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Fig. 1  Number of published papers in the field of karst hydrogeology by major countries from 2011 to 2018
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Fig. 2 International cooperation relation network of published papers in the field of karst hydrogeology from 2011 to 2018

AT H e IR U A 19 22 B3k O S7. K (State Uni-
versity System of Florida) . 22 i} 2 22 5K &5 2 (Helmholtz
Association) |, H [E #1 it & 2# (China University of Geo-
) Z R 228 58 H 0 (Centre National De La
Recherche Scientifique Cnrs) . ' [ £} 2% B (Chinese
Academy of Sciences) . 3 [E PN B #B (United States De-
partment of the Interior) , < /K1 & JE B T 2% B¢ (Karl-
sruhe Institute of Technology ) . 3 [E Hb 57 15 £ J7) (Unit-
ed States Geological Survey) . I & HLik K 2%
ty of Florida) F1H [ Hi i B} 27

sciences

(Universi-

B (Chinese Academy of

Geological Sciences) (1), HEAG 1 BT = A1 2 AN F
FEBERTHEAHT 10 [EBr_E 2011-2018 4F 45 7 /K 3

Jo 2 U ) T 58 IR T AR v R SR AE Environmental
Earth Sciences. Journal of Hydrology. Hydrogeology
Journal , Advances in Karst Science , Science of the Total
Environment , Hydrological Processes . Water, Acta Car-
sologica , Carbonates and Evaporites il Groundwater 1]
TR XS P& T 2% K SC R /K A G
W], o Advances in Karst Science . Acta Carsologica
F Carbonates and Evaporites & % | JEF X} 5 1A Mk R £
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AW R T R Z e AR B A R
FE iy Goldscheider N . Andreo B, Martin J B Sauter M .
Hartmann A . Mudarra M. De Waele Z. Yuan D X . Mo-

=1

hammadi Z F1 Stevanovic Z TRk (F5 1) , 72 18 Je i H4E
R A4 ) T 7K S B 2 R M — — AN AT 10
By EAF T 2R

2011-2018 £ [E BR A A 7K ST = s & A4 (EE FR A T

Table 1 Statistics of international publishing institutions, authors and journals of published articles in the field of karst hydrogeology

from 2011 to 2018

75 B 2 e ) LERL i
1 State University System of Florida 56  Goldscheider N 21  Environmental Earth Sciences 143
2 Helmbholtz Association 38 Andreo B 17 Journal of Hydrology 88
3 China University of Geosciences 34 Martin ] B 13 Hydrogeology Journal 78
4 Centre National De La Recherche Scientifique Cnrs 33 Sauter M 13 Advances in Karst Science 41
5  Chinese Academy of Sciences 28 Hartmann A 12 Science of the Total Environment 41
6 United States Department of the Interior 27 Mudarra M 12 Hydrological Processes 31
7 Karlsruhe Institute of Technology 26 De Waele Z 10 Water 30
8  United States Geological Survey 26 Yuan D X 9  Acta Carsologica 30
9 University of Florida 24 MohammadiZ 9  Carbonates and Evaporites 22
10 Chinese Academy of Geological Sciences 23 Stevanovic Z 9  Groundwater 22
2.2 2011-2018 £ EHFram R K X R FTIHAR drochemistry (7K {6 2% ) | Contamination (75 %% ) | Evolu-

AR

M CiteSpace B 73 Hr A 3¢ H R Y 1 460 F5 3C
TR OGS, LR 212419 5 749 ARIEL L BT 20
) 1 A DG S TR) 9 331 R Karst CAE ) L Groundwater (3R
7K) \Water(7K ) . System ( R 4% ) . Karst aquifer (757
IKJZ) (Flow (7K i) . Model (£571 )  Recharge (%M45 ) |
Transport(i2#% ) Spring(J¢) Basin(Jit ) . Groundwa-
ter flow (i~ 7K 7K 37 ) . Hydrogeology ( 7K SCHb i ) . Hy-

tion (7#{fk ) | Stable isotope (£ 2E [ 2 ) . Groundwater
recharge (1 7K %45 ) . Simulation (#248] ) . Carbonate
aquifer (B R #5555 /K2 ) (2 2) , Al )i i 2011~
2018 4F 5 VA 7K S i 2 U B DT TS B o A, i
RS HTRE RN AY 1 460 5 SCHE R HT 100 4> 491 5C
i) P T AR A K SO I 2 U A F S B R
FE KB 15 CE R T K EUERY A i K SCHE
BRAEZAAA RIS R 4 26 (K 3) I 4 K0Ttz
[ AT 16 R AT X0l

&2 2011-2018 FEFRERK I M FFTHE X H AKX
Table 2 High-frequency keywords published in the field of international karst hydrogeology from 2011 to 2018

5 K i) R ¥ P ! IR
1 Karst 386 11 Basin 125
2 Groundwater 320 12 Groundwater flow 83
3 Water 288 13 Hydrogeology 78
4 System 246 14 Hydrochemistry 76
5 Karst aquifer 220 15 Contamination 69
6 Flow 198 16 Evolution 65
7 Model 187 17 Stable isotope 63
8 Recharge 164 18 Groundwater recharge 63
9 Transport 163 19 Simulation 60
10 Spring 152 20 Carbonate aquifer 58

2.2.1 BEKHHF
[l 3 /1 Karst . Aquifer . Flow , Hydrogeology . Precipi-

tation , Spring , Carbonate aquifer, Conduit , Porosity , Hy-
draulic conductivity . Infiltration , Inversion A S g a) B
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Fig. 3 Top 100 high-frequency keywords co-occurring networks of international papers on karst hydrogeology from 2011 to 2018
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e, HAF 5T 45 R W] o 20 B i i) W) BEAL 2 S8
FEE AR RO R 25 3 ] A B8R TR A i /K S
bR R AR E R F CH AL T o il A 2%
it D00 FL B JRE 5K DX A PR B AR 45 6, A
s M KRR i TP R CFC RN SF AT AT 830038 JE 3 i 4
U, K A1 Ax 7E U A v R K R ) T B
TRKVE ) o 3l i K OK il 19 sh B A8 5 A K
U AR TR A I S K R s A2 AP
Luhmann %538 3 XF Minnesota Zs g 0% 25 /7 145 =
AE VA M T AT BRI M I A5 1 e 5 K= R 1]
WA AT R0 ChnFL B AR B A Jo e ) FN TS &% (i ¥
) IS AR T ISR, A 7KK IR B 2 32 B

507 R o AR KB T RRIE 5 A K SCHb B A%
{1 ) B85 AR 1) 25 ) S 2 — MR 25 UDRR G | [ i 4%
i 45 5 Vi K B IR 2 TB] 3 A S B0 o Zhang 557 F
MSM (Minimum Smoothed Method ) Fl1 - JG{R & 1 71 43
SIS T Houzhai Yt 8 30 31 T i W D00 A5 A9 36 3t 415
K (Baseflow Index, BFI) FI1& 3 it P8 7 5 A 37 2]
U B VS A T R 2R T M P s A8 AR
BE 0 O ARG AN, A A 1 e T T K B R R = B
Toulon JRFFHZ I 2 AR &K ZHIFM , Lorette
SRR TR IR XK X B 7K 3l 7 L KAk
F 5 A £ 43 43 1 7% (Principle component analysis,
PCA) 5% Toulon SR EFAMNAE X —Z H AW TKIZZ
] b 7K 28 0 i, 3% 6 B Toulon SR F 2L Z IR E
IKIZ B AMGS o BIFFEE I 5 K RGERY K IR R R IEAT
Bl 25V K B IR 4 AT R 22 T & R, Zhang 25 F
iR K KA K005 (2014-2017) F T Btk 9 1 €047% 18
SRR AP T r SR B K ) RRAE  JF 4R Hh — A
TP IR B KA 3 SCIR B (WTFRD) , 9] 26 48
FE B AR B ER , BAAR KN I ) (A5 i
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2.2.2 EUEWT KIALE I

€l 3 H Karst aquifer, Water , System , Groundwater
flow . Model | Simulation | Discharge . Hydrograph . Identi-
fication, Uncertainty . Conceptual model., Time series
analysis Fll Evolution %5 J& 8 i) SR AT 1l 5 i i 7K 5L
(EREATT 6] o 307 0] LA VR &K RGN oL, 15 e
SR 7K S Ml B 4% 1 K Bl 3R AE | S0 ECHE A Y
SRR BEAY AN BN AN [ SR A R SR RS
K LKA 2 2 Sh AR A B, TS Rt mT oy
EIR KGRI & BT R A R AR AP CE TR
DA 7 98 Y5 BT R AR (LAl S04

S K R G b B RV TE (Y 7K S BT 2 A
22 JLA BRI, Giese 5O RE & T AR 1 90 70 B I
B — 2 SRRV 5 K R G2 WA ZR U A
FHE B TE TR AL J2 TR A IR R L9 RO 52 2%
R K R G A K B i AR X 1R 2% . Hosseini Al
Ataieashtiani" F] 1% 4t 1) 7K # £ 5 ( Classic Reser-
voir, CR) I X E L Bt /1 J5i £ & (Dual Porosity Ap-
proach, DPR)FALL O [ VU B 38 2 s S 7 s e %0 45 il
TR HoK SCiE B i A CRUN SR LT 5,
DPR BRI AR 4043 L AL T CRABEAY , H DPR A
RUR] g F AL AN R] & KA B 22 (8] A K ) S8R AE . Xu
AERE A CFP AR RS A1 UMT3D A5 800 fh 2 B3k b 3
Woodville F ¥ 7% /K R GLY K I & NO,-N iE B e A it
B, v LB A SO T8 TP K 20 B TR P S
TR R K Y — 4 7 L 7 AL, ) P b S K He
B0 UE AR TR ) ] S I AT PO AL, BF 5T 4 2R R W]
TR 4% 45 i X BN NO,-N Y 7S (] 75 YL
fiE o g AR K BT IR B 2 A 5200, Hart-
mann 55 G BE T GIS A AR b 2 i =AY 23 H) 43
A 5 BN T o VA A U Bt 3 Nk 1) 22 f )+ 25
B A BRAG K SO A ZR AR T DX A I 2 b
TR R KK B T3 RRIE , AT SRy S XN R S A AR
PR E TR K BTN G m) R SR 2 Al . A IX
8 T KRB BUBIE 5T 1] R 5 1 1l T K BRI f 7
KGR B IR AR AR , Qiao 5 £5 5 vh [ 1L
PO R PG LA AT DX 3 BT 7 A7 AR AE B b T 7K
KRG T = e ACOK AR AU A
FERAHEACE 5 F B A K S 278 Al B AR DG Y
F YV, G B AL X A7 T SR F LR 2K B R
(Z37a0

2.2.3 HIRAKIIIHALF

Kl 3 H Groundwater . Hydrochemistry . Stable iso-
tope , Karst groundwater , Karst spring | Solute transport .
Environmental isotope I Hydrogeochemistry %5 5 i 1]
REI W B RS ER A 5 07 1) o KAk TRl 3%
SFEIREL R BRG] K SCH BR AL S B T Be Ak i
Jo it B T A5 Tz T A K R S8 K SO sk
bz Ak B SO R WE ST, W] R A XK B IR AR
P71 N SR B Ao 28 UF R R e A 4 R 2
EiERs

Krienen 5535 U A~ b 5 75 5 AH 18] 04 5 1 5%
FEFIRAL AR Wy AL A 2R M ANEE R A
IK AR A I3 B e (K RN Z8 ) o PR o
SRR SCHLER AL R IE RS20 . Qian 5545 H v [5]
LT 25 5 R 7K K SCHb IR A 25 i A PR A 4%
B R AR N s A E T K AL
B K AR 25, M T 2K K A 27 T8 A 2o 5 8 BIF 5 7T 4 5
3 T KK G R G I3 5 RS K sh A it
W S5 T I [ W 2 7 5 /K &R g8 vh £ KA
T R AR (Sr.C.S) AR FR i B
REVER RN O AT HBRIREL ALY GERRER A1 F
WAL N3 Bl IR Bl ) S D B TR KA 4
L Hah 35 AR IE , HLAF 58 45 2R R E — 20 BR A ik Tl
P HERR X 5 T KA 27 B2 ), T8 S T K B IR A FR 5
A EEATE S 2 L, Cardona % H L ER Tk 2%
fe bR (F 28 7 Bl TR ) 1 8" ¥ di JT & Cuatro-
ciénegas Hi X AR K AL B HOE AL RRAIF ST, 45 2R 3%
B - b SO SR A5 F T IR AL A R AR A2 BIK— A A
YERS VIR G VR AN ZE Al RE A 2 ] 5 BT 8%S 7 i Al
Jo e P AR E HE A 3 T AR AR AR P A K AR SRR
S B A H AR A = A A SO AR 5 56 T
ey b o B T BT B TR A T T K R T
FIKIE 15~20 °C; 50 R K HEE 3 3 3 5 5 2 2%
K COPMS AT MULTE o Guerrero 25 F FH A1 &
K Z g8 v i BAT AR ME RO UM TR AZ 2R (U 0 U
2 Ra) TRAMWISE Sierra de Gador % 7K J2 B W) |
KRB AR IO K A EAE D R R
TRAE K SCH R fb 22
2.2.4 HIEKFTH

i 3 H' Contamination ., Recharge . Catchment | Ar-
ea . Pollution | Karst hydrology . Environment , Land use .

Water quality ., Environmental tracer 1 Groundwater
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monitoring 55 JC HE IR R IE WA WK S d T m .+
Hu A I T3 3 (Land use ) Ji A 5 Wi 42 BR 1 DXCOK Y
—ANEERE T FHER KA AR [ R R
3N GIER X VDS N N RIS B S S AR RPN S i i o)
VKIS YBIETE S v KI5 e BRI E R s B ok
PR IR At B R L e AL, AR IR L4
VA XK IR A AL A

Long 55 HIFFE T 52 T 2= il 4= b 1 FH 26 U X6F
HIE K RGUK R HE TR SR AR R
7 FIT 2= B DI 353 7 0] DA R SRR R A TR, N,
&R AT B8 24 0 ) e 57 2 RN 2= 1) 75 Qe 4 A 5 7K
O EAR IR SCRFIE R A 5 7K 2R 58K B 52 1)
KT A IR AR SO A IS B 5 5
IR B G Bah A8 i B 2 8] 9 HAR G R AT R4
EAFRARR B, Li 552 T 007 50 6 i
W TIPSR DA 7Kl K RIS 5 1R 7K 9 R K AL 27
Mo Bk AR A B KA 2 R AR E A R (8°H 00
80400 F1 8%*S0,) » BRI X N HB R K R i R 7k 2%
AR TR AR ELAM 45 5 e vh 32 B 28 S A ) 5
M, 1717 b 2 7K A 1 b T K i R R IR T
X BRI AL % . Henson 55 2 #§4 PPTT(Push—
pull tracer tests) | i& fi 5 & Wi i 20 S/ (quantitative
polymerase chain reaction, qPCR) , {35 A% UK A4 114 £
A= PR e A% ) BE R A 3R DR R T S B SR it
RNL, 6 AT 5 K 2 TP AN R S8R 25 1 T A R 4
830 T AL B 38, 33 Bl T oKk RS B R i
R KAR R B R 15 Y AR P T R I A S R L
Kavouri 552 Fi 5 T 7K 7K SRAR 760 R0 G 559 1 D4 &5
DABE 4 305 0 S5 04 BRI S K2 IZO0T R E T
DX I P L S0 il 7K S J 70 A (] s T A G A o i
IR G IR AN - A AR B I

2.3 2011-2018 F£E AN EA K FTF TR A LT

FHeF CNKI A 77 43 HT R R I RE 2 B i 12 114 918
MR AR LS AEE MR . & SO
ST 10 (Y HLAL /ERASARUR Ay v ] b 3T A 27 B 2 7 b
JEAIFFE TV R A2 ] B R A (R | [
R (b)) VHEARER TR 2% R EE T K 2% Tl
K ST A2 | B R e Al K2 (TR
M), Hedr 60% BYHLAL PR A T o P R R, 5 P
PR XIS VIR G . AT AR R B T
Hh R L R R Bt o 1 R E Y T A 6 67 [ 8 B ik
AN ESCETT 1045 (F£3) . 2011-2018 4F [E P 2

VA 7K S M R 2 A0 ) B R T R R (R R IR D
(FRBERLE) (ORSCHE R TR IR ) (AR (b
BREE ) CREMG TR 2224 N R B (3l
A 5L (R AL S KRR ) F R 2 4)
1+, 90% J@& T Hb 2 FK R AR GE T7 1) 5 AECAR SRR
) b0 R SCiHEA o . R AE R BLF T A/E %
A B G T 5V b R K R B 400, [ b A i o
PR SN N A N = E R B P S
U M 6 T 2R Ml 2 4 5 R ) R 22 42 ) 391 1)
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Table 3 Statistics of domestic institution, authors and journals of published articles in the field of karst hydrogeology from 2011 to 2018
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Fig. 4 Top 100 high-frequency keywords co-occurring networks of domestic papers on karst hydrogeology from 2011 to 2018
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Analysis of focused topics in karst hydrogeology research based on
bibliometrics

GUO Yongli"**,ZHANG Cheng"”, WU Qing"*, QUAN Xigiang"~
(1. Institute of Karst Geology, CAGS / Key Laboratory of Karst Dynamics, MNR&GZAR, Guilin, Guangxi 541004, China;2. School of
Environmental Studies, China University of Geosciences, Wuhan , Hubei 430074, China;3. The International Research Center on Karst under

the Auspices of UNESCO, Guilin, Guangxi 541004, China)

Abstract Dynamic characteristics of the research on karst hydrogeology at home and abroad from 2011 to 2018 were
analyzed by means of bibliometrics analysis. Taking karst hydrogeology, karst groundwater, karst aquifer, karst under-
ground river, karst subterranean stream, karst underground stream, karst spring, karst geothermal water, karst thermal
groundwater and karst water landscape as the key words, 1,460 papers and 918 papers from 2011 to 2018 were col-
lected in Web of Science (WoS) and China National Knowledge Infrastructure (CNKI), respectively. Relying on the
analysis function of WoS and CNKI and CiteSpace software to analyze key words, such as countries, institutions, publi-
cations and journals, it can be seen that the Institute of Karst Geology of Chinese Academy of Geological Sciences has
taken full advantage of its institutional functions and professional advantages in China, and China needs to further
strengthen its geographical advantages and cooperation internationally. The clustering results of key words in WoS
show that the highly concerned issues of international research in the field of karst hydrogeology include "karst hydro-
dynamics", "karst groundwater numerical simulation", "karst hydrogeochemistry" and "karst water pollution". The
clustering data show that the main research topics in CNKI are "karst water-bearing system", "karst water resources",
"karst water environment" and "karst hydrological engineering". In sum, statistics and analysis of focused research top-

ics at home and abroad point out the future and innovation direction for karst hydrogeologists.

Key words bibliometrics, CiteSpace, karst hydrogeology, research hotspots
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