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autonomous driving, 51
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autonomy, 21, 22, 165

Basically Available, Soft, Eventually (BASE), 94

BeiDou. See global navigation satellite system
(GNSS)

bias. See big data: bias
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big data, 2, 27, 40, 43; bias, 61, 66, 129, 163, 202;
complexity, 13; exhaustivity, 13, 41, 71;
extensionality, 13; extreme big data, 98; indexical,
12; origin of term, 7; relationality, 12; scalability,
13; speed and storage demands, 10; terminology, 6;
value, 12; variability, 11; variety, 11, 71, 130;
velocity, 10, 71; veracity, 11; visualization, 12;
volume, 8, 71

big data for development (BD4D), 184
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biodiversity, 15, 37, 67, 72, 176, 208

bot, 62

Brazil, 195

British Academy, 152

Cambridge Analytica, 164, 168

Canada, 180
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captured data, 34

causation, 121, 127, 128, 151, 204

cell phone, 36, 48, 49, 56, 61, 98, 167, 184, 195

census data, 29, 31, 40, 64, 65, 69, 142, 155

China, 19, 47, 74, 116, 168, 181, 195, 207

Chinese Academy of Sciences, 2

Chinese Personal Information Protection Law, 181

class imbalance, 113

classification, 83

climate change, 64, 132, 140, 178, 181, 188, 189, 203

climate modeling. See model: climate

cloud computing, 95, 96, 100, 110, 116

CodaLab, 108

Code, Data, and Environment (CDE), 108
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(ICTD), 183
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computational sustainability, 183, 190

consent, 168, 172, 173, 194
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COOP. See Cooperative Observer Program (COOP)
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Cooperative Observer Program (COOP), 56

Coupled Model Intercomparison Project (CMIP), 59

COVID-19 pandemic, 39, 66, 185, 186

critical data studies, 20

Critical Zone Observatory (CZO), 206

crowdsourcing, 40, 54, 55, 66, 67, 117, 174, 188, 196

CyberGIS-Jupyter, 110

cyberinfrastructure, 15, 87, 109, 110, 111, 142, 144,
154, 207, See infrastructure: computing

CZO. See Critical Zone Observatory (CZO)

data: matching, 82; munging, 82; standardization, 82

data assemblage, 20

data cultures, 159

Data Documentation Initiative (DDI), 87

data lifecycle, 85, 90

data mining, 17, 23, 28, 83, 101, 114, 132, 139;
association rule mining, 83

data model, 32, 71, 81, 82, 95, 112, 134; entity model,
32; graph model, 33,77, 82,95, 112, 113, 114, 128,
134; grid model, 33, 112, 132, 134

data modeling, 17

Data Observation Network for Earth (DataONE), 87

data pipeline, 82

data quality, 82, 129, 169, 180, 209, See error

data science, 1, 2, 13; education, 111, 151, 152, 209;
theory-guided data science, 139; workflow, 16

Data Science Association, 154

Data Science Council of America, 154

Data Science Society, 154

data sharing, 102, 104, 105, 144, 175, 180

data-information-knowledge-wisdom (DIKW)
pyramid, 200, 201

data-intensive science, 14

DataONE. See Data Observation Network for Earth
(DataONE)

datum, 7

DDI. See Data Documentation Initiative (DDI)

decision trees, 78

deep learning, 17, 80, 83, 95, 97, 133, 136, 137

democracy, 21, 200, 204

derived data, 34

determinism, 22, 157

digital divide, 65, 81, 173, 174, 175, 176, 182

digital Earth, 99, 176, 207

digital humanitarianism, 196

digital humanities, 4, 146, 147, 148

digital object identifier (DOI), 88

DIKW. See data-information-knowledge-wisdom
(DIKW) pyramid

dimension reduction, 78

dimensionality reduction, 84, 139; principal
components analysis, 78, 84; random projection, 84

dipoles, 134

discrimination, 162, 163

disease, 56, 106, 136, 185, 186

dispossession, 164, 165, 192

distributed computing, 92

DOIL. See digital object identifier (DOI)
drone, 29, 34, 38, 44, 71, 72, 196

Earth, 4, 35, 37, 38, 46, 58, 87, 112

Earth system science, 4

Earth System Science Partnership, 199

EarthCube, 141, 207

earthquake. See hazards: earthquake

eBird, 57, 66, 203

ecological fallacy, 133

ecosystem services, 72

edge computing, 100

elasticity, 91

electromagnetic spectrum, 45

embedded computing, 99

embodied intelligence, 80

endogeneity, 132

energy, 37, 46, 74, 75, 100, 139, 158, 188

entity model. See data model

environmental humanities, 4, 146, 147

ENVRIplus, 208

epistemology: abductive reasoning, 124; black box,
120, 122, 124, 126, 128; deductive, 121, 122; end
of theory, 121; inductive, 121, 122, 125, 127, 140,
150, 189; radical empiricism, 122; rationalism,
122; semantic conception, 124

error, 60, 67, 82, 94, 105, 131, 169

eScience, 140

ethics, 43, 149, 153, 173, 185, 202

European General Data Protection Regulation
(GDPR), 163

European Science Foundation, 2

European Statistical System (ESS), 42

European Union, 74, 163, 171, 177, 181, 208

exegetical construction, 127

exhaust data, 34

explainable artificial intelligence (XAI), 138

explanation, 125, 126, 127, 136, 200

extensible markup language (XML), 88

extent. See scale

extract, transform, and load (ETL), 97

Extreme Science and Engineering Discovery
Environment (XSEDE), 178, 211

FAIR principles, 103

fault-tolerance, 91

findability. See FAIR principles

floating-point operations (FLOPS), 10

fog computing, 100

Foresight International Dimensions of Climate
Change, 178

fourth paradigm, 124

Future Earth, 199, 207

GABBS. See Geospatial Data Analysis Building
Blocks (GABBS)

Galileo. See global navigation satellite system
(GNSS)
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GDPR. See European General Data Protection
Regulation (GDPR)

gender, 61, 158, 163, 171, 174, 187

General Social Survey (GSS), 41

generalization, 83, 124

geocoding, 34

Geospatial Data Analysis Building Blocks
(GABBS), 111

GEOSS. See Global Earth Observation System of
Systems (GEOSS)

Global Biodiversity Information Facility (GBIF), 208

Global Earth Observation System of Systems
(GEOSS), 38, 89, 208

Global Environment for Network Innovations
(GENI), 178

global environmental change, 3, 73, 116, 181

Global Land Project (GLP), 176, 199

global navigation satellite system (GNSS), 35, 180

Global Ocean Observing System (GOOS), 37, 73

Global Positioning System, 35

Global South, 159, 164, 182, 187, 191

GlobeLand 30,116

GLONASS. See global navigation satellite system
(GNSS)

GNSS. See global navigation satellite system (GNSS)

Google Earth Engine, 117, 209

GPS. See global navigation satellite system (GNSS)

GPU. See graphics processing unit (GPU)

graph model. See data model

graphics processing unit (GPU), 97

grid model. See data model

Hadoop, 93, 113, 114, 115

HARKing, 101

hazards, 52, 56, 58, 73, 116, 179; drought, 1, 189, 206;
earthquake, 33, 52, 56, 196; floods, 52, 56, 58, 71,
72,73, 89, 157, 206

high-performance computing, 95, 96, 97, 111,
114, 207

horizontal scaling, 91

hotspot, 83

human-environment research, 3, 15, 16, 37, 159

human-environment systems, 1, 2, 6, 146, 155

humanities. See digital humanities, environmental
humanities

hydrology, 52, 107, 139

HydroShare, 88, 107

iNaturalist, 57, 203

Incorporated Research Institutions for Seismology
(IRIS), 38

India, 47, 51, 74, 159, 180, 192, 195

Indian Remote Sensing Satellite, 47

indigenous knowledge, 6

information and communication technologies for
development (ICT4D), 184

information sovereignty, 22, 181

informational sovereignty, 179

informational state, 180

infrastructure: computing, 19, 31, 38, 109, 199, 204,
205, See cyberinfrastructure; data, 178, 180, 209,
210; knowledge, 24; physical, 52, 56, 61, 159, 188;
sensor, 158

Institute for Operations Research and the
Management Sciences, 154

Institutional Review Board (IRB), 172

institutions, 24, 105, 140, 187

instrumentalism, 22, 23, 158, 182, 190, 203

Integrated Public Use Microdata Series (IPUMS),
41,109

Intergovernmental Oceanographic Commission, 37

Intergovernmental Panel on Climate Change, 199

Intergovernmental Platform on Biodiversity and
Ecosystem Services (IPBES), 176, 199

International Association for Official Statistics
(IAOS), 42

International Cooperation for Animal Research Using
Space (ICARUS), 100

International Food Policy Research Institute
(IFPRI), 194

International Geosphere-Biosphere Programme
(IGBP), 116, 199, 207

International Human Dimensions Programme on
Global Environmental Change (IHDP), 207

International Institute for Applied Systems Analysis
(IIASA), 117

International Society of Digital Earth (ISDE), 176

International Statistical Institute (ISI), 42

Internet, 38, 40, 51, 54, 68, 110, 174, 210

Internet of Things, 18, 99

interoperability, 30, 103, 208; attribute, 31; pragmatic,
31; semantic, 31; spatial, 30; syntactic, 31;
technical, 31; temporal, 31

interpolation, 83

Inter-university Consortium for Political and Social
Research (ICPSR), 87

involuntary data, 34

IPUMS. See Integrated Public Use Microdata Series

Japan, 74, 177, 180, 181

Kenya, 184
kriging, 83

land cover, 37, 45, 46, 72,73, 79, 116, 117, 130

land use, 37, 45, 64, 72, 81, 116

Landsat Thematic Mapper, 29, 47, 117

learning: ensemble learning, 81; reinforcement
learning, 81; supervised, 81, 83, 117; transfer, 83;
unsupervised, 81, 83, 84, 117

LIDAR. See light detection and ranging

light detection and ranging, 37, 47, 51, 168, 210

LMICs. See low- and middle-income countries
(LMICs)

load and source prediction, 188

locational data. See spatial data
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Long Term Ecological Research Network (LTER),
144,206

low- and middle-income countries (LMICs), 182,
191, 195

LTER. See Long Term Ecological Research Network
(LTER)

machine learning, 77, 80, 81, 83, 92, 99, 117, 130,
137, 139, 185

MapReduce, 92, 93, 113, 114

medical research, 21, 78, 138, 154, 185

medicine. See medical research

memory: long term, 81; modular, 92; nonvolatile
memory, 98; processor-in-memory, 98

metadata, 30, 31, 36, 87, 88, 90, 93, 103, 107, 201

middle-range theory, 156

military, 35, 46, 71, 138

Millennium Development Goals, 183

Millennium Ecosystem Assessment, 116, 199

mobile device. See cell phone

model: agent-based, 106, 107, 127, 134; climate, 18,
58, 106, 189; regression, 83, 105, 113, 132, 150;
simulation, 18, 58, 110, 125, 128

model sharing, 105, 106, 107, 108

modeling, 58, 76, 79, 82, 106, 113, 131

modifiable areal unit problem, 133

modular, 92

Moore’s law, 17,91, 97

Moore—Sloan Data Science Environments
(MSDSE), 154

MSDSE. See Moore—Sloan Data Science
Environments (MSDSE)

NASA. See National Aeronautics and Space
Administration (NASA)

National Academy of Sciences, 2

National Aeronautics and Space Administration
(NASA), 58, 74, 96

National Ecological Observatory Network
(NEON), 206

National Historical Geographic Information
System, 69

National Oceanic and Atmospheric Administration
(NOAA), 74

National Statistical Office (NSO), 41, 42

National Strategic Computing Initiative (NSCI),
154,178

natural intelligence, 80

natural language processing, 84, 89, 143

nearest neighbor analysis, 83

neogeography, 56

NEON. See National Ecological Observatory
Network (NEON)

Netherlands Horizon Scan Project, 179

networks, 18, 34, 62, 100, 143, 167, 206;
environmental sensor network, 38

neural network, 17, 68, 72, 78, 79, 97, 137,
convolutional neural network, 80, 81
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Nigeria, 180
NoSQL, 94
NSCI. See National Strategic Computing Initiative
(NSCI)

NSF. See US National Science Foundation (NSF)
NSO. See National Statistical Office (NSO)

Observations for Model Intercomparison Project
(Obs4MIPs), 59

ocean, 37, 73, 74, 189

Ocean Observatories Initiative, 37

ODD. See Overview, Design Concepts, and
Details (ODD)

OECD. See Organisation for Economic Co-operation
and Development (OECD)

ontology, 88, 90, 106, 115, 117; bottom-up, 89; top-
down, 89

open data, 175, 176,177, 179, 194

Open Geospatial Consortium (OGC), 90, 176

Open Government Data, 179

OpenStreetMap, 66, 196

opportunistic sensing, 49, 55

opt-in agreement, 62

opt-out agreement, 62

Organisation for Economic Co-operation and
Development (OECD), 169, 181

Overview, Design Concepts, and Details (ODD), 107

Pan-Eurasian Experiment (PEEX), 207
parallel computing, 92, 95, 108, 111, 113
parallelism. See parallel computing
parallelization. See parallel computing
participatory sensing, 49

passive data, 34

pattern matching, 12, 84, 131
people-centric sensing, 48

p-hacking, 101

philosophy of science, 20, 24
philosophy of technology, 20
photograph, 49, 52, 61, 68

pixel, 33, 45, 47, 65, 79, 83

politics of fear, 166

pollution, 39, 48, 50, 52, 73, 166
population, 1, 9, 29, 53, 61, 64, 65, 74, 109, 166
PostGIS, 115

posthumanism, 6

prediction, 83, 122, 125, 126, 128, 136, 150, 204
privacy, 103, 168, 171, 172, 180
projection, 112

provenance, 88, 90, 103, 108, 109

qualitative data, 28, 49, 59, 127, 141, 149, 150

quantitative data, 28, 60, 148, 149

QZSS. See global navigation satellite system
(GNSS)

race, 7, 31, 61, 62, 158, 162
racism. See race
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RAMM. See relational, aggregated, multilevel, or
merged (RAMM)

raster, 112, 114, 115

RDF. See Resource Description Framework (RDF)

reanalysis, 58

regression forests, 78

regression model. See model: regression

relational database, 32, 93, 94

relational, aggregated, multilevel, or merged
(RAMM), 41

remote sensing, 44, 46, 56, 70, 73, 116, 118, 130

remotely sensed imagery, 30, 45, 61, 64, 71, 73, 79,
113, 116, 168; hyperspectral, 45; lidar, 47;
microwave, 46; multispectral, 45; nighttime
imagery, 46; panchromatic, 45

repeatability. See reproducibility

replicability. See reproducibility

reproducibility, 21, 100, 101, 103, 105, 107, 108, 110,
138,175

Resilience Alliance, 199

resilient distributed data set, 93

resolution. See scale; spatial, 28, 30, 46, 47, 50

Resource Description Framework (RDF), 88

reusability. See FAIR principles

Risk Assessment and Horizon Scanning (RAHS), 178

Royal Society, 2

sample, 61, 62, 65, 83, 129, 150

scale, 28; multiscalar, 27, 112, 133; scale
dependent, 133

science and technology studies, 20

SDGs. See Sustainable Development Goals (SDGs)

Sebastopol Principles, 176

seismology, 38, 39, 68, 111

semantic conception. See epistemology: semantic
conception

sensor, 37, 39, 48, 49, 55, 98, 155, 206, 210; remote
sensing. See remote sensing

Sensor Web Enablement (SWE), 210

sentiment analysis, 52, 84, 149, 194

Silicon Graphics, 7

simulation modeling. See model: simulation

Singapore, 177

situated intelligence, 80

small data, 141, 142, 144, 145, 146, 211

smart city, 155, 156, 157, 158, 187

smartphone. See cell phone

social intelligence, 80

social media, 51, 52, 55, 63, 84, 164, 170, 187,
Facebook, 8, 51, 52, 164; Flikr, 51, 61; Instagram,
51, 61; Twitter, 8, 36, 51, 61, 165

sousveillance, 50

South Korea, 159, 177

Spark, 115

spatial data, 28, 33, 34, 52, 65, 67, 101, 102, 111,
112, 114

species, 56, 57, 102, 143, 209

spectral range, 45

split-apply-combine, 92, 93; decomposition, 92

spurious correlation, 131

stationarity, 128, 135

statistics, 14; statistical approaches, 16, 77, 78, 83,
129; statistical education, 14, 153

stream processing, 98

streaming data, 10

structured data, 32, 33

Structured Query Language (SQL), 94

substantivism, 23

surveillance, 19, 23, 166, 167, 169, 180

surveillance capitalism, 19

survey, social science, 63, 69, 87, 149, 167

surveying, land, 34, 193

sustainable development, 182, 183, 187, 192

Sustainable Development Goals (SDGs), 182, 184,
185, 187, 190

Systéme Pour 1’Observation de la Terre (SPOT), 47

tally sticks, 7

temporal data, 28, 30, 31, 45, 47, 63, 111, 113, 116,
130, 132

temporal frequency, 29

temporal scale, 29

tensor processing unit, 97

TeraGrid. See Extreme Science and Engineering
Discovery Environment (XSEDE)

theoretical explication, 127

training, 62, 68, 80, 96, 118, 137, 162; features, 79

transactional data, 53, 54

transient data, 34

trustworthiness, 59, 82

uncertainty, 60, 67, 82, 102, 125, 130

uncomputability, 131

uncrewed aerial vehicle. See drone

uncrewed surface vehicle, 38

undecidability, 131

United Kingdom, 86, 177, 181

United Kingdom Horizon Scanning Centre
(HSC), 178

United Kingdom Investigatory Powers Act, 167

United Kingdom Welcome Trust, 176

United Nations, 42, 116, 173, 182; Development
Program, 182, 184; Economic Commission for
Europe, 42; Educational, Scientific and Cultural
Organization, ; Food and Agriculture Organization
(FAO), 64, 116, 117; Global Pulse, 188;
International Telecommunication Union (ITU),
173; Statistics Division (UNSD), 42; World
Commission on Environment and
Development, 182

United States, 29, 56, 87, 165, 177, 180

unstructured data, 32, 56, 81

urban, 35, 66, 73, 116, 155, 157, 174, 187, 189; urban
heat island effect, 46; urban-rural divide, 61

urban analytics. See smart city

US Consumer Privacy Bill of Rights, 171
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US National Science Foundation (NSF), 144, 154,
176, 178, 206
US PATRIOT Act, 167

validation, 67, 106, 150, 211

values, 21, 22, 45, 202

vector, 33, 112, 114

vegetation, 52, 57, 72, 74, 166

Verifiable Computational Results (VCR), 108
vertical scaling, 91

VGI. See Volunteered Geographic Information (VGI)
viewshed, 114

visualization, 84, 103, 113, 125, 153, 207
voluntary data, 34

Volunteered Geographic Information (VGI), 56

water, 37, 45, 52, 72, 186, 189

weather, 34, 37, 38, 39, 40, 52, 56, 68, 73, 130, 179,
189; weather insurance, 181; weather station,
37,39

Web Coverage Service (WCS), 115

Web Feature Service (WFS), 115

Web Map Service (WMS), 115

webcam, 40, 49

World Bank Development Impact Evaluation
initiative (DIME), 184

World Climate Research Programme (WCRP), 207

XALI See explainable artificial intelligence (XAI)
XSEDE. See Extreme Science and Engineering
Discovery Environment (XSEDE)
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