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Abstract

Research trends on forest roads, despite their essential role in forest management, have not been
systematically synthesized. This study examined spatio-temporal trends in international forest-road
research through text mining and co-word analysis of 9,244 SCI(E)-indexed papers from Web of
Science using VOSviewer. Publication output increased sharply after 2012, with China (1,588 papers)
and the United States (1,534 papers) leading. Co-word analysis identified four major research areas:
(i) wildlife habitat fragmentation and landscape connectivity; (ii) soil and hydrological impacts of
road operations; (iii) road detection, classification, and safety analysis using machine learning and
remote sensing; and (iv) landslide susceptibility assessment near forest roads. The second area
dominated in 1991-1999 (about 37%), whereas the fourth became dominant in 2020-2025 (about
30%). The third area exhibited the largest growth, from about 11% to 24%. Although South Korea
showed low shares across all areas, domestic research exhibited distinctive characteristics:
predominantly site-specific in scale, limited in machine-learning applications, and closely tied to
national forest-road expansion policy. These findings provide baseline information for future research
on forest roads in South Korea, particularly toward broader-scale analyses and integration of advanced
analytical techniques.
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UL(FhIE, forest road)i= "AFHANAS] 24 9 ol T3t HE, ARZ 1014 BARE A} Zo]
ARA9] Ay ¢ s BHog A Yo /AR =2 2 4](Korea Ministry of Government
Legislation, 2026), =A19] AAF 9 24t 23 9 &7ML7| 5 AFEAIIS] 48, AHE XISHE gt
U= 2 okdo) g, Ak oS A, ARES €59 A1Y 5 Ae oy 7152 Al
7171 9§t HA] 7|HEAdo]ti(Choi et al., 2013; Jeon, 2015; Ji et al., 2015). uietof| A= 1965
BUAAIEH 6.5 kmo] J=E 7R A AIRIOE QT 714do] EAZE|Qlon, o] A&
Aol S5 B0l 20249 T 7|20 2 Ao A FATZ 9F 26,784 km, had Y=UE= 431
mof| o]231 QIth(Korea Forest Service, 2026a).
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Ty U] dedEs 8 A A= HjwshE o] W o] mER ok
Ao Wh2H £9(54.0 m/ha), LAEZ]OK50.5 m/ha), YE(24.1 m/ha), HZH9.6 mha) 5 Fo=
9] JEH T H|5) Lyt AP ZAA1E Holal QIth(Korea Forest Service, 2026b). ©]o]] AHY
S ASAF A=A =712 AE(2021-20309)S = 5ko] 20309714 A= Y=UES hatd 6.8 m
o= PIA7IAL FAI" SR BF- had 253 mo] J=EE HHE HHol= 5 AAZ
At 3k HQES FAI5117 QIthKorea Forest Service, 2021).

Aof gt A2 Hle LUttt S3tEA] o=t A AlAR R A B4 AL A
T, TP B, SR B9 5 O Al AEIAS ARk BTkesAle] AL AE
wEl glom, ofeie ARle) 71 Hako R Welsk WRlA)Y] Siet Qo] oitto] AiHo.
2 73Z=]31 Qlti(Boston, 2016; Croke and Hairsine, 2006; Hayati et al., 2013; Lugo and Gucinski,
2000; Robinson ef al, 2010). 12 SA0] =] A} ol go] opER| AATA T AT A2Y
of mAl= ¥ EY M4 4 4 294 59 T A, 71FHslol| wE A YRS St
S Yot AAYH teFst sk - FAA A7 i FE2L It Dimitrakopoulos, 2000; Forman and
Alexander, 1998; Thompson et al., 2021). ZZofl= 71AISs, YZAEAL GIS 5 A 71&9] 220
23lo] Q0 A2, 47, el 0 WA o] 0|21 <17 wisio} iEo) T
H31 = FAo|thAcosta et al., 2023; Bugday, 2022; Ring et al., 2024).

ole} Zo] A=E =T AT FAPE JIsiAL 1 7F SHE JlZE 6L A
B ATEFS AAHOR LAY AT 28] AgHEoITh Jeon ef al 20242 HAETIOY 7]
gHalol 201492 2035711 QU Tl Ff ABHES BAFRo A, olwo] ot A1
QlAlo] A1l 4 AN A1 - AWl 5 Ae) Bl AR Wslel e Baet o otk
Tefit o] @ olT ALY A9 TS R o 3 Aol SRR ToR Uk
21 7] 20 FoIS HRIITL 1 A - B0 FFS vkt Qe F9lE ek A
el vl Qi

22 719 YEYT AL AR 2L YR SAE RS HFHOT Halslo] AT
£52 Tiotel o] Qo] $-83 247190 S8 9IckVan Ek and Waliman, 2010), 0] 7]
2t MRS o), wio] 2i0] 721 Pol SIS TR o1 4] 710] 4% Bl
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A
sk b ettt AAR AR ool Mk VOSviewer Z2IHS B33 A7-EF £40]
8} QItk. Ko and Eo(2017)7} 2] 45 AT=E 30288 tpfog glAEnloli} 5%
w42 FFsto] Wat - AT - HAgt - ARt S 17 Al A ee mEsha, 2 A
7} 7P Bs] ST Q18- BUSI o|F Lee er al(2017)2 A $ ALK EARAS
=4 A 4158E 245, Ase) diAYUSE, A A8A A, Asid
A 239] 47 A7YIZS ESI2H, Lee e al (2019)2 AABFHT AR 4] A
272233 = A= 19992 ML ZAfsto] 47) A GE mEshal, =l At =A] Al
H]al 2HARD Al 9l2& HArstgich. 3k, Kim er ol (202552 w4 A =4 A=z 38382
o 719E HERD 242 $st] 41 A7YAL EEshaL A7FA9] AR HgkE
ofsgint. wietA] BlAErtold I FAIEADO] £42 S5 Al B9 - AEE A A 7]
HAAESL A Hope] AFEde mefshs Hlel: f8sA 28 4 k& Aolth
o2gt v o= E o] drolie Uk W IA| A= dPIORE VOSviewer T2ITHS
ol-ggt BAEmoId I} FAEATO] FH FPslo] 8 AT EFINL 74 A7FIY
Al - 37 5 melte e % S| A= Ae] BFEE AP iRt 712AEE Alst
1A 3k,
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1. Mz & LY

1. =ZH A= =8

o] QTN 9} THAE T AT 5] 9I5t0] “forest road(s) S ol gt
ot “forest road(s) = YEE 717 |= HEZQ] B AKcompound noun)ZA], ‘logging road(s)’,
‘kid trailsy, “haul road()’ 5 YES] 5 oI} 7]50] S Bojok el U e w
S 4218 AJdeh. olo] e} o] ATOE s BofE Tl Aol AMBaIo] Y Tl e
& st +UeA sleich

EA tjAf =2 202597HA] 25 Science Citation Index(SCI) 2 Science Citation Index
Expanded(SCIE) 8140 SAE A0 = $HF5191.01, Web of Science(https://www.webofscience.
comyE AA7[REo = Z-8519ith

AAE A= T A=t T gle =2 HloHHe| M AAIFoH, S5 +3H B¢
o 1B olelo] Ao ERAHLH

olo} 0] 438 A=) Ho[EMolAE Fastol, QTR AAES 7RO
B0} Wis} 20l2 Spelsioict. 8 7 AeRe] ArNE TEoR b U Hhe
slofelgion, ol Qlimla Fasle] AZie] 7ol W b ARl H4E oIS UIS
Ak

M oL

-

2. I =29 ¢7gY 24

S QTR0 AR} 220RRE ATEAS el dol(PE 2251, ofg 7lz2
F9 ALYFL EE5)7] Yol VOSviewer L& 13 (version 1.6.20, Leiden University, Netherlands)
< 0|85}t Van Eck and Waltman, 2010). VOSviewer—= t5Fe] A%] Hlo|g& tjilo g dAEn}
o] (text-mining) & F5t0] FAHOY(E FE5HL, FEH FATC(F 11 A & o]
7\25t0] wol 7t FTAZ TSR SABATO] 2 (coword analysis) 715-S 25T ek
oe] YIERIZL AjZs), Wi Az} SER 5 B0 AjZksh BAS Agslel B ATE e
2 34e 4 Utk o]Fo] Itk Van Eck and Waltman, 2014).

2499] Q2] Holet A7 BT 7|9Srt AFHOR T AR} 220 WY
ok =29 27 AAE I S, AFFAIR 24291 Bo] gl Aed HEoIY HHER
0] 5o] T gtElo] FAIlo] 20] YU} Ao 2 9l7] ThEoleVan Fek and Waltman,
2011).

FAHI(F)Y] F= H AHoll= o9 Al 74 72 <A o E A8s5Igith A, &8 W=
7} AAA Sol @52) sjelo] 7lojal] oz Holg A2lel] Selol, & 108 ool 1B
oA ST Tdo|(FBREE 1A 02 AT S4, AL HAAE &AL 5 WeE orlE AlY
A] SR it ofF1E WAIE] F1alol VOSviewerol ] AHBER= ZAgto] S (relevance score)
£ S8ololtt Ade= B dol7h AA 41 3t Wolld 2= Adid $85E ARk Ao
B, 52 A8HE 7 "ol o w41 e FAIE S84 Hl QLo 719jert £ dolds
omlsh, B2 HE 7 dole HIHs| ARGEU 2400 Qlof Fojulet FH-E A5 St
th(Van Eck and Waltman, 2011). ©] @Lo|A1= VOSviewer L& 1204 A=0 2 AEE= HA7
S5 AREsIom, 27] ARl A9 60%E 7|50 2 A-golo] o] sgtks Tol(FhE 24
o= Adsilnt. AR, dofo] EARIEE Aol /o] ‘binary counting’ WS A eSHICE
o] WHE 57 ©ol7} shte] =z oA B 3] Edoltfete 1320t Aok 74l os, B4
=2oflA9] BHEA ARgo] FANIES] HsHA W= AZ AASt] = @912 &d R0

o
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PN Bk 33 W8 S Ao] ZKssich 2, @ 8 oAl ws] AgEE vt ojel:
‘study’, ‘result’, ‘analysis’ 5)2] N E7E JA6}1L, Hof 18- FAHo](domain-specific terms)
7F AA| ZH A YoM ApEA o B2HE o Qs HAAIE AMY {Alo[th(Van Eck and Waltman,
2014). 80| 9A] 2385t relevance score 7|9t A8 ESE the S@WE7} ofd B4 dol7p B4
A ZHA Yol|A ZH= Eof Eo]X(domain specificity)o]] 7]Z5}=Z(Van Eck and Waltman,
2011), o] F APt AH 2N FA o= A gl RAEA] Yl 058 QAo s HE
Hrt.

Aot 22 7Ieer HF AHE FAGO(FPHES Wz FAETHC] 42 APk, HE
A3 A= AZet g o] 73 B4 (clustering) S $F5HATH Waltman ef al., 2010). 015 53f 7F4
FA 0T FAEE AFFGS 25kt 24 £ E9f =5 24 SRAH duE AT
ol(FHE ERIstL, ouH o JARE 7|YEE IR0 Hol SEFE a7, ol TR
AE}O =N 7+ SHAH7} Sk AFFAIE oI

3. T HT=RO| ATIAY YA U =T BN

U= P AR 1 o] B40) drgele] 2A 9l B9t uMsE, AE =re
54 Apgelel bt oz Fgshe 2 APsH Ut uqew AR At 34 B3tol 2t
AT7G] QlolA] A=go] WRAH U YTt HleS A2 S firk 1 Al 7 =R
A5} 23014 FSHE AP DolbleS Tolelal 7 A7) Slof Belhd

£ P AR AESI

o, 7} ol FHT ATYAE Wl 5 T ATARel TFE WA ol
st o] ool HolB RS BESIelth olo}d, HEeHe 7 29| o

ZENCE Y £ U BE A7) BRI dolE @] o el =7 Ul o

B8 7101 &E APEFHIT(Van Eck and Waltman, 2010, 2014). o2 53] 3te] =go] 2 o
Bl el 2 b B15E 0914 1 Aele] grow ekl 4 glow, wE I
B9} e 1o] Fek

opgo] W oR SHE 7 Ai=ko] ATYAY vl&S Y WHAR Ee 5L R
elel A7l Wais] D SISl BAES AFSISIch W 2% TR 3 A
o] FzZ ZRIE Al o]%E tFOE 5o, 1991~19991, 2000~20091, 2010~2019H, 2020
~202599] 47} o R Gatgiom, olg B AN ATH& AZHH sk R45H
o oful, A AR 7 Al7] R B tof FNEo] 78k At vgolug, A7
Q7 1Y 0] A3 Aolsls EYAoz Hw Fodlh £ 2 dieeel d7ad

3 ATEIES BY FPER Wstol ATINE o) v g AEstan

of,
18
=2
=
=

N. Zap A aE

1. g & 2N G=F o8 ¥ YUiEd M
0] ALofjx= “forest road(s)E 7AXC]Z SFo] Web of ScienceZHE & 9,252H9] Jli=Fo|
FHENLH, o] F FE S 8HS A|YE T 9,244HY| A= HF £ LR St
olf A=t A= WY S AT AIHFig 1), A= T FA| A=t 1991
2011A7H)E i7F 1228 5202 H|wa #L 40 Ho| wais|gic). e} 20121L 71- 0=
9y w47t 545] S71eE] AlRelglon, o] A&A Rl St FAIE Hol 2025 = 1,184H0|
HElo] £4 717t 5 HHAE 71550t A= A EH, 1991-1999' ] 47H, 2000-2009
of 13138, 2010-20191] 3,4203H, 2020-2025\d0] 5,6463H0] HP=|o], 2010 o] HA| =F2]
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Fig. 1. Long-term distribution in number of international research papers related to forest roads.

F 98%7F HFH o8 P Ao Vet

T, o] Q7o BralEl 20129 M0 Fie Ul B4 Fvke el a%low ARy ofpie:
], dlolellols Zwial S 2vie] Wisht BEoR 283t A wkTh 94, Web of
Science Core Collection 2008WZHE FRE XY &x] 5A & AA(Regional Content
Expansion)o]] we} v|go]H &2 BAE & Z20= 55 ¢4Oom, 2015% Emerging Sources
Citation Index?] =42 WXt A&2AQ1 54 AF ] HolE T3 AM 7hsdt d+==29 9
AA7F A Gold Ao& Hug v} rkBirkle e al., 2020; Testa, 2011). ©]2|3t Ho|ej#o]A
2w10] Wik o] Q170X s Wel W 710) UBE AW & otk Theow, Y 2
o] A= Forman and Alexander(1998), Trombulak and Frissell(2000)2 tHEE+= == AYEfSH Hofo]
AT=io] 20109H] o] % ZgA| Q18EH & A7t B4kl oloh tlEo] Z1AIsks, ¥
AL GIS & Ao #471€9] Hgo2 . Ao A2 HiEo] A8se At 9539
Fgh iy W S70] 9 UQloE 283t Ao g wrkE) ol Fg ulEst v|gold 27t
o] Y= A7t 20109H] o] F EASEE H HA| HA| TP W] FUME AU 89 F =
E & QlthFig 2). wEhA 20128 A$0] g% @42 Hlo[gHolA A W99 Sizh= 94
90 A= e A7) A2 BAslel= A aRlo] oA A8t AR AtmEch

1991 ARE] 2025\71A] WA 92441H0] =52 & 13UV 5745 AR = 310, o
S S vl=S o= T A=izo] ZF7} 1,588} 1,534H O 2 A oF 34%F XA|o}
SehFig 3). T Tk A7 TS Aol EoEt ol LelsrFig. 2), RS 199192
TES] At WA fHoH, 1991-2011H0fl= thF-E9] =2o] Hlag die® =
R, F=2 2003\ 182 AJFRo= 20129 °)F F23] S715t0] 2020 Hofl= 37F 2008 o2
o] SR H5g USRIt AAuThS113#)9F BbE(503H) HA] 20124 o] AZF 20-508
T2 =o] A& o= WP 9lon, JIE(381H)9] 739 20209 o]F G4 F7MIE Ko
2024-202530]= A7 76-86Ho] TP o] FF FQ A FPxoR R Aow AP

i, r%
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Fig. 2. Regional distribution in number of international research papers related to forest roads in
each period from 1991 to 2025.
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Fig. 4. A thematic map displaying networks of four research areas classified by text mining and
co-word analysis.

2. Ol Tl 2M GTERe GTEY B4 2y
VOSviewer ZETRE B FAEIO|E ARE] 92448 ATEES] G A2 250
22E 3 138,809709) FAROTE FBSIF o] FoI4 108 ol4e] AR FuT %
AT B 536812 LEREo, ofF: Aeto] A elevance scor7t 439] 60%ol
Ste & 3221709 FAO(HE HEHom SS9
2% 228 30110 FARIPE oz SAFET] BHE AP ATFig. 4), U
B 34 97 wfe) 28 Aroelon TRL, Y AR e 2N} RO A
oJ(FYE Table 19] 7|45k
AAtgHolli= 1L,171719] FAAe)(Fh)7h 2= QIeh o] 5 species(1,9833]), habitat(1,1343]),
population(1,1023]), wildlife(3433]), animal(3403]), bird(2463]), mammal(2223]) 5 oFYE-=2] S14
9 215EEo) W3t 71YErt 2 B g S5t TS landscape(1,3583]), connectivity(3563]),
fragmentation(3543]), edge(3423)) 5 Yo AM= QIst AA1A] ThAgt 9 A £29] H3lo] st
7Z1¥=9}, conservation(7263]), biodiversity(5733]), protected area(3453]) 5 ABETHAA] Ao HsH
PR T FREIT, 0k moralty(2455), moverment(4353) 5 A7} OPIEE 7le] o}
0 Ajzeo] ]l et TRl FI9IET RIS, ERAleekod ccology) okl £ A4
< AR dHekE Zislal, olo] wE A AA4Y Asks op¥EES] ofF ARt A
JIPOo = oJojr= Ao K IE T QJTHCoffin, 2007; Trombulak and Frissell, 2000). 42| FA| o]

Table 1. Top 20 most frequent words in each research area classified by text mining and co-word analysis

Research area Top 20 most frequent words
Ist Species, landscape, habitat, population, conservation, biodiversity, abundance, disturbance, season, individual, diversity,
movement, composition, connectivity, fragmentation, protected area, wildlife, edge, animal, usa
ond Concentration, deforestation, plant, stand, emission, erosion, pollution, transportation, content, sediment, watershed,

treatment, biomass, wood, logging, catchment, tropical forest, load, runoff, harvesting

Random forest, accuracy, technique, algorithm, prediction, performance, dataset, machine, vehicle, classification, image,
3rd machine learning, detection, technology, support vector machine, svm, speed, imagery, machine learning model,
random forest model

Elevation, aspect, rainfall, landslide, auc, logistic regression, curve, county, ndvi, altitude, normalized difference vegetation

4th . . S N . . s
index, training, validation, sensitivity, rf model, lithology, iran, hazard, susceptibility, roc
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()= ol2fet ATRIAE BHgsk e AR wWHEw, ol F3kslo] AlAFIHS ‘Aol ot
AAR] SRS o EE AT AZA0] HXle JRFol Bet AFFYes sk

ARAFF o= 939719] FATl(FH7F ZF=UTE ©] F erosion(2713]), sediment(2293]),
runoff(1643]), soil erosion(1543]), catchment(1803]), watershed(2293]) 5 Y=o AAM U o]go] &
& FAT AR A FIOl B 7I9ETE w2 kR SFSIITE ESE, logging(1833)),
harvesting(1633]), timber(1603]), truck(1323]), transportation(2393]), road surface(1273]) 5 =5
R85t AtE4es) Wl B Qulo]] it 7] Q=8 deforestation(4313]), emission(3013]), pollution(246
3l), concentration(4703]) 5 ULk o-§of HE= FRLISH 2 JFl Tt 71k T Sds}
AUk ol ATt ARl 9 EA kS 915F SA QIEEtE A 7150k BAlOl, 1 AdT olE
M BEY 7Y, o2 2, g4 HiE 5 O 83 24 72 4 ke A vshe
Aoz WeHE), ol Bestol ARATHL A 7 Aol W £} 5 B
of Tt AFFgoE Hsioitt

ABAFGYGoll= 756709 FAIFO(F)7F 2= QI ©] 3 random forest(1,3583]), accuracy(905
3]), algorithm(8343]), prediction(7753]), machine learning(4353]), support vector machine(3563]),
decision tree(2253]), xgboost(2213]) 5 7|A|Sks 7|0l ALt 7|7t 2 W12 ST £
3}, vehicle(5823]), speed(2903]), safety(2603]), accident(1803]), crash(1733]), collision(1653]) 5
T AN XF 3 ED AL AP Y 71YE9), image(4853]), classification(4853)),
detection(4243]), LIDAR(1323]), imagery(2763]), sensing(2613]) 5 YZEHA} 71&E 83 Y=o
A 9 e A Bl 3t 71YEE v Edolt) o= TAISRs T YAHAL 7]&0] AE9]
s TA, e A B7E dE 28 2] 29 FE FAs § kA £4 5ol B lsHA
HEEIL UZ= HojErt ol Fsto] ARATIAS VAR € AAEAL 7Es S8Rt A
A - 25 H R 247 B Ao s ddsiyich

AdAGHolli= 355719] FATel ()7 EAEQITE o] F elevation(6863]), aspect(5393)),
rainfall(3463)), altitude(2293]), lithology(1713]) 5 AMAFE] WOl S mx|= A|F - X4 - 7|4
QA I |Y=rt o Wik &SIk E3L landslide(3273]), susceptibility(1633]),
hazard(1653]), landslide susceptibility mapping(1143]) 5 AbAME] ZHeAl B2 9 IR = 240
T3t 719EQ}, AUC(3133)), logistic regression(2673]), NDVI(2363]), validation(2053]), AHP(116
3]), ROC(1553]) & B7F K9] 415 & AFo] SEEe 54 - 31 4 7]¥o] It 719E:
TSI Y ARAHS] AE 3 S SHlslo] AdEHER, Jro] 48 ZA7F AP
o] QFg/oll YIS HIE 4= 1w, 7| SHsle] wE S3t 4] Wk k= Ak FH A9
AR S131S T2 #ol= 8R10 R AR8s1l Qltk ofF Fsle] AUATIAE ‘U= FH A
o AHAHE g B7F 2 AR Aol TRt AP o HEsIH:

HIE ofdolA] & Hiel o] i e 54 ATt & 419 53E A7 os FEEUA,
ol AFJH Ttoll= W8/ BT A Aol EARITE Al ATFA(PLol ofgt AAA]
3t op¥EE 2 A AZ40] rlAle Y ARATFA(DE 71N AR wE 8 3D
< Y=o 1H-3} o] go] AHAYEAC] WIXE AESH - E74] Y= A e oA A=
HepA ook A3AFIG(7IAlsks R YA 7le B8 A BA] - B B A 42
A - AR - AUAFFGoA = Aol 24 = 9 7THE AlFols HHEA 4
Ao}, AAl= 7|ASRs 7S AR A B7HAMATFI )N oS HE=, AARA 7IeS
AAA] BHAAFEY) R ES IA BHEPA2AFG )N o8 4 oz Frefst
A ZEHI ok AUATIA(UE FH A9 A 44 B7F H A A E A A=
O] - FutEl= AP EQPFIS BRI HolA ARdtdde EY 4w A7t
A2 AWdE AYa Uk
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3. I S7=Ee SREYYE Wl I =7t 2M Zo}

47 Ao HA| =i FollA HRotL S HIES AR BASE AilFig. 5), A7F
o IR0 Fet AR WS SRl

1990 o= ARATYGo] oF 37%2 7 2 ARES AR o, Al1AdTFEYgo] oF
30%, AUATGHo] F 22%, ABATFHo] F 11%2] <£0= Yetyitt o] A7|ol= 9xo] A4
4l o]go] EYF A3t 4o nlx|= G T893 EA 241 8840 B3t A FE olFUSS
& S Stk

2000 tholl= ARATFGHo] OF 35%= oJF5] 7H w2 AR-ES FASII o, 1990 o] H]
o A2 ZFASHIT Al ATGHL 2k 28%, AUAFHGL oF 25%, ABATFHL F 12%= YE
W, 1990dte} RARE EE BTk thtl AUATY O] 5-80] 22%00A4] 25%E F71510] ARAt
B 24 7ol oigh o] AR; EoA T 9SS ERIT 4 AT

201095l A1 FGE AR-EY Eaof Mzt U] Alfkselgdet. Al At Fo] oF 32%=
W 28 HR8S ARG, A4ATHGo] F 27%, A2ATAHo] oF 26%, AB3ATGH0]
oF 15%& UEhgth $53 gek 2 19909 o]F 7 =2 ARES /A fd ARA+3d
9] FR-&ol] ARt Woprtk= Zloj, o= Ak A7t9] Iilo] AFARo] Sutsl= 3
7 I =2AYESt Hofz At I S HojEr:

2020 o= ATFGE M-8 E27t o] A)7|9k= FElo] FEE YRS Ytk Al
TFYo] 9 30%= HA ATFE T M w2 TS VIS0, A3AFGHo] OF 24%=
1990H(11%) THH] 28] o F7Isto] 7Pg & 29 AR VeRiict. v, Al Ag 2 ok 23%,
A BFFLE ok 2% 7S, 47 AFFD9] Ha-go] HA Hlol A oR 53 XS
Hol= Z102 Uehgth A3drg9e] S48 42 2 714185, 984, LIDAR, UAV 5
71&9] ol wiet ol 7|&E AE Aol A8oks AR 259 A Ugt TR0 kS AL
2 A=, A4AFGG] G2 7| Hste] mE I3t 4 AP Wl S7Fe} olof] SRtEl=

100%
22%
25% 2% 30%
75%
5 1%
12%
A
24%
50%

25%
32%
289
A’
0%

1991-1999 2000-2009 2010-2019 2020-2025

Proportion of each research area
to total research paper (%)
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= Cluster 1 Cluster 2 = Cluster 3 = Cluster 4

Fig. 5. Changes in proportions of research areas including the international research papers related
to forest roads in the periods of 1991-1999, 2000-2009, 2010-2019, and 2020-2025.

Resour Sci Res, Vol. 8, No. 2 | 79



Lee et al.

At} o]9h BlEC], 2020 5] COVID-19 w4 2APE AlRHE A 37 oA
YA} - UAV - 7|48k 716k vIHEA 24 who] 85 R ffolA| A= es AHgtor
A, A3ATGHoll sigshs A7) 2 DR 714 oA aRlo® s 4 ik oh Al3A
TG HR-& S7h= 2012 HFHH ofn] APE|o] 2 7led] Xee] AgAlo] glouE, W
2 %‘i Llolp|He} 7|E 35S 7T H44 89108 Hi Flo] AHsith

AT ata7te] H8-8-S BASE ATNTable 2), 2 ATLYALS FLol= Zvlo] =izt
i}°l7} gRl= 3l

Table 2. Regional proportions of international research papers related to forest roads in each research area

The 1st research area

)

The 2nd research area ? The 3rd research area ¥ The 4th research area ¥

Study country Proportion (%)

Study country Proportion (%) Study country Proportion (%) Study country Proportion (%)

USA 19 USA 18 China 25 China 22
China 13 China 16 USA 13 USA 13
Canada 8 Canada 5 India 6 India 6
Brazil 7 Brazil 5 Canada 4 Iran 6
India 4 India 4 Iran 4 Canada 4
Australia 3 Poland 4 Brazil 3 Brazil 4
Poland 3 Iran 3 Turkiye 3 Turkiye 3
Germany 3 Germany 3 Poland 2 Australia 2
United Kingdom 2 Australia 3 Australia 2 Poland 2
Iran 2 Turkiye 2 South Korea 2 Germany 2
Spain 2 Italy 2 Germany 2 Italy 2
Italy 2 Japan 2 Spain 2 South Korea 2
Japan 2 United Kingdom 2 Italy 2 Japan 2
France 2 Spain 2 United Kingdom 2 Spain 2
Mexico 2 Finland 2 Japan 1 United Kingdom 2
Turkiye 1 Sweden 2 Finland 1 France 1
South Korea 1 Russia 1 France 1 Sweden 1
Sweden 1 South Korea 1 Sweden 1 Finland 1
Russia 1 France 1 Russia 1 Mexico 1
Finland 1 Mexico 1 Mexico 1 Russia 1
Etc 21 Etc 21 Etc 22 Etc 22
Total 100 Total 100 Total 100 Total 100

Y The 1st research area: Impacts of forest road-induced habitat fragmentation on wildlife and landscape connectivity.
? The 2nd research area: Soil and hydrological environmental impacts of forest road-based operations.
% The 3rd research area: Forest road detection, classification, and vehicle operation safety analysis using machine learning and remote sensing

technologies.

9 The 4th research area: Landslide susceptibility assessment and hazard mapping in areas adjacent to forest roads.
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A AFF oA = ml=0] OF 19%= 7HY =2 Afa= ARSI 2™, S=(13%), 7AHTHE%),
Bap(7%)0] 1L FE oItk w=ma Ayt Xf-g&o] thE A7l Bl AtidoE =A
UEP=H, ol F=ollA A&t of8sES] ol 9 A4l miAl= e Fadol Tt A7t
L 717t A EEs] =0 & A3t o] S Ao wekHr

ARAFI oAM= vl=o] OF 18%2 7HY 2 Ai-&= HIoH, F3(16%), /iHUTh5%), B
A(5%)°] 1 FE oIt o] AFFHolME 49 27 Hi-& Aol7t HlwA 2| veptom,
ETHE(4%), ol (3%), TF(3%) T T =704 Blud 1EA A7 FHEL Q= FeE
e

AAFG Gl = o] 2 25%= 7HY =2 HAR-E2 Aot o Atg ol Bls] A=A
Q1 HISE UERE Bl=(13%), Q1%=(6%), AT 4%)7F L FE oItk 559 =2 dve2 2
FolA 71AISKs 2 AR 7eS A 2ofoll A85k= At 545] LA 9SS WY
Sh= A 0% A

ApAFI o= F=0] oF 22%= 7MY T2 A= AA6I2H, wl=(13%), 1%=(6%), ©]
FH6%)°] 1 FIE olqith &g} ofgto] thE A o] Hlgf o] ALFGoA HdHHoE =
Afed B AL, g9 Akt X[ 749 B0l 71R018E AR 1340l B A9 85
=9 232 gddnh

A0 2 vl Al - ARAFF LN, T2 A3 - A4AFIGolA HdHH o E =2 Hi-&
< Ho, n=h2 Ao A - A ool Bt ATE Fhdf 2 v, S92 A 7=
A8 9 A B7F BobollA T 4% S olFAL Q= ALoE YEHTh

ShH, Syl e AFEYolA oF 1-2%2] FR-ES Ho IA4| skeA] 7S 2s HAHeR
2 o] HEY AATh 2y o]eh ¥ HR-go] & FU Ao FAE Yufske A2 of
t}. Sl=5k&X|Ql-8-491(Korea Citation Index, hitps:/www.kci.go.kr)ol|A] ‘Y& HMo]Z slof =1
=S ST 2 F 57Ho] SERIEIQIH. ol = A A= 9,2445H0] H[of vl A2 4
VOSviewer Z= 19 S-83 FAIEHTO] BA4S 59l A1FYS Enol7|olle FARIY &3
W7} S04 Yot g2 w40] E7hs5t3ith mebA] o] Aokl ThalaA|Ql8-MQlol A
H A= T FY AYATE VN FIGER ARy, A4 A7) 4 53t Blaste] =
A EAS A ALY, HHEEY Fust 5 AT 5719 Al 7HA] SHoA &SIt

A, Al Fhe Bt REAA s tdes A A - & A7) 23 A Y
A WIS A5 P 2A4o] A TR} F R4 WX FF= AT A
Q3(Han et al., 2018; Kim et al., 2023), 272] P5d B} E 47 A7 /AT EA Aol
H W0 24 U7} o EE2] 31 o-&at AAR] o] ol mIAl= Y Jke AERF At
% B 7% v} 9thHan ef al., 2019; Lim et al., 2007). E5E, A2A1d I BHHAE ZoA=
ATAES B3l A =W A4 miE 9 B0l ARAETY EYFAZ PR
P F7RE AF7E ANCH(Yu et al, 2015), e AV A - 39 H Hislet 28 9 w7t
7] ZQjug Aaave AR BASH AT $Y= It Hwang er al., 2015). ok&2] Qi HY
FANE 14 4P T2 Jdste] 79 REST vl RES] A7 WS AlYstarAt g At
©K(Choi et al., 2011), Pk G572 T S B9l FATYL] FHFQQlS E&et A
L H1Eo|(Kim er al., 2018), =W A= A17F AFIZN] 719kA1A Y] B84 Aot SR A
= W tFo] g2 HolEt:

AAFFLL Sy} B AFFGe] Hgl dHHCE =2 HARES HRl Hof=, IjolA
T 7AeRs E HAEAL 7es Aol AEstee ARt A 76kl itk AAIE E2 LIDAR
£ 285l Adx A AT AlF HES AT AR 75 2 BT A S84 IRt
A7t A (Park and Eom, 2024), 2HIY W5 A|AR] 9 go]A] A7 7leE S8t ZRIE

l

o 1

ﬂ.I
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SERFE 7|5k AlSE HolE et ARSIMEE 5
2023b). o|e} oA GISet T =AY 7 HE Agolo]
gt A FHolA T SHEE 718 A= Alg - AA
Lim, 2022). BFA|2tO 2 A4ATGH} PSA = 24 Bgat EXAE AR o]8s
of A=HEH 4] 8 FHFIAE FET A7F = UIUKIm er al., 2022a), GIS 7|5F
ANHA] A 720 =M Ash HokHe] BA RRG AN AFE HEATKPark e
al.,, 2016). T3t ZAAE S HFS o850 Y B3] IS It A1 Back ef al., 2016),
AFEF Al A= AR Y RlS &2 - ok 2 Xgshd B4 &
S = O|(Kim et al., 2022b), FHIAE A= A STt 3114 Ak f1et A7} e
SAE] = HolErh

Qi Zo] FHoME 47 A+FY HEtol] A A77F = o] g, o] Aol E=EH
A A2} A4 F3} vl ) ohEat 22 AA Zjo|7} SRIHETE A, A AAY SHolA
A Qe =7t thE B A A @919 F E40] FRE olF = W, I Ak WAt
(Han et al., 2018; Kim et al., 2023), ZAAH(Kim et al., 2022b), AT AL (Park et al., 2016)
5 54 dE e B A9S o= g ARA Si= olET ol fEvEte] =Tt Hla
A 2 4 d1Y YoM FFH g FjAE o] Stk A 49 A A7 Ao 2
of EA3}x|o] FHA Hloly FAo] FEA| g2 Aol 7IR0Igk Ao E wEnh =4, WHEA
SHoA FA] 9] A3 - A4ATFY S Random Forest, XGBoost, SVM 52| 7|45k &
7|83} LiDAR - UAV 7|5t AP} A3 FejE 1%sl=1 Ql= v, = d4e 5Ye
71€3 T7HEE LIDAR, HHMY HY A|IAR)E SESiEete AlS A4S - ST HE 59 48 =
ZJo] QA|5}H(Park and Eom, 2024; Park and Lee, 2023a, 2023b), AAFE] E71o]] QlojA = ZAAE
AR oI 2L B 5 AEA SA 7ol & °IFAL th(Back er al., 2016; Kim et
al., 2022a). AR, A 57| SHOA FA] A7t A= YA - A FF H7 4 9 S
S A Tl 7IRkeke A7 B2 W, U Ak AlsA A=l =712 A1 €(2021-20304)
o2 A=Y 8% F} AAE]o] AT G&3) A A7, el A3 5 B 80 A¢H
28 47L9] H|Zo| ETKChoi et al, 2011; Hwang et al., 2015). ©]A9] Hlm: Zff Adw F7}
5] A Ae] FA Saato] ofue}, eyt Ab Qlxet AW S A%E ApEA A
AFE B0 22 Hojerh I FUll A7t 39 AAYY B4 A 71AERs 71 A=
A EYE Bl A Aqts HeHo s AdE He, g - A 7|9t 3 wod A
o5 7|diEh

=

oot

-

V. 2 <%

o] A7elME A= T =A 7] FFE TIsE] At A2 YRR Web of Scienced]]
SAE SCIEyF D=t 9.2448S TVICE VOSviewer T2 TS B3t HIAETO[T} FA]
8] 24e Fsto] AT Al - 3 HekE wefsioitt

1 A3 e B FA A= 1919 Hx EE o]% 201292 V1Mo E F46] 715},
A =29 oF 98%71 20101 o] fof| i A= Yeptt AtV =7te] B4 At & 1310
2710 A7} SPEoH, F34(1,5888)T v]=H(1,534H)0] FAFAE ARSIt v=e 27
HE FES] A7E s & W, S5 20124 olF 43| S5k Folke MiEe FYsIA
o}, thghl=e & 1508 0= 15900] sfgotglo, 2012\ ool 18] Edfsto] Blwa] X
A7t 2A5hE 2o YepRitt

AT 24E B9 A= ¥ A A7 () d=ol o't A4A] dHabt obisE &
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o A2400 mAE I, (i) Y= 7 AR BE B - A B 99 (i) 7S
3 EAL VlEE B8 dE HA - 2 H A B, (iv) A= A9 AR d4d
g7} L

Y] 47 ATFAOE FEY 4 Iglon, oS ATYHE 4F 71

C A}
7 ol W A FE olFUS 89l %‘ F 21044 2010L%1‘410ﬂ —CWL
o] ¢ R2%=E 7H =2 FRES AA[oto] T2AYEE o= -] IHilo] FES
& 4= Ak 2020 o= AdATFHo] 2 30%E 7MY =2 HARES 7ISSIe ,111305_?
OF 24%= 1990WH(11%) thH] 28) ol S7Fsto] 7}%} 0] 42 B o= 7|19

Sjof] whE AbAbe mae] Alsle} 7|ASl; - AEA 5 A 71%0 43t o] Bilzo= 2k
St A2 HoiH

AFFGE =7 A& Aok AEYe FEokes F7io] F51g Alo|7t ER1E| I
U2 Al - ARAFGYNA AR OR 22 M-S Hoj Awo] e - F4% o] st
A= o 7I7F Frdf 2 §HE, S ARATGH(25%) 2 A4 AT H(22%)014 YA HH
25 2ol Hdd 71&9] 18 2 ASYEA Bt HopollA 2T FA% S o]F1 Y= Aoz
UeRt iRiil=2 BE A7F oA 1-2%2] B2 Hi-gol med e, o= =i d+Y
Ay FZol2p7| He} SCIE)F %ZﬂoLgXl A9 A= 3 L] w=t = Adake] =A1H
7HAgo] ARt Axtz weEn:. AAE KCIO] SAE = B =4 dtegode a4 97
g oA I A7t R8E] o] S ERIS 4= QAQIeh Tk, A ek Hlwe o] S Ak
Tl A 0] AR AT FAlolH, Het 7|AISls 7140l B E3t At oz AjEol 1, Axy
g5 A4t 73‘%%% s% A] BlFo] =tk HollA APEARI At AjRE Holil Qi

Qo] B9 FE WA oF 63%7} ALR|R 0]Fo|A glom, AsA} AL 1 EA (2021~
2030 wet 015“4 AAA gFo] FEIL = Ao, Ao 744 9 o&o] ARIAgEA
of m2l= gkl thet Ik 2AY] S8 H& FR3A|AL QU o] AtollA] mjetH A A
%, 53] 71ASks - YA 71&9] 83t A ] B7E 2oke] F4% A%, 1=l 478
AP 7he] TG AT A2 FF g Ak A+ WS Ak H f8tt 7IRAE
£ AT 4 98 Ao 7diget oked 5 Y At B AALY] BAT Fdt 7)1 Ass
7199l A4 £US B9l 74 Aqted BAE o R AE N, Al I AdH XEH L

2 ZHEhE, o] AFolA 283t gl aEnto] it FAEHT] A/ HS Bgslo] 24 A%
T T ATEFS FFH o= vusls F& At 7K Ao® AlgHch

il

mO

Sy

V. A =2

o] AT AHAFALAEY) AT/ ATRAA(RS-2026-25506084)2] XI00] <J5
of ojolal AUk
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