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G.1.S

Computer systems for managing, analysing and visualising geographic data

Geographical Information Science and Systems

Science (GISci) - fundamental theories, principles, methods, and knowledge

Systems (GIS) - technology of problem solving (tools and their applications)

Longley et al., 2015


https://en.wikipedia.org/wiki/Geographic_data_and_information
https://en.wikipedia.org/wiki/Geographic_data_and_information

Evolution of GIS
research (GISR)

» Large gaps in our understanding
* Focus on origins and tech dev

+ Less so thematic development

» Bibliographic data analyses of GISR

literature limited

"...few comprehensive sources that cover the full range of GIS [research]
(thematically, spatially, and temporally)..."

Chrisman (2016, p.1)



Bibliographic analyses
of GISR

Predominantly scientometric

Limited thematic analysis

Focussed on specific area of lit

Lit searches limited scope (small samples)
Lack of data filtering/cleaning

No differentiation of GIS and GISci

Author(s)

Time range

n (articles)

Wu et al (2023) 1991-2020 1 O?c’)t?r?als)
Huang (2022) 1990-2017 16,096
Biljecki (2016) 2000-2014 12,436

Duckham (2015) <2015 27 journals

Tian et al (2008) 1997-2006 9,849
Sun and Manson 1992-2007 20,181

(2011)

Selected recent articles on bibliographic analysis of GIS literature




Why improving understanding of GISR
thematic structure?

1. Better understand how knowledge has developed over time in GISR -

detecting trends/shifts/“turning points” that have shaped research (chen, 2004)

2. Help identity gaps in the literature and guide research direction- e.g.,

focussing on unexplored areas (osé De Oliveira et al., 2019)

3. Inform decisions regarding resource allocation and identifying areas within a

field of research that require further investment (oe Bellis, 2009)

4. Understand if/how GISR responds to societal challenges/real-world problems



Aim

Conduct an extensive, robust computational analysis of the GISR literature to

produce a comprehensive model of its thematic structure



Research questions

RQ1 - What is the thematic structure of the GISR literature?

RQ2 - Can GISR lit be meta-categorised into science and systems?
RQ2 - How has the thematic structure of GISR evolved over time?
RQ4 - What are the drivers for major changes/turning points in GISR?

RQ5 - How is GISR responding to major societal challenges?



Methodology

Elas

R 5

Initial data
munging Data cleaning Visualise > Geographical
analysis
A
Reproducible research Scopus’
Thematic
R programming language (v. 4.2.0) " modeling)

R Studio (v.2023.06.0)

C)

GitHub opensource

Final topic
model
Interpret,
aggregate/ Visualise




Data acquisition

( TITLE-ABS-KEY { {gecgraphic* information} )} OR

BOATERRA A
TITLE-ABS-KEY ( {geoinformation} ) OR gf§§§%fh§£;?§z
TITLE-ABS-KEY { {geo-information} ) OR EEEJI‘IQEQR
(UTE by vE
TITLE-ABS-KEY ( {geo-spatial} ) OR 0}
0, TN

TITLE-ABS-KEY ( {geospatial} ) OR ﬁébiaﬁﬁk
TITLE-ABS-KEY { {spatial data} ) OR ELSEVIER

TITLE-ABS-KEY { {geodata} )} OR

TITLE-ABS-KEY { {geo-data} ) OR

TITLE-ABS-KEY ( {giscience} ) OR s . 99

TITLE-ABS-KEY ( {GIS} ) OR ¢ TO p | C SearCh

TITLE-ABS-KEY { {G.I.5} ) OR

TITLE-ABS-KEY { {spatial analysis} ) OR

TITLE-ABS-KEY ( {gi-=cience} ) AND .

LANGUAGE ( engiisn ) ) A « Title, Keywords, Abstract

PUBYEAR > 1969 AMD PUBYEAR <« 2822 OR

TITLE-ABS-KEY ({geographic* data}) OR

SRCTITLE(International Journsl of Geographical Information Science) OR .

SRCTITLE(Transactions in GIS) OR ) I Cl d eS CO e G IS JO al.S

SRCTITLE(Journal of Spatial Information Science) OR n u r u rn (DUCkham’ 2016)
SRCTITLE(GeoInformatica) AMD

( LIMIT-TO { SRCTYPE,"5" ) ) AND

o e ) ) A » 139,491 articles from 8,354 journals
( LIMIT-TO ( DOCTYPE,"ar"™ } ) AND ) )

{ LIMIT-TO { LANGUAGE,"English" ) )



Data cleaning

« Extensive, iterative

« Removed:

o 1,077 journals

: v o 20,367 papers
g A A HEJJ . Cleaned DB:
Topicm;e"mg ]‘ o 119,185 papers
o >8000 journals




E DA Published GIS Research Papers: 1970 to 2022 (n = 119185)
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EDA

Title Author(s) |(Year |Journal Citations
Very high-resolution interpolated climate surfaces for global land areas Hijmans et al |2005 International Journal of Climatology 14715
Local indicators of spatial association - LISA Anselin 1995 Geographical Analysis 6580
The global distribution and burden of dengue Bhatt et al 2013 Nature 5516
Koppen's climate classification map for Brazil Alvares etal |2013 Meteorologische Zeitschrift 5447
: : : fthe A ’ W
Large area hydrologic modeling and assessment part i: model development |Arnoldetal [1998 Journal of the rr.1er.|can ater 5284
Resources Association
A review of assessing the accuracy of classifications of remotely sensed data | Elly 1991 Remote Sensing of Environment 5261
_ : . : Guisan & : :
Predictive habitat distribution models in ecology . 2000 [Ecological Modelling 5210
Zimmermann

Collinea.lrity: a .review of methods to deal with it and a simulation study Dormann et 013 Ecography 4669
evaluating their performance al

The shuttle radar topography mission (SRTM) Farr et al 2007 Reviews of Geophysics 4415
A global map of human impact on marine ecosystems Halpern etal |2008 |Science 4268

Top ten articles (in the geographical information science & systems literature) by number of citations (Data source: Scopus, January 2023)




EDA Term frequencies: 'Machine learning' and ‘artificial intelligence'
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Geographical analysis

Publications: Top 10 Countries (overall number of pubs - 1970-2022)

USA -~ 25.1 K

CHINA A 15.3 K

UK 4

INDIA -

ITALY -

CANADA -

GERMANY -

AUSTRALIA

SPAIN -

IRAN -

5000 10000 15000 20000 25000

O -

Number of papers (count)



Geographical analysis

Pubs (%)

0

0-2
I 2-5
B 5-10
[ 10- 15
Bl 15- 20
Il 20- 30
I 30 - 40
Il 40 - 60
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Publications (%)

40 -

20 A

Geographical analysis

Publications: Top 6 Countries (1980-2022)

Country

== CANADA
== CHINA
=== INDIA
=== |TALY
UK

- USA

1980 1990 2000 2010 2020



Thematic

) 1. Develop a thematic structure for GIS lit
Analy5|5 2. Chart prevalence of topics over time

« Using Al/machine learning (ML)
- Data source —® abstract text
« Richer than keywords, more informative

than “ready-made” subject area tags



Topic modelling
(TM)

J « Natural language processing (NLP)

{ Topic
modelling k¢
(OBJECTIVE 1)

« Computational content analysis

f . Unsupervised probabilistic ML

( ) » Discovers latent or “hidden” topics

» For large-huge databases
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Structural topic model (STM)

Roberts et al (2019)

Journal of Statistical Software

October 2019, Volume 91, Issue 2. doi: 10.18637/jss.v091.i02

stm: An R Package for Structural Topic Models

Margaret E. Roberts Brandon M. Stewart Dustin Tingley

University of California, Princeton University Harvard University
San Diego
Abstract

This paper demonstrates how to use the R package stm for structural topic modeling
The structural topic model allows researchers to flexibly estimate a topic model ths
includes document-level metadata. Estimation is accomplished through a fast variation
approximation. The stm package provides many useful features, including rich ways 1
explore topics, estimate uncertainty, and visualize quantities of interest.

Keywords: structural topic model, text analysis, LDA, stm, R.

State of the art framework for TM

Estimate effect of metadata on topics

Diverse applications

Political science Johnston and Sprong, 2023)
Human-nature relations (Muletal, 2022)

| and Use Classification (shao et al,, 2020)

structuraltopicmodel.com



textProcessor

ngest  [rees—

The “STM” R package: v (==

F to * plotRemoved
t
(Roberts et al. (2019, p.6) Estimate stm
Evaluate Understand Visualize
searchK TabelTopics - ‘ [ potssTv ]
manyTopics FindThoughts 8
multiSTM estimateEffect

selectModel | topicCorr |

| cloud |

permutationTest
| plotQuote |
Extensions e .
https://cran.r-project.org/web/packages/stm/index.html O p-ot-estimateEiect

C  stmBrowser 3 '?»*;; b
< stmCorrViz > . | plot.topicCorr |



https://cran.r-project.org/web/packages/stm/index.html
https://cran.r-project.org/web/packages/stm/index.html
https://cran.r-project.org/web/packages/stm/index.html

STM: Preparation

 Remove papers where n words in abstract <100

e stm::textProcessor

o Convertto lower case
o Remove punctuation
o Remove stop words (e.g., and, the, that)

o Stemwords (e.g., family, families, family’s mappedto famili)

 stm::prepDocuments

o Several corpus manipulations including removing very rare words



STM: Preparation

Conversion of text into numerical data

« Documentl: "/ love cats”

+ Document 2: " hate dogs" Document-term matrix

 Document 3: "/ have a pet cat and a pet dog”
D1 1 1 1 0)

D2 1 0 0 1 1 0 0 0 0

D3 1 0 1 0 0 1 2 2 1



No. of articles
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Papers for topic modelling 1993 to 2022 (after abstract processing) n = 111234
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Papers
111K

Corpus
1.9M words

Vocabulary
17K words



Probabilistic topic modelling

Topics

gene 0.04
dna 0.02
genetic 0.01

brain 0.04
neuron  0.02
nerve
/
data 0.02
number 0.02
computer 0.01

S —

A topic is a probability
distribution over words

Documents

Topic proportions and

assignments

Seeking Life’s Bare (Genetic) Necessities

COLD SPRING HARBOR, NEW YORK—
How many genes does an @rganism negyd to
survive! Last week at the genome meeling
here, two genome researchers with radically
different approaches presented complemen-
tary views of the basic genes needed forlife:
One research team, using computer analy-
ses to compare known genomes, concluded
that today’sIOFSARISMS can be sustained with
just 25Q venes, and that the carliest life forms
required a mere 128 venes. The
other researcher mapped genes
in a simple parasite and esti-

v = Haemophilus
mated that for this organism, [ gonome

) 1703 genes
800 genes are plenty to do the

job—but that anything short

of 100 wouldn’t be enough.
Although the numbers don't

match precisely, those predictions

* Genome Mapping and Sequenc-
ing, Cold Spring Harbor, New York,
May 8 to 12.

SCIENCE e VOL. 272 « 24 MAY 1996

Mycoplasma
genome
469 genos

“are not all that far apart,” especially in
comparison to the 75,000 genes in the hu-

e, notes Siv Andersson SBeer™ila
University in Swirhseeed ¢
800 eT. but coming up with a Com
sus answer may be more than just a g
numbers & icularly e Mmore
MOre Zenomes are g ¢ apped
sequenced. “It may be a way of organizime
any newly sequenced genome,”

It

lll\l

explains
Arcady Mushegian, a computational mo-
lecular biologist at the Natiqgal Center

\\\ for Biotechnology Informatior

NCBI

—9:

\ +22genes S //"” ;

| o [ 258 ( 5

/ | genes o

/ 7 <

Stripping down. Computer analysis yields an esti-
mate of the minimum modern and ancient genomes.

—

Blei (2012, p. 78)

A document is a probability
distribution over topics



Generative process and estimation of the STM
(Roberts et al. (2019, p.4)

Generative Model

wr Wo (EL (T ey L4 L3 [ [J
—— Prior distribution
Dy(X =1)
Dy(X = 0)
"party ...
govemment,..
country"
For Docs . -
similar to Dl Doc 1 EStImatlon
f'-A_"\ f'-"'\_"'\
EM Step 1: Word Topic
un T] T] T]
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Topic modelling : Challenges

1. Cleaning data

2. Com putation (OBJEceTIi/nE 1)

3. Flndlng K (no. of topics)
j—‘ Linked
4. Interpreting topics

5. Aggregating topics




Challenge 1: Cleaning data

« 2,189 terms removed through iterative model runs
» Geographical (continents, countries, regions, languages, nationalities)
« Common subject terms (e.g, “geographical information systems”)
« Other stop words not removed in first step

« Numbers (incl. dates)



Challenge 2: Computation

 Full model estimation run time

o 3b+ hrs (standard) CPU {3t Ger Inteli) CoredThA 1812500 CPU 12th Gen Intel(R) Core(TM) i9-12900

o 4.5 hrs (parallel)

Utilization  Speed Base speed: 2.40 GHz 2.40 GHz
4%  199GHz S J 100% 3.23 GHz

purrr (standard) furrr (parallel)



Challenge 3: Finding K

How to determine number of topics K?
* No “best” model — no “right” answer for K

« No systematic evaluation framework

» One solution - compute multiple models with different K and evaluate outputs
« Combination Of: E—

« Quantitative evaluation metrics

« Qualitative assessment of model outputs

« Domain knowledge



Comparing exclusivity and semantic coherence

STM:. B
Finding K RN G A

Quantitative evaluation PURICRNLE
9.75- ) R R
9.50 - Model
% | Mod_20
E 4 Mod 40
L% =  Mod 60
Mod_80
0.25-
Lee and Minmo (2014)
K=95
200 150 100 20

Semantic coherence



Challenges 3 & 4: Finding Kand interpreting topics

Finding Kand topic interpretation is performed concurrently

using range of quant and qual STM outputs:

- labelTopics
« Topic plots /\

 ldaViz

For series of 15 models (K=10 to K=150)

 wordCloud
« findThoughts

 Ljterature sources




Final model selected

K=135




STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 1 Topic 2
suitabl - [N cluster - [N
moder- [ detect - [
categori = I statist- [l
layer- [ similar -
overlay - |} hierarch - §
class- |} group - §
classifi- | homogen - |}
margin - § scan - [
prepar - techniqu -
locat- | neighbor - ||
Topic 6 Topic 7
forest - [ cancer -
deforest=- [ incid =
harvest- | diagnosi- [
wood - [ diagnos- [
tropic - J breast- [
forestri- [ lung - §
plantat- [ diagnost - [
log- |l registri=
inventori - | screen - |
timber - | women - |
Topic 11 Topic 12
emiss - transfer - N
carbon- I convers - [
inventori - M farmland - [
gas- [ convert- [0
greenhous - | abandon - B
atmospher - § arrang - B8
ghg- | close - I
flux - | arabl-
mitig - | central -
sink - | repres - B
Topic 16 Topic 17
ecolog - [N autocorre! - [N
construct - || district - [N
environ - [l hotspot -
capac- |} spot- |}
comprehens - [l statist- [l
degre- moran - [
index - | index-
function - [ exploratori- |
sustain- coeffici- B
secur- fI posit- §

00 01 02 03 04 05

00 01 02 03 04 05

Topic 3

eros -

soil -

loss -
equat -
univers -
sediment -
erod -

rusl -

revis -
practic -

Topic 8

water -
mine =
reservoir =
bodi -
dam -
storag -
subsid =
coal =
suppli -
ground -

Topic 13

health -
public -
outcom -
improv =
status -

link -

license -
background -
wellb -

evid -

Topic 18

landscap - [
metric - [N
disturb -
structur -
natur- J§
configur- |
shape - ||
heterogen - ||
index - |
element- |

00 01 02 03 04 05

B

Topic 4

wetland -
restor -
marsh =
upland -
peat -
peatland -
plain =
creek -
tidal -
prairi =

Topic 9

histor -
archaeolog -
document -
centuri -
histori -
modern =
archiv =
ancient =
remain -
contemporari -

Topic 14

elev -

slope -
mountain =
topograph -
terrain -
dem -
topographi -
deriv -
gradient -
contour -

Topic 19

event -
hazard -
disast -
damag -
earthquak -
seismic -
emerg -
natur =
respons -
evacu -

00 01 02 03

Topic 5

tempor -

seri-
spatiotempor =
spatio-tempor -
exhibit -

peak -

correl =

fluctuat -
period -

evolut -

Topic 10

pollut -

metal =
heavi-
concentr -
sampl -
element -
princip =
compon =
industri -
anthropogen -

Topic 15

popul =
densiti -
human -
dens -
higher -
occup -
live = |
negat - |
peopl - |
inhabit - |

Topic 20

carbon -
biomass -
stock -
soc -
organ =
leav -
leaf -
sequestr -
storag -
litter -

04 05

00 01 02 03 04 05

stm::labelTopics

Qualitative
topic
evaluation



STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 21

educ-

school -
univers =
student -
learn -
cours -
retail -
skill -
shop -
teach -

Topic 26

patient -
hospit -
medic -
clinic =
injuri =
emerg -
asthma -
visit -
trauma -
insur -

Topic 31

care -
servic -
health -
popul -
elder -
disabl -
practic -
peopl -
physician -
dental -

Topic 36

river -
basin -
load -
upper -
delta -
lower -
sub-basin -
reach -
yangtz -
yellow -

00 01 02 0.3

Topic 22

qualiti -
paramet -
sampl -
index -
purpos -
hard -
good -
standard -
deterior -
water -

Topic 27

social -

busi -

media -
socio-econom =
dimens -
inequ -

index -

depriv -
disadvantag -
dordrecht -

Topic 32

index -
rainfal =
precipit -
drought -
extrem -
normal -
ndvi =
frequenc -
wet -
month -

Topic 37

fish -

marin -
fisheri -
bay -
aquacultur -
ship -

catch -
maritim =
vessel =
spawn -

00 01 02 03 04 05

04 0.5

B

Topic 23 Topic 24 Topic 25
govern - [ conserv - case - NG
polici - [l biodivers - incid - [
sector- [ prioriti = confirm - [
agenc- M threat - occur-
invest- priorit - background - |
privat- biolog - prevent - |
institut- B threaten - higher - |
firm - § pond - suspect - |
regul - § pool - regist - |
financi- fI status - irr= |
Topic 28 Topic 29 Topic 30
geograph - [N urban - [ fire - [N
crime - [ growth - wildfir- [
law - B8 expans - B typolog -
gwr- B rapid - danger- [
regress - B built-- |} prevent- B
weight- sprawl - | ignit-
violenc- form- | rescu- [
polic- B sustain - | occurr- ||
enforc- impervi - | wui- |
squar- | urbanis - | nsw- ||
Topic 33 Topic 34 Topic 35
defin- [ aggreg - place - [
structur- 8 trap- practic- M
object- M pest- argu- B
attribut- infest- B draw- |
set- § insect- M relat- |
knowledg - beetl - B form- |
relat- N weed - § theori - |
concept - f fli- § cultur- |
rule - § abund - || peopl - |
domain - § larva - § debat - |
Topic 38 Agriculture: horticulture & viticulture Topic 40
tree - [ plant - [ remot - [N
plot- BN seed - Y sens - [
stand - fruit- B class- ¥
canopi- pollen- § classif- B8
height- |§ orchard - § imag -
structur- phenolog - | satellit- [
pine- § vineyard - || landsat-
growth - | flower - | techniqu -
regener- || oliv- | lulc- B
diamet - || pollin- | classifi-
00 01 0.2 03 04 0.5 00 01 02 03 04 0.5 0.0 01 0.2 03 04 0.5

stm::labelTopics

Qualitative
topic
evaluation



STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 41

algorithm -
comput =
effici -
optim -
perform -
solut -
queri -
solv -
scheme -
process -

Topic 46

landslid -
suscept -
curyv -
slope -
valid =
auc-
inventori -
index -
occurr -
hazard -

Topic 51

sampl -
regress -
statist -
linear -
predictor -
logist -
explain -
random -
count -
independ -

Topic 56

covid- -
vaccin -
pandem -
campaign -
trial =

uptak -

dose -
immun =
coverag -
coronavirus -

00 01

02 03

Topic 42

sand -
grain- B
desert- 8
dune- M
root-
shrub- B
woodi-
arid- §
surviv-
stabil - §

Topic 47

mortal =
death -
burden -
diseas -
diabet -
chronic -
respiratori -
morbid -
infant -
acut -

Topic 52

environment -

sensit-
degrad -
impact -
pressur-
environ-
desertif- §
natur - ||
anthropogen - |
advers - |

Topic 57

household - N
intervent -
malaria-
target- N
transmiss -
elimin- B
resist- |
sub-saharan- ||
control =
background - |

00 01

04 05

02 03 04 05

Topic 43

coastal -
island -
coast -
sea-
shorelin -
rise -
mangrov -
beach -
coastlin -
inland -

Topic 48

peninsula -
terrac =
format -
holocen -
longitud -
materi -

- N

- R
date - B

-1

)

|

|

|

|

|

Topic 53

- B
-
placement- [
harm- B

|

inject- B

substanc-

opioid- §

)

]

treatment -
pharmaci -

Topic 58

simul - [
hydrolog - B
catchment- B
runoff-
model - I
=
|
=

input =
calibr-
output -
generat -

0.0 01

02 03 04 05

B

Topic 44

tourism -
attract -
tourist -
destin -
prefer -
visit -
visitor -
activ -
crowd -
ecotour -

Topic 49

access -
open =
opportun -
improv -
equiti -
hsr -
reach -
peopl -
equit -
equal -

Topic 54

light -
materi -
footprint -
construct -
roof -

built -
height -
floor -
shed -

(e

c

o
1

Topic 59

test -
function -
probabl -

distribut -
covari -
estim -
infer -
1

0.0 0.1

02 03 04 05

Topic 45

nutrient =
fertil -
nitrogen -
chemic -
residu -
phosphorus -
pesticid -
input -

organ -
leach -

Topic 50

physic =

environ -

food -

activ -
neighbourhood -
built -

walk -

associ -

perceiv -
neighborhood -

Topic 55

air -
pollut -
nois -
monitor -
sound -
particul =
ambient -
matter -
airport -
traffic -

Agriculture: Arable farming

crop -
yield -
wheat -
maiz -
corn =
soybean -
growth -
harvest -
rotat -
strip -

0.0 _01

1 1 1
0.2 03 04 05

stm::labelTopics

Qualitative
topic

evaluation



STM 135: Highest word probabilities for each topic

Different words are associated with different topnics

Topic 61 Rural geography Topic 63 Topic 64 Topic 65
weight - rural = cover - speci - center -
criteria - settlement - patch - invas - healthcar -
analyt - villag = fragment - occurr = centr-
fuzzi- town - buffer - nativ - step -
rank - consolid - edg - distribut - expenditur -
hierarchi - township - corridor - nich - bed -
ahp - urban-rur - core - abund - float - oo y
techniqu - live - woodland - predict - catchment - Stm" Iabelroplcs
score - locat - amount - presenc - spend -
assign - isol - landcov - ecolog - demand -
Topic 66 lopic 6/ Topic 68 Topic 69 Topic 70
soil = network - exposur - mass - communic =
properti - path - mobil - ice - onlin -
content - artifici - posit - glacier - collabor -
moistur = neural = gps - snow = share -
depth - node - person = accumul = topic -
organ - ann - devic - sheet - citizen -
sampl - intellig - indoor - glacial - content - l' :
textur - link = expos - permafrost - search - Qua Itatlve
clay - align - outdoor - avalanch - name -
matter - design - receiv - melt - librari - t o
Topic 71 Topic 72 Topic 73 Topic 74 Topic 75 0 p C
activ - census - dispers - depend - contamin - .
fault - incom - genet - empir = concentr - l
tecton - socioeconom - popul - market - drink - eva u atl 0 n
volcan = demograph - isol = price = nitrat -
structur - block - structur - heterogen - water -
deform - dispar - bear- extern - exceed -
belt - black - evolutionari = account = arsenic =
erupt - tract - gene - trade - sampl -
fold - status - extinct - evid - mgl -
seismic - higher - differenti - real - remedi -
Topic 76 Topic 77 Topic 78 Topic 79 Topic 80
visual = spread - station - vector - lake -
interact - diffus - day - dengu - aquat -
design - domest - heat - mosquito - freshwat -
view - wild - thermal - fever - eutroph -
environ - releas - minimum - control = ontario =
display - stratif - maximum = nile = water -
virtual - pig - Ist - transmiss - bloom -
techniqu - ash - daili = aed - phytoplankton -
experi - erad - cool - aegypti- macrophyt -
navig - boar - humid - wnv - depth -
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STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 81 Topic 82 Agriculture: Irrigation & water management Topic 84 Tapic 85
concentr - divers - irrig = age - groundwat -
season - communiti = water - adult - aquif -
winter = composit - balanc - older - recharg -
summer - speci - rice = old - tabl -
dri - rich - evapotranspir - peopl - hydrogeolog -
spring - structur - crop - young - drastic -
higher - gradient - paddi - mental - depth - oo y
wet - assemblag - requir - taiwan - water - Stm" Iabelroplcs
aerosol - explain - canal - suicid - paramet -
autumn - function - deficit - higher - good -
Topic 86 Topic 87 Topic 88 Topic 89 Topic 90
municip = watersh - energi- featur - control -
hiv = sediment - cost - extract - preval -
tuberculosi - gulli - power = classif - infect -
sdo - plateau - demand - learn - intermedi -
rio = loess - suppli - imag - parasit -
inhabit - sub-watersh - electr - machin - host -
aid - hillslop - consumpt - train - dog - l' H
leprosi - creek - generat - spectral - posit - Qua Itatlve
locat - subwatersh - renew - perform - shail -
test - outlet - solar - accuraci- schistosomiasi - t .
Topic 91 Topic 92 Topic 93 Topic 94 Topic 95 p
softwar - geographi - travel - veget - protect - .
platform - review - transit - grassland - natur - l
web - mani - mode - flux - park - eva uatlon
interfac - perspect - trip = graze - reserv -
applic - critic - commut - grass - recreat -
real - concept - cycl - het - zone -
sensor - institut - transport - pastur - trail -
modul - outlin - car - domin - activ -
capabl - evolv - bus - npp - design -
function - look - stop - rangeland - effect -
Topic 96 Topic 97 Topic 98 Topic 99 Topic 100
diseas - oil - space - drainag - servic -
outbreak - depth - green - geomorpholog - coverag -
surveil = gas- street - landform = custom -
infect - pipelin - morpholog - paramet - deliveri -
epidem - spill = layout - relief - deploy -
epidemiolog - geotherm - garden - morphometr - web -
transmiss - shallow - environ = featur - workflow =
virus - bathymetr - form - karst - deliv -
contact - plume - vital - lineament - infrastructur -
pathogen - canyon - function - fractur - share -
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STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 101 Topic 102
road - RN imag - [0
traffic- 0 resolut- 00
safeti- [ satellit- I
vehicl- 1 aerial-
accid- [ imageri- B
crash- | detect- [
highway - ground - [
pedestrian- [ lidar- [
segment- | accuraci- ||
intersect- | band - |
Topic 106 Topic 107
climat - EEEEE flood -
scenario- I inund -
adapt- [0 hazard -
project = [ flash- |
impact- I event- |
region- B damag - |
shift- [ mitig - |
expect- [ return - |
respons - [ depth - |
warm - || floodplain - |
Topic 111 Topic 112
transport - B children - [
rout- birth - I8
infrastructur - B child - |
wast- [0 women - |
landfil - odd- [
solid - | matern - [
generat- § childhood - [
dispos - live - §
railway - [ preval - |
port- || obes - |
Topic 116 Topic 117
nest- [0 water-
breed- I monitor - FR
forag- B0 salin- [0
predat- treatment- 00
coloni- [ wastewat- [
prey - [ dissolv - [
bird- | salt- [
whale - | discharg - [
turtl = | oxygen - [
ant- | sewag - |
0.0 01 0.2 03 04 0.5 0.0 0.1

0.2 03 04 05

Topic 103

vertic -
wave -
veloc -
horizont -
signal -
numer -
dimension -
frequenc -
profil -

Agriculture: Food systems and

sustainability/security

product -
agricultur -
farm -
cultiv =
food -
sustain -
farmer -
cropland -
practic -
secur -

lopic 113

wind -
direct -
speed -
dust -
turbin -
farm -
offshor -
ventil -
power -
height -

Topic 118

plan -

decis -
strategi -
sustain -
make -
implement -
effect -

polici -
design -
decision-mak -

B

00 01 02 03 04 0.5

weather -
forecast -
meteorolog -
precipit -
rain -
atmospher -
resolut -
gaug-

daili -
ensembl -

employ -
migrat -
intern -
famili =
converg -
local -
differ -
union -
immigr -
migrant -

econom -
region -
industri -
economi -
effici=
agglomer -
structur =
posit -
innov -
polici -

facil =
women -
gender -

men -
sport -
camp -
locat -
occup -
nearest -

H

i
worker- [

0

i

i

I

|

|

Topic 104

Topic 109

Topic 114

Topic 119

00 01 02 03 04 0.5

Topic 105

sediment -
reef -
abund -
estuari -
coral -
bay -
benthic -
lagoon -
seagrass -
substrat -

Topic 110

assess -
cultur -
basel -
license =
heritag -
preserv -
asset -
element -
list -
natur -

Topic 115

geolog -
rock -
subsurfac -
geoscienc -
anomali =
interpret -
geophys -
structur -
format -
bedrock -

Topic 120

integr -
standard -
requir -
procedur -
format -
updat -
technic -
autom -
engin -
softwar - |
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STM 135: Highest word probabilities for each topic

Different words are associated with different topics

Topic 121

deposit- conflict - [0

miner - 00 polit- B

prospect - [ border - I
explor- B right- B
geochem- | divis - J§
gold - | claim- I
alter- || civil -
signatur - | parti- |
evid- | war - ||
ore- | vote - |

Agriculture: Livestock farming

movement -
move -
anim -
behaviour =
track -
livestock -
cattl -
trajectori -
feed -

farm -

residenti -
resid -

hous -
neighborhood -
proxim =

home -

live =

parcel -

segreg -

amen -

0.0 0.1

flow =

channel -
reach =
bank -

river =

riparian -
debri -

floodplain -
dcwnstream -

lopIC 1371

femal - B
overlap- B
male - §
competit- §
interact- B
home - §
reproduct - |
differ- §
trait - |J
behavior - ||

0.2 03 04 05

———H
stream -

B

=

=

=

B

=

i

i

0.0 041

Topic 122

Topic 127

Topic 132

0.2 03 04 0.5

Topic 123

fire -
regim -
burn -
sever -
fuel -
wildfir =
frequenc -
perimet -
occur -
occurr -

Topic 128

communiti -
knowledg -
particip -
resili =
inform =
interview =
stakehold -
organ -
awar -
participatori =

Topic 133

error -
point -
accuraci -
valid -
estim =
uncertainti -
accur -
interpol -
measur -
predict -

00 01 02 03 04 0.5

Topic 124

poor -

poverti -

radiat -

cumul -

solar -
multidimension -
allevi -

versus -
queensland -
sun -

Topic 129

w
@
Q

1

ocean -
atlant -

pacif =

circul -

oscil -

shelf -

sst-
mediterranean -
arctic -

Topic 134

citi - [

metropolitan - I

structur -

core -

smart -

capit-

shanghai -
suburb -

locat -

inner -

0.0 01 0.2 03 04 0.5

Topic 125

habitat -
speci- B0
wildlif- |
bird- ¥
endang - ||
red- |
abund - |
deer- |
mammal - |
prefer- |

Topic 130

valu -
ecosystem -
servic =
function =
regul =
provis =
biophys -
valuat -
trade-off -

Topic 135

account -
set -
reflect -
societi -
strong -
remain -

N

-
Iocat - B

i

|
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i

i

|

|

0.0 01 0.2 0.3 04 0.5

stm::labelTopics

Qualitative
topic
evaluation



stm::wordCloud

categori
appropri

capabl
e Iayer opttEnum generat
biophys environ 9'0UP purpos g€o- errtwuronment

repar overlaid
B moderparametr

check Plain promis S _ societi step
name
multi-criteria constraint «nmargm rest karnataka

fall‘- defin
_currentunsuit naturgujarat ©  §. & ©
determmexcluls gournal del?n]falr 25 g z
. revealalmost  ‘thematproper Svizg  xf0 7
gsgstamclasshe ang'arc'G'-' o QQ gsmse E
a4
£ E governor recla{ssn’ ° “’e’ffl%dw S nadu physic
@ & cutiy Parame excel & Iocatr:ateoccUpl

khuzestan Wherea restrict 9

belong andhra requir raster o‘“"m'éf:}gghcenc

divid necessari
classifi

uttar

bengal

himach t€chniqu maharashtra
Qverlay recommend

|
. millennium I | I StO |
disappear

remain monument € structur

photograph church wall fractal 2throughout of}?'dwmk
archaeologist chron

stone discov evolutcentu rl umv;r:seum
Frevnous t|r'ace d OCU m e

n t twentieth

€gaClmateribegan record religiwork
extens transform sacgr name d}gﬁlgfgﬁostg iron .date
archiv’ £ exploit lbecam, mark 5 evi

appear ocat © =
excay PP Elink o iiia it &5 & c Ebur 3 =4

Ci
klngdomcarfographdc?ntmu oy ® 2 tlme L §
analys . efens resenc @

SE half ¢ 5rm ~ buitt - E gprese
ago 88

dern origin allow ©

«archi ec‘ur

prehistor dynasti
presers\(/r:)aasnI hlStOr bror?écmemev

archaeologg::

contemporari techniqu
ancient

ol
Sea i@
3
2.

ie

start
press
hypothes

ons
®
o}
~—
[ =
-

_unsustain accompani

domin infrastructur expans

entropl yncontrol continu

g out basel
8 encroachmost rapid 5 8 : megac

ganalyz add.t@iecrfg\:}vs| slow = Gfastbeij

' underQodm’eraccelerempl 2 environ
reveal extens fring mphenomenonug

£ rise sleuth expand
s pen urban 2 rowth Fanalys ¢ Sonc.

guangzhoubum o okolkata surbanis

Inﬂ Sbangkok £
""'tdtrenr/‘tf:—1 é%q'mfn 2 gradient 5 gradual

amount experienc ~ natur massiv
signific  effectwherea |ntens shrinkag

profoundsuburbanfastes
ocour undergommperVI face

densif worldwid
increas markov

mediterranean
natur  cjass estim

siltat input
deliveriextrem  €mpir Soasimum

higher wepp highland ¢
calcu'actualdeg"ad phenomenonpart &

semi-arid glight % .

i rcgi

sdr  immedi acctcr)]unt generat acceler 3 arcg
portion Sha- _ sever intens

prevent foler equat S o &  epmauant

5 Qusl
control *P°S unlvers‘- % environ °¢CU"

decreastOpngaPhltake » Y rangcomput
catchment approprigadiment suﬁerwherea adopt

effect moder detachmitig
coverreveal gy applllost

amount
serious paramet mm,m sainfal

terrac modifi &
form freeze-thaw m
tha)”redlstrlbut
micro-watersh O
geowepp
—

erosion-| Eron experienc rys|

d crmc prone

locat

techniqu

soll ~
sampl

stratum
C‘?U“t explanatorigeneralis

centroid  defect d set gastroschisi

bestgeocod “Binari mqltmoml

predict © 80’2') nesdindepend logist

— posit

(U
tabul % gextrapol dlfferl misalign
ak:tkrong E (\j/?rlanc Inea incorpor
modifi bi
stratlfggﬁgg\?t Eequa valuc&m e explaln bias
success deriy Masksrs [ANAOM

whether postal gdmgam confid previous  poisson

readili techniqu zero-infl slight @, leahst subsetg|m H

code e equat Separ addltsas " t-test
|mprov

signific o multlcollmear

strongest proport PEMOrM
similar @

predictor coefier 5

anova

cellular  sustain pyilt-aom
pact
negéi urgentdramat SPrawl driven greenbelt
larg automatapace ] wlmpllcquannf

transform

specﬁ

strata
peron |nclusmc bifrr]grmal m
non
ne_gatmodel confound'NC spss

hazard

tsunami

s . mievent
O

hurrlcan intens reliefgocieti

o
> henomena
= actual:soap
@ epicent2 S Post-earthquak infrastructur

£ catastroph €*P°S cyclon
c experienc loss taiwan plahar recu)nl'r
locat nearimmedi amplif SUrg

peak probabilist prone
exceed devast gs(’nrlelfiggu%ﬂ!:aps“fe estim

fragil ©
warn peopl ™9 853 gccyr PrePared._

prefailur
expect F@COVET"Pid strongcivil taxe gstorm

destructhlt m glime  extrem
shake 5 e erg a:frequent wenchuan

liquefact effect
i magnitud tornado’ 9enerat numer

Seismlc % properti groundthreat typhoon evacu

casualti trigger microzon sudden
critic n atu r sec%gdan physic

disast damag

IOCallabour

declin ten
JOb generat d whether crisi
m foreign

te rn distinct entrepreneur >
entrepreneuri structur O iation
evid net 5 famlll britain o. shift
increas journal 2 perman

hand _subnatspecial |2 OT phenomenon Cdlverg
-migrat redjistributanoth reciprocseem S recess

— wage compar hypothesn
religi “mpOIaf degre arriv CO nverg
microsimul Sub-region Tormergrave
«~ sub revers reflectlike,_worker antar’a;zcton interregion
forc “origin

occup £ S€Par 9ap work  link @nut
Ecub '—maCFO contrast

3eamadm|n|§tr restructur 2

ethnic ”‘es°lmm|grq, 2 _contr
persistexist em " seXpIan g

entrepreneurship

dlfferentl S remain
tendenc

explaincemeteri share
employ:=
differ .
migrat

m serio

attach
‘mi grant —

hail FESPONS

post-disast

impact

Infrastructur

. , hinterland recycl .
I d ra|| [= reush%zmat Sortlandfll

carrier minimis £ vehicl mtermod tram perform

optumumdepot g = hand shortes"ne leachat

collect requir generat b avoid

freightengin effc; Zpoint aqgit e dispos

sanitari munIC|p & _maintencdw "becom
mmod _analys contain recoveri

inciner  cargo IMProv societi MINIM genar

[ o=

design |ocatbest author -
effec&candld good c@pac__ 8 E&site
o
demolit 2 take ® E coper
improp ‘> dumpsit i
5 .

mani hub Propos bagtergpéggrrent
mswrailway optlm analyst

construct warehous rallroad cost
Wastun&omml logist  seaport
waterwaytryck

port _g storag

sport

altern

tran

appropri

=wrestor

5
everglad . 3 transform pea
photograph £ o 2 © dike ~waterbird o
@5 Q hydroperiodhgm ==
throughout quantifi = I:s:,soe;%%rlenc yanchengé £
boghydrolog naturemgrgaICfeek £ riverin

£ Poolg flatramsar  sanjiang ™IS,
ortion © reestablishaerial delin ¢attail
S artifici Eplammarshland reclam mani
(Oremov  £salt & continu INVentori  scientist
alterwetﬂtypha gdegrad increas [Hudﬂat
E Cclost Smodiflike 'di'2P'“ drain
extens dltch Eupland saltmarsh peatland
rangreveget Sy er G fen alterniflora jmpact

waterfowISUCCESS  Sreed play PlaYarefer
replac  former g 2 pearspartlna

function expansibinegr es‘“a” ecohydrolog
SOngnen

wetland~



Selected Topic: | 13 H Previous Topic H Next Topic J Clear Topic |

Intertopic Distance Map (via multidimensional scaling)

PC2
29 85
66 1
a2 103 _q_am
10 - g7 121 (22 1
129 6971 43 14 107 -
105 1 :
75818 102
81 48 - _
42 80 | e (8 19 ) =
94 £ | e 81
1., 7 54 59 ad3
16

PC1 23. 04 3“2 #ﬂi 110 67

*iu 1% 1“51* 30 o8 "“1,

© Gs 12477 104, %)
‘1.09-28 2 108 404
182) g9 2 70 68 w8
®_ _ ==
96 49 |
131 D @
72 50 57 119 »
47 K
w® © g
128
112 26

31

Marginal topic distribution
2%
5%

10%

Slide to adjust relevance metric:(?
A=1 0.0 0.2 0.4 0.6 0.8 1.0

20,000

improv .

status .

link |l

license l

background I

wellb I

evid I

administr I

blue |

depart I

recommend I

basell

At chi |
promot I
120 author |
biom |

offici |

routin |

policymak I

118 policy-mak |
life |

scorpion |

healthi |

need |

ministri |

stress |

proper |

Overall term frequency
P Estimated term frequency within the selected topic

1. saliency(term w) = frequency(w) * [sum_t p(t | w) * log(p(t | w)/p(t))] for topics t; see Chuang et. al (2012)
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Topic 60:

the on 1in yield gaps (differences between actual yields and the theoretically attainable yields) restricts the of rational strategies to optimize yields and environmental costs. quantifying the
yield and the 1in yield gaps that yields and a narrowing of the yield gap. here, we an analytical to yield to options for closing the yield gap at the . we a yields for 40 and from 87 on-farm
experiments in , , from to . the yield was simulated for each - using a hybrid-maize (http://www.hybridmaize.unl.edu/) and weather . we then a and of actual yields to yield gaps at the . the simulated
yield at 27 was 15.2 mg ha-1 ( 8.1-17.6 mg ha-1) in . the on-farm experiments an attainable yield ranging from 8.7 to 16.7 mg ha-1 . during this , the actual maize yield between 4.1 and 11.9 mg ha-1,
to the - . farmers’ , , 52% of the yield and 77% of the attainable yield. widely amounts of p fertilizer input farmers significantly to regional 1in yge. soil olsen-p and rainfall were . the that
there 1s  to substantially +the maize yield in non-optimal p , such as in the . , lmprovements in regional p strategies, such as at the , +to be separately to a for the actual maize yield. © shi,
zhang, peng, shi, , liu, , song, cao, cui and cui.

interactions environmental , decisions, and temporal and in corn (zea mays 1l.) and soybean [glycine max (1.) merr.] yields. the of this are (i) to test whether yield response of corn to n and p
and of soybean to p are and temporally , and (ii) to evaluate the profitability of a (vr) n and p fertility strategy over a 5-yr, corn-soybean rotation using this response . a near windom, mn, , was cropped
with corn (, , and ) and soybean (, ). replications of 13 n and p treatments were 1in a split-plot arrangement of a randomized block design. treatments were at constant in strips the . fertilizer n
treatments were 0, 67, 112, 157, and 202 kg ha-1 and p treatments were @, 56, and 112 kg p20o5 ha-1. the was partitioned into sub-blocks for of yield response. corn and soybean response to these inputs was
for each block, each . that of crop response to these inputs is , and that response of corn and soybean to p is temporally in some parts of the , but not . response to n was not temporally . of an ex post
profitability that returns over the 5-yr from the vr n and p strategy were $28 ha-1 higher than returns from a uniform strategy. © society of agronomy.

yield gap (yg) is to opportunities for yield increases. is of the most productive soybean in the . in this , soybean is planted after a winter fallow (from on soybean as crop) or after the
harvest of a winter crop (from on soybean as crop). options for obtaining higher yields is . the of this are: i) to yg of soybean as or «crop, ii) to and environmental with soybean yg , and iii) to
the of soybean yg. a farmers’ with ~22,50@ from to was compiled. water- yield (ywlim) was as the 95th percentile of actual farmers’ yield (ya) . yield gap was the between ywlim and ya, expressed as a
of ywlim. with yg were evaluated using regression trees. ordinary kriging was to of yg. ywlim were 5095 and 4337 kg ha-1 for and crop, . yg were 28.7 and 33.5% for and crop, . yield gap a of .
accounted for 66 and 91% of explained 1in yg for and crop, . gap closing for crop was with planting and maize as crop. gap closing for crop was with foliar fungicide , p fertilization, and planting.
crop yg was auto-, whereas no auto- was for crop. the structure of crop was by an exponential , with 81% of explained by the structure and a maximum of auto- of 120 km. this is with the auto- of

explaining yg in crop. our approximation the of the magnitude, explaining , and dependence of soybean yg in of the most productive 1in the . gaps are to those in , there are opportunities for yield
improvements. ©

yield (yp) and yield gap (yg) in 1intensive potato (solanum tuberosum 1.) production is +to meet food demand with the . evaluating yield gap is a strong to maximum production when are in the best
. a estimation of yield gap and yield potato in 1is lacking. the yield gap atlas (gyga) protocol was to yield of potato in . this protocol is on the climatic (czs) and the reference weather stations

(rws) buffer , soil 1in each buffer . thirty- rws buffer in potato were , and potato in the rws buffer covered 83% of the potato harvest . to the , the yp was 67.3 t ha-1 and actual yield (ya) was 30 t
ha-1. , the tuber yield gap was 37.3 t ha-1. these that the potato producers 45% of the yield in . farmers 5 tons of potato from about 164,000 ha. if they only 80% of yp (53.8 t ha-1), amount of potato
production be 8.8 tones. as , they 5.2 tons tuber yield of potato in 97,000 ha cultivation . , with closing yield gap and potato production, it is to decrease potato lands
of of gaps between yield and producer yields has been restricted to . in the , we a novel for of yield gaps over agricultural with diversity in climate and soils. this was to quantify and
explain yield gaps in rainfed and irrigated soybean in the - (nc ) , which accounts for about +third of soybean production. on yield and were from 3568 producer over crop seasons and grouped into 10
extrapolation domains (teds) to their soil, climate, and water regime. yield was using a of crop modeling and functions for water productivity and against producer yields derived from the yield in each
ted-. yield gaps were as the between yield and producer yield. explanatory for yield gaps were by practices that were concordantly with - and -yield . x ted interactions were then evaluated to
elucidate the underlying of yield gaps. the ted accounted for about half of the regional in producer yield the nc . the 1@ teds, soybean yield ranged from 3.3 to 5.3 mg ha-1 for rainfed and from 5.3
to 5.6 mg ha-1 for irrigated . producer yields in each ted were similar (#12%) to the yield . yield gap, as of yield , was 1in rainfed (: 15-28%) than in irrigated (: 11-16%) soybean. upscaled to the nc ,
yield was 4.8 mg ha-1 (rainfed) and 5.7 mg ha-1 (irrigated), with a respective yield gap of 22 and 13% of yield . sowing date, tillage, and in-season foliar fungicide and/or insecticide were as explanatory
for yield in half or of the 10 teds. , the degree to which these producer yield teds. of in-season weather interpret x ted interactions. for , yield to in sowing date was 1in teds with water
during the pod-setting . the the strength of producer with a to yield gaps, explaining these gaps, and the biophysical drivers yield responses to crop
of yield trials adjustment of cultivar for , improving the statistical precision of yield estimation. while the efficiency of has been frequently 1in yield trials, its to - lolium spp. forage
yield trials has not been . the of this was to evaluate the , nearest-neighbor (nna), and error (ce) for their ability to account for in 138 lolium spp. forage yield trials. this was performed on from
and 11 vr (-) using randomized block desien (rcbd) trials bv the department of agriculture. food and marine (dafm) in . the efficiencies of . nna. and ce with rcbd were 129. 143. and 193% for bv trial x
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The broad topic of this text i multi-criteria decision-making (MCDM) tdchniques, which are @3

used to evaluate and rank feasible alternatives based on multiple conflicting and
The topic of this conversation is related tq forest management and conservation| The first v noncommensurate criteria. The text describes various MCDM techniques such as the

text describes a study on reforestation and deforestation trends in a rural mountainous area technique for order of preference by similarity to ideal solution (TOPSIS), Borda's rule, fuzzy
in Lika, Croatia, and discusses the potential benefits of reforestation efforts for socio- analytic hierarchy process (FAHP), and linguistic quantifier-guided weighted averaging

: : ; : OWA dure. These techni lied | [ decision-maki [
economic planning. The second text focuses on the relationship between forest loss and ( J Rincectine: Tesedechnidesare appied INVANEUS S ecloR- Makig 208nadDs,
e _ _ : D including wind farm implantation, hospital planning, solar photovoltaic farm deployment,
fire-induced damage in a particular region, providing insights on the types of forests most

land suitability evaluation, and solar thermoelectric power plant site selection.
affected by these phenomena. The third text examines the effects of deforestation and

logging on forest fragmentation and edge creation in the Amazon rainforest, highlighting

the ecological repercussions of these activities.

The overall broad topic of these textq is economics, with §pecific topics

including mergers and competition, service provision in government, remote
sensing and marketing, gambling industries, government dissemination

policies, and fiscal decentralization.

The overall broad topic appears to e healthcare and medical research, jwith a

focus on various aspects such as acute care in patients’ homes, transportation

of trauma patients, delay times in surgical care, and adherence to surgical

. . . o The overall broad topic of these texts is topological relations arjd their
infection prevention guidelines.

applications in various fields such as object-oriented structure, generalization,
query, reasoning, and shape simplification. The texts discuss the definitions
and properties of topological relations between objects, and how they can be
represented using matrices, sets, and formal languages. They also explore the
challenges and limitations of existing approaches and propose new methods
stm ° .findThough ts + C h atG PT_4 to address them, such as hierarchical invariants, multi-modeling, and shape
oo decomposition. Additionally, the texts highlight the importance of constraints
and operations in guiding and governing generalization, and the role of

vagueness in modeling complex phenomena.

The broad topic of these passages seems|to be sociospatial theory, which is concerned with

the relationship between society and space and how they shape each other. Specifically, the

passages explore various aspects and perspectives of sociospatial theory, including its S I M 13 5

conceptualization, its relationship to politics and power, and its applications in different

contexts such as globalization, post-representational cartography, and postsecular theory.
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I Topology

Spatial database management and optimisation

I Land-use planning

Uncertainty, interpolation, & geodesy

Spatial regression modelling

Metadata, data standards & spatial data infrastructures
Deep learning & machine learning

Remote sensing: Acquisition and processing
Software and web-GIS development

Regional economics and development

Remote sensing: Image classification

Sociospatial theory, critical & qualitative GIS
Urbanisation & urban planning

Philosophical perpectives on GIS, GISci & geography
Econometrics

Geovisualisation and cartography
Hydrogeomorphology 1

Multi-criteria evaluation (MCE) / suitability analysis
Renewable energy: Solar and bioenergy
Economics & business

Landslide susceptibility mapping

Participatory GIS

Geophysics

Ecological security/sustainability

Spatial sampling

Hazard and disaster management

VGI, crowdsourcing, citizen science

0.

Estimated topic proportions: Raw topics (whole corpus)

1.60%

1.60%

1.50%

1.50%

1.50%

1.40%

1.30%

1.30%

1.30%

1.30%

1.30%

1.20%

1.20%

1.20%

1.20%

1.10%

1.10%

1.10%

1.10%

1.10%

1.00%

Whole corpus
(all years)

Domain application

GlSci

OIOO 0.605 O.DI’IO 0.0|15
Estimated topic proportion

0.020

0.025

Raw topics
Level 1
(135 topics)



Estimated topic proportions: Raw topics (whole corpus)

Soil science 1.00%
Biodiversity monitoring and conservation 1.00%
Agriculture: Food systems and sustainability 1.00%
Climate change modelling 0.90%
Drought analysis 0.90%
Topographic analysis 0.90%
Hydrogeology and water resource management 0.90%
Archaeology 0.90%
Hydrogeology 0.90%
Demography 0.90%
Desertification and land degradation 0.80%
Urban analytics and smart cities 0.80%
Public health: Food & physical activity 0.80%
Coastal geomorphology 0.80%
Fluvial geomorphology 0.80%
Forestry and forest conservation 0.80%
Pollution: Heavy metals 0.80%
Habitat suitability analysis 0.80%
Social networks and social capital 0.80%
Landscape metrics 0.70%
Education & training 0.70%
Soil erosion 0.70%
Network analysis 0.70%
Seismology and volcanology 0.70%
Agriculture: Land suitability analysis 0.70%
Ecosystems services 0.70%
Road safety 0.70%
O.OIOO O.OIOS 0.0I10 0.0I15 O.OIZO O.OIZS

Estimated topic proportion

Whole corpus
(all years)

Domain application

GlISci

Raw topics
Level 1



Estimated topic proportions: Raw topics (whole corpus) :‘

Transport planning and management 0.7% .
Forestry 0.7% i l ;@
Housing and neighbourhood demographics 0.7%
River hydrology 0.7%
Meteorology 0.7% W h O le CO r u S
Pollution: Air 0.7% p
Socio-economic inequalities 0.7% ( l l )
Spatial clustering & pattern analysis 0.7% a y e a rS
Habitat loss and endangered species 0.7%
0.7%

Prehistoric archaeology and paleoanthropology

Water quality 0.7%

Urban climate monitoring (thermal stress) 0.7%

Spatio-temporal modelling 0.6%

Labour and migration geography 0.6%

Flooding 0.6%

Geology 0.6%

Drainage basin hydrology and geomorphology 0.6%

Waste management 0.6%

Cultural heritage & history 0.6%

Health and green space 0.6%

Ethology 0.6%

Grassland ecosystems 0.6%

Web services and sensor web - check 0.6%

Landscape ecology 0.6%

Wilderness and protected area management 0.6%
Biodiversity conservation 0.6%

Oceanography 0.6%

0.000 0.005

0.010 0.015
Estimated topic proportion

0.020

0.025

Domain application

GlSci

Raw topics
Level 1



Estimated topic proportions: Raw topics (whole corpus)

Positioning technology and location-based services 0.6%
I Public health & inequalities 0.5% I ——— I‘Q)
Marine fisheries and aquaculture 0.5%
Pollution: Air & noise 0.5%
Agriculture: Arable farming 0.5% W h O le CO r u s
Construction and civil engineering 0.5% p
Politics and conflict 0.5% ( l l )
Accessibility modelling 0.5% a y e a rS
Marine biolog 0.5%
I Epidemiology - communicable disease 3 0.5% I

Mining and mineral exploration 0.5%
0.5%

Greenhouse gas monitoring

Criminology 0.5%

Domain application

0.5% .

Maternal and child health
Health services monitoring 0.5% GlSci
Spatial autocorrelation 0.5%
Ecological genetics 0.5%
I Epidemiology - communicable disease 1 0.5% I
Glaciology 0.4%
Wastewater monitoring and management 0.4%
Agriculture: Livestock farming 0.4% R t °
Ornithology 0.4% aW O p I CS
Agriculture: Nutrient management & pollution 0.4% L v
evell

Agriculture: Irrigation and water management 0.4%

Agriculture: Plant phenology, horticulture & viticulture 0.4%

Epidemiology: zoonotic disease 0.4%

Epidemiology - mental health 0.4%

0.000 0.005 0.025

0.010 0.015 0.020
Estimated topic proportion



Estimated topic proportions: Raw topics (whole corpus) q

Toursim 0.4%

Epidemiology - communicable disease 2 -0.4% — l%
Epidemiology - noncommunicable disease -0.4%

Hydrocarbon exploration 0.4%

Whole corpus

0.4%

P (all years)

Biomass and carbon cycle

Pollution: Water

Epidemiology: Malaria -0.4%

Pest and invasive species management 0.4%
Rural geography 0.4%

Wetland ecosystem management 0.3%

0.3%

Renewable energy: Wind

Aeolian geomorphology 0.3%

Access to health services 1 m
. Domain application

Wildfire monitoring and management 2

Limnology 0.3%
Agriculture: Land use change 0.3%
Epidemiology: Coronavirus/Covid-19 m
Epidemiology: Cancer monitoring 0.3%
0.2%

Feminist and gender geography

Raw topics

Poverty analysis

Epidemiology: Arbovirology

Level 1

Access to health services 2

Animal and plant pests and diseases 0.2%
Wildfire monitoring and management 0.2%
Epidemiology: lllegal drug use 0.2% I
Misc 0.2% |
0.015 0.020 0.025

0.005 0.010

0.000
Estimated topic proportion
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3% -

2% -

1% -

Topic prevalence over time - All topics (no aggregation)

Topology

Spatial database management &
optimisation

Land-use planning

Interpolation

Spatial regression modelling

r=-0.98, pc = -75.3%

r=-0.92 pc=-41.3%

~

r=-0.65, pc= -40.6%

N

r=-0.77, pc = -12.1%

\
s

r=-0.8, pc=-255%

T~

Metadata, data standards &
spatial data infrastructures

Deep learning & machine
learning

Remote sensing: Acquisition
and processing

Software and web-GIS
development

Regional economics and
development

r=-0.89, pc =-79.5%

r=0.87, pc = 236.2%

A

r=-0.92, pc =-37.9%

\—\’\-

r=-0.95, pc =-60.2%

r=0.64, pc = 124.2%

=

Remote sensing: Image analysis

Sociospatial theory, critical
& qualitative GIS

Urbanisation & urban planning

Philosophical perpectives on
GIS & GISci

Econometrics

Topics over time

- Domain application

r=-0.89, pc =-32.8%

\f"

r=-0.8 pc=-20.8%

r=0.94, pc=1453%

/

r=-092 pc=-71.5%

r=-0.53, pc =-6.5%

Geovisualisation and
cartography

Hydrogeomorphology 1

Multi-criteria evaluation /
suitability analysis

Renewable energy: Solar and
bioenergy

Economics & business

r=-0.96, pc =-58.9%

\_

r=-1,pc=-61.5%

—

r=0.68, pc =23.5%

"

r=0.85, pc=76.9%

\_/_//

r=-0.77, pc =-59.2%

N

2000 2010 2020

2000 2010 2020

2000 2010 2020

2000 2010 2020

2000 2010 2020

GlISci

Raw topics
Level 1



Topic prevalence over time - All topics (no aggregation)

Landslide susceptibility
mapping

Participatory GIS

Geophysics

Ecological
security/sustainability

Spatial sampling

= Domain application

5% r=0.98, pc =463.9% r=0.92, pc=286% r=-0.54, pc=-12.7% r=0.93 pc=171.1% r=-042 pc=0.8%
4%
3% A
2%
1% A /—/VJ‘ \/_/_’_ /\ / - —
Hazard and disaster manadement VGlI, crowdsourcing, & citizen Soil science Biodiversity monitoring and Agriculture: Food systems and
9 science conservation sustainability
V)
5% r=0.95 pc = 85% r=0.13, pc=-21.4% =-0.96, pc =-30.2% r=0.11, pc =44.7% r=0.68 pc=21.7%
4%
3% A
2%
1% - / = \ e . / \’\ —
. . . . . Hydrogeology and water
Climate change modelling Drought analysis Topographic analysis resource management Archaeology
0,
o% r=0.96, pc = 36.9% r=1,pc=1683% r=-0.76, pc =-24.4% r=0.92 pc=33.5% r=07pc=17.1%
4% =
3% A
2% A
1% - / — e — " e —
Hvdrogeolo Demoaraph Desertification and land Urban analytics and smart Public health: Food & physical
yarog 9y graphy degradation cities activity
0,
5% r=0.79, pc = 20.4% r=0.88, pc=52.3% r=042 pc=-64% r=0.82,pc=105.1% r=0.92, pc=51.5%
4%
3% A
2% A
1 0/0 = \M / JA
2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020

GlSci

Raw topics
Level 1



Topic prevalence over time - All topics (no aggregation)

Coastal geomorphology Fluvial geomorphology Sy and_forest Pollution: Heavy metals Habitat suitability analysis
conservation

0,
5% r=0.88 pc=71.7% r=-072 pc=-287% r=-0.81,pc=-31.1% r=0.98, pc=107.8% r=0.13, pc =44.7%
4%
3% A
[opics over time
1 0/0 - o, \ — \ f /\—\ p

—
Social networks and social Land . Ed ion & traini Soil . N K vsi
capital andscape metrics ucation & training oil erosion etwork analysis

0,
% r=0.93 pc=41.5% r=-0.61, pc=-14.4% r=-0.72, pc =-50.4% r=063 pc=183% r=-0.1, pc =-4.2%
4%
3% A
2% A
1% N | — N e oL -

Seismology and volcanology S Lanq suitability Ecosystems services Road safety VLIRS e EEMALITE) & — Domain application
analysis management

o .
5% r=0.55 pc=33.1% r=0.86, pc = 28.8% r=0.98, pc=112% r=0.281, pc=11.5% r=033, pc=79% GlSci
4%
3%
2% A
1% 4 J— —r

[ J
Forestry Housmg and neighbourhood River hydrology Weather forecasting Pollution: Air R aW t O p I CS
emographics

0,
5% r=-0.64, pc =-31.1% r=082 pc=44% r=049, pc =24.8% r=0.52, pc=28% r=0.82, pc=69.7%
1 Level 1
3% A
2%
1% - /\ — - —

—— — — — -’____ —

2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020



Topic prevalence over time - All topics (no aggregation)

Socio-economic inequalities

Spatial clustering & pattern
analysis

Habitat loss and endangered
species

Prehistoric archaeology, &
paleoanthropology

Water quality

Topics over time

- Domain application

5% r=094, pc=27.1% r=0.93,pc=77.2% r=-0.51, pc =-33.3% r=-0.1, pc =-15.7% r=0.82 pc=41.3%
4% -
3% -
2% A
1% ~ —
Urba(r:hc;wnztle s?:gsr;] ;’[)Ol'lng Spatio-temporal modelling Flooding Labour and migration geography Geotechnical mapping
2% r=0.98 pc=94.9% r=0.98, pc=64.4% r=0.97 pc=442.3% r=-0.84, pc=-15.7% r=-0.9,pc=-44%
4% A
3% A
2% H
1% - L ———— J—_} e — —— S — —
-
DIEMTEL baS|nhh)|/drology < Waste management Cultural heritage & history Health and green space Ethology

o geomorphology
5% r=041, pc=26.9% r=-0.15pc=-14.7% r=0.93, pc=76.7% r=0.87 pc=181% r=0.21, pc=86.3%
4%
3% +
2% H

0/ o
1% — SS— i = _/ / \—\

Grassland ecosystems Web services and sensor web Landscape ecology HilEEnEEE B0 pIEEEE £1ed Biodiversity conservation
management

0,
5% r=-0.79, pc =-20.1% r=0.15 pc=-16.1% r=-0.59, pc=-74% r=0.73, pc =-3.2% r=0.56,pc=21%
4% -+
3% +
2% +
1% +

— —— — S p— — — —
2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020

GlISci

Raw topics
Level 1



Topic prevalence over time - All topics (no aggregation)

Oceanography

Positioning technology

Public health & inequalities

Marine fisheries and
aquaculture

Pollution: Air & noise

9%

4% -

3% -~

2% A

1%

r=0.51, pc = 135.5%

P

r=0.78 pc=3%

r=0.97, pc =94.8%

r=0.51,pc=70.1%

— T

r=0.78, pc=159%

Agriculture: Arable farming

Construction and civil
engineering

Politics and conflict

Accessibility modelling

Marine biology

9%

4% -

3% ~

2% A

1% -+

r=-0.8 pc=-13.7%

-

r=0.95 pc=97.4%

r=-0.84, pc =-16.2%

r=0.89, pc=46.1%

r=0.16, pc = 19.4%

—

Epidemiology - communicable
disease 3

Mining and mineral exploration

Greenhouse gas monitoring

Criminology

Maternal and child health

Topics over time

- Domain application

9%

4%

3%

2%

1%

r=0.86, pc = 103.6%

r=-0.83, pc=-34.6%

r=0.98 pc=3959%

r=0.99, pc=99.9%

r=0.98 pc=>516%

5%

Health services monitoring

Spatial autocorrelation

Ecological genetics

Epidemiology - communicable
disease 1

Glaciology

4%

3%

2%

1%

r=0.98, pc=136.4%

—
=

r=0.97 pc=417.1%

_

—

r=-0.06, pc =8.3%

> o —

r=0.94, pc = 48.6%

—

r=-0.69, pc =-27.2%

T —
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Raw topics
Level 1



Topic prevalence over time - All topics (no aggregation)

Wastewater monitoring & . o . . Agriculture: Nutrient Agriculture: Irrigation and
Agriculture: Livestock farming Ornithology :
management management & pollution water management

0,
5% r=0.07 pc=-22% r=-0.5 pc=-2.1% r=-0.12, pc = 31.3% r=-0.84, pc =-22.8% r=-0.37, pc=42%
4% +
3% +

[ J [ J
] |OpICS over time
1% +
Agriculture: Plant phenology, . . . L . : . Epidemiology - communicable
horticulture & viticulture Epidemiology: zoonotic disease Epidemiology - mental health Toursim disease 2

0,
5% r=0.19, pc=46.1% r=0.67, pc=27.5% r=0.98 pc=57.2% r=0.94,pc=2128% r=0.95 pc=271.6%
4% +
3% +
2% +
1% ~

Sl EEl gy d;Sr;c;r;’(;ommunlcable Hydrocarbon exploration Biomass and carbon cycle Pollution: Water Hydrogeomorphology 2 = Domain application
5% r=0.99, pc = 154.8% r=-0.09, pc=-19.1% r=0.15 pc=-13.5% r=0.63 pc=26.2% r=-0.86, pc =-32.8% GlSci
4%
3%
2%
1%
[ ]
Epidemiology: Malaria Fesit et st spsrles Rural geography Wetland ecosystem management Renewable energy: Wind R a.W t O p I CS
management

0/ |
5% r=1,pc=111.4% r=-045, pc=-4% r=079pc=43.1% r=-0.57, pc =-29.4% r=0.86, pc =83.7%
s Level 1
3% |
2%
1%
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Topic prevalence over time - All topics (no aggregation)

Access to health services 1

Aeolian geomorphology

Wildfire behaviour & impacts

Limnology

Agriculture: Land use change

5% r=08 pc=321% r=-0.21,pc=42.4% r=-0.77, pc =-27.2% r=0.16, pc =7.4% r=-0.85 pc=-27.7%
4% A
3% A
2% A
1% -
- — — - —
e EPEEMEIEEE CENEED Feminist and gender geography Poverty analysis Epidemiology: Arbovirology
Coronavirus/Covid-19 monitoring :
0,
5% r=0.75 pc=1593.8% r=0.93, pc =85.8% r=0.08 pc=56% r=0.85, pc=20.2% r=0.67, pc=-10%
4%
3%
2%
1% j
Access to health services 2 AL anc_i Sl pEEie 2 Bl e Iaing) Epidemiology: lllegal drug use Misc
diseases management
0,

5% r=0.82 pc=636% r=0.73, pc =34.5% r=0.91,pc=54.1% r=023,pc=-11.2% r=-0.87, pc =-10.9%
4% A
3% A
2% A
1% o
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Topics over time

=== Domain application

= GISci

Raw topics
Level 1



STM 135 - Aggregating topics

135 50 21 3
T:)pic Topic group
— g 4 levels:
i e / - Raw topics (Level 1) to highly
i j — aggregated topic groups (Level 4)

Topic group J  Statistics (correlations)

...... . Using:
? - - Domain knowledge

e Literature
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Aggregating topics: topic correlations

Topicl |Topic2 |Topic3 |Topic4 (Topic5 |Topic6 |Topic7 |Topic8 |Topic9 |[Topic10 |Topic1l |Topic 12 |Topic 13 [Topic 14 |Topic 15 |Topic 16 |Topic 17 (Topic 18 |Topic 19 |Topic 20 |Topic 21 |Topic 22 |Topic

Topic 1 1| -0.04372| 0.02149 0| -0.06612| 0.01713| -0.0205| 0.06309| -0.04363| -0.01353| -0.02111| 0.01896| -0.04969| 0.05224| -0.01584| 0.04402| -0.02831| -0.01358| -0.01484 0| -0.03806| 0.0566| -0.03
Topic 2 -0.04372 1) -0.04033| -0.02821| 0.10908| -0.03504| 0.08514| -0.04832| -0.02803 0| -0.02331| -0.02256| 0.05873| -0.05672| 0.06435| -0.0204| 0.23075| -0.02551| -0.02324| -0.02835| -0.01444 0| -0.02
Topic 3 0.02149| -0.04033 1) 0.01012| -0.02784| 0.01846| -0.0155| 0.04509| -0.02173| -0.01479| -0.01507| 0.01892| -0.05175| 0.09382| -0.04739 0| -0.0289 0 0 0| -0.02887| -0.01814| -0.03
Topic4 0| -0.02821| 0.01012 1| -0.01659| 0.03261| -0.01427| 0.03812 0 0 0| 0.02989| -0.03603| 0.01476 0| 0.0491) -0.02598| 0.07077| -0.02306| 0.02752| -0.02562 0 -0.
Topic 5 -0.06612| 0.10908| -0.02784| -0.01659 1/ -0.03475 0 0 0| -0.02287| 0.01652 0| -0.03664| -0.04256| 0.02493| 0.01132| 0.07845 0 0| -0.01243| -0.05015| -0.01833| -0.0
Topic 6 0.01719| -0.03504| 0.01846, 0.03261| -0.03475 1| -0.02288| -0.03474 0| -0.03274 0| 0.05623| -0.05915| 0.04591| 0.01128| 0.01657| -0.02008| 0.12345| -0.0336 0.162| -0.03797| -0.03375| -0.01
Topic 7 -0.0205| 0.08514| -0.0155| -0.01427 0| -0.02288 1| -0.0224| -0.01733 0 0| -0.01805| 0.06876| -0.03026| 0.02445| -0.01801| 0.07195| -0.02402| -0.01592| -0.0134 0 0| -0.01
Topic 8 0.06309| -0.04832| 0.04509| 0.03812 0| -0.03474| -0.0224 1/ -0.03002| 0.03764| -0.01279| 0.01047| -0.06248| 0.02504| -0.05956| 0.05008| -0.04531| -0.02691| -0.0143| -0.01575| -0.04765| 0.13539| -0.03
Topic 9 -0.04363| -0.02803| -0.02173 0 0 0| -0.01733| -0.03002 1| -0.02919| -0.02993| 0.01495| -0.03642 0 0| -0.02052| -0.03674| 0.07217 0| -0.02592 0| -0.03426

Topic 10 || -0.01353 0| -0.01479 0| -0.02287| -0.03274 0| 0.03764)| -0.02919 1) 0.03887 0 0| -0.02924| -0.02544| 0.02085 0 -0.031| -0.02694 0| -0.02521, 0.0907| -0.04
Topic11 || -0.02111| -0.02331| -0.01507 0| 0.01652 0 0| -0.01279| -0.02993| 0.03887 1 0| -0.02343| -0.03752| -0.01948 0 0| -0.02921| -0.02911| 0.06049| -0.02156 0

Topic 12 0.01896| -0.02256| 0.01892| 0.02989 0| 0.05623| -0.01805| 0.01047| 0.01495 0 0 1| -0.03707 0 0| 0.08361| -0.01692| 0.08006 -0.031] 0.02484| -0.02003 0| 0.02
Topic 13 || -0.04969| 0.05873| -0.05175| -0.03603| -0.03664| -0.05915 0.06876| -0.06248| -0.03642 0| -0.02343)| -0.03707 1/ -0.1037| 0.10989| -0.02325| 0.0888| -0.05918| -0.02678| -0.04556| 0.05906 0| 0.09
Topic 14 0.05224| -0.05672| 0.09382| 0.01476| -0.04256| 0.04591| -0.03026| 0.02504 0| -0.02924)| -0.03752 0| -0.1037 1| -0.05737 0| -0.05324| 0.02259| 0.01696 0| -0.05609| -0.03607| -0.09
Topic 15 || -0.01584| 0.06435| -0.04739 0| 0.02493| 0.01128| 0.02445| -0.05956 0| -0.02544| -0.01948 0| 0.10989| -0.05737 1| 0.05203| 0.0894| 0.03982 0| -0.02708| -0.0163| -0.03415| -0.02
Topic 16 0.04402| -0.0204 0/ 0.0491| 0.01132| 0.01657| -0.01901| 0.05008| -0.02052| 0.02085 0| 0.08361| -0.02325 0| 0.05203 1/ 0.01646| 0.11518 -0.016 0| -0.03484 0| -0.01
Topic17 || -0.02831| 0.23075| -0.0289| -0.02598| 0.07845| -0.02008| 0.07195| -0.04531| -0.03674 0 0| -0.01692| 0.0888| -0.05324| 0.0894| 0.01646 1| -0.02444| -0.02215| -0.01591 0| -0.01942| -0.01.
Topic 18 || -0.01358| -0.02551 0| 0.07077 0| 0.12345| -0.02402| -0.02691| 0.07217 -0.031| -0.02921| 0.08006| -0.05918| 0.02259| 0.03982| 0.11518| -0.02444 1| -0.04835 0| -0.03541| -0.02225| -0.04
Topic 19 || -0.01484| -0.02324 0| -0.02306 0/ -0.0336| -0.01592| -0.0143 0| -0.02694| -0.02911 -0.031| -0.02678| 0.01696 0 -0.016| -0.02215| -0.04835 1/ -0.03246| -0.02508| -0.03831| -0.02
Topic 20 0| -0.02835 0| 0.02752| -0.01243 0.162| -0.0134| -0.01575| -0.02592 0/ 0.06049| 0.02484| -0.04556 0| -0.02708 0| -0.01591 0| -0.03246 1| -0.0252| -0.01298| -0.03
Topic 21 || -0.03806| -0.01444| -0.02887| -0.02562| -0.05015| -0.03797 0| -0.04765 0| -0.02591| -0.02156| -0.02003| 0.05906| -0.05609, -0.0163| -0.03484 0| -0.03541| -0.02508| -0.0252 1) -0.0215| 0.05
Topic 22 0.0566 0| -0.01814 0| -0.01833| -0.03375 0| 0.13539| -0.03426| 0.0907 0 0 0| -0.03607| -0.03415 0| -0.01942| -0.02225| -0.03831| -0.01298| -0.0215 1| -0.02
Topic 23 || -0.03502| -0.02626| -0.03954 -0.024| -0.0766| -0.01242| -0.01915| -0.03298 0| -0.04165 0| 0.02765| 0.09609| -0.09747| -0.02979| -0.01056| -0.01467| -0.04621| -0.02316| -0.03005| 0.05869| -0.02486

Topic 24 0.05022| -0.0421| 0.04072| 0.09958| -0.05892| 0.11461| -0.02217| 0.01372 0| -0.02213| -0.02587| 0.02424| -0.03783| -0.01531| 0.03247| 0.07406| -0.02031| 0.09412| -0.04009 0| -0.03348| -0.01742| 0.01
Topic 25 || -0.03888| 0.1813| -0.03332| -0.03063| 0.07947| -0.03822| 0.10948| -0.0461| -0.02007| -0.02562| -0.02254| -0.02797| 0.13732| -0.05495 0.104| -0.03361| 0.20317| -0.04472 0| -0.03063 0| -0.02961| -0.01.
Topic 26 || -0.03385| 0.04821| -0.02462| -0.02266| -0.01813| -0.03613| 0.07348| -0.04115| -0.0276| -0.01858| -0.01763| -0.01843| 0.1603| -0.04822| 0.03371| -0.03649| 0.04251| -0.03855 0| -0.02236| 0.01004| -0.01766

Topic 27 || -0.04444| 0.0373| -0.04431| -0.03205| -0.02023| -0.04915 0| -0.05999| 0.01226| -0.03754| -0.03063 0| 0.14771| -0.09425| 0.0751| 0.01246| 0.05616| -0.01777, 0.02795| -0.04384| 0.05128| -0.03084| 0.09
Topic 28 || -0.03373| 0.03017| -0.02512| -0.02205| 0.01715| -0.02522 0| -0.03924 0| -0.01993| -0.01508| -0.01475| 0.03481| -0.0423| 0.03434| -0.02126| 0.07104| -0.02512| -0.01192| -0.01895| 0.01404| -0.02228| 0.02
Topic 29 || -0.01839| -0.01935| -0.03297| -0.01619| 0.02575| -0.02756| -0.02054| -0.02046 0| -0.01984 0| 0.05616 0/ -0.0664| 0.13774| 0.09921| 0.01347| 0.06276| -0.03256| -0.03213| -0.02131| -0.01308| 0.02
Topic 30 0 0 0 0 0| 0.04155 0| -0.01676 0| -0.01237 0 0 0 0| 0.01381 0 0 0| 0.04539 0 0| -0.01411

Topic31 || -0.02524| 0.01223| -0.02068 -0.019| -0.0342| -0.03025| 0.02672| -0.03581| -0.02145| -0.01795 -0.017| -0.01885| 0.20004| -0.04225| 0.03579| -0.02813| 0.03513| -0.03145| -0.01744| -0.01917| 0.01917| -0.01318| 0.02
Topic 32 0.02324| -0.01437| 0.02587 0| 0.15563 0| -0.01635| 0.04394| -0.03469| -0.01551| -0.02023| -0.01947| -0.05839| 0.0565| -0.03644 0 0| -0.02812| 0.03214 0| -0.04182| -0.01708| -0.07
Topic 33 || -0.04423| 0.02696| -0.04886| -0.04092| 0.01282| -0.05482 | -0.02907| -0.05719 0| -0.0556| -0.04794| -0.01056| -0.0742| -0.03498| -0.09185| -0.03514| -0.04283 0| -0.03142| -0.04585| -0.01921| -0.03881| -0.03
Topic 34 || -0.01011 0| -0.01522 0| 0.02374| 0.01088 0| -0.02965| -0.02003| -0.01536| -0.01102 0| -0.02622| -0.02154| 0.06179| -0.01436 0| 0.01758| -0.02259 0| -0.01883| -0.01945| -0.03
Topic 35 -0.0605| -0.02909| -0.0425| -0.03411| -0.04985| -0.05303| -0.01739| -0.06508| 0.13261| -0.04313| -0.03443 0/ 0.0356| -0.08299| -0.01784| -0.03358| -0.03301 0| -0.03312| -0.04021| 0.07027| -0.03921| 0.11
Topic 36 0/ -0.0397| 0.09678| 0.04538 0.018| -0.0277| -0.02359| 0.18017| -0.01952| 0.07147 0| 0.02137| -0.07699| 0.08774| -0.04639| 0.06799| -0.03498 0| -0.02135 0| -0.05048| 0.05444| -0.06
Tanie 27 nl .nn1a1al .nnanaa nl_nni1a72l .nn2742] _nn124a nl_.nn1i1ga n nl .nnig11l nnas27/ .nn2g02l  _nnia1 nl_.nnisa1l .nniaaal __nnia1 nl .nn2177/ .nn1ngal _nn1
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Aggregating topics: topic correlations
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Estimated topic proportions: Level 2 aggregation (whole corpus)

Geomorphology A
Ecology & conservation -
Spatial statistics -

Economic geography A

5.70%

4.90%

4.60%

Agriculture & veterinary science -

7.50%

0%

Health: Public health and policy

Hydrology -

3.80%

Health: Epidemiology -

3.20%

Remote sensing -

Hazard and disaster management -

Physical geology -

Climate change
Socio-economic/demographic geography -
Pollution -

Topology -

Urban planning

Software & web services -

Spatial database management & optimisation o
Environmental planning -

Interpolation A

Metadata, data standards & spatial data infrastructures -
Ecosystems management & services -
Meteorology -

Deep learning & machine learning -

Archaeology & anthropology -

3.00%

2.70%

2.50%

2.40%

2.40%

2.30%

2.20%

2.20%

2.10%

2.10%

2.10%

2.00%

1.80%

1.70%

1.60%

1.60%

1.60%

0.

000 0.025 0.050
Estimated topic proportion

0.075

0.100

Whole corpus
(all years)
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GlSci

Aggregated
Topics
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(50 topics)



Estimated topic proportions: Level 2 aggregation (whole corpus)

Animal behaviour & ecology - _ 1.60%
Energy & utilities 1 _ 1.60%
Forestry 1 _ 1.50%
Sociospatial theory, critical & qualitative GIS _ 1.40%
Transport 1 _ 1.40%
Landscape ecology _ 1.30%
Philosophical perpectives on GIS & GISci -+ _ 1.30%
Geovisualisation and cartography - _ 1.30%
Multi-criteria evaluation (MCE) / suitability analysis - 1.20%
Network analysis - - 1.20%
Participatory GIS - - 1.10%
Oceanography & coastal geography - - 1.10%
Waste management - - 1.10%
VGI, crowdsourcing, & citizen science 4 - 1.00%
Water resource management - 0.90%
Population geography - - 0.90%
Exploration geology - - 0.90%
Education & training - - 0.70%
Cultural geography 4 - 0.60%
Humanities & cultural heritage - - 0.60%
Positioning technology - - 0.60%
Engineering - - 0.50%
Political geography - - 0.50%
Geography of crime - 0.50%
Rural geography - . 0.40%
0.000 0.025

0.050
Estimated topic proportion

0.075

0.100

Whole corpus
(all years)

Domain application

GlSci

Aggregated
Topics
Level 2



Topic prevalence over time: Level 2 aggregation

Agriculture & veterinary

Geomorphology Ecology & conservation Spatial statistics Economic geography science
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Topic prevalence over time: Level 2 aggregation

Metadata, data standards & Ecosystems management & Deep learning & machine
. . . Meteorology . Archaeology & anthropology
spatial data infrastructures services learning
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Topic prevalence over time: Level 2 aggregation

Population geography Exploration geology Education & training Cultural geography Humanities & cultural heritage
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Estimated topic proportions: Level 3 aggregation (whole corpus)

I Terrestrial and marine processes -

Analytics & modelling -

11.00%

I Social & cultural geography -

12.50%

10.50%

Ecology 1

I Health sciences & services -

Spatial databases -

Urban & regional planning 4

GIS and society

6.10%

5.70%

4.90%

Agriculture & veterinary science -

Natural resource management 1

Meteorology & climate change -

Pollution & waste management -

Geology -

Remote sensing

Hazard and disaster management -

Software & web services

Energy and engineering -

Archaeology 4

Geovisualisation and cartography -

Education & training -

Positioning technology -

4.10%

4.10%

3.40%

3.40%

3.00%

2.70%

2.10%

2.10%

1.60%
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(21 topics)



Topic prevalence over time: Level 3 aggregation
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Environmental and earth sciences

GlScience

Social sciences, technology, and health

Misc

Estimated topic proportions: Level 4 aggregation (whole corpus)

0.2%

45.1%
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Estimated topic proportion
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0.5
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(all years)

. Domain application

W aisc

Aggregated
Topics
Level 4

(3 topics)



Aggregated Topics: Level 4

(Highest level of aggregation)
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Summary

« Most comprehensive computational thematic analysis of GIS (any?) lit

* Provides a wealth of new insight into the evolution of GISR

« @GISci/ GIS (applications)
« Evolution and major trends/turning points

« Responding to societal challenges (health, climate change, urbanization, economic inequality)

 Limitations

« Single data source, biases English language

« “Humanin the loop” - no ‘best’ model

« Aggregation difficult and imperfect - contentious
« Computation improvements

« Only one interpretation of the results

« Open code - allows other interpretations



Exploring the evolution of GIS research using bibliographic data

O u t p u ts Berry R"!, Hafferty C*, Orford S** and Clarke L%

'Countryside and Community Research Institute (CCRI), University of Gloucestershire, UK
*Environmental Change Institute, Oxford University, UK
School of Geography and Planning, Cardiff University, UK
“School of Natural, Social and Sports Sciences, University of Gloucestershire, UK
March 31, 2023

Summary

This paper provides new insight into the evolution of geographical information science and systems
® ‘ O nfe re n Ce p a p e r (GIS) research via a computational analysis (in R) of 120,000 bibliographic records (from 1970 to
2022) downloaded from Scopus. We conduct an exploratory analysis of the data, then attempt to
discover the thematic/topical structure of the GIS literature using the Structural Topic Model (STM)
framework. We show how topics in GIS have evolved and discuss how our findings contribute to the

understanding of the evolution and trajectory of GIS research. We conclude by highlighting the
limitations of the approach and explaining our future research plans.

¢ G | S R U K C O n fe re n C e, G l-aS g O W’ A p ri |- 2 O 2 3 KEYWORDS: GIS, bibliographic analysis, topic modelling, Structural Topic Model (STM), R

1. Introduction

The availability of rich bibliographic datasets and the emergence of novel computational techniques for

« Journal papers

1. Cartography and Geographic Information Science — This work (thematic analysis)

2. Journal of Maps — Geographical analysis

3. International Journal of Geographical Information Science — Spatio-thematic/impact

analysis

 Wider CCRI research
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