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A Comparison of Current Trends in Soil Erosion Research Using Keyword Co-occurrence

Analysis"
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ABSTRACT

Environmental policies and industry practices have recently seen a gradual paradigm shift from reactive
management to proactive prevention of environmental impacts. Accordingly, preventive conservation policies
are carried out to address the increasing value of protecting soils and soil functions as resources are limited. To
propose a direction for future soil erosion research, we analyzed domestic and international research trends of
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soil erosion, based on journal papers retrieved from the Web of Science databases over the last decade, using

VOSviewer for keyword co-occurrence analysis. The results showed that the number of publications on soil

erosion per land area in Korea ranked high worldwide. In particular, studies on the soil erosion control were

found to account for a more significant proportion than other countries. The active ongoing studies on soil

erosion in Korea indicate that the country has recognized the severity of soil erosion resulting from climate,

topography, and land use. However, the number of keywords found in the studies on the soil erosion control

in Korea was relatively smaller than those found at the international level, indicating the need to diversify and

expand the study subjects. In particular, studies on the soil erosion process and the related physical and chemical

soil properties are necessary to find the fundamental solutions to soil erosion problems.

KEY WORDS: JOURNAL PUBLICATION, WEB OF SCIENCE, VOSVIEWER, RESEARCH AREA
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5 219l YA 5 Ae] SH0R ANEAI, 2009
d AR} ESEA7|EAE(Ministry of Environment, 2009)
T} 2020 A2} EFH A7 EA|E)(Ministry of Environment,
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of 27 tieal aRololx] ST SItkDo e al. 2015;
Ko et al., 2017; Lee et al., 2017; Lee et al., 2019).
At uidE v R & dte AU HEekeA| 9
24 BolEMlolAS o) EAIFHRo] RS ANjel] 2
of S o] =PI B Qo) G oL vl A
T, S B TR ARl 35 TS wEslel )
FEAR B9 Aad AE 9t 2FuE7E 7] 7

2ARE ST BAoR ANs
A
. HTRIE 27 Y AN S 2

o] Aol =A== o] AAE B4 =
A=Ro] 218 Qlo] ISI Web of Science(WoS) database
£ Z8slon, 24 A} W82 Figure 12} 2tk WoS
databaseol| A =4 AESksA| AL Web of science core
collection, =] AEs=2] AMLE KCI-Korean Journal
Databaseoll A AAEIGICE BRI B Aloje} AE =8
dol= B9k Al(soil erosion), BG4 (soil loss), EOFE|S}
(soil degradation), EFEHAI(soil conservation practice)
9l EoFzA1A|o](soil erosion control) 50| F& ARMEIL
QIti(Lal, 2001; Wauters et al., 2010; Fu et al., 2011;
Finch et al., 2014). Moj= uj= 5F4(U.S. Department
of Agriculture) A AA A 7]17HFood and Agriculture
Organization) ¥ -2juzte] 5o} Afkgsl Hofoja EQF
YA} Zﬂ°1(7lg)4 JEro s F4EE golelsol erosion

Step 1: Data collection
* Data retrieval: Web of science core
collection(global research-SCIE)
Journal

Korean Database(domestic

research-KCI)

* Retrieval mode: Advance search \;

+ Search set: TS=("soil erosion"),
TS=(("soil erosion")and("control"))

* Time span: 2010-2019

* Refine: Document type=Adrticle

Figure 1. Steps of bibliometric analysis.

1} “control’(Natural Resources Conservation Service, 2008;
Chun, 2011; Ministry of Environment, 2014; Pennock, 2019)
< A7gslo] AAEISITE AP S =20 Gl SRS,
HAII=] FABHE 7191ES sk FAlolTopic) A4
2 o]83s}o] TS=("soil erosion"), TS=(("soil erosion") and
("control"))2] 7412 A5k BLe] ATLEFS sfefst
7] 98 =EAAZZES H 1087K2010-20194) 0.2 7)7H
2 BkOm, BASHE SR article)2h thIOR HAE
F A2 4siich. e AR ARKE 2R 9P
Web of science®| $4| &4 ALge Z-Esigion, =4
HF=H(SCIE, = A7lof] ol AR SCIE == 3£eh)t
S ATHHKCDOR TE51] AR =ito] ol W 7}
8 AR, St Rotol digt BAe A,

2. HRFAEA

WoS databaseol| A 5% =] ARFAAISH] 242 =
AAoz dz] AREI Q= VOSviewer(version 1.6.13;
Van Eck and Waltman, 2010)E ©]-83}o] Ar]}5T) £4
2 93 g AR WOS databaseol|q] 42215 HAE F29]
RS B0, o AeR FAETHe

= AAISIIT. VOSv1ewer0ﬂ/~1 FAIEATol9 A

Aol 45k 7I9ETE A SAlo] S 5}
71&o 2 3K clustering)@} =3 SHmapping) & AA
EEsp} A Tolle] Sk AR e ok

tholso] 7HA fIx|skaL, Aol Hom & doj %ﬂ
Ho|x QA5 Eth(Van Eck and Waltman, 2017). %%
MAPEAA 2 719EE FE37] ol FA| =22 71¢
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Step 2: Bibliometric analysis

* Data analysis tool: WoS analysis system,

VOSViewer(version 1.6.13)

* WoS analysis system

- Countries, WoS categories

* VOSviewer analysis

- Type of data: Term co-occuirence map
based on text data

- Extracted field: title and abstract fields

- Relevance score: 60%

- Output: keywords clustering and mapping
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7|FER Atk = AreE
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%
A Ha(relevance score)ol] whel 40% oA HASHH
(Van Eck and Waltman, 2013), ©] =0 = Ht} 3714
o] tho] &S 9Jaf AgPdAT(Lee et al., 2017)S ZFaLs}o]
st212)9] 27179) 60%= A sicFigure 1), 919 2
Aoz HEE dols 7|Hte R Al i St 7
o) wEeE UAST

{, A7 S8

1) S7==2 Al S

201095¢ 20199714 =2} 5l B4 Alojol ugt
A ATH=E(SCIE) 22} 8,462 91 1,488%H0] HAEY
o, ol5 dr=dE UEhlH Figure 29] (A)2 Ath
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Figure 2. Annual publications on soil erosion and soil
erosion control. (A) international research, (B)
domestic research.

EFRA =o) A A Ha= 20109 556%H(6.6%),
2013 7437H(8.8%), 20179 975%(11.5%), 20194 1,272
H(15.0%) 02 wid AR A= FE3] S71ste] 20180
1,000 o)/de] EoFAl 3 =Fo] AR =t B4
Alojo]] T3F =50] 7S, 20101 957H(6.4%), 20124 105H
(7.1%), 2016\ 1843(12.4%), 2019'd 257H(17.3%) 0=
EFRIA ] Rt w=2oll vlste] A2 AR HeE UEhfigle
U, A i AR A7t S7keke AR VESIch =
A=K CD ] 79, BRI B B Aojol #et =
> Z¥7F 251303} 53O =zo] HAE|lom, o5 v
= UeRHH Figure 29] (B)2}F gt B4 HRE =29
AR B 20109 28H(11.2%), 20149 153(6.0%), 2019
9 19%(7.6%) & AR Z7leke Aske Yehtr] 9ok,
At 15~32H9] =7o] ARE|QIT}. BG4 Alo] o =
o] A2 2010 7H(13.2%), 20134 2H(3.8%), 20194
23(10.4%) 9] =0l A= o] At 1087 A+t 2~9H 9]
o] A=A ARA o ERIA BEgRIA Aofo
B3E A ARl AxEE HA} SleRs A vehd
Hio]] =] Ah=e] A= F5E AUvisiE HolA|
3ttt

2 107 =7PE B4 9 BERIA] Alofo]] IRE =i
A A5 24T Ak Figure 33 ). B4 -
A AFE=R(SCIE) Q] S, & 8,462THO| =1 3 Z=tojA]
7P B 2,455%(29.0%)& AL, oloiA vl 1,774
H(21.0%), =Y 6467(7.6%), 2H|Ql 634T(7.5%), o=z
o} 5363 (6.3%), &=+ 488 (5.8%), T 4527(5.3%)
9 wolglon, LEluEk= 1213(1.4%) 02 Ueiyth =
W A=A KCD Y 7, 251802 AAIshkaA] Afds
(12130 mlgto] We A om esith ERIA] Alojo 2
S =AY s JA] EFRIAel| TRE =AY o] -
o fARE 3RS Hdtk o2fgt =A| A=Z(SCIE) AR
TE Y ofollA Hlwsl] flste] w7 SEHAG
(100ki) =AY H45 248 A= Figure 49 Zhom,
U] HEHA tjH] BRI R HA| - = et
A Hps A o® 22 29l YAsk= A& 4 4= 9l
o} E3E BRI diM] BRI Alo] i =2o] Al Ha
H&2 AHEE AQl 22.6%, 2 22.5%, Sk 22.3%,
HoREzE}7E 19.2%, olgk 18.7% 59 w=olglom, sl ¢k=
HKCDE 21.1%2 YR} ok =710l H[ste] EFRIA] A
of Tl =AA HlEo] A Uehdth(Figure 5). 3HH, ofA|
oF %7} FolAls S, Gt A EuRlel BRI Ao
T =2 AL e AR SRlEqch
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Figure 3. Countries of publications in soil erosion and soil erosion control.
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Figure 4. Publication ratio per 100kn’ of land area.
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Figure 5. Publication ratio of soil
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Table 1. Research categories in international research

Holy} 7k 2,956 H(34.9%) = 550H(37.0%) 0.2 714 =
7 vebteh. olef #) 2133k Geosciences) Hofo] 212t
2,3717(28.0%)3} 35174(23.6%), 54 (Water resources)
Holol| 712} 2,05871(24.3%) T 38271(25.7%), Eok18KSoil
science) #oko] 21z} 1,95074(23.0%) 3} 39774(26.7%)°] Al

Rank Soil erosion categories Count % Soil erosion control categories Count %
1 Environmental sciences 2,956 34.9 Environmental sciences 550 37.0
2 Geosciences multidisciplinary 2,371 28.0 Soil science 397 26.7
3 Water resources 2,058 243 Water resources 382 25.7
4 Soil science 1,950 23.0 Geosciences multidisciplinary 351 23.6
5 Geography physical 915 10.8 Ecology 145 9.7
6 Ecology 720 8.5 Geography physical 114 7.7
7 Agronomy 399 4.7 Agronomy 90 6.0
8 Engineering civil 395 4.7 Engineering civil 72 4.8
9 Meteorology atmospheric sciences 300 3.5 Agriculture multidisciplinary 62 4.2
10 Agriculture multidisciplinary 293 3.5 Engineering environmental 62 4.2
11 Engineering environmental 271 3.2 Forestry 56 3.8
12 Forestry 224 2.6 Meteorology atmospheric sciences 41 2.8
13 Multidisciplinary sciences 217 2.6 Multidisciplinary sciences 40 2.7
14 Environmental studies 202 2.4 Green sustainable science technology 35 2.4
15 Agricultural engineering 188 2.2 Plant sciences 34 23

Table 2. Research categories in domestic research

Rank Soil erosion categories Count % Soil erosion control categories Count %
1 Marine agriculture fishery 56 22.3 Forestry 13 24.5
2 Civil engineering 33 13.1 Marine agriculture fishery 11 20.8
3 Environmental engineering 32 12.7 Environmental engineering 9 17.0
4 Forestry 26 10.4 Other engineering 4 7.5
5 Agriculture 12 4.8 Biology 3 5.7
6 Other Engineering 12 4.8 Civil engineering 3 5.7
7 Other natural science 12 4.8 Geology 2 3.8
8 Geography 11 4.4 Other natural science 2 3.8
9 Biology 7 2.8 Agriculture 1 1.9
10 Natural sciences general 6 24 Economics 1 1.9
11 Resources Engineering 6 2.4 History 1 1.9
12 Engineering 4 1.6 Livestock science 1 1.9
13 Agricultural economics 3 1.2 Natural science 1 1.9
14 Area studies 3 1.2 Public policy 1 1.9
15 Engineering in general 3 1.2
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AL, o] 2ol #|28H(Geography), AefSH(Ecology), &%
(Agriculture), 7]48HMeteorology), AFH8KForestry) & Tt
¥ sHso}o] Ajde] Zxl7) AREl Qi Aow ek
S ATHRKCDE EFAI0] 49 59 2 sief Lo
563H(22.3%), =4 Alof= AMISt &olofl 13%(24.5%)0]
A= 7H B s UERigleH, == 5 9 i
(Marine agriculture fishery), E2-338KCivil engineering), -5
A(Agriculture), AFe} Zope] ShaAlof A=IL = AL
2 vehgr

2 HAPA P
1) EYEA o7
VOSviewer TS FI BAEAT] 24 A5

i o

o

of B4 9 Alojet T A, S d=wslY =
Aol Telslle). WA meIA Tl iR o
A, FEzs, daofoA Uehe 7I9EE B 53
23}, A4 AG===(SCIE) 8,462} U} H7-==H(KCI)
25104 242} 153,636719} 6,473719] 7|H=7t 553
t}. o] oA AFIYY FAEAT] A 7S 4851
Q7RO 217k 477709k 2647) 7RIS} F2EA o
A A= U Aq=RollA] g 47t 60%el| @
ok 286749} 158749] 19SS HEH O Heisio] R4
siglen, I AvE SeAEYoR widlsio] yehlw
Figure 63} gt} of7]A, 99| Z7]of AMAFE 717} 719 =9
RS} Goe Uepln, Yo G717 242 s9jse] &
ARET} =01 2 A FUe AP Y ugiti(Van
Eck and Waltman, 2010). =4 dt=Fofx] &5 = 286
Aol 719EL a7je] GTgeloR 188} Hu(Figure
6(A)), = At=iEolA F2E F 158719] 719E= 5709
dtFe o 153} E Itk Figure 6(B)).

Figure 6= Eti= =4 3 S} A=22] 7+ A9
2 ZNEt o 49 1049 719ES Hela An
Table 33} At} SR} =2 £ 7|95 T4 ke
9] AL "l E{(cover), FAIHEH(model), §Z(runoff), EA}
(sediment)zom, = At=z2] %%, AF(forest), 4]
2F 7} (estimation), Z3AK(slope), X|ZJARA|AEN(GIS), 739
g (rainfall intensity)so] GG = SIS E3et
T8 7|9EE B 7 A9l FAE 45, 1A
HT=t0] - Al AG A (Figure 6(A)9] B2 574
x]0] mORa AT} WA7]%, ARATS ) (Figure 6(A)2] 22
e gelmglsje] BN 43 0 Bk ABATY
(Figure 6(A)2] b2 FAXA U] BSR4 0= QI
EAME, AT (Figure 6(A)2] eghil) > SR (2]
T EX 52 5T EYRA ZEA|A Eat Ak o

fr g

H—’

Fojelor FHE 53] AReToint ABATe
A2 ZREAL QS glo] HEATAo] & FO2 1}
Bk, S AR 49, Al AT Figure 6(B)2) W
7P A1)0) EoFAla B, A291 7ol Figure 6(B)2]
224 Selnal|e] 74X EFEA 34, ABTAY
(Figure 6(B)] 4:2H) & HH0 G102 577)2] EGFAA
Ak, AT Figure 6(B)] T}2HA)2: GISS} (R)USLE
w3 9 B4R SR, AISATY Figure 6(B)S] Hebi)e
Forw Ul 9ol el BiE dpaelom TR
3] AlsATAL T2 7)) el oltshe 21
W F4] $IX/st] THE AToln AT E 2 9]
AoE ekt

oN

ol [t

(A)

min
rainfall simulation  rainfall intensity
gm particle il

transport

experiment erodibility flow: eallion

aggregate runoff dist rge

rainfall
_plot  depthsample - . hsegmem 5".&::,
bulk densrty S s
oS ediment yield
ontent e- lo- _ "' W calilsgation
si iorf*e
-*anic matter e ® & Sows - w iR

W PG formation
field e:q:em?entm ; P ent @

" ] W . N
Pl e

i
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Figure 6. Cluster map of co-occurrence keywords related
to soil erosion. (A) international research, (B)
domestic research.
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Table 3. Top 10 keywords in cluster

Field Research Cluster Top 10 keywords
Cluster 1 cover, loss, production, practice, ecosystem, control, treatment, agriculture, species,
strategy
. Cluster 2 model, approach, soil loss, assessment, parameter, watershed, measurement, study
International .
area, risk, map
research
Cluster 3 sediment, catchment, basin, event, sediment yield, river, climate, precipitation, climate
change, scenario
Soil Cluster 4 runoff, rainfall, plot, content, experiment, concentration, flow, property, depth, degree
oi
erosion Cluster 1 forest, experiment, conservation, growth, species, city, plant, yield, agriculture,
characteristics
Cluster 2 estimation, universal soil loss equation, sediment yield, best management practice,
Domestic usle, simulation, efficiency, ministry, surface runoff, accuracy
research Cluster 3  slope, runoff, reduction, use, control, water quality, plot, discharge, bmp, treatment
Cluster 4 gis, damage, rusle, construction, landslide, facility, paper, study area, prevention, risk
Cluster 5 rainfall intensity, equation, coefficient, energy, kinetic energy, previous study, physical
characteristic, consideration, hydraulic conductivity, limit
Cluster 1 treatment, application, content, production, species, property, ecosystem, yield, crop,
benefit
International  Cluster 2 model, data, sediment, scale, approach, sediment yield, variation, catchment, paper,
research pattern
Soil Cluster 3 loss, runoff, cover, plot, rainfall, experiment, effectiveness, flow, rainfall intensity,
erosion simulation
control Cluster 1 runoff, research, field, reduction, stream, time, rainfall intensity, water quality, control
) plot, pam
Domestic . . . .
research Cluster 2 development, soil loss, model, universal soil loss equation, watershed, problem,
country, effective erosion control, sateec
Cluster 3 amount, forest, site, addition, debris flow, landslide

2) EUEIA Hlof A
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A=K 53HAA 2}2}F 37,097709F 1,711709] 7=
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Figure 7. Cluster map of co-occurrence keywords related
to soil erosion control. (A) international
research, (B) domestic research
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olcf(lang et al., 2018). E3] Fof 7|5usle] oare]
ofet kA3 (Zomer e al., 2017)2} AlFeba o] Bz
(Sé et al,, 2017)02A2] 7]50] The |7 o)y Thiel,
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et al.,, 2013; Wang et al., 2014). £3] 547 EoF 99|
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SR o] gh=tll, ERAS] 221 A sidell= eHAE
AR Zoz AAEIL Qlti(Jeon, 2015). o]2f3t 3= o
Ao FAEETe] 24 ZAi(Figure 6, 7)oAE & Leht
1L Utk 2QJof|A= 8-Y(catchment, watershed, basin), <
Z|(sediment source) 52| 7| =7} LRt Alof| vlgle] Zfjo)
A= v ed B 7|95 (.e., non point source, agricultural
field, best management practice, bmp 5)7} &5t Tk
E3h =9 v 2 ol A5 (model) v} A
(experiment)& F3F EFA] B7} A= 29 Zlow g
JI=X|TE BFe] Eel4 54 ¥ 7191=(e.g., particle, bulk
density, aggregate; Figure 6)7} =l d-@olA= =&
A] ofot A wiAUZY} TAst Eoke] El -3k B4
3ol tiefAl= =elol Blsl F-a] XA S5t A ow wet
Fe}. 2 A519] DB gk =] 8 BRI = At
e SRR A, R BRARE FeoldA] AFY(Lee
and Won, 2013; Lee & al., 2015; Kim ¢ al., 2018), Q157
QA5 S B3t EofAlRF A (Lee et al., 2012; Won et
al., 2012; Park et al., 2013; Nam et al., 2014; Kim et
al.,, 2016)y50] 23 Aoz veptt ojagt B4 &
& T8Y] A= Alo] T et A o] o] Hls|
E2E 71ME9 7 A oekekA] xRt Ao wetEnt
(Figure 7).
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Ay(sl=) S0z okeir qlrkNearing et al., 2004). o] %
Eopae] 2EAel 9ol RS e Eope] a
(erodibility)¥} LAget #elo] Q= &4 44, & H3kE
(coheision), EA(soil texture), EZl(soil property), 22U
L(bulk density), YJtHaggregate) E4 H7H(Baumgartl and
Horn, 1991; Franzluebbers et al., 2002; Zhang et al., 2009;
Prasannakumar et al., 2012)Q} o]0 uk2 24 WlAyZ&3}
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