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Ecological Approach: A System Theory

Wikipedia: Systems theory. https://en.wikipedia.org/wiki/Systems_theory

“A system is a cohesive conglomeration of 

interrelated and interdependent parts that is 

either natural or man-made. Every system is 

delineated by its spatial and temporal

boundaries, surrounded and influenced by its 

environment.” 

https://en.wikipedia.org/wiki/Systems_theory
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Ecological Models for Social Sciences
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Fundamental Assumptions:

 Everything is related

 Degenerative system

 Increasing ecological risks:
 Environmental risk
 Health risk
 Social risk

An graphic model of ecosystem
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Spatial Data Infrastructure for Ecological Analysis

Spatial Data Platform: A Unique Platform for 
Multi-sources and Multi-scale Data Integration:

 Location
 Time
 Integration



Topics

• Principles for spatial database design

• Methodologies for ecological analysis

• Functions for spatio-temporal analysis

• Applications of China Geo-Explorer

• Directions for future work
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Principals for Spatial Database Design

Principals:
 Comprehensive data coverage
 Comparable spatio-temporal data structure
 Compatible multi-source data structure
 Consistent multi-scale data structure

Primary Factors：
1. Space (boundary)
2. Time
3. Scale (Sub-systems)
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Methodologies for Ecological Analysis

 Classification (spatial and non-spatial)

 Identification
 Patterns
 Linkages (Inter and intra-regions, Inter and intra-sectors)
 Changes (spatio-temporal patterns and structures)

 Modeling

Tertiary consumers (predator)

Secondary consumers (meat)

Primary consumers (vegetable)

Producers (make own food and do not 

depend on any other organism for nutrition)

Environment (Detritivores & Decomposers)
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Questions for Spatial Data Analysis

What are the spatial patterns of data?

What are the spatial structures of data?

What are the spatial trends (patterns and structures) 
over the time?

What are spatial interactions between different 
regions and aspects of the society over the time and 
space?

What are the potential impacts of proposed actions 
on the complex systems?
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Functions for Spatio-temporal Data Analysis

Report Analysis
Chart Analysis
Spatial Analysis
Statistical Analysis
Map Analysis



China Geo-Explorer
An Integration of Spatial Data and Analysis for China Studies

Statistics

GIS

Census

Charts

Maps

Tables

Reports

Data Output

http://chinadataonline.org/
http://chinadataonline.org/
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 Government Statistics 
o Provincial Statistics (1949 - )
o City Statistics (1996 - )
o County Statistics (1997 - )

 Population Census
o Census 1953 
o Census 1964 
o Census 1982 
o Census 1990 
o Census 2000/2010 (province, city, county, township, GRID)

 Economic Census
o Industrial Census 1995 (province, city, county, ZIP)
o Basic Unit Census 2001 (province, city, county, ZIP)
o Economic Census 2004/2008 (province, city, county, ZIP)

 Establishments (more than 7 millions companies and organizations)
 Geography and Environment

o Land Use data 
o Night-Time data 

ZI
P

 Base Maps
o 2000
o 2010
o 2000-2010



China Geo-Explorer

Administrative Units – Location – Chart – Time Series – Establishment 
– GIS Map Export – China-US Comparison – Map Library



Tests of Spatial Patterns
Reports

Morans’ I: Spatial Autocorrelation

Maps

Charts: Histogram



Tests of Spatial Structures

Industrial Structures Spatial Structures



Tests of Spatial Trends

GDP: Zhejiang/Xinjiang/Tibet Population

EmploymentManufacture of Medicine: 
Zhejiang & Sichuan



Tests of Inter and Intra-Regional Similarities
Comparative Reports between Groups

Comparative Reports within Groups



Tests of Regional Similarities and Dissimilarities

Similarity Index between Anhui and 
States of the US

Similarity Index between Anhui and 
Other Provinces of China



Tests of Industrial Linkages by Space and Time



Panel Data for Spatial Modeling

Original Variables Spatially Weighted Variables
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Case Study: Risk Assessment of Wujing

Thermal Power Plant, Shanghai, China
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Population by Township of Minhang
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Migration from Other Places
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Location  Analysis
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Demographic Report by Spatial Ranges



25

Business of Power Industries by Spatial Ranges
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Correlations between Thermal Power and 

Other Power Plants by Space and Time
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Spatial Distribution of Thermal Power Plants 

in the US and China



Future Directions: Big Data Integration

Mobile facilities

o Cell phones

o Mobile tablets

APPs

o QQ, WeChat, Facebook, Twitter, Tumblr etc.

Transportation network

o Bus

o Train

o Bicycle

Traditional Business systems:

o Data produced by Public Agencies

o Data produced by businesses

Internet of Things:

o Data from sensors

o Data from online shopping

Features of Big Data:
o Multi-sources
o Space and time
o Classifications
o Complex structure



Geo-Explorers: Integrated Data Analysis

Reporting Thematic Maps Establishment search

Remote Sensing Data Exploratory Spatial Data Analysis China-US Comparative analysis



Identifying Spatial Population with QQ Data

https://im.qq.com/

https://cgi.im.qq.com/data/24h_province.js



Identifying Population Activities with Twitter Data

 Step 1: API Register

 Step 2: Search Twitter Data through Tweepy

 Step 3: Transform Twitter Data into GeoJson

 Step 4: Upload to GeoExplorer

 Step 5: Spatial analysis and visualization

https://dev.twitter.com/overview/api/tweets



Identifying Spatial Crime with Web Crawling

Open Government Data
https://data.cityofchicago.org/

Crime Map by Tract



Big Data Integration – Web Search

Results from keyword search:
 Non-structural data -> Structural data
 Non-spatial data -> Spatial data
 Text data -> Numeric data
 Unlimited keywords -> Unlimited data
 Complimentary data to baseline data

Map Table

Correlations

Keyword
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