
#define DIFF_GRID
#define SOLAR_SOURCE
#define NONLIN_EDS
#define SALINITY

#define SOLVE3D

#define CURVGRID

#define MASKING

#define SPLINES

#define QCORRECTION
#define AVERAGES

#define AVERAGES_AKV
#define AVERAGES_AKT
#define AVERAGES_AKS
#define EASTERN_WALL
#define NORTH_VOLCONS
#define SOUTH_VOLCONS
#define WEST_VOLCONS
#define SPONGE

#define NORTH_FSGRADIENT
#define NORTH_M2GRADIENT
#define NORTH_M3RADIATICN
#define NORTH_TRADIATION
#define SOUTH_FSGRADIENT
#define SOUTH_M2GRADIENT
#define SOUTH_M3RADIATION
#define SOUTH_TRADIATION
#define WEST_FSGRADIENT
#define WEST_M2GRADIENT
f#define WEST_M3RADIATION
#define WEST_TRADIATION
#define LMD_MIXING
#ifdef LMD_MIXING

# define LMD_RIMIX

# define LMD_CONVEC

# define LMD_SKPP

# define LMD_NONLOCAL
Fendif

—— cppdefs.h

[¥] VISC_GRID

[¥] DJ_GRADPS

[v] T5_A4HADVECTION
[] TS_A4VADVECTION
[¥] T5_DIF2

[retsaa ||

Latitude: 047.6167 N Longitude: 122.3330 E Height: 22200.00 km




Setting output display parameters

(v ROMS Data Read:

Set ROMS Data file;

|fhornekingfisherfomoore, Javatls,/neps _awg 0009 nc | Browse
Set ROMS Grid file:
|fhome/kingfisher/cmoore Javacls/MEFE _grid.nc Erowse

4-0 Variakles in Qutput File:
—T ] WENUET | FETETE

temp

avaraged potential temperature (Calsius)
Contour Swface

Hoerizomal Slice Yertical Slice

l. 0.542 |Eta position: | w

Diepth:
-21.305

0.0

0.0

Render

salt

averaged salinity (PSU)
Cowtour Suface

Horizomal Slice Vertical Slice

34,00 {Eta position: | v |
0

Depth:
0.0

0.0

Render

NO3

avaraged nitrate concantration (millimele nitrogen meter-3)
Comtour surface

Horizomal lice Yertical Slice

00 |Eta positian: |w Depth:

0.0

0.0

H Qﬂ wﬂ[} Frame: [}




ROMS output draped on a globe

e
L L s
i

Latitude: 029.6927 N Longitude: 160.9454 E Height: 9351.19 km




3. Scenario testing for emergency
managers

Models

= T'sunami inundation models

Inputs
= Earthquake intensity, location

= Time of day
Outputs

= Tsunami arrival and heights

= Eventually linking with runup models to predict inundation

Rerun with different inputs




etting source regions for tsunami

) 7

Latitude: 030.8781 N Longitude: 154.8638 E Height 1284 2.70 km




Output tsunami

[ Current Event |[Historical Bvents |
Current event: 17 Nov 2003 06:43:06 (GMT).. Mw: 7.5 epicenter: 50.8 N, 178.4 E Elapsed Time: 891 days 16:19:46

Unit Sources Product

& % Magnitude or L2 Single Source Estimate (First Wave)

7 SE M | | L Single Seurce Estimage (Max Wave)
MName | % Mag i | ® Linear Combination (First Vave)
acszhs 025 2.8 2 Linear Combinatien (Max Wave)
acszb64  (0.25 2. ~ :
acszabd 025 = ! DART Inversien
acszatd  0.25 1280

Submit Submit |

rProduct Qutput-

T
1607w




Other applications

e Animations
e Slicing volumes
e Volume on volume intersections

* Path through a volume




4. Shcmg and ammatmg 3-D data

File Edit Yiew Insert

VTK/Java3D

Animation Controller for
Aluminum Conc

calculations, [« |[a] »| W

allOWS VOlume Current Frame

slower ———-T7} faster

rendering, | :-._ J

and analysis.

* 3D probe

e animation

 bathymetry

* multibeam

Latitude: 045.2590 N Longitude: 129.5714 E Height -051.52 km




5. Intersection of a path with a surface/volume

K4 OceanGIS Version0.2
File Edit View Insert Help

e Path of a
sealion
diving and
time spent
below the
mixed
layer

vtklLocator
class to
test for
inside or
outside

Latitude: 053.8647 N Longitude: 177.9837 E Height -098.07 km




GeoModeler accomplishments/plans

Integration of GIS data with visualizations
Integration of models with GIS
Visualization of data in 3-D

Exploration of GIS analyses in 3-D
Volume on volume intersections

Better interpolation

GIS functions such as buffering
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Pollock otoliths

Daily increment

Equivalent of tree
rings

Temeperature

Decreased
intensity of rings




Questions for GIS-based analysis

QC/QA of raw data

Temperature patterns over the sampling grid volume —
temperature affects growth of fish and intensity of the
individual otolith increments

Mixed layer depth and other oceanographic measures
Granularity and connectedness of patches

Mean and variance of temperatures

Location of currents and eddies

Inter-annual variations







Latitude: 049.6577 N Longitude: 156.4112 E Height: 236.30 km




Analyses in GeoModeler and ArcGIS

Patterns Of Val’lablhty Standard deviation of temperatures in 2006
within a year

Standard deviation
calculated for each

vertical profile

Values plotted on same
scale for all years

2006 shows above
average variability

4MF06_Std_Dev © 041-0.60
Std. Dev. O 061-0.80
@ 0.00-0.20 © 0.81-1.00
o 0.21-0.40 ® 101-1.20




Mixed layer depth




e Physical factors that
affect where larvae
reside and the conditions
they experience

Mixed layer depth in 2006

Larvae do not use the
whole water column

What depths they use
may vary from year to

Spline of MLD for 4MF06

year Depth-:;n- ,
* 1




Displaying drifter tracks

e [.arvae are not
free-swimming

e (Currents
determine where
they end up

e [ocation affects
survival and
growth




RGRIIR

GeoModeler tools and analyses are useful for some

users. But, tec]

hnology 1s not enough.

Interaction with the 3-D displays 1s crucial.

Need better 3-D statistics and landscape metrics.

Still don’t fully understand the environment, and may
well not have enough data to do this.

Need to quantify otolith increment intensity.

Need to integrate trajectories based upon circulation
models to create temperature histories for larvae.

Role of GoogleEarth and other new technologies?




Conclusions from this
“long strange journey’

* History as a guide for current development efforts

« Context and motivation — technological, scientific, and
human

= Diffusion of techniques and ideas
= Provides examples and lessons
e Creating a “new Stommel diagram” versus learning
from the history of the original?
« Stommel as a unique thinker at a key time
Rise of “big oceanography”
Qualitative versus quantitative
Need to simplify versus ability to display a virtual reality
Role of derivative diagrams




Oceanographic data display in 1963

Fre, 2—IGY data u|»r|, g s in Meafeer data in smalber area, Temperaturs 18 set
al 3.32°C: depihat 2,000 meters.  See text for exolanation.,

Pivar et al., PNAS, 1963




Oceanographic data display in 2007

MA%’QDp?‘p?ALI NI
26 ppt
23 ppt
20 ppt
17 ppt
14 ppt
11 ppt

8 ppt Way 07 CTD Casts
appt - Depth from 1 - 15 meters | Temperature 10- 12 C | Salit

T Change (T}

NOAA/GFDL

http://www.ssec.wisc.edu/~billh/vis.html
http://www.nitrd.gov/pubs/bluebooks/1996/section.2.6.2.html




Conclusions II

Balance of need, technology and perception of benefit
A great 1dea may not be used if it doesn’t fit a need.

Adopters might not be that you expect — pedagogy
leads to new analysis tool

Understand your audience and how they use visual
tools, e.g. dynamic versus static displays

Original intent of the Stommel diagram still important
— make sure the data you are collecting are the right
data for the questions you are asking. Not as simple
as 1t sounds.
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