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Create integrative sea ice ontologies and encourage their use.
Improve the discovery, understanding, and use of sea ice data.
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We focus ﬂrst on sea |Ce"déta because sea
ice is a fundamental, integrative component
of the Arctic system that is undergomg rapid
change.



We begin with research and operational
shipping perspectives and then explore
how or whether we can incorporate local
knowledge and other ways of knowing.




SSIII

SSIIl Objectives oo B

Extend, strengthen, and enhance the interoperability of the established and
growing network of the IPY Data and Information Service and Polar
Information Commons.

Develop a detailed, yet broad, sea ice ontology linked to relevant marine,
polar, atmospheric, and global ontologies and semantic services.

Explicitly incorporate elements of local and traditional Arctic knowledge in the
ontology.

Provide NSIDC sea ice data using the ontology and encourage the use and
evolution of the ontology by others.

Integrate the sea ice ontology into developing global and polar ontologies and
related semantic frameworks.

Improve the discovery, understanding, and use of sea ice data by enabling
faceted searches in existing and developing search interfaces.



- f;ﬂt Modern informatics enables a new scale-
ogf > free** framework approach

Semantic Web Methodology & Technology Development Process

« Use cases
—requirements

o Stakeholders
—Virtual org.

 Distributed
authority

 Access control
* Ontologies

* Maintaining
ldentity

P Establish and improve a well-defined methodology vision for
semantic technology based on application development

P Leverage controlled vocabularies, etc.

Open world:
| evolve, iterate
~____ redesign, redeploy

| EEEEE— \
- Rapid
‘ . prototype

Use case

Small team, Leverage
mixed skills technology
infrastructure

Evaluatj

Analysis

Develop
model
ontology

Science/expert
reviews and
iteration

Use tools

Where SSII
IS how



Users:
Shippers
locals
scientists
etc.

aggregate
search

Semantic mediation: SSII ontology, WMO nomenclature, LTK Ontology

display
submit

metadata
profile

SSiIIl Notional Architecture comanic senr 2
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Use Case 1:
When can a ship get from the U.S. west coast

A

through the

aska — Barrow-

Prudhoe

SSIII MBE

Semantic Sea Ice
Interoperability Initiative National Snow a dl Data Center

ooooooooooooooooooooooooooo

Bering Strait to the North Slope of

Bay”?

Goal: To provide seasonal ‘outlooks’ and forecasts for opening week dates for
non-ice-strengthened vessel operations through the Bering Strait with
destination of the North Slope of Alaska with the result of probabilistic range of
days for safe passage along with duration of applicability (e.g. week plus or
minus). Provide these seasonal outlooks initially 3 months in advance. Generate
and maintain forecasts of when sea ice conditions affect safe ship passage 1-2
(up to 7) days in advance.
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Research
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Use Case 2.
Improved parameterization of factors affecting the

spectral albedo of the Arctic Ocean.

Goal: The Arctic sea ice cover is changing due to decreases in thickness, age,
and area; changes in snow cover, surface-melt, and ice surface topography;
increases in the length of the melt season; new importance of seasonal ice; and
iIncreased importance of events such as rain on snow and “snow ice”
formation. The goal here is to develop an improved parameterization of the
factors that affect surface visible and near-IR band albedo for the Arctic Ocean,
so that global climate models can more accurately account for these changes.
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The Local Indigenous Perspective

ecarlier break up / later freeze up (2-3 weeks each)

eincreased weather variability / traditional forecasts no
longer work

esea ice thinner; poorly formed (poor strength/integrity)

eseasonal calendar off; some names no longer apply
*etc. etc.
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The first workshop

* |nvited:
® Sea ice remote sensing scientist - Walt Meler
e Sea ice modeler - Marike Holland
e Sea ice operations - Pablo Clemente-Colon
® Sea ice observer - Don Perovich

e Spent two days iterating between the use cases and
concept maps




The first workshop

* This:

- Determine when sea ice conditions are optimal to send a resupply ship
into Barrow (or Thule or wherever).

« Became:

* Provide seasonal ‘outlooks’ and forecasts for opening week dates for
non-ice-strengthened vessel operations through the Bering Strait with
destination of the North Slope of Alaska with the result of probabilistic
range of days for safe passage along with duration of applicability (e.g.
week plus or minus, duration). Provide these seasonal outlooks initially 3
months in advance. Generate and maintain forecasts of when sea ice
conditions affect safe ship passage 1-2 (up to 7) days in advance.

Semantic Sea Ice
Interoperability Initiative




File Edit Format Collaborate Tools Window Help

e B 9w ~

Perenniallce

(SeoondYearlce)\
are
L

hasMaxlIceThickness
inlceThickness must be exactly
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[ThlckﬁlstYearloe ]~" ™

120
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200
sd:decimal)

(MedlumFlrstYearloe) are b

inlceThickness
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e
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10
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[ View as Web Page ] ~ http://cmapspublic3.ihmc.us /rid=1)55XK1VS-D3C37G-RNY/Albedo Use Case Ontology.cmap
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|dentification of an important boundary object

Ice Edge —owl:eQUivalentC|ass—)[Limit of All Known Sea Ice

hasMaxIceFraction 0.1

must be exactly

—.

derivedFrom
(ObjectProperty)
\

N

N
hasPart e
hasMinlceFraction (ObjectProperty) "~
(Open Water CondltionJ/ must be exactly \ S
hasMaxIceFraction 0 Gea foe Condition Je=
must be exactly . (xsd:decimal) )

[Ice Free Condition) hasMitn'l;eFractti|on / are
must be exactly /

are b[ Ice Containing Condltion)
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Example sea ice chart with egg codes



The "Egg Code”

Total Concentration (in tenths or a range)

Partial Concentration for different thicknesses (in tenths)

Stage of Development for different thicknesses
S d (codes for defined terms partially based on thickness,
e.g. "nilas”, “first year”, “multi-year”)

Form of ice (codes for defined terms largely based on

7 (11

floe size, e.g. “pancake”, “vast ice floe”)

Relates to the “WMO Sea Ice Nomenclature”



—gg Code - First Attempt

(total concentration of ice in area

/ (bounded area]
\ v

/ contains Qescnbes —
(ObjectProperty)\ Eqg Code —(ObjectProperty)

IceConcentration

\

is a artial concentration of ice in areaJ contains
(p 4——(ObjectProperty)
at most 3 contains
at least 1 at most 5

at least 1
- (ObjectProperty)
/

[form of ice] \
/

wmo:SealceForm

is associated with
(ObjectProperty) »[stage of ice development]

\

isa\

wmo:SealceStage

SSII|

Semantic Sea Ice
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—gg Code - Second Attempt

(wmo - IceCoverJ

Ve

describes

\

Ba—" (ObjectProperty) /' Is 2
/ '\ \ contains
contains (ObjectProperty) ' e
(ObjectProperty) = . atmost —’-— Is a [ ]
(wmo:lceConcentration) \(jcomm. 99CodeJ <i>

\

/ \ e

. . contains (ObjectProperty) — ¥ :
is a jcomm:Ca | g¢—— (ObjectProperty) &b ot jeomm:Ce | a —b(wmo:loeConcemration]
/ contains <1>
{ObjectProperty)
is associated with ‘b at most is associated with

isa/
/

(wmo:sealceswg ej/is associated \\V

isa

el

( wmo: SealceFormJ

N\

Is thicker than
(DataTypeProperty)

\\

is thicker than
(DataTypeProperty) \,

( wmo: IceConcentrationJ

isa IS associated with

<i>

7V il
jecomm:Sc 13 -
\

is associated with

( wmo:SealceStage ]

is a

[wmo:SeaIceFon'n)

v

( wmo: SealceStage)

/' @
is thicker than
(DataTypeProperty
/
— ® SSIII
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—gg Code - Third Attempt

must be
hasConcentrationCode are at most 1
must be \
exactly 1

'\\ hasComponent —

\‘

/ hasg‘%r:tpggent (wmo:Zone) [canada:Zone]
at least 1 \

hasComponent

\hasoevelopmentsmgeCode must be
must be at most 3

exactly 1 / hasComponent
\ must be

hasConcentrationCode Things ‘/—/ at most 5

must be

which
haslceFormCode

must be
at most 1

( PredominantForm ]

\

—

[SecondaryForm]

n
n

Semantic Sea Ice I
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haslceFormCode
must be
at most 1




Egg Code - What that looks like when you use real numbers

hasConcentrationCode ——p 5

Zone_xyz gamae
; > ({comm:s_totns
\ o=
hasComponent
\ hasDevelopmentStageCode —p 1%
zone_xyz_a|—___
b hasFormCode —» 4

\

hasConcentrationCode

\‘\—

hasDevelopmentStageCode ——p 3

\

hasConcentrationCode » 3

zone_xyz_b

hasFormCode —» 5




Creating the ontologies

Py PrOtege |S ﬂOt rea”y Draft(?ntologles developed by SSllI
ready for prime time '

e Meant for experts

JCOMM TR23 based JCOMM TR24 based
Ontology Ontology

e Not very stable or reliable ™ -------caa--- -----------------------

e End up editing the files
manually fairly often

e Examples:

e Edit iIn Manchester ontology
language

WMO Sea Ice Nomenclature
based Ontologies

e Save in Owl




=Xpert Review

e Making
ontologies
accessible to
real users

<EquivalentClasses>
<Class IRI="CompactPackIce"/>
<ObjectIntersectionOf>
<0ObjectComplementOf>
<Class IRI="ConsolidatedIce"/>
</0ObjectComplementOf>
<DataHasValue>
<DataProperty IRI="hasMeanIceConcentration"/>
<Literal datatypelRI="&xsd;double">1.0</Literal>
</DataHasValue>
<DataHasValue>
<DataProperty IRI="hasStdDevIceConcentration"/>
<Literal datatypelRI="&xsd;double">0.01</Literal>
</DataHasValue>
</0ObjectIntersectionOf>
</Equivalent(Classes>
<EquivalentClasses>
<Class IRI="ConsolidatedIce"/>
<ObjectIntersectionOf>
<DataHasValue>
<DataProperty IRI="hasMeanIceConcentration"/>
<Literal datatypelRI="&xsd;double">1.0</Literal>
</DataHasValue>
<DataHasValue>
<DataProperty IRI="hasStdDevIceConcentration"/>
<Literal datatypeIRI="&xsd;double">0.001</Literal>
</DataHasValue>
</ObjectIntersectionOf>
</EquivalentClasses>
<EquivalentClasses>
<Class IRI="Ice-free"/>
<ObjectIntersectionOf>
<DataHasValue>
<DataProperty IRI="hasIceOfLandOrigin"/>
<Literal datatypelRI="&xsd;boolean">false</Literal>
</DataHasValue>
<DataHasValue>
<DataProperty IRI="hasSealce"/>
<Literal datatypeIRI="&xsd;boolean">false</Literal>
</DataHasValue>
<DataMaxCardinality cardinality="0">
<DataProperty IRI="hasMeanIceConcentration"/>
<Datatype abbreviatedIRI="xsd:decimal"/>
</DataMaxCardinality>
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Ontology Browser

SI( ;)nt;Iog... x [ Action Ite... | B Libre - tdl... | 1 A(Y3)Dat... u_ Abstract C... | { ! NationalG.. | { | Hierarchica... |{ i Qualityan.. | 4+ | ~

~

4 » * devsnowdev.nsidc.org/ontology-browser/classes/1467916028/ Ty & -"' agu fall 2011 Q) A

Most Visited ¥ [ : Getting Started Latest Headlines * [ | Igloo Intranet @ Pivotal Tracker . SSIII pCcwiki ) DC Contour » [ Bookmarks v

Ontology Browser .i.4.2 Help
find

»
-’

b

5 | All ontologies

Ontologies Classes Object Properties Data Properties Annotation Properties Individuals Datatypes DL Query Options| Render labels ¥

! Classes Young ice pemain

+ Thing http://purl.org/wmo/seaice#Younglce & 2
+ Ice with Development Stage

+ Flrst-year lce L] Annotations (3)

- Medium first-year ice e source "http://www.aari.nw.ru/gdsidb/docs/wmo/nomenclature
O - Thick first-year ice WMO Nomenclatur r versionl-0.pdf # ion3.3"
- Thin first year ice/white ice e comment "Ice in the transition stage between nilas and first-year ice, 10-30 cm in
L¢ + New ice thickness. May be subdivided into grey ice and grey-white ice."
o - Frazil ice e label "Young ice"
- Grease ice
- Shuga .| Superclasses (2)
- Slush ¢ Ice with Development Stage
+ Nilas e haslceThickness only decimal [<"0.3"(decimal), >="0.1"(decimal)]
+ DarkNilasOrlceRind
- Dark nilas
- Ice rind
- Light nilas
+ Old ice

- Multi-year ice
- Residual first-year ice
- Second-year ice
+ Young ice
- Grey ice
- Grey-white ice
- License
- Work

OWL HTML inside




SSIII

What's Next? somamieseare W

e Operational use case

* Install development version of Virtuoso triple store
+ Run script to load Virtuoso with NSIDC Sigrid 3 data

« Make endpoint publicly accessible

e SJSK how best to "'model the model’

e Peter Pulsifer working on incorporating traditional
Knowledge Into the ontology suite




General Thoughts

e Semantics is still in the wild-wild-west stages

e \/ocabularies are a good way to start

e Ontologies are never done...

e Hard to make progress with only very part time statft

e This stuff is fun!






