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Abstract: Geoscience knowledge graphs (GKGs) formally represent geoscience knowledge in a way of directed graph and
have strong capabilities in knowledge representation, openness and interconnectivity, and reasoning and prediction. GKGs

have been one of the important infrastructures for the development of combining geoscience and artificial intelligence, thereby
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becoming one of the important research focuses in geoscience. Therefore, many international scientific organizations or groups
have successively carried out studies in this domain, and constructed some representative GKGs. However, there is a lack of
an in-depth study and analysis of these existing GKGs. To this end, this paper makes a systematic comparative analysis on
their general information, construction methods, and main contents. On this basis, some enlightenments about future research
of GKGs are discussed. In terms of the construction method, a unified representation framework for GKGs should be built,
the source of geoscience knowledge should be enhanced by conflating multi-source and multimodal data, and methods for the
representation and computation of geoscience knowledge should be studied. Regarding the contents of GKGs, complex spatio—
temporal characteristics, relations, and reasoning rules should be considered. From the perspective of application, methods for
assessing quality and making correction for geoscience knowledge should be developed, and application effects of GKGs should

be improved.

Key words: geoscience knowledge graphs (GKGs); geoscience knowledge; geoscience ontology; formal representation; artificial

intelligence
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Fig. 2 The process of determining typical geoscience knowledge graphs
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USIN building M SEBIIS, 750 HEEE 3, MM
AIESENEAT TP s, (HA R = 53
BRI, FP ] AT R, gl i s
AYE A Z A0 IR, Freebase A1 Wikidata — 3%
o5 SCT TZ22H (4N, Freebase B9 “3 — 28700 —
T B Z)REE ), (AR TR A A Y
B, At AT B
313 AR

H LR AR AR S g B P i AN T2
SRR, I AT CEASIFA ) (RIS
2016) . AzhFREE SHE A, R A KR
Al A R B 4 A EhAk s TR
H T Mg A WA AFEBREMA TS, H
BRI 5 R S A AN A B B G, iR
PEL 54 7 T 3 DA A% 2 A S I B R S 43 S22 4 A B
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B BRI B B AR R B R
B, THX Tl R ESR B S (JUHX T
A GUUAR BRI ), PR R DA R
G L RF THERE, AL AR E T
AR TR B B bR R B
RIRYSeEds, T HAGREE R, ARAJIToE
g5, FERHIMFP kgt . 55 —Fh L A Sk AR
IRCTFBO T, DTS O s 55 ek
FHARAL T A5 B T K 3 B P AR

b 2R OGRS P A B B B A R D K
FORERR A e EE N2 3 fin . RV L, dEH
AR 35 L 2 R R S A S i A SR
JE. GeoSciML AU F )2, HULAT It ge,
OSM Semantic Network Fll GeoNames 33 DA A T. 75 =
) 38 45 20 JZ (Girres and Touya, 2010; Frontini et al.,
2013), DAy M se 2. SH08 T A RA
TIHFE RN TR, A KRS E
L PMETER ; BRI, HABT FATRIRRE T A T
WA, 5 AR B 0. Fi, ASoh
A R 5 58 A0 N TR AN A Sh RO [ Y
Jre AT DA Tl A5 B T K sk bk
HARBOCH AR, T HANAERR, BAEFHR
Pk SR, O A U B . B, X T
ARELAE DCHTH BRI B B R 0K, Yz R A1
DUHRE AR STHRATRRS, Kok SRR A A
o I, i At A RS,
TR R AL SR X 0 ST EE 2R, LA
PREFFFEIXIGER, Sl “Sbddhse” o HR, Ry
AR BRI 9 o TG R IE . 91201, OpenStreetMap
SR A 5 AR5 0 R 5030 A B P RB A AE—

N AR, I, Tl oTlkE A E RS . Rl
W% I R B AR A5 O 2HE TR T SR
(Barron et al., 2014 ) . SWEET 7£ ]t by Bt by 56 4
ANT M (FEESE | 2010; Emile-Geay et al.,
2019), Hie g8l i AEE bR A& A 5
AT TR, il GCIS Ontology W 32 ZEK i T
ANTHHEE (Ma, 2014) .

i AR ST, DBpedia 7E8E 2 B B i
N T4 # DBpedia Ontology, T 76 S 451) J2 4 2 B B
WEia i A Sh AT . SRS IR ST AR AR
SCASHT DBpedia Ontology [H] AT, A7 HA 46
REEFER) =TT . [FIRS, DBpedia i i A AR {4
(% 55 A A T T RIR B 1S BT i ( Briimmer et al.,
2016) o YAGO ifid E A AR A Zhfl & s
2, JFTEART, NZHEF YR TR SR
H ahshioiE R —Jod, Wik YAGO 2584 A
4k F9 5 ( Mahdisoltani et al., 2014 ) . YAGO [ 4
ASCTE T30 3 A2 R AR A 0 TP ST 6 DA N R Y
WarE, LAWD T A S ARSI R T TE RS 1R
Freebase fl Wikidata G4 2 A shtg e, HAE
RS S T N ARG MR 3 1R RTE
TIBNREN T A SRR R g =, B
G R MR PRI A ShHR AR, ezt
DX DT R e N A Bl ) 2 B DT, A O R
Tt T R RS RO PR P 32 & P (Bollacker et al.,
2008; Vrande¢i¢ and Krotzsch, 2014 ) o
3.1.4 B3l X

JF 94k 2 48 Tl A R S 4 oy 7T LR AVEAE
g e X pyad # . R ERE e A i =0 32
%A : RDF/XML, OWL ( Web Ontology Language ).

R3 MFEXAMIREENEZNBNLEE

Table 3 Degree of automation for constructing the related geoscience knowledge graphs

Hb 2 AR R E R R A FeA 2R A H S
GeoSciML AT — AT
OSM Semantic Network AT WAL AT
GeoNames Ontology AT AN AT
SWEET NTIHAE — AT
GCIS Ontology AT AT AT
DBpedia AT SR il K EB
YAGO ENENTSE S SR il B3l
Freebase AT/t A iYL FHF)
Wikidata AT/ SEiE il AN FHE)
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NT ( N-Triples ). N3 ( Notation3 ), TTL ( Turtle ),
JSON 25 o 9 /> Hiu 27 AH O RN R &1 3% BT S it 1) e 9] 4k
Jr AN 4 Pros. i AlK, RDF/XML Hl NT J&
PP AR X, Hi# 72 RDF 28 e 916 Y
FT XML g —Mbn s, a5 e — Rl H
oy T AT YL TA7 p9A% 0. TR = R
oA RS R SO B, Hh R ik 25 DA
SPARQL Endpoint (IERXFAMEE
3.2 HEITLESHR

AT 8 3 R B A SCPF BTSE TR SRR
WA B ES A T2, TR EE N 200 #A
XF A R B ) E RS . RV MO R AT A
38T [EEE, TR R B H A AR A
FRAE, 330 M 2 IR D) T A U PR A e 322
Fri, B, ASGEXTRREE i 2 R e L&
INHEAT T VR AT
321 EERMALEME

GeoSciML A5 1 Hb k) it . b 57 B0 F0 b 2
. MBARAR . MBI | SRS R R A A ]
RHERFL2E 1 1772 A FBRIE, PR T R
oy, Hrh—ga & At W2 ML HE,
YNGR AN, AR A R AT
KIPA 25, OSM Semantic Network 1,77 T 78 35
AR BRI S S B, U (% 0 K
B RS ARI S HA SR RB
IKFRA 29 AR, M SRR JE VAR B L Tag b5
e, A SRS A A L . ER
FRAVEEARR BT R . TEICERRN |, B SAmT
PIAE B A J& . GeoNames Ontology £, 7 T

SRR FITAT S8 HIH X 24 1200 54> i 35 S A4 1 3 44
FHBMER (BT, 2016), FHb Bz /A L)
Y RATBUXIR . REH . R, KCEFEIRIK, 5
OpenStreetMap A [A], GeoNames H LR LA 45—
JEE, WEME—bRIR, L B B ST
SEARZEIIEEIE 19 T, GeoNames #4454 L B 58 %% |
REAL S sk A, A S SR i 4 U R 2B S
W SR, EIRALAZIE T WA AR R
(AN —ER ) R

SWEET 41 & b BRBF 24458k ) N 2R76 3. [ 4R
MG, PR, YRETURME, 12250
AR F . 4533 ML LA B 32 FiE M (5B 4,
2010; Raskin and Pan, 2003 ) . SWEET [ 4% s 78 T
B M EIEs R (Fln, M SR
FE” ONMEA a0 M OCURET MIESS AR )
107 R MRS, A RAR T T AR R R I n] i
PEo 5 IR Db 2 SR A B A0 i AR A
TR TA], GCIS Ontology LAKCHE ok ¢ W A 4L 52k H
b, PG, B RS 5 R IR A DG AR
GCIS Ontology Xf “A=BkAR A" 453 Y AH OC 5% 5 43
FKoriedl, Wi, W, BRSEE. B
RRA . AR AT 69 M DL Rl — AR, R AR
By HRRCIRESAE 26 FhEME. M LIRS B PE 4
FI2ARMAI 7, BUAT Mo R S 3 R A
Mo P 2E 7E [ R bR R} 2 S G AR D (S5 4,
2020 ) o TEAS ORI E 1Y 8 A Hb2E AR E ik
HA GeoSciML I SWEET £, 5 [#] 1 1 3k B2 19 41
AR, AU K TUEAMR, A E By s
B

R4 HEFEXMIAEENFIILEFEERX

Table 4  Formats for serializing the related geoscience knowledge graphs

Feafens s

e PSS

RDF/XML OWL

NT N3 TTL JSON

GeoSciML

OSM Semantic Network
GeoNames Ontology
SWEET

GCIS Ontology
DBpedia

YAGO

< L <L
< <

Freebase

Wikidata Vv

L <<
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3 AR R 3 R A B b eE A, R S AR
Z HAB . DBpedia fl & Mo 5. WP, A P
Fi, TAE. 815 768 125, BAKEA AR E
PE, A H L 3000 & P (Vaidya et al., 2015 ) .
DBpedia S 1 A 2l i M HL ) BE 0% AR 95 5 1Y )9 2%
TEURE TR R R N . YAGO A& K
AN BT B L ZRAE A2 SR A
PhRtric, 504 . ERAEEEAEPE (Suchanek et
al., 2007; Hoffart et al., 2013; Suchanek et al., 2013;
Mahdisoltani et al., 2014; Tanon et al., 2020 ) . H T=%
TN MESEPEI SC 5, 13 YAGO N AR
Ak Freebase ML &S . A, FHY
A 4000 MRS LL LS 7000 48 7 ( Bollacker
et al., 2008; 22, 2011; JAMBFERE, 2016) . Wikidata
f I 74000 MBE AR 9000 M@ HE( Pellissier
Tanon et al., 2016 ) o
322 E&EXA

bRy SIS R e R N [ S
IS 56 &, SRR AHERR 09 BLal, X S
TR AR TR SR, IR R S
PSRBT R T L, GeoSciML AL 7% T [R] 3 X
GG SRRV BITIR T . S5 T8I E &R . OSM
Semantic Network %20 w5t PRI A & S0 ik
] /4 25 [ # Fh e R o GeoNames Ontology {4 & T
b 44 SR R A AL RN SR C R, SWEET 55 T2
B ZJESERECR, b T A AESERR,
KT BRFEEC R L part of | related to 554E
327 Fi K F . GCIS Ontology &% IR T, 45K T4
WRSCHR, AT TAETARASOC R L HALTE X
KR 78 T,

AHEE T2 R, Sl AR B i
KAETNEE, HNZCRWE N H ., DBpedia,
YAGO. Freebase Fil Wikidata "' A & 19 isA ( 8%
instance of ). isPartOf. subClassOf. sameAs 215 X
KFR; WEXR L, WEEREE ., BN
FNCER LS A A T SR T AR H B
FET H A S HA G R
323 HEFEAKT

AT AR, M AR R e T H R 3%
PR ZS Rtk AT AR i b R R i v S R
WEFZSIE. GeoSeiML 4175 “during ( 7£---3[H] ),

interval starts ( FFU5T ). interval finishes ( Z55 T )”
£ it 8] i 1. OSM Semantic Network £l GeoNames
Ontology J2& LAY f4 3l “ J TR KT , A0 5 R & b~
A2 EIE T, Flan “gn:parentFeature (£ 75 F ),
gn:nearbyFeatures ( 23T ). wgs84_pos:long ( 8] ).,
wes84_pos:lat (£ )7 4%, (HZF ¥k = T If
[ FFAE R s, SWEET £25 “has start time ( J1UR
B8] ). has end time ( Z55RIHE] ). has time reference
(BfE=% ) 7 BRI R DL A “has location( 1 T ),
has coordinates ( 25 [A] 26 #5 ). has spatial extent ( 75
[H]EF ). has spatial projection ( 25 [H4%5 )" 23
8] 15 iA]. GCIS Ontology H' fi & “started at ( JF if
F). ended at (55T ). at location ( LT ). <east
bound longitude, west bound longitude, south bound
latitude, north bound latitude> ( AMEIEIC L LHE )7
SR A5 1A

i 0 P 5 8 & S N AR O R
i FETHL. A HL SETHWAERSFERE, H
A A5 F2 k. N, DBpedia H 3R 7R
“dbo:birthPlace, dbo:deathPlace. dbo: birthDate .
dbo:deathDate” , YAGO H137~ F “schema:birthPlace .
schema:deathPlace . schema:birthDate, schema:
deathDate” , T1fi] Wikidata H' ] & 78 & “place of
birth” . “place of death” . “date of birth”, “date of
death” . DBpedia i1 “geo:geometry( JLA[ZE7T )
geo:long (2 ), geolat (HJE )7 SFHiR b R4
2 [AE BRI, 25 b, ARFEEREE X AR
1St 1 S P N S g R 7 S =5 S
EIEER R B St

4 PHESER

TEXF BT o2 R B R 7 T RN 2 L 7y
Préfa b, ASCRL . Mgk b, AR
PR A R IR Lk AR g A T
—, MR A SRR s WAL, B
TR PEE R T2 AL, JEHIEE Zemd 25 5 A
PSR = 22, A, 2S8R R IA A 7 57
Hyo BT LR IER, ASCMGETTE . N
BB HE = A7 e T AR R A ST
LU -ERJE R,

(1) 2 AR R e — R A
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AN TR 12 R B A L B T B B it
JZ, AAEANAAAE ™ B S, 5 G A SR Y
FKIRFR | BN E LA . 2 E DR B T L
FE RN A [N, Tz
SETERERZ I, Ptk B2
He a4 SRR R Al . ST, N R ST
CROa MRS g, ML, CRAS. TGS, AR
FFER A HIRGE —RIBHY (Zheng et al.,
2021; SKEYE%, 2020; Wang et al., 2019) . 7EFIL
BRI E 2T, i A AR 0 =2 58 TR
FERE LA AR G AT A% S AR 2 5 1) O A e
— )2, SRR AR A A SR E S
TR LY AR

(2) BERELE ZU8 . SRR i HR

TERZ AT, WM A shah
WUHR, R 2= R B S A i — b By
Pio SR, HETHLAE AR RS A R IR i T
—, P, FEHERLG RZE A SO g AR
PEE B . RAEEE . ISR 2R RS
B AR, S 2 AR B S s
BLfilt, DASRTHHb 2 mR RS i RiR e e

(3) B RO R SRk

AR AR IR AR ENE A LA KO R R
ANTEARAE S Em) fE 25 (], SRR A, Pt
FVRNAEE Tk DL SRR | [R) 28 R 45 0 Y
JEfl, U H TR S S A s i T
TEI AL | 2 S 4 > s, A
SR ATRFIRIICA RIBER (Dai etal,, 2020 ) .
SR, BRI AR I AR D,
AR TPTE M S SR Y 4% RS [E] AL AR b (Mai et al.,
2020; Santos et al., 2018; Gao and Yan, 2018 ) . i,
ISR A AR Ry 2 52 B b~ R i A U
7N, AR TS A B fi

(4) s db =2 HIPR 2 RRAE A

A~ R SRR R bRz X T 2
PUL RIS KI5 1, BRI 25 FRIE R A
TR P, RS R AR T DS
T2 R RE FE I DB 25 RUBE | ORLBE | MR DA S 2R
W& AF 225 T A2 T SR 25 HIR A3k o B XS i [E]
FROE, BLFEr75 RS E] s e BE . e S 2
HER . WRIATERFANA s BERASARHIE, B5E

SRS AREPEAS . JUIRAR . STl
52% % SNAEES, Diifsh s i &g
WER] AR T Bt 2 R (folan, BRI ), W
A RLSCRR SR 2R 2 RE R (N, HuBmiTE] )

(5) HZIEH 7 RTRIZ IR R KA AL

AT A R, SR A A
T ERARIE OGRS BRNAAE A
[F)” SRR SOCR A ™, QR4 s
FIFAFNCR, Bz XS T R SR ] 52 Z i1
B LSRR R RYRIL, I R T
B 3= EYWIIRUATIEESuls NI SN nr S & L 82 e
RS ZHERE R, Aok 2 iR g e v
IV FE 537 EHLAA AR A S ZR S R RN, LA 5
TR A ERHERRE T . [RINE, EA7 Hu~r il
T AP IR, RO T A R
SATEN A =2 B R RSB

(6) K2 MR BT Al M B 1 E 7 12

FURT, MR~ R 3 1 b 2 B T
ARELEE A S IHER, EX PR 7 U AT g R
B AT AT RE T AL X DRk 4R R DRk
BRI R BN AR R . AR, R
60 AR il A J B A A A T BT — e R B 2
IR, AEE O R . F SRR G
DAMIZE 8 0 T2 28R, T 288 A B i A
ATREAAAE AR 2 B A e . T, 5 by
HAR BT DAL R AB TE TR, DAHL 2 F U v 7 |
AE . BFEEE T TR AR, KRNI IE
BER, NTASBTEE T b~ i R i 0 B it

(7) $2T1b 2 R P8 0 sk

SiE AR RS BN . R .
AEA 1% B 45 52 P H v 2 U5 1 R S L
b2 SR B AT AR AL T RIS IR R RS B, Bk
Z SR . GeoNames Ontology FlI OSM Semantic
Network 25 i1~ KPR AT SR AA A g — A Ml 4% 1)
L R TR 6 S I N 8 a2 SRV S
PUEREANTRIN AV, DM 2 F 5 v e
RIS R SCBRI T, STt~ R R A 17
PR
g AP EMRRRF (W) ERERE, P
BA SRR A S L TR LA RRR L. FE
WHRXF (F) RAKAREFGIET, BPR
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