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Where = Graph

We provide area briefings within seconds for any region on Earth
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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

» “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.



Overcoming the 80/20 Bottleneck with (Esri's) GeoEnrichment
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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,:"
| ~18,288.00 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



GeoEnrichment Limitations

Pros Cons

> On-demand o Pre-defined categories

- Well-curated - Essentially closed data silos

- Apportioned o Flat, tabular data

o GIS-ready > Not always up-to-date

> Does not scale

o Limited support for automated
integration
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@
Key Ideas

* Align vocabularies across graphs (semi-
automatically)

* Fuse data across graphs to access billions of
data items at your fingertips

* Currently we establish links to SPOKE
(https.//spoke.ucsf.edu/) and UFOKN

* 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

Land Valuation and Risk of Default
Driver-based land potential assessment for model
based valuation and risk assessment for agricultural
credit applications & loan portfolio monitoring.
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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.



KnowWhere

*
) (*) and KnowWhen

e IS CISTED IF = SN, ) ) w, FILR MR EH IO 20U o LRSI T el . ML MTA BAREBARS
8 [ILLD from 7= waterspout Cwaberspout Dooured in ~nneaut OH to Fipleg, Bl £ = ||| . Flood Dcourad i BLADEN from 2015-0. a4 Fissh Flood Goctre. it ; :
ot o3 L] LAVRRY B L rleed Occured it 3 s, Flond DocSieeTa BEARBARA fro Fiashy Flood Occure 5l Occurad in SANTA
e - MIAMI-DADE BARSIDE AND G : P o 2 ENWOOD from 198 ' I & ¥ Rjood Doeured in o § = Flaad Occurd
D=t Dewil Decured in 7ERbut Besti=d in R X %" ciood Desured in HART WASHTENAW from 1 = g SANTA BARBARA = AN BARBARA at 1982-01
Sax DIEGO at 2004-0. e R R R o Fldod Oceured ings SaN TA BARBARA (5 Desimer - T SANTA BAREARAGAS
I sred in et | -03-07-190. icourad in Fla: o g -
Dewil Dccure el Docured | ej{} Ipod Deoured in : i 5 s i b D"'urEF:'fuI:E from 19e6-87. 0 ZANTA BARBARA —2° o “TA BARBARS b ; .
'ERDON at 2004, ! DOEE TANANA f}“ﬁevil P ) l’g‘-%. f‘:'(‘.ﬂ JEFFERSON from 'I‘DC = C:-\.IELF':IH:I from 2015.. SPARTANBURG from & :‘S?rl""u m:‘{ﬁx b D r_?y el A Flachr oot Breis e i Tordi Umul’LE"”de'_St:"m Wind
- : & b iy Flaod Oocured in T : Ty I ol o SANTA EAF'B&M R Finod OcbhTA BARBARRE Hred in SANTA
Bured inust Davil Deatred in SSOULEA from 20714 p {'L:j_h 5 ; EuL [T fFrom 10060, % 'Rl-:-cd Dooured ir Fldad Dy JI’E'Can Ocourad in = I sHORK NCIJ‘\IT&.I‘-T; f?ﬂ\-m EAHEIJ!-.R .ﬂ- BARBARA fro.. - B i
DO5-0B0CHISE at 2017-fesit Hevil Occured in Dust Devil Oceured if P A o D i [ o 1900 3 s g niiel Cloud Ocoure N
HILLSBOROUGH at 204 APAL at 2014 cidevil Decured in e 3 e o Fiaed Dooured in NEW ¢ g i SRR
ust Devil Occured in FBDEK from 20 16- Flood Gooured 1= SEHEESE< 1) HANOVER from 20tnd Ocoured i ¢- ‘-'at?r“ e F'afh Flaod Occure S khTA jé‘qsﬁp”'ﬁ' B Wil dfira Dooureanderstorm Wi
ist Dewil Ooouredip o o . ' ; " Fland DocfkdEM from 2015-DEAL POTOMAL INDI i Featur e EIL.C-LI"KF"'"ﬁ & Flood DoouredifiTe BAREARS fro ANTA BAREARS REBEAred in SANTA B
e . S0 ak 2007-04-2. i e D:ture-‘Fl. od Ocoured fizod Gocured in SANTA fr Flash Flaod '3':‘:'-"95"::1 "
st 401,.05_'{“.{1_‘2003 B OLOHAM from 1906 8 A . lood Dooured fH & CT BARBARA fr,
TS S =051 evit Qrcured in =™ rURRY from 2008 e fom 2018 AERLAND from 1. B T - Flood Dccurad ir \5 ol Flazk Flood Ocourea 1SANTA BARBARS fro”
W i - . i fry s ¢ ) i = -3 5 u'-"" Flash Fh L8] B
N E005- ALEXANDER at 200 st Devil Occurah vl Oocured in Flaod Docured i = Fland Dooured in P Ecmr‘:ﬂﬁ EPMT fram 2015; Bc‘? \_\,s\“ 'ﬁﬁ.ﬁ o u;a:T.t-. ;‘1‘;81‘%‘5 TA BARBARA fro AacHEl O i crei
> i s | 85 gt 1998 -0 FHVAL from 20700, LESEX from 201 g8 WAYHE at 1996-01-24. sy e 3 e P y Rain Oc s =" | i
Dust Devil Ocoured.ifi . 4 4 My, y g B '33 ;';E'-;";iiﬂifq T 5 3 gl 2 WASHINGTON from 2. 2 s ‘;ﬁ 5 v’cs;\;* T4 BARBARA fro. Flash Flaod Ocour=G4/TA BARBARA fro_. ,
fit at 2006-035-0.. I ) ! i L A o
e R R EDﬁEIEI: :::;H R : : ‘71,& MONTEOMERY frem 1.. . \Hil Dcured in S & £ b g iood Oecured j.Lv'@ o ‘LQ_-_P.'Q‘-._-.)C Th JndEFE‘tDr“?-;'l‘de.s[j:r,._.l-lﬁ St Al
E at 2005-06., R D R el Decured i *o 4 % BdRBARAfom200]- . 5 & 4 BUTTE / BLACKFO9o0d Degurad in i# 2 Occured in SANT! : NORTHEAST SISE/
MADISON from 2016- '-l‘: i e X = =3 ! ; Lu"ﬁl"lh £ 2015 2 Metood Occured in ured in SAN m 5‘1— mtIFrEEF Decured -
S . i fipanza8 JKEE fram 10 15t Dewil Decisre - i E & . ram 2015 EP A g . = AND NORTHWEST ©
yust Devil Oecured in i e \HERST at 207 - 2, q‘,‘?s‘.? 1 o 4 - o8 it SANTA BARB :F;F, e ir Ch M T.h BdﬁﬁNT.ﬁ BARBARA fr. T
retiBerwil DoouredBBLL at 2003 - It Bewil Ocourehif Decurdyin P R m“ Flood Ocoured’s A r & ‘3anta Barbars Wildfire Flood Dceured ir et i ot SANTA BARBARA frrs -
DMAZIN fram 2007 FIITHERFORD at 368 5 2000- 0wl Becured in e ty:BANDALL from 2015-2 - BRECKINRIDGE from 1. %5, ; . & oo o -J:I"H.t’.tt-h i VS - iy Fiazh Flood Occured iff
5 Waterspout Even ENOSHA from 19 ’ ln‘t_‘ £ Y _
MustiDevil Docised n ~RKfrom 209606 _? a0 Gl T A - Flood Gooured ipratpdie Flond Deaured i etiment R BAREARS fro. 7 (16D FEMERSIDE COY
1=t Dewil Oecured | WS TONE =t 20 typeFlond Docurad e, iy ggpfiood Oeeurectin -G - 4 % sﬁ,ﬁm BARBARA fro. FAVETTE SE1996-0% . i panmana st IR =, MOUNT AR
ii Decursshim 00 F . - SOUTHWEST BI8 Lor @SN from 2015-08 . - S iy - shed B L ‘FiashFlaod Oceur=d in
& 5t 2002-0. =t Dl O éaemll Ocouretdia T st Devil Ocow p . : od At o o
2004, 075 ~ d5T el Lccur i type b : P . by 3 e Flood Decoured in i Flash Flood Occured | __. Ji'I',B\ BARBARA fro WESTERN SISEIY D1
ATA fri 2035&55 SUFFOL . Gppe IMBUS at 20@-= Vedioe i) catad 50 i D
Lust Devil Dccuresid - AR 2 type SANTA BARBARA HHION at 1998-0s2d-y Flood Occured in SAMTA BARBARA S COUNTY EAST BAY
iF DESEHE = el 2 i oy (s, IGTON frome las| n 2 ; OWEMNS MALLEY
0 . : IT_E"‘-’H'-'TES fram 20 trostOevil Dooursdtins +Eto0d Decured in s 2 t\%ﬁ kypee = DARLINGTON from:-20. i::;':z;‘;:;; Elgsn Flood Ocoured in WAL
Devil ecured in “U=tlevil Oeetied i OBEIRfom 2096-05..—inn) ESEX from 201 : Flood Event 5 g % et k| SOERE i &'Aé" SANTA BARBARA fro.
£ 2004-080 oo o MITER At 2002 e “'= Hazard Event. | A g © & 3. g OEAREORN fram 99 = gﬁé R SaNDIEGD COUNT Y
Cus = ’ E ¥ & 1 “ & At - - o
i - <t Dewil Occured FY i e + e e P b g —— [ILAND VALLEYS NORTHERN
FE &t 200204 o re Flaod Oagured ing)opg pocured i iR by . oy S CALIFCRNIA & - urieavy Rain Decured i Located af SANTA BARBARA fro MOMTEREY &
Nust Dewilt Occwred in ICSEVELT at 2000-. \J DSHO fram 20f§ r‘ENNﬂN fram L A 2y ! Eaotitersiri . W o i BARBARA fro Flask Flood Occunds. Sub-Dlyision WEST SLOPE -
Tom 2003-05-.. Dust Oevil Oecured in ¢ Devil Oecured iH7° ) FRANKLIN at1996-01. oo B ' S— LaanTA BARBARAMAL MORTHERN SIERRA .. NORTHEAST
il-Docured in fiom 2007-07-0- CURRY from 2006-03 g Flood Decured Fr0- 2 AT BARBARA =t 2/ = ,2' d Docured in NEW “ieg 359 Divizinn FOOTHILLS/SAGE
. n : : i TR o= 5 CELE i T ) 4 Flood Ocoured i3, Sub-fy ; < LS.
1A at 2004 Dust Dewll Oocured in - Elood Deourad in TOL from 2011_{. f r'uéf Bk ] '""c".n:l. JDERSON { *g-\E;\P from 2013 -Fland Decured jr Place 3 Dieisiigr; ESnE L
- =-0- ;i y = IE ram ! HE B
L. - ‘tJl:IE“n'" OccuredRgvil Oocure .‘.‘I1|9.1z HORRY from 2015-08and Deoured in & : SQ \ wdb’ “GANY from Iﬁ'&" Wﬂ,e o 4 o g‘ﬁ;o'l MD NO A
S i : e (RREEEaE . Thi Wind = i
; 8 e o g!ﬁﬁ ESTER from 207_. i 2 y - . understorm Wind - S| 7 &E002 _ —
Doyl Occured in_HI-LSBOROUGH aFBBSONSEE010- e : Fidod Bleatret i . T x N Ocened I NEW Fidod Docured 1 iy, Funnel Gl Qec¥a, - DRANGE COUNT
| OeoureghiNxs fram 20 _ ot ® g MONROE fram 20150 |{ai| Eyvert S| 2 o HIANOVER fram 2075- . FREDERICK from,’ cn‘-' t S EANTA BAREARA 5 bﬁm,kr& COASTAL ANTELOPE VALLE
im 2019-05. 1t Dewvil Dcoured in A"Elaod Decured in all Even bl = S & 4 a = .fra-,l. Loy -J.-;.,ﬁﬂ >
2] X, % . L
HALIRAX st 2005- 0420 1=t Dewil Decured irF|sod Decured H:LT!J\I froem 20b0d Docured in ‘__ ! f;ng -k 8 T’; & S0ou nt‘y' [ VHN ST r?ﬁ-q GI»;S,{ h'e""-‘:w'—..
st Devil Oecurdlffrom 20161150 ESEX from 207 e e £y = & % - Eldoe Datratkin Flood Dooured i ofs e AR e e . 094 SAN

Devil Oocurel

s About 12-15 Billion triples (possibly spatiotemporally-scoped) extracted and interlinked across 28
-faee data sources at the interface between humans and the environment from 16 organizations (e.qg.,
... gov. agencies, universities, and NGOs). More data is being added constantly. “inal size: 30-50B AN

ate

JOLE TAMAN

om 2001 0 FRESNO
~REING fram 2G§|mﬂl . B 18 N P 200 UOCLErea In od Decurad _& 1PBE-D2 4 ¥ 2 »a WI\qu\HlmHA from ZB_E# o ARG MNELZSON from "';Qnﬁ:m‘c‘l V:a DUy SOUTHERN TRINITY
. - i R i fram 2015-10-24-F30 1 1 a1 D 1996-01-2445 0 Docured Flood Deoured in || + W G T MORTHERN
He -t Oevil Qoocured "B 1OM e ¢ T -]
B m Fioad Dogured HIHON oM 205 i OREHOUSE frEMBLIER from 199¢ .\ 2% % SACRAMENTEDRTH BAY INTER| CENTRAL
_L'- from 2017-04- 05 o " o i F, ram 908 o Decured = = S ~lood Oooured ir "
{BEZO08-06, Jomar o b Flond DooumG ) ToM from 2015, - - g & d ;:.4 R_-:J edin,, Fland Dooured i FRANKUN fomt ,% x% VALLEYSACRAMENTE VAL L.
) i o = - - =4 £ fr Fror 95.-0m_FRANEL TOR ¥ ol
o CADE from 2004-07. HENTREE s 'rfd,'r ﬁﬁd Beaured Figad Degured in g i B T AN BERNARGING SAN DIEGC KINGS
15t Dewvil Decured in ¢ Devil Ocoured Tom RN T e e | Biood Decured in AAMET M Framm R PEMBIMA from 1976 - R AT,




Thematic Datasets Place-Centric Datasets
Dataset Name/ Source Key Attributes Spatial Temporal Place-Centric Defining Spatial
Theme Agency ) o Coverage Coverage Dataset Authority Coverage
; " ; Targeted Lvl 9 (Global),
Soil Properties USDA soil type, farmland class regions in US Current S2 Cells Google Lvi 13 (US),
wildfire type, burn severity, University of
Wildfires USGS, USDA, num. acres burned, us 1984—current Berkeley,
USFS, NIFC .
contained date Global Museum of
. . P ; Vertebrate
Earthquakes USGS magnitude, length, width, = Global (mag. = 2011-01-01 to Admlnllstratlve Zoology and the Global
geometry over 4.5) 2022-01-18 Regions liitecs: atinal
Climate Hazards =~ NOAA Injuries; deaths; property us 1950-2022 Rice: Research
damages Institute
Expert - Covid-19  Direct Relief _— . US Federal
Mobility (DR) name, affiliation, expertise Global 2021 Judicial District DoJ, ESRI us
KWG, UC
Expert - General System, I?R, name, afflllatlon, expertise Global it National Weather NOAA Us
Semantic with spatiotemporal scopes Zones
Scholar
Cropland Types USDA crop types (raster data) us 2008-2021 I FIPS Codes NRCS us
Air Qual. Obs. U.S.EPA  AQl value, CO concentration us 1980-2022 DeSanated Nielen us
Market Area
Smoke Plumes NOAA daily smoke plumes extent us 2010-2022 ZIP ZCTA us
Climate temperature, precipitation, 3 ¢ 2
Observations NOAA PDSI, PHSI us 1950 - 2022 Climate Division NOAA us
Disaster designated area, program, Cerisus
: FEMA amount approved, program us 1953 - 2022 2 US Census us
Declaration . Metropolitan Area
esignated date
Smoke Plume NDMC,
Extents NOAA Smoke extent us 2017 - 2022 Drought Zone USDA NOAA us
Geographic
BlueSky Bluesky PM10, PM5 us 2022-03-07 Name USGS us
Forecasts Information
System
Transportation DOT road type, rogd length, road us 2014
(highway network) sign
below poverty level percent,
diabetes age adjusted 20
Public Health Qoo US plus percant, uUs 2017
obesity age adjusted 20 plus
percent
Social ; _— [ Th H H H
Vulnerability CDC/ATSDR social vulnerability index us 2018 IS overview IS
Hurricane Tracks =~ NOAA ik WF')':SSZFL?E“’ win us 1851-2020 always outda ted]




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 = CLCD
* 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

h4t+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



KWG and Epidemic Intelligence from Open Sources (EIOS)?

Al/ML Ready

KWG data (down to the level of
individual observations) is
directly ready for usage as

features in Al/ML applications.

Not Another Portal

Instead of being the next software-
based portal (remember Flash?),
we serve smart data ready to use
with off-the-shelf software.

i

Finding the right people

We use ML technology to infer
expertize and recommend experts
across topics and geographies.

Cross Domain

Querying from KWG into SPOKE
allows crosswalks from the place, to
its population, local exposure, down
to the pathogen and treatment.
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