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Fig. 1 Annual publication volume of groundwater and surface water interaction from 1985 to 2020
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Fig. 2 The proportion of articles in correlative disciplines of groundwater and surface water interaction from 1985 to 2020
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Tab. 1 The published journals of groundwater and

surface water interaction from 1985 to 2020

B/ SRR/ 5

o
P 17 e )y KT
1 Journal of Hydrology 303 10.30 5.722
2 Environmental Earth Science 160 5.44  2.784
3 Hydrological Processes 151 5.13  3.565
4 Hydrogeology Journal 136 4.62  3.178
5  Water Resources Research 126 4,28 5,240
6  Water 94 3.20 3.103
7 Science of the Total Environment 86 2.92  7.963
8  Applied Geochemistry 63 2.14  3.524
9  Hydrology and Earth System Science 61 2.07 5.748
10 Arabian Journal of Geosciences 41 .39 1.827
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Tab. 2 Top 10 countries with the number of publications of groundwater and surface water interaction from 1985 to 2020

P [P B/ KICH AT/ Y% LAY C3 Tt F 05 | 8/ Ik B IREC /IR
1 3| 776 26. 39 0. 30 24. 07 18 679
2 RIS 434 14.76 0.15 14. 28 6 199
4 TR FIE 275 9. 35 0.12 21.58 5934
3 1| 257 8. 74 0.20 25. 45 5425
5 I 216 7.34 0.13 21.11 5498
7 ElgE 172 5.85 0. 04 25. 48 3185
6 ®HE 144 4,90 0.12 30. 08 3 669
8 | 118 4,01 0. 02 29. 80 3 549
9 BRA 113 3. 84 0. 14 18.52 3367
10 PUPEF 85 2.89 0. 02 28. 36 2 411
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Fig. 3 The network of institutional cooperation of groundwater

and surface water interaction from 1985 to 2020
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Briggs.Craig T Simmons fl Xianfang Song (7R ik
). Bl 4 BIRZSUSEA 242 ARG AR 1k
A BB RS — 2 R AT BN, 0 B R 1 22 R A
BN, Laura K Lautz P\, Reed M Maxwell A B\,
Martin A Briggs A BA . Craig T Simmons Fl Peter G
Cook 2E AP BN - ARHR 5 AR I # AR BN . AAEE
AVEILBLETE AT DL H L 25 B 28 X 58 AL A AT
BA i A SRS E L AN BB 22 IR R R
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Tab. 3 The authors of groundwater and surface water interaction from 1985 to 2020
e (= W/ b (= I/
1 Chunmiao Zheng 23 13 M Bayanl Cardenas 8
2 Yanxin Wang 14 14 Okke Batelaan 8
3 Laura K Lautz 12 15 Xingyuan Chen 7
4 Reed M Maxwell 12 16 Changyuan Tang 6
5 Martin A Briggs 12 17 Jie Liu 6
6 Craig T Simmons 11 18 Jinsheng Wang 6
7 Xianfang Song 10 19 Yamin Deng 5
8 Yong Tian 9 20 Jeffrey M Mckenize 4
9 Peter G Cook 9 21 Stefan Krause 4
10 Teng Ma 9 22 Adam S Ward 4
11 Yi Zheng 9 23 Richard G Niswongem 4
12 Yanguo Teng 9
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Fig. 4 The network of author cooperation of groundwater and surface water interaction from 1985 to 2020
2.5 Jmin A RRR A Ao PREF CiteSpace BYH B BCE AL S0 Hr 17 S H%
AT | SCHR R T U I 2B AH @ Reference, SRR BN Top 50,7585 | LI
RS MR BT R IS H A TS B I ERE PR AT 10 ASCRIES 708 WLk 4.
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Tab. 4 Top 10 cited references of groundwater and surface water interaction from 1985 to 2020

H—AEH WIEIEH RFREAN SCHR# LRy WK
Interactions between groundwater and surface water; The
Sophocleous M Sophocleous M 2002 Hydrogeol J 65

state of the science

Hyporheic flow and transport processes: Mechanisms, mod- .
Boano F Boano F 2014 Rev Geophys 48

els,and biogeochemical implications

Measuring methods for groundwater-surface water interac-
Kalbus E Kalbus E 2006 Hydrol Earth Syst Sc 41

tions: A review

Temporal and spatial variability of groundwater-surface wa-
Keery J Binley A 2007 ter fluxes: Development and application of an analytical ] Hydrol 38

method using temperature time series

. . Groundwater-surface water interactions: New methods and
Fleckenstein ] H Fleckenstein ] H 2010 Adv Water Resour 34

models to improve understanding of processes and dynamics

HydroGeoSphere: A fully integrated, physically based hydro-
Brunner P Brunner P 2012 . Ground Water 32
logical model

Integrated surface-groundwater flow modeling: A free-sur-
Kollet S J Kollet S J 2006 face overland flow boundary condition in a parallel groundw-  Adv Water Resour 32

ater flow model

Quantifying surface water-groundwater interactions using
Hatch CE Hatch C E 2006 time series analysis of streambed thermal records: Method Water Resour Res 30

development

Evaluation and field-scale application of an analytical method
Schmidt C Schmidt C 2007 to quantify groundwater discharge using mapped streambed ] Hydrol 30

temperatures

. . . . A simple thermal mapping method for seasonal spatial pat-
Anibas C Anibas C 2011 J Hydrol 28

terns of groundwater-surface water interaction
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Fig. 5 The network of key words of groundwater and surface water interaction from 1985 to 2020
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Tab.5 The high frequency key words of groundwater and surface water interaction from 1985 to 2020

A= G K Pt =2 BGIHIK P it
1 845 groundwater 38 85 tracer
2 559 flow 39 83 lake
3 464 surface water 40 79 nitrate
4 430 water 41 74 groundwater flow
5 359 aquifer 42 73 hydraulic conductivity
6 331 river 43 70 irrigation
7 297 area 44 63 groundwater recharge
8 295 stable isotope 45 57 groundwater quality
9 249 water quality 46 55 shallow groundwater
10 241 groundwater-surface water interaction 47 50 drinking water
11 239 recharge 48 49 pattern
12 232 basin 49 48 runoff
13 220 climate 50 48 pollution
14 215 model 51 47 temperature
15 182 geochemistry 52 46 salinity
16 174 discharge 53 43 India
17 172 dynamics 54 42 mudflow
18 166 system 55 39 plain
19 155 chemistry 56 37 water balance
20 154 evolution 57 35 sediment
21 153 transport 58 31 iand use
22 152 impact 59 30 radon
23 148 hydrochemistry 60 30 Australia
24 147 exchange 61 29 coastal aquifer
25 133 hyporheic zone 62 29 evaporation
26 130 hydrology 63 29 nitrogen
27 130 river basin 64 29 infiltration
28 120 management 65 29 seepage
29 117 catchment 66 28 denitrification
30 113 simulation 67 27 heterogeneity
31 104 surface water interaction 68 26 evapotranspiration
32 103 hydrogeochemistry 69 26 water-rock interaction
33 102 precipitation 70 24 soil moisture
34 97 wetland 71 23 China
35 96 soil 72 23 alluvial aquifer
36 94 contamination 73 22 vegetation
37 89 variability 74 20 resource
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Fig. 6 The time-line view of key words and noun-phases of groundwater and surface water interaction from 1985 to 2020
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Literature analysis of surface water and groundwater interaction based on CiteSpace
LIU Yuyu', FENG Yuging' -JIANG Xin®*
(1. School of Water Conservancy and Environment ,University of Jinan, Jinan 250022 ,China;
2. Water Research Institute of Shandong Province, Jinan 250014 ,China;

3. Shandong Engineering Research Center for Rural Water Supply and Drainage Safety,Jinan 250014 ,China)
Abstract: The complex interaction between surface water and groundwater interferes with the hydrological cycle affect the eco-
logical status of the basin. Engineering measures for artificial collection of surface water and groundwater not only play a key
role in solving the uneven distribution of water resources and the contradiction between water supply and demand, but also cause
a series of ecological problems. Therefore, it is particularly important to explore the relevant mechanism of the interaction
between surface water and groundwater. Through bibliometric analysis, it helps researchers grasp the current research status
and hotspots in this field, which provides references for related research.

Based on the Web of Science (WoS) data sources from 1985 to 2020, CiteSpace bibliometric software is used to quantita-
tively analyze the literature on the interaction of surface water and groundwater. By analyzing the cited documents, authors,
research organizations, key words,and other elements, combined with the knowledge map, it displays the current research sta-
tus, frontiers, and hotspots of this field.

From 1985 to 2020, the total amount of scientific research papers in this field can be divided into three stages: slow growth-
fluctuating, growth-steady growth and the increase in the number of published articles. The number of articles published in
Journal of Hydrology , Environmental Earth Science , Hydrological Processes ranks top three. Research forces in this field are
mainly concentrated in the United States,China, Australia. The author who published the most in the research period is Chunmi-
ao Zheng. Chinese Academy of Sciences,U. S. Geological Survey,and Flinders Univ S Australia are the most influential institu-
tions in the world. The knowledge graphs show the top ten cited documents in this field and the top 5% key words of the litera-
ture frequency. The keywords generate six cluster tags: hyporheic zone, hydrogeochemistry, climate change, soil moisture, ripari-
an,and submarine groundwater discharge.

More scholars are paying attention to this field, which contains several interdisciplinary subjects, providing a wide range of
ideas and methods for research. The changing trend of research in this field is single groundwater research—>groundwater-sur-
face water interaction research—>errestrial-aquatic ecosystem water interaction research on the response to influencing factors.
The research hotspots in this field in recent years are exploring the water flux, permeability and discharge of groundwater-sur-
face water interaction through heat tracing,developing and improving numerical models to improve the fit of the model to the in-
teraction interface and the interaction of water bodies in different research areas,analyzing the response of water interactions to
the biological, physical and chemical processes of human activities and the climate system under the concept of biogeochemical
cycles. In the future, the multi-scale interdisciplinary research of surface water-groundwater interaction and enhance cooperation
among teams should be focused on.

Key words: CiteSpace; surface water and groundwater interaction; knowledge graph;bibliometric; visualization
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