
Optimising biodiversity data 

science for societal benefits in 

developing countries. 
It is the data science revolution: So what 

are the opportunities and challenges? 

Why is this currently a very big deal? 
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Four maps (a through d) illustrating census demographics from Southern Illinois for 

twenty counties consisting of 34,218 census blocks. Clusters were delineated for 

locations where there were higher-than-expected values of the measured variables  









Fig. 4-2, p. 61 
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• Data 

• Knowledge

• Strategies

• Tools 

• Methods 

• Our motivation 

• Success 



• Data Science 

• Data Science 

The key to understanding what the data 

says is to attack it from all angles

• Data Science 



• H-Volume Constantly increasing in 

quantity

• H-Variety Text, image, sound, 

video…structured, semi-structured, & 

unstructured…requires data fusion/put in data lake
• H-Velocity Speed & growth in real time, 

processing of data streams

• Veracity Quality of data…QAQC
• Value Potential value is huge 

but contingent upon the AS/CSRA success
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Big Data is fueled by 5Vs: volume, variety, velocity, veracity, & value 



• From a Geospatial perspective, 

• Domain applications 

• Develop a frontend software application or one-stop 

shop center/web-based tool 





Data Representation Concepts 
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Data management (DM) Analytics and Strategies (AS) & CSRA 
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Example Application I: Ensuring high quality 

and protection of Geocoded Health Data 

Inspiration: ‘A scientist’s work is never complete, 
always evolving, learning, validating, and investigating better 

ideas/methods in pursuit of the scientific truth and a fine 

language to communicate the truth to a broad audience’ 



Random Direction and 

Fixed Radius, Random Perturbation within a Circle, 

Gaussian Displacement, P-sensitive k-anonymity 

algorithm, Donut Masking,  Bimodal Gaussian 

Displacement
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First Step: Understanding pre-mask data by exploring all angles 

Second Step: Geomasking under five constraints 

Third Step: Exploring post-mask data to determine quality reproducible locational 

information to improve patient care/enhance targeted interventions    

Research Team: Pierre Goovaerts, Yongmei Lu, 

Luke Achenie, and Tonny Oyana 
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Public 

Patient 

Scientist 

inform 

inform inform 

Optimization 

Framework 

Geomasking 

Method 

guide 

Preserved 

disease 

patterns & 

trends 

Accurate 

environmental 

exposure 

assessment enforce enforce 

Geomasking Optimized Under Space-time and Exposure Constraints (GOUSTEC) 
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First Step: Understanding pre-mask/post mask 

data by exploring all angles 

Published Results: Lindley LC, Oyana TJ. 

Geographic variation in mortality among children and 

adolescents diagnosed with cancer in Tennessee: Does race 

matter? (In Press, Journal of Pediatric Oncology Nursing).  
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Location of Study Area, TN, USA 

Analysis done at 

individual and 

census tract-levels 
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Second Step: Geomasking under five constraints 

Preliminary Results 
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Second Step: Geomasking under five constraints—Formalizing concepts 

where J(x) is the default 

objective function 

- x is the decision variable vector  

- Minimizing J(x) leads to the 

optimal value of x 
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Implementation of a Test Code as a Python Script: Optimization Algorithm covers Objectives g1 through g3 

External parameters of 

code 

Internal parameters of flexible 

optimization code 
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Spatial distribution of coordinate locations of 

individuals at census level 

Spatial distribution of geomasked coordinate locations 

of individuals within census tracts (preserves g1–g3) 

Geomasked data patterns: Zoomed in to 6 census 

tracts 

Geomasked data patterns: Zoomed in to 1 census 

tract 
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Third Step: Exploring post-mask data to 

determine quality reproducible locational 

information to improve patient care/enhance 

targeted interventions    
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Analyzing and visually communicating noise in a post-mask dataset: k-anonymity 

ranges from 0.1 to 0.5 km within the census tract 
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Validation of Matched Addresses: Testing positional accuracy between two reference data sets. Upper rows are 

asthma data set in Buffalo, New York; and lower rows are from undisclosed cohort data set of Memphis, TN 

The Dilemma of Geocoded Data 
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Reaction-Diffusion Mechanistic Models (RDMM) of Pediatric Cancer Estimates in Tennessee 
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Example Application II: Using an External 

Exposome Framework to Examine Pregnancy-

Related Morbidities and Mortalities: Implications 

for Health Disparities Research 

Inspiration: ‘A scientist’s work is never complete, 
always evolving, learning, and investigating better 

ideas/methods in pursuit of the scientific truth and a fine 

language to communicate the truth to a broad audience’ 

Research Team: Tonny J. Oyana, Patricia 

Matthews-Juarez, Stephania A. Cormier, Xiaoran 

Xu, and Paul D. Juarez 



r Lit.
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A conceptual framework for understanding adverse birth outcomes synthesized from 

over 50 research articles. IE refers to internal exposome while EE is the external 

exposome 
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Specific Aims for Effects of PM2.5 Lifetime 

Exposure on Child Health  
• Examine the spatiotemporal relationship 

between  
• hospitalization rate 
• ER visits  

of children with an asthma diagnosis and PM2.5 
exposure 
 

• Examine the temporal relationship between  
• hospitalization rate 
• ER visits  

of children with an asthma diagnosis and PM2.5 
exposure 

 



Accomplishing the Aims 

• Spatiotemporal 

– Measuring short/long-term effects of drivers of 

asthma hospitalization/ER visits 

 

• Temporal 

– Measuring trajectories of asthma hospitalization/ER 

visit drivers 
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Temporal Exploration using Data Brushing 

Techniques 









Map 7: High-resolution Satellite-derived 

average PM2.5 Patterns between 2004 and 

2008 

Map 8: PM2.5 Statistically Linked to Asthma ER 

Visits and Hospitalization Encounters 

Data Source: Asthma Data was obtained from the Methodist Le Bonheur Healthcare System. 
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Map 1: Areas in Shelby County with 

Similar VOCs (71 compounds) overlaid 

with major roadways and individual 

pollution sources. 

Map 2: Areas in Shelby County with 

Similar VOCs-BTEX Profile. BTEX = 

benzene, toluene, ethyl benzene, and o-, 

m- and p-xylene. 

Data Source: The 2014 VOC data (112 monitoring sites) was obtained from Dr. Chunrong Jia, 

School of Public Health, University of Memphis. 

A regionalization and partitioning algorithm searches and finds similar structures in a 

multidimensional dataset. The algorithm utilizes a powerful self-organizing map, adaptive kernel, 

and clustering methods with spatial contiguity constraints to identify areas with a similar profile.  



Map 3: Areas in Shelby County with 

Similar VOCs (71 compounds) minus 

background information. 

Map 4: Areas in Shelby County with 

Similar Highest Average VOCs-EAAN 

Profile. EAAN = Ethanol, Acetone, Allyl 

chloride, and Naphthalene. 

Data Source: The 2014 VOC data (112 monitoring sites) was obtained from Dr. Chunrong Jia, 

School of Public Health, University of Memphis. 

Note the similarity in spatial patterns in Maps 2, 3, and 

4. 



Map 5: Areas in Shelby County with 

Similar VOCs with combustion-BTT 

related compounds. BTT= benzene, 

toluene, and 1,2,4-trimethylbenzene. 

Map 6: Areas in Shelby County with 

Similar VOC compounds with high 

cancer potency-BTHC profile. BTHC =  

Benzyl chloride, 1,1,2,2-

Tetrachloroethane, Hexachloro-1,3-

butadiene, and Chloroform Profile. 

Data Source: The 2014 VOC data (112 monitoring sites) was obtained from Dr. Chunrong Jia, 

School of Public Health, University of Memphis. 
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Example Application III: Understanding the food 

environment in low- and high-income settings 

Inspiration: ‘A scientist’s work is never complete, 
always evolving, learning, and investigating better 

ideas/methods in pursuit of the scientific truth and a fine 

language to communicate the truth to broad audience’ 



• H0

food prices

food and nutrition assistance programs community 

socioecological characteristics. 1 4 

2 3 

• Why:



65 Understanding the urban food environment in low- and high-income settings in Chicago 








