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® Intelligent geospatial data discovery
®m A knowledge mining approach

m Resulfs

m Conclusion and discussion



From GIS to CyberGlIS

. Analysis

m Single desktop to cluster-based, cloud-based remote
computing

m Data

m Centralized database to distributed web-accessible
database/catalog on the CyberSpace

m Resource discovery
m Distributed data resources
m Distributed analytical resources



Current Efforts
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Intelligent Geospatial Data
Discovery

m Ontology-based approach
® Formalize the definition of domain knowledge
m Classes, individuals, properties, relationships

m Current Work:

GEON (Bowers et al. 2004)
LEAD (Droegemeler et al. 2005)
VSTO (Fox et al. 2008)

SWEET based semantic search (Liet al. 2011, Li et al.
20120q)




A Conceptual Framework
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Source: esg
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nsdohand ehsesations of atmospheric particulate matter.
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Limitation

m Hard to model spatial relationship (shi, 2011)
m Equal, within, touch, disjoin, intersect..

®m Hard to build a consensus domain ontology (ontology mapping)

Ontology Full Name Creator
Semantic Web for Earth and Environmental
SWEET Terminology NASA JPL
Consortium of Universities for the
CUAHSI Advancement of Hydrologic Science CUAHSI
MMI Marine Metadata Interoperability NSF
. . European
INSPIRE Infrastructure for Spatial Information in Europe Commission
GEMET General Multilingual Environmental Thesaurus EEA, ETC/CDS

® | imited spatial reasoning capability
m Similarity reasoning
m Rodriguez and Egenhofer, 2004; Janowicz et al. 2008; Li et al. 2012a
m Natural language processing



A Knowledge Mining Approach

= Goal:

m |dentify latent semantic associations rather than
manually built-up

m Search based upon meaning rather than
appearance

m Bofttom-up approach: let the data speak

® Methodology:
m Latent Semantic Analysis (LSA)



INntfro to LSA

® Mathematical approach for computer modeling
and simulation of the MEANING of words and
paragraphs

m |denfify semantic structure of domain knowledge
residing in the metadata files.

m Concept with similar meanings
m Similar metadata documents

m Linear Algebra:
m SVD: Singular Value Decomposition
® Lower-rank estimation
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Geospatial metadata in XML
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Inverted index: Term-Document
Matrix
k: keyword
d: documents



cl: The geospatial Web: how geo-browsers, social software and the Web 2.0

c2: Geospatial semantics: capture meanings of spatial information

c3: A semantic search engine for spatial Web portals

c4: Google's spatial search tools in the Marine Environment - Decision Support

m1l: Darcy’s law on hydrology
m2: Hydrology and Water Law - Bridging the Gap
m3: Hydrology: an environmental approach

m4: Environmental law: Hazardous wastes and substances

The Term-by-Document Matrix A4 .
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Matrix A cl c2 c3 c4 ml m2 m3 m4 Matrix 2 Cl1 C2 C3 C4 Ml M2 M3 M4
Geo 1 0 0 0 0 0 0 Geo 0.3833 | 0.5307 | 0.5322 | 04246 [ -0.1075 | -0.1075 [ -0.0160 | -0.0160
spatial 1 1 1 1 0 0 0 0 spatial 0.7852 | 1.0837 [ 1.1007 | 09342 -0.0709 | -0.0709 [ 0.0965 [ 0.0965
semantic 1 1 0 0 0 0 0 semantic | 0.4459 | 0.6170 | 0.6206 | 0[5048 | -0.1051 | -0.1051 [ -0.0013 | -0.0013
search 0 0 1 1 0 0 0 0 search 0.4019 | 0.5529 | 0.5685 | 0|5116 | 0.0366 | 0.0366 | 0.1124 | 0.1124

Environment(al) | 0 0 0 1 0 0 1 1 Environment(al) | 0.1697 | 02210 | 0.2773 | 0]4591 | 0.5449 | 0.5449 | 0.5055 | 0.5055
law 0 0 0 0 1 1 0 1 law -0.0892 | -0.1417 | -0.0697 | 0]2543 | 0.7951 | 0.7951 | 0.6700 | 0.6700
hydrology 0 0 0 0 1 1 1 0 hydrology | -0.0892 | -0.1417 [ 0.0697 [ 0[2543 | 0.7951 | 0.7951 | 0.6700 | 0.6700

r(geo search) = 0.9961

r(geo law) =-0.9655




System Architecture
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Estimation LSI Decomposition

Li et al. 2012b



Geospatial Taxonomy Aided
emanftic Search

m Role:
® Location annotation
m Emphasize association of science keywords

m Better handle spatial query with location with
keywords

- <gmd:descriptiveKeywords>
- P | d 1_ 'I'. - <gmd:MD_Keywords>
l ' l - <gmd:keyword>
O C e n O e e e C I O n <gco:CharacterString>CONTINENT > EUROPE > SOUTHERN EUROPE > SPAIN > GIBRALTAR > </gco:CharacterString>
</gmd:keyword>
- <gmd:keyword>
<gco:CharacterString>CONTINENT > EUROPE > SOUTHERN EUROPE > GREECE > > </gco:CharacterString>
</gmd:keyword>
<gmd:keyword>
<gco:CharacterString>CONTINENT > NORTH AMERICA > GREENLAND > > > </gco:CharacterString>
</gmd:keyword>
<gmd:keyword>
<gco:CharacterString>OCEAN > ATLANTIC OCEAN > NORTH ATLANTIC OCEAN > CARIBBEAN SEA > GRENADA > </gco:CharacterString>
</gmd:keyword>
<gmd:keyword>
<gco:CharacterString>OCEAN > ATLANTIC OCEAN > NORTH ATLANTIC OCEAN > CARIBBEAN SEA > GUADELOUPE > </gco:CharacterString>
</gmd:keyword>
<gmd:keyword>
<gco:CharacterString>OCEAN > PACIFIC OCEAN > CENTRAL PACIFIC OCEAN > GUAM > > </gco:CharacterString>
</gmd:keyword>
- <gmd:keyword>
<gco:CharacterString>CONTINENT > NORTH AMERICA > CENTRAL AMERICA > GUATEMALA > > </gco:CharacterString>
</gmd:keyword>
<gmd:keyword>
<gco:CharacterString>CONTINENT > AFRICA > WESTERN AFRICA > GUINEA > > </gco:CharacterString>
</amd:keyword>
- <gmd:keyword>
<gco:CharacterString>OCEAN > ATLANTIC OCEAN > NORTH ATLANTIC OCEAN > CARIBBEAN SEA > HAITI > </gco:CharacterString>
</gmd:keyword>
</gmd:MD_Keywords>
</gmd:descriptiveKeywords>



GCMD Location Taxonom
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Experimental Settings

| {all relevant records} I {all retrieved records} |
Recall =
® Benchmark | {all relevant records} |
| {all relevant records} [ {all retrieved records} |

Precison = :
| {all retrieved records} |

Query | Query |Keyword
Type

natural disaster death

disaster population impact

natural disaster damage

wildlife distributions by species
global climate change pollution
China agriculture food sustainability
census housing condition

Africa poverty statistics

Colorado population

California population dynamics in the
United States

wild life habitat of Costa Rica

China County level population data
Puerto Rico census data
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Results
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M Proposed

M Geonetwork

ql q2 q3 q4 q5

Queries

q6

q7 q8

= Q1.1 natural disaster death
m Global earthquake/flood/volcano/drought/landslide/cyclone mortality

m QI.5 global climate change pollution
m SIR: 33 (20 related); Geonetwork: é
m Exception: “*Global Multi-hazard total economic loss”, “environmental protection” ->

pollution
cause: “hazard”

120%

100% -

Precision
o )
(=] (=]
*® =

=
=)
xR

20% -

0% -

M Proposed M Geonetwork
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QW i ulation dynamics in the United States

QeQNetw,Qr\
pensourcec

Geographic data sharing for everyo
Home | Administration | Contact us | Links | About | Help |

User: admin admin

WHAT? v Show map

[California population dynamicg

FIND INTERACTIVE MAPS, GIS DATASETS, SATELLITE IMAGERY AND RELATED APPLICATIONS
WHERE?

Aggregated results matching search criteria :  1-6/6 (Pagel/1), 0 selected Select :

o

Il, none ®actions on selection ]

- DCHINA DIMENSIONS DATA COLLECTION: CHINA COUNTY-LEVEL DATA ON POPULATION (CENSUS) AND AGRICULTURE, KEYED TO 1:1M GIS MAP
Harvested

A 4
Abstract China County-Level Data on Population (Census) and Agriculture, Keyed To 1:1M GIS Map consists of census, agricultural economic, and boundary data for the administ...
Keywords EARTH SCIENCE > AGRICULTURE > AGRICULTURAL CHEMICALS > FERTILIZERS > > >, EARTH SCIENCE > AGRICULTURE > AGRICULTURAL PLANT SCIENCE > CROP/PLANT YIELDS > > >,
- Any - EI EARTH SCIENCE > AGRICULTURE > AGRICULTURAL PLANT SCIENCE > CROPPING SYSTEMS > > >, EARTH SCIENCE > AGRICULTURE > AGRICULTURAL PLANT SCIENCE > IRRIGATION > > >,
EARTH SCIENCE > AGRICULTURE > ANIMAL COMMODITIES > LIVESTOCK PRODUCTS > > >, EARTH SCIENCE > AGRICULTURE > ANIMAL SCIENCE > ANIMAL MANAGEMENT SYSTEMS > > >,
—_—> EARTH SCIENCE > AGRICULTURE > ANIMAL SCIENCE > ANIMAL YIELDS > > >, EARTH SCIENCE > HUMAN DIMENSIONS > BOUNDARIES > ADMINISTRATIVE DIVISIONS > > >, EARTH SCIENCE
> HUMAN DIMENSIONS > BOUNDARIES > POLITICAL DIVISIONS > > >, EARTH SCIENCE > HUMAN DIMENSIONS > POPULATION > POPULATION DISTRIBUTION > > >, EARTH SCIENCE >
Reset Advanced HUMAN DIMENSIONS > POPULATION > POPULATION SIZE > > >, CIESIN > Agriculture and Food Security > Agricultural Production > Agricultural Outputs, CIESIN > Agriculture and Food Security > Agricultural Production
EOptions > Agricultural Resources, CIESIN > Agriculture and Food Security > Agricultural Production > Animal Yields, CIESIN > Agriculture and Food Security > Agricultural Production > Crop Yields, CIESIN > Agriculture and Food
Security > Agricultural Production > Irrigated Agriculture, CIESIN > Agriculture and Food Security > Agricultural Production > Mechanized Agriculture, CIESIN > Economic Activity > Labor > Labor Force, CIESIN > Human
+ Applications Attitudes, Preferences, and Behavior > Literacy > Literacy Rates, CIESIN > Industry and Energy > Industrial Production > Industrial Activities, CIESIN > Population Dynamics > Demographic Characteristics > Age,
+ Audio/Video CIESIN > Population Dynamics > Demographic Characteristics > Education Level, CIESIN > Population Dynamics > Demographic Characteristics > Ethnicity, CIESIN > Population Dynamics > Demographic Characteristics
» Case studies, best practices > Gender, CIESIN > Population Dynamics > Demographic Characteristics > Marital Status, CIESIN > Population Dynamics > Demographic Characteristics > Occupation, CIESIN > Population Dynamics > Demographic
+ Conference proceedings Characteristics > Place of Residence, CIESIN > Population Dynamics > Demographic Characteristics > Population Distribution, CIESIN > Population Dynamics > Demographic Characteristics > Population Size, CIESIN >
N Population Dynamics > Human Settlements > Industrial Areas, CIESIN > Population Dynamics > Human Settlements > Rural Areas, CIESIN > Population Dynamics > Human Settlements > Urbanization, CIESIN >
Datasets Population Dynamics > Vital Statistics > Mortality, Age-Sex Distribution, Animal Husbandry, Birth Count, Cultivated Areas, Death Count, Fishing, Forestry, GIS, Immigration, Rural Industry, Maps, Rural Population,
* Directories Urban-Rural Residence, ESIP, ESIP > Earth Science Information Partners Program, CD > China Dimensions, EOSDIS > Earth Observing System Data Information System, USA/CIESIN, ECHO
* Interactive resources
*Maps & graphics [pelete | [ ®other actions
* Other information resources ‘
+ Photo
- ) DCHINA DIMENSIONS DATA COLLECTION: AGRICULTURAL STATISTICS OF THE PEOPLE'S REPUBLIC OF CHINA: 1949-1990
S
Abstract Agricultural Statistics of the People's Republic of China, 1949-1930 is an historical collection of agricultural statistical data compiled by China's State Statist...
Keywords EARTH SCIENCE > AGRICULTURE > ANIMAL COMMODITIES > DAIRY PRODUCTS > > >, EARTH SCIENCE > AGRICULTURE > ANIMAL COMMODITIES > LIVESTOCK PRODUCTS > > >, EARTH

SCIENCE > AGRICULTURE > ANIMAL COMMODITIES > POULTRY PRODUCTS > > >, EARTH SCIENCE > AGRICULTURE > PLANT COMMODITIES > FRUIT PRODUCTS > > >, EARTH SCIENCE >

AGRICULTURE > PLANT COMMODITIES > HORTICULTURAL PRODUCTS > > >, EARTH SCIENCE > AGRICULTURE > PLANT COMMODITIES > VEGETABLE PRODUCTS > > >, EARTH SCIENCE >

BIOSPHERE > ECOLOGICAL DYNAMICS > ECOSYSTEM FUNCTIONS > CONSUMPTION RATES > >, EARTH SCIENCE > HUMAN DIMENSIONS > ATTITUDES, PREFERENCES,BEHAVIOR > CONSUMER

BEHAVIOR > > >, EARTH SCIENCE > HUMAN DIMENSIONS > ATTITUDES,PREFERENCES,BEHAVIOR > SOCIAL BEHAVIOR > > >, EARTH SCIENCE > HUMAN DIMENSIONS > ECONOMIC

RESOURCES > AGRICULTURAL ECONOMICS > > >, EARTH SCIENCE > HUMAN DIMENSIONS > LAND USE/LAND COVER > LAND MANAGEMENT > > >, EARTH SCIENCE > AGRICULTURE > PLANT COMMODITIES > FIELD CROP
PRODUCTS > > >, CIESIN > Agriculture and Food Security > Agricultural Production > Agricultural Chemicals, CIESIN > Agriculture and Food Security > Agricultural Production > Agricultural Commodities, CIESIN >
Agriculture and Food Security > Agricultural Production > Agricultural Inputs, CIESIN > Agriculture and Food Security > Agricultural Production > Agricultural Outputs, CIESIN > Agriculture and Food Security > Agricultural
Production > Agricultural Resources, CIESIN > Economic Activity > Financial Policy > Credit, CIESIN > Economic Activity > Financial Policy > Expenditures, CIESIN > Economic Activity > Financial Policy > Loans, CIESIN >
Economic Activity > Income > National Income, CIESIN > Economic Activity > Labor > Labor Force, CIESIN > Economic Activity > Markets > Price Index, CIESIN > Economic Activity > Trade > Goods, CIESIN > Economic
Activity > Trade > Services, CIESIN > Environmental Protection > Land Use > Agricultural Use, CIESIN > Human Attitudes, Preferences, and Behavior > Consumer Behavior > Consumption, CIESIN > Industry and
Energy > Energy Production > Energy Outputs, CIESIN > Industry and Energy > Industrial Production > Industrial Outputs, Agricultural Acreage, Agricultural Investment, Costs of Production, Deposits, Economic
Indicators, Livestock Inventory, Price Index, Social Indicators, ESIP, ESIP > Earth Science Information Partners Program, CD > China Dimensions, EOSDIS > Earth Observing System Data Information System,
USA/CIESIN, ECHO

[Delete] [ =Other actions

e DCHINA DIMENSIONS DATA COLLECTION: GUOBIAO (GB) CODES FOR THE ADMINISTRATIVE DIVISIONS OF THE PEOPLES REPUBLIC OF CHINA
Harvested
N
Abstract GuoBiao (GB) Codes for the Administrative Divisions of the People's Republic of China consists of geographic codes for the administrative divisions of China. The d...
Kevwords EARTH SCIENCE > HUMAN DIMENSIONS > BOUNDARIES > ADMINISTRATIVE DIVISIONS > > >. EARTH SCIENCE > HUMAN DIMENSIONS > BOUNDARIES > POLITICAL DIVISIONS > > >. CIESIN



Spatial-Awareness in Latent Semantic Analysis |

Take a look at Q uery Vector Coordinates tab for query results

Enter the corpus Directory corpusCIESINGeoNew Extract Keywords
Enter query keywords California population dynamics in the United States Process Query LSI
1. Compute Weighted TDM 2. Compute SVD from Weighted TDM 3. Reconstruct matrix A by LSI
4, Compute Term-Term Similarity 5. Compute Doc-Doc Similarity Lower Rank # |13 Rank range is: {1,145}
Total no of documents: 145 Total no of words: 2541
Keyword List: |continent (7161) |V| | Search Similar Terms I

[ List of words in corpus | Countmatrix | Weighted TDM | A=TSD Matrix | Query Results | Term-term Similarity | Doc-Doc Similarity |

: Georeferenced Population Data Sets of Mexico (GEO-MEX): Population Database of Mexicoxaxx (exclude)

- U.S. Population Grids (Summary File 1), 2000: Alabama, Louisiana, Mississippi and Texas, Alpha Versionxxxxx (exclude)
:U.S. Population Grids (Summary File 1), 2000: New Orleans Metropolitan Statistical Area, Alpha Versionxxxxx (exclude)

: Georeferenced Population Data Sets of Mexico (GEO-MEX): Urban Place Time-Series Population of Mexicoxxoox (exclude)
U.S. Population Grids (Summary File 1), 2000: Houston Metropolitan Statistical Area, Alpha Versionxxaxx (exclude)

: Georeferenced Population Data Sets of Mexico (GEO-MEX): Raster Based GIS Coverage of Mexican Populationxox (exclude)
- U.S. Population Grids (Summary File 3), 2000: New Orleans Metropolitan Statistical Area, Alpha Versionxxx (exclude)

:U.S. Population Grids (Summary File 3), 2000: Alabama, Louisiana, and Mississippi, Alpha Versionxxxxx (exclude)

: Georeferenced Population Data Sets of Mexico (GEO-MEX): Urban Place GIS Coverage of Mexicoxnox (exclude)

10: Gridded Population of the World, Version 1 (GPWv1)

11: Georeferenced Population Data Sets of Mexico (GEQO-MEX): GIS of Mexican States, Municipalities and Islandsxox (exclude)
12: China Dimensions Data Collection: China County-Level Data on Population (Census) and Agriculture, Keyed to 1:1M GIS Mapxxxxx (exclude)
13: Global 15 x 15 Minute Grids of the Downscaled Population Based on the SRES B2 Scenario, 1990 and 2025

14: Low Elevation Coast Zone (LECZ) Urban-Rural Population Estimates, Global Rural-Urban Mapping Project (GRUMP), Alpha Version
15: Gridded Population of the World: Future Estimates (GPWFE)

16: Gridded Population of the World, Version 3 (GPWv3)

17: Gridded Population of the World, Version 2 (GPWv2)

18: Country-Level Population and Downscaled Projections Based on the SRES A1, B1, and A2 Scenarios, 1990-2100

19: Country-Level Population and Downscaled Projections Based on the SRES B2 Scenario, 1990-2100

120: U.S. Census Grids (Summary File 1), 2000

21: U.S. Census Grids (Summary File 1), 2000: Metropolitan Statistical Areas

22: U.S. Census Grids (Summary File 3), 2000x000x (exclude)

23: U.S. Census Grids (Summary File 3), 2000: Metropolitan Statistical Areas
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Summary

m A data mining approach to improve geospatial
data discovery

m | SA outperforms full-text search

®m An alternative approach to establish domain
ontology to complement the fop-down
approach



Future Work

® [ntegration with Geonetwork

m Refine algorithm
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