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We provide area briefings within seconds for any region on Earth
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Can We Make Useful Data Re-usable?

van Harmelen F. (2011)

Probably the most pressing foundational challenge in (meta) data management.



Data Acquisition Bottleneck

The typical data science project spends a majority of all
resources on data discovery, entry, cleaning, and

integration— instead of actual analysis

Deriving
Insights

Processing

<
Data &“




Our Value Proposition

KnowWhereGraph aims at providing area briefings within
seconds for any region on Earth to answer questions such as

o “What is here?"

» “What happened here before?’

e “Who knows more?

» “How does it compare to other regions or previous events?'

By doing so, we assist decision-makers and data scientists in
rapidly enriching their data with millions of connected, up-to-
date facts at the human-environment interface to gain the
situational awareness required for good decision-making.

Our ultimate goal is to flip the 80/20 bottleneck on its head.



Situational Awareness

High situational awareness is a prerequisite to good decision-making. We aim at helping decision-
makers and data scientists to fast-forward through the perception and comprehension phases.

Perception Comprehension Projection Decision

Retrieving, cleaning, Synthesizing, integrating, Anticipation, extrapolation

? monitoring data Q interpreting » ‘
ﬁﬁ: s & < 4 Action




Overcoming the 80/20 Bottleneck with (Esri's) GeoEnrichment

Barbara_— Montecito Summa

.'I‘ ;

el

S

- | ag
Esri, HERE, Garmin, USGS, NGA, EPA, USDA, NFPS S

Enriched California Fire Perimeters 1878 2018 Burn areas (Features: 368, Selected: 1)
YEAR STATE

&}{ave a smartphone

2019 Seniors (Age
| ) | 65+)
AGENCY UNIT ID FIRE_NAME > |ALARM DATE CONT _DATE j,:"
S | . 1.8,288.00 2,480.00
2017 CA USF VNC THOMAS 12/3/2017, 4:00 PM 1/11/2018, 4:00 PM 281,893.00 | .

Enrich (your own) data by adding (demographic) factsébout your spatial area of interest



Pros

> On-demand
- Well-curated
o Apportioned
o GIS-ready

GeoEnrichment Limitations

cons

o Pre-defined categories

- Essentially closed data silos

o Flat, tabular data

> Not always up-to-date

> Does not scale

o Limited support for
automated integration
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@
Key Ideas

* Relating (sub)classes and relations
(Disaster <?> Hazard)

* Relating entities (Viennain graph1 is the
same as Wienin graph?2)

* What about the relation between
Disasterin G1 and Disasterin G2?

* Gaining a more holistic understanding!
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We are the first to combine geoenrichment with knowledge graphs to power environmental intelligence applications
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Pilots and Prototypes

Where ~Graph




Without KnowWhereGraph GeoEnrichment

Previous Events (*)

Best COVID forecast (*)

Find expert If known, if network is small, and per expert

!
0 50 100 150 200 250 300 350 400 450 &0

Time (min)

With KnowWhereGraph GeoEnrichment

Previous Events (*) 410
Best COVID forecast (*)

Find expert 4710 For all experts and also for those out of network

0 50 100 150 200 250 300 350 400 450 500

Time (min)

(*) per region, e.g., state or county.
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The 30,000 Foot View

KnowWhereGraph serves 8+ different types of globally unique place and
region identifiers and 10+ different thematic layers containing millions
of facts about these regions.

 Discrete, Hierarchical Global Grid System
S2 Cells (L9 globally, L11 USA, L14 CA, L16 for urban (*))
« Global Administrative Areas
« US Federal Judicial District (*)
« National Weather Zones
e FIPS Codes
« DMA (*)
o ZIP (¥)
« Climate Division

Our region identifiers are linked to Wikidata/Linked Data Cloud.
A team/customer that uses our identifiers gets access to billions of
triples outside in addition to ~1.2B from the current KWG.
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Dataset Name/
Theme

Soil Properties

Wildfires

Earthquakes

Mobility

Cropland Types
Air Qual. Obs.

Smoke Plumes
Climate
Observations

Disaster
Declaration

Smoke Plume
Extents

BlueSky
Forecasts

Climate Hazards

Expert - General

Thematic Datasets

Source

Agency Key Attributes

Expert - Covid-19  Direct Relief

UsDA soil type, farmland class
wildfire type, burn severity,
UL?SF% l#dsll[:}g num. acres burned,
’ contained date
magnitude, length, width,
USGS geometry
injuries, deaths, property
NOAA damages
(DR) name, affiliation, expertise
KWG, UC
System, DR, name, affiliation, expertise
Semantic with spatiotemporal scopes
Scholar
usDA crop types (raster data)

U.S. EPA  AQI value, CO concentration

NOAA daily smoke plumes extent
temperature, precipitation,
NOAA PDSI, PHSI
DesignatedArea, Program,
FEMA amountApproved,
ProgramDesignatedDate
NOAA Smoke extent
Bluesky PM10, PMS

Spatial
Coverage

Targeted

regions in US

us

Global (mag.

over 4.5)
us

Global

Global

us
us
us
us

us

us

us

Temporal
Coverage

Current

1984—current

2011-01-01 to

2022-01-18
1950-2021

2021

unlimited

2008-2021
1980-2021
2010-2021
1950 - 2020

1953 - 2021

2017 - 2021

2021-12-08

Place-Centric
Dataset

Place-Centric Datasets

Defining

Authority Coverage

Lvl 9 (Global),
52 Cells Google Lvl 13 (US),
University of
Berkeley,
Museum of
Ad m{iaulw?sti?.slmue Vertebrate Global
Areas Zoology and the
International
Rice Research
Institute
US Federal
Judicial District 0% ESR us
Mational
Weather Zones NOAA us
FIPS Codes MRCS us
Designated .
Market Area Nielen us
ZIP ZCTA us
Climate Division NOAA us
Census US Census Uus

Metropolitan Area

[This overview is outdated]




Classical Knowlege

Representation and Reasoning

F. Baader, W. Nuit

_ v TBOX [~ N
Language A\
—
™~ ABox
KB
Application
Programs l [ Rules
Fig. 2.1. Architecture of a knowledge representation system
based on Deseription Logics.

« Family of satisfiability-based reasoning services
* (Concept) subsumption: KB = C C D
* Instance checking: KB = C(a)
* Requires (almost) no data
* No uncertainty at the cost of the inability to handle noise

Representation Learning

and Its Downstream Tasks

A

h/-/” t

h4+rezsi

>

- E.g., learning embeddings as low(er)-dimensional vector
(space) representations of entities and their relations
» Link prediction: predicting unknown/missing
statements between (two) entities.
* Node classification: predict the class membership
of unlabeled entities
* Requires a lot of (unbiased/representative) data
« Great ability to handle uncertainty and noise



Classical Knowlege Representation and Reasoning

— sosa:FeatureOfinterest

¢ geo:hasGeometry |

geo:sfEquals,

geo:sfWithin,
geo:sfContains,
geo:sfTouches,
geo:sfOverlaps

hef:Cell

hcl:isAdjacentTo,
hcf:contains

sosaisFeatureOfinterestOf

v

sosa:0Observation I

sosa:hasResult
¥
qudt:QuantityValue
/

qudt:numerncvValue qudt:unit

qudt:Unit I

Some Simple Intuitions
« contains(CA,SB) and

spatiallyRelated(SB,TF)

then spatiallyRelated(CA,TF)
« How do you axiomatise concepts such as
Democracy? And who gets to write the axioms?

Cell

Cell € Geometry

Cell C VspatialRelations.Geometry

Cell C >0spatialRelations.Cell

Cell C =0isAdjacentTo.Cell

Cell C VisAdjacentTo.Cell
disAdjacentTo.Cell C Cell

Cell € =0contains.Cell

Cell € W¥contains.Cell

deontains.Cell C Cell

isFullyContainedIn C contains™

contains o contains C contains

— e, e e, e, e, e e
WOoDa =1 o Wt ol W B =
e mea® e meae® mee® me’ meae® et et

(10)
(11)

isFullyContainedIn o isFullyContainedIn C isFullyContainedIn

spatialRelations o hasGeometry ™ C spatiallyRelated
spatiallyRelated o hasAttribute C hasAttribute

contains o spatiallyRelated C spatiallyRelated

(12)



TensorBoard

DATA

1 tensor found

embedding

Learning Representations (for Types of Places)

PROJECTOR INACTIVE

) | Points: 570 | Dimension: 70 | Selected 101 points

Bars

Sphereize data @

Load data

t—tn:tels_&_vaEI
label Bars

‘f.dult_Entertainm

‘J‘Event_l'-“lannin-g_&_ﬁenricea

4 i
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Checkpaint d/model3.ckpt-1 i Dive_Bars Y emc&_{:luhs s .
B2C INi- proCessed;/moaels, CEpl- ]
= : £ N L . ‘EW—BE’B Muszic_Venues
Metadata: wvocabisv i - L wn _—
< P ® @Bars
- A 23
Ingdlng_Fdannmg SWImmlng_Fnuls Pinam
o e ey e T P @pesser @Restaurants
I=alME o | Y ‘u‘enuea_E_EvemhﬁﬁJ_a_EEﬁspmjma
‘Italian fiCoffes_& _Tes
X Y ‘ Armerican_{Mew)

Component #1

Component #2

w
iBraziIialnﬁGTaﬁaa,meaﬂ_PlatEa

z
Component #3

PCA is approximate. @

Total variance described: 16.2%.

@ Sushi_Bars

CFrench

Show All Isolate 101 Clear
Diata points selection
Search by
bars * label ~
neighbors @ —@ 100

distance COSINE EUCLIDEAM

Nearest points in the original space:

Mightlife 0.270
Lounges 0.344
Casinos 0.369
Arts_ & Entertainment 0.388
Danrce_Clubs 0418
Music_Venues 0421
Swimming_Fools 0425
Restaurants 0.427
Beer 0.428
Wine_g&_Spirits 0429
Diners 0432

BOOKMARKS (0) @ ~
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The Issue
With Portals

@ Harris County Universal Services GIS Open Data

Welcome to the Harris County GIS

Open Data Portal

Qur mission is to work in partnership with county agencies to provide accurate, consistent, accessible,
affordable, and comprehensive GIS data, GIS infrastructure, and GIS services to support the unique
business needs of Harris County and the communities we serve.

Explore your data

2 i 9 4 E

=




The Issue
With Portals ¢ e « sommemsmmmmnn

@ Debianorg @ LatestNews (@ Help

Log in

¥
} City of Houston Open Data Portal Datasets About _
T

# Groups Flood Hazards

1 d ataset fo u nd Orderby: = Relevance v
Flood Hazards

Followers Datasets

0 1 Other County Flood Zones

Flood Zones for outside of Harris County

Y Organizations

City of Houston Ope... @

Y Groups

Flood Hazards )

Y Tags

There are no Tags that maich this search

Y Formats
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The Difference We Make

» We don't serve links to datasets; we serve every single data
record in these datasets in a searchable and Al-ready way.

« We don't provide yet another region (e.g., county) specific
portal; we serve data across many different types of region
identifiers.

« We don't make you download, overlay, and analyze different
datasets on various topics relevant to your information needs;
we answer your questions directly and based on pre-
integrated data.

« We don't go offline with the next technology change, e.g., Flash,
Silverlight; we rely on a distributed, internationally
standardized open-source technology paradigm.



Spatiotemporally-
explicit KG
embeddings that are
invariant under

syntactic changes

Key Research Questions

Learning geographic Quantifying and

knowledge graph representing regional

summaries for differences in the
apportioned geo- conceptualization of
enrichment geographic space

How to detect and

mitigate bias in

geographic

knowledge graphs




science for a changing world '

Climate
THE FOOD El:::erf =
INDUSTRY UC Santa Barbara
ASSOCIATION

KANSAS STATE
spatial ucsb
CENTER FOR SPATIAL STUDIES

IIIIIIIIII

IN iuT

7 CiBO
Y4 HYDRONOS LABS |

(@ M OLIVER WYMAN A ®)§>
- o v‘ DIreCt Rehef 0 n to teXt ﬁ MICHIGAN STATE UNIVERSITY




Team

Randall Barker
Senior Personnel

Bruno Basso Ling Cai
Senior Personnel Student at STKO Lab

IN10T MSU Department of Geography
UC Santa Barbara

Anthony D'Onefrie

Kitty Currier Frank Davenport
Postdoc Research Scientist Developer
Ucss UCSB Climate Hazards Center MsU

Karen Doehner Andrew Eells Colby Fisher
UGSB Research Assistant Senior Personnel
DaSe Lab Hydronos Labs, Oliver Wyman

Wanoas @ata |nimrie

Pls

Krzysztof Janowicz
Principal Investigator
Geoinformatics

UC Santa Barbara, USA
University of Vienna, Austria

Ty Fitzpatrick
Senior Personnel
Esn

Tony Howser
Senior Personnel
ucsse

Anna Lopez-Carr

Monitoring and Evaluation Specialist
Research and Analysis Group

Direct Relisf

Pascal Hitzler
Computer Science
Kansas State University

ar

Catherine Foley

Zhining Gu
Senior Personnel PhD Student
MsU Arizona State University

.

Matt Jones Zileng Liu
Senior Personnel Ph.D. Student
ucse STKO Lab
Department of Geography

UC Santa Barbara

Tim Murphy
Senior Personnel
Esri

Alica Sheill

Center Manager

Matrix

Michigan State Unviersity

Yuanyuan Tian

Austin Truchan Dalia Varanka
Paulina Oliva Andrew Schroeder PhD Student Designer Research Scientist
Senior Personnel VP of Research and Analysis Geography . MsU U.5. Geological Survey
usc Direct Relief School of Geographical Sciences and

Urban Planning
Arizona State University

Meilin Shi Cogan Shimizu Sizhe Wang Zhangyu Wang Dawn Wright

PhD Student Postdoc PhD Student Graduate Student Chief Scientist

uUcsB K-State The School of Computing, Informatics, ucss Esri and Professor of Geography and
and Decision Systems Engineering Oceanography

Arizona State University Oregon State University

Myles McHugh
Senior Personnel
Hydronos Labs

Bryce Mecum
Science Scftware Engineer
MNCEAS, UCSE

Wenwen LI

Mark Schildhauer
Envirenmental Sciences
MCEAS, UCSB

Urtran Planning and Gevcinformalics
Arizona State University

David Smith
Soil Scientist

Hydronos Labs, Oliver Wyman

New York

Dean Rehberger
Humanities
Michigan State University

Joseph Zalewski Rui Zhu

Shirly Stephen Thomas Thelen Ph.D. Student Postdac Mike Matheis
Postdoc Software Engineer DaSe Lab ucsB Oliver Wyman
ucsse MCEAS, UCSB

Kansas State University

Former Team

Seila Gonzalez Gengchen Mai Scott Robinson

Head of Software Development Ph.D. Candidate Partner Lynn Usery Lu Zhou

Mk Space and Time for Knowledge Oliver Wyman's Commoity and Risk SamarSaniial Posidac

Michigan State University Qrganization Lab Practices U.S. Geological Survey K-State
Department of Geography

UC Santa Barbara



