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Geoscliences

Land/Ocean Processes

m The Earth as a system

- Earth (surface and subsurface) &= ,
. Ocean DYNAMIC EARTH:

- Atmospheric

Ocean-Atmosphere-Ice
Ecosystems

Geo-Bio-Chem-Phys-
Human Processes in
Ecosystems

- Polar
Urban Geosystem

Science

« Geospace
m Natural processes/resources interact with human

activities & @
®

- Water
-« Food: Agriculture, fisheries

« Energy: Manufacturing, infrastructure | e sere ostss)

B Ecosystems and sustainability Nexus of Energy and Water for Sustainabllty Act of 2015 or the NEWS Act of 2015
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Geoscliences Landscape

m Funding agencies

‘,r,‘ @ EartHCUBE
Data®N\E
: ¢ UCAR
m Foundations
« Sloan

m  Community organizations
- Earth Science Information Partners (ESIP)

m Scientific organizations and publishers
- AGU, GSA, ASLO, CEDAR
m Standards organizations
«  Open Geospatial Consortium (OGC)
m Industry
 Esri (ArcGIS)
- Oil and gas
- Mapping (Google, Microsoft)

sc.'ence for a changing world

m  Many groups outside US

% NERC e
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Ontologies, Vocabularies, and Standards

m General geosciences vocabularies

- SWEET (Semantic Web for Earth and Environmental Terminology)
- EML (Ecological Metadata Language)
- ENVO (Environmental Ontology) in BioPortal & OBO

m Space and time
- W3C Space and Time Ontology (builds on GeoSPARQL, KML,...)
« Open Geospatial Consortium standards (eg, SensorML)
- ISO 19115 (geospatial data)

m Maps:

- Gazetteers (e.g., Geonames), USGS Geographic Names Information
System (GNIS), NGA GEOnet Names Server, etc.

m Specialized ontologies:
- WaterML, CF (Climate and Forecast) conventions, land cover,...
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Infrastructure:
Data Centers

m Federal and state level

- NASA DAACs: Remote sensing data
- USGS and state geological surveys

m General repositories

- Pangea
- IGSN
m Specialized data centers with semantic APIs:
- CUAHSI (hydrology) E‘:‘
- IEDA (geology) K

- IRIS (seismology)
- NSIDC (polar)
- BCO-DMO (ocean)

- Madrigal (geospace)
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Infrastructure:
NSF’'s DataONE

g uwm
@CISTER  Lvunn n'

Preserve

B. Michener, 2017, from https:;//www.slideshare.net/aspecht/michener-workshop-montpellier
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Infrastructure:
ESIP Semantics and Ontology Working Group

’ ”~ Commu nlty = Sign in | &+ Create account
D | 0 nto I 0 g y ;?O Term Search ~ SPARQL Search
% Repository
Global filter Q,

Filters: o
Owner IRI v Name v Author v Owner v Version ~
Most recerit ontology ()| hetp: //purl.ebolibrary... S Environment Ontology OBO Foundr... obo 20170727T1E

esp http://resource.geosci... ¢ International Chronostratigraphic Ch... SimonJDC... ~dr.shor... 20170607T0S
—) gemd i
- https://www.w3.org/ns/... ° Core organization ontology Simon Cox ~dr.shor... | 20170607TO¢
] testorg http://resource.geosci... ° Temporal Hierarchical Ordinal Refere... Simon Jonat... -dr.shor... 20170523723
"1 eendrnn http://resource.geosci... ° Geologic Timescale model SimonJDC... -dr.shor... 20170523T2:
Stat

us X | http://gcmdservices.gs... S GCMD Science Keywords NASA Globa... gemd 20170306T1¢
| draft
stable http://gcmdservices.gs... ° GCMD Platform Keywords NASA Globa... gcmd 20170306T1¢
] testing http://gemdservices.gs... ° GCMD Instrument Keywords NASA Globa... gemd 20170306T1¢
—] unstable urn:cgi:classifiersche... ° CGI Lithology ontology Stephen M ... -smresip... 20160805T0:
Resource type
-
— L =d. ——r e - (
. Ced
http://cor.esipfed.org/ RDF

USC Information Sciences Institute Yolanda Gil gil@isi.edu 10



Infrastructure: , R -
The NSF EarthCube Initiative

m Many projects use ontologies:

- CINERGI, OntoSoft, Linked Earth, Earth System Bridge, ;::,!
EarthCollab, GeoDeepDive, GeoSemantics, X-DOMES, ...

- See roster at: https:/ /www.earthcube.org/info/about/funded-
projects
m Infrastructure and tools:

- Text extraction, resource inventory, ontology inventory, data
integration, model integration, mediators, semantic services,
metadata crowdsourcing, ...

- See https:/ /www.earthcube.org/tools-inventory

- Ongoing development of integrated architecture

m Council of Data Facilities
- Includes major data centers in geosciences
- See https:/ /www.earthcube.org/ group/council-data-facilities

USC Information Sciences Institute Yolanda Gil gil@isi.edu 1
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Core Ontology

EarthCube’s Linked Earth Project:
Controlled Crowdsourcing for Paleoclimate Metadata

Schema.org
(Dataset)

Wgs_84
(Position)

Work with D. Garijo, J. Emile-Geay, D. Khider, V. Ratnakar (USC); N. McKey (NAS)

Geosparg|
(Position)

SSN
(Observation)

FOAF
(Person)

PROV
(Derivation)

DC
(Publication)

Linked Paleo Data Ontology (LiPD)

ProxyArchive J [ProxyObservationJ [ ProxySensor J [ Instrument J [InferredVariabIe

f

?

?

?

?

EXTENSION
(Coral, Wood,
Lake Sediment...)

EXTENSION
(Spectral,
Chemical ...)

EXTENSION
(Rock, Snow,
Tree...)

EXTENSION
(Spectrometer,
Spectroscope ...)

EXTENSION
(Precipitation,
time...)

f

Crowd Vocabulary Extension

http://wiki.linked.earth/

R DF
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Modeling in Geosciences:
Models of Dynamical Systems

m Historical observational
data for calibration

m Forecast data for
prediction

m Observational data for
evaluation

Governing

Frocess equatisn, el Url.sl.n.:l governing equations Semi-discrete form ODEs
l'_'h:u:ll.'l'pul "\I: . Verant | Oh , f'ﬁ‘hll:l_rll L ” Z"l‘] TU +0, -0, -E, |
Routing Equation o i

at, Verant | @ S i) i & 1
e o Rl wt Pt P - -F, -0, +¥0
Kb S Equation & & v 4 o e ‘:‘.( s
Unsaturated Fichard —T o . [H'i P
ij— = V- i —=f-g" -ET
Flow Equation Clw) it V- KWV +2) ot 1 . ,
Groundwater | Richard T . oy
i —=¥-(K v F = P -".?'

Flow Equation tr) it RN +2) [ dr ¢ ) O =it |

3 s m‘
Interception Backet Model ﬁ =P-F -F | ==k - ]

ot \ |

5 s
S melt ISMOBAL B =P-F, ., —Aw [ B = P, - |

di i

s "
T &, —e)

: Pennman MR, = G O, e, = &) AR =Grep O e
Evapotran- |y teith ET, = "o ET,
pirution. Method

-
Yl + 1)
‘ru-

”
Aty (l+—)
r

Onverlimd Flow

Evaporaly

ﬂ Solar Radiation

ﬂ'l'rzmspimlmn

¢} Unsaturated Zon

lnhlu‘utum
Capillory nIU Rulw;n. .
V
Crroundwidter C&;
How

g\

28

P Saturated Zome

/

} Bedrock

http://www.pihm.psu.edu/
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Infrastructure:
Model Repositories

COMMUNITY SURFACE DYNAMICS MODELING SYSTEM Bsocm CODE HOSTING -

COMPUTATIONAL
INFRASTRUCTURE
for GEODYNAMICS

MATLAB Central

ESVIE
e

PENCLIMATE jupyter
WORKBENCH .\./
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EarthCube’s OntoSoft Project: A Software
Metadata Registry [Gil et al eScience 2016]

Work with D. Garijo, J. Emile-Geay, D. Khider, V. Ratnakar (USC); N. McKey (NAS)
Searchable metadata in OntoSoft Codes in shared
. Smon Wy i software repositories

Software Repository

Describe your software so others can find and use it

gSOCIAL CODE HOSTING

Software List Filter Softwars 1 53

1D Hillslope MCMC

es a 1D hillslope according

near diffusion rule [e.g. Roering et al. 1999] for varying bound

ary conditions idealised as a gaussian fall through time. A Markov Chain Monte Carlo inversion

finds the most likely boundary condition parameters when compared. YAI.I‘II'IOT
Author: Martin Hurst

Posted by: admin at 2015-09-21 08:05 Y Keywords

2DFLOWVEL Y Camguage @ s D M

2D unsteady nonlinear tidal & wind-driven coastal circulation

Author: Rudy Slingerland Y License COMMUNITY SURFACE DYNAMICS MODELING SYSTEM
Posted by: admin at 2015-09-21 08:05

Operating System
€D 2SAMPLES 'V Operating Sy

A software code for estimating diffe
Posted by: admin at 2015-09-21 DB 09

cation and scale between two climate data samples

Y Publisher

3DDY
3DDY is a set of scripts that transform geospatia s into multiple formats, including GeoJSON, TopoJSON, a
nd STL. The JSON formats are appropriate for ini visualization of datasets across platforms and applicatio

;Tjt‘h‘l;rl:csu';anneﬂpiel:clel 3D printing for integrating tangible obje...
Posted by: admin at 2015-09-21 08:03
(3 A Practical Guide to Wavelet Analysis
d Q
(Can export metadata in HTML/XML/RDF/JSON and put in code sharing site) pu

http:/ /www.ontosoft.org/
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Standard Names for Model Variables
[Peckham IEMSs 2014]

nto
@@ft

EARTH SYSTEM BRIDGE

Model A

estreamflow —

Geoscience
Output variables: Standard Names

| > | ewatershed outlet water
volume_outflow rate

*rainrate
eatmosphere_water__liquid_
Model B equivalent_precipitation_rate
i . atmosphere_air__increment_of_temperature
In pu t variables: glacier_bottom_ice__magnitude_of_shear_stress
atmosphere_air_flow__east_derivative_of_pressure
. atmosphere_air_flow__elevation_angle_of gradient _of pressure
edischa rge atmosphere_air_flow__magnitude_of_gradient_of_pressure
2
eprecip_rate | Ced
— http:/ /www.geoscienceontology.org/ RDF
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Transparency and Reproducibility: Third Global
Climate Assessment through GCIS [Tilmes 2014]

Observed U.S. Temperature Change

Alaska

U.S. Average
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Figure 2.7. The colors on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960
average, and compared to the 1951-1980 average for Alaska and Hawai'‘i. The bars on the graphs show the average temperature
changes by decade for 1901-2012 (relative to the 1901-1960 average) for each region. The far right bar in each graph (2000s
decade) includes 2011 and 2012. The period from 2001 to 2012 was warmer than any previous decade in every region. (Figure
source: NOAA NCDC / CICS-NC).

http:/ /nca2014.globalchange.gov/downloads

W3C ' PROV

Data

+ Models

+ Software
+ Workflow

o

&

‘a
RDF
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/

scientificpaperofthefuture.org/gpf

[

Modern Paper

\

Text:

Narrative of the method,
some data is in tables,
figures/plots, and the

software used is mentioned

Data:

Include data as
supplementary materials
and pointers to
data repositories

N\

_/

R

eproducible Publicatio

n)

Software:
For data preparation, data
analysis, and visualization

Provenance and methods:
Workflow/scripts specifying
dataflow, codes,
configuration files,
parameter settings, and
runtime dependencies

\\

[

Open Science

\

Sharing:
Deposit data and software
(and provenance/workflow)
in publicly shared repositories

Open licenses:
Open source licenses for
data and software
(and provenance/workflow)

Metadata:
Structured descriptions of the
characteristics of data and software
(and provenance/workflow)

(&

f

Digital Scholarship

Persistent identifiers:
For data, software, and authors
(and provenance/workflow)

Citations:
Citations for data and software
(and provenance/workflow)

J/l@jsi. edu
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Linked Data and Knowledge in Geosciences:
Data + Models + Software + Workflows

Estimate

Isotopes Age of DISK

WIKIDATA \

&Y Water
Springflow
?ueéccaya Oxygen -16 / \ / leI:Ielsg
ce Cap i

Vegetation

Estimates \
@’ %?é n to \WSC PROV
‘ -

sgﬂ WWorkﬂow repository

Sample ID Quelccaya

20C Neotoma
\ \ / EARTH SYSTEM BRIDGE
GeolLink ol N
Phvsical LiPD R oo
ysica \ Ice Navier-Stokes
sample Core
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Model Integration Is Needed to Understand Water
Use, Land Cover Changes, Food Insecurity,...

California’s drought level at first week of January
Abnormally Ory | Moderate Drought 1 Severe Drought [l Extreme Drought [l Exceptional Drought

v

2011 2012 2013 2014 2015

@tatimesgraphics

"Forast

San@Marcial

SACRAMENTO
MOUNTAL
MOUNTAINS Roswell
3 J
nal
st
Lincoln t
National
Forest
Carlsba
o

New(@Mexico

LEGEND
-~ Rio@rande
@ Gauging@tation
[ Aquifer
B Watershed

Credit: Deana Pennington, Cybershare Project, UT El Paso

Pecan crops have greatest value but are high water users.

Economic value of agriculture is much less than industrial uses, but
first in time/first in right in U.S. precludes water allocations to
these uses; Mexico has reallocated all surface water to industry

CHINA
VIETNAM

2 fad o
//

7 Gulfof Tonkin

e el

.»( Vg
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. >
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M‘L,.,.k.r}" Y Lv' MYANMAR Mnsu
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s
/ a ; B o
L\Jf}\]\zs N "\ A
":\” ,\ . S,
e
{j "%‘/ CAMERDT, R /r
4 i i Minh City
? L] '._ v <
9 g\ @
K

N s 0343 s
ol —

https://news.mongabay.com/2016/10/vietnam-sweats-bullets-as-china-laos-dam-the-mekong/

Extends through extends through Tibet, South China, Thailand, Laos,
Myanmar, Cambodia, and Vietnam. More than 70 dams are planned in
several nations. Recorded deeper droughts and bigger floods than ever before.
2M tons of fish and 500,000 tons of other aquatic animals. Forest cover has
decreased from 73 percent in 1973 to 63 percent in 1993. Rice in Cambodia...
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Yolanda Gil gil@isi.edu 22



&2

New DARPA World Modelers Program

|
N ‘
S
J

JFMAMJJASOND JFMAMJJASOND

currency
devaluation

ugarnag

JFMAMJJASOND JFMAMJJASOND

= urban
‘ population

g
— " FAO and OECD AgLink-Cosimo

Model of Agriculture Markets

refugee
population

internal cross-border

AgMIP DSSAT |,
crop yield model I\ ~

population

Analysts can “drive” scenarios
by having the machine sample
parameter values from
distributions, in blue (e.g. rainfall)

inputs

NOAA Global Tropical
SST Forecasts

F

profits

markets

currency

devaluation

transport

availability

aid

sudan

imports

stock

shocks

uganda

disease

climate

floods

rainfall

ENSO

shortage/surplus

ethiopia
utilization population
sudan
kenya
access 4
uganda
urban
. refugee
security population 9 ;
population

prices

Shortages are due primarily to

| | access, which is due to prices

| | and security at markets. We
could increase security at
markets. We could also increase
productif food aid to internal refugee

cross-border
displacement

populations.
growth AgMIP DSSAT |
CETEng crop yield model conflict

drought soil

irrigation

rural
population

Green nodes are influences or
neuts Jeffects. The green box

< |

NOAA Global Tropical
SST Forecasts

represents one of perhaps many
plans to influence food shortages

“World Modelers aims to develop technologies to facilitate analyses that
are comprehensive, targeted, causal, quantitative, probabilistic, and
timely enough to recommend specific actions that could avert crises.”

USC Information Sciences Institute

Yolanda Gil

gil@isi.edu 23



New DARPA World Modelers Program: @
Semantic Challenges in Model Integration

m A challenging aspect is mapping model variables
- Standard ontologies needed to describe diverse models

]
@

USC Information Sciences Institute Yolanda Gil gil@isi.edu 24



New DARPA World Modeler Program:
Model INTegration (MINT) Project [Gil et al 2017]

Economic
Models

* Modeling methodology
* Empirical (from prior data)
* Mechanistic (first principles)

, * Mixed :
Agriculture . R tati del Social
Models epresentative models | Models
* Many dimensions of diversity

* Model variables

* Ontologies in some domains
* Integration approaches

* Very diverse

Natural
Models

USC Information Sciences Institute Yolanda Gil gilwisi.edu 25



Economic Models: Very Different from Natural
Models, Difficult to Reuse and Integrate

%
a REMI

State and Local Government

Spending

(1) Output

——*f Z Output

Consumption g

I Investmert

Exports

*
—] L Reai Disposable Income

Migration |

(2) Labor & Capital (5) Market Shares

Demand
Employment

Participation Labor
Rate Force

Domestic Internaional
Market Market
Share Share

" LaborfOutput
Ratio 4

-—-\ -

]

{(4) Wages, |Prices, and Production Costs

v
Employment O pportunity

_l Wage Rate |- Composte Wage Rate |-+

Production Costs

? Housing Price ]*—F

1 4

Composite Prices v

Consumer Price > ;
Deflator Real Wage Rate | 3
A

l J

J

<

City Indicators
(ISO-37120)

| © 15037120 (http:/ /ontology.eil.utoronto.ca/15037120.0wl)

Active Ontology *| Entities | Individuals by class x| DL Query x|

[%eTe] ]
¥ ®owl:Thing
v $15037120_Indicator
v @ 'Economy Indicators’

4vvTVYYY

av

o
o
L J
o

o
o
o
o
o
o

[ ]
[ ]

value of commercial and industrial properties as a percentage of total ;
@ 'City’s unemployment rate'
@ 'Number of il per 100 000
@ 'Number of new patents per 100 000 population per year'
@ 'Percentage of city population living in poverty'
@ 'Percentage of persons in full-time employment'
@ 'Youth unemployment rate '
Education Indicators'
@ *'Number of higher education degrees per 100 000 population’
@ 'Percentage of female school-aged population enrolled in schools'
0 'Percentage of male school-aged population enrolled in schools'
0 'Percentage of school-aged population enrolled in schools’
® ge of ing primary ion: survival rate'
® ge of i v ion: survival rate'
@ 'Primary Education Student/Teacher Ratio'
Energy Indicators'
@ 'Average length of electrical interruptions (in hours)'
@ 'Average number of electrical interruptions per customer per year'
©'Energy consumption of public buildings per year (kWh/m2)'
1 'Percentage of city population with authorized electrical service'
'The percentage of total energy derived from renewable sources, as a share of th
@ 'Total electrical energy use per capita (kWh/year)'
@ 'Total residential electrical energy use per capita (kWh/year) *

'Environment Indicators’

Finance Indicators'

@ 'capital ding as a p ge of total di (supporting indicator)"
0 'Debt service ratio (debt service dif as a pi ge of icipality’s -
) 'Own-source revenue as a percentage of total revenues (supporting indicator)"
@ 'Tax collected as a percentage of tax billed (supporting indicator)]

Fire and Emergency Response Indicators’
Governance Indicators'

Health Indicators'

Recreation Indicators'

'Safety Indicators'

‘Shelter Indicators'

@ 'Number of homeless per 100 000 population (supporting indicator)'

0 'Percentage of city population living in slums (core indicator)"

1 'Percentage of households that exist without registered legal titles (supporting ir

'Solid Waste Indicators’

and i 3
® 'Number of cell phone ions per 100 000 ion (core indicator)’
@ *'Number of internet connections per 100 000 population (core indicator)'
@ 'Number of landline phone i per 100 000 ion (supporting indit

'Transportation Indicators'
'Urban Planning Indicators’

©'Annual number of trees planted per 100 000 population (supporting indicator)’
@ 'Areal size of informal settlements as a percentage of city area (supporting indic:
©'Green area (hectares) per 100 000 population (core indicator)'

@ 'Jobs/housing ratio (supporting indicator)"

» @ 'Waste and Sanitation Indicators'
» @'Waste Water Indicators’

USC Information Sciences Institute
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Summary

1. The geosciences landscape
« Initial focus could be the NSF CISE-GEO EarthCube initiative

2. Ontologies, vocabularies, standards
-  ESIP Community Ontology Repository

3. Infrastructure
- Data centers generally speak RDF
- Tools developed in many EarthCube projects

4. Modeling

- Model repositories

5. Model integration
- Model reuse and integration requires semantics

- Model integration is at the heart of convergent research in
geosciences with great societal impact

USC Information Sciences Institute Yolanda Gil gil@isi.edu 27
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Ontologies and Vocabularies: Examples

SWEET Ontologles [Raskin and Pan 2005]

-------------------------------------------------------------------------------------------

Living
Substances

Integrative Ontologies

Non-Living

Substances

Natural

Faceted Ontologies

Phenomena

Physical
Processes

Name:
change_over_time_in_surface
_sSnow_amount

Description: The surface
called "surface" means the
lower boundary of the
atmosphere.
"change_over_time_in_X"

Human Activities Earth Realm . .
: \ / / means change in a quantity X
E / over a time-interval, which
Data : e~ should be defined by the
: roperties .
..................................... bounds of the time
\ coordinate. "Amount" means
mass per unit area. Surface
Space Time Units
amount refers to the amount
SN e on the ground, excluding that
T on the plant or vegetation
canopy.
httpsy//doi.org/10.1016/j.cageo.2004.12.004 Canonical units: kg m-2
USC Information Sciences Institute Yolanda Gil gil@isi.edu 29



ENVO [Buttigieg et al 2013]

environmental condition

is_a is_a
terrestrial biome subtropical

has_condition

broadleaf forest biome

is_a

subtropical broadleaf forest biome

httpss//doi.org/10.1186/2041-1480-4-43

USC Information Sciences Institute Yolanda Gil

gilwisi.edu

30



EarthCube’s Linked Earth Project:

Creating New Metadata Properties as Needed

Lake Bosumiwi Sediments Dataset

Data

« DOWNLOAD

From: http://www.organicdatapublishing.org/index.php/Lake Bosumtwi Sediments [

Structured Properties

Add
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
[x]
%]

Archive

Doi

Domain(s)
Interpretation

Is a

Measurement
MeasurementMaterial
MeasurementStandard
MeasurementUnits
Reference

Resolution
ResolutionUnits
SiteLatitude
SiteLatitudeUnits
SiteLongitude
SiteLongitudeUnits
SiteMName

TimeUnits
WhoAnalvsed

LakeSediments

10.1126/science. 1166352
Paleclimnology, Geochemis. ..

Lake Level
Paleoclimate dataset
Delta180

Authigenic Calcite
VPDDB

Permil

Shanahan et al. 2009
5

Years

B.5

Degrees North
358.58

Degrees East
Bosumtwi

Years CE

Tim Shanahan

IBv

Palmyra coral 20C

Data
« DOWNLOAD

From: http://www.ncdc.noaa.gov/paleo/metadata/noaa-coral-1865.html

Structured Properties

Add

[x]  Archive

[x] Doi

[x] Domain(s)

[x] l Forward model '
]

[ enus

|

bl

=

Interpretation
Isa

=

Measurement

=

MeasurementMaterial

=

MeasurementStandard

=

MeasuremeantUnits

=

Referance

=

Resolution

=

ResolutionUnits
SiteLatitude
SiteLatitudeUnits
SiteLongitude

XXX

SiteLongitudeUnits

=

[ SiteName

[x l Seacias l
[x]l §pacias l

X

st

Coral
10.1029/2001GL012919
Climate,geochemistry
10.1028/2011GL0O4B224
Porites

SST,S5S
Paleoclimate dataset
Delta180

Skeletal aragonite
VPDB

Permil

Cobb et al, 2001
0.0833

Years

5.883

Degrees North
197.917

Degrees East
Palmyra

Blue porites

Lutea

Sart?

(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Gil)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Julien)
(By Anonymous)
(By Julien)


http://www.organicdatapublishing.org/index.php/Lake_Bosumtwi_Sediments_Dataset
http://www.ncdc.noaa.gov/paleo/metadata/noaa-coral-1865.html

EarthCube’s Linked Earth Project:
Promoting ProEertX Normalization and Standards

Quelccaya Ice Core Dataset

Data

« DOWNLOAD
« Data Types

Structured Properties

Add

[x] Archive IceCore (By Julien)
[x] Doi 10.1073/pnas.0603900103  (By Julien)
[x] Domain(s) Climate,Glaciology,Geoche... (By Julien)
[x] Isa Paleoclimate dataset (By Gil)

xI | Measu

Measurement
MeasurementMaterial

MeasurementStandard
MeasurementUnits
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EarthCube’s Linked Earth Project:
Connecting to Other Ontologies/Data

|| ||| Palmyra Atoll (o0 Palmyra coral 20C
WIKIDATA
Structured Properties
pla Data
. main type (GND) geographical feature [edit]
il s DOWNLOAD
Fandomitsm is in the administrative unit United States Minor Outlying [edit] °
= Islands Wik\ From: http://www.ncd c.noaa.gov/paleo/metadata/noaa-coral-1865.html
] ed Properties
x]  SiteName \{ Palmyra (By Julien)
. [x]  Archive Coral {By Julien)
= NCBITaxon ontology: porites | _ | ’
http:/ /bioportal.bioontology.ore /ontologies | Domain(s} Glimaé.gaochemisiry (By Juken}
/NCBITAXON?chlasseS&conceptid:http% [}t] Farward modeal 10.1029/2011GLO48224 (By Jullen)
%A%ZF %ZFpurl.bi?ontolo ov.org %2Fontology < [x] Genus Porites (By Julien)
%o2FNCBITAXON 7%2F46719 [x]  Interpretation 887,885 By Nick
[=] Measurement Delta180 {By Julien)
Porites %]  MeasurementMaterial Skeletal aragonite {By Julien)
&
Structured Properties Web of Data [x] MeasurementStandard VPDB Bty Mick
astiact @ e — %]  MeasurementUnits Permil {By Julien)
[x] Property:Name Topic:Finger Coral [hide]
» [x] hip:idbpedia orgresaurcalPories =L — [x] Reference Cobb et al, 2001 {By Julien)
» [add source] — corat ) . .
Wikipedia Entry ’) go to original Wikipedia article . famila Portidae [x] Species Lutea (By Julien}
famity Poritidas
Porites i us of H
ey i Fingor Coral e Credits
(Small Polyp Stony) | - name Finger Cora
corals. They are Fungina Users who have contributed to this Page:
Charac‘erised by a order Scleractinia
finger-like morPhology. o [— s Julien {43 EdIIS}
Members of this genus
=have widely spaced . = i, : » Croed phylum Cnidaria . .
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EarthCube’s Linked Earth Project:
Social Aspects of Vocabulary Crowdsourcing

J ’/.\".;)_*"-"‘(f”"." f w Africa-LakeTanganyi.Tierney.2010
/ )y &~ M 1 \ e
[ A ;; il R\ DL f ] v a0 P : ( Dataset (L) )
R o o : I 0 % f o Downkosd LIPD
S N A \ e ‘ \.} A0 suc
& . . . . A W ColectedFrom () Anca-LakaTangany| Tiemey 2010 Location
Map-based visualizations 10 .
£ pd >
- RIS B v ¢ .
ghadiy ) b " “. 5 “ \ ~~--\ . R " ) “ ® ncudesPascData (L) Anca-LakaTangany| Tiemey 2010 PalecOatat
o ; 3
X : }\v ) ‘ ; ’;;‘ @ Pustshedn (1) Pubication 10, SIBMNGEORSS
‘ %@, 2 . Dataset annotation
s “, Sl N
; e :
S 19 K interface
Srd 4 > a »
" A A 1 ¥ - Extra Information ©
- s '," 6 © ArchwoTyre tate sedment
B o7 X L] © cotectintiame NPO4-KH1 (piston core} and NPOLMC (rulticore)
. . © ExissiSampeOus 04
— — © GoogeDstaRL Pips Hdocs. Qoogie COMispreadsheet s LAGHZIGPVNG K2 egf 22V 20 000 WV xy 140 BEME TEs O¢
Subcategories
Varun Ratnakar & | Should we keep these two separate concepts?
Person (L 1 i i i -
( (L) AUthor CI'Ed It | f Commun |ty d ISCUssions Please vote below. Results will be shown when you have voted.
T 1 You are not entitied to view results of this poll before you have
Edited 64 pages Imported 633 LiPD Created 2| 'ce Cores Working Group voted.
5 L
Working Groups: . . .
= — : . Lake Sediments Working Group Yi POIIS fOl" dEC'Slon maklng
X Wiki Administration X Test Working Group O es
Wiki Privileges: Pages in category "Working Group" O NO
bureaucrat editorialboard sysop The following 2 pages are in this category, out of 2 total.
c
@ Email(L) Cross Archive Metadata There was one vote since the poll was created on 17:59, 15
g ‘ 2 March 2017.
@ Name (L) s
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Modeling in Geosciences:
Models of Dynamical Systems

m A simulation model of a dynamical system captures the
relationships and dependencies between a set of
variables used to describe it

m Models of dynamical systems are framed in time and
space

m Output variables depend on the input variables, internal
state variables, exogenous variables, and random
variables

m Models can have parameters that can be adjusted to fit
the empirical observations taken on the system being
modeled

m Models are used to make predictions about hypothetical
configurations and future states of the target system

USC Information Sciences Institute Yolanda Gil gil@isi.edu 3



Example:
The PIHM Hydrology Model [Duffy et al 2015]

m Historical observational ‘
data for calibration

\olm Radiahon

m Forecast data for
prediction

Pnrupuaimn

- ﬂ'l'rzmspimlmn
Overland Flow

m Observational data for
evaluation

Evaporaly

Process Gn?‘em'ng Original governing equations Semi-discrete form ODEs h\“]lmtl\’n
— ¢ Unsaturated Zoi
Channel Sit. Verant | Oh , fﬁ'ﬁ‘hll:l_ g [L " Z"l‘] TU +0, -0, -E, | (:ilpl I]un "l TS . o ’
Eouting Exquation & i J Lol R&\lw EL e
Creerland Flow Hr b ﬁ*‘ﬁq_m}"' M =4 [ﬁ F-I-E, -0, +>_U_. 1 A J
Exquation a0 i v K4 i 0
- !
Unsaturated Fichard R S : @& _ . e
Flow Fh]lmrinn Ly IF - ?-Lﬁ e Ivlq..- +} [n'.l' =1 7 kI J
Groundwater | Richard o Sy o L (.ff(‘llﬂd\\-ncf % % P Saturated Jome
. . e = T (K Wiy + 2 gAY 0 | ~
Flow Exquation ] dt riid b "““
J I 1 .,
Interception Bascket Model % =pP-F -F |:f:" =M= =] ] % /
% ) .
Snow melt ISMOBAL ““}:“ P-E . [ =P B -4 | Bedrock
fe =e Booi; L le e —
) Pennman L AR =Gl p O, -
F-u.npdrran- Menteith ET, = r ET, [ —
spiration Method Aepdl +2) ﬂH[I_J‘J] htto: ih d
n A | py//www.pihm.psu.edu/
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EarthCube’s OntoSoft

Ointo

Project: Shoft

Distributed Architecture for Software Reqgistries

% Community 7= Training

Software Repository

Describe your software so others can find and use it

Software List COMPARE D

Filter Software List

Software & Community 7= Training Login &+ Register

1D Hillslope MCMC

[Martin Hurst]

AVA
w
[ e |

optional)

) Locate - unique description warnty
1D Hillslope MCMC . o
i ?

The model evolves a 1D hillslope according to a non-linear diffusion rule [e.g. Roering et al. 1999] for varying bound hatis the software called y/ \Y
?Wdci:dmmilﬁ:jhied a;a gaus&:i!ﬂ pulse of btase\s.-\;lelfa\l througg time. A Markov Chain Monte Carlo inversion YAuthor o 1D Hillslope MCMC ?‘x g’
inds the most likely boundary condition parameters when compared... Whatis  short description for this software ? -
Author: Martin Hurst Y rd |

. . ¥ . “ma 5 © The model evolves a 1D hillslope according to a non-linear diffusion rule
Posted by' admin at 2015-09-21 08:05 e.g. Roering et al. 1999] for varying boundary conditions idealised as a ga m-

ussian pulse of baselevel fall through time. A Markov Chain Monte Carlo i
2DFLOWVEL Y Language
2D unsteady nonlinear tidal & wind-driven coastal circulation
Author: Rudy Slingerland Y License
Posted by: admin at 2015-09-21 08:05 S % = Software i Community 7= Training + Login &+ Register
Operating System

D 2SAMPLES 'V Operating Sy
A software code for estimating difference in location and scale between two climate data samples.. Y Publisher ZSAMPLES

Posted by: admin at 2015-09-21 08:09

3DDY

3DDY is a set of scripts that transform geospatial datasets into multiple formats, including GeoJSON, TopoJSON, a
nd STL. The JSON formats are appropriate for interactive visualization of datasets across platforms and applicatio
ns, while STL formats enable 3D printing for integrating tangible obje...

Author: Suzanne A Pierce

Posted by: admin at 2015-09-21 08:03

(3 A Practical Guide to Wavelet Analysis

bl e SR bbb it SO
= — e
=== . = R
e T har
T ey T ras
T bangwor T
T i
T st e T coving rem
T st L

USC Information Sciences Institute Yola

[No author listed]

o =2

Done:
opti
Locate - Unique description sty
What i the software called ? ¥/ ' *gt
o 2SAMPLES o A
3
=, e
What is a short description for this software 7 " e

o A software code for estimating difference in location and scale between t
wo climate data samples..

h = Software

& Community = Training

PLINK

[Shaun Purcell]
Locate - Unique description
What s the software called ?

o PLINK

What is a short description for this software ?

> PLINK Is a free, ope genome toolset,
designed to perform a range of basic, large-scale analyses in a computati
onally efficient manner.
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Linked Science Data and Knowledge:
Data + Models + Software + Workflows

Estimate

Isotopes Age of DISK

WIKIDATA \

Water
ringflow
?ue(ljccaya Oxygen -16 / \ / leI:relsg
ce Cap —

Vegetation

%::10 Estimates \‘\
' W3C PROV

‘@ﬁ WWorkﬂow repository

Sample ID Quelccaya
20C Neotoma
. \ / EARTH SYSTEM BRIDGE
GeolLink <
Ph s 1 \ LiPD N 1 ), Il COMMUNITY SURFACE DYNAMICS MODELING SYSTEM
sica
sa n}; 1 Ice Navier-Stokes
pie Core
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Modeling in Geosciences:
Models of Dynamical Systems

m A simulation model of a dynamical system captures the
relationships and dependencies between a set of
variables used to describe it

m Models of dynamical systems are framed in time and
space

m Output variables depend on the input variables, internal
state variables, exogenous variables, and random
variables

m Models can have parameters that can be adjusted to fit
the empirical observations taken on the system being
modeled

m Models are used to make predictions about hypothetical
configurations and future states of the target system
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Coupling Natural and Human Systems
[Cobourn, Duffy, Hanson, et al 2016]

Research Lake catchment
Question 3 characteristics
(soils, topography,

climate)

Policies & Research

regulations Question 4
ise decisions L} ‘i‘
(agriculture, residential, ’\!4",1 '"\_l_._o_.:l__:t__{ntary
forest) (] o~ collective action
@ 2 (lake associations)
Research ' ~ Research

A AT AL services
1y ica AR Za o . (pﬂrqp"e'n;y-,values)

water quality

https:/ /www.nsf.gov/awardsearch/showAward? AWD_ID=1517823&Historical Awards=fals
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Model Integration: Diversity of Strategies

Model
Blending

[Interleaved Execution\

Sliced execution by time tic:
first one model, then another,
in a round-robin way

\_ eg: CSDMS )

Implicit Interleaving

Collection of equations that
are designed to be solved together,
then a solver runs them.

K eg: CGE economic models /

[ Code Merging
MPI code to implement all
models
\_ eg: earthquake simulations )
( Shared Memory
Models share a R/W memory

Model
Combination

(" Result Chaining )

The result of a model is input
to another model, as in a

workflow
\ eg: pSIMS, CEMSA /
4 Output Comparison\

Results from several models (or
the same model) are aggregated
(eg, an ensemble)

Model
Distribution

Code Parallelization )

The model is implemented
as parallel code (eg to
process each grid cell

separately)

\ eg: regional weather prediction /

4 Output Analysis )

Same model is run with many
configurations or parameter
values, to do parameter
estimation, sensitivity analysis,

eg: Synthetic Information

or uncertainty quantification

. J

\_ J
nterleaved Behavior)

Individual agents proceed
based on information made
available to their
simulation environment

\ Ex: agent-based frameworks /

( Integrated Behavior )

Agents are given several
behavior models that

determine their actions

- J




A Research Agenda for Model Integration

Scope Structured frameworks e
definition for scenario scoping collaboration

Model
selection
Variable \Ontologles of (Semi-)automate

of models and (Semi-)automated

Semantic descriptions \

assumptions selection

mapping variables and relations mapping

Data Geospatial information  (Semi- )automateg\

access integration and rescaling  data integration

Heterogeneous Execution
execution platforms interleaving

Runtime
coordination
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A Research Agenda for Model Integration

Scope \ Structured frameworks e

definition for scenario scoping collaboration

Model Semantic descriptions
: of models and emi-)automated
selection , .
assumptions selection
Variable \ Ontologies of (Semi-)automate

//

mapping variables and relations mapping

Data Geospatial information  (Semi-)automate
access integration and rescaling_ data integration
Runtime

. Heterogeneous Execution
ST execution platforms interleaving
USC Information Sciences Institute Yolanda Gil gil@isi.edu 43
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Core Building Blocks

Scope \Organic Data Science (CISE/GEO/BIOX

definition

selection

Model \OntoSoft (EC), CNH (GEO) \

mapping

Data ML-Remote (CISE), Hydroterre (GEO)
access Karma (DARPA)

Runtime
coordination

/ Variable \Geo Standard Names (EC) \

\WINGS/Pegasus/Condor (ACI) \
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New Project:
MINT (Model INTegration)

variables

on semantic descriptions of

Scope Problem scoping and Map to principled
definltlon variable identification ontologies of model
selection models based on ?/

Model Matching and COmposiné\ Workflow composition based

ldentified variables of models and new componen

Data Data dlscovery, modeling, %ﬁ:ﬁxtogﬁfﬁggﬁg and
access integration, inte ratig(;n
and rescaling 5

/ Spatio-temporal \Chmce of gridding \ xploration of granularity an
e

harmonization scales that is efficient xecution time tradeoffs
while appropriate

Model Calibrating models Active learning to explore
parameterization \ models based on regiona) large parameter space

or historical data

coupling paradigms and \ for large collections of
of workflows

Runtime Heterogeneous model Multi-modal execution
coordination

execution platforms

USC Information Sciences Institute Yolanda Gil gilisi.edu
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Agriculture Models:

Representative Model
m
5 DSSAT I e

Planting

Harvesting

Irrigation

Fertilizer Application

m ]

Residue Placement |

Land Unit - Management SoillDynamics
Module
Socil Temperature
Soill Water
—-| Soil Nitrogen & Carbon
g Soll i late Crop Model
(The Land Unit 4 emplate rop eaels
" Module is called by -~ S b
the Main Program oybean
to perform each step
ofprocessing and in Peanut
turn calls each of the
Primary Modules.)
Dry bean
> Scil - Plant - Atmosphere
Temate
Other crops
+—V —»I Pest & Disease Damage
» CROPGRO PlantTem plate Plant Modules
——| CERES Maize |
—-| CERES Wheat |
——| SUBSTOR Palalo |
- Flant 4 CERES Rice |
—>| Othercrops |
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Agriculture Models:
Ontologies of Model Variables

Multilingual Agricultural Thesaurus Thesaurus (NALT)

QY\@ Food and Agriculture Organization

of the United Nations

W,' . USDA United States Department of Agriculture
AGROVOC Q _"‘ National Agricultural Library ( b

www.cabl.org

ndigo canmine
ovoC TR Kickxella
- - % ea - food safety education
ghytin
MmN adiometnc a3say fukes
Dorminant species Hansenula polymorpha
InGustnal development Dwlocarpon rosae e
Platax teira will have around
Pretogen
Chcne undateils 14,000 of the
— ., most used
ooncepls
9627

Rriplex e ! Brachycautus napelh

Calcnam ammonium nitrate P, Batrachochytrium dendrobatides

International organizations Gymnosoma clavats

Soul sickness Myrmecocephalus cocinna

Fichodorus . Ixodes kasen

Fermmur CABT Diospyros mitonn a

Phytoslexing Myotis montvaQus @ .

Hymenoleprss dminuta Chalcostyma ruficeps 2

RDF

http:/ /www.slideshare.net/ CIARD_/ gacs-for-rdapresentedbycynthiaparrmarch2015
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Social Models:
Representative Models

Ca

\ PLATFORM
Ay A-‘w
Birth: 75 Birth. 79
Dealh:1863 Death: 154
8, B, B. B,
Sith: 101 Birth. 107 Birth: 109 Birth: 113
Death: 174 Death: 177 Death: 187 Death 194
{ |
Cv 03 Cé C:‘ e
Bith: 125 | Birth: 127 Sieth: 135 | Binh: 136 Birth: 141] Sieth: 144 Birth. 148 Birth: 155
Death 208 Death.205 Death:21t | Death:216Death:228 Death:214 Death:241 Death.245
| dehidren... | 3 chilren. . 2 chidren... |
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