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Abstract The aim of this study is to examine the research trends of global scientific production of Geospatial
Information (GI) papers from 1998 to 2013 by using keyword network analysis. This study constructed keyword
network model through papers and keywords related to GI research retrieved from the Web of Science DB and
performed keyword network analysis such as Degree Centrality, Betweenness Centrality, and Closeness Centrality.

The results show that GI has been steadily applied to various fields, and also the research trends of GI techniques could

be quantitatively characterized through keyword network analysis. This study result can be applied to establish the
olglg A HEE 7|Hro R FIHFoA WA=
chorst BAIE s 98] ZQE A grAag
e BAIA P A Aol gk el
oz WisHA 2
oA AR &

ek B4l e &

5 ket

policies and the national R&D planning of geospatial information.
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Table 1. Methods for bibliometric network analysis

Identification of cohesive sub-networks in a larger network. Cohesive sub-networks are

Sub-network analysis . . . . .. .
4 subsets of nodes which have relatively strong, direct, intense, frequent, or positive ties

The extent to which two nodes are connected to the same others(i.e. have the same
Structural Equivalence environments). It is often hypothesized that structurally equivalent nodes will be similar
in other ways as well, such as in attitudes, behaviors or performance.

Degree The number of links incident upon a node (i.e. the number of ties that a node has).

The count how many shortest paths between each pair of nodes of the graph pass by a

Centrality | Betweenness
node.

Closeness The spread of information modeled by the use of shortest paths

. e R e e E
nodes (or vertices)
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Figure 1. Structure of Keyword Network Model 17
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Table 2. Characteristics by years of publication outputs
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1996 €| 2013 7tA] W =& 422} o] o
S AlE W82 delshd Table 29 2ok 2| 253H
Hol #Hsle] 1998 304H O] =Fo| wreiE| 9l
2013 o) 1,351 9] =5o] o], =5 vty 4=
= 444 71 A Bt 6.5%9] Bl&RE 71819
t} AmE 2= 200033 2006 ZH2F 20.7%, 27.7%
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ERoflA WelE JpE HF 972732 Ughow, =

< o

PY P PG PG/P NR NR/P
1998 304 3,365 11.1 8,182 26.9
1999 337 4,021 11.9 9,833 29.2
2000 407 4,906 12.1 9,500 23.3
2001 451 5,157 11.4 10,695 23.7
2002 480 5,336 11.1 12,670 26.4
2003 505 5,922 11.7 11,245 223
2004 576 6,667 11.6 13,760 23.9
2005 623 7,344 11.8 13,716 22.0
2006 796 9,568 12.0 14,930 18.8
2007 889 10,521 11.8 16,097 18.1
2008 967 11,145 11.5 12,774 13.2
2009 1,070 12,253 11.5 10,329 9.7
2010 1,155 13,058 11.3 9,133 7.9
2011 1,240 14,276 11.5 6,486 52
2012 1,269 14,459 11.4 3,952 3.1
2013 1,351 15,748 11.7 1,832 1.4

P: number of publications; PG: page count; PG/P: average page in a paper; NR: cited reference count; NR/P: average

of references in a paper
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Figure 2. Cumulative number of publications by year
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Table 3. Top 20 most productive countries from 1998 to 2014

Rank Country Total Paper Ratio(%) Rank Country Total Paper Ratio(%)
1 USA 5,792 43.4 11 FRANCE 375 2.8
2 CHINA 1,048 7.8 12 TURKEY 335 2.5
3 CANADA 931 6.9 13 SOUTH KOREA 300 23
4 AUSTRALIA 670 5.0 14 JAPAN 290 22
5 ENGLAND 621 4.6 15 NETHERLANDS 284 2.1
6 GERMANY 508 3.8 16 TAIWAN 235 1.7
7 SPAIN 506 37 17 SWITZERLAND 197 1.5
8 ITALY 481 3.6 18 MEXICO 190 1.4
9 BRAZIL 402 3.0 19 IRAN 177 1.3
10 INDIA 393 2.9 20 PORTUGAL 163 1.2
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Table 4. Top 20 high occurrence keywords

Rank Publications Keyword Rank Publications Keyword
1 849 GIS 11 189 GPS
2 620 Remote Sensing 12 167 Simulation
3 443 Environment 13 133 Monitoring
4 367 Mapping 14 125 Climate
5 354 Landscape 15 116 Visualization
6 304 DEM 16 111 Decision Support
7 284 Urban 17 97 Soil
8 259 Modeling 18 95 Oil
9 201 Land use 19 83 Optimization
10 190 Forest 20 80 App
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Figure 4. Keyword Network of GIS papers

958 AZekt 23k Figue 49} 2.

YAl ALGE GISE 972 B vl B4 BE
oA ThE 7191Ee] 1) ESHA A U] o]
NG A= A2lstn LHZNE Helsheeh A7)
3 A7 F4Ae] e £ AT Table 59 2o,
A A5 F1Zom 49 1079 719=

AT, EASAT BAR Thokat 7]

> 2
e

L
)

HIO{N
rEoo

gl pul

gl r;]_ A4 Z/\V\-]o]

o 3 wol AHg
e R AR AT
olelg oA 7

il

e

N
N

o
o

o,
ek
U

2o

rir
TS
U rlo e
L &

Sl

2
my O,

=
o
IR
OH

N

LA (P

*

lo
wo o

LR i e Ho
o4 4 80
g ==
O/
N, ™
in)
—EEN
N, o
wa
o
Arﬂ

re
Sl
oM.

F

By

N

oX

s

N
)

I

X

et

oo

)

9

3o

oo o

o

Sis

o

~|

it

, of T N
1

39,
52
i)

o] 7hed] Giseh 7 wxle
AgrAFel ‘RS (Remote Sensing)’ 7} 7}

74

QAR 2saA T A%, g golsiA B
2 4 g A9sol
mRREre 2 23] A0l w2 71 ==Table 59+
2ol ‘RS’, ‘Environment’, ‘App’, ‘Landscape’, ‘Mapping’,
‘Platform’, ‘GPS’, ‘Landuse’, ‘Decision Support’, ‘DEM’

59| 71YEst 8 S918 Mol o Uebytt
olEiR 71 U= WEAL A FAel U] W
o AU BIPH BobE A Hok: ATAEol 2
;‘(j /l]/(c—)]o] lr_O 7]12]123 Z/‘\:]O l&_“?r: 7-]/\1-]0]—

of A2 HE ZoFe] AHE Q] 55 vhelsh=t|

a8 4 9ek

_1

5.3 719 YEYa B4R

A7) 7Y ENT R4S Bl Aol 30
net BAE FA e AT R Fa 7|90
et 912 AT o) B4 el 2 B4
24 43S Avngit BY U F by A2



7I9E MEYA 24E o] &3 AgFg R S2d dAF FF &4
Table 5. Keywords with Centrality Top-10 (1998-2013)
1998-2001 2002-2005 2006-2009 2010-2013
Keyword |Centrality| Keyword |Centrality| Keyword |Centrality| Keyword |Centrality
RS 203.25 RS 270.25 RS 328.50 RS 328.50
Landscape 110.25 | Environment | 126.25 | Environment | 128.30 | Environment | 200.00
Forest 95.75 Landscape 131.50 App 191.25 App 191.25
Environment 85.25 ANN 116.75 TIN 173.75 Ice 173.75
Degree TIN 82.25 TIN 110.25 Ice 160.75 Sea 160.75
Centrality Landuse 78.25 Mapping 109.75 Sea 153.50 Forest 153.50
ANN 76.75 SoC 104.50 Landscape 143.75 Urban 143.75
Modelling 75.25 Landuse 102.50 Forest 143.50 Landuse 143.50
Soil 70.25 Soil 70.10 Urban 139.00 DEM 139.00
DEM 70.00 DEM 1020 Landuse 136.50 Platform 136.50
RS 5990.90 RS 7218.36 RS 7561.45 RS 6454.83
Landscape 932.95 Landscape | 1500.82 | Environment | 1750.50 | Environment | 1770.97
Forest 892.81 | Environment | 1434.13 Landscape 1653.34 App 1742.10
Environment | 711.57 | Visualization | 825.89 APP 1350.76 GPS 1507.38
23;‘;;013 701.72 23‘;‘;? 818.82 | Visualization | 1134.05 | Landscape | 1255.90
Betweenness|  ANN 682.92 Urban 667.88 GPS 1127.14 | Mapping | 1121.88
Centrality Modelling 679.10 Mapping 653.64 Mapping 1037.58 | Opensource | 1079.60
Monitoring | 637.36 | Simulation | 588.68 :f;;:}s 762.87 | Platform | 796.46
Simulation | 420.17 | Landuse | 532.91 22;‘;‘0? 751.73 :f;;is 765.36
TIN gi802 | 5Pl 5 188 | Simulation | 591.56 | DCUSOM | 650,05
Analysis Support
RS 0.002096 RS 0.001873 RS 0.001789 RS 0.001838
Landscape |0.001888 | Landscape |0.001765| Environment | 0.001716 | Environment | 0.001757
Forest 0.001807 | Environment | 0.00164 Landscape 0.00156 APP 0.001597
Environment | 0.00164 | Visualization | 0.001576 APP 0.001482 | Landscape |0.001538
Landuse 0.001545 TIN 0.001401 | Visualization | 0.001331 Mapping 0.001324
Closeness Modelling | 0.001525 Mapping 0.001332 Mapping 0.001287 Platform 0.00132
Centrality TIN 0.001509 | Simulation | 0.001329 | Simulation | 0.001284 GPS 0.001313
ANN  [0.001504| Landuse | 0.001321 22;‘;‘0? 0.001282| Landuse | 0.001286
Soil 0.001485 Soil 0.001321 | Landuse | 0.001255 23‘;;;? 0.00128
DEM 0.001464 DEM 0.001308 TIN 0.001247 DEM 0.00128
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Figure 5. Change of Betweenness Centrality by years
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